Cerium oxi de powder The invention provides a cerium oxi de powder, its
production and its use. OnMng to its extraordinary properties as an
abrasive and catalyst naterial, there are nunerous patent applications
and journal articles on the productl on of cerium oxide powders Cerium
oxi de is generally produced by the calcination of cerium hydroxides or
cerium carbonates. The calcined oxides ‘are then ground and sieved. Another -
way of synthesising cerium oxide con3| sts in hydrothermal synthesis, as

described e.g. in US 5389352. re. %rT&{II I%e salts are converted

: er:L . . .
oxi datively, under the influence Tand pressure, to cerium.

oxi de, whicch crystallises out in the formof fine particles. O

particul ar oy erRshtald ?9’0%?1 @ﬁ‘ﬁt&q?s ﬂé‘lwg\ﬁ‘ll ch, é% ceri um.'oxi de
orm o

precur sor;, H(%I]ﬁener al | y | n an aeroso 157 Ox1 di % inaflame. A
met hod of ¢t édSr iUset e.g. in EP- A—1142_830. Pratsinis et al. in
J. Mater. Res. voI 17 pages 1356 - 1362 (2002), describe the production - -

of cerium @wmlg povders e@cftrmo&faﬁfaw Yrldpuirteon & JId ik SPrayi Pyrghysis of

cerium ac Ql utions i.n vent m xtures of acetic acid, 1so- octane
and 2- but anc?l }YSSOXI G4t &ﬁ%s%r&ﬁ& HURERPUS BAISTHhEIRRhECH T 5P8S The.
sol vent mi xagt §ourneds emttiiall ésoron ttﬂnfe mﬂ:mdlmitll@m At aSeTumdoxade powder

that is fregds3m. g II g8 4fho ar rticles. Acetic
acid alone I eads tga‘]r?):o%g[te)r%éavr%t t% a coar selﬁfo:aﬁ éﬁl e?—"ﬁrlﬁpa‘i}?%rl y. o
advant ageo&@%%%@&ﬁfg cgriiume hygnoidessioze qeovider ctatratonaSesﬁ r eehérom -

coarse por (gaans ed esuuréer @8%E tifdrt G REId 4 WIAR DT GG SPL, fhaw fate and
a reduction_in.the qxyge flow. Thé average particle size 1S ved from

the XRD spPect lSE&@eGP&PW {OFré Iee S@TSH Stso dac thaidr o tliarma k s h| gh

conbust i on sgmtthalspiy , alad ﬂet%lc@ﬁ}:ﬁéﬁ@)l’gat |lq>ln U’S cg,g@gggtg Oleyate, . is said to
reduce the ﬂ%rrfﬁr} oarser artl Ce%h is stated that the specific
[

surface of -t &idn® XI e A5 &vggrt Oécﬁd@é:r’r"t?elybetqﬂéjé?ﬂf 182 and 240
e/ g, can. E@fdmeencedo&ytealpyemg:mfeeanm reafsueer,i WH cediden pFeiciE sor and

oxygen. An wlﬁ%'he%‘}@'slt%lllige@.r QONr S (e tr{ugltog Vg\‘ it Conﬁ:ltlﬁ:gl:eggég n flow

is said tolead to an .increase 1n the par n-t he
oxygen | particular 1nterest are spray pyrolysis methods, in which a

;cer;um oxide precursor, generally in the form of an
aerosol, is ox1dlsed in a flame A method of this type is
_descrlbed e.g. in EP-A-1142830.

Pfatsinis et al. in J. Mater..Res., vol. 17, pages 1356 -
1362 (2002), describe the productien of cerium oxide powder
of high crystallinity by flame spray pyrolysis of cerium
acetate solutlons in solvent mixtures of acetic ac1d iso-
octane and 2 butanol by oxidation using oxygen in an
_oxygen/methane flame. The solvent mixture is essential for
.the production of a cerlum oxlde powder that is free from
. or substant;ally free from, coarser particles. Acetic acid
alene leeds to powders with a coarse portion. Particularly.
‘advantagebﬁs'in'achieving a fine particle size powder that
'fisrftee from coarse portions is an increase in the cerium
-oxide precursor flow rate and a reduction in the oxygen
flow.'Thelaverage particle size is derived from the XRD
spectrum.'Especiaily the feed of iso-octane, with its high
- combustion enthalpy and a high evaporation / combustion

rate, is said to reduce the proportion of coarser



flow wi th constant precursor feed rate to a reduction in the particle
size. Only an average prinary particle site can be taken fromthe
docurment. No information is given as to how these are distributed. From
t he TEM phot ograph on page 1357 it can be seen that the primary particles
of the fine portion have. fused togetheryinto aggregates, which have a high
degree of ‘aggregation. It is known to the person ski IIed in the art t_hat
preci sely aggregates of .this type can be di spersed only. with-difficulty.
Especi al | y.paahs GeT iy ' raS| [ si ons,
this can | ead to%ltégsﬁr gﬁgﬁe@?%tﬁae surt?ace t§) p]ocfl s‘h%ﬁa%%do#ogﬁﬁeven
removal . i FSFdaT o8 dedpardrisilass edntcll mang h%rhajmerm de01 pamdli cl es of
this type dfaem2en)i ish o w1lrew st I t q_ség?c ntati on.
The pore si zesd ag?ht hei r distributi ?&? exl}rate?%r?\q rréglé 6f%§t§§€i% i
oxi de powdérs S &TTSEF SO CACaIPHMIER prot éfEeaste it diaim o ees powder

