WD 03/ 072246 PCT/ US03/ 05902 CATALYST AND A PROCESS USI NG THE CATALYST
BACKGROUND OF THE I NVENTION 5 The present invention relates to a catal yst
and to thwowme22e8§ the catalyst in ol efin epoxidation. |npoiraiSos05902
epoxi dati ons, catalyst performance nmay be assessed on the basis of

selectivity, activi§é%£5§g§t£§%IAt Roéﬁsémﬁﬁfﬁé g Rerseleptivity is the

percentage of the 10 converted olefin yielding the desired ol efin oxide. As
the catalyst ages, the percentage of the olefin converted nornally

decreases _with ti nd_t intain a constant |evel of olefin oxide
productio&égkggggﬁﬁeggpgﬁﬁ—ggyﬁhg;—ﬁeaction is increased. However this
adversgly affeghs bhesthtseheehivichy reflatBe esnyecskanyte khe desthed
olefin oxide. |In addition, the equi pment used can tol erate tenperatures

only up tysg eérthenchéndlyssoinhatefin SPAEEEssaPy-to terninate the
escton when et SRt a0l BRERcAdsLE phoph oo o

for the reactor. nger fhé seleéc y can ained at a
hi gh | eveksapdsetihenepaxi dasiienocaBehecpévioypedcat vanyaaadpsabbylhiow

tenperature, the | onger the catal st,change can be keg%gin the reactor and

the nore Pro@REFatdOBbt alfREdSCAGFTevVibdedft PRpPEVERBREES ATt ABSmai nt enance

of Sel@ctE%h&ér@éaroh@@9n2§ie§a&9gstxéehegiheeeo@gY&qeegidgn t gsmehaf
process efficiency. Oefin epoxidation catalysts conprise a silver
conponent catigdaisity agesh the perpensapear pliecthel ehefits convaspedited

therewith _on_a.carrier., rrier e typi,call formed _of nper at ure
resistantn(()3>]<flm'8<¥i ugﬁcggaa?EIH%Fﬁa%lgﬁdxﬁﬁ ggné?ggtﬁgaﬂgrc%ﬁ???éghas been

found to cereel atfeoclwiftih better ppenhetianceheHowrperattirbasfatke been found
for exanple that the presence of mnor anpunts of inpurities in
R\ LEGAL\ HSBSPEen\ Tponsreagse-1 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 the

20 longer the selectivity can be maintained at a high level and
the epoxidation can be 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 maintenance 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 therewith on a carrier. Carriers are typically

30 formed of a temperature resistant oxide such as o-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
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WD 03/ 072246 PCT/ US03/ 05902 the carrier such as alkali netals and sone
forms of silica can have a beneficial effect. Intuitively it mght also be
consi der ewotdsar22uhie hi gher the surface area of the carri ecr/usogogoeat er
the area 5 avail able for deposition of the silver and therefore the nore
effective fhe siiyer dappsiied,LOLenD, . TOWENAT sohli Sorhs generalLy found
not to be e case and I'n nodern “~catalysts e ?endency istouse a
carrier wchh hasurhabenec@teaadfefésstthan 1 n2/g. 10 SUMMARY OF THE

| NVENTI ON The Eresent i nvention teac?es t hat the@gicture Wth respect to

carrier surfacéPhPe5iVel¥ ghi Pielht FYSAoPE CeBAPPPESE et hah Gl AT r st
appreci at eleskQc@athBeapabure tRAE ERerPerOsthy §tchberCehEi 8feal N particul ar
the pore size 15 distribution and the pore vol une provided by the pores

whi ch 5 hageaalpble fpzedmpehihiandefi hbd shhyer aAnd hboerpéencsfblidd to play
a significant raole, On thi i S_I : S] o] ol gf i
epox?dati%ﬁrga?gFﬁgFévﬁﬁtheggzrggn@eﬁggfggﬁy#gég?géti5$§§gg§6’uﬁ%§§alIy
prol ongediseyentiranlof fodAdt hetaedbi et yhandaséabhdi iy hedekn The carriers

havi ng an advantageous pore size distribution my be nade from particul ate
nateriaIsC@E?éﬁsﬁévéh§péépﬂﬁﬁcﬁa%FiEPeu§?z%s9ar?h%rpVéE%n? PREEREF ON
provides g,catgkystswhigh, ¢ogprdses a carrier and silver deposited on the
carrier, 25 which carrier has a surface area of at least 1 nR/g, and a

pore H) zeSUMMARYbOFI BHEsUNWENHAONpores with diameters in the range of from
0.2 to 10 pmrg resent a LeasttYOnW of ghe 0] aL pore vol une. and such
pores together BFOQF@SeQ pb?genvﬁ?un%e%? £l F%% t 6.291ﬁ¥?6? Yetative to

t he wei ghtegpetheto3Baeaieresurfheei aveat i onsaysof peaont dgsmarrocess for

the preparation of a catal yst which Erocess conpri ses:
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 has a surface area of at least 1 m?’/g, and a
pore size distribution such that pores with diameters in the
range of from 0.2 to 10 pum 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
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a) selecting a carrier which has a surface area of at

R\ LEGAL\ HS\ SPECS\ TH2079f f . doc 2 WD 03/ 072246 PCT/ US03/ 05902 |east 1 n2/g,
and a porwosisme22dé stri buti on such that pores wth di amet eCa/use3/b3ive2 r ange
of from0.2 to 10 pmrepresent at |least 70 %of the total pore volune and

such pore e hEE royvi re volu of..at. | east 7 /

relative ?8 g t‘L\N@l ght ot t%ep%)%? T e Crl’nEdter)]Ou elp%rél Ll“%bztslln&frg é%roenS t he

carrier. ¥heni ayemttepsaliaotpeoviaflge afprecess.fototbe upreporaténn of a

catal yst which process conErlses dep05|t|ngEI silver on a carrier, wherein
i u

the carri8F h8§8ShbedR 8bPAi RBE EOTRY BOABt KOHUMAI 8RAcBHERI BRESFormi ng a
m xture CQBBEtﬁbggpro@ldEranégetgoggmémb?faé ibgst QazblﬁyV&te a-al um na

havi ng an average particle size (d50) of fromnore than 10 up to 100 pm
and b)Sfromlabive 50 #heofeagbecofidtparcacuiare ardl umina 15 having a d50

of from1l i 13 B #M/be ng based Eg the tgtal wei ght of a-alumina in the
m xt ure; Bhd PP %b 8gnfi Ure 6 rnrthé'Earrier. In an enbodi nent,
anongst ot her sThthentextibg HB¥obprehaned anpoocéssnedrbodtes and the
formed bodies are fired to formthe 20 carrier. Wen the fornmed bodies are

formed byPERPRE3FSAN PE anﬁ?tﬁéyaésWFéﬁhep¥%cﬁﬁélGaﬁpééﬁﬁén@?ﬁﬂéitbﬁgnout
materialsg §O§é°6ﬂgétE§§k98r JRerand @HeaSHEPEér'hQH'Q S%tﬁ@ﬁs& in

t he nlxture urt e Invention provides a process
epOX|ﬂbt|by efmanhodeWhmphmbpmprpseseﬁsrmmnprasmsxteaetcngpraalmgef|n wth

talyst _which ' d si
Geposit et RESEapD: £B, °Oufcht Car FF P ChBR B F Eecoarbd i e ar | east 1

e/ g, andhav1ﬁ§rQnsbﬁérggétbhbﬁibQé sueb thah RE e3ow Hbdrdi apgheny in the
30 range of fromO0.2 to 10 pmrepresent at |least 70 % of the

up to 100 um; and
b) from 10 to 50 %w of a second particulate a-alumina

15 having a dso of from 1 to 10 um;
%W 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 reacting
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 nﬁ/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 weight of the

carrier.
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total pore volune and such pores together provide a pore volune of at

|l east 0.27 m /g, relative to the weight of the carrier.

R\ LEGAL\wWB\0SBESS TH2079f f . doC 3 WD 03/ 072246 PCT/ US03/ 05902/USosresoonvent i on
al so provides a process for the epoxidation of an olefin, which process

conpri ses reac&hg n@gnglgklglg%t rgéxmggchng%ggegge§ggcg gf a catal yst

whi ch has been obtai ne ess rrses depositing 5 silver
on a parrepoxlwheﬁennofhancaﬂefen_hghlbheprobEabnedmpbysasneéhodlmblch

conprises for a mxture conprisjng: a) fromb50 to %v of ,a first
part1 cul afB BLEEAR HAChhAAVAE s L05BP0] PFFORNAB Bt RaReT0 UALL 5126D pr and
b) from 1Qa50pa@nYWpehiidedes9nd pactbsyl ahech- abu B@eslgeﬁégiﬁgné d50 of
from1l to 10 pm %w being baSed on the total weig of a-alumna in the

m xt ur¥; émaVﬁmrpngatﬁ@rﬁu%rur@hEGeﬁarﬁh@héaéanerehaSIhean okhpbdedent ,

o L% LB U TR D STIOEELOLR o RLTEG, LSRR

fornmed bodies are carr odi es are
f or med bya@xtrﬂ&bQHSOlto gay sheodesi cabke partmchdeeCOHMEﬁminaal bur nout
material s, and/or extrusion aids, and an aqueous liquid, e.g. water, in

the m xt uP@8ViTHed| Aoermtl dF Al S5 dvicded Oa Wrettitod O0F Hisi A¢%n ol efin 20

oxi de forpgeki rgog 102tdi 6b, 3 dc2a db@boﬁahﬁérEEcéﬂatQ|&aQ@hﬁﬂth
conprising converting the olefin oxide into the 1,2-diol, the 1,2-diol

et her 1or thlagkandhamﬁuimmmﬂemw ﬂWEPUU|efIn OXIde has been obt ai ned by a
process fgr OX|§atio eflnﬂkn cco%ﬂanc mnth thIS

f
i nvention’ eﬁﬁg 88F aﬁgegggtﬁggﬁ tead et R

s |nvent|o% by
WHXIWIZIn@lkhar@unbaa @ﬁrmﬁgeshbamﬁnguaedtanebem thet berriange oh &n2 to 10

pm in particular by ﬁlnlﬂ]ZIng the nunber of pores having a dianeter
gr eat er tﬁﬁﬁogemﬁﬁf t p@ongst others, the mixture may be shaped into
formed bodies and the formed bodies are fired to form the
15 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.
The invention also provides a method of using an olefin
20 oxide for making a 1,2-diol, a 1,2-diol ether or an
alkanolamine comprising 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 um, in particular by minimizing the
number of pores having a diameter greater than 10 um, 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 um.
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catal yst i s advantaged over catal ysts where are prepared 30 fromcarriers
whi ch have a substantial nunber of pores having a dianeter greater than 10
pm R\ DWEGABWHIWGPECS\ TH2079f f . doc 4 WD 03/ 072246 PCT/ US@8ras882s90DETAI 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, Emmett 5
and Teller) nethod as described in Journal of the American Chem cal

