PROCESS FOR MAKI NG POROUS CERAM C MATERI AL Fi el d of
the Invention This invention generally relates to a

w@e@emse2f or nmaki ng porous ceramic naterial. TPET/US2006/004786

process uses a pore forner. In particul ar enbodi nents,
this invention pertains to a process for naking a
porous ceram ¢ body for use as a catalyst carrier.
Background of the Invention In ol efin epoxidation, a
f eed containing an ol efin and an oxygen source is
cont act ed WFFRCESEat e} YHKINRdBPREPD G ERANIGh MATERIAL
conditions. The olefin is reacted with oxygen to form
an olefin oxide. A product mx results that contains
50| afiidl gowkdenangdyvdypisal |y, unreacted feed and
conbustion products. Thne ol efin oxide nmay be reacted
wi th watlétst enTerbt e enadpdly welatem tal colsloceesf fom
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al IE¥8EEN né8 mayt b o¢nbedingnts milttis stwpnpiovess
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conversion of the fornmed ol efin Oxide wth water, an
105 d6FoMseorsap amimeyst Geetiarepoxi dation catal ysts
COMYSSotnd! b¥ &L ORAREAL,, Usually with one or nore
additTional efements deposrted therewith, on a carrier.
The si | ¥8rcapflmdeinasisiedlionl eaehtsd montle ndegosit etlein
usi e re.l nat.i i . The.carrie
e T Ry P ot °F PepPRetel Ay et B e
al pPexafahipm. conditions. The olefin is reacted with

15 oxygen to form an olefin oxide. A product mix results
that contains olefin oxide and, typically, unreacted
feed and combustion products.

The olefin oxide may be reacted with water to form
a 1,2-diol, with an alcohol to form a 1,2-diol ether,

20 or with an amine to form an alkanolamine. Thus, 1,2-
diols, 1,2-diol ethers, and alkanolamines may be
produced in a multi-step process initially comprising
olefin epoxidation and then the conversion of the
formed olefin oxide with water, an alcohol, or an

25 amine.

Olefin epoxidation catalysts comprise a silver
component, usually with one or more additional elements
deposited therewith, on a carrier. The silver and
additional elements may be deposited by using one or

30 more impregnation solutions. ThHe carrier is typically
formed of a refractory material, such as alpha alumina.

To be commercially viable, the carrier may typically



To be commercially viable, the carrier may

typi cal | ypossess pores through which the catal ytic
w@omposeet nmay be deposited. Pores may be i ncoP@DUSL086004786

into the carrier through the use of burnout nmaterials.

Typically, the burnout materials are naturally

occurring organic materials such as shells obtained

froma tree or synthetic organic materials such as
POlRPREFSS PIFRS et 1o ¥hisBdthrercatedivig ot Rempanebtersay

mae Aebydeted. SivdRI-ahlhe pBt fﬁé&!’pox%ttetaerlgﬁu ¥h
deconposable material, i.e., the burnout materra a
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material s; processing the raw materials to produce
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carr| er. US- 58012%%rl dIeSC| ose%aancplerﬁaﬁC eﬁg og#gg s
caPRy8er8onprising a carrier prepar ed wi t hout usi ng a
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avoi ded because burnout materi eave
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particularly some metallic [ea are undestt
befadsernt hedndhrlabiaiean tsoondvierese lproakbethgt Aids .

StebLLilys of-d ha-seLeehbubty, /O e actiyl ty of

the catalyst. The catal yst p rance ma b&" assessed
45 onmaher baki s rfocselséopi Vhtyravamtat\ﬂmytlandospﬁm&ddy of

09@595%9@-céﬁkié%eb%aﬁk¥it¥1é§ ﬁd%%nfgécgkggnﬁirér“%nd
sintering the unfired carrier bodies to produce the
carrier.
US-5801259 discloses an ethylene oxide catalyst
50 comprising a carrier prepared without using a burnout
material. The use of a burnout material is avoided
because burnout materials tend to leave metallic oxide
leachables in the carrier after the burnout has been
removed. Some leachables, and particularly some
55 metallic leachables, are undesirable because they are
known to adversely affect the stability of the
selectivity and/or the activity of the catalyst.
The catalyst performance may be agsessed on the
basis of selectivity, activity and stability of
60 operation. The selectivity is the fraction of the
converted olefin yielding the desired olefin oxide. As

the catalyst ages, the fraction of the olefin converted
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converted olefin yielding the desired olefin oxide. As
the catal yst ages, the fraction of the olefin
w@oovvevzoerinor mal | y decreases with tinme and to PEI/OSEN061004786
a constant |evel of olefin oxide production the
tenperature of the reaction may be increased. However
this adversely affects the selectivity of the
conversion to the desired olefin oxide. In addition,
t h&FGRLP et TRBF T ol ol énat @nd erpardmieds anFynsipant
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I nvention In one enbodi nment, this nvention 2
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particul ate Torm conprising potassium unger Conditi ons
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In one embodiment, this invention is a process

80 comprising the following steps. Treating one or more
thermally decomposable materials in particulate form
comprising potassium under conditions sufficient to
reduce the total quantity of potassium in the thermally
decomposable material. Preparing a mixture comprising

85 the treated thermally decomposable material and a heat
sinterable material. Heating the mixture to sinter the
heat sinterable material and to thermally decompose the
treated thermally decomposable material to form the

porous ceramic material.
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Dependi ng upon the source, thermally deconposable
materials may widely vary in their content of
w0 ppandzoees. |t has been found that the exi st ePCEUST006/004786

Dé/@lL%@ %e%g%];légso thDot_[assl m_cont ai ni ng conpounds
T tire—thermai y—ﬁeeeﬁﬁesagkg—ﬁbg%rlal can
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Lrier, t he rranufactur of the catal yst an e
mé&er O?Lmalﬁﬂg BHIThe EHt allfllstt SVAar TR 1 ffyﬁmPHéltleS It
h?qauavrﬁemt fesndf tpat assd WRicEBHAENGHYVLOHIWNES 68N §@é}'5@f
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rsel fected b nce of variable
mé?ﬁlaf%tc?é RN %f@%ot r“r%l %H?a‘g 'f'éa%’rF&oﬁl‘crd§hFeFi‘ti‘WSt
axtdwhpopesfbrmmweafr ejmvabﬁaiywﬁ t\}’b&:ﬂ@tﬂuty %n the
osablLe material. Wthout the intention o
qugagl%glgg mgktlﬁoga?i’ff\}’érh GCHRARIPY RO BAIS0 F8T RRBFS or
pmﬂ:dlealsl $m théisromyetiead of Ot He Sehtitd:ON £0f LhESS1e batch-
ttoyle ot assi um cont.ai nj ng conpounds i n t he
nﬁ‘r é?{:)%ﬁsﬁ%tfeuﬂqlc?ﬁ RbFBBVERLT L suggested in US

Slsmmﬁ)ngt bet 4 I te giRatuicaBL 8086 Utd 1N @, 108 Heu$e
everal tinmes [ n catal yst rmnuf acture. \When the

Pror?ﬁlségﬁ%ﬂ%ﬁ OIS r’%f?%ﬁ%%dw e Peeesper of variable

qmasseu%ﬁm@gﬁﬁ@ CORPAURLS: rmsfnpw nad YRsEN; 4 Ne e
reus regnati on solution and be deposited In
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, paLtI cul ar ,
in e ilmpregnation solution. Moreover, as suggested in US

5187140, the impregnation solution may be reused several
times in catalyst manufacture. When the impregnation
solution is reused, the leftover potassium-containing
compounds may build up in the reused impregnation solution
and be deposited in varying amounts on subsequent batches of
carrier.

Treating the thermally decomposable material to reduce
the concentration of potassium-containing compounds prior to
forming the carrier, in accordance with this invention,
improves the preparation of the carrier, in particular
improves the consistency of the carrier. Also, treating the
thermally decomposable material in accordance with this

invention improves the manufacture of the catalyst, in
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i nproves the consistency of the carrier. Also,
treating the thermally deconposable material in
waewongaere with this invention inproves the PCT/US2006/004786

[N u f the.catalyst, inparticular inproves the
pcong%ggénéﬁp%'V?%gﬂﬁ%fﬁw%§5t6%?¥d?%a e “ Ror 8bver
pafermancat al yst is prepared in accordance with this

' [ dvant age .i s _achi eved in the perfornmance

of TREC0eal yeret e csavan to RFRPIEH dPnaRceTaInge with
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e material, i.e., burnou
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| nproved. resi stance agai nst performance decline, in
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As usgd herein, the thermal|ly deconposable material is
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materjal prior to the heating step. Individua

par K EReatayiy P5 2HL. JAPo¥E e "Rat ERParier cupyr @ore

foruktl t Ude WiedMideisNaeRE tRedhel 1N MedbBpodB61e material
. individuyal particles of thermally decongpsable .
lsnﬁt@?#h dt @Y EnoVed thy fLPRRr melhidbsipasivi decemisaple
matbeifeatd ngHemithebel¥at eaMing RAkesa b0t he ﬁfﬁi?nﬂg
thﬁaéerial fornin% the carrier. The pores may also be

e I

BRT D HSPr PPNt PEY! opanicicddesdiodt Eheunably
b8Eupy N ; S .
detbhpoighend dderGanr Lek le§Iﬁhﬁﬁﬁﬁhgyogfggﬁgp&%%g%s in

mat eri al should not be soluble in any _
Ehe B Eht s ThSed PP viaRe! tpRr tdarlsisepf Sherhakly, the

detbepopdb e dRcrpasablke F@rﬁ@vréc?lbys Iﬂggkgaﬂg&?%gerﬁp%%#{:ﬁon

any of the other ingredients. Béecause t ' ‘
Aug R nigtss dIRcd imgt €FFRI thetehy dsayingl naeeprimrthe ceramic

material forming the carrier. The pores may also be
described as a plurality of voids distributed throughout the
carrier. The thermally decomposable material should not be
soluble in any of the other ingredients used to make the
carrier. Similarly, the thermally decomposable material
should not dissolve any of the other ingredients. Because
the thermally decomposable material occupies a volume prior
to the heating step and the spaces occupied by the material
remain generally unoccupied after the heating step has been
completed, the material functions as a pore former.

The thermally decomposable material useful in a process
of this invention is typically an organic material. Suitably
the chemical formula of the organic material comprises carbon

and hydrogen. The thermally decomposable material may be a
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to the heating step and the spaces occupied by the
material remain generally unoccupied after the heating
W(Siz(mp/OMSZ been conpl eted, the material functi 0PGT/HSZO&6/004786

rer rmal I deco sabl materi a
h%ullgl %‘Eaa pr%‘—’bcuersf’\‘s(?L rﬁ’ﬁ%n‘Fﬂ Ot"yﬁl Eéﬁ‘}r%rpf
tl’@r ganic narefe:adblysu|tm@blty1etia@11:ﬁ&mdba{pofsebmal Aaéride
ganic nat erj al ri ;S a]ébon and hydrogen. The
magfherenﬁfll ylﬁ%l%?:](ffrﬁrba‘sae’gpl rTS?‘@F S iy 95ETREFHERERI ¢ or a
temgleurnal by \mh::omlrrnlmgld‘r@treétai: Efad ankﬁ(tsuhee@ﬁngre sarrg.
Prefe abI ermal.l y deconposabl e _material may be
temﬁ)eor ant Zé%a &t ﬁjaelatt ﬁ&fl)éﬁﬁgb%\e JRIGHIGLit | SRLS insures
tHa&n‘pheat]meéﬁna/\hl}Cmd@&n@@sngatrﬁétéﬂaﬂ tikeasi DE&EE Nehre 1y
enperatur e of th sinterable material. This
re|mr?sur eR T Rat T IRF tSHL PR§OURLOIpdSalsng RRRERTHIT af dhe
helaeastnpermye Mermad 1pr i 06 t&Ori sivaulieaneeysi ¥i W [ ine
eri of  the heat sinterable material. To
Chrealcf‘u t ?‘émg‘gacooﬁp&%ﬁet FERTTEheY GRAATERSAPSE iR BBk ey
pﬂeﬁeﬁahlyybdhm&ﬁﬁﬁo&@Qb@nnah?&féﬁeﬂnﬂhdp6§g§éﬁb|yThe
ri se, carbon drogen and oxyge
AR EE S O e O Ee IR ey iy S eeviePdthy piRsence of
oxgpeaence of oxygen . After thermal deconposition, the
vol y of the solid thermally deconposable materi al
mayhEST edtidt IhyiesPmPes st 1 Bt sy aPérEB| §Ff athe esmliid

th89He1 I el @ddotddsast bempEedesonRasidd eaayaLlymg, of . the .,
t her nal I%a deconpgsabl e material. This reduction in

98\70| Bﬁ%f"r‘ %.@&vé&aﬁy 83hw eF¢liatd vien&ot hbe rintey

dedeﬁpﬁ@pﬁﬁhiemﬂﬁﬁﬁrb§|th@tﬁhégﬁéﬂyy ﬁeﬁgmﬂééﬁ%&g;materlal.
products. Anot her byproduct of "t hermal deconposition

Thb1\é FRI He ey Y CdBEBNpBsAH e inst bri apnvieyt e adte  The

theenal Iashy. wsedchgselnids e Lgsi Ul
decorrp%5| ncg?ﬁe thgr mal | yl declorrposglb Qy%!t)]géﬂ%%f Q%h

byaagﬁT?q® 0 négﬁeﬁayyproduct of thermal decomposition of
the thermally decomposable material may be ash. The term

“ash” as used herein is the residue left after decomposing
the thermally decomposable material. The quantity of ash may
be less than 2 percent by weight, preferably less than one
percent by weight, relative to the weight of the thermally
decomposable material.