produced byfelérdatmtm sitdt comlstaas cxRjedaloware o ze-1dh Staadut b oy

wherei n 10% H?lr 3 arer%rial | er ,than 10 ,nm . Furthernore, the process
descri bed on v ena I'es SRt ddans 513ES of Tt dNARESE dd ( %g%’qé%%?ox
g/h) to be £leMbai¢ad came tiag tt mqwtsorerﬁﬁeéa:@rwntcaala Nahoptiemsiar e

given for- e wgtliglteh%lgreocess Furthernore, the use of . nethane and .
i so-octane as conbusti bl e. gas leads to a high. - proportion of carbon in-the -
reaction m.xture. Thus, the risk of cerium oxide being contam nated with o
carbon is § nOrEXSSE PUSTET Y. PaG tdicdiems iz adiogerts draleant Girom rheeri um

oxi de for = ddvemeelti. stﬂmgnﬁbﬁﬁmlféﬁnd@bq&eﬁuﬁ%t R & WHRIE r}ﬂﬁt cerium
i

rystal i Qa2 R e 0 R CRB 2B BT PARRS o e
ceri um oxi G@enpamtcrt:@@ ardmhy peritimles dE ebet EiticHdHtSRe HHR s
0 Se05e: SRCZ0BRn G o A0caLa ke GARL Rl 8 SRDH R Ueae
cerium sal tagHF§€é|t§é>& -i AtwdSeknowie toethenpexisde sﬂrail@&pﬁmtfhec sty f ace of
between SOthad pRcHBEIyaBGcRectieRs bY ehild 8ybed Bhhe MGpuARP! the
cerium oxi %ly with dlfflculty Especially when the cerium oxide is

hused as an abra51ve in dlsperSlOHS, this can lead to

- scratches on the surface to be pollshed and to uneven

" removal. In addition, dispersions contalnlng cerium oxide

‘particles of this type often exhibit only low stablllty

with respect to sedimentation.

The pore sizes and their distribution are an important

feature when cerium ox1de powders are used in catalytlc
ﬁprocesses The cerium oxide powder produced by Prat51nls _

et. al. has a bimodal pore size dlstrlbutlon wherein 10% o .
'of the pores are smaller than 10 nm.

'_Furthermore, the process'desoribed only enables small
‘quantities of cerium oxide (range‘approx 10 g/h) to be
produced and is thus not very economlcal No options are
_glven for scaling up the process. Furthermore, the use of
methane and iso-octane as combustlble-gas leeds to a highl
proportion of carbon in the reaction mixture. Thus, the

risk of cerium oxide being contaminated with carbon is also
increased.

en cerium



primary grain is no nore than 10 nm the size of the cerium oxide
secondary grain, which is forned by aggregation from the primary grains,
is less than 1 1,4m The secondary grains have a perinmeter .that is free
from edges and. has an.angle of |less than 120.' The.cerium oxi de grain has a
main signal in the x-ray powder diffracfogramw th a half width of no

| ess than 0.4 and no nore than 0.5. In addition, it is an -essential
feature , that. the material is not conpletely crystallised. Thisis sai d

Lo, di bl &y wshianiane e o RoldalinG:ofc AT cONANCLOL, SHDSLE Les,, US

6221118 cl ai,ns a di spersion contalrning cerium OXi
crystal | i nite Riieiidsh ek semdicondumtor Msﬁm@@wwhezamlavtahage

di amet er ofceliind REHNMs El%ser&erﬂryrﬂr@('ﬂﬁ:npaéf &g eddlt ge di-spersion
have an averrs(%eﬁ)a |arret er Qf 150 t,0.600 nm The ceri um OXI e particles are .

obt ai ned by &S Edth Sh&ters tak kiee @k parchaenmore
appl i cat i orthaint B Q hm amd Im’ﬁidl.ﬁﬂ:ldﬁlmcdgé HEA5 1029 e Pf uf 20:14g2002, a

pyr ogeni cal £3 r| Wy axi de th a sp cl f| C surface of 15
to 200 ne/ éla?%s c l%%%‘% e e 08‘21%(’# Freign 1

crystalli néilsrﬂirﬁl%jbr egat ed particles with an aver age dl amet er of between
30 and 200 nm and of a 'fine portion in the form of aggre‘-gates of fine

crystal | i ness feasmieyldﬁrms%ﬁa“ % W s dyameter of
5to 50 nm rﬁrﬁ dyced_in- tahat at ﬁtgﬂ%@ orrpound1 cap abjr%gof . being

convert ed |grﬁac}nce s € igaci &y eriidagian iaf & V@ﬁﬂ!WSMﬂhh; s -

pr oduced frtmmvaﬂefdr mﬁmo@aaltnrmpéi@r@ajgtﬂ Q}aecegas,ﬂ;g efer géogen
and an. exCesy o>(§¥t.gg1 m Xture, and i S reacte ere. The .
0