Soci ety 6OECA988p ppsScBO9TIOS. OARSTHEEUNKMENELON wat er absorption is deened
to have been neasured in agcordance wth ASTM C393, and water absorption

i s expressed asSthéaGgi ghtaof 2BhBSGAt BETERAt L18aH B8 5hSBFbEA I6IFAL BOt he

pores of the SALeher. abehablvactarhlifcuebghinel sthe (neanblier, Fifepere size

di stribution may be neasure conventional mercury intrusion device in

whi ch §i gand Teeteun) ympshpdr eeddeatoibhd poréeusfiad ecértcher Aneréasaer 15
pressure i.s _needed.to.force.t cury LRto e smaller pores and the
neasurenehﬁegﬁcﬁieggﬁﬁggyngpeRgﬁggsCBPre g%naég'to vol unme increnments in the
pores penetrat@ad apddhaaeeih) whbershpeooptibp peraseinddt b6 haceepeshal

vol une. As used herein, the pore size distribution and the pore vol unes
are 20 asMgBastrddiByarePEdRPCrntit8i BATY0CA% Br e8Btr BAERT32DSRTRDBON P,
using a MicrgiBreLies Ayl oRAr G950 BRdehe (430c£0BhAE! cafnBlCanlBELLRY With
a surface tension of 0.473 NNm an correction for mercury conpression
appl i €d)) . ithe &akerpgeeparfi the sarejieref eetatdive hertha wsifdBOLf tR& is as
measured by a.Horiba LA900 particle size analyzer and represents a
particle 8¥£ﬁéF5r at which there are equal spherical equival ent vol unes of

particles |argeneapdrepaikichestsimphtesnthap bhemshateddapygrage particle

size. The nethod Includes dispersing the particles by ultrasonic
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 (130° 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 1is as measured by a Horiba LA900 particle size analyzer and
represents a particle diameter at 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
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30 treatnent, thus breaking up secondary particles into primary particles.
This sonification treatnent is continued until no further change in the
d50 val uewpasnaiziced, whi ch R\ LEGAL\ HS\ SPECS\ TH2079f f . do®CH/0ABB/30D 72246
PCT/ US03/ 05902 typically requires 5 m nute sonification when using the
Hori ba LAQ0Q .particle si.ze ana ed herein ore.val (m/g),
surface a%gglfﬁéﬁg)regﬁérﬁ§t HéﬁgngPPBﬁ 6§F6fo§r hggfuﬁé&grgggtive to the
5 wei ght ebrtiba Qaeeroe@arlmlcees sstzat edaot/herwi se. Typically, the pore size
distribution is such that pores with dianeters |less than 0.2 pnr epresent
less than 10 9oi1SERe hegedn, p@PéeVSP&H@e Tvé/aérr§ur€ﬁeepereasrﬁe/g

di Stri DUt ;o |8 cBUCRRkRah tABReS ish N adbaRBlerEa0eaben vuhas 110 pm
7

represent less than 20 % in pa tlcular | ess than of the total pore
vol umes Prefigh&bby, thheCpmmee$bzenldsststbuedontherwueb that the pores with

dianeters int e of from0.2.to m.[ epr.esent nor an 75 % in
bart 1 cul ar  or STPHER LAY o6 N0 PR TR 81 GFaBRF RS PECLARn 185 S9ET1 SR abst
preferablpo&eeewhh&nd&am%xe&sthese0tabnpor@ uel #eprekBat PekEStWhhh

di aneters greater than 10 pmrepresent less than 12 % in particular |ess

than 10 %t nﬁrefrﬁhsaﬁpreélaprﬁegelumﬁan BypierliNe tHeaPoper 816l ume; and
the pOfeSdW%%Qlﬂheﬁg g%ﬁ thap Bo%eB”hE%Hf8&8ﬁétk§§sgggé ?Z E%ap“ 20
@6 an t he total

particul ar at nost more in particular at nost
pore Vol uid. pkr equertskeynt tleespahensikfesdi shr pbuticonles desk thah the pores

wth dia ers i e ran of from0.2 to_10 e r ent | ess than 99.9
% nore f éqdenpgyiﬂgs§oﬁ%inp@§e%¥? uge - thgrﬁggﬁﬁbégge 61 BRE® PhéCpores

W th dian@heeelgﬁeabﬁrist@@ethhaﬁl&ﬁergeeeg oREe HRame@eks%inMPhe
frequently nore than 0.5 %of the total pore volune; and the pores with

di anet er s TRegs Phafrem2 Opm tepAésenmt rADFESERANMOLE %happrd %, 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 pum 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 um represent 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 um 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. Typically, the pores with
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frequently nore than 0.5 % of the total pore volune. 30 Typically, the
pores with dianeters in the range of from0.2 to 10 pm provi de a pore
vol ume ofwetosberss 0.28 m /g, in particular at |east 0.3 mcrgisosreve2 i n
particular at least 0.35 m/g. Typically, the pores with

R \LEGAL\ P THZ ff [ 042246 PCT/ S0 /059 2 dianeters in
t he range o%g E%%%Oﬁ C?% 16g8 ¥ P%S? g aapgrg gglg o Vat “ndst 68 m /g,
nmor e typi oauhmeabfnast mesi 01 Bgml/gn parki eybacaal ymast m8s6é 0l 7gmlygre in

particul ar at nost . In a referred enbodi nent, the pores with 5

draneterslpnpﬁﬁélFéﬁﬁé BF FP@H]@ 5 1d/90 PAFHro0i RRTAIFHLET 951 BRETIin the
ange of buem 029810 8043 phigesThe LabaliAghe vohuTBookst hgcgar ier My

vary between w dé ranges. Ically the total pore volune is at | east
0.28 nd/ gdiemepersi ¢ol ahearahgastf0f30mnP/ g, taoke im EGOpadE|eupareat | east

0.35 I h I .8 m/qg, d
typlcallyvolxﬁécgp :rgﬁggtﬁrlgggﬁn p§$ g%upaﬁg WT28St 0 6 n1?g aﬂnrgnrﬁ

particular at TResto@adbpbBkégvoloma pretaer edrembedinapniarihBetotah pore
volune of the carrier is in the range of fromO0.35 to 15 0.45 nl/g. The

surface abFédeofaPAEScar FYBACRI LYt theakPtalnPPge VIypTealPyatt heashrface
area is ap, 5§Sﬁng?9 98/ BartFE &s&agky%egee éuabaﬁe/grﬁg?ré tp the range of

from1l to nor e puaerab rom1l.4 nost 20
prefet@blpattmnulaﬁ b 2easn20935fmﬂ/gxanmyplﬁabhyl 6hEOtét61 ptg or from

1.8 to 2. The _wat e b or p |on of the carrier.is typically at | east
0.3 oo #BIETEyAFcAFI JOSF PoBoPT69S50rgnoter CURLATESY the barbrm
absorptloo 7Smay ghosh Qagtgéglaﬂoae aésﬁreqeemlrg,amoﬂesinopzrgiaulef at
oSt 095 ¥ Bost 05e MY IR NpeteaR0tPins0anents She total® ' 1M®
pore volume of the carrier is in the range of from 0.35 to
15 0.45 ml/g.
The surface area of the carrier is at least 1 n@/g.
Typically, the surface area is at most 2.9 m?/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, more
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
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range of from0.35 to 0.7 g/g, for exanple 0.39 g/g, or 0.41 g/g, or any
value in the range of fromO0.35 to 0.55 g/g, in particular 0.38 to 0.5 g/g
or 0.40 two®3h:2gég 30 or 0.48 to 0.55 g/g. A higher watecralss®opdil on and
a higher total pore volune are in favour in view of a nore efficient

depositio r d.f e I i f Y, rrier
|npregnatF%% %gl%% a?@ é%%@ hg&aﬁnE%&% ﬁb&ﬁ tﬁ%\§%§é§\ H28§9F3¥doc 7
WO 03/0722&&a&@§kU&@3&05&@2efahﬂorpbwoma&edleghetrhehabtm@mgtholune t he
carrier, or the catalyst nade therefrom may have | ower crush strength.

The carrier may e BELeG oMY Ricd aF&ﬁg@“oF Ld&r range oS PRtRELaLSal s may

be nat uralgyeh %b&%&h%ﬂ%'mb@ohga%%QuQaqab%rb%k%f%GQaﬁhgﬁo@%EnhEC|Ude
refractory materials, silicon carbide, clays, zeolites, charcoal and

al kal i he é@ﬁ@ﬁl@éﬁaﬁndc&hﬁdnm@@slnﬁdmd@xaﬁﬁﬁéC§QK&|mﬁt@&abdﬁatéllpceﬁerred
are refr h as alum.n nesi zi.reani a d S|I|ca.
%iﬁe F% tes ch%rcogiongg Sikﬁplnetﬁgrgarrlg

The nost pre erreéd na?éfla ypi ca
conpri ses catrblogasie s§5 £Hw, e&ﬂh@letwaueabhycaQb%Waten p@&bﬁ@ukaa 99 %V
a- al um na, frequently up.to 99.9 %v a-alum.na. Carriers may generally be

made by fitSiiRGSEaEYi BE F&FéalﬁvnéPép eSnPIHBARE  afagRes8vared COBABer at ur e

until the 1% @qnabglesT%bnh%%ttgg%&@%&edlaaggegaqlasfbt LAY fiacoNt i nued
until the particles are bonded together, either by the formation of bond

postsl®roﬁW@nyaéddedtb@ndamaneml@bm@mlsﬁthMg&essmtéﬁ|ﬁg, botrepr ef er abl y
not beyond _the at,__which _the ter ;abgorption of the carri
reduced. % 5H%atgp égéo%BtPSﬁt&Fm? e rfleg ﬁngéﬂﬁfagFﬁqﬁgn%igntrolIed

by the usapoﬁosggcalbadqbuanmuhanaterlals, and it is preferred to enploy a

burnout material when practicing _this invention. Burnout materials are
wel | known in CRETALES pay. gepgradlynpremaperby faxdngeERayticyiakei se on

Material Spineral 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-
8l; 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. The burnout materials
are removed during the firing. The use of burnout materials

also allows more complete sintering without too great a
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25 Sci ence and Technol ogy", Volunme 9, (New York, 1976), pp. 79- 81; or J S