The thermally decomposable material may be a synthetic
material. The synthetic material may be a polymer material.
The polymer material may be formed using an emulsion
polymerization, including suspension polymerization, which is
often preferred since the polymer can be obtained in the form
of fine particles that are directly usable as thermally
decomposable material. Preferably, the polymer material may

be formed using anionic polymerization. The polymer material
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be less than 2 percent by weight, preferably less than
one percent by weight, relative to the weight of the
W b@rogdokyy deconposabl e nmaterial . The t her mal PET/US2006/004786
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4§ Féra%yy, e HEM (5 AsT CRRP YT%ﬁsrﬁﬂF e tPEE RRE- usi ng
aqmmlonntrpbéyﬁmwbéﬂﬁl @@lthEd@@'Qﬁ&H asab%n?ahmaa &€ and
nmers or exa

copol
Poqgﬁ‘iz“é?ﬁ e%rerl'@eé%%?{}pﬁr&p%lgﬁeasp%?%/lfs%wéﬁée BEF §RiHya late.
Praifeohbly, ethy|penered apkeacet ahdy and nokilyk8PBon h&Wmers
ol ymers _and copol yners

caohol nmers, - diene
S”%bcﬁsa80§%$§% i SRES BEORFFRibbemo LYPyPeéehat adie
th@wmeﬂwedSC@WbEmmMmaﬂea%ylm tyd I n&HQPgiﬁy occurrlng
,..and pol yam de-6 6,

h d
‘%81“ ggn?‘%?%rs Ch ggillﬁaio;g{n ﬂ?’?%‘??eutyeroéﬁﬁf-’ﬁépét erganic

maEEEﬁ&H.:abrhay Bdhemelivear fB@tﬁ%'@rt‘m be ngigﬁ\@r&pr{ree,
such_as polyolefins, nmore prefera

fogoﬁéﬁ‘i“%%u T USHe (REFARELY W@%a@lf@ét%@ e T ey

mapeadsoabelr @t W <F Gabhi A0p 0498 M.C trf%teer edl- o %Péjl e
naturglly occurring organic materials may be obtained

CREEGRR L po¥3 TR 10 RCFRERLNSrotgasd.C rnevee@;(ah@|reassmUst

obralNatar atdry DGHIHELAY O Japkg drederi al pLaRY &l S ﬁté
derj ved fron1a plant or tree, for exanple char coa

SXREPUT al TYEHEUYT ORGUEE §a%i @ Fratiar maltsrials bea bited Lvde

pef:é.ﬂmslaepmt i0moRfa 8nbivst £40MM.2 Rl o\{raiﬂ\ﬁe slfq_ls,
natural |y occurring organi ¢ nateri

OIFH%nYEH%S'p%%%eP%S aP PR psivel legd casxhewme:mas: may
havel Pélén Sh@ldr® or milled into a particulate form commonly

known as a powder.

While most thermally decomposable materials may use a
single source of raw materialsg, thermally decomposable
materials may be formed by mixing different sources of raw
materials, such as a combination of almond shells, which have
a first chemical composition, and peach pits, which have a
second chemical composition.

The thermally decomposable material may be screened or
otherwise sorted to limit the size of the individual
particles to a specific particle size range. If desired, a
first thermally decomposable material, having particles
within a first particle size range, may be combined with a

second thermally decomposable material, having particles
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olive pits, apricot pits, peach pits and corn cobs
that may have been ground or mlled into a particulate
wo ooomogoeonl y known as a powder. Wil e nost tPer/Dsiobe004786

- 0 ials may use a singl.e source of raw
B B < e b 581 o AP Aty Lbaodal
difsrobdt byn neK i porali fifesenh shelrpesowaf de&mnﬁahﬁﬁt@fﬁal of
u C i nati.qn af al nond shel|ls, )i C ave a
R ¥ olP CobOABR, SAnt S I e SwRROHS iR
dexegedond bhetieadicorEoshti pored e thelcFbk¥d in the

bl i al be screened or otherw se
pogﬁg)%%ggg?%mjr%rﬁnn%?eﬁgﬁsi°%2¥8?e‘f?1%r}r%i vidual particles

t 0 Zhepekéfial parddchposhBee rrﬁ?ellft%fhidlf e ha?_g, ?avéidn%
rimal Ly, deconposabl e terja aving particles
R R LT a1 BRoPOE i MidyBe BERBTRRREY at
mogitt H0a sicoms t hmmlptryéféegmsp@l&abdo_%tﬁafo@r in@l:rctalli‘@.\” Mhe
rticleswthin second particle size range, to
th%%fn S;L %y agerr%?r?g?ﬁ% € H‘FE?FE%M‘V% 617 Spdr ¥Od PR sAT R adfe
papoiols skramT dmtlesisal 10hidieh Caddm@babIPeat least 5

dimtations on rticle size range are determ ned by
migkEhET AOHT RS BOLeY £b bereh odt 68 FANShe PeF otfermally

decemposgb At el «0f nbhehgas rd 8fo1uliRe al/ReLgB! h¥rticle size

. bl terial may have a vol une average
1HS§$§T‘E%’¥%|§% ?“;IP fBs X%d@?ﬁi#ﬁn@noﬁsf,efﬁré%mﬁmméto to

400081 c Bk Mg N HreFREab Dy ef £indhlzy tat 3g9st 400 mi crons.
g{/e mat eri al may have a vol une

The_t her | y deconposa . :
av:%%g%segrftﬁyﬁlélrsit & ¥Plufte |avesede RREEALE prigfeer abl y
reprebe€mss D gHRIINS, JNBLE:PF efierall-u @fle!fg_aélfe lec%ua]%
i rial may have

crons. The thermal |y deconposable nate
Spge%?%nee%lé’ra&g%éltpémﬂ-%% ofi Zentacipe tanger ofndrom 5

pak 01 606s M 10RS, tpkef enablyyd Jodg DtQak égpt:[%fé Ule .

nor e é)referably from 15 to 300.
The volume average particle size can be measured by a

laser light scattering instrument, for example, a Horiba
LA900 particle size analyzer. The method includes dispersing
the particles by ultrasonic treatment, thus breaking up
secondary particles, if any, into primary particles. This
sonification treatment is continued until no further change
in value is noticed, which typically requires a 5 minute
sonification when using the Horiba TLA900 particle size
analyzer.

The thermally decomposable materialé generally contain
potassium, and/or compounds containing potassium, which have
been found to be detrimental to carrier and catalyst
manufacture and performance of catalysts. Furthermore, the
concentrations of potassium found in commercially available

naturally occurring organic materials may be highly wvariable.
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As used herein, the volume average particle size
represents a particle dianmeter at which there are
weeowalswpheri cal equi val ent vol unmes of parti cl BGT/US20g€004786

rticl |l er, than the stated average particle
tm%?%SB%$%E%%§ﬁﬂﬁg%%J§¥5§§lﬁgr%Fc? = d é“@gﬁbeC BEired
ongpnd cl mgeerialfhtmegcatd dmpagtedshy Weninalf gacesappl e, a

- i-ba LA90OO ticle size analyzer. The nethod

i néFEB%s ?s%%?gi?%? Hﬁ%oﬁgrchW%ééﬁnFqﬁ {F&§oRF cPlant was

graweatrene ]l tdwistibr eajdipgeup sﬁ@osruiarage?@bhagtesnslﬁsed to
, .Lnto,_primar rticles. This Bonification .

R R R AT, PO SN L —

wirdloue psamotdioes,thshipalstypi Catdit FRQUNEAS BaBufh W) €
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co&&SFFE%nghégiﬁﬁﬁ@fsdewurring organic materials may be

hi glbya ddrd bl el e oboBRE Nt @ d PhyOfnROLASSENEL | L t he
organic materials may be i npacted

natural l y occurrin _be (
poﬁﬁsgégﬁr%ﬁ éﬁﬁnﬁﬁ%f PrhcK P FYRIFELS G magshéati oree i n
thefrine D1 hteddng@ seb1R! ARt eWS1 PVMBAS WELE33S6 tAGIuce &
figggignent and ,storage conditions used to grind an
r

CRFEF IR P BRERFFIHY 18t §asi shauvellwl s.
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erformance, for exanple, in an epoxidation reaction.

Lo st1Sty feCErERetyani abiPqtaFsinmt heas used herein, is

the concentration of the potassium in the thermally
decomposable material prior to treating, measured as the
weight of potassium (as the element) relative to the weight
of the thermally decomposable material. The term “second
concentration of potassium”, as used herein, is the
concentration of potassium in the treated thermally
decomposable material, measured as the weight of potassium
(as the element) relative to the weight of the treated
therﬁally decomposable material. Potassium, as used herein,
is meant to include potassium in any form such as an ion,
compound, complex, or species.

The total quantity of potassium in the thermally
decomposable material may be reduced by the treatment by at

least 10 percent, calculated based on the weight of the
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concentration of potassium To address the problens
caused by the presence of potassiumin the thermally
walewonposnbl e material, the thermally deconposedii/gs2006/004786
a first

terial .my, be treated.to reduc )
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matrer An” pecoheh onagntatatie@bt 060 PRAESItUNMta1881 #6648 based
ein,.is t%gqoncentrati on, of potassiumin the
I

h . .
ory FB51 B ¥ Rer il 1 GBLORROEDFE TR érPat SnbaetEtLAs
decbepuebght mitquatassienat{as tde el em@oh: bel gbiye& i in
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| ncrudes pod ssdridBnitha@M¥nf OF PSR 188 %QyiQQ’at mos
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deconposable material. Preferably, "the total antity
1e8FC pbt A5 AR Y BlelERBE NS 1 yoqrec siposable amtlydst 50

ppiiRy Beldeduced Ryt heifhealmihle Qﬁe?ﬂla%fgséegd%\pos%%e

ercent, nore preferably by at |east 3 er cent, t
mag?ﬁf%}abl y by at

The second concentration of potassium may be at most
22000, preferably at most 15000, more preferably at most
8000, most preferably at most 1000 ppmw, relative to the dry
weight of the treated thermally decomposable material. The
second concentration of potassium may be at least 0.5, or at
least 10, or at least 15 ppmw, relative to the dry weight of
the treated thermally decomposable material.

As used herein, the concentration of an alkali metal, in
particular potassium, in the thermally decomposable material
is determined by drying the thermally decomposable material
at 110 °C until a constant weight (“dry weight”) is achieved;
combusting the thermally decomposable material, thereby
generating ash and gaseous byproducts;‘and then using an

inductively coupled plasma technique (ICP) to determine the
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| east 40 percent, in particular by at |east 50
percent, and nore in particular by at |east 60
wpesoceo22 cal cul at ed based on the wei ght of theCT/US2006/004786

' in the treated thermally conposabl e L
R0 Y Pt M e EREreen] bRt Fh phenttric
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nipobassi umineyebearailyzaast gér,tﬁé/p&é‘sfiﬂdtu)élahteks?ﬁiec ZPalue.

nore _typjcal at | east 50 ppnw, relative to, .
Thﬁeﬁ&ﬁP¥g%ytﬂ%nﬁﬁﬁﬁﬂiﬁﬁﬁ H@E%ﬁpd§&3}@ﬁw@?&ﬁ?ﬁ#umrTh%
repecand asnseddi@ditatobnpobaes) WAJERY Jhe tat HP?tweight of

22000 ]e_:fe ably at npost 15000, nore preferably at
thﬁog?’eéﬁgg,y %‘EOT%?%F‘@#&M“?”C%F%% THGOEpERE PEIEHS ve
catrriktlte dry wei ght of the treat eddt hermal |'y N f
d bl terial. The second concentration o ‘
S R T S G

usle@ash the ppraytnltabirveetd hdre Bl VMgt g0fnihe s apie
treated thermal |l y deconposable material. A s use

EOhEPBEPRS PREFTHITLACRSt PBYY OF eATRIYRSs thetafontain the

popakki Gl ﬂfo@%kﬁ&&ihlé%ahmyt&@eérﬁﬁfs@%‘l‘eymg'é&ﬂ?i’?abfh%
material _is determned by drying the thermally
Lr§LBRPbsEHME MitYePalr A TWAD GCaWpECTAttonttBmid or a

gawei ghtefe iyl MeitRt t)ekEndehi €Nad 1600bYs 'LII{]Cg, Lo
thermal |y deconposable material, thereby generating
PrEfRTARtY 2R FS Biypr-oautd s meftd predsrabingdaionized

taduct ivel yr Louied £ph a8 ey RN AUECLEE) 1§ Qs
Wadet erm ne ?/]i}equar?t ity of aI}{(aI [ rrrlet gills % t%‘gula%hf.ut]:ﬁleer
CORRANT IRy UtC T MO& cashar et cralprgasdapoomesyndsar such

cof¥anphe ﬁﬁyfﬂé<%hboﬂgﬁél’féf]é%ample‘methanol or ethanol;

ketones, for example acetone or methyl ethyl ketone; or

acids, for example acetic acid, citric acid, oxalic acid, or
ammonium salts. The agueous liquid may additionally comprise
one or more additives such as a chelating agent and/or
wetting agent. The ability of the aqueous liquid to remove
potassium from the thermally decomposable material may be
improved with the addition of additives to the liquid. The
chelating agents may be, for example,
ethylenediaminetetraacetic acid (EDTA), nitrilotriacetic
acid, alkanolamines, or bases. The wetting agent may be, for
example, nonionic surfactants.

The thermally decomposable material may be treated by

washing, soaking, spraying, extracting, or supercritical

11
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carrier is determned by boiling a standard amount of
the carrier in a standard vol une of 10%n!tr|c acid
wo 20074%023 nut es, WwWhi ch extracts the netal InftP@T/ESZOmS/OOM%
t nitr and then anal ng for the
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dmlo,sabﬂ,lehma’sepm.’aslmtlhmthleStfeep@ﬁézﬁﬂ Auid for a

p ed on the dry weight of the
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capgoninde. The treat rrent may involve the use 01;J a fluid.
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h LI deco osabl ria e treatnen

er%rgﬁ ¥ Froure: afa}%’l}gieﬁtrf‘??%tallr’f PR*¢ sPmatpasin the
11@u@ﬁefaMy, $1litetatbfl@at et théamgbits A uigdwag pEOLL the

f a ueous |liguid, nost preferably
ra%é%oﬁl%?gﬁg% e?q zlgr?e%Fre RS 1A RE ey be0 &P dquéBus

mdreqmndpéntidnexa:ﬁmm;rm SENGo 0NE @1 NBHE +ROLGAMNC Qlig may
ic.C CL such conmpounds may be al cohol s, for

be C n%f"‘ét rr%t ‘ﬂ“o S*t?r COERAROIY detBmesabiler makarprk at any

praeetmee %uﬂ@iﬂw &EQYbrK§§@fl£,may0|beag.hd§hefthnfé(‘%.ﬂ)lﬁom

%Ctlj(_: C citric acid, oxalic acid, or anmonium

0- ? O?Fkﬁae Fraddedifs HicqiRa FRsm dddiot SoRakl ymesepin se

pa@ﬁécmlaﬂmmomdL | tHateq aSHESpIASE i% lkati-ng . agent and/ or
in The ability of t gueousllqwdto

g%%%‘%s%?%ﬁ PGt Fe ttl'@é\?ﬁlewdgégéﬁpbgé abte a
1 lielﬂd) d rpyayed: Wddb 4 he naddiljon £ th
1qa r rr?%)énjtqﬁe Ilgw d. rTheﬁbchel ating tajlge% srenaoy be ,e

ddi t
tr%%ﬁ“%’é(%ﬁ%ﬂbld ér’ﬁ?Yylbénéal B naneter @dcErpe B8 o (BDTAY, , in

paBtiehlHt riagetiocc t@cbgof‘% kapekam NeSrt Q5 RAS8S-on 188 o

;tln% agent may be
300 he treatment fluid may be contacted with the

thermally decomposable material at a bressure in the range of
from 1 to 500 bar, in particular from 5 to 400 bar.

