10

15

20

25

30

35

WA CATALYST CARRIER AND A PROCESS rCR PREEARLNG :PF

CATALYST CARRIER This application clains the bene
woh004d/18318Pr ovi si onal Application No. 60/ 688, 208CTiusem6/021910

June 7 , 2005, the entire disclosure of which is

hereby i ncorporated by reference. FIELD OF THE

I NVENTI ON The present invention relates to a catalyst

carrier and a process for preparing the catalyst

carrier. BACKGROUND OF THE I NVENTION I'n ol efin ]
AepaxdaEiTOCARR IEREANGP Al BIHHCRGARR & A?e'}grga%&@ﬁé%ﬁmysrr

source is contacted with %Agﬁk%bys ~under “epox

conditions. The olefin is teacted with oxygen to form

an olefin oxide. A product mx resugt? tgat gontalns

{ b ' .and.typicall reacted feed an .

2gﬁgﬁg??§ﬁgg%§ gé?ﬁPc;ﬁém Iggﬁn%S??éétnﬁﬁ He Sr-egeped sional
Appil i hanaberNbo 50yEB8, 308- ¢i0ka WihB an ahpgholyto form

. a 2-diol _ether, or with an amne to forman
dlgFigﬁBF%n?ﬁeWh#ﬁbs}SlhérébﬁlSPCQreouabEdebyerefeaedce.
Fielkaop!l aaknesveERYTBR produced in a nulti-step process

initialty conmprising ol efin epoxi dation and then the

conVee spopsentt hevéotred pekhtesoxbds whth1VELtekardler ang

§9bok 9L an am ne . Oefin epoxidation catal ysts

s onprlsefa s ?%%?rﬁﬁﬁpBH%n??tﬁ%ﬁ%Pl9?@F%ﬁrone or nore
BAGKIEROUNIDabF efepemtrerdepogi ted therewith, on a carrier.

Carriers are typrcalTy forned of a ref(aptory _

mat B7 i At L P e%idrbhan al anfeed ¢@ng@nmrng,?ﬁ{gh@f%% and

[ dhasal pm en. found to correlate w

o g%tE}téeérh géér f orﬁaﬁég]eag?%@%%és)g a5 R TP ¥ t under
epoxidation conditions. The olefin is reacted with 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, 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,
Oor an amine.

Olefin epoxidation catalysts comprise a silver
component, usually with one or more additional elements
deposited therewith, on a carrier. Carriers are typically
formed of a refractory material, such as alpha-alumina. 1In
general, higher purity alpha-alumina has been found to
correlate with better performance. It has also been found
for example that the presence of minor amounts of impurities

in the carrier such as alkali and/or alkaline earth metals
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for exanple that the presence of m nor amounts of

inmpurities in the carrier such as alkali and/or Bge21910
wahhwliBsm7eart h met al sand sone forns of silicarPcamwshmwe

a beneficial effect. Carriers for olefin epoxidation

catal ysts can be made by different processes that

angesghe fnrmarpfesslhamlﬂgndhabénétbgﬁéﬁﬁghggh%%gsbg a

d |.osed in US 4
car ErEPiRE8 Eas"B) 8 15 sbesicRRapnprotatuste can be made by
dlﬁfﬁhaﬁtUﬁkﬁ@e§§@§°ﬁhaeakébﬁhg Haéégglgrsp %&ﬁpﬁtdlstlnct
phology" . Fig 1l in US 4 Qﬁ s a"s g
moEP%@%P%heﬁTcré@répﬁlﬁstapphaaban1nhlghppgralgag%gaﬁf§n Us
roduce carrie
4 99¥'§9%?eﬁgé*ﬁ%?é %F%%Q, gg"?lHB?S%%SrE%??sPEPﬁPQEﬁgalpha-
al@@@m@ seppsed paraﬂca€EUH&v§H§féChﬁﬂétéPe€fﬁ8£ hology" Fig

I to al pha-al um na
eas§ %hgg§8%§%gﬁfﬁﬁrgéggm%ﬁgs@f¢©tEOﬂ MﬂhEograﬁh of alpha-
alutﬁimt p@hk Ypdi@dc B olrlaéijﬁdé aces1d effr%terg?%&a? (ra%'/n To

aracterized by a ra

Pr%%g@ “ater ViEeh t tlee | mhat il of T@%M@ﬁr;yﬂlargggl@&r%e
f bl t he, particles _ _

T L M D Maad d Bib o, amothe. SishRat et oo

efimmngaheraton of the dongest @& JBH- 1R 1194 Wad og at

di The process
leaslhzﬁrﬁsr{.{egl | tt,{%{ :{2@”1&? aﬁlg”tg?ssdﬁml'bgwwwmbmlany
t uch .as 200 .
o e SR O YRR 00 querapericed
by £s ’—’@@sléﬁ mfd dUrves WO BE 589, 1 APAIIM 19fi dd& he length

bl are forned as
of TH U use mC| = dﬁ{zjrfg y E@Cepl atPéI@éftesfahjhfat uhaa

i nter
arfravil Taﬂ%oamw ARG ﬂ%lt%%l SIS 2Qr QUi the
’ sFﬁ through ongﬁghother at various a%gl H

BB TR i B el
dlmﬁ??ﬁ?@[é? g%%t%gég&%ggrt “haVIRg ng§F§P€Pe 'sihe gfrogess
ormgagﬂumlmanhgwong the platelet morphology which, when
viewed at high magnification such as 2000X, approximates the
shapes of “small plates or wafers”. As described in US
4,994,589, “A portion of the support particles preferably are
formed as “interfused” or “interpenetrated” platelets, that
is, having the appearance of platelets growing out of or
passing through one another at various angles.” With regard
to the qguantity of platelet alumina in the carrier,
“Preferably, at least about 50 percent of particles of the
support having a particle size of at least 0.1 micron
comprise particles having at least one substantially flat
major surface.” Furthermore, “These platelet-type particles
frequently have substantially angular edge portions, as

contrasted with amorphous or rounded edge portions of

conventional support materials, including conventional alpha-
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. . . ially
articles having at | east one substantia
?FgPrhgfoP surface.” Furthernore, "These platelet-type
weoantei1iebes frequently have substantially angul BCTRSY®6/021910
portions, as contrasted w th anmorphous or rounded edge
portions of conventional support naEerlaIs, i ncl udi ng
alypapensippairtal. phadnu e @&c&nﬂpg&b\%ﬁs Slﬁn “%ﬁig’%%?gfoélra}éd
M tional” carrier, ich ma ef e
e2P e ol RIGY TRYr PBr TEGRPEFS: hg HoRepPassl ceration na,
o hadeg hbhoplaueneg a1thiah) Neol RAELSLEEOAL sing -
agent. As described herein, carrier conprisi
EL{GRIBR ot BPEY SRPLAL AANSWABCALL SAal Seskpdbedaierein, carrier
I C ' h very few, |f any. partic i
o Rag RoCLet SLuThe Slibchanbl Py Knawn 25 non
Plﬂﬁ$b¢tsgafater,Ahasseérpef@wD,iﬁoaﬂyyeggg?Fgﬁggpﬁgsgyﬁmina
-platelet carrier's alumna pe
hag{négggpfgﬁgésﬂ%gt%H??E?F?lﬁlby ﬁ%?brm@morase?faﬁg.orAs
D6 bond et or s Te 2o Tor SRR LoRarhg SeStabatefee
nmore bond materials ‘ . |
ca ’ 2xol ohes dnovdiest Tdwsbodite BLBEL Bt ial1y
%FH%?ﬁ%.%%NW%%¢d@ e alumi na particles

E1dRUn DAL | Bl 4o £021 t%?%g%%;ﬁﬁ (REYER SR R Hea bhy tie¢essmall

and/ or may appear
amqurereyt fareriag tons 1asd snaddie; 408 pho! £9y; £ £ 48
rier nade by the second process inpacts physic .
of G aa?tué?lirbac iH%"to"fC]t% %rqri%ré}n@llow aglw{kﬁ?@tﬁ@ﬁ/lal
o i ' ' ticle size., Intui
| i 1
R
PRSI &k Sgcardiatichdataradrerchet llﬁaxgilrieﬂ.tefﬁ %H&frheg{% ]?foorreming
' e f eposi tion of_ the silver an
boﬁ?drrs%?é ef%c?f} VENHES] Rfert hfepoditiar mpsteedty, the second
prodessy émpatditiss pilﬁfsglf&ﬁﬁf Qﬂita)ﬁafc:%‘é'r?]:g esﬁgtycél ;%f_?gchheggca%%%%r, such
' tal ysts ete
as %g%ﬁbgﬁn%ggéna%ggpaéﬁ@@|@iﬁ@wibutﬁ@meamqiggﬂuﬁﬁuzigﬁe.
exaﬂﬁhﬁtév%qggﬁgenﬂbﬁﬂ ah JLegs %g%gi%é%ed Hat the higher
| ess than .
the garface area of the carrier, the greater the ares

eéﬁonding

available for deposition of the silver and therefore the more
effective the silver deposited thereon. However, thig is
generally found not to be the case and in modern catalysts
the tendency is to use a carrier with a relatively low
surface area, for example a surface area of less than 1.3
m’/g, or even less than 1 m’/g.

US 2003/0162984 Al discloses carriers which have a
surface area of at least 1 nF/g. The working examples given
show improved initial selectivity and activity of epoxidation
catalysts based on carriers having at least 70 $ of the total
pore volume represented by pores with diameters in the range
of from 0.2 to 10 pm.

The catalyst performance may be assessed on the basis of

selectivity, activity and stability of operation. The
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[ [ [ have a
US 2003/0162984 A | discloses carriers which
surface area of at least 1 n2/g. The working exanples
wgizven3sisow i nproved initial selectivity and aeCTAS2006/021910
of epoxidation catal ysts based on carriers having at
| east 70 % of the total pore volune represented by
SEPECES WL idi dinet dirmditi e ange coinvid @B A 43 119 i g i ng
EQ .catal yst. .perfaormance may be assessed on the _
e SRS R By iy oact A LfeaRa.cetamit Fgpsof the fraction
ofopaeabilefinTkesekeelldV nokrg 140 %eﬁz&%%‘s'e%” fﬂgftht )I%%gg agd to
converted olefin yielding the“desired ol'efin o h
magpEadg & ¢onsagas, lewelf pécbileriiof okieeopbebidhction the
tefpBYaEhed perpplLl y ggggggsgs mnt@ ti and %p ng]g%i;n
a const ant ?evel of "ol &fn Sxir e prEatct i RVENE _
advenpelnt af€eot st hier eattienviisyi Ber easedonRuevel thi $1e
se& affects the selectivity of the conversion to
de?ﬁ%g§e8i¥£anoP§Faﬁ-oxiae.aﬁﬁlﬁaanti§h¢ ehuipgenprestd can
toMéedtéaﬁeMQé@éah@ebeﬂﬁﬁyahgr@8 an¥r92i£°1%y§§fg%'ghat it
level so that it is necessary to ternmnate
1 BEEeFBRTHNER tﬁémieaCeibhetEapetabureﬂmnutﬁer?gghtgon
[ [ or the reactor. Thus the |onger
L Ee YO TR 2 her hr ekl AeoSorThrg Feverband
rea¢ieoepoxTigas i the cacnber peré os 8- @l ., acse pggbllﬂ%i}lggvined
tenperature, the longer the catalyst charge can be
ot Z ot f%%e}e%%@o?h%nﬁp@ﬁ%d®®¢@np¢@mube perﬁb?meﬂedt an
i dest i ehents in t nei nt.enance
aciﬁﬁiﬁ??@ity o%g?§€%ng p%?i%%% %?%ﬁ%% %%%eC%F%fﬂ%Ed%h?ﬁge
can gkt prvcdss wdoioenmyd SUMMNRYE GhrJdiE-{ Ilr\;&/fil\gﬂé@hned_
; o ntio rovides a carrier co o
ou 06 B Y DB RS o1 ey
are mneodd wiel@aStude W hadhd 1Al POLe, Vol une
OVQEEUngf a C)Efac;ﬁ?i ze %%est ri bul%glrleon wherein at | easrﬁS 8%% R
SR SHYAl pore vol une

SUMMARY OF THE INVENTION

The present invention provides a carrier comprising
alumina and a bond material. The carrier has a surface area
of at least 1 m?/g, a total pore volume and a pore size
distribution wherein at least 80 % of the total pore volume
is contained in pores with diameters in the range of from 0.1
Lo 10 pm, and at least 80 % of the pore volume contained in
the pores with diameters in the range of from 0.1 to 10 um is
contained in pores with diameters in the range of from 0.3 to
10 pm.

The present invention also provides a carrier comprising
non-platelet alumina wherein the carrier has a surface area
of at least 1 m®/g, a total pore volume and a pore size
distribution wherein at least 80 % of the total pore volume
is contained in pores with diameters in the range of from 0.1

to 10 pm, and at least 80 & of the pore volume contained in
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[ ined in pores with dianeters in the range of
}?oﬁsgfiltg 10 nﬁ1, and at |east 80 % of the pore o1
woabesre3sont ai ned in the pores with dianeters PGTﬂhgmgmzl
range of fromO0.1 to 10 mmis contained in pores wt
dianeters in the range of fromo0.3 to 10 nm. The
ther poERe WAtdntiiametkss ﬁhovhdeﬁaag@abfl%&o&Q@pﬁl§quo om is
;pLat ¢let _alum na wherein the carrier has a surface
coﬁ?ééﬁoﬁ g%’ pPease ft’lﬁﬁ‘y\g,laﬁefiéifﬁl ipothevohoge afidfaom 0.3 to
10ppme size distribution wherein at |east 80 % of ths .
t ot pore volune is conta[ned in pores with dlanesgrw
in the F%ﬁ@@tépnfﬁéﬁPOprQVLde¢O?gprog?2§ aFfLeggt 0
- nt ai ned inthe, ‘ .
s O P dTFRge B FRorPoPebes 16oRming & mixture
comppisimed in pores with diameters in the range of from

.. The_invention al so provideg a process
19 6?61){ ﬁfrl‘(i?fPQ%@r‘é?i on ¥elghtapeFesnwheLha chhpst searticulate

! < ' - aht
or-d umi iy e ot Uk EmEQIRN | 54 icf‘e)si,gg_ (gg)ﬁt gj_rf?] rom 9"
ercent of a first particul ate a-al'um a b))

10 aan particle size (d 50) of from5 to 100 mm ;

ight percent of a second particulate

;f g?mu?nf%ﬁ“ Eagv%ggg “é%@%i%%‘?%m‘r &5 3 h%ﬁmrrrfé_ma&othmulate
a-glhenifria dtavpiard i £ Wsat ehacal ugi nasangy,yhi ]‘Ege' 8.  RA RS £iar

n f from1l to 10 m; and c ) an al kal I fe eart

paf’%%e"-asq I%—arﬁ]él%}ﬁj R efhigh Jweughtth:mm&rrge bﬂf NBr-om .]_ to
10 hagedren the total weight of a-alumna in the n1xtEEF,

and firing the mxture to formthe carrier. DETAIL

DESORPT RGN AGF TFHE AVENTEILGN ot laceaedangg Wdde.the

- C iQ% %f hi.s inventjon, bynmaxim zing for carrlers‘
welﬁ?@i%& aes5r%§€§gé$@§e ot Yhgadotpl weight of a-alumina
in the mixture; and firing the mixture to form the carrier.

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the teaching of thig invention, by
maximizing for carriers having a surface area of at least 1
m’/g and non-platelet alumina and/or a bond material the
number of poresg having a diameter in the range of 0.3 to
10 pm, in particular by minimizing the pore volume in pores
having diameters less than 0.3 um, the catalyst based on the
carrier is advantaged over catalysts that are bprepared from
carriers which have a substantial pore volume in pores having
diameters less than 0.3 Hm. In particular, catalysts
prepared according to thisg invention show excellent activity
and selectivity, and they are believed to provide significant
improvements in stability under conditions of commercial
operation. This is non-obvious in view of the prior art
acknowledged hereinbefore. US 2003/0162984 Al teaches
improved performance of catalysts based on carriers having at

least 1 m?’/g surface area and having at least 70 % of the



10

15

20

25

30

non-platel et alumi na and/or a bond materia
?Eggnﬁﬂger ofppores having a dianmeter in the range of
WwO0.2806t103180 mMm i n particular by mnimzing the pOTAIS2006/021910
vol ume in pores having dianeters |less than 0.3 nmm
the catal yst based on the carrier is advantaged over
toéaﬂapygﬁsVpﬁameabenmeenaﬁednfp@@écaﬁ&heagawghgqshq € e

Lume in pores having dianeters [ess
ra@ﬁgsggngl 8 Ir2§ \ég,l M- ar Theataprgbiagprépdfe@003/0162984

t \V e nt _activ

L PR e -
n b r a

pangﬁP%FEanﬁ Papipyesdnnsmbars spnonyobVIoug HAGlSEE

grggtggnﬂﬁgﬁlﬁb B ngmfggaﬁﬁnﬁgrgPﬁBeFBFeCOGSaln teaching

the prior a
re@@@@ﬁ@lsageneApbréeambe3dhg@£9Mﬁ918ﬁf&9EH§HC§h8ffange of
d on _carriers having at |east

poé%ﬁ?%% g?gﬁ ha™hvengoat 0| vast a7g @&oﬁoehehotabopﬁEEn
de b n r apeters in e rang
T from bt e 15 e b Ly RE € f% %?Eﬁerzgeﬁ
itieds f soommend th Ut bhéZer €3A! 1 €
T ot ey eont iy m zed nunber of pores

\Mt*buf{h&@féfég* a%%$&t %ﬁ@ﬁ% hn undeesteddr epceefer to

avi ng aneters gre
thelgpsrrmte corndai as t @eEdi-Mons@! 1Y e 1,0 { %Bt r]?E'f’l ?ﬁrunauer,

but wi thin the range of por e ers f
Em“??l%t t%“#(#%hr%d Tethrdsasm em@d] Ireabdslnngal ed)ﬁ\éi&?é
ty t u
Amilgn%a}aflﬁés%&oéfdlcosn%ej?%ﬁlmpglr a |)or¥j Sjtﬂ‘gf ar ea" as

lﬂﬁﬁﬂrh&ﬁﬁlnukwanaxxhhsbﬂgﬁﬁﬂhtigtdgéﬁggfggxhégéﬁbeen

the nitrogen BET (Brunauer, Enmett
me anﬁ? q'I eaé'”cfé%&%%d:%% J @n%a«tatﬁr tEH:esorpt:Lon
is m@necsmddwntms WG H! Y 5Q Hel 93¢ ?)erppgélat%w goeo ééhgorbe 4

herei n, water absorptlon i s deene
mtr?e§ r%& ref &dcohaneaniicnh ASTHEG3R3 toﬁ%éAlaieqrght of the

caraddser ption i s expressed as the weight of the water

t hat can be absorbed
The pore size distribution may be measured by a

conventional mercury intrusion porosimetry device in which
liquid mercury is forced into the pores of a carrier.