Reed, "Introduction to the Principles of Ceramic Processing”, (New York,
1988), ppwokB@742f6). The burnout nmaterials may al so be uged/usos/esysure the
preservation of the structure during a green, i.e. unfired, phase of the

carrier 30 _preparati.on, for exanple.the phase in which fornmed bodies are
shaped, nggggg%ﬁ elgng§€Fu§'SﬁFp$ﬁ8nb8En%§F et &r-Fals QéFegPéﬁSng during
the firingatéleanse agk hypieut 1pateheals dialisiedakbows BRHEnGENI €t e
sintering w thout too %reat a R\ LEGAL\ HS\ SPECS\ TH2O79ff . doc 8 WD 03/ 072246
PCT/ US03/ 8886% 1ad&diRtoN Oilatiadtiéf 8BsBMERoReeV iPHe agakitEdle FRE1IBULNOUL

materials 5af golkaibaal.! v thicnely ok vhed sSehkd ataRnkonrbeibal sethat
volatilize or burn, leaving as little residue as possible. The selection
of thed bucrost deeker nalt ite Becorliskader edindtaflatihetof thnyioventéahity to the

i nvention Bur nout .mat.eri al s be.selected fr t he group of
carbohydrgyé&?“ﬁuﬁ@Fefﬂg&PsTaﬁrgﬁeﬁﬁéchﬁéngﬁgp gg%iﬁ§?gpmﬁge$, al cohol s,
and eSt?r&arbbhk&r&k%@,agﬁﬁﬁUD@l@&@@dlQﬂthQnB$GngQQH§,”EEQ&hQL, 10 i.e.
a material which reduces the length of sintering tinme applied to bond the

particl esWP§§ét hél Coard Sirt and gFEREFred to enploy such bond material when
practicing thig.geenbisan, bhabi ad geoys fbat .tf ngoﬂg&g?gﬁi'al al so

! Bt
formse a coating on at least a part g? t%e carrier surface, 15 nakes
the cd@ri er.esunf acceminé whdept reduc8ai thbl éechgntd offaténtakinbarémbeen

specified hereinafter. It has been found that, suitably, .alumna carriers
fgr use Fﬁpﬁﬁﬁg Fﬁvéﬁpgoﬁﬁﬁaﬁaﬁél gé gQgﬁthﬁfhoan +Eh1ScBRBFPEESDf or mi ng

a ni xtureteoBRpplSyNGuci0nahdf 18RE39al 0yAEN" rgatac&hgsﬁhpar&heghaasn.
a-alumna_having a d50 of fromnore than 10 up to 100 pm in particular
from 11 t dte0dspadvaptaderugaithptuthe bporh matesial also forms a

coating on at least a part of the carrier surface, which

15 makes the carrier surface more receptive. Suitable 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 dso 0of 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 um, in particular from 2 to

6 um; and preferably in addition.

c) a bond material;

%W being based on the total weight of a-alumina in the
mixture; and then shaping the mixture into 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,

R:\LEGAL\HS\SPECS\TH2079ff.doc 9



40 pm b) from 10 to 50 %v of a second particulate a-alumna 25 having a
d50 of from1l to 10 pm in particular from2 to 6 pm and preferably in
addi ti on.wo)oza7zand material ; %v bei ng based on the total pesiggas/oh2
a-alumna in the mxture; and then shaping the m xture into fornmed bodies

and, 30 i) 098! praedobad.es, tugigal LY 36 atemeratue gl from, 1250

to 1500 C Ormthe carrier um na
carriers o wekl c-adapted tompbaduce.t heheantimiaaf paruseles abes

i nvention, R \LEGAL\HS\ SPECS\ TH2079ff.dC 9 WD 03/ 072246 PCT/U803/05902 in
view of t KE3CALEF GPMRELEARAGYoRVRALEB1EndOENENEY pBRY| ERRET LY Fh@aﬁealunlna

Conponent%orTQQaﬁqu‘nByp§E55@E%§n6rﬁoréeégbk¥eCﬁHHEE95§E|¥oa¥§hhé?h§
t hey may readil e made exanpl e, by subjecting nore colrse ma erlals

to griﬁdia@dSSaﬁdlggeopﬁgabpenatloﬁs annemhodibodrnenhe shelieal | er
particles_may.b r d fron1th articles by, .qgrind ing, and the
gr ound an&? l&?%%n BaEF|8FSEa §ﬁ8 Eh%n% héar Pﬁ¥5ﬁgiﬁ8r gnbodi ment ,
the desir g ifmidihygl eaali tharg@oand afdl lnpgrbuftieparaychesf argednby grlndlng
10 relatively |large garticles to the extent that the m xture of particles

has the dESTPaAcH: modAl SpaFRRE| ENBPSATERt ot FhBLLPERICFyBREERF, Ofhe f i st
part i cul ate gealul BAals pARLoveds il apBuaBLhbY BY LLOMMEALO 75

relative to the total 15 wel ght a-alumna 1n the xture Typi cal ly, the
secont0 paetliacavelly daabanpratislespkoyéelei axbeguabhatytbé mirhugsd ofo 35

ggﬂtrgtﬁgb%%ﬁé%l%gghégﬁ?Fgmgfggﬁﬁgfbgwgﬂgﬂgpéﬁk?Fi? Slg%xhgig |anarticular
conpri si ngiatrlieasto8Q %, 90 %, or
Typically, the first particulate a-alumina is employed
in a quantity of from 65 to 75 %w, relative to the total
15 weight of o-alumina in the mixture. Typically, the second
particulate o—alumina is employed in a quantity of from 25
to 35 %w, relative to the total weight of o-alumina in the
mixture.
In particular when the carrier is an o-alumina carrier,
20 more in particular comprising at least 80 %w, 90 %w, or
95 %w a-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
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95 %w a-alumna, it is preferred that the bond material is based on a
silica-containing conposition conprising a crystallization inhibitor,

i nhi bi ti mngotodm752e6 mati on of crystalline silica-containi n@caarspseionz ons. |t
is also 25 preferred that the bond nateri al provides a coating of a

non-crystal, nv%%l%hkhgp %%%B%%Q e% the gaLy %115% t31%com pyRhgal Ly,

silica-containin ositi uSeds°a “Bond mater ial conpf|se an
anorphouspamhucale@npowadewhB@hubﬂaysbet f eucexaBpkesodisml bga sol, a
precipitated silica, an 30 anorphous silica, or an anorphous alkall nmet al
silicate BPLAFGHRasAlitcat e. Typical l'y, silica-containing conpositions for

use as a bond meiehivahidRY Bbs@ RAPBLLiSE HX rabedriabudl Raxclhe of
crystallization inhibitor that is nost EGAL\ HS\ SPECS\ TH2079f f . doc 10

WO 03/ H72246hrPCTLUSEBIMOBI0ON sadn@@h&enrl9lﬂm@@rpoﬁateddis aatakkal i net al
conpound, art| ular a vat e, . S0 ubl I such._as_a, sodi
potassmms?glupR s@@ﬁ&@nﬁg% boﬁ&mna er§£EQCES SSin|38C§lﬁ¥ E%@ of 5
boehnite, 1@&6@@buatabhl@&teoawe&thbﬁalsobraamd BowdtefForaaliubka sedi um
salt. Simlar effects can be achieved by incorporation of conventional
ceram c bGﬁ&§aﬂ6rﬁ&PQﬂ@@sﬂélCéGﬁ?aPﬁdaPHnﬁﬁ5§ﬂFl%ﬁFé% SRBPSReAtkal i net al

conponent . WieRpEhe far cher (ks 48 anakbual i Aar EherioBDr okl 140 particul ar
conprising at least 80 %v, 90 %w, or v a- alumna, it 1s preferred that

the bddd patrédicall airs cbagedsdng af ﬂeaﬂt18000w0 9%, 3wn parPbclivam-2 to 5 %w,
of an alum,na, hydrate, calcul ated, as, al ym num oxide re tlv t he wei ght
of the a ATURRE: 15 B PPOmFOLEot 5ha Comioi HOBAr PPEGFAF 0D FBoB%8 0m, of
an anorphous girbinca €enpound, as Q@@&Ehearh@rebnbeﬁareof §ﬁ|§mhﬂiﬁ5 as
silicon oxide relative to the mel t of the a- alumna; and
hydrate, calculated as a uminum oxide relative to the weight
of the o-alumina;
15 Db) 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 o-
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 o-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 a-alumina
having a dsg of from 10 to 60 um, in particular from 12 to
40 um;
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 a—-alumina in
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c) from0.01 to 0.5 %v, in particular 0.05 to 0.3 %v, of 20 an al kali

nmetal conpound, calculated as the alkali nmetal oxide relative to the

wei ght ofwolu/zz2aé um na. I n a preferred enbodi nent, the alpamiusas/eanzi er has
an alum na content of at |east 95 %w and may be nade by a nethod which
corrprisest grnnli.ngu em xture conprising: 25 a) from65 to 75 %, relative to
the total "wWei gﬁ? of "a- alumna in the mxture, of a first particulate

a- al um nad) haviepgma0d20tof 0 f 8 oww 18t an 68mpAphbs pailical asmpsonil2aso 40
pm b) from25 to 35 %, relative to the total weight of a- 30 alupmina in
the m xt uPBSCoHf189sBesRENPaF PFRul aRECAlaFBi A3 ShALFRY 8X4%® BFLRELYE2 to 6

pm c) from 2nkora3t iV Qb1 aR: abHnyna) BYPRAt 8n €RE CHI 2 @Fe 8Sap@l um num oxi de
relative to the total weight of a-alunina in R \LEGALYHS{ SPECS\ TH2079f f . doc