The treatment fluid may then be removed from the
thermally decomposable material to yield a treated thermally
decomposable material having a second concentration of
potassium which is lower than the first concentration of
potassium. After the treatment fluid is removed, the
thermally decomposable material may preferably be dried.
Drying may be performed by a mechanical process, for example

tumbling. Drying may be performed by a thermal process, for
example heating between 20 and 200 °C and preferably between

30 and 150 °C. Preferably, drying is performed to the extent
that the treated thermally decomposable material reaches its

dry weight, as defined hereinbefore, or that contains in

12
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exanpl e, nonionic surfactants. The thermally
deconposabl e material may be treated by washing,
WG o@Ri0y)?22 spr ayi ng, extracting, or supercr |ht| CHFT/USIZO(’]G/OOM%
ract or erw se t| thet er ma
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inthe liquid form Suitably

n ena "
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unz00 @Cbon$ta¢EquﬂgHtaﬁsféﬁniéibd(bﬂﬁoc@@culgpi§g|fhe
%rtlccul ar . from ﬁh The treatment fluid may
e% Se5Rtacted tlﬁ’gst ﬁﬁr ¥ 15 PecOmpBsaBrel at er i al
de@:bmgnya}plesmﬁeela?am tably, the pressure may be in the

f_.from 0.5 to 10 bar, in particular froml to 5
LZPQE oF FRETTR Wt GeCarRPS aBbutmar S4B HpEpheFeated in

twpr e Sue e stdp’is ehodament saphernedaRgeheeaigeat fddd dr
for exanple a gas or vapor, the

mOFSngE?%?’E?%t ?ﬁ”ﬁﬁé PrEaPremtes |tlfﬂ FeHRYSbROT 53 Hen fange

thef theom b, (e c4PoBEDI ei fa B ild1CUl @b f EQMI2D- 1 0 350 (G gt
articular from25 to 300 OC . The treatnent
crRR b e T

e &Gt EEERR WY HeIrePosebhal Nyt detvhpogdisics

a Iﬁﬁfétltﬂd‘eaaimealtprfe_ﬁﬁﬂre A 5%6&@9%::95%&9@ Jed® 390
articular from5 to 400 bar. The treatnent

thFF‘ﬂ?Jdi THER P LPeHBYRE 3 SIPREREtEher ARPdyd treatment

fldE@onpm&abhﬁmH&erb@hp&@1&ﬂéﬂéjd% Ehgaffgsﬁrgﬂéngéd%nd
osabl e material having a second concentration of

%gctg‘g‘gi dmudsisc RaysPEoWe? $ame orhdiffesentoncent rati on
of pod assinincipfibestthe {4 ealdment Lhuhd |- SRy %%’me

trgggkent fluid may depend upon the quantity of potassium to
be removed, the solubility of potassium in the treatment
fluid, and the fluid treatment ratio. The use of multiple
steps in the treatment with different treatment fluids may be
used when the thermally decomposable material contains two or
more chemical species that may not be soluble in the same
treatment fluid. For example, in a first treatment step, the
first treatment fluid, having a first chemical composgition,
may be contacted with the thermally decomposable material to
remove one or more of the chemical species. In a second
treatment step, the second treatment fluid, having a second
chemical composition different from the first treatment
fluid, may be contacted with the thermally decomposable
material to remove the one or more different chemical species

than the first treatment fluid.

13



10

15

20

25

30

thernal |y deconposable material may preferably be
dried. Drying nay be perfornmed by a mechanica
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tot 81 t el e rment Eh@kﬁalfy“héégﬁpgggbget& %%f?%%q ratio.

The use of nmultiple steps in the treatnen
di {4 PRt é‘&t}’ngﬁtpﬂfl%ﬁlﬁ%d My "Bering a heat sinterable

material with a treated thermally decomposable material, as
described above. The heat sinterable materials may be an
alumina, silica, titania, silicon carbide, silicon nitride,
niobia, magnesia, zinc oxide, zirconia based compounds, or
combinations thereof. Preferably, the heat sinterable
material comprises alpha alumina. The mixture may
additionally comprise minor amounts of other ceramic oxides
and/or alkaline earth metal compounds and alkali metal
compounds .

The heat sinterable material may have a volume average
particle size of from 0.5 to 100 microns, preferably from 1
to 80 microns. The heat sinterable material may have an
average crystallite size from 0.1 to 5 microns, preferably

from 1 to 4 microns. The average crystallite size can be

14



10

15

20

25

30

used when the thermally deconposable material contains
two or nore chem cal species that may not be sol uble
w0 poovhg2ogane treatnment fluid. For exanple, in BCT/USE)D6/004786

t. st theflrst Lreat ment fluid, having
A R P HP s (TR R bR RHIAEk & i ERp PG of
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pre%?r?biy ﬁgv\g‘?%%tq 05 *oF'tt r eBR HRVS I &hﬁoté’héi mm.qht
oﬁje;henpesabée mepedfiedabBy biAbdnihen60% BRdsbhf®in 5
ol ved | reduc:| n%f t he concentration of potassium
e

q"laf“\éaéé’u f“éd "t et eatted " PRel ni I5P dedoifSosabpeative to

theatechal wﬁ?aghfbeoﬁl‘ﬁiﬂél Regdri8rthe mxture with an
deconposabl e material. Typically,

t t ed her mal |
he et GhELTs b TBr SHBSLPaltal ARernEPRy haterial,
i.decanpasabl &1 naiian aJedluS,eattﬁ@sltenjg(%@l"/oof"g&ﬁtéypﬁ&a! i
nost typically at nost 98

apﬁgﬁgg {i?a}PO%‘il trﬁfstpa%lé?&esr*e?%tqf\% t@nfihétt'eﬁ a@r@/\'ﬁ-angiﬁd
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fraction of the treated thernmally deconposa
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east. 25 %, relative to the total weight
REr HaF | P HekymposdBre Reterisfieptive. The bond material

may be based on a silica-containing composition comprising a
crystallization inhibitor, inhibiting the formation of
crystalline silica-containing compositions. It is also
preferred that the bond material provides a coating of a non-
crystalline silica compound to the carrier surface.

In an embodiment, 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 amorphous silica, or an amorphous sodium or
lithium silicate.

In another embodiment, silica-containing compositions
for use as a bond material may comprise an alkaline earth
metal silicate. The alkaline earth metal silicate may be

magnesium silicate or calcium silicate, preferably magnesium
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A m xture may be prepared by m xing a heat sinterable
material with a treated thermally deconposable
woraioenyab2 as descri bed above. The heat Si ntermbt/lﬁszoo6/004786
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30 &W st M- B RESHErabIYepht FORE 135 e £6LAF1VE| ghtthof torel

wedghti ef .t Y efiartably, @héQQﬁhﬁm@H%ag cBL@éth '&héﬁtlty of
in the range of fromO0.05to

thgﬁ ﬂxledﬁ%ﬂtﬁ?éapaﬁawaww ot atthée@a*ﬁr2 erw, mra@rably
atahs@s@waaﬁnnﬂw&ép99é§8£a$1&l&%e1%a99”90”3&erféﬂatLVe to?

mat eri al which reduces the length of sintering t
the total weight of the mixture. Preferably, the mlxture may
contain a quantity of thermally decomposable material in the
range of from 2 to 40 %w, more preferably in the range of
from 5 to 30 %w, relatively to the total weilght of the
mixture. The mixture may contain a quantity of heat
sinterable material of at most 98 %w, preferably at most 75
%w, more preferably at most 70 %w, relative to the total
weight of the mixture.

The mixture may be formed into carrier bodies. TIn
general, the size of the carrier bodies is determined by the
dimensions of the reactor in which they are to be deposited.
Generally, however, it is found very convenient to use
carrier bodies in the form of powdery particles, trapezoidal
bodies, cylinders, saddles, spheres, doughnuts, and the like.

The cylinders may be solid or hollow, straight or bent, and
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applied to bond the particles together, and it is
preferred to enpl oy such bond material when practicing
W koog/o9209ENnt i on. It i s advant ageous that t he bPEMUS2006/004786
east a ., part of

a so for oat i ng
e e 2 Gt P oot He Bhtr £87 C801Y agkom ©
tcmirSe mmecepemveouﬂ'sl'neieb@ridmﬁﬂéer fabm MR DecbasedtPpidally

talnln osi,tion c risin
fxgornl S aIOI i za‘fll on™ ncﬁc}%lﬁormﬁﬁﬁ. ‘%rr? %Eof“opnétF%nG grm,
tmmﬂayl Enemso | 2 aa @omimai Nirhg @@mgféxtg (ﬁﬁ§r hhtrei § BLSH
rleefnelir:{_lego a% A; dFond materi al provides coati ng of
i -crySt A tTHeE STHACA EolPotiti ﬁa@%éfcgerWeP 5 to 2,
tmmbatly fromam. emdeodi.ment, silica-containing

co sitions fqr use as a, bond material conprise an
am)mlr}gl ousrgjrﬁgb dél&?pgﬁﬁd Fht SRS 498! tREr MaxBRbe LY @ny

CQHﬂem¢anSOthéu¢g(ﬁﬁd@e@atedu5h|aéﬁkpﬁﬂyligprQBQH§ drying,
I|ca or an anor phous sodiumor lithiumsilicate. In

agg SERER E R o S188) | B CBRERTRTY ChRBosTei BRigngb by

extis@sasnaohotite Mab@firal. MRYr COPPIi & 1-3NmakkahkNereadtd) e
silicate, The alkaline earth netal silicate may

maﬁfegﬁa%%%l Ut 194 CACEPOP cUF oA 1th Si8i2de a8 -ApF &1 25 Hbl WS-

A- Esagnesz unss 1A -catom.s sBebal eng en Ny :a 2mede s of 05 -£XaRl 8,
to 510(5)%%9/ whi ch is incorporated herein by
1%8?8?5‘?\‘5% gitarepcesi | Featzvntidatenguebnpotditons

prfoeésuse atn pRMduTBLeRkalu s ahkSR GONP it
um na. . The pref (lalrred al ulﬁn na hydr ate i 25:%%%%%@1&%11/

ﬁ8ﬁ§ﬂu@‘?%é’ﬁt@ UBayer Pe1Br3 Qi pae pirafendlsly brom 2 to

25U%®d bAs €D MBLE RN hgAd 3?“9&!%hx@%¥e0039r%§§c
E xture of bhoehmite, anmoni um or al kal'i ne eart Ii
algpl i cRTRCTTSINT Pddss ¢Plsante ermadetosbyubhe e um

veG@btisi&h iy efa&%Ckﬁoﬁﬁnll?ecIfEC@r%vqgfby f@foé}paq{patel,on

.,of _conventi onal ceram ¢ bonds
"Kirk-Othmer Encyclopedia of Chemical Technology”,

4th
edition, Volume 5, pp. 610 ff.). Suitable processing aids
are typically liquids or greasy substances, for example
petroleum jelly, hydrogenated oil, synthetic alcohol,
synthetic ester, glycol, or polyolefin oxide. 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 acid may be a
further reduced content of leachable alkali metal ions in the
carrier after firing. Enough water may be added to the
mixture to make the mixture moldable (by the term “the weight
of the mixture”, as used hereinbefore, is meant the weight of
the total mixture, but excluding the weight of any added

water) .
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formul ated to contain aluminosilicates and a sodi um or

[ithium conponent . The m xture may contain a quantity
wo@oovheaopnl | y deconposabl e material of at npstP@DUSAN6/004786
nor e at nost 25

r.abl nost., 30. %y, r ef er.abl
Do, Tt 2rtodh SR s o ergrtb S g Fexrarave e
lagiskt ar pomyoxont dilte vageanpiréyemf, tjffoe/gvamgzl,l yf Wat%f migtht
b rial of at | east 2 .. preferably a
B8 STt sPaofbin e 1 b Petar | v
hearginhétbot abndved ghtrsefl vt bEfm:ﬁ(ttt%@-pr@schlaila@hyegH@ of
1 xture contaipn a quantity of thermally
th]eg%nﬁgga & Fhar ellinhﬁl dgﬁlflﬁemg%n‘bcéwd:f 3EEEM PReo 40 %,
prepreapt efies bthe inlxcheer angeo®d i dl0mMe%rh9n300 ¥Mne
Lelatively to the Lot al _wej ght of the mxture. The
™ }(I?Srénrmya AR §haRtTRse FHodiesr sTheedsping step
mayaber bainbmecatwirmﬁtth%h&/m%i% sttﬂfplﬁk?{yy c@hggg?% ég ott@%%
referably at nost 7 . relative to
sGZhEACE S EL IR 9 T venTrie A S -ur rirdyIbBAY ob kRl Himtce
begakkhes o bodh eso p %@%@ﬁeﬁ%ﬁysbégwgént ard RloGr o

bodies is determ ned by the di ménsions of the réactor’
EYPACHRI ¥ ht ehey Reré ofoobeuBleposi tediousnendl ﬂazeféd_mcallﬂ}yerf,or
bty bSmiQugs c e .0 carrier bodies. in
frtbtrT]leEfrgim of \S:(;gw%jéeor 3B%g$fi ﬁ%ﬁcaﬁg’pe%’aﬁ? Jb%cﬁeé%f.,omed
EocRenereFent st b mhheves, cavrgmsul sss atidart e g ke.
wafBe_ cylinders may be solid or hollow straight or
bent, andthey may have their |ength from4 to 20 nm
t ypreal hsafimsmss epomd$ Jpen cartrheidr oaut $hd&1}dl£fﬁ&{j&@ihﬁr_e,
ogy, 4; : | C fraom 0.15 nm-, and their
et et o P ERr0. 1193 6 oS Blcab Ty iaihes. 2
thepeaf nm Prifereplliyndens meatihay etapr abi ot of edNGlh ph@t or
| de. di it range .of fromO0.5 to 2 ,
en?g%?%glT%?é%%ﬁg%BFsg?ogii%flé%21ng aEmosphere, such as an
oxygen containing atmosphere. In the presence of such
oxidizing atmosphere at least part of the thermally
decomposable material is removed by combustion. The

temperature of the heating step may be between 1150 and 1650
°C, typically between 1300 and 1530 °C, preferably between

1300 and 1520 °C, typically for a period of up to about 8
hours and preferably for from 2 to 6 hours. During the
heating step, the thermally decomposable material is
decomposed and the heat sinterable material in the mixture is
sintered thereby forming the carrier.