. di schar ge vs‘ﬁ Sci fcdffojt% stieery G and fUhimte Lﬁﬁl@ d&nto the
reaction cliemsdrtyi s>fgrﬂe£t—é.r 3t loaim17.0 Thies sHedee ofanthd hﬁaﬁ&&h@%z&ﬂd@f t he

reaction mﬁgllzga%y ANe Leacly oL Lhyy nber S bﬁt%gen %S Oa%f L "F%’ajs‘fmi .

flame has an .oxygen - excess, exp ressed as a
From WO 01°363%2 Stﬂ?@r&%@triaem ofwluexh dm ®qruteqaényt iadersedast daroviorThe

cerium oxi d&epydiing rroduc e n, zone,:
general |y ?’@Xl gfmé1 e;y%g%{aggﬁ o%léo CSéqr |t31r?1nsal ?‘Iiomﬁe‘% oaéns O%vélae%ﬁ %IQ lrf%d _

into the & ok ey thetr demigreet ifxem @dgisisetand |hrast e angle
aggr egat es cdr d ealst aihaed 1afviogh T@l@n%leitluﬁlu'éﬁl%l@ ig@aliva Qfas a main s:l.gnal

in the X-ray powder dlffractogram with a half w1dth of no
-jless than 0.4° and no more than 0.5°. In addition, it is an
essential feature that the material is not completely
'crystalllsed This is sald to display advantages 1n the
polighing of semlconductor substrates.

| US 6221118 claims a dispersion containing ceriﬁm oXide

- particles of low crystalllnlty, ‘which con31sts of prlmary
'epartlcles with an average diameter of 30 to 250 nm "The

7 cerlum oxide particles in the dlspers1on have an average

' dlameter of 150 to 600 nm. The cerium oxide partlcles are
;obtalned by combustlon of cerlum carbonate

‘In the German patent application with the appllcatlon
number DE 10251029.6 of 02.11.2002, ‘a pyrogenically _
produced cerium ox1de powder with a specific surface of 15

" to 200 m?/g is claimed, which consists of a coarse portlon ,
of crystalline, non- aggregated particles with an average
‘diameter of between 30 and 200 nm and of a Ffine portion in

the form of aggregates of fine crystallihe, fused primary



approxi mately spherical primary particles. At |east sone of these
aggregat es have a cenospherical structure with an aggregate size of 1 to
20 am In addition, the ceriumoxide conposition rmay al so contain

acini form (grape-like) aggregates with an average aggregate di aneter of

| ess than 500 nm A cerium oxide conpog tion in which the cenospheri cal
aggregates predomnate is preferred. A .disadvantage of this cerium oxide
conposition i-s. that cenospheri cal aggregates are unstable and frriable, and

can there %Ii,%l%l |nte ate in an irrequl ar in lications in

whi ch eneré) has ppti 84ELE9s. a'agﬁ’éfﬁgat&n Jgay}“et_cﬁﬁ' cﬁg ? nDdrpBrEf on -

into di spefsi @ﬁsprlé@mtd@dr rmor ¢hat at fleasfy aagrerdcﬁnpmmﬂ mbﬂf)]:@roﬂl spersion

can lead t I 0 or £ artl e.
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dlstrlbutlonlnthe I.Sper.sion. one epr|
keen i nt er &tlome cobilgh d%i éo@ﬁ@dorfrpﬁeaotmrquqnttmxm cl ear that

5 even smalcomeh@ta®id Gakhe phay erapiky %@zdﬂb%err@acqtﬂa)raﬂ SexcQidusted; Jead to

a material wth dlfferent prog rties. parti cul ar, _di spersions containing
ceri um oxi §&- faft TR *Y IRy B §HFepata’Fd1 ﬁ'st Feagiad Seke of TR&ni conduct or
substrat es dl('s@m,rgehamlmllt@feolfamhealf 1|izﬁ_ld ﬂrdi:g)etéNﬂﬁbrﬁ hené %ﬁ&ﬂﬁsé‘ﬂ

mniaturis 0 the po shlng eratl tral |
i nportance%}l‘f'he 0 j ec %%t%ﬁe1 i §‘St q{a&'l prq(;v‘?ffér}éer%erl um
oxi de powd@nd e, vied osditivabife th@r rehe tiok szhmtgucd 1rsemecomhtc:ttmn - _
subst r at s cas®FOTROBRM ek @ . g SREM 9 Qlys A r@%ﬁ[%er i ecqx%qo ,grov' de