Greater pressure is needed to force the mercury into the
smaller pores and the measurement of pressure increments
corresponds to volume increments in the pores penetrated and
hence to the size of the pores in the incremental volume. As
used herein, the pore size distribution, the median pore
diameters and the pore volumes are as measured by mercury
intrusion porosimetry to a pressure of 2.1 x 10% Pa using a
Micromereticg Autopore 9200 model (130° contact angle,
mercury with a surface tension of 0.480 N/m, and correction
for mercury compression applied). As used herein, the median
pore diameter is the pore diameter at which half of the total

pore volume is contained in pores having a larger pore

6
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into the pores of the carrier, relative to the weight

wo Rbe/iBfg;carrier. The pore size distribution B RS8006/021910
neasured by a conventional nercury intrusion

porosinmetry device in which liquid nercury is forced
into the pores of a carrier. Geater pressure is

diambedeh i HOr €t NENdBEGY dai® dBuRdBl & efoos Bsednth
t he neasurenent of pressure ’increnents corresponds to

poreslhamindcr esrent et roere pbresteenetrated and hence to
size.of the po ' he | I ASg_ w
Oe medl nI?. 1;{;1 r@léféc' é:[]zé, d]fésf%]g{l?né@ h%]ﬁéemné%? andso '

t
us her el e pore size i on,
is POriedbared &g @arndot tisa PLAL0 ¥ obatesc e es Ase neas Ly el bynd
mercury intrusjon porosinetr ssure of 2.1
u?ﬁs

t
repURRETEE L1 PEF ot P & | GHEPBE T E AU BHOR eL 00  D0* Hp il

sph&r £OM %:cguwgi Ent NBELLhYe Wot N @rsi f age1 4 egst omnaf
0.480 N'm and correction for nercury conpression
partapplé¢edmal ber Ushen hehei state@ median pareidianeiee. i sThe

t h [ .which hal . of .
cecl PR AT 0 D B Ll poce
tre POREEE anEhes BRdakahd @b tbech®hal pareivdbéanents primary

contained in pores _having a smaller pore dianeter. The
Parheeleh- paF it el 8OBi FeCatePRr eGP EBREr £F nCgREigEgd until no

furtfefiS Hgﬁ%é”fﬁ Bife 83 HORLRALAQOQRALLIC! Grdicke typicall
Yaha y%er nd repr%seﬁtsaa Saﬁticfe dianetercat %ﬁﬁgﬁ Y
reqtheee ar® miuatespbeiftabtequi vatentsvogupke Bpriba LAS00

ﬁgr icles Iarggr and particles smaller than the stated
PaTpgran®hart FefeYéF%e. The nmethod i ncl udes di spersing

t hes pastd Ch@se by, UpbbraseslGntr ¢al pght , sthBackr eakingm?®/g)
up secondary particles into primary particles. This ,
and seak T capPehp F@Etﬁﬁﬁg)iéréoﬁﬁﬁﬁﬂéé aatpFive Far FRerweight

of EQQ”Q&r%Qe%heug§gs¥agggt%a BehLegdseWhi ch typical ly
requires a 5 mnute sonification when using the Horiba
LA9AOapavtileheeswithahhligzénvention, a carrier is used
which has a pore gize distribution such that at least 80 % of
the total pore volume is contained in pores with diameters in
the range of from 0.1 to 10 um, and at least 80 % of the pore
volume contained in the pores with diameters in the range of
from 0.1 to 10 pm is contained in pores with diameters in the
range of from 0.3 to 10 pum. Preferably, the pore size
distribution is such that the pores with diameters in the
range of from 0.1 to 10 um represent at least 85 %, in
particular at least 90 %, more preferably at least 95 % of
the total pore volume. Typically, the pore size distribution
is such that pores with diameters less than 0.1 pm represent
less than 10 %, more typically at most 7 %, in particular at
most 5 %, more in particular at most 1 %, or even at most
0.5 % or at most 0.1 % of the total pore volume. Typically,

the pore size distribution is such that pores with diameters

greater than 10 pm represent less than 10 %, in particular at
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A s used herein, pore volume (nm/g) , surface area (m

2/ g) and water absorption (g/g) are defined relative W
woaodshe3mei ght of the carrier, unless stated othmm(g)e

In accordance with this invention, a carrier is use

which has a pore size distribution such that at |east
mogh & & wmheet dhapapeieulakUB® Kss¢OoRt &i neg 'f@e%%%%l gore

{;n di aneters in the range of fromO._i to 10 mma, "an
VO% Eéast 80 % of the pore volune contained in the

LAt di-amener soi-8 khear ac ]‘Dgomo.ltolomnh
Pgrggﬁéqgi nggyi nﬁepgr%glrwi %EQSI a%g’?ggsul A theSr §HGE Ghat the

Lo e P pror abhye ohecRonSoshZes 10.um,

re)? Eig‘?%??eé%? ’Flﬁ%ﬁnu%.g 1Bt %t' s t: Epreseht val epgashags9% %,

most | firpgnenciyaieas trast 9§03%r HHéetBEQiegﬁ%yvg%%me_

| east. 95 % of the total pore volume. Typic
Fre ‘rleen%f?%e 1St PPHeEti bhtRsdiamat ehat gpeaesrwehhn 10 um

I &b 1 e ent, less than 10 % .
o re tybaa |y 8 7 T PREEIRheLP Fote "Fagk & 4% ot
the W%i/iﬁplfﬁr‘twh@m@r atheoitvdnfhon OfoRYE&ApBL L8RS oPe® with
: the total pore vol une.

di%ﬁ%a |{/@§% h@’iaé (;/Be'o};i% WREPIPUTDn 15 melehredeing, zero

' han 10 nm represent |ess
peypmaTgs aif ttheli teoied Brso g8 epd Bimd | | T epres

0 %, in particular atnpst 8 %, |
Lg?ﬁ]@aﬁly&t ‘%ﬁ%tp%f%%lrtﬁ_dm:tm@ilqnprm V@Jld;mﬁ:hat the
pordLGHAMH |dh anldi& RO &, Sék{ee.rda{ SterI bét o IoS fgf%qofqaé%
the pores with dianeters im e ¢ Y :
TePRP SRRt @r dsett 185 t hian 28:t9 J6Laroye fd.Lequesy '%/, more in
A than 99 % t, frequently less than 98 %of’ the
b ttg%gjll poréC véﬁ%ﬁ?&@ir‘e% N8y Patee e \Mqrttalnegi 111%/the
porgisanEter 8lighealedls tihan k0 4y eepjr;eq:?%t%@_rle ttqh S
re frequently nore than 0.5 % of the tota 0
{/o&g’ﬁ’é.ca%ﬁéf i e Poge @dmeelﬁilsactté_bﬁptdroes_i}& tﬁcigltch that pores
Witﬁiaqﬁb%%%r%:§%sgh%%a%f%-gnh%P@%%%%sg%%’lgss than 15 %
reachi ng, z
more tYPnglly at most 10 %, in particular at most 5 %, more

4

in particular at most 3 % of the total pore volume.
Frequently, the pore size distribution is such that pores
with diameters less than 0.3 um represent more than 0.01 %,
more frequently more than 0.1 & of the total pore volume.

In another embodiment, the pore size distribution is
such that the pores with diameters in the range of from 0.4
to 10 um represent at least 75 %, in particular at least 80 &
of the pore volume contained in the pores with diameters in
the range of from 0.1 to 10 Hm. In another embodiment, the
pore size distribution is such that the pores with diameters
in the range of from 0.5 to 10 pm represent at least 60 %, in
particular at least 65 % of the pore volume contained in the
pores with diameters in the range of from 0.1 to 10 um.

In another embodiment, the pore size distribution is
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percent of the total pore volunme . Typically, the pore
size distribution is such that the pores with
wdizeosa3giss i n the range of from0.3 to 10 mMm r eOTAS2E/021910
at least 85 %, in particular at |least 90 %, nore in
particular at |east 95 % of the pore vol une contai ned
Surh Ehetpbhespaicel diiahetieasetarshenr apgerghghl 8% Ordn 2 to
to,1 Typically,  t pore size distriblution iIs
losB@hQ?ﬁg%S%% e%gmﬁ?%sBigﬁefer§Or@s§yphgﬁl©y3annﬂeast 30 %,
inrppresenlakess 18a8:150% . oROEEt YR at nost 10 % .
tha L0 gartlcul ar at nost 5 % , ﬁ%r%‘g*%a{ﬁéﬁlﬁr‘%uizgﬁﬁimec{ in
FORPTSS o bEN  feametars poaeg g ufreom FO efueat 1y, phbe 1n
an®OhEr SdABoGH SL 5L but{ Is such that pores with
di aneters | es%ﬂ{t:ha%ﬂl%. T TRPT € Je%‘fghlﬁ‘r‘%l‘t’lﬁahs 0s@ahothat
the meres fvbtuedtiyerore thamd. dafgofot herdptal (HoI6
re%Pé [.n notthe enbodi ment, the pore size
i ST 71 butt ontT S stieh® t HARTS Herpbrakliath Heaset20 s3idf the
potceraglange @dndfdomed. f tig,d ent_at least 75 %
in particular at |east 880%%%% qﬁ?p({]olraem%to?wanglng

framf-ai et 36 Hihe pores with dianeters in the range of
enbodi nent, the pore

fromd. dy .0 |.n_anot her,

h si ze di stltrﬁlo']b%lt%l orﬂng}f FERIR tr?%élalqwé’% ¢5Lafigter of more
ai vt ers iprdferaEngetofl faam@.d te, 1 r. t

1oy 225t 60 ‘:ﬁq in particular at | ea}fs?r{' %56%% ﬁnoégﬁeé_‘ea%ly at
por e ‘vol'ftre doMt&ided /i Fhehagsiraes pairteh dizamstear Sid mt most

2.1t hen,r ange ef,dir@m I n_anot her
enbodi nent , ytp;le poere]astit gneojsgl srytnrulhbutlinor]?air Fhat fest

1-Fpbifles Wrer edicddet ertdid median aoge ofi afic@®r2 110 110 0 range
of FeRREPERE t, 'Ile@st 20 %, nore typically at |east 30 %
,7in particul ar “at"r e S48 G612 Py Bor Eheolnamme of from
0.9ctnt ai. Bedmi.n the pores with diameters ranging fromo.1
t he pore size

LQT%% gg}iﬁél B are10t her embodi nent, the _ _

i SRS nPPEesYORURRaP Lt hheporesinict hagi aaRiebS tiRen
ricknesnege oy FER B ROy T ST Rttt S 1521
0.25 ml/g, in particular at least 0.3 ml/g, more in
particular at least 0.35 ml/g. Typically, the total pore
volume is at most 0.8 ml/g, and more typically it is at most
0.7 ml/g, in particular at most 0.6 ml/g.

The surface area of the carrier may be at least 1.3
m’/g. Typically, the surface area is at most 5 m?/g.
Preferably, the surface area is in the range of from 1.3 to
3 m*/g, more preferably from 1.4 to 2.5 m?/g, most preferably
from 1.5 to 2.2 m?/g, for example from 1.5 to 2 m?/g.

The water absorption of the carrier is typically at
least 0.3 g/g, more typically at least 0.35 g/g. Frequently,
the water absorption is at most 0.8 g/g, more frequently at
most 0.7 g/g, or at most 0.6 g/g, or at most 0.55 g/g.
Preferably, the water absorption of the carrier is in the

range of from 0.3 to 0.7 g/g, in particular from 0.35 to 0.55
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contained in the pores with dianmeters
nggixglgrgn10.l to 10 nm. The carriers may have a
waoradican3sor e di aneter of nore than 0.8 mm, preCemnvakiog/021910
at least 0.85 nm, nore preferably at least 0.9 mMm.
Typically, the nmedian pore dianmeter is at npst 2.1 nm
9/9-noﬁeh@9b65awayeatabeskpﬁiﬂﬁlandnapaﬁgh@glgbtgg PRsh
1.8, Preferabl h the medi an pore dianmeter is in .
VOt heSr angeof “FY S Shgr ey PLoanfprensiéipiehsr deppsihion o

i atthee 1.8 Thg taLal pore b
Sltgfﬁagngfftﬁe ca???ggeﬁgs vafgg%gfmeen W de T angésY

IMRLSIRAFF9Tt heHPBRHPTpoRL aohmgherswateteabbo?pEEFglég?

s d j I t 0 m/qg,.nore in particu
R O R i S N R i G
therefoam, nhdge bodenoceuslpsepbhyrht is at nost 0.

o T Omﬁ{ticg?ar a? most 0.6 n1/y. The surface area

mig, in , | .
f ?%% %%$¥+%¥ Ty be hesedaer a. sl [ enggpofahbyerials.
Suthhensuis 77 a8R 45 AoEESt 5, TErOLeTEELET AR egnliE

urface area is in the range of Trom
- ??éylicon

m ‘ indlude 2r&f réignr tPFEies
"ore i et athay rran e

1. 2. §§q for, exan] ¢ ( . g
i G R STt Bt O G 74 [SLEYD o0 $376h metal
canlmgsiteds 3 iy, exaisl & yer Xl dy erdGaste 0. %%f%rrﬁd are

absorption is at nost 0.8 g/0,
equent | t he wat er P : , , :
e L SR R0 0

or ption
sildrcaat mosd ﬂbé%?ﬁyéfeﬂﬂégeﬁg%gﬁ&%fi%%:ﬁﬁﬁrI%%ib g /
of the carrier i's in the range of fro 0. . 1 g/ g,
TYRiFadditi ddiearcarmim:0. 3ot b5 deahthighefe WAl percent
DegRlan A g higher Lolal pore volume are in favor
I ewaoF1 a “mor éﬂ_ i éﬁegrﬁen&eadéﬁ tgaéﬁ%r NiiAad
Perb@mtheFaQMﬁﬁmmLsfﬁéhd@@%&yo%ﬁﬁ © OV I Gloit percent o-
1 inﬁregnation. However, at "a hi gher water SogﬁiIOW
alupifia’

Carriers may generally be made by firing particulate
components at an elevated temperature until the particles
sinter together. 1In general, firing may be continued until
the particles are bonded together, either by the formation of
bond posts from any added bond material or through sintering,
but preferably not beyond the point at which the water
absorption of the carrier is reduced.

Burnout materials may or may not be used in the firing
process. Burnout materials are well known in the art (cf.,
for example, F F Y Wang (Ed.), “Treatise on Materials Science
and Technology”, Volume 9, (New York, 1976), pp. 79-81; or J
S Reed, “Introduction to the Principles of Ceramic
Processing”, (New York, 1988), pp. 152 ff.). The burnout
materials may be used to enhance preservation of the
structure during a green, i.e. unfired, phase of the carrier

preparation, for example the phase in which formed bodies are
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hi gher total pore volunme, the carrier, or the catalyst

wo 2WBéigsidierefrom may have |ower crush strengtplr/(d3606/021910
carrier may be based on a wi de range of materials.

Such materials may be natural or artificial inorganic
materials and they may include refractory material s,

shapdd | Gy Gatdigies 1) ayssrzendn I esThehancoabit angkerials are
al kal i ne earth nmetal carbonates, for exanple ca

remaeath o g TR orFoHGr e T1 1508 o7 PR G| BACRELR BeA 150

all&%é”ﬁégb(#Eﬁgf@ﬁ@ﬂsfﬁfé¥wﬁﬁl@Hﬁhéﬁ&iﬁéb A 0§t reduction
preferre rtal 1s a-alumna. TypicalTy, the
in water erbsonpricesofittheasarsbenei ghte peveepet hakerials

typi cal 90, wej ght . percent ,. i rticul el
ere PRSP tEL 8" PELEELor 8 BPAALEULAL, 58, gl ohac
volPEITEN Sr BhHR] NBeatandi &€ Slimylgenesbdthy de padeibye.
firing particulate conponents at an el evated ,
t ehpekat k@O unt FPIHGR PAEPEREPRS &P NEEF %gB%FﬂeW?t?ﬁlalf

. _ge L{119: Jay tipye L oEhg b ghess
o STl AT, DY ot Lpuctumial oF s post o

appposd st & risomanyhaddedt bohes maveethéror Theobghd material
sintering, but ef erably_not beyond the pojnt \

may vt BH f%gmm%tg?ggBE%rBFi%ﬁ g?aFReaCB?F?e?Eiéﬂ?egégga?r

surBYEOOUL DBL ehhRES FRY¥ EhrdR¥rnNehrbecesedrenrtbeptiiveng The
process. Burnout materials are well known in the art

bon@cmaﬁer@alemawpb@,bgsgdyovaﬁgsétgg§:cmmpégpﬁgg gRmMposition
Mat er | al ' hE " : .
condBSLh3L5 61508 800, TSET GO oy e St

1971 "I'ntroductfion to
forinBeibhi ofi ptestallCaraniitiPaecessbnging( Nemp¥erik ions.