As used herein, sintering means the process of firing
and consolidating a body from powder particles. The
particles are bound to adjoining particles. Voids may exist

between and/or within the particles.
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The carrier bodies may be fornmed fromthe m xture by
any conveni ent nol di ng process, such as spraying,
W@ papoxey i ng, aggl onerati on or pressing, and PCT/US2006/004786
preferably they.are fornmed by extrusion of the,
i x%u?e?a teappt G énnglf‘h%djsl?"?’etf?ﬂ’eﬁéé 5 Bt ade
cantentobfexatple,adis Axb14682416 ddompATRRL2530s, thSAveight
Of5§?4302 gB—A—SLOO 59 gpd,US—A—5733842,, whi ch are ,
h&FSi RSFACor porit®d: bjS 1Rt e hCe FRFoFAGHT | Pt s fagrier
asmgbdiLngspr ocesses, in particul ar extrusion, the
m xture nmay uita?%& be conpounded with up_to about 30
o BRO-BFef ehaH y o0 201 BPDY, 0= S54E08YOR B AT IR GO0
ppofv, t Aedfdxt ure, of processing aids. Processing aids
(alsolreferred to the term"extrusion aids") are
knoWA Fh'Fhe Hr§S (CCRT, 8P Br PRWENAILSE SRR - ERffrefhan 600
ppoRcyehapedi a of Chem cal Technol ogy”, 4th edition,
Volune 5 , pp. 610 ff .). Suitable processing aids are
tpr%%??@lT$th%ﬁfﬁthﬁFe5%9°§ﬂ%§%aﬁ%@§?rﬁéiye%%ﬁﬁﬂQ@an
gopeppaveummd bt y, hydrogenated oil, synthetic al cohol
syntTetic ester, glécol, or pol yol efin oxide. Boric
aci B B} ¥l so BFsadhen 0% HPwi xbwed sTablY ekedp| téiamn 800
ppawguangyéy of up to O .5 %w, nore typically in a
quantity of fromO0.01 to 0.5 %w. The effect of the
pr e§EhtE 6T borSSE 48P ARYO P f Breferaperutess than
i1so0npemd; . of | eachable alkali metal ions in the carrier
after firing. Enough water may be added to the mxture
to MaRkeTHHE % Qfr 8RB BB e et lFerrdrm nehevamwi ght

depbntiheg N tobd 18 ,fa%%ok@,edirbeﬂaﬁcitﬁ%flgﬁfethiesqu t%%ef
wei ght of the total m xture, but excluding the i ght
ChEFmahly ARRUBRECELF Nrherfal meedcand shebee¢esd nay be

cofleb£brd ©i eIV @ AL sk east 1.2 R then ol the, et

present, if any. Water m ght convert to steam‘during
de ARPPEA hgrstesg 2 ldesBre briekbly, the quantity of potassium

in the carrier may be at most 200, more preferably at most
150, most preferably at most 100 ppmw, relative to the total
weight of the carrier. Typically, the quantity of potassium
in the carrier may be at least 1, more typically at least 5
ppmw, relative to the total weight of the carrier.

The time and temperature applied during the heating step
affects the morphology of the carrier for a given mixture,
for example surface area, water absorption, total pore
volume, and pore volume distribution.

The surface area of the carrier may suitably be at least
0.1 m?/g, preferably at least 0.3 nﬂ/g, more preferably at
least 0.5 w?’/g, and in particular at least 0.6 m?*/g, relative
to the weight of the carrier; and the surface area may

suitably be at most 10 m?/g, preferably at most 6 m®/g, and
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hereinafter, and adversely affect the physical
integrity of the shaped bodies . The drying may occur
wW@baog0920be preparati on of the m xture and opt i PCEIS2006/004786

n f_the ture,into Iurallt of shaped
1%%%?1:1%%(3 ol ynilon)g;t s gb/%‘ay egleapt g NGi YR 9He of the
cehedeirng stepfduye cardarolaki nged heentemef Lr&l u@ﬂ@&%tgo@f%g he

n or [ n y take ace etmeen an
T80 E% %1?% %?eﬁef"ﬁ/e‘éﬁt Hird $vothe B-
(EmwpauaklyEﬁmﬂtﬁidﬁﬁWTail@E)Uﬁeﬁﬁbdigk @%@b&lﬁ@g in Journal

f bI f f mnutes to 50 hours. Typically,
O%;?ﬁﬁ A aeﬂ%}‘{’?g@ag SPRESEXt&ht (1938 PRe APRreke ~ High

suxdatai aseeh e&s::ﬁ:lm 2 ifvpett el B r .whERe tﬂ%ﬁt hog 18P
m%{ be carried out, in ﬁny at nosphere, such as inair,
)

Bg8R° T HFYOIPP TP e Vuﬁ?m%?lsfﬁ%& dregdidpbienfsilica,
alRa&ﬁemabiy addyoheakiangnst €prils witdieashpbeRBE! Povide

rried out in_an oxidizing atnosphere, suc
1m§§°¥ﬁgo§§@€ TS AN § & &P hbsphétfe CPEFat hempr esence of
SUChhéXW&Méﬂr&béﬁﬂﬁﬂi@hebﬁ ﬁﬁe'éﬁgﬂieQahbyoguiggbly be at

I[ly d osable material is renpved
1e@8§bg§% |%/ eszﬁ%rerepfteé"ﬁﬁé?a%rjee%?t the@5h848ir ngOsE eprefarad y

b & 1459 Anchok@5QrBEerat Mpiaallwshepween, 13, 00, ang
e ngeg% 54)/rggfer abl 3rbet]\f/\%e3r?p130(% ar?d 152 %@ ©

Waﬁ%l %]8?‘?19??%9‘1 e FHd82BtY Ui ta Aeeit 088509“‘%: amceferably
atpmekerabt vy fpr nfcfr‘é%%ek@rz@bﬂplﬁts mosPUbL @9 é?& hgatd ng

the thermally deconposable material Ts
Pr&éégﬂlﬁb&éé&;}: % Re®hgaf - si Frevaties pserbhion nof H?ehe

calfr XUl fa HeSiift %ﬁl%drﬁﬂgée@f/ #Q4dMong theg C§§ #/eﬁ
used herein, sintering neans the process o ing and

PrESREDPL AL T§ea TBEaG PFofr PoVEs par Oi ¢l adg, There
pr@@éfé]@i}esfﬁfrr? obeurd bo6§-dgl{ﬂj mn{&%tpgrrgkgl:gﬁlyvﬂ_loqé 0T o

exl st
0.6 g/g. A higher water absorption may be in favor in view

of a more efficient deposition of the metal and further
elements, if any, on the carrier by impregnation. However,
at a higher water absorption, the carrier, or the catalyst
made therefrom, may héve lower crush strength. As used
herein, water absorption is deemed to have been measured in
accordance with ASTM C20, and water absorption is expressed
as the weight of the water that can be absorbed into the
pores of the carrier, relative to the weight of the carrier.
The catalyst for use in this invention may comprise a
metal. Preferably, the metal may be a cataiytically active
metallic species. The catalytically active metallic specieg
may comprise one or more of silver, molybdenum, nickel, and

tungsten, or compounds thereof, preferably silver.
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between and/or wthin the particles. The carrier for
use in this invention has typically a content of
woedoriog2o2zi d extract abl e conmponents (as the weP@hushe/004786

th t |lative to fhe i ght of the,
ca(rer ?Igr %331 Wlfrf%%e)scr BEdaht ?]é%‘él({e}?aﬁi\g%@ggsp_ﬁm silver
ca;tlaéﬁ/etabfytlhesmvtelmﬂoﬂioles pprdyaatd/oar agal €tdMisd 855 an

abl th S pmw, and/ or
epox%glaglon Ig)afode s[ﬁ;% éélb)%ﬁ%lg ﬁ%ﬁg&?ﬁﬁym L& 1%han

magnesi um
uﬁ@ﬁdppmz\p mwlmltalngrrbﬁu%el e6spd han £ht0 1 QveRMVen .

ref.erabl t han 800 mv, and/or silicate: |ess
ItO hafr?ﬁio Béf%ﬁﬁ}, er 36| %-@@g PHEAYES018 bpAYR Fheéhe
an@uanﬁltyedﬁmﬁﬂia&&MbﬂblBréhﬁpﬁiﬂdéﬁyé FRY t M8l ¥Yreparation
in particular the quantity

f
%o EnSE REHSF GRRSpOSHOPE VTSI yialcAps B ghdoe 1B Setionc

1ncven¢:eaﬁr atNethoofs pEt aspbyMm 1My the vdreahednt hesraldy
g nposable material. Preferably, the quantity of
LGRS of T TSN APF] EFTFES” BFF KTTSE 2OBICHmreEn o

51pweteeah¢QUﬁﬂ doask ik58g BRsiomiefanablyaal BOstorddg a
relative to the total weight of the carrier.
6%6 eqP 5P fltcﬁf@ GEAALLLS BF 11%t aStdmieR - t Refersiqe may

bemaydbe Bdr leasdple! BBrestypitadddy, atisl8ashs SoRPMip_a-
|lative to the total weight of the carrier. The tinme

26504° 1 etiperat it é3§ﬁBPPed‘“’]&I’u‘F1’F P ERécREat ARy treprporated

heatfigchy tdmd@icehol ogy of the carrier for a given
m xture, for exanple surface area, water absorption,

t ot 4e p‘b‘?%l%%ln@f SRELpte idivise tai BeEabltd grilver may

be accomplished during a step in which the catalyst is dried,
so that the reduction as such does not require a separate
process step. This may be the case if the silver containing
impregnation solution comprises a reducing agent, for
example, an oxalate, a lactate or formaldehyde.

Appreciable catalytic activity is obtained by employing
a silver content of the catalyst of at least 10 g/kg,
relative to the weight of the catalyst. Preferably, the
catalyst comprises silver in a quantity of from 50 to
500 g/kg, more preferably from 100 to 400 g/kg.

The silver catalyst for use in this invention may
additionally comprise a promoter component. The promoter
component may be one or more of rhenium, tungsten,
molybdenum, chromium, and mixtures thereof. Preferably, the
promoter component comprises, as an element, rhenium.

The promoter component may preferably be present in a
quantity of at least 0.01 mmole/kg, more preferably at least
0.1 mmole/kg, and most preferably at least 0.5 mmole/kg,

21



10

15

20

25

30

The surface area of the carrier may suitably be at

least 0.1 nR/g, preferably at least 0.3 n2/g, nore
W(P)E(EIW@?EMy at | east O 5 n2/g, and in parti CUIHET/HSZOO6/004786

Iea tive Eo t he_wei ght_ of

rel
iasp e ofnifh Hiih et bns iy S RYSTORY BERRE Hbst
rriléhmﬁ{ g tuﬁ@&féﬂiﬁbﬁc}ﬂ.}iﬂdeﬂiﬂ&t afid 8t geh:ddivih) paellhe@rto
ive to the weight of the carrl er.

t 4 ne/
thieg mésff’&lé &feh eaéae@é’tf Sher &PR PECTRIGE: SIBBATEHE 1 BRArke

phdddte iUkl geenBiea s adetek i Petuy1d My, BprErefably at
(Br unauer%L Frmett and TeI ler) method as described in
e

mfgurifalMiBr St Fd: Al EHTERERT ¥aht StRtety B9 1e1588) pp.

cadQ13ted Hhgbns Wdaoe @bediedr bt effe diRmedkt keWhEive to
when they are al pha alum na carriers optionally

ERG 5oLt gEi Eh%\o‘be}*i"’}léfﬁty | FBS, farkalt Whech thadpsemoter

catgealenRem@dr b8 MBI teRMBaRENtBe PL:OMILe 1isMRHEVRGterial
(gerformance and stability_of operation. The water

06T pEVERE 6P t hef CarFiPaP L fayt B8 REINGE e CRFPPRERE Y

sWtGhb1R Bbepablyadd dLast oRide 84 Gas Y %ngaﬁfl%abkar at
| east 0.3 g/g, nost preferably at |east ;

XN \fat 8F ab%ePRR DN APEYFREHREAD| 9T Hengs b st @nsgaﬂgv gDr
adreferably at nost 0.7 g/ g, nore preferably at nost
0.65 g/ g, nost preferably at nost 0.6 g/g. The water
abs SHSRI 6RSoFL1ITRY CGAAILEPtNEY RS9 theheaign @@nﬁtmng

prQ)m%tteQ Q088084 , erfefngmbwyl pobhes T %ﬁﬁb% gﬁefsé{/%ﬁn

.7 9g/g, nore preferably fromO0. 3"t nost
qU&I’etFéVaBPfyaFr%%#SJ tlomgoedky. wo¥s g?h’@rlc\ﬂétlﬁrat least

0 BDSRLALYLD, MRq B8-d 2 LAY ot MUAW Of 2nfXBET:ET T1£1 ent
deposition of the netal And further el ement’s, ~i f any,

Pt ihd agark i beadly I -pregaarlken. cHowdwded as Bhhi glrrtity
oﬂ/‘@th%r e@@%@ﬁ@t f%tlt'\;ée t%aq:flée{ze T tJ]&e (f%t %%}égiﬁg@de

herefrom may have | ower cr Ush® st rengt
Rhf@é’rléllmn iswayercabsomptesenti sn d@ecmwttldtyhav\feabemnst

5 m%@&%VQQ,'Ereferably at most 3 mmole/kg, more preferably at
most 2 mmole/kg, in particular at most 1.5 mmole/kg.

Further, when the silver catalyst comprises a rhenium
containing promoter component, the catalyst may preferably
comprise a rhenium copromoter, as a further component
deposited on the carrier. Suitably, the rhenium copromoter
may be one or more elements of tungsten, chromium,
molybdenum, sulfur, phosphorus, boron, and mixtures thereof.
Preferably, the rhenium copromoter may be one or more of
tungsten, chromium, molybdenum, sulfur, and mixtures thereof.
It is particularly preferred that the rhenium copromoter
comprises, as an element, tungsten.