a process for the production cerlun1OX|de
i nvention Peéicle&spr@&@&@sée@elaﬁum Lemiode- vedva niafy adi dsersti G @i th hi gh
stability. The-cerium oxide should be readily incorporated therein and

shoul d exMirbit W @h /3E3BIR2I ithy wkbﬂub%i@ﬁpbft%é%%ﬂﬂ“ﬁﬁfﬁé(ﬂhrtlcles
. 1s known. The cerium oxide partlcles are produced in a
~high- temperature reaction zone, generally a flame, by
‘:ox1datloa of cerium salt solutlons, which are fed into the
ereaction‘zohe‘in the form of fine droplets. In this way,
- ‘aggregates are obtained which conSist substantially of
jlapprox1mate1y spherical primary partlcles At least some of
these aggregates have a cenospherlcal structure with an
aggregate size of 1 to 20 pm. In_addltlon,.the cerium oxide
Jcomposition may also contain aciniform (grape-like)
-~ aggregates with an average aggregate diameter of less than
,500 nm. A cerium oxide composition in which the
-cenospher1ca1 aggregates predomlnate is preferred. A
'*dlsadvantage of this cerlum oxide composition is that the
'cenospherlcal aggregates are unstable and friable, and can
}therefore dlSlntegrate ‘in an 1rregular manner in
fhappllcatlons in Wthh energy has to be applied, e.g. shear
'energy, during 1ncorporat10n into. dispersions. Furthermore,
”the fragments obtained after dlsper51on can lead to an
unde51rab1e, non- ~uniform, unpredlctable partlcle size
dlstrlbutlon in the dlsper51on

On the one hand, the prior art shows the keen interest in

cerium oxide; and on the other hand it becomes clear that



Anot her object is a process. for the production of this dispersion. The
present. invention provides a polycrystalline cerium oxide powder in the
form of aggregates of primary particles, which is characterised in that it
has a specific surface of between 70 and an average primary particle

di amet er of between 150 n2/g, and-20 nmgnd an average; projected

aggr egat e-di amet er-of between 20 and 100 nm The term ' pol ycrystal li ne’
means that the primary particles are, crystalline and fused |nto

aggr egat es.o )W { t;h N of the nvent i.on term?” mary ' _

particl es' erreangrd&alrlt% %%?ét € r‘? tidl I“i}mfcg?ngbe Iﬁe’el“ﬁ% 0% ?'%actl on-and
fuse toget Fandus Feagk rh@g?grt@g@t a8ty itetle wirdacli bfepsmgresspsrt I8e. term
aggregate. within the nmeaning of the invention means primary particles of

simlar  stirlglasd cndrsi 28 oRats shawe J‘L 4 qg;g{él%hmﬁ NSS4 p@f%{c?ns"‘h' Ch;'

is smaller than the sum of the indivi rimary The
average priWSF G5l PETE difarrdte Podidhimg Sfersryel Eee =Wyt egbes =

di anet er ( BCBP Equtiendlcentridcheld ca0 PRt R )e. Qrbit@}i natk %é%ﬁ?al ysi s
of TEM phOtnﬂh %@& B tlrgmy S are defl ned as n -based wthin -
meani ng of the appli catl oh C RGPS Jd'ﬁi‘aﬁﬂﬁlfﬁtjaoréew um

oxi de powd&f mﬁlngnmrttla@ca nventi on. A povvder with a specific surface "
of between 90 and 120'n2 /g - may be preferred. The average primary particle

diamet o1 camderieuear anda BABANL WIEANEEA0S PLOSH 80 200T 003l o

di amet er between 3Q and nm For subsequent use in sper it has
proved adffrﬁla’ﬁbéﬁ{édleopoﬁ”ﬁ@rprtlh@ér y-Sp st edli Bve ttdres palol sty 2o f nar row:

di stributi erenibirsiueas sulbattraft@ls 3% %V%r&%n‘@itu%f 'Q (Hlel.rtt%r Gireter, at |
| east 68% (}furtgleépa%)tl cles are in the range of O. mor 95% of
the particl& 1s to provide a process for the productlon '

of cerium ox1de.

TVA further object of the invention is to prov1de a cerlum.