1988), pp, 152 ff.). .The b ‘ al b
{ofohnabbuciractl sheeth sPHERRI PRLEPE Bafrs 8 e

mat%f?gm’mhyecoﬂ fheedanphage19f nbhaicannieatpr epatatagerial,
or exanple the phase in which formed_ bodies ,
or prefhupbdy bor adxanphe BprEkt gsrénsitpeaber Regd material.

The”BEEéi%é 2481 may further comprise a hydrated alumina and

optionally a titanium component and/or a zirconium component.
It has been found that, suitably, alumina carriers for

use in this invention may be made by a method which comprises

forming a mixture comprising:

a) from 50 to 95 weight percent of a first particulate o-

alumina having a dsq of from 5 to 100 um, in particular from

8 to 60 um, more in particular from 10 to 40 pm;

b) from 5 to 50 weight percent of a second particulate o-

alumina having a dso which is less than the dso of the first

particulate a-alumina and which is in the range of from 1 to

10 pm, in particular from 2 to 8 pm; and preferably in

addition

c) an alkaline earth metal silicate bond material;

weight percent being based on the total weight of w«-alumina

in the mixture; and then shaping the mixture into formed

11
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ved during the firing. The use of burnout

:rgtm;ri al s al sg all ows nore conplete sintering wthout
woamegse®? a reduction in water absorption of PO®/US2006/021910

carrier. The burnout materials are typically finely

di vided solid organic materials that volatilize or
bogiea, anéaﬁllngngsthet themeesbdugeads BOBSLRNEy, Lt las

al so common _expedi ent to use a bond material, I.e. a
teWB‘FE?F‘éFemﬁﬁcﬁrP@d@lééﬁ thelbBAgI®, dfqo sfasu;l_rﬁruﬁb@n%aﬁfler

artlcle L oget her e bo
xgg?gd?kﬁggﬁgdrgépﬁo merclaﬁ g@iu’&%nﬁeﬁéf”raeﬁar fsowell

adapesdatoi produckathe mﬁrﬁheﬂﬁkﬁértﬁ§ec§ﬁrtﬁissyﬁﬁéﬁglon, in
ptive, The bond material may be based on

v1ew|?%a€% ?%Fﬁ#ﬁﬁ Cohpbingi o é@ﬁ@@lenﬂgsmall partlcles of

therysi Buhi 81 bafpbAbLPE OTynl NI BhibAg L e formmLion, of 4,
crystalline silica-containi ng conposi

CO‘E‘P‘P’{%Jaal:JoW%W@ih@bb@np@m th@ylsméprrelasﬁlhﬁ Be b@Ade, for
se an alkali netal silicate bond

= %ér: a y "o or %gg?rI%brp?/r%nc%?]ﬁ%?llﬂ%t%’éﬁ‘%s neP a@rinding and

Sl%\rim@atmimmbmt eriml an Theo o @t efpal Srﬂ?ﬁéya%%{mles
rlsea dr at ed al um na and optlonallyatl
ma%%?% /WO‘% i1? coMFIRn corporeiits BY datndien, and

hi
thé@ﬁ&ﬁ&ae{ndstmlﬁ,‘%d % e;:]orrrlﬁ]e:r for FsLe |n t s

i nvention my be” ma

anqtdian rﬁjnkavdnmﬂmre ’dwpiesn:n‘egi mgtdﬁ@mﬁolé@e%aﬂ@'&ﬁgll
Iptqrcceerg f [ g\rtl cul ate a- alum na having a d50

P om"% 0%31????? bh FEmdiag d?e]falf’fdﬁvf%l}f olasam ,

pan‘cmcdelsn traﬁrtthecld}aferftf R0 iy 40 t 0 50

h th
percent of a second particulate a a{um G S has the
de%&ﬁ%g’l@% WHATH 9l |ssise it ieitdsm .of the first

T o g e R M APt 2 e, mdoved
in Br lenalty iof dddint iean to 90 weight percent, relative to
the total weight of «-alumina in the mixture. Typically, the
second particulate o-alumina is employed in a quantity of
from 10 to 40 weight percent, relative to the total weilght of
a-alumina in the mixture.

In one embodiment, a carrier of this invention can be
made using alumina powders, designated above as the “first
particulate” and the “second particulate”, that are
characterized as follows. The first particulate powder has a
BET surface area of 4.3 m?/g, a dso median particle size of
15pm and a pore size distribution wherein pores having
diameters less than 0.3 pm, preferably less than 0.2 pm,
contribute less than 4 percent of the first particulate
powder’s total pore volume. The second particulate powder has
a surface area of 1.4 nﬁ/g, a dso median particle size of
3.1um and a pore size distribution wherein pores having

diameters less than 0.3 um, preferably less than 0.2 um,
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c ) an alkaline earth metal silicate bond naterial;

wei ght percent being based on the total weight of
we=2eleusssa in the mxture; and then shaping thecmuseese21910

into formedbodies and firing the fornmed bodies,

typically at a tenperature of from 1250 to 1550 0C

cohorfibutet hesgathkar 1 EB@C@&QSgﬁttHEtE@goﬁerpgﬁkﬁgglate
alum na carriers is well adapted to produce the
POWGFFi 8rECFBt BeES| HoLKMS - Aenfisar andveewonfl pheders’

rgf I a S | particles of the
P Py e G anceea= hAd BPAsT B puPe trEsBE, Beabifed by
mer@uﬁYlyntnuﬁéonipbtysamatkgbbegiﬁﬁihgeatnnylgegslgMgthen
; or examnple, by subjecting nore coarse nateri
1“?%8%??‘%&}5%94&1 st Bvikfy %At3 dHCTRe LRt m dhdasht 9520
Autbeosant v e(1pof [ atoimhde: prehaed, fiom Lhe, | arger
articles b grindlng, and t he ground and un- groun .
te%%}??c?%soai% tHéR, condi pedretnianof bermenbody meatpression

[ ' rge_and snal articles may

A ey e e Ao S (o har et ci Benibing a
carhiepxtant inpatt t tiee n@hyyteabf%@@fééfﬁéffsbﬁégr t Bglécéylll 39, pore

- ired binpdal patrticle size distribution. Typi Iy,
31.?%6:&#% &Lg%r%? c%i“gt EOL2 hI RPF Piav P 5ueRpl @ eehe ncarrier.
Redjuaitd tyhdfpd#@m 68y 0o B0 Nei Eﬂs@eéﬁcfné?cér% ali Y& 42

the total weight of a-alumna in the m xt ure:
POWERN FalRSEe tel Weesd neomir i et dtley qacaﬁegsn I@si ?than 0.3 um,

Sl ' t of fro 0,to 40 weig .
pE per cég%]/lt%{j %%%t%%{]t%' et ojt%lrg‘?]/ae}reg‘Fﬁd ptfo a’f%‘?% e i
cantieemiwitlr e niinonen efiod TBAtF & CANTd 1 YPoddli-$olume

nti on.can be made using al um na powders,

Coriatgrv%g%jﬁaﬁd;dwabﬁﬂ?el aP RS » fisdicing thiulauett dnd ahepores
Lesanend mar tieuldlge o4l e, AIAAGNIZed 88 o ve 1o

follows. The first particulate powder has a _
Perf e carcda tdfe 4a3migdiy,arad d9Gmertan pardd £l eusiae

g;\#—%g@l%q. %P oerae;: t% er?e tdaI 1S tsril lbilEI:ta: toe:n bV\cI>hn(:)o'lr ?rllant eproir aels may
comprise an alkaline earth metal silicate, for example
calcium silicate or, preferably, magnesium silicate.
Alternatively to or in addition to the alkaline earth metal
silicate, the alkaline earth metal silicate bond material may
comprise a combination of an alkaline earth metal compound
and a silica compound. In such combination the atomic ratio
of the alkaline earth metal to silicon is typically in the
range of from 0.5 to 2, more typically 0.8 to 1.4 and most
typically 0.9 to 1.2. Suitable alkaline earth metal
compounds are alkaline earth metal salts, for example
nitrates or sulfates, in particular magnesium nitrate or
magnesium sulfate. Suitable silica compounds are silica sol,
precipitated silica, amorphous silica, amorphous alkali metal
silica, or amorphous alkali metal aluminosilicate. Amorphous

silica compounds are preferred. The quantity of alkaline
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dianeters less than 0.3 mm, preferably less than 0.2

mm, contribute |less than 4 percent of the first
weoandei1esisat e powder's total pore volunme. The secomg2006/021910

particul ate powder has a surface area of 1.4 n2/g, a

d50 nedi an particle size of 3.Immand a pore size

eagbbt mebali emluberei bopdr eatbeyaNgmdiaBBE 8651 Etﬁg lﬁggghe

|y less than 0.2 nmm, contribt
ragﬂgng? 5“655‘}: f 53?#&8 ¥edshi parerabl anerpomdétably from
0.potal 2ppeegkel gaRcehbe Ehrégréﬁgu§ggofgo§o$ﬁgrga gg&%§ght
size distributions and pore volunes can be asur
Pegeeltr yCRhErLared per bbenbotylbegight ngfaslR418nRacandy

NAd e d.to.4,.1 x 107_Pa using a Mcroneretics
e B ReT FDe30 At Bt 8O (13 B Com iR G 60 Rt Ugtal
we ghh af surdhoeihensh ophef mOxé#8PeNV m and correction
conpression applied) . The alum na powders

;glrt'é}g?e{e%ﬂ%}l%§ee?ﬁt%‘l@?%@ asthi¢aee kandimpaerishemay or
i tegisti ; S re size
oy | Do oESEr (%8 orn) S SHE B o B BE o hydrated
alybiai ngd t9iel pebpbentndeaodd tabuhi fist i &N 0F S£CO-GpI e,

; rs' pore, volunes contributed by pores _
gl%éégsg{’ﬁan % glt-ﬁem ,rp(%e&f‘%?%?y o3 ¢ ol yerated alumina
is Gededlenviak 1 0 TS Wrliahth By CofF i 18d M- dPh e dn 1Y 3 may

quantity of its total pore volunmg contribute y stmal |
Su%&?@@( %ed%fti%@etwgﬂa@ﬁ i §5010f0 pores 1@9&1@1?1:1 l@eﬁcéém,

' rrd i ' to.i nmprove. t he performanc
frng %E tgcgrlrdi ghfela%@t éelfae/ or'e cfrsrgc)f:eosrfl roab'%wei—'.é)'rghé"’elght

PerfioRdl i e learidtarbtan tdid ivalghth el dRberd alm MWide, 21,0,
al k%l i.ne earth nmetal siljicate, for exanple
e

relc%la cielu%%siqﬁ cats o Y phEtterbly 2 s i i indatteire .
- A mnanicelind @il maddl Wit o d hedl kalide sarth o
metal silicate, the alkaline earth netal silicate

"t AR oot (25 alidrisinedt e (3 pften i un
com%%%%?ﬁgf%%Laf%%ﬁ%#ﬂ%é@ﬁgﬁ%é% or as ;nilquid component.
Suitable zirconium components are zirconium dioxide and
zirconium compounds which convert to zirconium dioxide upon
firing. Such zirconium compounds may be salts, such as
zirconyl nitrate, zirconyl sulfate or basic zirconyl
carbonate. The quantity of the zirconium component may
suitably be in the range of from 0 to 10 weight percent, more
suitably from 0.2 to 5 weight percent, calculated as the
weight of zirconium dioxide, Zr0,, relative to the total
weight of a-alumina in the mixture.

The alkaline earth metal silicate bond material may or
may not comprise, as an additional component, a titanium
component. Suitable titanium components are titanium
dioxide, titanyl sulfate, titanyl oxalate, titanyl chloride,
organo titanates, and other compounds which convert to

titanium dioxide upon firing. Hydrated aluminas may in some
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[ i is typically in
of the alkaline earth metal to silicon is
0.8to 1.4
he range of from0.5 to 2, nore typically
\V;ndmnnsg7typically 0.9 to 1.2. Suitable al kal pag/us206/21910
metal compounds are alkaline earth netal salts, for
exanple nitrates or sulfates, in particular nmagnesi um

ingteraee be cegnesinatredl #atB. t SuhhdbhecSinbbtAds and act as
ica sol, precipitated siTica,

» SBPEIOGE EhF ELteRTuononkonrRbl | ABeatuant st obr the

. ; ; ilica . _Anor phou
i oTILea camounds st b orEEgR T b ARGEGEE Brom o o
> WPRAME e ey thonet alisably afmt’gogd%dg&’i Sﬁré\i\gﬂ‘éﬂ?ﬁercent,
evell AR Vet ra(é[ﬁ;gs 0B 63 vty GheTpRREenin

cent, nore ‘
pa:?t-f{cpah:r cltem 6 rom®. &. 3 ovi yeh ghd - PSECENE 1&&1&%’&9%39 the

t.otal weight of alkaline earth neté?_OX|de an

we e & &L S i 4 VB Qg tied atgval beeitglet taftal
weiggted WA na-d ke MXtie. ithe Al kal ine earth net gs o

silicate bond material nay or may not conprise,

additt iBhAmkashipeaent , tle reidest e dned 1M g 1 Ay sl B e

daydrat ed Al um | s, for.exampl e, gibbsite, bayerite .
T i astrae. k p!'LrSeef &'t & a‘{”te&f]alﬁ}l%%ﬁ% rﬁ;teenp e
amoppdcqpeamsddiyinofort el dnidiatad jlded na may SU|tab¥y e

inthe range of fromO0.1 to 15 weight percent, from

0. 24&° %éitﬁmlaé@r &t beprsefllemrnes! E:tltctm &m@mpd of

@éﬁﬁ@@ﬂ | C wej_ght . of. al um ni um oxi de,
p01AI 2083, r élié%t'i ?gq :y(;%%t eell%%dl clv?%l%é’ﬁ][ydﬁﬁtf-sal @ ifdours,

Profé ngi xdgeinhe ralskals, neas@ist, h alebalo19, | i:6at @ RWML . yhen
as an additional

eeeShastat oy ot T ol commr 83" o2 S8l P
materiad aayiquﬁdaﬁgyp@@eﬁh-tEQiEgﬂb% g&rggghug[%]to

components are zirconi um di oxi de“and zifconi'u
10 88253 nBSTRRNEN BEHPepuitebiyr fonmum. i axi dewepoht

percent, relative to the total weight of o-alumina in the
mixture. The selection of the burnout material is considered
not to be of any criticality to the invention. Also, in the
practice of this invention using an o-alumina carrier, no
burnout material may be used in the pPreparation of the
carrier.

It is also preferred that the carrier particles be
prepared in the form of formed bodies, the size of which is
in general determined by the dimensions of an epoxidation
reactor in which they are to be deposited. Generally however
it is found very convenient to use particles such as formed
bodies in the form of powder, trapezoidal bodies, cylinders,
saddles, spheres, doughnuts, and the like. The cylinders may
be solid or hollow, straight or bent, and they may have their
length and cross-sectional dimensions about the same and from

5 to 10 mm.
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iring. Such zirconium conpounds may be salts, such as
fz: Pcogyl nitrate, zirconyl sulfate or basic zirconyl
woanlsanase. The quantity of the zirconi um conpeaeus20v6/921910
suitably be in the range of fromO to 10 wei ght
percent, nore suitably fromO0.2 to 5 wei ght percent,
cal Ehﬁatfedmad bbdieei ghh bk ZbhkeEAI EFLH Qﬁbdﬁmﬁ%ﬁ% by any
59!3 o the total weight of a-alumna int
o REMAPRaPFRESESY t RUABL 8P §prayane bepday drying,

canr di ti onal
ag@m‘éﬁiﬁiaﬁé"?f?gﬁ?fﬁ?nﬁéon%%e%f‘gfgﬁ P18, B4 fCkprnea o

ex anrem dFoxi d libhbmy|méﬂh&ébe,reference
EB%bﬁ]én@g Jéh@ mi]-:t{ rllege or ano titanat es,

maf| IBQ”M%dé’X@JJ at g,,,.t 'e:?caanﬁéiﬁc h{;.%v%r plg 58 41 aBEuhT BPbRFYS, US-

and ot her cohpounds " A
A- @@wmntmg AHyﬂoawgl ahanigas- Wy:a!s!i‘zso\{)ﬁi?ﬁ QP& SePEin

th titani um conpounds and ac
1n§8{‘é§}eﬂa A %Pé\,\gf“i“?%ﬁ?%‘ﬁ@ conpRnéatil fhetquantht Iyobeﬂlah@e

HORE be |n t he rang
prc??r%?nﬁ%@{noﬁg gﬂ%uir;%%[ c%l%fé%bér/e ST BT n‘f‘%y t %mltably
be \/%P@ﬁuﬁféﬁ?@émth eV nt eromleosiui 3 (ﬁhb@’l%lﬁ?r%@r%é—%tg 3%1%1 ﬁt
rticular from 0
préé)%lggegn]ilp Cﬁnu% ar% ed as ﬂ"ﬁ%‘%\é?%lfﬁe%? t@%%@ﬁimﬁhﬁ(ﬂdﬁlght
of Tihep, mlDE:lL&Ie Veofl extthend (il el g Af.- %ﬁ%{{gé‘%in dne

enbodi nent, the al kal i [T cate
Bx m&?&%ﬁéﬁ% e mﬁﬁm@ die dhkailie et ng:fcbcceaa@,ng

aidson) eXRIR QA 9:!1%%52 e egr%rowld{ #J]I}Ib eﬁlé'zlnéfa{}bf.of for

Bur nout materi al s may

SXEFBILPpr owmhm yetdyd Ienesii £ & i LS . 7 logy”,

i gnins, resins, waxes, alcohols,
o fécgf%s?%fg\?o e%%r i b0 &t ol el uFhzakbe réeampide may
be geambiltyinof equ;r)oqllty a%lemlsw wr%rlec ISEQI t he

e of from0.2 to 1 vvelght per’cerit
SynF%&%ﬁ@ 55615 WM. starch, polyolefin oxide or

polyethylene glycol. Boric acid may also be added to the
mixture, for example in a quantity of up to 0.5 weight
percent, more typically in a quantity of from 0.01 to

0.5 weight percent, based on the weight of the mixture. The
effect of the presence of boric acid may be a reduced content
of leachable alkali metal ions in the carrier after firing.
Enough water may be added to the mixture to make the mixture
extrudable (by the term “the weight of the mixture”, as used
hereinbefore, is meant the weight of the total mixture, but
excluding the weight of any added water) .