11 WO D3/ 672246rPBTPUSH3L05002 3wheohi anuatkad} heoad Oc@mpoudd8 %v of an

ST Gon oSRUECFEFET B8 Tt £hseEErAPLRR GhEoei TR ar E riCi hTRESHT Rt ur e

and 5 e) {eogh0. 05 &0aQumifhy, inftas aikahtepetal conpound, calculated as
the alkali metal oxide relative to the total weight of a-alumna in the
m xture; @Re £heR shaping the Wmixture ihte forwmed ies and fiFing the

formed bodjes_at _a .t erature_of from1250 t 500 0 .to m { he
carrier. g‘h% BPﬁnggrggRé‘?ﬁn‘? aah%f}l%?rea%%r%o%ﬁn%f%r? fﬁ%{}]gﬁo b%@(gsé e,
bayerig e 66 dbampene sayraksp be used. Suitable alkali nmetals are, for

exanmple, lithium sodium and potassium or conbination thereof. Suitable
15 al kali net aFheoRrpetREscdr2lunbrachadpree bfkarehmetal thaw®dnat es,

al kal i ”E§§£bgggg?t3§ye?£g@|&rngigéngénﬁ£§salso 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
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al kali metal nitrates, and conbi nations thereof. Typically, the overal
atomc ratio of silicon to the alkali netal is in the range of from1l to
10, nore wopBozad2ky 2 to 8, for 20 exanple 6. The overal |l aCwordsosesv: o of
silicon to the alkali nmetal is deemed to relate to the total alkali netal
content and the totgl sihigon content of Lhe carther, waich, inglydes any
al kali met'al dnd any 31 i €OF “Ahi'C may Be present ~in {'RE8°E8IPi eF°6ther than
in the bomdenshfei ahd f2bml 6 ks absampreferred that the carrier particles
be prepared in the formof fornmed bodies, the size of which is in general
determ ned by the dPrBRS| BRE1IEF S2ReRBt 5PTPRA HRPEhtRReLIEFRIBOPYe2NY

deposi t edoofongiahtynBINEKE! pibebss, fOUBA UEr koeaDyYRR) eBbrhg UBg:RgrLicl es

such as formed bodies 30 In e formof powdery particles, apezol dal
bodi es; egbilnderstisaddrepresphenesbutiopghfiersblantheheakiekéormbe by

i nd b [ i_d hol | i gh - _bend, h
2\ Lo Bt bpetat 2 Bps Mkt - norBs Bhn2h e Pie) nebdrbsebsetREs REve

their len@b? BadmEHeSSoseEbiroBahngl BpNE50Ns5ake8b 4, t be-8aBB12840f rog+-5 to
10 mm The torned bodies can be forned fromthe m xture by an conveni ent
nol di ng pPoee84303ucHSad~3pPaFPrAgandpPayrdryPAgL2, sWRgghonsrabebalbr
pressing, ; b ¢ re.forped . i f - xture. For
applicablégﬁéfﬁégé?égekgrg%oérgn§§ beﬁﬁa §¥%§¥E g% gggﬁpré?atﬁéﬂv5145824,
US- A- 5612530ceb)Sesn\- 588$H302 i cUSaA- 8X00859ocandthiS- Ad578884Raywhuthalal g

herein incorporate y reference. To facjljtate such_nolding_10 processes,
in partic FaFgQQPPB anylgheuﬁii?u?BOHgygguFVaﬁpg P68f86ﬁgéﬁp Eﬂmm#th up to
about 30 % andsprebgsabl ynf EAB ReilBt 26f YWhebasadueB, t Be wRtghEi6h the

m xture, of extrusion aids. Extrusion aids (also referred to by the term

"processi A¢dai- dsExtapeirnoaiden (ehecarefeered for byxhhpl 88rm15 "Kirk- Qt hner
EnCyCIOpedb§oggng361g@hsIgcggglngwn %ﬁhthe 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. Boric
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 exclﬁding the weight 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
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edition, Volunme 5, pp. 610 ff.). Suitable extrusion aids may be for
exanpl e petroleumjelly, hydrogenated oil, synthetic alcohol, synthetic
ester, glwoaBj7paet yol efi n oxi de or polyethylene glycol. Barrsososvaterials
are typically 20 applied in a quantity of up to 30 %, in particular from?2

to 25 ﬁ% %%'yfb méBef%@thBeOEOBBGmgkxkgé§6f§9r3§cog§§9/g§¥ S0 be

added to Fﬁ eXanpl € 'I'n uanti nor e
typi cal l ythe mlﬂuaméltyGeﬁerhnoy10dBy1hg af %mkeTbEaeéfbétweénthe presence
of boric 25 acid may be a reduced content of |eachable alkali netal ions

in the caﬁﬁﬁeﬂoﬁff%ram¢r@?@ﬁe¥ahﬁxﬁbﬁﬁw%ﬁnr%®'%EﬁaﬂﬂbdcbotYPh§a#ﬂXture to
mke the gxiur g gxLpudabl.e (BybReuberm Lhhoo. el o of sLbecpiatyre” as

used hereln 'S nmean wel g ure ut excludlng

t he wel ghihiattasyto360addaedswat Bypicdbeyf odppiin§odsepearerdedetoatdefired
at a tenperature high enough to ensure that the alum na partlcles are
j oi ned t8§é?ﬁ§rt59tat§?nWéFFHﬁeaEPPBﬁlaﬁd}%?sb?h?ﬂezfOWnﬁﬁlBﬁ ®f -

R | LEGALI k), SPECSY THROTONE g 13,010, 03L072200. BT LER3L 05002, bgud post s

formed from Rof por a e mxture nerally,

drying rraxyb%smyaﬁgt@@éwe@@s,aoanan@z;4@00@ vk 1 Rf1er Pl e hatveesp 80 and
300 C, typically "for a period of up to 100 hours and preferably for from5

5 m nut esaha 3@s5bota S.mdwPiEed feamalsiry ik veserperIoy madd tid4dhec,ext ent t hat
the m xture contains |less than 2 % of water. Generally, firing nmay take
pl acelbet wgphca2dy ard a5perERd P?pPEaFPyaB@FReénhQQSQ and pagberably

ref er abl e 21300 450 r r | n 1440
g 10 typ?cglk%gﬁor ggpérﬁgg %f uB b%ﬁ? giﬁo ? Mag %?g E%g% &

from2 toi4d hoyra;masyhageanduthraaglnaylbe natrbgdnouor halaum,a®nnsphere

such as f.aly, ol L10gen, or pheliumy, o, xtures theregl, Preferably.

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 performance 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 WO-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
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bodi es contain organic material, the firing is at least in 15 part or
entirely carried out in an oxidizing atnosphere, such as in oxygen

cont ai ni nyoasnmphere. It has been found that the perfor mearases/ovhe
catal yst may be enhanced if the carrier is washed, to renove sol ubl e

resi dues, before, deposi.tion of other catalyst ingr ﬁient n Zg t he
oo BREPRESHIRE, ShahdS CREALRSheCas: [iPkn 0" EALORED QfaZEnt
successf ukhywnAmgsrbuk gethegpietanashtogthbepreparheionospr thes washi ng
the carrier in a continuous fashion with hot, dem neralised water, until

the el ect FREIYEBNAGCENYPL yPBENEREDef f EERPIRabEr PAERBETHBE FOPt her 25
decr ease. cAcsuyLgbh et AARC AbUEEnaL hhe deMkngLabispdchaber1iapi n Lhe

range of 80 to” 100 C, exanple 90 or . Reference nay be nmade to
WO 00/35388mpndndiSaB46868908ningi ehrednetinnorpofaredmhtadilnchbyiteeer ence.
Ceneral ly, the catalyst of this invention conprises 30 silver as a

catal vt i chPFySalfroe Reedrenaporadi &R 8905 ar P B8Py ko FE- B & ned by
enpl oyi ng538skbver usontenBoook, t be-sakabysvspfust2beagboibogiksy, i pp-
particul ar at | east relative to the weight of the catalyst. The

50 g/k
R\ LEGAL\ PISeGPREGY THOCHOT 15432 1HOVEP 635642380 FET 08G35885027h 5FBpar at i on
of the CaE?Ey§BéoE§oFQ?§H h@r&@ﬁ B?trgggﬁggge_knomn nmet hods are applicable
e yst o

to the preparation o cata I's Invention. Methods of preparing
the tltal yst Thel idpregpeednatinag theloderimpreghhtaosi wveh 8 conpound and

performn eduction to formnetallic silver articles. Reference may be
ade. Tor Seduhirs. ofonnsh ChiaBHoBas & RekSonnBIe Uln BapaseanEle
US- 2002/ 093099414l 2 EP- aBo266015h 1 ¥0OnAY/ B6388coMb 09haa38¢ and WO 00/ 15335,
whi ch are incorporated herein Eg reference. 10 The inpregnati on na

£

i ncl ude | RPEéghani 6 @i PASA teokhei éMPeeIRALEANt AElpHIRBs AoVafueMBbeve 12,
for exanph?thium 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
quantity 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
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13 or 13.2 or above. This may be acconplished by the addition of a base to
the i npregnation solution, for exanple I|ithium hydroxide, cesium hydroxide
or a tetrwelokyhaasroni um 15 hydroxi de, such as tetramet hyl @cmrsosresony dr oxi de
or tetraethylannnniunlhydroxide in sufficient quantity. Dependent of the

CO”pOSit'§Qo%E RE iy %QQQE'%%lﬁ%E%E'%Qom 1l%ﬁ§%§%tﬁggg g@ﬁﬁ in. the range

of from?2 nnnle cataly for exa 0 of 60 mmol e/ kg
cat al yst muplzﬁuheaQWPbesuamt toM@shl@mefarabﬂ&1¢menﬁkpublgh petaTheés

reduction_qof cationic silver to netallic sil c lis during
Ltep | n MR, hEEARSYE 1S/ 50 Bedio8n « NIEIERELIdatEe DROHE Saeh does

require amgepalkal@e REAERTLISHERM EALS iNBY 2PQ b@@l@ﬁse WBeEEe i mpregnation

25 solution conprises a reducing agent, for exa oxal ate, as

descru%edppﬁSﬂWéeExéﬁﬁlé@rﬁéﬁéuﬁéﬁm@ﬂt TR @aﬂéngéw bﬁepépabﬁ?dc@ﬁpﬁpses
silver, y% LUt het, . elg 5? C%”B%E%% ate,lggkghg nbYLt her
B ' RS ,

elenents & del'ect 64 gr oup o rogen ﬁésphorus
30 boron, mbﬂ@@uame<ﬁammmrbéeneualsalﬁkoupabhé fetral. s, rhenlum

nnlybdenun1 tun sten, chromum_ titanium hafnium zirconium vanadi um
Thal 11 am Tt hor TSy BREAEGE e PR OVo ki G ARG g B bR ST e Pur es

thereof . Rhekerabloeoeiiac iBnl LECALLHShIHECSLLROYAr badanyLe WOrga/ 072246
PCT/ US03/ 05902 oup IA netals are selected fromlithium potassium

r ubi di@m dddhdesisgme Migte gﬁéW@wabayeﬁh@a@ﬁéwﬁtsAmﬁyt@pmpglsauthnun1
potaSS|un1 @% Q1 C&: |ullvgref%%%bl¥ &g? G?% héum”ekgkﬁbﬁéﬁ %elected from
bre," ¢ fe® urpﬁ

cal ci um afd baritm ere poOsSi el ement “may SU|tany be
provi ded asnagstedyyanicavupl GR exaspl, eands aandtirhake, obonateitperrhenate,
nol ybdat e or nitrate, in salt or acid form It is preferred to enplo¥ t he
carrier off OFRAVEY FPERONGA WﬁlFﬁemﬁﬁeﬁéFQtP8n96ﬁsénﬁ|@ﬁl? SUPBELLYEC

catal yst. fIlR& 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 suiltably 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, and optionally a rhenium co-promoter. The rhenium
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10 highly selective silver-based catalysts may conprise, in addition to
silver, one or nore of rhenium nolybdenum tungsten, a Goup |A netal,
and a nitwateon7aenitrite- form ng conpound, which nmay ea®cThsopo®sent in a
gquantity of fromO0.01 to 500 mmol e/ kg, cal cul ated as the element 15