- oxide- contalnlng dlsper51on with high stablllty The cerlnm ‘

}.ox1de should be readlly incorporated therein and should -
exhibit high stablllty with respect to sedlmentatlon '

‘Another object is a process for the productlon of thlS
_dlsper81on

" The present invention'provides a polycrystalline cerium -
oxide powder in the form of aggregates of prlmary o

partlcles, which 1s characterised in that

- it has a spec1f1c surface of between 70 and
150 m/g, ' B

A,-V . an average prlmary partlcle dlameter of between 5
and 20 nm and '

an average progected aggregate dlameter of
between 20 and 100 nm. '

fThe term polycrystalllne means that the prlmary partlcles,u"-""
are crystalline and fused 1nto aggregates ' ’ '

Wlthln the meanlng-of the invention, the term ‘primary _
particles' means particles that are initially formed in rhe.



range of 0.2 mto 1.8 m For an average primary particle dianmeter of. 10
ma, this neans. that at |east 68% of the particles are in a range of
between 6 and 14 nm or 95%of the particles are in a range of between 2
and 18, nm Fig. 2 shows adistribution of the -primary particle dianeters of
a cerium oxi de powder according to the igwention. Sinmilarly, it is _
advant ageous if the aggregate dianmeters have a narrow distribution. This
means that, for an average .val-ue mof the. projected aggregate dianeter,

at least 6 ct da re te dianeters arelnth range of 0.6
ot oot S5 g e Ghsel 84 A00SOe Al arelers ae b L canoe of O

an average re@C@l@@t B cIFGISSFR € Thda dregrime fa gufr eftf trem vidhi i nreicins hdéahiay | east

68% of t he gFaitieCligS o n rp\%eg 5 r 95%of .the
particles are in éf’ae%tgld& etwegﬁgrtzﬁ)e C%%Sarggsﬁ aP

di stri buti GFHCHREE Sdtzed tAgdr dgaee fisadbttagethr a @muwmq:@leopomﬂ
accor di ng thitche isneaRlnes: thief emablamitod aaxd (% vRaldi Cuidééié(ted

pref erabl y _at. Ieast 0% of the aggregates of the cerium oxi

accordi ng: HoMPre 1% -can have an area of |ess than 1500 ner It IS
al so preferred that at | east 85%.particutarly, preferably at |east 90% .
of the aggflémtaeremtget v io@riyu maradicde m\mtesrtSaxam ditng dwetdgei nvention

have an ar eg- I 0 di e cerium :
oxi de powder. ac?&’%r ?'5%89 53 4Ehe%l %\%ﬂ |on(%éﬁ5aﬁri Have 1%& (‘ﬁr%omsli]f?% CeOX Wit h,
X = 1.5 <Diameregi efe Qbrtfaa@@dmenaametmlalmge bf7 BEMN 1.9' may be
particul ar bbo&b@fr%b'h%d BOULS STBARS ANataHiens ﬁ]e Rl ﬂalél%d%ﬁ?lﬁcem?’)

and ceriu V%ﬁe oxi de (Ce(2) are , present on: IS conposition
may be |rrp§$]tea and.no iody |ty ?Hﬂgrltq'i’éltqnel Figr datsdiops & (B gen st or age,

oxygen genehaitiogthphN@fCer idénien Wtk iRRMERwREC Jdidid iy (e dhwention can .
have a tot: alk, d| um cont ent of less than 500 ppm particulariy preferably

of less than T pm especi aIIy preferably | ess than 30 ppm The sodium

com condustoP S5 gn T AR SRR G Shaehd oy s

accor di ng - &Y e b riegh can have Iess than 10 ppmon the surface' and
on | ayers of the partlcles cl ose to the surface.' This'can

‘The average primary partlcle dlameter can be between 8 and

: 15 nm and the average progected aggregate diameter’ between
30 and 70 nm.

For subsequent use in dispersions, it has'proved
advantageous for the primary particle diameters. to have a
-_narrow distribution. This means that, for an average'value
'“m'oftthe'diameter, at least 68% of the particles are in the
,Trange of 0.6 m to 1. 4 m or 95% of the particles are in the

nfrange-OE 0.2 m to 1.8 m. For an average primary partlcle

.id{ameter of. 10 nm, thlS means. that at least 68% of the
ﬂpartlcles are in a range of between 6 and 14 nm, or 95% of
"the partlcles are in a range of between 2 and 18 nm. Fig. 2

'?shows a dlstrlbutlon of the prlmary particle dlameters of a i
'cerlum ox1de powder accordlng to the invention.

Slmllarly, 1t is advantageous 1f the-aggregate diameters
have a narrow distribution. This means that, for an average
value m of the projected aggregate diameter, at least 68%
of the projected aggregate diameters are in the range of
0.6 m to 1.4 m or 95% of the particles are in the range of



be determined e.g. by large-area (1 cnR) XPS analysis (XPS X-ray induced
phot oel ectron spectroscopy). A layer close to the surface neans a surface
produced by ion bonbardment (5 key argon ions). 8 In addition, the cerium
oxi de powder according to the invention can have a carbon content of less.
than 0.1 wt. partlcularly preferably-of |ess than 0.05 wt.%  Sources of
carbon are nalnly organi c, -cerium oxi de precursor or gani c solvents The
cerium oxi de powder according to the invention is free fron1nlcropores

with a por i e f le than_2 n deter.m by t-plot according to
de Boer. Tﬁegvgrghe&o? Fheﬁﬁgsggoﬁggrath Qﬁﬁl§€;é§ %% Eﬂﬁ%n 2 and 50 nm
in the .ceiprtexi 86 A6wdwr thésomeang tbathet feenti 8% aF hehe bet veen -
0.40 and 0p@Qcatias BRE! iauhALLyqR herapliietye °eha U D i £ O