The formed bodies may be dried and fired at a
temperature high enough to ensure that the alumina particles
are joined together by a sintering action and/or by the
formation of bond posts formed from the bond material, if

incorporated in the mixture. Generally, drying may take

place between 20 and 400 °C and preferably between 30 and 300
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[ [ f a-alumna in
ercent, relative to the total weight o _ _
Phe m xture. The selection of the burnout material is

woanwiidaised not to be of any

criticality to thecT/us2006/021910

invention. Also, in the practice of this invention

using an a-alumna carrier

no burnout material may be

. . . , | so
°C iral eparpéio0d0be the €M1 h @ hokdsi Shd referably
ufgn%rreahfﬁgf thép%arrier 6§$(|ples be p[epa{ed§|n
frgﬂe fBIAPBESt 6PnBA Beures, THpisaieyof dwhieh is pBrformed

r erfALpe y t
cogentr sk S op e rod 1
bPehearverfi vatsrf oufdneeaylgp

inensgons of an %onidation

o be"uBpbSi t8H° E8ABr &l Mpight
ngeni 8xt mhP agﬁepﬁiébglﬁétween

ch as_forned bodies in the formof powder, .
12%5&1 goﬁ%@ Koditesi el Indestsresndd 65, arsphes =5, °c,

like. Th | inders may be solid or
P EBHTON SrEIGR 7 Obenke aned! Koy iyt avale et ra period

of lengtd MELEr 9SEonSECLLS
;ﬁg from5 to 10 nm The p%%

' ' bout the sane
%@%ﬂﬁg Iggg%gngg%of%rﬁ%ﬂrs'

DI e i xing endy lmyconybed emu;tf:ltxg ?;ﬂ?%t?%ﬁ@%gﬁere, such
p ' ng, .
o bt oty Pl ey S S¥Periees penee et on

pressi ng,

i X tFotu el vieab | endret haglsy gefeLen Y,
Prﬁe#r?éﬁlﬂ )gtfufrlﬁr xanp] e, US- A- 5145824, Us&ié'gl%g%{)@n
Or‘-%g'ﬂ-c R DR (e Ushe Srig0Rss HhtUS o B733840a Tt Wit Gdntirely

caﬁﬁﬂédﬁﬁUﬂ|1ﬂ.%ﬁ9&ﬁ9ﬂf§£¥héﬂé
such nol di ng processes, 1n

To .faciljtate

PR, L i o Whenvgen-

confiainiiy weynosnhientsty be conpounded with up to about 30

from2 to 25 wei ght

weirght P%%Lfg)?ggn@ed tcﬁire fer gq%ltga&fystthénam Kqurenhagiced if the

percen on

cargnierusisomaaingsl , and/ AerRR AR RIS 1 Jodd ugbise%wo al ds

0 ref%rred to by the term "processing di

T&hd

dep%%ggﬁPE Bt n @& $Tace tedowir ﬁ@gﬁﬁ@é&MKS(cm.phkObarrier. On
theeb@ﬂﬂkehahlhr%hgkg%gﬁ %%%%%E%%e%b§ %Esgh%g'ﬁged

Technol ogy",

successfully. A useful method for washing the carrier

comprises washing the carrier in a continuous fashion with

hot, demineralised water, unt

il the electrical conductivity

of the effluent water doeg not further decrease. A suitable

temperature of the deminerali

sed water is in the range of 80

to 100 °C, for example 90 °C or 95 °C. Reference may be made

to WO-00/15333 and US-B-63689
herein by reference.
Generally, the catalyst

silver as a catalytically act

28, which are incorporated

of this invention comprises

ive metal. Appreciable

catalytic activity is obtained by employing a silver content

of the catalyst of at least 1

0 g/kg, in particular at least

50 g/kg, relative to the weight of the catalyst. The

preparation of the catalysts
known methods are applicable

catalyst of this invention.

is known in the art and the
to the preparation of the
Methods of preparing the
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- . le
4th edition, Volune 5, pp. 610 ff .) . Suitab
' I
exanpl es may be petroleumjelly, hydrogenated oi
\Veymgﬁermm aYcohoI, synthetic ester, glycol, sPars2006/021910
pol yol efin oxide or polyethylene glycol . Boric acid
al so be added to the m xture, for exanple in a

rra .
Caéégﬁﬁtt jnofludp toplefneeight tRer eaplie0L8thyRi ahl¥,

' uan itg f from0.01 to 0.5 weight percent,
Coﬁgg‘gﬁgoﬁn hi ﬁgPﬁPﬁmaf at KedhrkiaretoTheraf receldfict beélver
paptestase ofabanictachd iRy Pélét%@gfgeﬁiéﬁnéﬁﬁgﬁgfcontent

| eachabl e alkall netal ions in the carrier
may e n@?eméﬁéhbmm@ltﬁagzebfempdelgnlatmohhefamtaﬂampnﬁt double

. m rudgblLe (by the term"the weig
orBkept Doy b¥ue. P UdalLe By, the (T mithe veLght e,
tovigP ght 5380602, tUSah-B7X0078, DYlpexsbadbag {Tgezzug\@ggggloo%
of g water) . The forne odi es may be dried
'Alaﬁ%ﬁgg?%% §f5a Y7 %4%?%3%rhW@hO@hb@@?it@nﬁnwgfeoihaz35,
' ' S .} Ol oget her by
Whiﬁtﬁ??gﬁ%fﬁﬁég%%/%%ﬁiﬁ?éf@eej?%#?r%?ril%%' of bond posts
f or TR ¥t bomdnamt Brdaide Iiipf@?ﬁ@@i%ﬁ te&gg % ge
X [l i ng may take place be
S 00 T IR B e TSP D et W S UMmeF J00CHSE exarple 13
oF typizalt yliore a pEiiotho) WD A0 NS B%re adaition
preferably from5 minutes to 50 hours. Typically, '
of & fﬂangge i JdtF o TRIE IR ki esqlertiarhatfdthessdmd e €11 thium
BRI NS ; i ercent of ter. .
B Genel?iaep I yde%?lﬁlrnlt Eg}Hnlr?aoy}ytﬁa teg rp%actee%ﬁﬁmgﬁﬁaf%% 1550

hydgoxpids, [Pet Ve b0 M ke300 Gy Rsef & abl y
¢ &éﬂﬁ cain }ﬂgﬁéalk¥ foﬁza period of up

cerd B AR AR %55@@2?’&51 FUETGRIERt Bty

Depbrygliemd arfd tfhier idra]ﬂp&)irilﬁgn‘r:@ff:] :tt?%oggﬁjfeg%’n%%éqnu Folgftion, a

qua%%?@fg? Reredh. thecrenas Pf ifropani ¢l am whesl d/he

car&@é&?dfggdk§% q%t%bn %bga%bcoga%%rh%kﬂevﬂ% g;;£y%£S%ay be
at least in part or éntirely

sufficient to achieve a sufficiently high pH.

The reduction of cationic silver to metallic silver may
be accomplished during a step in which the catalyst is dried,
so that the reduction as such does require a separate processg
step. This may be the case if the impregnation solution
comprises a reducing agent, for example, an oxalate, as
described in the Examples hereinafter.

The catalyst breferably comprises silver, and a further
element or compound thereof. Eligible further elements may
be selected from the group of nitrogen, sulfur, phosphorus,
boron, fluorine, Group IA metals, Group IIA metals, rhenium,
molybdenum, tungsten, chromium, titanium, hafnium, zirconium,
vanadium, manganese, thallium, thorium, tantalum, niobium,
gallium and germanium and mixtures thereof. Preferably the

Group IA metals are selected from lithium, potassium,
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carried out in an oxidizing atnosphere, such as in an
i ni ng atnosphere . The performance of the
\Vg;égﬁggéghg;nbegenhancgd if the carrier is waglews2406/021910
renmove sol ubl e residues, before deposition of other
catal yst ingredients on the carrier. On the other
ruRiddunupndshedivarr i evpstRprakeeabeyusad aueeesThukbyal is

: t hod for shing the carrier conprises
11%28‘?‘;35? 38831% 8Pd/ RracesmimnuoBsefashbdy whehGhotp IIA

' | & e ngLh ot cirical conductivity,
T the o1 tent vt 5 "desehar Fhft RarEher chbEEepposbinie,
theufrabhert ehperat umayokut hebiignbaepabi-seddnwakesni éx%ﬁni on,
fokhextAnpe, of ;8 ESl%OQ C . for exanple 90 OC or 95 OC . y
OReference'na“;’/ %e Fada to WFBbF 15835 ARRa Es. Bngiphdase o
nitrake chimrealincor pacatiedohar ei n by reference.
Gengrally, the catalyst of this invention conpri ses .
siPS%rl%épEF QTSP FeaPThlavt e errwler Apprebiabigvention

i | pyd [ MhtyFi e | oying. a silver
in catal yhe ant itz 8 ohial ped N eTBLox £ 581 VR
highly jsed et Hice | ebkreBobasdd, ca{‘mmiﬁ@ mfyf&@?%@%?@t of

he: cat t-..The preparation of the catalys
mﬁ%ﬁ%%?&ﬁ’ﬁ%%ﬁ%%%&ﬁ%ﬂ@%@%ﬂWQME
tungpide pr eparad | TR métdhe oal al wst ofcd hi s i fwveption orming
Met hods of, preparing thecatal yst include I npregnati n
COTHE! rWﬁE¥§QMWQka§ﬁh\hﬁ Rﬁﬁﬁﬁﬁuhdlan?;pfrﬁumﬁy[%E;iii?

ty f 1 || ver .parti.cles. :

v ng rer e i Ta el e preme,
mo lpdeuion  pltairiariresgnatlicoGrduyr EXaEYa daublie Qigdd) RLE (he

iApr iQn. ference may be nmade, for exanple, to
tOtﬁgPﬁgggg%%%7 FﬁfggéﬁﬁfS LS ErEEs8dggming compounds

Saz) ’ ; 2 MO 00/ 15333, .
D00/ 15334 and .00 o150 Crhen Sre Thdatssira e

comﬁgpglﬁ Gferéﬁeﬁgﬁé@@d hereinafter. The nitrate- or

nitrite-forming compound is in particular a Group IA metal
nitrate or a Group IA metal nitrite. Rhenium, molybdenum,
tungsten or the nitrate- or nitrite-forming compound may
suitably be provided as an oxyanion, for example as a
perrhenate, molybdate, tungstate or nitrate, in salt or acid
form.

Of special preference are the highly selective catalysts
which comprise rhenium in addition to silver. Such catalysts
are known from EP-A-266015, US-A-4761394 and US-A-4766105,
which are incorporated herein by reference. Broadly, they
comprise silver, rhenium or compound thereof, the further
element (as defined hereinbefore, in particular tungsten,
molybdenum and/or a Group IA metal, in particular lithium
and/or cesium) other than rhenium or compound thereof, and
optionally a rhenium co-promoter. The rhenium co-promotexr

may be selected from one or more of sulfur, phosphorus,
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I npregnation may include inpregnation with a
lgﬁu{rgn gf whi ch t%e pH has a val ue above 12, for 01010
wexerwspBg1813 or 13.2 or above. This may be accorpriuskmd/219
by the addition of a base to the inpregnation
sol ution, for exanple lithium hydroxide, cesium
boRgar oRRde compaundsr aakkyb&nmoni um hydr oxi de, such as

t et | anmoni um hydr oxi de or tetraethyl ammoni um
h§d$g§?%g¥elna§8PPg%i8 t thGaRPPynepsgendebheotathysts

arepnphsht cabcaf atBg bﬂpﬁﬁgnéﬁéggn?glg%iggiyglgéaghgt%eight

of , base in the range of from Nmo .
Ofcg??i%?Fa¥5Ftexanple 30, 40, 50 or 60 nmol e/ kg carrier

L . DY : H
S cignt t chigve a sufficiently high p
?ﬁglfgﬁug%éﬁning%angn éﬁgilver to netallic silver

- : | b shedtdus o ngmal SERP, | N WH-Ch L he
gg{;ﬁ;ﬁ?c?guﬂr'ed, SO thgfmtheyﬁgductﬁgﬁ as slch does
T oregui TE S AT'eor o€ eekenenps . ThE sonayene, tdackaseon 0.1
toi30d hemoTe/legnaih®n sol ution conprises a_reduplngh
ent, for exanple, an oxal ate, as described in the
é%éﬁmtr}é%nw MBIt Thef wah a ystepred enably/kg, if
ises silver, and a further elenment or conpound
thereof. Eligible further elements may be sel ected
f r dhhttthergrmagt ofo iiTegen, tisy frﬁéfbalpr&%sgfpééﬁfht E:S)rreo drably
i uarine, Goup |A netals, Goup HA netals, rheniu
e yaﬁnéD%Of?L#bﬁ%rﬁo%fﬁ/d?ﬁrumona tplarlm_ﬁﬁnahtﬂ%gﬁwumo
o by o e T e iy S GniASth STHTRLR s </ka,

tantal um niobium gallium

OF fér €9 Proat dideibloy Kehe & aun. /XKt @S saie gsmge,::toq:d 250
k&, o blohy ot as H%er bi di um and cesi um™ Mst |

g/ p(eferably%?kgecfghé PASMECal  FEeRiuR may poedssialnhy be

pregrutoincesi amoulteber @iy the @b"‘i{% Hrrél'é%ts/gc:ggl %ro?;t fxample

ecggd from.cal cium and barium ere po

2 ml?“g’h{%ﬁ Fe| Bedt "y esikoabby Bempodeisded .as Tak further

. rate,

eleﬁéM@annelE%@n@%aggkeeagi %esgkégéﬁt 9% a preferred amount
errhenate, nolybdate or

of from 0.5 to 100 mmole/kg. For example, tungsten may

a
r

typically be present in an amount in the range of from 0.5 to
20 mmole/kg, such as 1 mmole/kg, or 1.5 mmoles/kg, or

5 mmole/kg, or 15 mmole/kg; molybdenum may typically be
present in an amount in the range of from 1 to 40 mmole/kg,
such as 2.3 mmole/kg, or 12 mmole/kg, or 25 mmole/kg; and the
alkali metal may each typically be present in amount of from
5 to 100 mmole/kg. Suitable amounts for lithium are for
example 5 mmole/kg, or 10 mmole/kg, or 22.2 mmole/kg, or

30 mmole/kg, or 40 mmole/kg, or 50 mmole/kg. Suitable
amounts for cesium are for example 5 mmole/kg, or 5.3
mmole/kg, or 5.4 mmole/kg, or 6.1 mmole/kg, or 6.2 mmole/kg,
or 6.4 mmole/kg, or 7.2 mmole/kg, or 7.5 mmole/kg, or

10 mmole/kg, or 15 mmole/kg, or 33 mmole/kg, or 47 mmole/kg.

Although the present epoxidation process may be carried
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nitrate, in salt or acid form It is preferred to

arrier of this invention in the .

ngpmlps%m}spgncof a highly selective catal yst. ThReThisglvby21910
sel ective silver-based catal ysts may conprise, in
addition to silver, one or nore of rhenium

ouﬁowb?ﬂéﬂmrwavangstems préfeupelAcBEEALrvaRd gyQi gatae?as

ound, which may each be preseéen
ph?%egb%ég%§|forg%ngﬁgﬁggcﬁﬁstéHSWblﬁhDFbﬁkéeedahsubahedcted

inashehgael emmst GLbRNCHE caplypdenym chungsten. the,. o

metal or nitrogen) o
S0 ?“? ‘E?Eerb‘?lnl 't'—YPiL@almeLngacpapbedd]seand Pah&LEULAr the
Setestions,pfitLale; 0 %lxtw.e formgg csonpounds
Prare as defined %er el na?ter ERPET P ECCHE

ni tThe eo¥ef i nforonpeund iBe i Progati Céﬂa@ilé‘aRﬁé}HE%]%&ess

A nmetal nitrite

maéﬁﬁéﬂ%é%f%f f oésggﬁgo?st%% FF PR Qﬁefln, for example
styntdrid t %ﬁ@@ﬁ%ﬁ@f@?u%Meﬁuéér?ﬁ%% be. Lo OVI dﬁgtéé

ni on, for exanple as a perr
exﬁ%?ﬁt% dstcafiions er | b, Sabutatiac d fwir;mulqs s(pﬁ%péflns

LN it hi sel ective catal ysts which

ma}gcr)}%prl se ?hgirrﬁu &%ly ggﬁ% o%effg”élllsvér el efitral yistis

e xeae) &k otk erram P - ARENRS | U&vr%ﬂﬁdﬁgﬁ acf}gebolefln is a
US- A-4766105, which are incorporated herein

mo”roef’b%ﬂfel ‘Briswtl|axangiey lcdnpredrse Ipwpylré}@ﬂ U@-}% most
TN d thar equ the furt her el enent (as defined

pE herein ore, |r’1§ par}{ @lﬂear tungst en, nol ybdenum
an&her oé.e@mura:olrﬁdmtx&lbldrﬁ iRA It C;f'ue%g Hé/h ﬁ& fed

esi u t her than rheni um or conp
Wltopsl niéfllg;? &3PH&Nni uived-cpdnnt ehe EﬂefnlruermlotunMentratlon in

T Tur B RotoharUS b6t o6, TGAd CBFEaTAds “ERELegF, to the
totp;eﬁggﬁed ameldrtrsbdf/,t He edaponents Qhetgﬁn%@t@%y%E%m 0.5
to 70 mole percent, in particular from 1 to 60 mole bercent,
on the same basis. As used herein, the feed is considered to
be the composition which is contacted with the catalyst.