The rhenium copromoter may preferably be present in a

total quantity of at least 0.01 mmole/kg, more preferably at
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accordance with ASTM C2 0 , and water absorption is
expressed as the weight of the water that can be
w@b®onimee2 i nt o the pores of the carrier, relatP@UEUS®06/004786

h fthec rer taly tfor use in
1%&%‘?:3\6(?%8%%% O Sray Co NP s@rsg?ﬁﬁaba]l a%relteé‘r'a'gbl y, the
0 reetmabo lrdkgbecal cat=aded meakbhy ardmare et al.l tﬁesﬁ@@éﬁ%f

catal ytical | atlve netalljc species _may co rlse
tuLE;%t m)%r{e o;l*u[g’y N PARBPY b dEAUTHE niBRAOSPIORHE an

bq-amgst ealaoiveowqom]feadsze&bete@f Y efiallsy . Si tH@frhTélﬁum
win cription prowdes etails of a silver

coé)a ? 5 o‘?yt eé)rrﬁfee i Of, 2i Y% PBdditencanat inestuse

40 mmaheéb@XIphaéfem‘ahpl’yOGES&osﬂ'hﬁo f@ﬁdlﬁmk@g ﬁ@%@;ﬂ:ﬁéfé}fbbly
t to be limting on the scope o

24 BoBR: 1 BAMREEE e it PORESTETG 1 MRSt Samapyetia.s on

thlenewnellnadsm arthearfdrinheén kKigweh i eeenaiug émre may

n of .the, catal yst which ma e used
oo, AepR: DY SOTT Qo OroCrer s oY GHEWBPROAS. Bhe  tavention.

Fod‘epasmpldﬂg Bi lnesr son thBey Coé b @fviidRel udeahnpg egnal; &% an
carrier or carrier bodies with a silver conpoun

oxé’SH%%Fhl Y A &F1 I eFUhiRF perrarirngr ane kichisticon in

safla éﬁrmmtﬁiﬂmc silver particles. Reference may be
rmdih for e le, to US-A-5380697, US-A-5739075 ,
e

z%%‘bal R SGST P 58 68YUT L sakhiseAVES, phlte mETmte

compﬁﬂéﬂbrahﬁﬂzﬁ&kﬁ@@n@ﬁtr§$ﬁﬂfﬂg$%g aTEQrEﬁgPCéié%%ﬁy
atlonéc silver to netallic silver be acconplished
AeHEPT YT Bt IS RREER t Bl il ;fslffth§rd¢1@dentm nelyatoe

onther rastetd Omiasogeah #oes-ipt, %Qﬂﬁﬂﬁem@téfgﬁﬂéﬁﬁallne
ss step.. This ma% be the case if the silver
i

roce
eag%t‘g‘?t_rﬁ‘]r% i TP HEE | BRTRBIML iZdiF ceBpm sesnadnaduci ng

thagefim, fHo@XAPkentaluRXal B und 5@?&?&& &g %frmanium
f or mal dehyde. Appr eciable catalyti¢ activity i
an8bT%§§RﬁFanq§ﬁﬁ y,nareferably, the alkali metals are

selected from lithium, potassium, rubidium and cesium. Most
preferably, the alkali metal is lithium, potassium and/or
cesium. Preferably, the alkaline earth metals are selected
from calcium and barium. Typically, the further element is
present in the catalyst in a total quantity of from 0.01 to
500 mmole/kg, more typically from 0.05 to 100 mmole/kg,
calculated as the element on the weight of the catalyst. The
further elements may be provided in any form. For example,
salts of an alkali metal or an alkaline earth metal are
suitable. For example, salts of lithium may be lithium
hydroxide or lithium nitrate.

Preferred amounts of the components of the catalysts
are, when calculated as the element, relative to the weight

of the catalyst:
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a silver content of the catalyst of at |east 10 g/Kkg,
relative to the weight of the catalyst. Preferably,
w0 b@7ogt02ad yst conprises silver in a quantity oPCT/DS0&EW4786

S%l%@% géggTyf?rfo?&ﬁ; ny from 100 to 400 g/ kg. The

ver ca ﬁ this invention may
- actrlhlehﬁomaftym CONQI itSe 5B plmemey]egj cmm_ﬁiéf%l&hﬁ The
ent may be one_or re of rhenium

Itoungs % ﬁﬁ‘&ﬁ?ﬁ?ﬁ" %%W&Feseﬁﬁﬁr%ﬁm 0.1

td%@feemablg/kgharpjormter conmponent conprlses as an
r henium The praonoter conponent

pre er%%ﬁ/u%ec% %%OéTfﬂteir TEohudnt i %S 36 "‘H‘Plel/}éastlﬁ 01

puaxehe/ kg, nore preferably at least 0.1 mmol e/ kg, and

f bI east 0,5 mmo| e/ kg, cal cul ated as
Che o ErE (iRt ity F EHanbhERETE (ORIt MEtRheRFEsRat in

tlteungsheylst rmd; yhgamantan 80t h € ATy hekakhyeatosd ftean
catal yst. The pronoter, conponent nmay be

of .t

F%géﬁft?% gr%aﬁﬁ% Ptefyat ot 4y iR refkyater at

1omr &t er aley cadt- rgRStioh Retmd e/rk@1veRI 8xPF&EEf |ay l"{‘)t—fgram
t | el k cal cul ated as the total quan

S 2 ePEmrﬁ BeﬁgantYS\Fe geEnBiRT gt Merting éht amy%q ml
poltecher 6F i de Witk dch@apeoNPb €15 GRMMRRRENLEMRYo P& ang
d%ﬁgoslted ontQ the carrier is not material to the
9

BATHRR. TFdT e caprecdt REE R difottde cohpuARRteRals by

usShgt abkyo e i ndded oas cBnoxd A8 R A8 HAB-PXYARI ON,
for exanple, as a rhenate, perrhenate, or tungstate,
Speﬁ%ﬁ??g%f' acid form Wen the silver catalyst

CONPEi $€8d and: BN, UeORt ah £ AP 3 QRLEE HCoNPPNe etal
rheni um may typi caIIy be present in a quantity o

PTEESEE Bt IEhArgledAly StndFedesprd d1d @eathEeag@noltsy insofar
asiel 84k dhe add RIceler abby ale l&?c%tly% 0 m r]:hrlc
al cul at ed as 1

particular at least 1 .5 mmloe/ kg,
acagah@|q§rlonlzed water at 100 °C. The extraction method

involves extracting a 10-gram sample of the catalyst by
boiling it with a 100 ml portion of 10 %w nitric acid for
30 minutes (1 atm., i.e. 101.3 kPa) and determining in the
combined extracts the relevant metals by using a known
method, for example atomic absorption spectroscopy.
Reference is made to US-A-5801259, which is incorporated
herein by reference.

Although the present epoxidation process may be carried
out in many ways, it is preferred to carry it out as a gas
phase process, i.e. a process in which the feed is contacted
in the gas phase with the catalyst which is present as a
solid material, typically in a packed bed. Generally the

brocess is carried out as a continuous process.
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of the element relative to the weight of the catalyst.
Rheniumis typically present in a quantity of at nost

WG 20modwekg, prefer abl y at nost 3 nmol e/ kg, NOPET/US2006/004786

prefera t / k artlcul ar, at nost
1 5q%ho$g¥ﬁﬁﬁ E%?t e M g ghgsg? Pﬁgtprocess
maso AT i298'S oaef feni sumhccmt @inn amgm@tmmmflﬁqnﬁaﬂeekaméi@

st._m r ef er.abl rise a rhenjum copronoter,
éﬁe}%ugfhesr/dgo%p%nedt %&ggggﬁ B DIPRGRE O&r PPE for
e@mptlaabﬂys theadherd um aopr mreaeieﬂmy g@para;amg/l ?Eﬁ@
ments of _tungs chromu enum sul fur
ehosnpﬁcs):r G %C?%en ma(ndfoﬁ ?f‘ﬁ?“géet:ﬁég e pref epaBFshe -
PidTR raReR, UFhE OPTOND afs BRYcRE- &ngl@f_rlrporf%rOfe ggétf
chromi um nol ybdenum sul fur, and mxt'ures t

PYtEngarti BEPRY TS %r effdrer é@sthﬁrefq!@%emelﬁnncmpr eting Bane .

COMthieSBSer 8% &h&lRMBRL ont Hﬂgt?ﬂ§nfee-@1%a h?gl g%rlected
copronoter may preferably be present

Wld‘ﬁ“&ﬁ’t Pt yide Jé%nﬂf%astTY@lG@ﬂmm@h&gblafumeCpneéeta@tyon in

it lreast w911 warod e/ ard H?ét Pred&r "?Lt?r'eyt?t tfq?eatfsttfa?l >
nmol e/ kg, cal cul ated as tﬁe el enent (t a
fasthgsPERTCEM b Uy vy bdehunthe utengre, ofh6sphod US to

702R@AAL 5DOL AN 5 :€h AL V%rgf:ﬂ %hteov\?d grhbtleOf th %ﬁt ala}/St

The rheni um copr onot er e present in "a°
bagdgnt i £§ wehthanssim, 4@hﬁnﬁee¢l kig mﬁ@eabﬂytatba&mﬂie 20

Jnel y ref t t g, nost
© pr efglrcg%myﬁ%&rr%sste C%Egrgr%){(é k“é% th{ Catal‘l asis. The

f or ARENPHRS TH tdpoxridesiom BDW@JH)UT@IY hsayalbe oepasided

b ri iy t [ | ny i on, For
e s SiTtabT e Bighfabatas R b
Te&ﬁnngyaﬁT o’ f@@l@)@rrplv@luals a, suwéat qu b@mate4or In

th@DEXPdﬁé ed'ﬂkéﬁggé QL2 aIPrrHriE %gg%%ELyoxygen is

pre er ab y conpri ses Si ver e pr
employed as the source of the ox1dlzing 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.

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
applied will be within the range of from 1 to 15 mole-%, more
typically from 2 to 12 mole-% of the total feed.

In order to remain outside the flammable regime, the
concentration of oxygen in the feed may be lowered as the
concentration of the olefin is increased. The actual safe

operating ranges depend, along with the feed composition,
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conmponent, and a conponent conprising a further
el enent, deposited on the carrier. Eligible further
we@bk@nmeyos2 may be one or nore of nitrogen_, fl UOPCTIES2006/004786
kal i petals al kaline earth netals, titanium
on the_r

TRt Al o2 PG U UATAOr O *TTaI 39 (HC FROFF afF

tengetralure anebikenp:gaishireém and ger mani um and mi xt ures
thereof. Preferably, the alkali netals are sel ected

frof FEERFOMT B uffYr BB o A Hn d e é8FufPefbSer
irprrebedabl yhet fiel edtialdl yiebabpt Ssdiddithd uRaLassinTe

a%dlor ce iU{n Preferably, the alkaline earth metals
%3 §t§8fle8{5:e8 T O Caldedaf af Bari UrRr Thepi gapryde tand
waltert, hee let enento i%qeggc-ié%emé%iofbid?elﬂ:i/ccﬁi %nygggftﬂng?}g%éﬁ;

[ from O, to mol e , ore

" qﬁ’gn%trlé%%gz SRS i EPRGCLRENE 8T ca ot heot| et
organt benweir§ién ddoriirineadl ahy$tne T fodckings eheMB S ion

.be provided in any form For exanple, salts of an
nOBREARE - molbt o R | RETER A MEVAK OBy EABLRE o €.
arrohiexaapl Be &l <ef aki 81 um may ke ehbibHm PyAraxidls «q

or lithiumnitrate. Preferred amounts of the ~ '
EhRbBBAGHt B BRI tiRCaFgRELt irns afhed efancabaxidhtion the

nithegehesditaid@lAtiekett 8nt Rea el Gt 0f b?gcﬁ%ﬂy%
. Silver from 10 to 500 g/kg, rheniumfrom0.01 to 50

RUTBFEPKGT FHEPrESent - St hBhEXratferselcafdat ot v gremnts,

nilcfri peeserhi n a0 dst o 300 E‘HIBJ-%Z% alz,_ll&]_d?s—_A—t he
rheni um co-promoter fromO0.1 to 30 mmlelkg, if
1852888 nt vhigly jrsednrererrat ehaiqiisdm byy refenthes) .- net al

reseginid idme gzt abystnispfeened 4 o hectbe rﬁé@ﬂ?'i LYy
Pnsofgrnas it can be extrZ%t ed from tehe cat al yst W ¢

PagLiFRhRy e Ytisr Pxemides, and more in particular 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, viﬁyl chloride or a mixture
thereof. Most preferred reaction modifiers are ethyl
chloride and ethylene dichloride.