(rheni um ol ybdepum nLungs!t €0y LheaCraun LA:TBLAL oL ool L[9gep) on the

total cataly € ni ntr rm ng ounds and parti cul ar

sel ecti onphokphbtuat eboabn, nahdi temponntngtberpotinds are as defi ned

hereinafter. The  nitrate- or nitrite-formng conpound is in particular a
geﬁ Eﬁ§ts

20 Group | A mefZFERFEREt 8UGPESGPEUpPPACHEP] FFrP?theRﬁéﬁ?

mol ybdenunyret UngsheBaQtul Bechl bsatBe BleRbhtl t 21501 FLNgoCOABONABIGHARY
suitably be provided as an oxyanion, for exanple as a perrhenate,

mol ybdat eoft thgstatelygstnitrate, in salt or acid form 25 O special
preference are,the highly.selegtiVv atal ysts which conprise rheniumin
addition to ggFVSF.?rgﬁcﬁochaﬁbgtg/g € known from EP- A- 266015,

US- A- 4761394 raed i ulkdSfAcA766 005 towB0chmal e/ kgcot popatednberei n by reference.
Broadl y, theé conprise silver, rheniumor conpound thereof, 30 _the further
el enent (as 8Bfi hBALHEFePABBEBEeOCTi RIBRPRFEul 4F PFERAGEEenS2fBI §BE8BNuUm

and/or a @ Qupyl ApRBkAbiel/RgPabhiycul ar lithiumand/or cesium other than
rheni um or conpound thereof, and optionally a rhenium co-pronoter. The

rheni ln R\ LEGALhEBY SRECS\: PHROPSEE. doem16 - WOt 03807246 PRT/ USO3/ 05902
co-pronoter may, be selected fromone or nore of sul fur, phosphorus, boron,
and conpo@ﬁ&gexﬁereof. Preferred anmounts of the conponents of the catal ysts
are, when cal culiaghedeapethetrel eientyr, r ehaki Metho ibepwekght 5 of the

catal yst: - %ilvga from 10 tg 5%0 %lgg,t- gggniyg1fron10.01 %o SBlnnDIe/kg,
i f presenPreferably in an amount o o g/kg, more 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..amount 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 typically be
present in an amount in the range of 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 mmole/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.
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- the further elenent or elenents, if present, each from 0.1 to 500
nmol e/ kg, and, 10 - the rheniumco-pronoter fromO0.1 to 30 mol e/ kg, if
present. wbtob/orespect to silver, this netal is present prefrarsabbipor n an
anount of 50 to 500 g/ kg, nore preferably 50 to 400 g/kg, in particular 50

to 250 g/kg, %%S%é l%h%5 %ggegékgpagﬁdéggog/ 90c§551é§ géggcaQEiéglfro

g/ kg, or 200 g eni-um refe Sent in ah amount o
0.1 to 10ocmmohesmkgy haysexaﬂphe arﬁﬁekeeﬂkgo oarsynmbleatkgs arg5s
mol es/ kg. . The further el ement or elenents na present in

pr ef er r edPRASENPTEESFFom - 90 9. BrPﬁeiéolﬁnﬁPéfﬁg ?OFeEQaﬁﬁIEOHFGHBE?en may

typlca||ylﬁetﬂée%%%tph@s@nw§ﬁﬁuﬁhe'BaEB@yé%ngﬁleB EEOﬂsténEOagoanﬂn|e/k9
such as 1 mmol e/Kg, or 1.5 nmol es/ kg, 5 mol e/ kg, or 15 mol e/ kg;

mol ybdEnusehay mypecaaﬂy beplpﬁééyn@nlﬁ packaduhedi n Earerahy¥ dhefrom 1 to

| e/ k [k [ K X
40,7 & K9cged3 UoRE8 20 WOl kaopt IR unkeLkgycor 25 ol o/ ko and

prcally be presen arount of from5 to 100

mol e/ kg. Suit ablke cagBtint Sokouski thi theapeestat epappbetboanmpketkgs or 10
mol e/ kg, or 22.2 mol e/ kg, or 30 nmol e/ kg, or 40 mmol e/ kg, or 50
mol e/ kg. mSMlP&bPéYSQlﬁﬁéBnt§uFBraée%PuﬁFQW@tFSroéﬁghﬁrefBrnﬁﬁﬁﬁpkﬁ

5.3 mol ej 5 e r I 1 g, or 10 5
nmol e/ kg, g?rgggnngéegzeh ékgflﬁ nﬁ%ggﬂgg QEK u%%%f?kéfSPECS\%ééCﬁfo doc

17 VE]@B/e%ampaePGTBUSGBEc5902 OAIﬂhaughtadeepeeseﬁypep@kﬂyattbﬁ process
may be carri d out in_man arry ogt as a gas

oo or abtefin’ly WInEARKALRYR, b RxBRE1 BT DSEuL8aEARLY s LinlLa 8D @ 92

phase Witiirtel%r%%gl y%he\ﬂfeue@lhslgrssaehoaa 81arsal i dopabgrighe fypically
in a packed bed. nerally t

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
generally applied at a concentration which avoids the

flammable regime. Typically, the concentration of oxygen
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process is carried out as a continuous process. The olefin for use in the
present epoxidation process may be any olefin, such as an aromatic ol efin,
for exanphfeos/s’az)zu(ene, or a di-olefin, whether conjugated ecTmsvioPdexr 10
exanpl e 1, 9-decadi ene or 1, 3-but adi ene. Typically, the olefinis a

ggzgogegigp ﬁorpg§§g§aﬁsﬁ %%eﬁquﬁeISObUt%%e rob gf%raqu he olgfln is a

ropy &8 1rhe Agsf preferre

ol efin istgphyheny. ftbe 0 €bi nocanqent bat ke itottherbead may be sel ected 15
within a wide range. Typically, the olefin concentration in the feed\MII
be at nost 80 ABl Orde&l &0 vETRdNt REtEAFG ther ddammppdrergaife i £0i 11 be in

the rangec%c%@mafe %f7%x%'e% 'nnéeer el AL f bgmwteeeéoagoltﬁe on the

same basis sed erein, "the is considéred to be
conposﬁtl@nnwhn¢hamso@onﬁa¢hedOWEﬁhnthe cacakpsed. Th@hpresenalepeiedatlon
process n%¥€be ai r - based en-based hner gcxclopedla of

Chen cal | CRECRNOrggyanosg SaPE SN B 5P T gk et L TEo 235 5T P L he

ai r - based z8CBHS Ak r@bc%lllbnei&b!n@h@_domst Buexygenths 22aefpbayed as the
source of the oxidizing agent while in the oxygen-based processes

hi gh- puri ttgMparatagst ags ﬁe%%eséﬁyﬁen is enployed as the source of the
oxi di zi ng agen%'rea%%ﬁ%@th£dq?§%reﬁg SéthQSQh%n&% ahe ?éége Rrpased and
ment of

this is a preferre sent invention he oxygen
conceﬂOraUm@meamlhbetheedeﬁaphavsé&ecsedprwssmng &hei dedeangeblelowever, in

practice, oxygen is erally | i_ed at ncentratiaqn whi,ch_avoi ds the
f| ammabl e °%dg %ﬁéonT§ | Calfifty R Pﬁe 385&8n96é?|o Fa5§98eﬁl°dee and

R\ LEGAL\ KR\ SRECS THZ D4 o0t e18W0rR3/ 6422446 1BeTHYSE3£69908xiapp! i ed will

be within the range of from1 to 15 nole% nore typically from2 to 12
mol e% of thayt erglnicegompeuadger cspecémailti euosnde hréifeanaabl e regi ne,

the 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-called .

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 dibromide, 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 N3O04. Suitable organic nitrogen

R:\LEGAL\HS\SPECS\TH2079ff.doc 19



concentration of oxygen in the feed nmay be |lowered as the 5 concentration
of the olefin is increased. The actual safe operating ranges depend, al ong
wi th the weadotamposi tion, also on the reaction conditi orsTaisohoss2 t he

reaction tenperature and the pressure. A reaction nodifier may be present

inthe fe [ 0 C Ln l.ec I Lng ndesi rabl e
OX|dat|on%§Ppgugp%nagE Bﬁ%?Png8§P§33?8 cé?%§8¥8i§§ﬁgéggﬁg' %%?gﬁg relative
to the deautedté@rﬁaﬁlgmtoﬁtebefEnronxdaplewhmyromgahhnecompounds

especially organic halides and organic nitrogen_co , ,may be enpl oyed
Pt he r ehEtraR PBaRBUPF | 4T hL KEPPEURANGx! (08 ERGAFAIERCCNBY By o o
anmmoni a ”%XtQ%t%UDBQYQQt§§tEEkbrmhhg'éoﬁb@gH@Bt|¥ gCOH§tQ85€H bhageynder
the operating conditions of olefin epOX|dat|on thé nitrogen cont ai ni ng

reactidn apdi/birepgganec pnécgggor soppophdsat eseousaft tpgesher. withhap

-1 ed hpe-Lorm 9
P 36420 ARl 05 ALE22000, ERRECRUAPE PRcOrBaPACen REPErR by 1 ef erence).

Organi ¢ hal|de$hareehhe1bheﬁeanedeteaakbogeﬂedbﬂugrsffetﬁlparWhenlar
organlc brom des, _and nore in Eartlcular 25 organic chlorides. Preferred
organi ¢ h¥PededNalev ERPGEBRYA 6€3r68n§h8rfS?anﬁ?HrSﬁéWBéﬁsupwﬁPe

preferably 1t heycare agheq¢yedebr okt BB Qf O¥ReAS @e&hxkaﬁﬁherfgsm ethyl
chl oride, éthylene’dichloride, ethylene dibromde, vinyl chioride or a

m xtut@ tleoeaflo” %hﬁi(pmﬂfakﬂe& r edget ipanrt3¢uredi fvhehs take odielfyin dkl ori de
and ethyl ene dichloride. Suitable nitrogen oxides are of the general
formul a° NOkhvkgeeei Atx issPraferecfaffatofher sRrEtigR2MOdh§iphcEEde for

R\ LEGAL\ PSFSRREST TR0 PoRoB 18 0BG 73348 Pey DEDY Bsd620 e fpounds
are nltrOS%QﬁEeUQQﬁEEQiHRP%QIQQQEQ%Qd%TOﬂan%§QOq to 30x107* mole$,
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%.
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nitrates and nitrites, for exanple nitronethane, 1- nitropropane or
2-nitropropane. In preferred enbodi nents, nitrate- or nitrite-formng
conpoundswoa3@722m6 t r ogen oxi des 5 and/or organic nitrogenPCogsosods; are
used together with an organic halide, in particular an organic chloride.