The present epoxidation process may be air-based or
OxXygen-based, see “Kirk-Othmer Encyclopedia of Chemical
Technology”, 3%d edition, Volume 9, 1980, pp. 445-447. In
the air-based process air or air enriched with oxygen is
employed as the source of the oxidizing agent while in the
oxygen-based procegses high-purity (at least 95 mole percent)
oxXygen 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
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when cal cul ated as the elenent, relative to the
aéséht of the catalyst : - silver from10 to 500 g/kg,lgm
wohewiassfrom 0. 01 to 50 mol e/ kg, if present,PChﬂBﬂg&gz
further element or elenents, if present, each from0 !
to 500 mmol e/ kg, and, the r heni um co- pronoter from

ran¥ét BEr esBRCE £8 §
*opo 89 Wzﬁﬂebhgwjgglpregfgfg?gﬁly i n an anount 0%828 to
pegg%ﬁt grﬁoggngéigVa§F9m5@ te 280mglkgpeirpent of the
for exanple 105 g/ kg, or
topaltfeaﬁar 50 to 350 g/kg, fo np

kg, or
/ k or 145 g/ kg, or 191 g/kg, or 200 g/
%ég ‘g/?%&%rt%@egakg Out83dé gh&gf1 RAbUA PBYime, the

10
copselerablubochrgoenl 1 proosmunt ol [1om o1 L8 o, 7

es/ kg, for ex
COégg%ﬁW@ﬁig@ OﬂhEhéU®1@ﬁinei§n§ﬂér8£s§éenefﬁ% %@yﬁggcsafe

d ambunt of fromO
op G Plid Pingls BT | Sload ent e ypreal ésmbess tion,
of fromO .
N ool ke %ﬁ%@i;%“?%%l%é B e R Rt Sar s

| e/ k
eé%%%é%%é% %ﬂd]Ehﬁnnﬁ@ﬁ$@mennlybdenun1nay typically be

h of from1l to 40
e s iR o The S b renty ot T
ingnesisda/ngy; tlmwdsd]fm:taﬂx}%’il_y, MR r S84 RR e} e%lu%)%/@g%'eee

5to 100
OXl%raetsem Orig Sitliah M lﬂ? ailieoﬁ% Cé;aiﬁjltevmgloanmjm/dﬁg))zlgfe Hhg
30 | or
Watml Q/e&gi’tlg{e %O% m%k‘%&. org}ag%&# Sledin estiga.

mol e/ k
I ,
Manaf@rﬁéﬁl@x@ﬁﬁ@@ﬂ@dﬁﬂﬂ&yﬁqmlaQﬂy5§&g@HFéfﬁg?J€%ﬁ%%f%

orggﬁghefégro en705m%&& kghmgkbﬁ STRRSYELk g Ghe reaction

modifier. Nitrogen oxides, hydrazine, hydroxylamine or

ammonia may be employed as well. It is frequently considered
that under the Operating conditions of olefin epoxidation the
nitrogen containing reaction modifiers are precursors of
nitrates or nitrites, i.e. they are so-called nitrate- or
nitrite-forming compounds (cf. e.g. EP-A-3642 and US-A-
4822900, which are incorporated herein by reference).

Organic halides are the breferred reaction modifiers, in
particular organic bromides, 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, vinyl chloride or a mixture
thereof. Most preferred reaction modifiers are ethyl
chloride and ethylene dichloride.

Suitable nitrogen oxides are of the general formula NO,
wherein x ig in the range of from 1 to 2, and include for

example NO, N;0; and N,O4. Suitable organic nitrogen
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| e/ kg, or 15 mmole/kg, or 33 mmol e/ kg, or 47
ﬁgorg?kg. %Ithough the present epoxidation process nay
woeomassisedout in many ways, it is preferred tectaseg6/021910
it out as a gas phase process, i.e. a process in which
the feed is contacted in the gas phase with the
coppeangst awhi chtire poepenhdas aisebkd 8BBLLAls , amines,
pcally.in, acked _bed. Generally the proceés I'S
ni%%%#%%da%ﬂtn grgtﬁﬁntfﬁEo@§?@Pb@e§$tr¢MetbhnéLnlﬁor
nitBeprdpdh€ OF e5ent +LPP¥LHaLL N ?ﬁgﬁ%%g?ggggggpgggiments,
olefin, such as an aromatic ol etin; 1
D15FFFenedT orlEr i e of efinhng whetieunden] 808t e8i 0F ook oxides
, - decadi ene or 1 , 3-butadi ene . .
anwﬁﬁgurég dﬁjé?%$$%%eﬂa§°Tﬁp%E%%c Iypieard ytogachetr efiph an
organte nonbiodef i in port xRk Card- SHIENE: Oni SPOML ENE-
Preferably, the olefin is a nono-a-olefin, for exanple
1-b %rﬁe%?tlﬁ%ﬁw%h@e%@mggmmbw wfibécelfdixre Iﬂ’geen used
in Aldy | aigeihtnol 8 1Lm caneentdation. in.the feed my,be )
sel ected within a w de range. Typica %W
Perciitentdedid o rta hdd eestaii |edip aioﬁr[é}Ear%QLéT%ﬁ?r?

[ . ferably,
ept, relative.to the total feed. Pre
0. G0 het Tt ik PRhRYPBFCERbmM 0I5 parTlcwbie ween ethe

j ft | I om.l .t l.e percent, on the same
Olﬁii???flE%ghﬁ§%%£h2$%fﬁsz% e Tee nggbﬁgFﬂé?%ﬁFq%PQNE
mOdiid ego o Pirsisemtwhiinc e Hes feeit aet ed cWidde e (Gl Al WS ter o

T resent epexidation process nmay be air-based or

0'15§§§£ﬁ¥b5§88; sé@OlﬁﬁPﬂrcrhhﬁri&hpqrtbgeﬁag ﬁfcirgsgaxlo~4
Ghepheal Fechnol ogy™, 3rd edition, Volume 9, : ,
to pp &TEI4S-m }f Hechﬁ%t AT GdESE froddiss taralorfedd.

croseamAInLeh, vu)ane (8 STPLOUGSED LB SO SEAEL 0
modﬁ?é%?;hggﬁs gad méaspogsadnlenpepﬁembkeobb@@?nbi
W L AR
hydraegrbons. Carbon dioxide is a by-product in the
epoxidation process. However, carbon dioxide generally has
an adverse effect on the catalyst activity. Typically, a
concentration of carbon dioxide in the feed in excess of 25
mole percent, preferably in excess of 10 mole percent,
relative to the total feed, is avoided. a concentration of
carbon dioxide as low as 1 mole percent or lower, relative to
the total feed, may be employed. A suitable concentration of
carbon monoxide may be in the range of from 0.2 to 0.8 mole
percent, for example 0.5 mole percent, relative to the total
feed. 1Inert gases, for example nitrogen or argon, may be
present in the feed in a concentration of from 30 to 90 mole
percent, typically from 40 to 80 mole percent. Suitable
saturated hydrocarbons are methane and ethane. If saturated

hydrocarbons are present, they may be present in a quantity

of up to 80 mole percent, relative to the total feed, in
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' i t invention.

is a preferred enbodi ment of the presen

The ogygen concentration in the feed may be sel ected
Woi20ls/133187W de range. However, in practice, OXPgEUS2®6/021910

generally applied at a concentrati on which avoids the

fl ammabl e regi me. Typically, the concentration of

| et he r 15
PagkygehappibetowrEl mbéev\ptahb)e/nﬂompgetqge%lgo le{ége e%%gm

R e R L R L efPalsupsrdenthensze
frétraeneby eat eyearr 4 bensPACEBLEALLON ?5t8%¥$§$h§98%8$?ﬁb0ns

f eed be | owered as the concentrallon 0
may gf? § n%‘?%%@ ct° e Geedalnsafdenpesalnngesasyese I6REHE

AN WM iti t1on
; . feed conposition, also on the reac
fl%ﬁndit?%%% %ﬁ@h as the reaction tenperature and the

pr eBerIrepox dateant i proc@es fhey B@Ycbe- PLESSHE &é‘iﬁg
u

[ ing the sel ectively, suppressing
ro R MR T ofF R R er#0rora orié ramgele tprererably

e i i red
the ardeort 10X sl st el ef o I@Lﬁ{é Vxearﬁe tc?;f e%l[hnjo%o to 325
formation of ol efin oxide. ny organi c '
°C,e@9§§igmbﬁega@ayidnhahbdeﬁn@%doﬁr@%@hpﬁ%ghEgggﬁpié?.
compaunds,_ . be enpl oyed as the reacti \ .
Nig?§b§§q§a ’oq“RﬁqgﬁqﬁilqnaﬁqﬁgﬂahﬁymcarriﬁﬁnﬂUﬁi?t a
| t fr ntly considere
reamyprhe rargp @g@ésa&éﬂﬁﬂngthcéo nr(f{rfqeo o5 ﬁrodrr 9430 to 3500 kpa.
t hat under the operati 1« _ T
“GH§ﬁgxP&aﬁaﬁ139ﬂ¥Lﬁ1ﬂpﬁy51VHﬁduﬂqyIﬁ$rﬁﬁ&hﬂﬁﬁ:?ﬁ%&ﬁgfg%'gas
r recursors of nitrates or nitrites, i.e.
2t AR S Rer ARt GichmsRenTRor (9 mﬁ-@'ﬁ@g?‘;m“d“” 101.3
kPag. pasEPnd 3642 and U@i@'vﬁﬁ%%%O%F p%é%i%ﬂqétﬁgmsge§er
i ncor porated herein by referencej : _ cular
hougr e Pﬁ@fﬁFébéWnewheaa¢hEOEp6&ddthb&, k&c%%%tH%ga% a gas
' opides, .and _nore in particular organ o
pha%%?%??%%?% FPEPLYiBY §afirechgpradysar bed, the GHSV is in
thechbngehgflr 62amboBs0 to 10000 N1/(1.h). Preferably, the
process is carried out at a work rate in the range of from
0.5 to 10 kmole olefin oxide produced per m® of catalyst per
hour, in particular 0.7 to 8 kmole olefin oxide produced per
m® of catalyst per hour, for example 5 kmole olefin oxide
produced per m® of catalyst per hour. As used herein, the
work rate is the amount of the olefin oxide produced per unit
volume of catalyst per hour and the selectivity is the molar
quantity of the olefin oxide formed relative to the molar
quantity of the olefin converted.

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 agueous 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
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romohydrocarbons . Mre preferably they are
grel 2ct ed %/r om the group of nethyl chloride, ethyl .
wohbwrizsis; et hyl ene di chl oride, ethylene dibr oncnil&lséoowoz
vinyl chloride or a mxture thereof. Mst preferre
reaction nodifiers are ethyl chloride and ethyl ene

lafi ide. i8ubt able2ntedgen axidesqare @fnthe
olerehl oxide. 1860 ¥ reig X is In the range of from

whe
gepgﬁgl?igﬁgg!ﬁ§F @ep¥8¢u€§§nﬁne;hﬁleFQEEd?gdohﬂﬁﬁocess may
bh eSOt EeQr GAH6CaNL T 5 0GEHEONROUNAS 4 ALL 1
be%@n%?ﬁndi, ﬁi t rogo. conpounds, af nes. n‘le{:]l.g%?esoﬁnﬂn |
allgpolamane f orAexbips einvenoieh hbeeds lto Al h6OET 9PBRSCE ive

5 Nj LN preferred enpodi nents, nitrate-
pr%ﬁe%?F??%g£@§g§%§%%c%%%§dﬂ%d§?eé?b?fh?t?%b@%rodees

conrdfmeniolgaheadai td og eflo £ NPOLAEISE 1 Rk epf@@éjsé 0‘9}?{&9

' ic halide, in particular ‘an organic .
ol e e Frd oo ol | r e gumeratinee with the
e exargl e o taoo ol B BT P eed PieER oxide

fqor exanple up to 0.1 nole percent; Te
in ity maraEpctiure extanpie ¥ oMbl xi,Q 4190 &tHe 0l 8y /0r
KRETESL - én particular when the olefin is ethylene, it
al 'S g}ejé}réd that the reaction nodifier is present in

4 ol o parcent. L par t1 Bl 4 From G s 4 St Gher
t, in particular ) = . |
mayj C%gi%g’ge , erxé"gﬂi%e neg athiect Chithailh dlwiri loxide with
it he,.qlefin, igen_and.t he reaction
watﬁgg: %Pg:&,a%?ﬁ/te Lf%elgi(?e r?ang acoi%i% i offe b@ﬁﬁF@%’ﬂM%m For
eXagpFondrrs makialy gsedantomndilgxi-te, 1, peid 9ageR A 1,2
i o3akynated %dr car.bons., Carbon dioxide is a by-product

dloi§n Fﬁg épgm dg?ie%ﬁnp%% s MaMoRey EeacEachon th exitda fold
molgenexakky baswameadvense efifkegh ?Balégefr%%tc %Iig)%t i prggence

activity. Typically, a concentration of carb 0
of PR pHddf Séaaﬁﬁfséxcésg-op-éslnwbégbtar pertenpr eb@rakky acig,

: nt
bask8 EXCERZ Qgt%Q ggggtgggcgixture, at 50-70 °C at 1 bar

absolute, or in a gas phase reaction at 130-240 °C and 20-
40 bar absolute, preferably in the absence of a catalyst. If
the proportion of water is lowered the proportion of 1,2-diol
ethers in the reaction mixture is increased. The 1,2-diol
ethers thus produced may be a di-ether, tri-ether, tetra-
ether or a subseqguent ether. Alternative 1,2-diol ethers may
be prepared by converting the 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 conversion into the alkanclamine may comprise, for
example, reacting the olefin oxide with ammonia. Anhydrous
Or aqueous ammonia may be used, although anhydrous ammonia is
typically used to favour the production of monocalkanolamine.
For methods applicable in the conversion of the olefin oxide

into the alkanolamine, reference may be made to, for example
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. . ded. A
relative to the total feed, is avoide
[ I OXI 1 nole
concentration of carbon di oxide as |ow as
woenwansisor | ower, relative to the total feed,PGﬂ&Ehﬁ@@ﬂ9m
enpl oyed. A suitable concentration of carbon nonoxi de
may be in the range of fromO0.2 to 0.8 nole percent,

USt+3r4848@8pBFe ®hScholie peccepbratelahkbyeihoniheckatal . .
Fgggé Igg t .gases fog exanpl.e nitrogen or”argon, ngy
be ppgsehé—ggoihghﬁeg eiﬁ'%'@éﬁéeﬁthﬁf;@ﬁggbefF:HdB n a
Cc i a h ] 0 no '
Lesge s percomh LSl (L0 41O M e
figﬁ S ethahecd) fbeuetraced bydaocar boosmat ecgl esBB moplastic

.in_a quanti of up to 80 nole
P R Er L SV TR o T8TE)  SLeforhpy theer aprapster
SY$'emS, nete. peTleent 1 k&NETRRNES YmdPeNe & Lal' e?SPtekQTgle, in
éét. of at |east 30 nole percent, nore frequentTy
th%l eé%%h%o(hEW%FEﬁﬂ%%ﬁfl Fatrbtesdl hyas ocar bons may
be ndltack lepsfEef Qe U QLARL, 10nd NELEA30 LIS OX00CT
flammability limt. The epoxidation pro
CTLEMT SPTRAUIAT epnekanadrdmner af i ?{&@%Eﬁ?ee fc:;%@ins,
i nge. s.Preferably t reaction tenpe
L ‘Zla-riﬂt%gs ': gkn'g% %JTJ]T oM ?‘5% t q%a%o LN rlpregastalsy
o e dj(}/Ijrjkmlrm115/8%lbt %G%O 4?)Ca?tar:a%mr?neact orsd’?hrlllogne
[ f b carried out . r .
CYEREAIYT &Y Hlithe AR FremSLOC: SO0 < G 10
R ottt e A RS AR &t 4B G R e, as
enper ,
def%%fgg%ggﬁﬁnpg§§mg@so¢em'@me&@ﬁb&ﬁfobgﬁ%cgfggﬁggfggﬁe_
e
casSBRAbIShST ML PLELOLEbL Y, oD e oo Cat O e

ocess I1S'asS a
of ggeakysgebed, the GHSV is in the range of from 1500 to

|.h) . _Preferably, the process is carried
ég gg;h%/ FRYPALE FARselabedngbeofinfeamiond 60 fi@ther

undkpBtenal ahi Rapxbde prodysgds, egeggrggcga%gl¥ig %galowing
examples, which are provided for purposes of illustration
only and are not intended to be limiting unless otherwise
specified.

EXAMPLES

EXAMPLE 1 - Preparation of Carriers

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

made by mixing the following ingredients:

1. 75.8 parts by weight (pbw) of an o-alumina with ds, of
21 um;

2. 20 pbw of an a-alumina with dso of 3 um;

3 3 pbw of boehmite, calculated as A1,05;

4. 0.2 pbw of magnesium silicate, calculated ag MgSiO;z; and
5 1 pbw of zirconium oxide.