The nesoporg; in the_cerium oxi dé powder accor ‘i nven
pref er abl y “BShPBFF 151 R8nBRBdAR §|fén6ﬁspﬁlbﬁ¢M@ﬁn 8Tmnﬁ|ﬁ%nnm¢rﬁmg when

t he pore vehowe asaﬁbotﬁﬁdt&gﬁlBitthetbgoﬁét%é@iﬂ@@%ﬁgaté“aﬂgﬁ' dnaxi mum. -
(poi nt - wntﬁ%ug Elo 3% urs IE rang bet ween 2-and-50 nm e pore
vol une. us |ncr gx& fsPEHEFY ﬁFFﬁr HngGPéqm%mﬁaﬁﬁntHQQ;

illustrates this fact usi-ng the exanple of a cerium oxide powder, accordlng
to the invErELenabdyand &ﬂdetsﬂa%dlpgrthalamﬂgnpmefémMﬂﬂeeunxaag&s a

process foBosher PHEJGLLARA AL bhe cher Lum anl despander, Accodlag o, the

i nvention, IS C ara terised int an aeros
flame bur nFﬁ'gt?ﬂﬁ 4VERELPBnCaRahbER andarke ofl L sbtiiamed 5005 rmlr?e.n - |
separated fromthe gaseous substances, wherein the aerosol is produced from

an atom sertgas, alabeﬁeéaékrealtha@ngtaléﬁbtt%@% C%@f%ﬂ@dﬂ&ﬁﬁﬁmeen 2 -and
40 wt . % of gpgund thgg can be converted to ceriumoxide by -

oxi dat i on, p?ﬁ Fﬁg GE&Fned®s r 8 SRRy 8PGEERaEEHt &tnithe CEsrpsti bl e
gas and prpnady mbwgdenhi ehcoadihg aorthet$ﬁbbn@&onnhémtl@hy@Q%dﬂdﬂL”e 9

at | east tﬂ%séaﬁﬁaﬂuﬁﬁbthme secondary air as

'In another embodlment the cerium oxide powder aocordiné'to.

"the invention can have a comp081tlon Ceox,w1th X = l 5 <. x .

: < 2 on the surface whereln ‘the range 1.7 € x < 1 9’ may be T
particularly preferred This means that areas of i _

- cerium(IIT) oxide (Ce;0;) and cerium(IV) oxide (Ceogi ere
present on the surface. This composition may be 1mportant
partlcularly in the field of catalys1s (oxygen storage,'

- OXygen generatlon)

. The cerium ox1de powder according to the 1nvent10n can have

f'a total sodium content of less than 500 ppm,.partlcularly
'preferably of less than 100 Ppm, espe01a11y preferably less in_:‘

j_than 30 ppm. The sodium content igs critical for many ' -
*applicationé, particularly in the semiconduCtor"industry:'

rIn a partlcular form the cerium oxide powder accordlng to'»r
_ the invention can have less than 10 ppm on the surface’ and

on layers of the particles close to the surface.’ This’ can ,[*
"be determined e.g. by large-area (1 cm?) XPS anélisis”(xﬁsl

= X-ray induced photoelectron spectroscopy) . A layer close 3
to the surface means a surface produced by ion bombardment

(5 kev argon ions).



primary air is introduced into the reaction chanber, for lanbda, it is
true that 1.1 < lanbda S 1.5, wth |anbda being calculated fromthe
guotient of the sumof the proportion of oxygen in the primary air, the
secondary air and the atom ser gas, if it contains oxygen, divided by the
sum of the -cerium.conpound to be oxidigﬁd and the hydrogen-containing -
conbusti bl e gas, each in nol/h, the discharge velocity of the liquid-.
droplets from the atoniser unit into the reaction chanber "is . .greater

t han 500n1 aaq‘&itthev om?éof th eact n mxturelnthe'reactlon
chanber is greatér Hie He FerrretingcbPdrRg to the
i nventi on |3§1V€t§1itlaamemrb)haareccmimarxaiommcﬁitéﬁle aboves srerhagnedl fRat ures.

I'f i ndivi dygddieat1u8: t Ilnlts cI [ | eads 't -
cerium oxi rpolv\/ole;é‘rvvl t Iger?%ul‘lla?'~J ouré;ie G, (g%r"é@a%e %I?’é’?fé?%rognd/ or .
to the for rﬁ?ﬁktﬂil OFF & Megarlde Omﬁatnm Cexmrpvslde cmrexfursmsstaxpe cannot -be. -

tol erated drganiwheidithegeri um oxide powder is to be used-as . an abrasive
in the sem conductor industry. The proportion of the ceri.um conpound in the

sol ution i et ween %in the process accordi-ng to the ‘
i nventi on. sﬁ.c?&ér“&%ég%@oﬁgg?eﬁ%%ﬁ%ﬁn%l e aneEnwem be ghteeval ues
there can Heqw @blce:rmometshmjtm as@otdsl lditane idr cah l%@di&@éﬁ aEHS 1o’
sel ect a pr, und the sol f- bet ween 5
QAL g ¢ %h% ‘5@&%%1? I£QMé§ 9oty ﬁwa%

and .25 wt . %. Te na ure-of the solv Pt or
aqueous- orgé}ﬂ MESOPTELS IerﬁH@dduameltearprcrﬁ:éw:vmnrmlaxgitin it eih nyeat i on.