Th ti dif L f d
The Coactbap, TRl B3 BLS RENST ALLYLE! LoeLve YRR AlsACbnolaty o\
t ot al feedncteésexahﬁlex&geﬂlfmaame&xlmtg Lom@t01l nole% In particular when

the olefinis ethylene, it is preferred that the reaction nodifier is
present in the P@e&pﬁﬁlgaééﬁeeﬁ PSEFBN™BY PPoRFEIiRF0CKTt §S1BBXx10-4 nol e%

in part'CQEQEtEBQ”E@mﬁé%QtGrEQ §@4é9tédn@ksmba Lekat ryaqgko the total feed.
15 In addition to the olefin, oxygen and the reaction nodifier, the feed

may coht aPmedpeablynthe @pap@mah teoppoatnrs, isuéh sbecarbon dfoer@, i nert
gases and__saturated_ hydrocarbons rbon dioxide is -product in the
epoxi dat i 6ROpFBcdgs. “HowBES p%%ﬁ%%ﬁ?%ﬁok?d%h%eﬂ%W%?I?fz%rﬁ%§“§%'%ﬂverse

ef fect on bp °&atalyst activity. Typically, a concentration of carbon
dioxide inthe feed in excess of 25 nole% preferably in excess of 10

nmol e% relativenhkoepbbBgidh@tiah beedesksiavprd€draBloonaenteat bad et garbon
dioxide as lowas 1 nole%or lower, relative to the total feed, may 25 be

enpl oyed. TPAEFPTgaBEST PEFSERARPHE Bher sgeAcoPTafgeRm, 10RAy tBe3pPBsent in
the fegd kgua Cgﬁﬁgﬂbr@E'eggohoﬁg?gL EBEQ Vggogﬁkﬁqﬁst¥ﬁbcﬁhh¥ @598&%0 to

80 nol e% itabl e saturat ons are nethane and et hane

saturatedohy6é@catbﬁ63maaet@mpéeaturéhendnpyebeu@éesenfc;nlangmanijéy 30
of up to 80 nole% relative to the total feed, in particular g to 75
mol e% Fr &§deRt kfa) hBysateIpPESENPNENUALUEALIRG Obf PAEKPEaSRtBOYADBI e%

or e frquggTyU§g3/Oggggeégbﬁ9teﬂﬁeﬁ thERLLEBYSPEGR! THROLALT 1 dogs20 VO

03/ 072246
gas phase process involving a packed catalyst bed, the GHSV

15 1is 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 kmoie 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.
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Sat ur at ed hydrocarbons may be added to the feed in order to increase the
oxygen flammbility limt. The epoxidation process may be carried out using
reacti on wermperatures selected froma w de range. 5 Preferalluysos/boz eacti on
tenperature is in the range of from 150 to 325 C, nore preferably in the
range of from 0 h at .o r LS. pLe carried
out at a reac%gg b2 Ff§9 ngg§rgr§§8?%g angggogg§$§ﬁ$?bgé ngggé§ 10 kPa.

" GHSV" ormé&stouohyeSpade1beoalﬂyZFdlbhe anﬂt2vdﬁumeetbérgasraannornal

t enper at ur andﬁgressure assing over one

0
unit vol uReX8RoparREE - ca@% §§ﬁs QVeﬁﬁﬁpn ﬁ?@%érBBI gn3thé2&hoXFdati on
process igraseds ga% Rhas reageeienlafohMbnglefpﬁcgeedeat@kyst bed the
GHSV 15 is in the range of from 1500 to 10000 N1/ (I. h). Preferably, t he
procesy i sopghriresteut Lapda werrR mare aﬁtrﬁ@twﬁgereﬂesm Bhigh5 to 10 knol e
ol ef i n oxi I c S u [ r 71to 8
kmol e oIngﬁp%%ggg Sgro ucgg gé? %ZE%%XCQ g £ gpéFc gagg % %Hégaﬁgﬁe 5
kmol e 20 ehethnioxi dedpthdusadspguens oéecafatyetopealhedroléslused
herein, the work rate is the anmount of th lefin oxr produced per unit
vol ume of °¥4F§I y8t tper "ABUEF2SAHTENBT SBFe t?vpf9lrs t e diBlafthGantity of
t he oIeflgngybgeaﬁqéggqamgggatlve to the nolar quantity of the olefin
converted. 25 The ol efin oxide produced may be recovered fromthe reaction
m xt ut@ by usi Agensphudsskaowantn the aye-diol oexahpl &, Bydapsorbhag t he
olefin oxide froma reactor _ogutlet stream t nd o na
recoverinaayhgogpe%ﬁﬁ’oil5eex?m8§1fhee3§§eggst§% Sgﬁgngbyg |§t|ﬁkat|on
| east a 3Qapett i sniebbliheuagtgous solidticobrcanbashengatheyetefi rooxide nay
be applied in a subsequent process for converting the _olefin oxrde into a

1, 2-di ol BKaAPie2- dPEl MekhBY. PRECPEEARNHSY SPEES! TRR@FOL f 2BEc128S 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 subsequent 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 alcohol.
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
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WD 03/ 072246 PCT/ US03/ 05902 The ol efin oxide produced in the epoxidation
process may be converted into a 1,2-diol, a 1,2-diol ether, or an

al kanol amvoe3/of=4¢ his i nvention |eads to a nore attracti vecTusoze®s2 f or the
production of the olefin oxide, it 5 concurrently |leads to a nore

attractiv ogcess i ses in |ef Il
accordanc@a%%tﬁgfhggql%%gnﬁgggbgng #Eéggégéegﬁggﬁ 35910% t gqgﬁtgined

ol efin oxedeinnbi/heelarehaeture of the 1,2-diol, 1,2-diol ether, and/or

al kanol am ne. 10 The conversion into the 1,2-dio| or the 1,2-diol ether

may conprise, Tbe éxangiel madcthmglitBedépPéf eithexi deywbehusadt én, asuitably
using an acidic or a basic catalyst, For_  exanple, for naklng%predgg%nantly

the 1,2- di-BFISnH2F&&S Y1 03. lBP‘BPtéfﬁérapPiHécaFéPPﬁ'oiPaeeﬁﬁg}p Bakh&d with
a ten ol ¢;15480bar rBYEESHOL WBLE! tbeaacbl qugmeh@ég r 886theP1hBtic

presence of an acid catalyst, e.’qg. furic acid, ased on the
t ot al rea@pﬂamemsxtanéabéﬁ 5@510 eyatemeadetabgsnuse hgatlhrangésrphase

reaction 0-24Q.C an Q_h P! ferably in_the absence of
a catalys %%mﬁf Eh&- propor }gﬁHS aml om@%eg 28¥pF§88P?FOn of 1,2-

di ol etheﬁﬁ thet heckeas ? qmstétghgnQS)lagrga@@@anggsl 2- diol ethers thus
produced nmay be a di - tri-ether, tetra-ether or a subsequent ether.

Al ternative 1, Bndesk spebefsedaptberpisparEUebyowemvéethmgrtheighefin oxi de
W th i& an al cohol, in Bgrtlcular a Flnarg al.cohaol sTch FS ge%hanol or
et han By 9PBPFaEPRE UM P BEN T AOBEHt NERCOF t BT GAPBPIByPReCAFELRBI. The
conver si on, boleot Be al kangbameRBerBY S0RBAhb3SmiheE afyamphetibgacting the
ol efin oxide with ammoni a. Anhydrous 30 or aqueous ammoni a may be used,

al t hough BAR}AA6GS, ahmBRi AYPLSaLypi ehl Rpstisél £8rPaoAECNMAe BPBAUCti on of
monoal kanelanineq Far pRERody apphbhablenkn tHe CPRYENELPNat most 10

carbon atoms, more in particular at most 6 carbon atoms. As
15 defined herein, ranges for numbers of carbon atoms (i.e.

carbon number) include the numbers specified for the limits

of the ranges.

Having generally described the invention, a further

understanding may be obtained by reference to the following
20 examples, which are provided for purposes of illustration

only and are not intended to be limiting unless otherwise

specified.

EXAMPLES

Preparation of Carriers

25 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 dsg of
29 um;
2. 29 pbw of an ao-alumina with dsg of 3 pm;
30 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
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of the ol

R\ LEGAL\ HS\ SPECS\ TH2O79f f . doc 22 WD 03/ 072246 PCT/ US03/ 05902 nade to,

efin oxide into the al kanol am ne, reference may be

exanpl e UB0A3A8%3296, which is incorporated herein by refrerarso®ossdohe

1, 2-di ol
|ndustr|a
t obacco,
det er gent
exanpl e,
ot her w se,

for examphg g eolwefiight, oF, %)'e(ﬁlr@'l%,unﬂ-g%ldlyobn@t vers,, akkamakanmtseshand

reaction

typicably
nore in p
f or nunmbe

speci fi ed dedrattive lHomthe ma&tmhe wanges.) Wasi ngegenedald yndescrmbedtt he
a furth ynder st andi n be obt ai ned referen e to the
£ 6 Aartiice SR oh S DN L8 S LT GBEeE ot ot AR at | o

i nvention,
fol |l ow ng
only and

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

for

5 applg GAINS Lok BKAMRiAd 1 @ ned LAl d ohdigad, beverages,

cosnet|cs t hermoplastic po yners curabl e resin systens,
gpdt@am)transfer systens etc. The al kanol am ne may be used,

f or

inthe treatin smeetenl " f _natur Unl ss speC|f|ed
t he 1o e %F e@rgaﬁlc 583653H§stﬁeﬁ Foned her ei n,

nodi fi ers, have %y pically at nost 40 carbon atons, nore
mﬂxﬁﬁﬁﬁ Wﬁ}99§nb@

mﬂ@utu ﬁlaﬁﬁrrtllaéulaé}ﬁ 8 lmdst releaientat ons,

hld raet w@%‘n@ %‘}‘r B QR 4 AS yala del ;bcsgq Agrein, ranges

rs o car on at car bon nunber) i nc e the nlnbers

8 MRfed Herded rorhed bidierg iunkess rethebw s@118peci fi ed.

EXAMPLES Preparation of Carriers 25 A carrier (designated hereinafter as
"Carriler AV ingersnadetbprei begtt fe molinowWingetagr eédidedt em 1ong7. 4 parts

%$MI6%%E9Eh§“glun%%F LA d50 Fnaﬁugﬂﬁﬂnﬁﬁxﬂ§§5 &l %% ' f or m of

by wei ght
a-al um na

boehm te);

15

20

25

30

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

A second carrier (hereinafter “Carrier B”) was made by
the same procedure asACarrier 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 pbw of the o-alumina with dsgo of 3 pm was used
instead of 29 pbw;