To this mixture were added 10 weight percent, relative

to the mixture weight, of petroleum jelly and 8 weight
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hour, in particular 0.7 to 8 knole ol efin oxide

produced per nB of catal yst per hour, for exanple 5
waenuleassisef i n oxi de produced per n8 of catal ysPCPRIS2006/021910

hour. As used herein, the work rate is the anount of

the ol efin oxide produced per unit vol une of catalyst

Pepepnhourcantivhetoeket myktyrbswtheneDl 8F guantit ¥ af
relative to the molar quantity

h [ ide foroed, _
O'%fﬁ?géﬁglé??éeggnvﬁﬁgga?V?hEOOFBﬁiWlﬁiuaé peodhtedofaporic
aché.r edaveredakr eAEhhggneact 09, M usi_ng

gethodf known in the art, %%rggzéﬁ%#égngaﬁngbFﬂﬁ Phgture
SXbrefrhlextae Fhém mirbuteovasutheh skteadedntwatefnapGrmed
bo@Pt&onal el eLkn e olefin . oxide fromthe
?aqueous so?u??gﬁ %5 g?%??WI%Yibﬂqe%@ Feaktagepaberbné mm in
dizneteie aededusnsbbnyi onTeent alakagibe @k eLin, QXi ?fred in a
k'fﬁy be agglged i n a subsequent process for converting
T thett ef4 30 ol d At hpurs2-idi @lirortca phodtieolc e 4. as
ey ol.efd j uced in the epoxidation process
reg-rrrmy beﬁ(i:%%/%ﬁée% J?C% oovéegfzr-l dits %ﬂ?@‘ﬂiwemm%or@r
refgreideandabaanadd o tig szddwmgm4_q?gs to a nore
atE{active process fqor the production of the olefin

oxi 0, TP St rent (BeTsinal tar o Gronei et (B actae made by
thepleaRs HH LN L0 Y | (8854 uci the alefin oxide in

.accordance with the inve:%llo%rf aeﬁ(g:eﬁ%e tgt?[e;sgq%‘e%tpad@'e? by
Welgnt Helubt sitned: ofefliumioe detiin d;heofrarsif @etise fo4he
inskeddicd . - dj.0| .ether, .and/ or_al kanol am ne. The
lnSconvelrog: (J)Cr%l]ei %i%ltqhménf‘, ﬂ‘lléﬁhol%lsbrO? el 14®@- di ol et her may

cofprtihderd foarrraxanplierdieact-ichg v | ef iy oxj.de with
theMater, suit%%#y usin aﬁ aci dic E?§§q§§£F?>Cg%g §@%§e by
For T ExBpCECUESr afalkrd igredonierarply thiae :1, 2- di ol and

- less kiZeodhoh @libesgdt Reolelisn oxide may be reacted
with a ten fold nolar excess ofi’vvater, inaliquid

phg§68r§aétsobyiwe@gh$eﬂpbw) of an o-alumina with ds, of
15 pm was used instead of the o-alumina with ds, of 21 am;
and
- firing was carrier out at 1510 °c, for 5 hours, instead
of at 1480 °C.

For comparative purposes, a fourth carrier (hereinafter
“Carrier D”) was prepared according to the process as
described for “Carrier A” in the Examples of US 2003/0162984.

For comparative purposes, a fifth carrier (hereinafter
“Carrier E”) was made by the same procedure as Carrier A,
except that:

- no boehmite was used;

- 68.8 parts by weight (pbw) of an a-alumina with dsp of
31 um was used instead of the a-alumina with dg, of 21 um;
- 30 parts by weight (pbw) of an a-alumina with dso of

3 um was used instead of 20 pbw; and

- firing was carrier out at 1450 °C, for 5 hours, instead
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of an acid catalyst, e.g. 0.5-1 weight percent
sul furic acid, based on the total reaction m xture, at
woeQeita3M87at 1 bar absolute, or in a gas phasePC®aS2(106/M021910
at 130-24 0 C and 20- 40 bar absolute, preferably in
t he absence of a catalyst. If the proportion of water
ofi atl awepedct he proportion of 1,2-diol ethers in the
reactlon m xture is increased. The 1, 2-diol ethers
t hushfr 685EE8rFRp*ba b teid- ehhenctbri stetheks indicated in

raeth S q her. Alternative 2-di ol
TaE?%e?s ngéeb%o%Fe%gggdH EE&%HEFPPnQStﬁ§66P§ﬂﬁd o%i tbe

vohimd &naattohol(yvol nmpapti-ehay éprhHHFMFéECHQQHngSUCh

t hanol ,or ethanagl, by replacing at | east
dl%%??EEﬁ bF th8 ﬁB?EFfB§dtﬁénﬁﬁéohélo TthcoﬁvéF$oopm, 0.1-

0.8ntu@, t ez abkan nmHne.. YusoOnpr for_exa
reacting the oﬁh fin ox?ge ﬁ[nﬁ iﬁn%nfa %nﬁggrﬁﬁé'oFelatlve
to aﬁ%%o%%t%%nﬁ%¥9 vieyube. ustBoral vhbugh” anbydeosts the total
is typigally used to favour the production of
e nnnoa“%gnola#? & égﬁsﬁgFﬁoBg Cappriagapperen dipaeter.
conversi on of the ol efin oxide into the al kanol am ne,
reference may be made to, for exanpl eUS- A- 4845296,
which is incorporated herein by reference. The
1,2-diol and the 1,2-diol ether may be used in a | arge
variety of industrial applications, for exanple in the
fields of food, beverages, tobacco, cosnetics,
t her nopl astic polyners, curable resin systens,
detergents, heat transfer systens, etc. The
al kanol am ne may be used, for exanple, in the treating
("sweetening") of natural gas. Unless specified
ot herwi se, the | ow nol ecul ar wei ght organi c conpounds
nmentioned herein, for exanple the olefins, 1,2-diols,
1,2-diol ethers, al kanolam nes and reaction nodifiers,
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
atonms. A's
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rocedure as Carrier A, except that 75.8
Lgftgagg \a/ei ght (pbw) of an a-alumna with d50 of 105 .
womosas3ssed instead of the a-alumina wit hldSOPCT/UB 1571)
. Athird carrier (hereinafter "Carrier C') was m_ade
by the sanme procedure as Carrier A, except that : Bo
zi rconi um di oxi de was used; 76.8 parts by wei ght (pbw)

' ith d50 of 15 nmm was used i nstead of
RetE 2 i"‘l'- catagwptsand - firing was

AR St ) f h S, .instead of at
1950, . por anlae Silare BEod B8 S; Lo KR aprarred by
thfh%?@%‘&*ﬁ%rpr%ﬁdhée:D") was prepared according to

' "Carri A"inthe.
Ereant Q08 DR dERE GheSeaiociun otparde veepo gbses]ved
infﬁ34@tﬂﬂcﬂ&%i@miﬁ@@r@éﬂéftsﬁd"é%%r&émp£¥g%%g§ gg%gagyusted

the sane procedure as Carrier A, except

€O e hin- d: 68.8 parts by weight (pbw) of an
e e was use prrTn was used i nstead of the

- ' ' d50. .of | ed | ‘
Z- leédér% E Hvﬁlﬂ RS0 of 5 P ORI part L viel gt ¢ p)?a\g
disgfolaredh-ial WM 0@ i tde 0R6h Dfe P wﬁﬁé@%ﬁ@e%bé '\-Sérﬁg?d%%’t%re was
20 pbw; and firing was carrier out at 14 oc,*®
adippifesl Hndied€of at 1480 OC. The carriers exhi bited
ch&;frh%i:ts%rd. ti GS, A8 i.ndicated in Table I . The pore
size dist rlﬁbmut %%q}%l e?ﬂlfqtéd);gfgaﬁ]@giﬂdjimjrc;wlﬁﬁttltcﬁ;the
st1freal wie mpeseceilutafort heviRef Gt Hauing JhATRt ers, in the
(s\’\:glcifielge{anges (< 0.1 mm, 0.1-fjgagrrm,nll(eﬁa.frl R I[AR
SOlyLion. Femperatig-el®mao, °6- LOTHE, m@Rurd0wl® Lt irred for
relative to the total pore volune. "Pore vol une
15 P&BP%ggntg%@ﬁet#@{§ﬁmperature was lowered to 40 °C.

Water was removed from the precipitate created in the

mixing step and the conductivity of the water, which
contained sodium and nitrate ions, was measured. An amount
of fresh deionized water equal to the amount removed was
added back to the silver solution. 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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vol une. "D50" represents the median pore
Sio;re}eter.TABLEEXAI\/PLE 2 - Preparation of catal ynsitUg ,%6/021910
wei2bosa3iam ne- oxal at e stock sol uti on was preparPed zl: o0
the followi ng procedure: 415 g of reagen_t-g_radg soter
hydr oxi de were dissolved in 2340 m de- ionized wa

: Hust e 0 9
and “EREeEADd; aBur €, was adiust edrbpaddd0Coootiif 0., |

j [ " " | ver
EX?*ﬁlggiggtIrﬁt“’g’és?ﬁg(éb;ggu{)ﬂgkéfgéﬂa&rerh@tewetat_uae #83lows, to
O ted ol by e The el PECEY R R EBR SR, CaFrhyet B

e 1
(agggf ?ﬁé?gg%th hﬁVﬁnainhthatsbysti@n(&@g@@g@hgrgooghe

- ' ' r s stirred for 15 m nutes, then
ln?ﬁggﬁ%grgﬁﬁg}f%ssl 2@8? eﬁOIPBaﬁBS%g ¥adefatasyst E (for
compapieenf r oreshecpiesipi t atercheat e i p %‘,\IE& gééwrg loadings
and t he, conductivity of the wat er, IC
ha%%ﬁrg%eu%e%’%%f]u‘?fgam W]Pf%u%li ob@?emfteasureﬂtaﬁ?sts A,
e vas e tanE Rled A NN T S Rgeeatatyst,
adde .
12 ;%Tnﬁqe%&ml‘lﬁsél WA lkg expfaly iS5, rAmit®ss aﬁmﬂ%é)c\tun%%?en/kg
HY1Q58SS Was repeat ed until the conductivity of e ]
cawalter rTenoved was | ess than 90 mmho/cm 1500 ml fres

N e:LY : igh-purity
Ca Zed(amsdcard was ddethaaddfbni630,)g of hig
tgpf%@imc aci d _di hydrate were added T approxi nately 100
g i

I REPeNET & WATe RraRasiest dme tws deptecata thbrD Gtk .
: ter s,removed fromthis
To e piHawes Ol}fe@to%g@\é,ﬁr\éﬁfle%ngonlggntsp utjon of specific
m xture to | eave !

ILaF Vel - 646t ai/minyasl ardded The o0Sigdréets DEahARL S| Y11 ng
in Wasosaeked 1,9.30.C. 699 Sf of 92 wei gf%t per cent b |
et h?ﬁenégl ati e CeSPRET Sz §a A Ler Pinds 486ded mihi | @
vesgrilntanhatgiagt eBPeERLHEE RO Carrier A was evacuated to 20
mm Hg for 1 minute and the impregnation solution was added to
Carrier A while under vacuum, then the vacuum was released
and the carrier allowed to contact the liquid for 3 minutes.
The impregnated Carrier A was then centrifuged at 500 rpm for
2 minutes to remove excess liquid. Impregnated Carrier A

pellets were placed in a vibrating shaker and dried in air

flowing at a rate of 16.2 N1/h at 250°C for 5.5 minutes. The
resulting dried catalyst precursor contained approximately
17.2 weight percent silver.

The dried Catalyst A Precursor was then impregnated with
a second solution which was made by mixing 191.0 grams of
silver stock solution of specific gravity 1.548 g/ml with a
solution of 0.2980 g of ammonium perrhenate in 2 g of 1:1
(w/w) ethylenediamine/water, 0.0594 g of ammonium
metatungstate dissolved in 2 g of 1:1 ammonia/water and
0.3283 g lithium nitrate dissolved in water. Additional

water was added to adjust the specific gravity of the
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han 30 C. The final solution was used as a
gtr gg}(e;i Itver i npregnation solution for preparing t;]be .
woabmlgsiss. Carriers A, B, C, D, and E, pregamuseos/o2
according to Exanple 1 , were used to nake sHveg_
catalysts, as follows, to form Catalyst A (according
sofytipg FAvéntPeny/mlCat aby strals( agcandhngopedt E%l)ut ion was

' ' ' th tion)
mikBUOPLER"Y FP3P' EohbarFeti) weiahe DarabsS! cRaghor hydroxide
O ol e EeAReC e oina b LRt YBh B8 FRaR: Bp.

[ been specifie nT .
Pr!ﬁﬁgg%f; §§2$3t£? CA,pV@S,SeéndoEtaliﬂﬁ)ngloaoﬁgﬁ%@lﬁZOg the
3Dy, i | c lyst, 1 les lithiu g .
e cat ai§1§5/ s% hﬁgﬁg@%g%r n?rgogeév?ﬁﬂﬁé?g]r?? g*€af®l Jgtfor 1 minute
andatla yEindl (Huppeghagisn &HButYE %QHAdaeéiang}i Y&t MMer
prepared in two inpregnation steps. To 1 grans
VG ey o%gel? SURRTTYR €F urebrretd spedi the }graclv?r%ori )
ol o W Epes TR Ty B 6 Tt Lmregnated
[ as : .
pr%gésé?a 8 i d’%ﬁfﬂl B Yd\%liﬁm@qg@ri‘}fmmd oft Goo i@m&?@@ eﬁ%ol ug;@ét |%rc11to
faor 1.mnute and the inpregnation s (
reﬂmﬁg@%ﬁﬁol%%rq er r%ﬁX%t dhd ARfctinrRTe Hekrad 1rt1 a
viheshune wis ket easpdianst the Larf rﬂl%wiadﬁ %%atroatceong&ac
the ljquid for 3 minutes. The inpregnate rrier
16 g i /Ko tc @RO°C figed Sab 5@Gutps.for 2 mnutes to
< xld'%m d. Inpregnated Carrier A pellets
Taced—t A—aA-Erat Gy aR L o dried in air
it B malse < M Rl 2RCE00 3 35 catarl .
Hﬁ\mgg.}m?he resul%iifer?gh@dri ed catal'yst praeéll?rsp‘?‘rs atalys
A USAES) ﬁ[@g SpprExicratalsy Bz, 2 Thei gipecidicentrasiityelbf the
impFhgndelied Catakysh APLARUESOL vas, then tipregnated
wi th a second sol ution ic_ﬁL s "PRAEIPY AR G S191 568 -
Thegdgigdofashlyet 8t Bolecsekuli @8 50k hepes bire @bVt Yiith o

secéné4§09ﬁ€koﬂﬁ%ﬁi%h was made by mixing 194.0 grams of

silver stock solution of specific gravity 1.563 g/ml with a
solution of 0.3160 g of ammonium perrhenate in 2 g of 1:1
(w/w) ethylenediamine/water, 0.0629 g of ammonium
metatungstate dissolved in 2 g of 1:1 ammonia/water and
0.3481 g lithium nitrate dissolved in water. Additional
water was added to adjust the specific gravity of the
solution to 1.521 g/ml. The total water added was 10.0
grams. 50 grams of such doped solution was mixed with 0.1827
g of 46.07 weight percent cesium hydroxide solution. This
final impregnation solution was used to pPrepare Catalyst B.

Catalyst C (according to the invention) :

Catalyst C was prepared in the same manner as Catalyst
A, using 120 grams carrier C. The specific gravity of the
impregnation solution in the first impregnation was 1.552.

The dried Catalyst C Precursor was then impregnated with a
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. . in2 g of
tion of 0.2980 g of ammoni um perrhenate in _
ipllu(:/v/vv) et hyl enedi am ne/water, 0.0594 g of ammoni um
Woéomlumlgfzt ate dissolved in 2 g of 1:1 anmoni aPwats2006/021910
and 0.3283 g lithiumnitrate dissolved in water.
Addi ti onal water was added to adjust the specific
segpadi plotiphewblichi east m_aaeng(}_ tgl%méni;sggggggxgﬁﬂszéfo .;ilver
tion v m xed Wi : ~of 46. .
St\%g%gﬁsggggggg%’%cI@E’FE&?E?dﬂB%V&IEYSéI- BPRog/mThivg thi aaiolutlon
ofi opeeynayi 68 Sehdhi R 16@§rHéEQFE°%Br %2? f%f?tzi' Yobuh -
essel containing 30 grans of the al'yst
et@Y i‘éﬁ?%?‘m%m/ wehedat 8d08d220 am &lgmbgguga %Fﬁgaﬁggg?te
i | i egration_sol uti on was adde der
dl%ﬁ?ﬁﬁﬁ?a%ﬂ;%p hgfv%égu%?%%%l?gW%BEEda%ﬂdOtﬁé9brgc@¢§b¢um

. . . i ; i . e
nigrapeedissotvedaih W@EeflqUAddi@ioﬁaﬂ?ﬁg%ﬁfayggoﬁdg%%1to

' ursor was then centrifi
ad#%giggﬁgaﬁg%g{fgcr%ﬁ%Vét%x%%s%h$ia%l@tlﬁntabéSBSFng/ﬁl.
AEEd ds a yibr _shaker_an Lol M e
Thgﬁéﬁ%m@%tp&a rate of i1/6. Z@ﬁrﬁ% at” 259C For® _*:BSUC ope
SOTH MR Yo TAN NS twE I ak 23N N ¢D 41607 WEIGhIODercent
Satal : K Prepared in the Sanme nanner as | talyst
CeA u%ﬁ]% 13\%69gr Ans CArY | gTthBs_ %Wﬁ%f@@@m&%utlon
waspfusere Gomregrate aatsdlydd an in the first inpregnation

cattilid A0 epana i Xalcond Sol uti on whi oh was made by
pect e o avity DERS G T W EoG G A Catepve
A, le&pgamig;mnﬁemimen.n aHe @;‘pebilfi(d/\//g}gavity of the
et enes) amugial o 00980 8 of s
SRS o e § a0l I e
impg%gb%%%ﬁgwip 8s §FGENen spd ut 1621 whhinh. wke radiealbyWeati & ng
199adde@damds o059 1ver stock solution of specific gravity
1.548 g/ml with a solution of 0.3370 g of ammonium perrhenate
in 2 g of 1:1 (w/w) ethylenediamine/water, 0.0671 g of
ammonium metatungstate dissolved in 2 g of 1:1 ammonia/water
and 0.3713 g lithium nitrate dissolved in water. Additional
water was added to adjust the specific gravity of the
solution to 1.529 g/ml. The total water added was 4.7 grams.
50 grams of such doped solution was mixed with 0.2435 g of
46.07 weight percent cesium hydroxide solution. This final
impregnation solution was used to prepare Catalyst D.