Suitable nitrogen oxides are of the general formula NO4
wherein x is in the range of from 1 to 2, and include for
example NO, N,0; and NyO,. Suitable organic nitrogen
compounds are nitro compounds, nitroso compounds, amines,
nitrates and nitrites, for example nitromethane, 1-
nitropropane or 2-nitropropane. In preferred embodiments,
nitrate- or nitrite-forming compounds, e.g. nitrogen oxides
and/or organic nitrogen compounds, are used together with an

organic halide, in particular an organic chloride.
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100 0C . The extraction nethod involves extracting a
10-gram sanpl e of the catalyst three times by heating
WO 200709202 M portions of de-ionized water for BCHUS00€804786

at d determining in the conbi ned extracts the
rel é%%n%gﬁggé% C))/é%%slieﬁg;’ grﬁn%ﬁﬁe%cﬁffﬁﬁfl@?aﬂﬁ?% used
imtlgw coabsotpat bon speaticoseeny. A6 digahIREl Bo bNE mole-
quantit¥‘of al kaline earth nmetal present in the
% e

% cdtSafyst’Si §OdERAEtP 1t B Phefquaftanyle goiar -a8x1e ™" to
0 AN g ceXL I agh o f AMIhe \EBRALYS oM AL 48 WRDLLILS 4¢

acid in de-ionized water at C e extra

IS @RNREErFRdoFIRE %@ﬁr?ﬁﬁqtﬁ@namQ@i%ﬁ%ﬁnﬁﬁnnmeeegtfthgt%zv
lLyst L] [t wmth a1l portion of 10 %w
& ALYt BoDRLLL G L ithe, 100 1 porsgan ot 40w
paand cdeter Fkahng. 30 d-hec s o oed X bLaCt Sc1he J£levant
al.s _Qy using a known nethod, for exanple atomc
to::\%éorfﬁte on spectroscopy. Reference is made to

US- An586d26%n W Ghhd ©1ie#¢Q! POLAIEH HEY € B¥acrion
ref erence. Although the present epoxidation process

mGH 16E chRFi B Uty FoRERYRWAYS, OF tidre epsfienakd t o

Sohynt b, Obhici@Sadl GASHPNATExPEOCESrd oBised RRECESS ddlea
cwhicﬁnthe fe%d IS contactedxin t he éhsgbﬁgse mnt%éghg'e

YCECEPFRE Rhi cFRTRODIESEAECads a8 ol iRFodcer ial the

edoxRiag 8k by ﬁf‘o@es&ﬂpk%wké%gr, CGenasal 1% J %epégﬁ&?%lif has
carried out _as a continuous process. The ol efin for' use

an RAVRESBreSEMtt epbxitdatrrealytiocesis iy -be Tanycal Bf i m

conleRt a8t 8On a8 OB ILrOl8 bk Dae O BXATRIE $LYLEDE, oorflazs
di - olefin, whether conjugated or not, for éxanple
molg-fecRUP EHERRYY L0 BxggeadbEnel "Pisi-cal kryglatiree ot eftile

£Jt812£80A00] £Tdfhi Jf. XaRBh e fAUHR0€ QF LLgpbutene.. o ¢
Preferably, the olefin is a nono- a-oléf In, Tor
atewgﬁ5|é mole-%, preferably at most 0.5 mole-%, more
preferably at most 0.2 mole-%, relative to the total feed,
may be employed. A concentration of carbon dioxide of at
least 0.01 mole-%, preferably at least 0.05 mole-%, more
preferably at least 0.1 mole-%, relative to the total feed,
may be 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
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-%.
Saturated hydrocarbons may be added to the feed in order to

increase the oxygen flammability limit.
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but ene or propylene. The nost preferred olefinis
ethyl ene. The olefin concentration in the feed may be
w@edogoemel Wit hin a wi de range. Typically, the PCEUSI906/004786

concent ion.in the feed will, b e at. nost 80 nol e-%

rol SEry Bk e o BRR Mt TS PEEWPFIBe |
repleg ipangenpérdrom.selleetdd fobe-dwide p‘rahge;:]ul BfeféB1y

60. nol e-% on the ,sape pasis. A s _use erein,

tkgehggﬁggaorllst%m nsi deréd lFolBe&f‘%eracriﬂ’chﬁi 8/ WAP che i %25
°ceondBe ik Adrbib 1k hencahal Ysige Bie rRLRSERs €90Xd fatki on

process may be air-based or oxygen-based, see

"Ki FRe CEReRt R GR IPG1966sE bF WFRSA el yTeehnokdgytt $Br ¢
re%@itbkoﬂmlé/@ﬁ%%&me %%Sgheppangﬁ‘édf%fﬁ‘ek OVH\}II E‘LﬁBBeto 3500 kPa.

ai r-based process air or air enric 1 oxygen 1s
"G 09 RS If%’eﬂé’o@%eoffeiﬁ@l?xilcﬁ Zihﬁgélagelrwom\it:md;épﬁ yas
t - r sses_hi gh- purjty t leas
e e RS Y B R e BB
kPeXi dhg$ g agent .onkr esent bylumstoepexikdat tataplantsear e
ho%&ygep-g@greadb and Wthhi st' s a (ge)rie% rred enbodi nent of tr;es
Bresent - 1 hvent: on” FhE  Ex et ConnPrEErsh 7 1he 9
phigedprrayede igptcdotied wi bAtked witdda yvis@nged, HOMEVE@ESY i1y in

r Lce,.Q en en y_applied at a
o Bk T HRAceR S0ThE NP Tanl BrPegrmety, the
prigpieal $ yraithiedc oncentr at work Qfat@()iiﬂeﬁl(;}@pﬁéh§§l o¢ |drdae

i thin the range of from1 to 15 nole-% nore
O'}eﬂy%?cg? 15" M2 6 £51 151 RERUSTES: ReTt Bt AL (GG 1ypR per
hogrdein tarteimmilrro0t. Si de Ehﬁmﬁhﬁ?ﬂﬂgﬁﬁ Bﬁgﬁ@Fpréiﬁéfd per

sconcentration of oxygen in the feed may be | owered as

™ e CoRCet T HET oMOGT - LHE GPERPASI & KiedeaadinReiac

pradtoed saf e’oper ait ADy @GS ndapendas alang A ot hene
fEed conposi.tion, al so on the reaction conditions such
WO

48 THe readti®oA"PERpePat the Wit ithexpreserpdiced 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.

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
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.

The olefin oxide produced in the epoxidation process may
be converted into a 1,2-diol or into a 1,2-diol ether. As
this invention leads to a more attractive process for the

production of the olefin oxide, it concurrently leads to a
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A reaction nodifier may be present in the feed for

i ncreasing the selectively, suppressing the
wapaesd20abl e oxi dation of olefin or ol efin oxiPET/U82006/004786
ncSar QQF di.oxi de_and water, relatjve to the desired

or at T oA of of 8 FA° oX1 de. CNERY S YRPEUCpIdiRISLetin
oxggipetinahtgomiagani eitial ilded naadt DFrgaRiaC tAkt & uent use
ounds, y .be,enpl.oyed as the reaction nodifier.
Ofﬁh%grg oag%alo%%gé’%,eﬁwg? $é” RYarRRAtaATHES 07 L dfifori &-
dimdy abhé/enpl ,ayadoaseviedd.. It is frequently considered

th der the ti dit] f ol efi
epoRtHatt DR T hi TR cont 81T Nee S8t Loh- ek rvdres

ma3gr eoppetse sof Sr ofxaniplleat 862 0F 1My tdHd @3erhinCoxi A8 VAL
wast%-rcal | ed nJ'Gélr ate- or nitrite-formng con‘gounds (cf.
¢y, EPTAeRen My 68 AS1482%0(* Rmftchcaralyst.  For
exiampQepofat egb}tﬁ&fg‘éip&ebl)bmﬁ.ﬁ&ﬁf_e%_o?ﬁj)e 1,0rgaBiCah@li8es 1, o
.are the preferred reaction nodifiers, in particular
dlgllgggﬁpgrbr@ﬁ‘? FEL AN XA OR ™ BatSecirsr ok ani ken fold
mothlroekdess &F efsfdgdiar gani guhdldides @E8ction in presence
chloroh%drocarbons or bronohydrocarbons . Mre

oL PBr 8FABI (P HEKF ar & -Fel Bcbel: ¢ romsuiéugieupchd, reated on
tnehkerhdere£ihidy chkeni-de, jethylgnesd] rlde,
et hyl ene di brom de. Vi nyl agh orﬁeco‘l?g:\1 ﬂno%(]i Grsotute, or
int hepesf phdbstrapefienr ed reactdoncnegifiers a8 abb¥hiute,
c@l orJ x_ple ancLT et hyl ene dichl oride. Suitable nitrogen
préie oh%

OXI ae% are? SGBfi&rat T orThAY SOk WheFRe PscRar tiien
oft keteanpe dwdde@mthet prdpor@itsh igrchydeqgfof sxadml 6 Nehe
. NZEB and, I\L204 Sui.t abl e organi c nitrogen conmpounds are

SRt " cBIpothiudS AffFr6a8°Conpdtinds 2 -dhPhelthens rtdiuss

Al
prafdidcadtmd} s f @i-exasp| ec i td @t haBeralether or a
SULgitrogrop e or 2-nitropropane. In preferred

RBZAF et 'S i t AACEIRRY 1V t1id € 1ot oPRRAES certhdnds,

prepgrediby agRivedXidgSthe olefin oxide with 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 1,2-diol and the 1,2-diol ether may be used in a
large variety of industrial applications, for example in the
fields of food, beverages, tobacco, cosmetics, thermoplastic
polymers, curable resin systems, detergents, heat transfer
systems, etc.

Unless specified otherwise, the low-molecular weight
organic compounds mentioned herein, for example the olefins,
1,2-diols, 1,2-diol ethers and reaction 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
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and/ or organi c nitrogen conpounds, are used together
Wi th an organic halide, in particular an organic
w@bdoowdae2 The reacti on nodifiers are general | yPCT/US2006/004786
f [ en ed in | ow.concentration_in the feed,
f?egorn%@i"ae\%l 8 uﬁai%%orb.altoﬁ‘-‘ﬁl 186 CPERA iARES )t ABCLbee the
nyngeds FpeceXaapl fof rom Qiixkd t1e Gkl e-% In
partjcul ar V\Qe{) #;;e Iefi,g Eis ethylene, it is
preferied PRAT The redcr it oR%nbar 1o Pregeftr e he
urfdgetstahddngoneg e aiiterinetl by ofe Qtedd@ 4o @n8CkLD dwing
| (i'eoé" iWFlig?rti cular from0.3xI0 4 to 30xI0 4 nole-%
iV 0

m
SrelPative h&" ¢ RV FEEd FOF P HeRATS o Tt ¢ LEHEL BRet oM,

ordyyyged amd hbe iegaidesn ceDdkflehit e Jraed"BYLELRLIAL N
51 or .nore opti onal conponents, such as carbon
5 oxi 88, inert gases and saturated hydrocarbons.

Carbon di oxi de is a by-predyatesi n t he epoxi dati on

process., ver, carbon di oxi de generally has an
adv 2 1dttivity., Typically, a

conaentrat b bt ofa10ar e edi 0Xi de 4 4108 aedni A SXGRES,
Waof 25dngl e-% preferably in excess of 10 nole-%
Fe"SEFveCt BT THE ¢ SitdiT Féelt, 27$ R1TiigedB-A The alpha
alooneenpobatédormad A Rebpdioxddes fuat imegth1d olerds .
preferably at nost 0.5 nole-% nore preferably at nost
0.2 mole-% relative to thd3éeal feed, may be
enpl oyeflyofuGONSEIRI AL T OM 306 _gag borm digxi de of at
| east 0{01 nole-% prefefably at |east |0.05 nole-%
nore prePeFabfie atideast |Oisramdte-% relative to the
total fegRde A8y DE empioygdg_jmert—gasgs, for exanple
nitrogen or argon, may be¢ present in the feed in a
concent [ 8¥Y®r2 bfl e Grhz30 | mdcoonsol e- % |typical ly from
40 to 80 moie-9% Surtabte—saturated—hydrocarbons are
met hane and ethane. |If saturated hydrocarbons are
pr eSenat NixHee mopthsnphetlentcdnamg cquanpbhynts shown in

Table 2 below. The quantities are in parts by weight (pbw).

Table 2
Alpha alumina 98.8 (pbw)
Zirconia 1.0 (pbw)
Magnesium 0.2 (pbw)
silicate

The following ingredients were added in parts by weight

as indicated in Table 3:
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of up to 80 nole-% relative to the total feed, in
particular up to 75 nole-% Frequently they are

w@e@gmemo2i n a quantity of at |east 30 nol e-% POF/ES2006/004786
frequently at | east 40 nol e-% Saturated hydrocarbons
may be added to the feed in order to increase the

oxygen flammability |imt. Theblepaxi dation process may
be CarrlanL alt— el na roactinan t.a eratuyres CQ| "ted

?%&O“%PEFEF%F@S% he T&acEoH ¢ enperat ure

Is in theratlang@ of from150 to 325 0C, nore
noge-of from180 to 300 .C  The

epoxi dat || S HHEt e g BRet:s abl o ar®¥d out at a

reactor [PdBRIRATMEE 1 N The Tange of fkgm 100D to
3500 kPal—"GHSV" or Gas Hourly Space \}el ocity is the

unit vol URRF it ag%iéi at nor nal terrpé}-ét uméwand pressure

(0 OC , [patmid 7€ 193 3 kPajp il ver—ote] unit
vol ume of nackecllI cateal \%st per__hour (#é?erably, when

t he epOX|dat|on process is as a gas phase process

' | s _in.th
ange or Lo S500 T T0000°R 1 (10" Srbr SERBT §°¢ PV
mprT@gé@s?’rs thae re¢ess s Watlnatv\@lné(llrsatt$e|dnwtelrre namgeamsfd
Lof i i
arld 980y 81 ke T &I Ol 8 Lo 0x e J¥ odyced per nB. of

cat al yst per hour, partl cul ar
quGRitdEYppbdliced mroww n@(i @btaasalhrystmqaaurhduas the element),
e I 0 p
ba%?ggéls%}?%ﬁ@#%ﬁ OegAst@lﬁsé!agT%ér ei'm % S }gﬁr‘é{{‘éc?s
repyesapbanin of hishexwingflien tbxi ﬂ:erspr onhm@:emhtpaet idgni &f .
of tz REL, hour an e selectivity is the
po\ég%grgﬁrauan§%€i% R’% of ef %r%m mf(‘—i‘r f’i‘éﬁtc%?a Fve to
deslee ihefl arbefomnin tT)abclfe Bhe Thefdmuenventad: Fhelnd afdd

o e ecov from.the reaction
Sl?né%gﬁrgg b%y%s?d]?}uwe(fho g %@ildllsn UWRE LPt PrEBRT R HpIieT
A ppdapsoe binep tdie aalcefridingxtdec e dmvanteaat or reut | et

particular, deionized water and crushed walnut shells were

combined in an open vessel in a weight ratio of 6:1 deionized
water to crushed walnut shells. The deionized water was at
ambient temperature. The deionized water was allowed to
contact the crushed walnut shells for ten minutes. The water
was then drained away from the crushed walnut shells and the
crushed walnut shells were dried to yield a treafed thermally
decomposable material. The concentration of potassium in the
treated thermally decomposable material was 660 ppmw, based
on the weight of the treated crushed walnut shell, which
represents in this Example the second concentration of
potassium. The second concentration of potassium was 60%
less than the first concentration of potassium. The metallic

leachable test for the thermally decomposable material was
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streamin water and optionally recovering the olefin
oxi de fromthe aqueous solution by distillation. At
wo e(msmmz:porti on of the aqueous sol ution cont aPCi/HsR0DéIEN4786
i n oxide, nmay be applied in a subsequent process
aoal D AGEPETHIS  HE o1 A L6, Qe ot A Lpms dRa dgpeibed
helsed-nfbe@bret her. The ol efin oxi de produced in the

epOX|dat|on grocess may be converted into a 1, 2-diol
or "o axEY eﬂi%ﬁr%n%é?lpﬁ§P?ﬁ?§ AHENCHR -1 3B to a

ingreRiiahtEashbwe M oeese H0or ekBep Prasiucticope@lol BEm jelly,
ol efi,n oxide, it concurrently | eads to anore

Weh FHERAY ECPr b e85 WS FCo RPPTER Mg PRy tt R@ parts by

well @t Nwaxi deddd ©€HRAAREE Wt FRadHE: IR0 ﬁﬂﬁllﬁ@%as
subseguent use of the obtained olefin oxide in the
€t GPE df FWHESE £ "dRgFesind/draveEigvoPteppiFoleun

jeling , cepvetsi ot i ¥ & theth, Bydiol gif, the Laded th%ﬂgng
rise, for exanple, reacting the olefin oxid