- 76.4 pbw of an o-alumina with dso of 16 um was used,
instead of the a-alumina with dsg of 28 um;

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

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 pym, 0.2-
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4. 0.5 pbw of silica (in the formof ammonia stabilized silica sol); and
R\ LEGAL\ HS\ SPECS\ TH2079f f . doC 23 WD 03/ 072246 PCT/ US03/05902 5. 0.1 pbw
of sodi unwoxs@e2¢é n the form of sodium acetate). To thisPATAISOs/@SET €
added 5 %v, relative to the m xture weight, of petrol eumjelly and 9 %,
relative t e u wei gh r t r a relative
to the m x'(te’wt*uﬁl a§ldm>)ito Pﬁ%ér fr%l%gllgfe %t g?llé( g%@é? I;}glgm%atl ve to the
m Xt ure weiPglre) vwa&ml‘reme@déedmts aheanougnil pbcnermk)éutnlae m xt ure extrudabl e
and this mxture was then extruded to formfornmed bodies in the form of
hol I ow 10 cylinders that are about 8 mnmin dianmeter and 8 nmlong. 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 my be made to US-A-5100859. 15 A second carrier
(hereinafter "Carrier B'") was nade by the sane procedure as Carrier A
except that 14 %w of burnout material was used, instead of 9 %w A third
carrier (hereinafter "Carrier C') was nade by the same procedure as
Carrier A except that: 20 - 20 pbw of the a-alumna with d50 of 3 pm was
used instead of 29 pbw, - 76.4 pbw of an a-alum na with d50 of 16 pm was
used, instead of the a-alumna with d50 of 28 pm 8 %w of burnout nateri al
was used, instead of 9 %v and 25 - 14 %w, relative to the m xture weight,
of the petroleum jelly was used, instead of 5 %v. For conparative

pur poses, an a-alum na was prepared according to the process as descri bed
in Exanple 1 of US-A- 5100859 (hereinafter "Carrier D').
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30 The carriers exhibited characteristics as indicated in Table |I. The
pore size distribution is specified as the volune fraction (%) and the
vol ume (mvO@p/oTh4d he pores having dianeters in the speci pceasoaoges (< 0.2
pm 0.2- R \LEGAL\ HS\ SPECS\ TH2079f f . doc 24 WD 03/072246 PCT/ US03/ 05902 10
um and >10 pm, relative to the total %ﬁ vplume. "Pore vol une"
represents the total pore vol une. { \ HS\ SPECS\ TH2O79f f . doc 25 WO

03/ 072246 @G 1803/ 05P02ce 'I'ABLE]aIteGEarrl er Fand ade Wat @eprlowka zBor e silze
area absorption volunme distiribution &nel\%l&/g) (m/g) <0.2 0.2- »10 pm
10 pmpm (%) (%] EFFP m2PFoRPSie %1 5 giswrilugiong 5111 0. 49
0.42 9 78; 19 0.30 (?24%1|0.550.36 3 95m12/g béOUZ" §. 73 04 0]40 < 1
64; 36 0.26 *) corrparatl\e Preparation of tc ysts A
silver-am ne-oxal ate stock |sol ution was| pr epar ed bym 5| tlife ol | qum ng
procedur¢: 415 g of reagent-grade sodi um hydr oxi d(t?gwsar ?Igssol v%d iin 2340
m de-ionized water and t he tenperaturel was adj ys &y ) g high
purity "$pectropurie" silven nitrate was ml/qg)
A 2.04 0.42 0.41 5 92; 3
0.37
B 2.11 0.49 0.42 9 72; 19
0.30
C 2.51 0.55 0.56 3 95; 2
0.53
D *) 0.73 0.40 0.40 <1 64; 36
0.26

*) comparative

Preparation of catalysts

A silver-amine~oxalate stock solution was prepared by
5 the following procedure:

415 g of reagent-grade sodium hydroxide were dissolved
in 2340 ml de-ionized water and the temperature was adjusted
to 50 °C.

1699 g high purity “Spectropure” silver nitrate was

10 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 stirring, while maintaining a

solution temperature of 50 °C. This mixture was stirred for

15 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
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10 dissolved in 2100 m de-ionized water and the tenperature was adjusted
to 50 C. The sodi um hydroxi de sol ution was added slowy to the silver

nitrate swbusioongswith stirring, while maintaining a sol eCirarsos/esyper at ure
of 50 C. This m xture was stirred for 15 15 mnutes, then the tenperature

was | ower ! e [0 h i pi C ted in the
m Xi ng stgg %%SQBhge%S}r?g IVI ogaklﬁg &8’[ gbg 5 B{Jﬁ% g%ﬁ?&?ﬁegggodl um and
nitrate |edsledvvaacn:easuted sAmvam)slﬁtLuRibhEGAﬂ:héIS\sSIPEESbHHz@%t1do€d26 WO
03/ 072246 PCT/ US03/ 05902 of fresh deionized water equal to the amount

removed wAST ééd@énbﬁéﬁ 26 £Ae’Gi | viBre sfete DR . Waher et briiieisl sthe red
for 15 m pupen Rl 40, CorTDRPLOCERS RS LEPRILETLURLLLoNGy coRduchi vily of

t he water rem)ve £han gei'oniZed wat er
was then addedml680@eghofichbghzpdr whyeoxabbscthehdaddbydrate were added in
approximately 100 g mcrerrents The tenperature was keep at 40 C and the
pH was kept ab8v8 9.8f V&BBrPHéétYeﬁﬁééﬁcfPSH@tHFEYﬁFQFﬁrEGF% pedsd a

hi ghl'y 19n¢8§?98&&ﬁ%@@1%‘h@@r CQH&eéﬂeﬂess|U@ﬁ¥ tdRBephtyeL 9x8l pLEp
slurry was cooled to 30 g of 92 %w et hyl enediam ne (8% de-1 oni zed

water) was added ahileherpbiteddikgpta deiperatare no greater than 30 C.
The resulting solution contained _approxi matelg 27-33 15 %w silver. Enough
45 % aqueous FaSPUnVA§dFeRPHE ahBOWatBESWASXtYEEeHOt S8 NP s2sBiERIBN to

give gy fi BbﬁE@ﬁtEQEéhy&ﬁt}é\_" Bgntdf n?n%""%?hﬂ?r a Heasﬁ%ﬁ%ké’ggtég whi ch

provides the optinumselectivity. Act cesium oad| ngs have been
speci fi edsiarfablesl! boom@aetaaﬁoe‘fc Carriers A, B and D, prepared as
indi cated under the heading "Preparation of Carriers"”, were inpregnated
with the 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 loading which provides the
optimum selectivity. 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
impregnation 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
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i npregnation solution and dried, as follows, to form Catalyst A (according
to the invention), Catalyst B 25 (according to the invention) and Catal yst
D (for cwopani®Ren), respectively. A carrier sanple of appcodiscro®by 30 g
was placed under a 25 mm Hg vacuumfor 1 m nute at anbi ent tenperature.

Appr oxi Ll 54,001 e o BRegpat g, soliblian s <hen, 30 nigaduced to

submer se fhe carrier, t he vacuum was nai ntai ned at 2

addi t i onaly 3 aurdtes waEtheYta%llﬂi@dN@ﬁlltllée%eﬁ%be@%@(ﬂte@n@tt P& 0excessr
|npregnat|ng solution was renoved fromthe catal yst pre-cursor by

R: \ LEGAL\ ES\°SPECS\tRI2 Onokf s¢cerm WD @3/072246 PCT/U803/05902
centrif ugat i on (0] u S a pr r r._\Was
f%ebéﬁ%alghake%eggofgé% %% Prggﬁgg %% ene dil 4 $Q6om

then dried while m nu s °n %A 'Stréam of air.
The caSaI¥ﬁﬁ§dﬂ&@£a@ﬁedxy9emrodumedethwheneloﬁlde Qr@nbecﬁmbwbene and
oxygen. To do this, 1.5 to g .of crushed _catalyst were |oaded into a

stalnIessC§F@éYS@-§ﬁéﬁe&°P@€@ irtRe & §@ LRAS SPmTERSd UrFhapss! t&Renet al

bat h (heatryedi ) wa%nqmtneese@d%nwer fodQRResled 1t %a%hgeﬁlef Itoweeytetnetm The
wei ght of catal yst used and the inlet gas flowrate 10 (0. 28 NI/ntnute)

wer e adj ustned tthe ginde aeg&50b@@6b¢e§p§©ea galsodiloy o1y S6800 NIhgl . as

cal cul ated f.or_.un taI |nIet S_pressure mas 1530
kPa. The éﬁ?‘ﬁ“&t&g %&gyg uﬁroug d%/?tcl;élecatn'aleystgabegz‘iL wp % ‘once-t hrough”
oper afpon, (odwg mg/hheueeblmereeeujmemeBStbn@huéleggeeeh@Maﬂ@~u@aceonSIsted
of 25 W ethylene Wy gen, % carbon _dioxide, 63 % nitrogen and
2.0 to 6. 091§§H#&eﬁﬁy@8@ﬁl8{/dérhTheaﬁnFPﬁ§P lpggeh dOTt SRIEFAURFe Dl 180 C

and this was,rapped i 3412+ frelQCePGhashauh ot p225 C and then 20
adj ust ed so as to achieve a co ta t ethylene OX|de cont ent

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

oxygenr, 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
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of 1.5 % in the outlet gas stream at an ethyl
conversion |evel

2.5 ppnv
when t he

The initial
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certain ethyl ene oxide

a hi gher
03/ 07224
cont ent
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addi tion
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bel ow. A | ower
cont ent
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or 147 . silver,

Z m] es rheni um

| es

lithiu

These

oxi de from et hyl ene and pxygen.