Catalyst E (comparative) :

Catalyst E was prepared in the same manner as Catalyst
A, using 120 grams carrier E. The specific gravity of the
impregnation solution in the first impregnation was
1.527 g/ml. The dried Catalyst E Precursor was then

impregnated with a second solution which was made by mixing

33



10

15

20

grans. 50 grams of such doped solution was m xed with
0.1827 g of 46.07 wei ght percent cesium hydroxi de
weoeabwstizansz This final inpregnation sol uti on wasCuA&S2006/021910
prepare Cat aI yst B. Catalyst C (according to the
i nvention) Catal yst C was prepared in the sane
19fmfAngrams Cht aliywerAstouki BglE20o8r aHBS?éEE.!EgE %ravIE?
the inpregnation solution i

t
P RE b P R uhdon. SB207TAe cei o8 Gmvahyum ferrhenate
1nP2egu<bSOI Wafﬁwyhﬁ‘netﬁ?iéﬂééigﬂl %Qaﬁégfﬁggpégﬁgt@g

ch was nade %/mxng
am@%?h?Wd%e%$t§%%% fte @1a$®1yed 5522 g nbfwit b émmonla/water
§0h Ui d f n|u errhenate in
TR V\ﬁ/v)é)e%% ene %@? T87° %5%8311? ‘tja‘é?ram%gdumonal

Wam%wawawl @ w@ﬂ t e 2518 @
Soﬁg_gl(%)l 42%?11 ‘?\%%J/,tf}s@j nitrate %?sfégjll(\:/ed In ?@F‘\Béﬁé

ora *%%t%ljm%‘ttelth@d@q:récwés; C5.0 grams.

50 grmand Yo Ofsddre A E;}(;_ The total water
6 added was 11.9 Cg?%rm Q%uod%%n suc%dd'g) Wy Lot U3 o of

whs RS \M%W@Q@h@mihm@almusgimtutpmx@enltmfélMﬁal
IS T1 gnat1 on sol ution
1mpDedrd 148, sS4l Q0 é.}%/eé]at@ %aé{eysga@lyst E.

was used to prepare
(conparative) Catal yst D was prepared in the sane

manner as Catal yst A , umangelz@ grans carrier D. The

IU” solution in the

speckEhCygEavi Ty Of ]
first |n'pregnat| of wagg ) %983 PPt The dri ed Rt hvyst
D Precursor was then i npegrat/ed)w th a secong,,
sol ution which wa$ nade by m xing 199.8 grans of ent
silver stock solufion of specific grav|ty 1.548%giwm
wtha spl ution of U.33 70 g of amontpm-per+henate—in
2 gof 1 -1 (ww/lethylenediamne/ watef, O. 06712% Of
am’mn]?u’i‘ﬁ rretatung:tate di ssokved In 2 g of Il 35 5
Aoy At At er—and0-—3—713 g Lithiumnifrate di ssol ved
in wafer. Additiopal 5.5 27.0
D ) 7.5 26.8
B 6.8 28.0
*) invention
**) comparative

EXAMPLE 3 - Testing o

f catalysts

The catalysts were used to produce ethylene oxide from

ethylene and oxygen.

loaded into a stainless steel U-shaped tube.

To do this, crushed

catalyst were

The tube was

immersed in a molten metal bath (heat medium) and the ends

were connected to a gas flow system.

The weight of catalyst

used and the inlet gas flow rate (0.28 N1/minute) were

adjusted to give a gas hourly space velocity of

3300 N1/(1.h),

as calculated for uncrushed catalyst.

The

inlet gas pressure was 1550 kPa (absolute).
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s added to adjust the specific gravity of the
2gfﬁiigﬁ to 1.52 9 g/h1. The total water added was 4.7
wgnrerss3380 grams of such doped sol ution was m REWUSRW06/021910
0.2435 g of 46.07 weight percent cesium hydroxide
solution. This final inpregnation solution was used to

albysurd pa€aedl yRtobghCeARARALEYSLt: bed. in a
pr cpapegeat aly I;tl?ed in theﬁgarre nmanner gs Cat aI’ysfl

" oﬁ% gk%égug?%gﬁg%%gleﬁr r fBF1RY . thrpeespoeef tesgraunt y

using . : . . .
i ' ' 0 e~k kst regnati on
e 1 B oo Te® e Rard SR fr kel B Prasent
etm‘ﬁn? np? egnEP EdMei PAraesecoxygsn) US| Onvelied pescarde

i i 09199. O-gr f silver stock solution of
caf%%lg} Cﬁ‘g‘g%‘?%m ?3 \?@A@e PR CE P REERYRR | d3Rdot - 0. BR18. 0
pPaytof pammohl Lopesy heahinee | (o@ng) ey oM ge
et hyl enedj am ne/water, 0.0641 g of anmonium |
netﬁ?eurﬁg%%ta%%l dF 30t e dtémperat wfe wds arg®Micd/ W€t his was
d, 0. 3545 lithiumnitrate dissolved in water.
TeTRAd Ot %a]faetiev%fs Hdéd pes dguastot IQQSSﬁ@cahdcthten
. : ,
adjursndd Yedfad hes Se%l'%éx%‘ 4 000111 7nt:q/e '%]Iheedtcg%ra Yv%{?tent
added was 5.0 grams. 50 grams Of ST Jofs :
Of \dasl HOdeHnanRer RIRO9R o lof dtﬁ:llCE‘c w@mﬁﬁ%}@?ﬁ el
[ i,on. This final inpregnati .
Ch%\aig rél?s( IecgﬁiCose(')flpérijc;ea:oi“‘gl:]"en Ggét al Vs tPHEW - THA qumapemVRlat 3 at this
corestsiimg dfeved! alnes tissube v© aldlyistey a2 ysed 10 Pepk 4o
produce ethyl ene oxide from ethyl ene and oxygen.
s L8ete Vilus hAPRERCE ey & HeoadéaLiyntto o o
i SN was immersed in an
par‘ﬁg?gleﬂéﬁ?a ?ﬁ%a?i%g |nu%(ijot§flhi FHE e RIS RS Coitnédinsd

i hniFHe lyei ebleatakyst, usedand .y
requdredgss feewhsydteemnit alvecbehlc m'fenﬁe{%e) Wisl, e g the

hig%ggag%%ggcggii%gﬁ?%%%b%gégnvgpgcﬁpgtéﬁl 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. TIn the testing of Catalysts
A, B, C, D, and E, the activity and selectivity were also
measured upon continued operation. The results obtained
after a cumulative production of ethylene oxide of
0.5 kton/m> and 1 kton/m® of catalyst are also reported in
Table III.

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.

Also, the present invention exhibits improved stability.
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3300 NI/d.h), as calculated for uncrushed catal yst.
The inlet gas pressure was 1550 kPa (absolute) .The
wqgasoenxisar e passed through the catal yst bed, PaTASid6/021910
once -through” operation, during the entire test run
including the start-up, consisted of 30.0 vol une
percent ethylene, 8.0 volune percent oxygen, 5.0
vol une percent carbon dioxide, 57 vol ume percent
nitrogen and 1.0 to 6.0 pa?ﬁ@LBerIﬁﬁlllon by volune
(ppmvyaei Iy chi ori de. T | ature
was 180 01(]:ly and thi $ 3%%8?%%%15? up a‘?mpaelFaa‘i‘ér f 10 0c
per hour to 225 C and then adjusted so as to achj eve a
constant et hyl ene oxide con;ent of | 3 .1 yolume percent
in the outlet gas stteam at *hn et hyl chlo??de
A tbncimtthslop of 1. 3| ppnv ggPer formance dgta at—thi s
usually obtaijned for initial peak
%%I%c?l%??%h“Dependlwg up8i -the cat al ystzaeed and t he

[ PArANEL G p,Of the ot e tine
required to reach the initraf, peak selé%%ﬁvity t hat
[

B ﬁhliimﬁ&ﬁiﬁmﬁt sel ectivitygyreached Tn thg it
age—ef—the-process| may vary, Far examJI e, thg

%%ﬂrﬁijd“ﬁbgﬂ sel ect] vity8@f6a prdcess m&g be adhi eved

ar mm/ be _ag

A TencdH M?L or 2 days uf8 pet-at-gh—er— hi eved
after as nuch as, fof exanpl 1 nonth 35 oper atfi on.

C 4)n timd ttiesltlivng of Cat al'ysgs. A B[ T 55T, andE |,

WW@H lvity were |lal so _neasuredjupon
conti“hued ﬁbration The ?%sﬁlts gbt ai ngé4after {a

UMl pr oductT gm of gt hytene-extde-et—0-5kt on/ m
3 and 1 kton/m 3 of |catalyst”are 4l so r@ﬁarted il n

D *féblénuWualAW‘advantage of5the preésent ppyenti i's
't“ t at S rade-laccording ta tlhis i nventi on
{;"ex;i?lbl?glt ﬁgﬁbased |n|t|al8%e$ect| ity aB5Lhe safe
aet hykeee /@fl d& prodyctiorgdeyets: Ses

E *%), initially 86.8 555
at 0.5 kton/m’ 85 .2 o5
at 1 kton/m’ 82.7 267

*) invention

**) comparative
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. . L . q
Al so, the present invention exhibits inprove
stability. TABLE I11H4573 (PCT) CL Al M S.lp' A D bslo21om0
woantei1esisconpri si ng al um na and a bond materia CT,SWJS/
carrier conprising a surface area of at least 1 n2/g,
and a total pore volune and a pore size distribution

wherein at |east 80 %of the total pore volune h$-4 73 (PCT)
contained in pores with dianeters in the range W

0.1 to 10 mm, and at |east 80 % of the pore vol une

contained in the pores @/iLhAdg' afeters in the range of

[ ith dianeters
from0.1 to 10 nmis co pores w .
in the range of from0.3 to 10 nm. 2 . The carrier of

' ' ' [ [ face area
cla m 1l sald carrier conprises a sur _
of ajé\'t I%é@%%%r ?%Prﬁs%n%h%ﬁﬁﬁ%%a stBe dikendbuatenial,

sal oluiin? davpnysmgedi anrpREe LaUELer pore. than 0 8
The carrjer of claiml V\,h_ereln's_ald carrTe '
ancg:nognbtrof'tsaiejs RRTe aikume 1a19@iegmc?l‘p§3rm& @étrﬁblﬁ)’@m@l'kﬂﬁjereln
at dalepid aed asr tihg welght ;95 SildGon A d%é%ﬁ%éd in pores
relative to the wei ght of t%e. AT UM ha S :
witdh Ghemetsire)iat mite wheras o alsbdand 6l’lﬁ:§ eerohqh%,g?é;}liozrﬂ
t.,of the carrier surface. 6 . e Ce '
leég’?aisltoa%m %heﬁﬁoﬁeséfodluéﬁ%rﬁ%adé}ﬁﬂ!1§éstfp%1rncp:r:§tseisvglaih
diamedstrspant itald y-hopdest togst hen By, S LA DAL R i
7 ...The carrier of claim1 wherein said bon T
POt &R Fgmetsns dat ddvmt aiamiaey odorfrasi 0.GN oMY iy&i.Ng
a eryghal kiazalien oifntylg]iiﬁnor’ W, aelr%'l nhi i t-or rI n'Iﬂe]3|3:bIc:tolmngrises
the formation of crystalline s'|i&5l-§€ﬁ1da|cléﬁ| FFgL. é?
3 SEEHPESI BireRs ofgat Teastarnr.Bem?pd. cl aim 1 wherein sai

bogq %ﬁ%ekg§g Eﬁz%ndggiggkugggglo%ltag?%?é having a median
pore diameter more than 0.8 pm.

4. The carrier of claim 1 wherein said carrier comprises
at least 0.1 weight percent silica compound, calculated as
the weight of silicon oxide (Si0,), relative to the weight of
the alumina.

5. The carrier of claim 1 wherein said bond material
coats at least a part of the carrier surface.

6. The carrier of claim 1 wherein said alumina
comprises particles at least partially bonded together by
said bond material.

7. The carrier of claim 1 wherein said bond material is
@ silica-containing composition comprising a ¢crystallization
inhibitor, said inhibitor inhibiting the formation of
crystalline silica-containing compositions.

8. The carrier of claim 1 wherein said bond material is

an alkali metal silicate.

9. The carrier of claim 1 wherein said bond material is
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9 . The carrier of claim1l mhgrein sai d bond mat_erlalof

i san al kaline earth netal S|I|cate. 10. The Carrhg;mmmznno
woleiermsaisnher ei n said bond material conprises gﬂghe

al kaline earth netal and a silica conpound an ne

atomc ratio of alkaline earth netal to S!llignmherein
anpailaésne. sarghometal. sItnecaaérl er of claim

licon is
t tio of alk I|ne earth netal to si
bet ien BesbRE-TeF. oo CTnna eanhrapiof cord s material

compei séa aheaakQMhﬁeBégkehO&eegkaéh&e%eslégFgftS%BESnd and
th%:%#%&gcQﬁ%?géﬁggﬂélbéhdnﬁae@rthlmebaprt@eglal§b5|gg

d fromthe
YRR Ugn d t | east one netal selecte
begrou @o%g?gt?ng of magnesium and calcium 14 . The

car¥ erTl@ﬁf @duarmﬁ w1 e¢ B 1in SEO dm@éf@wau‘fé’“@{&ﬁfé ratio of
gﬂﬁ said bond naterial conprises
al}ﬁél Fat ed- ol 150 shearys é@ewe@ha@nsltilowhez! ein
Sal:ld2 hylﬂ‘[éltc%irlaiéjf”é@ Faﬁﬁlfftvﬁ'gerfcﬁr%npt he rou:ILoc ratio of

n3|st|n of bayerite, boehmte

alkg Thip el e rd i ot msamtweeam & % 4 rl%
u t|t fodydrat ed- al.um n | bet ween O.
\(/qve?ght %l(;?cent e2"1al ng| SAet d?he dfrorai U tre e 1

con}p)rl@;@s( Al m)a,car eicﬁrtpdiﬁld %mtdq%lt\’\@' %%fnes%e%aﬁ ps[%ﬁ\&ted

17. The carrier of claiml erein said

frdm %ﬂ% hale) ciThe
Tateri & CEmsrSdsS td ng Ao Fiegmes Mpo amd, cH.
catri.er Tok ehatmel? Jhenein thyh%“a”t 't %;@aqlmd;nga nt

conmpound i s between
comé%ﬁgggg;géhgggﬂw@rw@|@nﬂ sﬁlﬂlb@ﬁﬂlm&kékﬁéud%c$§&9%%

The arrler
[ he wei ght of the alunmina. 19
hydggkgaa%%y%g erein said bond materi a

15. The carrier of claim 14 wherein said hydrated
alumina is selected from the group consisting of bayerite,
boehmite, diaspore and gibbsite.

16. The carrier of claim 15 wherein the quantity of
hydrated alumina is between 0.2 to 10 weight percent,
calculated as the weight of aluminium oxide (Al,0;), relative
to the weight of said alpha alumina.

17. The carrier of claim 1 wherein said bond material
comprises a zirconium compound.

18. The carrier of claim 17 wherein the quantity of
said zirconium compound is between 0 and 10 weight percent,
calculated as the weight of zirconium dioxide (Zr0,),
relative to the weight of the alumina.

19. The carrier of claim 1 wherein said bond material
comprises a titanium compound.
20. The carrier of claim 19 wherein the quantity of

said titanium compound is between 0 and 5 weight percent,
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[ [ [ d. 20. The carrier of
conprises a titani um conmpoun _ carrier
im19 wherein the quantity of said titan
\Ngg;muumm7is between 0 and 5 wei ght percent, caPCuiuat®d/021910
as the weight of titaniumdioxide (TiG2), relative to
the weight of the alumna. 21. The carrier of claiml

cahfietetadt ae theriveighasod @QE§n§ﬁ%ed95§§&%Bx%&89), relative

' ast 90 % of the total pore vo
togg#g‘?%g%h{:ﬁo hERBoRLY™hPeh di aneters in the range of

: 0 % of .the pore vol une
romo. zke abcim: o essh 90,0001 Lhe pore volire
PO¥¢ o o2 19t vt ubbuhion kaviagned ieageres i &h ghgrr@é@%% pore

j ange of . from0.3 to 10 mm; wherein pores w

vo%ﬁ@éégéés gr%%t%? ?%%hpﬁﬁe%nw+%%r%%%m@t¢%§slmhbhe1?aﬂge of

fron qHe toth ypor eatol eiE: ang P £S: WU E#bp%a\p? Lt%rr“'? %gr?igained

. than 0.3 mmrepresent |ess than 10 % the tota

0 OlURS TS WL AR e rofin dien 2ingheri firdheo PDIES 10 pm

e it Ll tia! A EALPI WAL I AP SSeNL AL MO e o 0.5
% of the total pore vol ung; and 0 % of

to ditargterdiqnssi trivare<0. 18l thndiepieasant aite st t}_la{q%lo m
ptl,lé%etlﬁt gl 018 vollLbr@ g .. The carrier of clai (r;gf e

Fe e ein the ¢alrt & Fad Thsditatr Pomens afmsiuare gindatpores

withpst atetmrs d dset AlhpOrE 3V‘?JHP'P°eﬂx%sté?1f9t rl[aerl%z Sf frl%m% of
0,2 0 0.8 m/g and a surface area of a .%¥Hb_
thec%???@rPSFebWQlﬁﬂﬁa wherein the carrier has a nedi an

di I r f fromQ.85 to 1.9 nm, a
Coral Pore voratt th (REUTaAge ‘BRI oM S B P g
diagRgeassareateratban not he rapgesehtl LoMubsd 40 43 JE24 g

[ im3 wherein the carrier
tOtég. %?geggg%hggag%dg% Iw%@ﬁﬁsp@ﬁéénﬂiaabuﬁtaa1&3@ then

0-3canteprbasne medhasioa ¢ BrATHLCL LG, e onge, oL

of8$10n¢b¢3cﬁﬁrier of claim 3 wherein the carrier has a
median pore diameter of at most 2 um, a total pore volume in
the range of from 0.25 to 0.8 ml/g and a surface ares of at
most 5 m?/g.