V& ﬂ?%nglé?d o (BT HHSTng BRNESTH ¢ A6r cxthadps was “ised

t & Pralayst. a FETuLX &F fh@&lfmk&; R 8dom=RanL! ¥nt
1%E di ol 2E% Tessq§} di ol etﬁg%' t he oﬁefﬁg %ﬁlggtSIde

d“r?é%? 5& PEaBt®H VA% Hna?%d@ndﬁémﬂt%l%ﬁr lexwes gngf amfaemth of
8 infn.a h‘h@ubﬁlm rv\%%t 3R b N BT BSENGE 0 ZaQegQ %rcent

catalyst, e.g. 0.5-1.0 %w sulfuric acid, base
MRIGEHF O eaTRE oﬁlﬂﬁ@(tqyrléndﬁtfssmerr@ geratedtisdr iabs otlmreel

kiQh kB 8 gaspPhase d %Ctl'élge at £ d30724Q qu§nﬂ0ﬁ9840 {1e

absol ut e, referably in the absence of a catalyst
in fkepEBpBe | oh- ftheattéerma L swis earadsebpeopot e bal oﬁas

thler&adugl a8t BeESsdd <Lihe beBakE o (';arzg e aﬁugﬁlﬁg ﬁé

di ol ethers thus produce i -et
S%ﬂﬁeréﬁherTh%éﬂ?%ﬁkﬁﬂ@eﬁe@ﬁhab%@U@éﬁuéhﬂ‘@hheparrler, ‘as

de@lc&ﬁﬁgéthe\!@eﬂng\ef@ﬂ %Eegéeﬁf%’ Qfet%rr?rﬁ?lr e?hgi¥ Carrier A

converting the ol efi'n oxide MAt an al co
haga 277 cHPAY 2 s siamy aaldc 6hoties R hags 7Aebhanopobassium

wheitclﬂaﬂgl Qiy % reduction in the concentration of potassium
in the carrier made using the treated thermally decomposable
material compared to the carrier made using the untreated
thermally decomposable material. Table 4 describes the

properties of the finished carriers A and B.
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replacing at |least a portion of the water by the
al cohol. The 1,2-diol and the 1,2-diol ether may be
waiz@dova2n | arge variety of industrial applicap@Dns2006/004786
for exanple in the fields of food, beverages, tobacco,
cosnetics, thernoplastic polynmers, curable resin
systens, detergents, heat transfer systens, etc.
Unl ess specified otherw se, the | ow nol ecul ar wei ght
organi ¢ conmpounds nentioned herein, for exanple the
olefins, 1,2-diols, 1,2-diol ethers and reaction
nodi fiers, have typically at nost 40 carbon atons,
nore typically at nost 20 carbon atons, in particular
at nost 10 carbon atons, nore in particular at nost 6
carbon atons. As defined herein, rangesfor nunbers of
carbon atons (i.e. carbon nunber) include the nunbers
specified for the limts of the ranges. Having

gengral|l y descr|ibed the invention, a further
undgr st/@ndi ng; By |be obtai ned by reference to the
fol Ijowiing exjamies, which are provided for purposes of
illystrfatron onl'yjand are not intended to be limting
unl gss |ot her\wi §e s$pecified . Exanpl es EXAWPLE 1 -
Car rjirerf SPr epl@ atJi on: A heat sinterable material of an
al ph& al um na gowder was used to prepare carrier A and
carrtpr B . [The alpha al um na powder had the
properties shown |n Table 1 below Table 1 The m xture
cont/& ned tHe geram c conponents shown in Table 2
bel d§. |The qirantities are in parts by wei ght (pbw)
Tabl|e' 2_The {folll owi ng i ngredi ents were added in parts
byd Wi ght
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as indicated in Table 3 : Table 3 Carrier A was

prepared froma m xture as descri bed above in Table 3
WO 200e9weshed wal nut shel |l s used were untr eat BCI/ESZH06/004786

had vol unme average particle size of 250 mcrons and a

ity of 1660 ppmw qof potassium (measured as the
E@@%@%M‘&E@Mme crushed wal nut
shelal sivhkehaneps aseNbsel Brbbk SsEXNMMIEL vhhRephkibpstea by
. cogceigtrati on of cPOt assium Carrier B was prepared
5 &%

W REUPEC R S cri bed above in Table 3 . The

cr ughedgwak nuéagdred lg-avwer gosi vk | BFartdx ildke wekHShedso1ved
._wal_nut ihglls used to prepare carrier A and were
lriV\%éé‘toeH‘ alBot TP FaERE PRI ESHIS drEmnerasarei vas ardjusted
tdeiqpontzed water and crushed wal nut shells were

conbi ned in an open vessel in a weight ratio of 6:1

dei 8APZed Waglerruwitor ishedtnapume” shdhles. nTheate was

idei-quiged, At ampi Ntod SMRET, re, The
d%%ioggibgeg ﬁ% g(g HX\/\{%? aIt'LI g\%’g%&t‘% tcorntaaéifl tt?l Re*EPRSFRire was

adgalsnetl shetbs°ed.or ten mnutes . The water was then
drairﬁed aga% fﬁoci%qt he crushed wal nut shells and the
cr ushed K&t bt EHSFEenePEt gr e dras afiderdsaovieatedhe
sifivetrmal tya tecasmosall, e wirah et Bhrinf)e whgneenbi At o0 f o
potassiumin the treated thermally deconposabl e
SOHEL&PRalF SHRRT BBT s Obdsed T st mexmetghranfsttineed for
t crushed .wal nut shell, which represents in this
1o bR P R b 20 (b JPVSGRASER AT “Fhe
sec@atec ongentematviedn £obm pot@sstdynpaes t60%-Eesss thahe
st concentrati.on of tassium The netallic

the fi . po (
ml}té%%h%%?% ?Ié(gtt eorcoflﬁlBC‘fh%Jr‘r%élquy tdec HRpBEabY R Fat er i al
conasliised soddet emd metkhee p3@sSive® aeasantE at i QNSnARSE

Ofdggcrkb(gd. her eig{]bef ore . The m xtures were then
prepar et BB SRS ST TR hgre dien BEC¥RBWASTIVEheE 3

addedceptkfos tihe qieteel edmii@idY, The solution was stirred
for 15 minutes at 40 °C. The process was repeated until the
conductivity of the water removed was less than 90 pmho/cm.
1500 ml fresh deionized water was then added.

630 g of high-purity oxalic acid dihydrate were added in
approximately 100 g increments. The temperature was kept at
40 °C and the pH was kept above 7.8.

Water was removed from this mixture to leave a highly
concentrated silver-containing slurry. The silver oxalate
slurry was cooled to 30 °C.

699 g of 92 weight percent ethylenediamine (8% de-
ionized water) was added while maintaining a temperature no
greater than 30 °C. The final solution was used as a stock

silver impregnation solution for preparing the catalysts.
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were m xed for 45 seconds and enough water (about 30

parts bywei ght) was added to give an extrudabl e
wOorRoora9:22 M xi ng was continued for a further 4rPEi/Ns1086004786

A quantity of petroleumjelly, equivalent to 5 parts

by v(x%i ?htk V\%S acgded and m Xxi ng_vas. continued for a

fur tREF TS5 Nud RS, B AR TERer et CoR e FQ F*5FBdGCE: avere
ugddital nbyieobihobt oyulyisder ss hgyl NgvBN tUESkBECatalyst A

di anet er, og 8 m*r(]_ﬁ]an inside dianeter of 1 mm and a
(JERGERTGTSE AR THA KA BdéPECHET A% Fico LR¥ERE i Py
rekpaeicghtlper CeatudmiSihiviee. afhecsdi @l 104diRder 5298 Seen

then heated in_a tunnel kiln to a tenperature of 1420
SRFC G abBut 2P bair> hdtrSITMRFFE: | Fatfe 1sinél aril B 2k

cderimebl y . deaaapos alll e iRy eEi aht ¥Bssd harmBhloy es
decomosed via conbusti on and the al um na was

135‘%%133 &8, cahelYet aldit O-8alhabPe twstesy keheatatyster
as descri bed herei nbefore, was used to determ ne that

Carrier_ A had 127 ppnw %ot assiumand Carrier B had 73
C s SRPCPF I 9 &hg AnveRtiQRiction in t he

CONCERLIALE 0D Ris ROLASHMM h N b6 eIl iBRAE L USL NY

the treated thermally decongpsabl e material conpared -
Tq d2@h8renfr Persrete IFPrEgrehecuneiedticd cfespariyic

ARGRIPOS b g /MRl 6fd Alacalabkes 4AGCIdDES Lhe ing i
J pr Opgﬁti es. o? t he fi_r?i‘shed cgr%i ers A angf B'. ']I':iSE’BlﬁJEt]*n% o
& Frhtierari v @ o°RefE fist aFaEhrY i@ 15496) g/ml. A vessel

chRERanati YOEXANRL B 2 ca P epag atd on, i Gatalyst &%s A

silver-am ne-oxal ate stock solution was prepared by
SverEaf 6P BRi 7Y PR dtedinrel BiBuke GInd ddgerimprgpadeion
S1ediBm hydroxide were i 350k viedh 10 %ﬁag, Lo 1 Op
° wat ér and the tenper aturle was adjjL uste Qt g]aggglgti &Qéfégcgle
VaFUNMgWapuF Ft 5 Shedtd Gpar earsi¢werl irwedate wastact the

liguid for 3 minutes. The impregnated Carrier B was then

centrifuged at 500 rpm for 2 minutes to remove excess liquid.
Impregnated Carrier B were placed in a vibrating shaker and
dried in air flowing at a rate of 16.2 Nl/h at 250°C for 5.5
minutes. The resulting dried Catalyst B Precursor contained ,
approximately 16.2 weight percent silver.

A second solution was made by mixing 122.0 grams of
silver stock solution of specific gravity 1.551 g/ml with a
solution of 0.1608 g of ammonium perrhenate in 2 g of 1:1
(w/w) ethylenediamine/water, 0.0374 g of ammonium
metatungstate dissolved in 2 g of 1:1 ammonia/water and
0.2584 g lithium nitrate dissolved in water. Additional
water was added to adjust the specific gravity of the
solution to 1.495 g/ml. 50 grams of such doped solution was
mixed with 0.1573 g of 46.07 weight percent cesium hydroxide

solution. This final impregnation solution was used to
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di ssolved in 2100 n de-ionized water and the
tenperature was adjusted to 50 OC . The sodium
whgarosxiode sol ution was added slowy to the siPUBDS2006/004786
nitrate solution, with stirring, while nmaintaining a
solutign t erature of 50 OC . This m xture was
PRERRPF el T BV 1S i nit d8==RReROt i b eaBlirEs S the
cdtewgeednt Prd@uor wWaht %Efﬁ@@été@@@? fk0 tthﬁr 1 minute
recipitate created in the mxing step an he
anig, GO U7 1y 81 S i@ PO Lk & Yt BATRE 86 4P LvRdaTd

vathluhdt EhéONShe WasuiRASHECde ] M 8k breshrsor
ei ogi zed water equal to the amount renoved was added

2lG8URt bt FRP AT et Ss JRGEL Bt O he WiAuGkESon WaS brpremwrted

prieeirdbr Mrawt@ferdtcAl rfdCuged N PIALETH WBS hERERLEL to
until the conductij vi t@gﬁglyt he water renoved was | ess

THRER 85 Hihor 50 Pesh Rrdilon s¥dindess wews
pleked addedriidilng ehaReghapurddde0Xdl b¢ra€ibying at a
di hydrate were added in approximately 100 g
ratRcPEmbht 3 NIThe ateRpératine Snasmikepteat 40 OC and the
pH was kept above 7.8. Water was renoved fromthis
m xture to | eave a highly concentrated
Cagpllysf - 2ohteuinsinegivieurry. The sil ver o>r§al ate slurry
was t,0 f. 92 wei ght percen
et hcgg%fl anm r‘f%% gd%e (Ei}gl(é)%n“lgﬂzgcd1 SWECER) %\%ﬁggﬁdﬁ%démﬁygt
y (
B, nuphrai 40 rayanst eRperatruhre rMhgregaicdfichgradfcPGs thae
- tjon sed. as_a stack silver inpregnation
lm&%?%?gﬁérroér&ﬁlrt\g%%r #ﬁgg{lﬁeflc:%stall}@tr?g@gf'?]ér‘%ai and B
1.47pr epal ed Tocdirdiedg Choa Bxainl eerkcurwerewsseehd® make
.S talysts, as_foll , to. formCatal yst A | .
o 5 Bl S LB bRl oot ARy mising
21BnYeptamn)of, sigypectivekysoAatival oFi kyetiand s}
1 68RL 1P R 0280 2REET LE €8 d0T8PLE Brod B pEbrnenate
in 2 g of 1:1 (w/w) ethylenediamine/water, 0.0728 g of

ammonium metatungstate dissolved in 2 g of 1:1 ammonia/water
and 0.5032 g lithium nitrate dissolved in water. Additional
water was added to adjust the specific gravity of the
solution to 1.476 g/ml. The total water added was 25.8
grams. 61 grams of such doped solution was mixed with 0.1452
g of 46.07 weight percent cesium hydroxide solution. This

final impregnation solution was used to prepare Catalyst A.

EXAMPLE 3 ~ Testing of catalysts:

The catalysts were used to produce ethylene oxide from
ethylene and oxygen. To do this, crushed samples of the
catalysts were loaded 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
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contai ned 2.8 mmol es rhenium kg catal yst, 12 mol es
l'ithiunmfkg catal yst, and 0.6 mmopl es tungsten/kg
W@ aioaly®e2 Cat al yst B (according to the i nventPONYS2006/004786

Catal yst B vvas prepared in two inpregnation steps. To
ecific

onBa B0 SLs ek Peanalion SO U SBoH Fhince
werres @kt uaged nc @ geaﬁ}emal eBsWhblir By Sﬁ%&je‘ & 1gkavit ea!f of
43@ gén}l A ves cont aining 30 grans of Carrier B
| noeh &€ él levaeubPed o ERemeAgat Pt 1 The

1nﬁemugasapﬂe§§ﬁkéIWN%egBablQﬁaso&bgdlﬂ%eMas added to
éfés B whjl e under vacuum then the vacuum was
rel e

geant e caPerer BRToWEl the cotraretthed) iduiad

" dnte -Bhrbiigh € Sop ek 1ohpr 80RaLE O Kardd8h-BrWas Lhgn
ntrifuged at 500 rpmfor 2 mnutes to renbve excess

inSIRGRES Fapr SR - CAPRP&FE B v & dplladedunn Beroent

ethiyheat] ng. s hakamand rdehedokgai f o l0WoRdmat pa sate of
?)2 N./h at 2500C_for 5.5 mnutes. The resulting
CAFPLBIESF TS s t° B VISLEEEr BBF CoBn 1M HROGSRp BRExT nfit & \6 - 0

pak@s2peri @il 1 el eentosihyelppdy SaaoRd sahuLign was made
by m xing 122.0 granms of S|Iljver stock sol ution of

speé"iﬂﬁl enadi typattesl toper avtte awas:olllbl o afnd th6e Bas
ammnl um perrhenat g in 2 g of 1:

ra%?ﬁyl ERedr dhitferndter? 0 @$F4bgust t‘é G\r/r\l)ﬁ‘nd then

adjebatangstad a:djla&&Qle\i@dal Bords thrf e%h%léHHDSkPéé'\B&ﬁ{tent
d_0. 2584 lithiumnitrate di ssolved in water.