Additional catalysts may be obtained by impregnating

separate samples of carrier C,

catalysts contain, per kg of catalyst,

silver, 3 mmoles rhenium,
cesium and 40 mmoles lithium,
rhenium, 5 mmoles tungsten,
22.2 mmoles lithium, or 145 g
2.3 mmoles molybdenum,

lithium.

such that the additional

1.5 mmoles tungsten,

or 200 g silver,

silver,

oxide from ethylene and oxygen.
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CLAIMS 1. A catalyst which conprises a carrier and silver deposited on the
carrier in a quantity of at least 10 g/kg, 5 relative to the weight of the
cat al yst ,wotwsoie2e@rri er has a surface area of at |east 1paf/ugps/ess a pore
size distribution such that pores with dianmeters in the range of fromO0.2
to 10 pmrepresent at |east 70 % of @12#& al pore volune and such pores

t oget her provide a pore volune of at ast 0.27 m/g, relative to the
wei ght of the carrier. 2. Acatalyst as clained in claiml vvherei n the
carrier has a Bgre size i stribytion such that the pores dianeters in

the range of from & £36¥6 M E&r&?g‘ﬁtrlsﬁﬁré CRan P35 (%nGif stl g% ot al pore

vol une andiepéEh ther 8% thd @@siher RhoW @i%a%tﬁ(ﬁrye orolawme safstat ol gaxly,0. 28
m/g, relative to the weight of the carrier; the pores with di amet er s

gr eat ep tmiamvmtpeﬁm@selmlglf@wft e 2@tolyBty hehicdt skhrpdes belsume; and
the pores yila Al anpters Less Lhgn, fe7,PMAGPLEsERL Less than 10 % of the

total pore volume R catal al'yst as’ cf al ned wherein the
carrier hal sa ri®ie i%inz &udihs tthialhu o ss wa kit ht blatamtalﬁer;sorl&s thel ttAndicadgt ers in
t he range of from0.2 to 10 pmrepresent . nore_than 90 % of the total pore

vol ume and XUc R -gortds 10 (b‘ﬁ\etrl%’rreﬁre&ﬂ @& depste "WolbuReg feattoredsPoges /g,

25 rel ati g it e el ght p%fretsh%o%%rth'e%r rb'%%d%orae%o‘ﬁﬁet ho1dk@meleng greater
than 10 pmrepresent less than 10 % of t total pore volune; and the

por es 10 t H-edisanét.-&r’s milegs tiedmtife? tpmth@pw@sgmt bésshehaarzieref the total

pore vol une. 4 A cat al as clal rred i.,n.any.of cla ereln 30 the
carrier has a tota Sgrtéﬁ\ygl ufs in alﬁlgdr éﬁgélgfmf rlo%gs%ei@ 0. 8 m /g and

a surface calred eaf hals EDPord iR @isichibpaibnCyhah thetcanhe porbas a total
D o5 Ga4tn AL amet S22 in the Fange OF Efom 0.2 Lo 10 im Fepressng o0
more than 75 % of the total pore volume and such pores

15 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 pm represent less than 20 % of the
total pore volume; and the pores with diameters less than
0.2 um represent less than 10 % of the total pore volume.

20 3. A catalyst as claiﬁed 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,

25 relative to the weight of the carrier; the pores with
diameters greater than 10 pm 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

30 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 volume in the range
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of from0.3 to 0.7 m/g and a surface area in the range of from1l to 2.6
n2/g. 5. A catalyst as clained in any of clains 1-4 wherein the carrier
conpri seswatosloersé 95 %wv a-alum na and the 5 carrier has @cwatses/ombsor ption
in the range of fron10 3to 0.8 g/g and a surface area in the range of

fromi.4 tggbg7 ﬁlégt%ﬁ&a y§5r§§cg|ggg§d tﬂ@y¥g%?8|8 ms 1-5

wherein S|Iver |s ae osited © e carrrer uan 0 10 to
500 g/kg,fmnmpartbcllarmSDgIo 400 g/kg, nor e |n partlcular 50 to 250 g/Kkg,
relative to th ght of the 7. A catal yst as_claiped in any of

clains 1-6 wherei n® FREALHFPE| &F Ei ?ge%n apgnatnatertral i BReF€iBased on

a 15 siliga- %QBE%EB'88mﬁ?ﬂ§@§'EtomeQQHDQBSbwgaaalhﬂbhﬁ'59& £ge the
formation of crystalline silica-containing conpositions. 8. A catalyst as

cl ai medl i sackaem Ragher @aherh@bseaptn@n hastaﬁ aaumenafcﬁnp@n@ of tat | east

95 ow, , agd §?ere|g thgu geng%grlal aggge ofagrg na h r@te an

20 annrphous i ca conpoun an aI conpoun catalyst
as cl ai med.inmany. of clains 1-8 which conprlses dep05|ted on the carrier

in addition to silver, one or nore further elenments selected fromthe
group of nitr8gen?® SaFpLYStpABsEhBiNed BBr8RY PFuSIRLBS &raupheheds

metals, Gyo4pek! AsTBEBLS i tEQeBhUThe MBLYRIERUM, Lugdshenty GBI PFLHMG

titanium hafnium zirconium vanadium thallium ~ thorium tantal um
ni obi 0n g@gal BOAGModkd, génnaacbacahdr ADxtar 480t békgofmot®. iA cat al yst as

n addi 1 BAEecatPees? Ton2o8r OhPe BFLARGATuEe RByRALHIR OLuRgELen. &
Goup | A caekakstand a nitrate- or nitrite-form ng conpound.
R \LEGAL\HS\SPECS\THZCWfo doc 31
A catalyst as claimed in any of claims 1-6 wherein
the carrier comprises a bond material which is based on a
15 silica-containing composition comprising an inhibitor for
the formation of crystalline silica-containing compositions.

8. A catalyst as claimed in claim 7 wherein the
carrier has an alumina content of at least 95 3w, and
wherein the bond material is based on an alumina hydrate, an

20 amorphous silica compound, and an alkali metal compound.

9. A catalyst as claimed in any of claims 1-8 which
comprises, deposited on the carrier in addition to silver,
one or more further elements selected from the group of
nitrogen, sulfur, phosphorus, boron, fluorine, Group IA

25 metals, Group IIA metals, rhenium, molybdenum, tungsten,
chromium, titanium, hafnium, zirconium, wvanadium, thallium,
thorium, tantalum, niobium, gallium and germanium and
mixtures thereof.

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

30 comprises, deposited on the carrier in addition to silver,
one or more of rhenium, molybdenum, tungsten, a Group IA

metal, and a nitrate- or nitrite-forming compound.
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WO 03/ 072246 PCT/US03/05902 11. A catalyst as clainmed in claim9 or 10
wherein the Goup A netals are selected fromlithium potassium rubidium
and cesi WD 03872246 process for the preparation of a catal yerTasos/ésel ai ned
in any of clains 1-11, which process conprises: a) selecting a carrier

whi ch has a surface,ar t_ .l : g - IrenSi Lstrihution
such that pore%l'mﬁﬁhcg?gngﬁgrgsi%agggéggﬁéecégggrgngg.gotgﬁgﬁg%ﬁlﬁggresent
at | east TRoUpofiat hettdkabrposeleakune fand duchipomy epotB@skaget her provide a
pore volune of at least 0.27 m/g, relative to the weight of the carrier,

and b) depdSiting &P E8SLU&i|ver on the carrier in a quantity of at |east

10 g/ kg, relatijge tq F)E*%C‘é@%_g@BrOfthEhﬁrEBtaﬁbﬁbn_ o¥3a 6a969?§§3a§9r the
preparation of a catalyst which 15 process conprises depositing silver on a

carrieb, whedsied inhenyarfi elahns Beéd,obharhenrpgeasnechpdi®hbeh conpri ses

formng a_nm xture conprising. _a) _from 50 0.9 a_first particulate
a-al um na® havﬁﬁgegﬁgggegaﬁgrﬁé%fig écgi?ég( 56§%%$E?r8%930%£ g%an 11. 20
up to 100 1p@istandmb)qgf roma 18 poers&0s e ofi e sEsonibpasidcic utlaie goad um na
havi ng an average particle size (d50) of from1 to 10 pm % bei ng based
on the totdlthweiigRetersainl thendanrdet REé TaPRt Br é; tandOf PR AGPFRESAFxture to

formthe carfieie 35 44orAcREOEBEA10ckalERINENRLAL MLAIpother i n t he

carrier has an alum na content of at |east 95 m Xture conpri ses:

a) frobn 65ogetherymrorétat avpore vhéumet af aki ghesof Oa27ambbna in the

m xture, of .a first particulate a-aluymna__30_having an average particle
si ze (dSOfe&Ftﬁygn&fl%FS g818h$ Bf #EgnfﬁgrfSrSSagég relative to the total

wei ght of pa- alepbBatifgt Be Mexkureilekracseensdcparteguliate guahuntpa
of at least 10 g/kg, relative to the weight of the catalyst.
13. A process for the preparation of a catalyst which

15 process comprises depositing silver on a carrier, 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 a-alumina
having an average particle size (dsg) of from more than 108

20 up to 100 um; and
b) from 10 to 50 %w of a second particulate a—-alumina
having an average particle size (dsg) of from 1 to 10 um;

%w being based on the total weight of o-alumina in the
mixture; and firing the mixfure to form the carrier.

25 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 «-
alumina in the mixture, of a first particulate a-alumina

30 having an average particle size (dsg) 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

having an average particle size (dsy) of from 2 to 6 upm;
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havi ng an average particle size (d50) of from2 to 6 pm
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5 % of awoaBwmi2a@ hydrate, cal culated as al um num oxi de PCcal@EDsv®02 0 t he
total weight of a-alumna in the mxture; d) from0.2 to 0.8 %v of an
anDrphous ili 0 ngd, o5 I oXxl i to the

t ot al melgﬁ %%Og gFS%l%a |n8?h8Hn?;§%lgg Ekgkg ré%?ggggkgg ég %wv of an
al kal'i nmetalmtonpovrdde QaﬂauhaéedoaShéheoabkaWE1getabfomkdeumehatume to

t he total ht of a-alumina in the mxture, 10 and the mi xture is shaped
into fornﬁ&ebﬁgﬁégrﬁnd the formed bodies are fired at a tenperature of
from 125040 1308& 0. %5tvopBO%@S§ffah Eﬁérﬁﬁeébdéﬁ&QBaOEoﬁBoghaf'n whi ch
process conprises reacting an olefin with oxygen in the presence of a
cat al yst aslechdietred bs anyiobncbaiAs relative tQSthﬁ theaprueseabe of a

cat al yst Mhliﬁmg%s Q%e@h btal ed by 4. Process as clainmed in any of clains
12-14. 16> A procgss as claﬁ Fh 8 a|n115 wherein the olefinis

ethyl ene. e17. Arget bodsotousi.Bgsancdl ehi alexildemteninekinpguad, 20 1, 2-diol,
a 1,2-diol ether or an al kangl am ne conprising converting the olefin oxide
into the £a3cdilgked Re the ailkplicPRERrlopPXiAg &RkaROVENTFAethReEerALt he

olefin oxhgggﬂ%s egnalggaﬂéngg Qxeamgggggés for the epoxidation of an
olefin as claimed in cllaim 15 or 16. 25 R VLEGAL\ HS\ SPECS\ TH2079f f . doC 33

10  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 with oxygen in the
presence of a catalyst as claimed in any of claims 1-11, or
15 1in the presence of a catalyst which has been 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 of using an olefin oxide. .for making a
20 1,2-diol, a 1,2-diol ether or an alkanolamine comprising
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 as
claimed in claim 15 or 16.

25
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