24. The carrier of claim 23 wherein the carrier has a
median pore diameter in the range of from 0.85 to 1.9 um, a
total pore volume in the range of from 0.3 to 0.7 ml/g and a
surface area in the range of from 1.3 to 3 m?/g.

25. The carrier of claim 3 wherein the carrier
comprises at least 95 weight percent a-alumina and the
carrier has a median Pore diameter in the range of from 0.9
to 1.8 pum, a water absorption in the range of from 0.3 to
0.6 g/g and a surface area in the range of from 1.4 m*/g to
2.5 m?/g.

26. The carrier of claim 1 wherein the carrier has a

pore size distribution wherein at least 75% of the pore
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surface area in the range of from1 .4
22/8 tgi)g2égdrrg/g. 26. The carrier of claim1 wherein
wohewsasrer has a pore size distribution wher eC1/U82006/021910
| east 75% of the porevolunme contained in pores with
di aneters in the range of fromO0.1 to 10 mmis

vo dainegotaspvi-ths ﬁh@ﬂeaﬁéﬁet@réhfnreﬂ e Qf LT B from
bene at protal =0 27. pThe carrier of claim?26 erel ﬂ {3

?east f)%OWH ot St At bt BeGol inorent al Heddi ampbees Wit Bhe

nothergange,0f fromO0.1 to 10 mMmis
ralﬂ%ﬁtrﬁfﬁfe%oﬁlnopgrgé Q\A@tﬁﬁdl aneters in the range of from

0. 210 Hee parrdsr Ghectaimizé wiferd b rﬁ%?%éﬁ]@%?%g,t@g the
t tion suc a
o N otk o1 e rrge SRt i, migaoamye of
frmm@s@m roren Lhare0: Jols Uhe Sotal pon Yol i BFef%n the
5 %of the pore vol une contalned in
ra%{ HD%%%‘E % tHe ¥ange of fromo0.1 to 10 m1}|]§om
r
conigi neghd %Mfér VA £ Nl £ %{“3‘76 Vﬁé' f th;}%ﬁa”%{ﬂg]fe% o

5 to 10 mMm . 29. A process
POXEizer diiitsiowsinpr i sesh frarad ngea POPEdIRG O dnd W s in

f t
the? sarldeOBOE A T mﬁiﬁ’ght a&%{]%%grr?%ﬁgngnﬂi@;% itdlan A& of

artlcul atea- al’
the( ¢ Ba) @ore aluned aH MMt 1fs @no% tt?hS\%o\Axgel Qro}éﬁne
rce t .of a second particulate - alumna ha
rg]1 40 @%%m%@ww&a He feihestrapafe icfulfatgn 0.1 to

h t.h raneoffromlto 10 mm
+0 @mgﬁgnggﬁtgﬁ%gwklﬁ% ﬁl eart htr?}let i‘erSatt® B&%d range of

fropﬁaﬁe[tpallo wei.ght percent being based on the total

mebght gfp%o%g%gl%a ' %h%rgbé&ggionag% a carrier, which
comprises forming a mixture comprising:
a) from 50 to 95 weight percent of a first particulate o-
alumina having a median particle size (dsy) of from 5 to 100
pm;
b) from 5 to 50 weight percent of a second particulate o-
alumina having a dso which is less than the dso of the first
particulate o-alumina and which is in the range of from 1 to
10 um; and
c) an alkaline earth metal silicate bond material;
weight percent being based on the total weight of o-alumina
in the mixture; and
firing the mixture to form the carrier.

30. A process as claimed in claim 29, wherein

- the carrier has an alumina content of at least 95 weight
bercent,
- the mixture comprises:

a) from 60 to 90 weight percent, relative to the total
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firing the mxture to formthe carrier. 30. A process
[ in claim?29, wherein the carrier has an
wgaul;!vgglgggntent of at least 95 weight percent PCTHS2006/021910
m xture conprises : a ) from60 to 90 wei ght percent,
relative to the total weight of a-alumna in the
weﬁghtuﬁé,aoalamﬁhastnpagéigﬂk@?@sa-o@&%n%ggzgaﬁﬁggigu}ate -
' ' i.ze 5 0 rom ;
A B by 6P WBF G pEREERELer ela6] Vs anéstnt alo o
40wemght of a-alumna in the mxture, of a second ;
particul ate a-alumna having a nedian particle size (
D) 50)IEPMf FdnkQ 40 Behwht medcen), aneBhketENEoehtheoral

. i i si 0.2 to 2
e g T 8 e haom part fotace

wei ght percent, ca _ e _
“"ﬁllktgirilmeh@‘aimgm arehedi i gerend i si£at gy, S P %Om 2 to
Jagi&/etothetotal wei ght of a-alumna inthe
® LEﬁ?'xt ure ; magnesi um silicate or a conbination of a

i (o¥VIgTa § idd ound, i.n which
5 gg%ﬁ?a]ﬁaoﬁﬂﬁe at ol?nnget?%%%i% %;%ﬁ%%rf H35134 con

eas! . Dft idht?, partkrit o & to-& th
COW%r%erqq‘efj?%db DIED.D e dh pdr ate, calculated aasS ©

[ : t 9f.@an al umna hy:
to%z%lér ei gjtequaelqiaoljtrhee %adfth Yhtoridey-and Lﬁ'ﬁ]{Fﬁ:am’:‘, as
SiGhermilrtive, tandhtheopEICGSS &O MR &eglﬁp&?,gngnd he .

. xture into fornmed bodies and firing the forme
ml’%léldfieés at a tenperature of from 1250 to 15500C . 31. A

G 5 toral e ol e aadeeBGBEr Gempound
andtagt §§ lisre C@glp@rmdi,s icontdiche ¢omb ipereSivite HRIBIENS tio
of h@gh@%ium to silicon is in the range of 0.9 to 1.2, and
from 0.5 to 5 weight percent of an alumina hydrate,
calculated as Al;03, relative to the total weight of o-
alumina in the mixture, and
- the process comprises shaping the mixture into formed
bodies and firing the formed bodies at a temperature of from
1250 to 1550°C.

31. A carrier comprising a surface area of at least 1
m’/g and a total pore volume wherein at least 80 & of the
total pore volume is contained in pores with diameters in the
range of from 0.1 to 10 pm, and at least 80 & of the pore
volume contained in the pores with diameters in the range of
from 0.1 to 10 pm is contained in pores with diameters in the
range of from 0.3 to 10 pm, said carrier produced by a
brocess comprising the steps of forming a mixture comprising
alumina; shaping the mixture into formed bodies; and firing

the bodies at a temperature of from 1250 to 1550°C.

32. A carrier comprising non-platelet alumina, said
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f from0.1 to 10 nm, and at |east 80 %of the
Lgrgevgl ume contained in the pores with dianmeters in
woheooriasige of from0.1 to 10 mMmmis contai ned i RCPAISE®6/021910
with dianmeters in the range of from0.3 to 10 nm,
sai d carrier produced by a process conpri si ng.the _
cazreéps bpviognmnguafaicxt areaCompaisiagsdl UMinRAy, SHaphog

' i,nto_formed bodies; and firing the bodies
Poe g R Bl orbRef Fose1856LFs RS0 CBR InAat 1cast

i b3 08¢ el et L ai dcarrier,
AV NG 5 SurT ace aroa oPuker 8 cBhMLERs 98" BEREE' Birn
digPeLreSal@ BhporansezefdEsomi buli ba mbenﬁénaﬂﬁ heastast 80
° re.volune,is _contained in pores .
T i Rt or & e PR LR L R B0 CE G Bt ametcers in
thatraegstoB0Lsonf 0t hetpore jal USecs00h 2hoENL NobbEy with

; es Wth dianmeters in the range of fromO0.1 to 10 nm
dl‘lﬁgé%%ﬁajrrﬁe Tt Poresohi £hodi Andtepsl® numhe range of

i [ havi n
f t ' 3 r f_claim32 £ at
(o Onde tewibiom o TN SRS LALAIZ haNL Y.
leagtsiyiburi/en of claim 33 having a neglar porgzdkﬁgféfg
nor£y t kg, 5., Jhe.carrier of claim (
sai% carri %%%%%%e%l t% Tt & a‘fl‘?l@@.’?’ 'Iih%Vlngta
medir imrrefdidee tte B Znakerhdh Sai ¢ GRrrier conprises a

QJ:J ' il | at ed

l e 1 weight percent silica conpound, calcu

asa?aln'e g‘?ﬁ’%b]fegicl’ﬁ corP %I TR WSty S?@Imaaiwrenr%eért he
comptigids &f By ahddhay; 37. The carrier of c

wher ei n said bond material coats at least a part of
t he fcarficercasuriferc eof 38.a e 2 artd @i r0fs 6l i dB 135 o -

. . . i i t | east
o 5 BBk | S e o S b o o,
calculated as the weight of silicon oxide (81i03), relative to
the weight of the alumina.

37. The carrier of claim 35 wherein said bond material
coats at least a part of the carrier surface.

38. The carrier of claim 35 wherein said alumina
comprises particles at least partially bonded together by
said bond material.

39. The carrier of claim 35 wherein said bond material
is a silica-containing composition comprising a
crystallization inhibitor, said inhibitor inhibiting the
formation of crystalline silica-containing compositions.

40. The carrier of claim 35 wherein said bond material
is an alkali metal silicate.

41. The carrier of claim 35 wherein said bond material
is an alkaline earth metal silicate.

42. The carrier of claim 41 wherein the bond material

comprises an alkaline earth metal and a silica compound and
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39. The carrier of claim35 wherein said bond materia
is a silica-containing conposition conprising a
wonryst1abisi zat i on i nhi bitor, said inhibitor inhPOTHISH®6/021910

the formation of crystalline silica-containing _
conpositions. 40. The carrier of claim35 wherein said

thgomdomareraaliol sfanlabkahe eakah gbkhsate. s41:i.0he g
Sonomapera im35 wherein said bond naterlaﬁ I's an

rrie f cl _
begﬁﬁgpiéegesPt ‘metal silicate. 42. The carrier of

i i hg¢b : ri nprises. an, ,
kel I ne et b metar tang et BbrEHILLE AP racio of
a15e5ine rarto Betalkapi méléaothisebatweensplsces i1S4.
bet yeent. 5.5 0,201 43 ihe cgérlerrof C|glﬂ;42 whergLnO or
the atomc ratio of “al kKaf'iHe aW?ﬁ fetaFheoaemieonats
alb@lh&ene@rﬁhtMeﬂaﬂ.té4siih@oﬁa1g|§ét9£eﬁlﬁ[gwég Y

. ; : 112
wherein_ the atomc ratio of al kaline eart et a .
Si|%§bﬂT?§ bRte’h ofoctain, 91 wherghe cherbendofaterial

] j erjal _conprises a silica
Cof%ﬁ%%iﬁﬁagﬂﬁigfgl%gﬁ?ggﬁg %%%a%&se?%%§§%n?r%ﬁ¥? eSelected
ErQp ot Hrrimt¢ore bt ingnes mlasglaéwlillﬁ}ﬁil &m&%aﬂ@iurﬂ_gg
| claim 32 wherein said alumna conpris
gla|ro éa'eglllc}{rﬁ néaaa%%]aelga? ™ it SFrereEvnprid ezl unina

cotrylrsert e ch Jad e ateumi e . 2 Fdes £ M1h8g O icd 21 11 3§or}8€§{s‘?ésn a
aid hydrated alunmna is selected fromthe grou
hy%%ﬂ%‘£f% g2 bayerite, boehnmite, diaspore and

01 DS  erncA®arthie,Cad 100 A Al whereln the

quantity of hydrated alumna’’s een - oo
al%r@]tlsp@edmt;ecblaﬂmlird\l/aﬂt&g ?ﬁ)ﬁ%dﬁ%lgi% gﬂp%@aﬂ@e,
boet &%%ﬁgéi%g?dﬁeg%&j}r{ rin?bS&ftecl ai m 35 wherein said bond

maker.i alThe carrier of claim 47 wherein the quantity of
hydrated alumina is between 0.2 to 10 weight percent,
calculated asg the welght of aluminium oxide (Al,03), relative
to the weight of said alpha alumina.

49. The carrier of claim 35 wherein said bond material
comprises a zirconium compound.

50. The carrier of claim 49 wherein the quantity of
said zirconium compound is between 0 and 10 weight percent,
calculated as the weight of Zirconium dioxide (Zr0y),
relative to the weight of the alumina.

51. The carrier of claim 35 wherein said bond material
comprises a titanium compound.

52. The carrier of claim 51 wherein the quantity of said
titanium compound is between 0 and 5 weight percent,
calculated as the weight of titanium dioxide (Ti0;), relative

to the weight of the alumina.

53. The carrier of claim 32 wherein the carrier has a
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conprises a zirconium conpound. 50. The carrier of

WO 2606A359s49 wherein the quantity of said zircopc¥s2006/021910
conmpound i s between 0 and 10 wei ght percent,
cal cul ated as the weight of zirconium dioxide (ZrQ),
relative to the weight of the alum na. 51. The carrier

poré)fsn‘cgéa'd'ﬁssca:mﬂrﬂ Mﬂ“ﬁ;(ﬁlﬁj Tl igd eaprilsescdtal pore

titani um conpound. e carrier of claim51
voluédrermntaimecﬁqmtth@/ reres Wi th (Gkanes eeTpund ¢ stange of
etween 0, and 5 pescent €
frome] g]htt%flqal}f%hl %ﬁ DXi d%&(“’ﬂ %)C@{&:E%%I \%é?%ﬁ%] %Ontalned
in ¥Rl gdrod When aiwieeerS3in e cangé esf ofrohad ni3go 10 pm

wherein the carrier has apore size, distribut
is mnuwdgmwe@h@lwg+arﬁ%v%rwxa'néh%zva%aé%a’f“aﬁro% 0.3

to %@%ﬂ?or €b§§§t§£§h'@l$ﬁ§té§§9 r&ht & 0fh&n 110 Oum
nm ; eas 90 % of the pore volune contained in
repf@@e@@rbsswnthadlhﬁe%e@é thet hetahngeref ve+BHe 02adt Bores

S _con alne 0 t [ €10 o
i b2 BREobR, o5 o LBp 0 OB 863 Brfheno o
thedt@@§1e§§rgre@1§methan 10 nn1represent | ess than 10 %

of the total pore volune and_pores wth dianeters Ss
t hat- 0TBenAREEPRESEAL CLadd Fi%awh%e%loiih? hBOF 8Fai”1§3

diaMQ%%95 %ré%tezh€hﬁﬂrﬁbeFﬁoge§E@b€h§3aﬂhﬁ6§tn8t%eoﬁotﬁé
érs greater mm represent at nost 8
tot 4 oporevbdtak ; pend thbupereanWlthedpémééemﬁtﬁeSS than

di aneters | ess than t t f
0.3t Ha FEPQ?SEBSea of' 55 g o gk r%%? ggglgglék%
“hgge'nThEecﬁﬁkﬁbgroﬁa%lalmegnaWheaéQndthﬁEbemrdbrahas a

nost 2 nm, a total pore volunme in the range of fr
med@apsppoe0ddamergrand atsiephce &Weaaoﬁo§?ln8§F65vﬁg e in

he5%anggeo%a%gb%r 005 5C QY %\%Smwvgr%hﬁ‘%h%u§§%hbe%rQ%$o% at
most 5 m?/g

56. The carrier of claim 55 wherein the carrier has a
median pore diameter in the range of from 0.85 to 1.9 um, a
total pore volume in the range of from 0.3 to 0.7 ml/g and a
gurface area in the range of from 1.3 to 3 m?/g.

57. The carrier of claim 34 wherein the carrier
comprises at least 95 weight percent c~alumina and the
carrier has a median pore diameter in the range of from 0.9
to 1.8 pm, a water absorption in the range of from 0.3 to
0.6 g/g and a surface area in the range of from 1.4 m*/g to
2.5 m?/g.

58. The carrier of claim 32 wherein the carxier has a
pore size distribution wherein at least 75% of the pore
volume contained in pores with diameters in the range of from
0.1 to 10 pm is contained in pores with diameters in the

range of from 0.4 to 10 pm.
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medi an pore dianmeter in the range of fromO0.85 to 1.9

mm, a total pore volune in the range of fromO0.3 to
wO 2000n33137and a surface area in the range of fPomus286/021910

to 3 nk2/g. 57. The carrier of claim 34 wherein the

carrier conprises at |east 95 weight percent a-alum na

and5Phe Tber cieerrikas of @&@h&ﬂs@owﬁe@béﬁﬁh%r1e%s%h%o/ of the
po%% gglof fromO0.9 to .8 MM, a water absorption’i

e range 8?“FF&HF@ Sntaogeé yﬁ@haddameSarbaaa ahearange of

froheorange @b fioAsl A

carrier of C|gﬁﬁ?§20éﬂg%é?ﬁh é g FFergg déaBSFEIS in the
ra@?%eoél§FPmetﬂohOmh@remn at | east 75% of the pore

oI a re th di ameter n the range
V rom gﬂ% !EQ%% 8?3 iﬁ%%a?ﬂe{ﬂh?‘ﬁeb@féléev\ﬁ:ﬁhrlerghas a
pOI.jeaaezeré soribetfangeue
i ol opuch, vham Pad 28500, tprdiahiers in

th(:arrler 0 | aim 58 wherein at |eas
Vol thES cOnt SFABdCt h per &8 Wit heprasebersora thenrange of

thoftdrHM t n |ned n, pores wth

di anet erlgojfler1 ?%%&P%%éo%gfi%‘m tb (i%) e . Pabe TRbume
COREATIRE U1 RbBEm GOMheteherhe DA EhErrhRSe BP0 fom 0 1 to
1O§hgehg SiAibytion such that the pores with dianeters

in the Tange orc fTOMYrRS WD draTtelresein wHoe eramge of
fr@o0 tof ImQHﬁotal pore volune and at |east 15 % of the

pore vol une contained in pores with dianmeters in the

range of fromO0.1 to 10 mmis contained in pores with

di aneters in the range of from5 to 10 nm.
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