°fA§det VBN WSS iad "abite it ot Sidj9ast SEReaB prlei F1 ethyl

chgbmldéyc@ﬁcdﬂt&ai’cabblt benzte dord9S %&1 capPQ1gs@ns of
solution was mxed with 1573 g of 46.07

uch dope
(C\%‘Pa’ﬁ? g‘é‘%cer‘ﬂh c EXPERT RSYE d’iﬁsdéué”é’ieét PER. bTFpEe fiagghing

100%&?@%’&& | e rs@livhi. onp¥aso Heathd QREGPAE et@é arl:é{rrcvtexglon
essel containing 30 grans of the Catalyst

1ef5?icﬁﬁ SOtSHHs YePREBARRY toF Zovimralgprak &ehwiut\e- ty.

Depending upon the catalyst used and the parameters of the
olefin epoxidation process, the time required to reach the
initial, peak selectivity, that is the highest selectivity
reached in the initial stage of the process, may vary. For
example, the initial, peak selectivity of a process may be
achieved after only 1 or 2 days of operation or may be
achieved after as much as, for example, 1 month of operation.
Additionally, selectivities corresponding to increasing
cumulative ethylene oxide production would also be measured
to obtain stability data.

As may be seen from the data in Table 5, an advantage of
the present invention is that catalysts made according to
this invention exhibit increased initial selectivity at the
same ethylene oxide production levels, as compared to

comparative catalyst A, even though the temperature was
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and the final inpregnation solution was added while
under vacuum then the vacuum was rel eased and the
w@e@cy®er allowed to contact the liquid for 3rPei/ns1086004786
The inpregnat ed precursor was then centrifuged at 500
h%m or 2 mnutes tsneir nove excess |liquid. Catalyst B
Yow CPFFRLEPS Ferd IPPEcE™PREAEW$ 450G §Hap<@Y’e’én‘éhe
sedlrecﬂﬂmmyabf thewagiaista rateoof cdn1d Ny haak 8599&111
t?,\,gt m nutes. Catalyst A (conparative) : Catalyst A
é?lﬁr éBXFEBl?Iﬁ PC S TREARER ST CHA FERYBIL CYa| 7y
evﬁh.(hegxrcamsb?aiﬁﬁil@tlfaﬁq:mg-rh@wé@eﬁéédzﬁl<SH e rakutBe. The
nspﬁ%gnauon solution in the first inpregnation was
P PRt iR alE® exParyet e mddisoimpasveden
sdlnprreghatedrabi i@, second sol uti on which was made by
m xi ng 218.2 grans of silver stock sol ution of
specific gravity 1.5 64 g/m with a solution of 0.313
2 g of ammonium perrhenate in 2 g of 1:1 (ww) ethyl
enedi am ne/water, 0.0728 g of ammoni um net at ungst ate
dissolved in 2 g of 1.1 ammoni a/water and 0.5032 ¢
lithiumnitrate dissolved in water. Additional water
was added to adjust the specific gravity of the
solution to 1.476 g/m . The total water added was 25.8
grans. 61 grans of such doped solution was m xed with
0. 1452 g of 46.07 wei ght percent cesi um hydroxi de
solution. This final inpregnation solution was used to
prepare Catalyst A . EXAMPLE 3 - Testing of catal ysts:
The catal ysts were used to produce ethyl ene oxide from
et hyl ene and oxygen. To do this, crushed sanpl es of
the catalysts were | oaded into a stainless steel
U-shaped tube. The tube was immersed in a nolten netal
bat h (heat nedi um
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and the ends were connected to a gas flow system The
wei ght of catal yst used and the inlet gas flow rate
W@ 20028922 mi nut e) were adjusted to give a gas POUDE2006/004786

space velocity of 3300 N/ (I

.h), as calculated for
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As may be seen fromthe data in Table 5 , an advantage
of the present invention is that catal ysts nade
wa@ewanelory to this invention exhibit increasedPCTiU$1086/004786
selectivity at the sane ethyl ene oxide production
| evel s, as conpared to conparative catalyst A, even
t hough the tenperature washi gher. Operating at higher
tenperatures tends to lower the selectivity of the
catal yst. Al so, catalysts made according to this
i nvention exhibit inproved actiyidy stability, as
evi denced by mai ntai ni ng TOWEr reacti on tenperatures.
TthpFE?élﬁf invention is al so expected to exhibit
i mpr.oved selact i ¥hty it 5o)od ion **)
conpar ag)i ve ***) notmﬁlggedgérﬁniAﬁgfﬂo%s\ﬁEé \{lﬁI@M: 1.
A prd@essislor crRuRLE atturihey spepsusteeran ¢ materi al ,
conpri=i ng e PSHOf 4 t '
t her ngaﬁl y decoﬁ%gga%?g %S@ﬁ%@%ﬁ%ﬁf?‘%ﬁfmﬁaﬁ%?m
conpri si ng "BEEAS S Bnd uRRGticyAdEei Basm sedririwisEmg t o
reduce the Jo@kak s GHamhddyy c%fndaeﬁe?g' YRS o
thermal |y deconposable materi al; ) preparing a
m xt ure cofsFsenghe heotaleaedtt her afl Pyt aecionpdsabhe
torateri al andeanheal slabilleeTRLELLAL,, and ()
heating the mxture to sinter the heat sinterable
mat er 4l aRdePerineraeixtidec onppsesite thedtredted
thermal 1y decoppesabh&Jebbak £QrLolM they ROLAY

ceram c naterial.
sinterable material, and

5

(c) heating the mixture to sinter the heat
15 sinterable material and to' thermally decompose
the treated thermally decomposable material to

form the porous ceramic material.
2. The process of claim 1, wherein the thermally

decomposable material comprises combustible

material.

3. The process of claim 2, wherein the thermally

decomposable material comprises an organic material.

4. The process of claim 3, wherein the thermally

decomposable material comprises oxygen.
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2 . The process of claiml , wherein the thermally
deconposabl e material conprises conbustible materi al
wW@20070pm82pr ocess of claim 2 , wherein the therpl/Ug2006/004786
deconposabl'e material conprises an organic material. 4
. The process of claim3 , wherein the thermally
deconposabl e naterial conprises oxygen.5 . The process
of claiml1l , wherein, during the heating step, the
t hér mal U EEeFsESi ProflrEtluioeyereinel dweind thre heating
deconpagablie REREEh defompot® iBLOCESS 0L Gl B 1hme
wherein the thermal deconposition conprises conbustion
of tHeE déomsesapreahbtapatdriatl.. The process of claim
1, wherein the thermal deconposition conprises
converting at |east a portion of the deconposabl e
matter igie tEogegas ofgclaimhel pridieassnothe] Eiemnal,
uher eldbonthSequaNkohd: PIEPYBYsL 06, ¥t ule and prior
to heating the mxture, the process furthér conprises
t he si&pPmposPdLRi mgteheadd xture into at | east one
di screte body. 9 . The process of claim8 , wherein
the formng step conprises formng a plurality of
di Ser eihe padicess 00. cThim gr.oedssedh chairhdrngalwher ei n
t he furthe ' p.of. sorting the
deco ﬁ{pé(}g)z%ﬁjg l#iji%g r Fgﬁgﬁgépsg%?ﬁg’%?g}égf %t? r% E‘bays Si%e
t her elprtgrrodedi headeothmrtabde ohtpaidl ctes: wdshin a
predeterm ned particle size range. 11. The process of
claim1 , wherein the deconposable nmaterial conprises
a 8Syntet becogaeer Pl cll@2im Thewpeoekss afbsdaiemtl to

MherEﬂf%ﬂgyﬁngegggp8§§%&§% and prior to heating the
mixture, the process further comprises the step of

forming the mixture into at least one discrete body.

9. The process of claim 8, wherein the forming step

comprises forming a plurality of discrete bodies.

10. The process of claim 1, wherein the process
further comprises the step of sorting the
decomposable material in particulate form by size
thereby producing a collection of particles within a

5 predetermined particle size range.

11. The process of claim 1, wherein the decomposable

material comprises a synthetic material.
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material conprises a naturally occurring material. 13.
The process of claim 12, wherein the naturally
w@ewaneloey material conprises a portion of a pPENUSIING004786

tree . 14. The process of claim 13, wherein the
naturally occurring nmaterial conprises a portion of a
fruit fromthe plant or tree. 15. The process of claim
14, wherein the naturally occurring material is
selléct €S P5IRCERE §F otp2Torisi stieHgiaf thecdercyimadable
al mongh hsldis o ?%@@@éSQGAAS%réM&&”BkcéPﬁlA%’méﬁéfé%%.
pits, apricot pits, peach pits ahd corn cob. 16. e
process of claim 12, wherein the naturally occurring
”aﬁgﬂ|@hm?%ﬁ?kb%@so§agfg§ﬂ'12%7wh29?i?r9ﬁ S&ééﬁréﬁfy m 1
, Wherein the deconposable material further conprrses
at | eV IBHEDMALREL pdnso isssed Prohitheofroylant or
consistddng of SO42- and PO3 - 18. The process of claim
1 , wherein the deconposition of the deconposable
material creates pores within the porous ceramc
MLl alne 19ocle BEOCESH Ofs CLALMLIE il AN
deconposition naterial is a pore formng
mat erQACEHHC SpAgraati ¢wwrees horarhgometerd alrudand a
second-ppref grohpg.peigrd al and wherein the first and
second pore formng materials have different chem cal
conpositions. 20. The process of claim1 , wherein the
L143Li NG, SLER-COUPLE Sef. GPR1ACHLOP. LS SeSmasanl e
material with a flurd.

occurring material is selected from the group

consisting of pecan shells, almond shells, cashew
shells, walnut shells, olive pits, apricot pits,

5 peach pits and corn cob.

16. The process of claim 12, wherein the naturally

occurring material comprises sawdust.

17. The process of claim 1, wherein the decomposable
material further comprises at least one of the ions

selected from the group consisting of S042- and PO3-.

18. The process of claim 1, wherein the decomposition
of the decomposable material creates pores within

the porous ceramic material.

19. The process of claim 18, wherein the

decomposition material is a pore forming material
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21. The process of claim?20, wherein the treating step
conprises a first treatnent, wherein the deconposabl e
woraioenyab2 contacts a first fluid; and a secondPCT/US2006/004786

treatnment, wherein the deconposable material contacts

a second fluid. 22. The process of claim 21, wherein

the first fluid's chem' cal conposition and the second
fluid s chem cal osition are identical. 23. The

pr oc eI LG f §1rs %8 F Qe ngi PaEeFiat prd a

chem gadoeoMRRsl theni Agdnd he-isacand fhitdin soihenihcal
corrp05|t| on are different. 24. The process of claim

500, ViR €9 Ke PPFGI BOEBHT isdeTihal &r havs diffkeranscess

of claidni2Q1 Webekhtibesfluid conprises one or nore
addi tives selected fromthe group consisting of a

chel ating agent, a wetting agent, a drying agent and

anZ@Ci@H%ﬁprgg%sgrgfeéﬁafﬁ ﬂﬂ %E%Eéin Mﬂgré4é%gﬂga step

porous ceramc material conprises a carriér

cat al §Fprizes TREtPFBERS stist delcaimprgablanesiedrialherith
total; quantd ty of potassiumis reduced y at |east 10
percent, cal cul ated based on the wejght of the
potassiumin the treated thermally deconposabl e

materi ahnd ehdlkye LP &D&woghmhgzemt@ﬁgmae]ﬁ?h%tep

untreated thermally deconposable nateria
pr oc eXFUBTL selsapnt27s t wheratinentthe wherafn queat i ty of

pOtaaﬁéégq?d%a%@gu&ggep¥éfucéﬁ?§%kfz ofgﬁégefEU1d, and L Beo

cal cul ated based on the wei ght the potassiumin
t r eat¥&F e traPLyedecovpusall éhe decomposable materlal

5 contacts a second fluid.

22. The process of claim 21, wherein the first fluid’s
chemical composition and the second fluid’s chemical

composition are identical.

23. The process of claim 21, wherein the first fluid’s
chemical composition and the second fluid’s chemical

composition are different.

24. The process of claim 20, wherein the fluid

comprises water.

25. The process of claim 20, wherein the fluid
comprises one or more additives selected from the
group consisting of a chelating agent, a wetting

agent, a drying agent and an acid.
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material relative to the weight of potassiumin the

untreated thermal |y deconposable material. 29. The
w@eoces®2nf claim 28, wherein the total quantiPgT/U82006/004786

potassiumis reduced by at |east 30 percent,

cal cul ated based on the wei ght of the potassiumin the

treated thermally deconposable material relative to

the wei ght of potassiumin the untreated thermally

deéﬁhp R 9FsSEr P4 claim 1, wherein the porous ceramic

material comprises a carrier for a catalyst.

27. The process of claim 1, wherein the total quantity
of potassium is reduced by at least 10 percent,
calculated based on the weight of the potassium in
the treated thermally decomposable material relative

5 to the weight of potassium in the untreated

thermally decomposable material.

28. The process of claim 27,Awherein the total
quantity of potassium is reduced by at least 20
percent, calculated based on the weight of the
potassium in the treated thermally decomposable

5 material relative to the weight of potassium in the

untreated thermally decomposgable material.

29. The process of claim 28, wherein the total
quantity of potassium is reduced by at least 30
percent, calculated based on the weight of the
potassium in the treated thermally decomposable

5 material relative to the weight of potassium in the

untreated thermally decomposable material.
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