[T dependamtupitiie. ol otclaithe « S HAM OIS Jpog, Houever

it my be dvant ageous to 10 use an or = of . organic-
sol vents witgF &- A0rgmdeWarg® @1/@Ircmt§-@ucﬁrr3as MQMblmrbmmmen or
but anol s oo cﬂaﬁrb@wlo &5AGilgg.such as acetic acid, propionic  acid,

2- ethylhexan0|c acid can be used Hal ogen- cont ai ni ng sol vents can'also-be

used, but t that .pr urificatjon steps are:additi-onall
necessary. angyso ?ﬁérﬁ% CLi e cé%lum oxide powdér accordlng to thg .

_1nventlon preferably eXhlblt a monomodal s1ze dlstrlbutlon

. ThlS means - that, when the pore volume is plotted agalnst
:'the pore’ dlameter,_no marked maximum (point- w1thout slope)
- occurs in the range between 2 and 50 nm. The pore volume

. thus 1ncreases constantly with the pore dlameter Flg 4 o
“illustrates. this fact u51ng the example of a- cerlum oxlde -
‘powder accordlng to the invention to aid understandlng

- The invention further provides a process for the productlon
of the cerium oxide powder according to the 1nventlon,
Wthh is characterised in - that an aerosol is: reacted ln a
,flame burning in a reaction chamber and the’ solld obtalned

1s then separated from the gaseous substances whereln

- the aerosol is produced from an atomlser gas,
preferably air, and a solutlon contalnlng between 2
and 40 wt.% of a cerium compound that can- be
converted to cerium oxide by oxldatlon,

the flame is obtalned from a hydrogen-contalnlng
combustlble gas and primary air, whlch can be alr
itself or an alr/oxygen mixture,



are | ess advant ageous. The nature of the cerium conpounds used in the
process .according to the inventionis not limted. Organic cerium
conpounds can preferably be used. These can be, for exanple, cerium

al koxi des, such as ceriumisopropylate, ceriumacetate, cerium

acetyl acetonate, cerium oxal ate, - cerium 2-ethyl hexanoate and m xtures of

t he above. cerium 2-ethyl hexanoate can ggrticularly preferably be used.
The solution can be fed in under a pressure of.1 t 1000 bar,
preferably-between 2 and 100 bar. The atom sation of these'. solutions can
be perforned e.g. B} lGPErasbfi salcosusatisy &f |Isesandaiey il ¥iasubst ance.

nozzle. The nulti pstibstregnaernazzliateaguRedused AtcHY esstk©eso®f up to 100
bar . VMen-a'nulti-gﬂgﬁ%ance nozzle is used; there is the advantage that

the droplets can- b §lced with a gas jet. If this gas jet contains
oxygen, a-.very int ' em;xin f the.oxidisi agen L th the -
cerium. contai ni ng%?icgﬁggﬁﬁdnégnl e%ggﬁ Z:\}/“é% inTn%sg agﬁ#ﬁ \r,%at]o‘rg'can :
advant ageousl y "be wéithedasbddowednge aml cal adscefirical tfheatquaet oént hef process
according to the ;iRkeBtiORF $nkh i i ng faact Iﬁ%ggggr'mhich,
in. the process accqording to the ?ﬁggﬁﬁﬁgﬁg'?gfg%?; ghl%ffﬁﬁa 1. :Y

Qutsi de this range@ifio EBFi BREERICAEYpaide sl ddediatmisathedaswehfidh i s

obtai ned.. Wth | ovesnktanhdaoxyalkues aitherd by the ek oF 4me Dt sl
oxi dation, and with.. hh% anbda val ues, mainly powders contajnjng a

er.
coarse portion reSArP° gl&ﬁb g PRGES6A pethnddls TYSlnaaenr PRI NGy ed
advant ageous. 11 Acooduseipdet ges,i aahsdnohicdi/med i f the di scharge -
velocity of the liquid droplets fromthe atom ser unit into.the reaction
chanber and the veltbei By scharbie wedodiday wifxtthee 1iiguiichelrasicttonf cdmnber
e outside the cl @hgedcbhibls. WFIE LD HAALIE RN Whaid ik the
meani ng of the invention refers to particles W an aver age ditaneter of
nore than 100 nm - SR6EKEEr £588nHI08I M/Eat @mé of the process according to the

invention is the quantity of secondary air introduced into.
- the wve ocity of the reaction mixture in the

reaction chamber is greater than 2 m/s.

The cerium oxide powder according to the invention is
obtained by a combinatidn of the above-mentioned features.

. If individual features lie outside the limits claimed, this
leads to a cerium oxide powder with an unfavourable, large
aggregate diameter and/or to the formation of a coarse
portion. A composition of this type cannot be tolerated
e.g. when the cerium oxide powder is to be used as an

abrasive in the semiconductor industry.

;The proportion of the cerium compound in the solution isg
between 2 and 40 wt.% in the process according to the
'invention..Lower values make no sense economically, and
‘with higher values there can be problems with the

'_solubility. It can be advantageous to select a proportion
Qf the cerium compound in the solution of between 5 and

L 25 wt.%..

Thejnature of the solvent, whether aqueocus, organic or

aqueous—organic, is not limited in the process according to
' the invention. It is dependent on the solubility of the

cerium compounds used. However, it may be advantageous to



t he reaction chanber. This nust at |east correspond to the quantity of
primary air to obtain the cerium oxide powder according to the invention.
If smaller qu antities of secondary air are fed in, an increased
proportion of coarse portions 'nust again be expected. A process in which
double the quantity of primary air is %@d in as secondary air-has. proved.
advant ageous. It can al so be advantageo If a restrictor is prOV|ded in
the reaction chanber. This can be positioned at various pointsinthe

reaction chanber. Wth this, the degree of mxing of the reaction . '
conponent s US&n@% P& SP&i6c ﬁP;LVGPﬁeP§OF1W% g eEol veenerdth a

t ur bul ent Mamar WiFlolr lé@caﬁ@'l'fel cat@l’o&msr et e HRBIBOCaSSopesoIdi g to
the i nvent lbO be carr

] k’ 1n such %a@%that t he rcﬁactlon m xt-ure
is cooled {0 arlto Tp&rat-GreS=yt lfoé‘clléisz PIEA RfF 1 Pe RPERIPORC )
chanber . Thicd dcai? -eehyd hiexeacd iloy aicitd edin ibrg usaidr Hedasydn - d:dsttt)aiﬂﬂfng
reaction c@g;jb,%t%t %r}leag on%re %'dni %)‘utﬂt% separat atl qn ngz%o 5ol id:from

gaseous products 1Is not rocess accor (FI% ‘i'nvention. -
For exanpPerificpdione S@lepa f:-met @ddcé;nomld&edledetsstm podep they

particul ar lag-ead\eaRt agRAUE al@cwse a heatable filter. The tenperature of
this filter can. preferably be between 100C and 200C. 12 The tenperature in

the reacti cha ured Q.5 m- bel ow the f|ane, .can preferably be
bet ween 108@’@ 5‘@(?0 @(?%’z?rtclec?&lug'r CPMRIoMNEISa BSEdh eifheldie RREESHd. 1250C..
Fig. 5 showscaxdiiagr am @:thealinweimi@emﬁnt oy 1 itnfie gl Odw:‘damlb ®éride cerium

oxi de powd rgi 1 I,V ntlon |s as f .1 = aerosol -
cont ai ni ng%zzgg]l%glm OXi g)rj.féec X b ¥ blrsler%r% usti-bl e gas; 4 =
f I am = ex@apidar ylelell’lml aﬂk@m@@(st i @mo&haamoererﬂm: :rseajromtlntéppt ional); °

= pr Oduchéi'l%h%r&%at@e c(\e‘:atrlltﬁma@é'tSﬁ %%%?fataecccgeq:l %Sc%(afﬁ%e nvention

can be. used as agfp_ol I sh |ng agent electronics 1 t he

heat st abi IS lEsFenOatiise anda iy xda1resc stfal i above. Cerlum

i 2 ethylhexanoate can partlcularly preferably be used

- The solutlon can be fed in under a pressure of l to '
'_1000 bar, preferably between 2 and 100 bar :

~The atomlsatlon of these .solutions can be performed e.g. by
-.ultrasonlc atomlser or at least one multi- substance nozzle
The multi-substance nozzle can be used at pressures of‘up_
to 100 bar. When a multi-substance nozzle is used, there“is
the advantage that the droplets can be produced w1th a gas
jet. if this gas jet contains oxygen, a very 1nten51ve
;‘prem1x1ng of the oxidising agent with the cerlum~conta1n1ng
ﬁ_compound can be achieved. A mist eliminator can L

l_advantageously be commected downstream.

'fAn essent1al feature: of the process accordlng to the' o
jlnventlon is the malntalnlng of the factor lambda, whlch
in ‘the process accordlng to the invention, -is between l.l

- and 1.5. Outside this range, no cerium oxide. powder _ |

' accordlng to the invention is obtained. With lower lambda

- values, there is the risk of incomplete ox1dat;on,'and W1th
higher lambda values, mainly powders containing a'coarSe
portion result. A lambda value of between 1.2 and 1.5 has
proved advantageous._



The. invention also provides a containing% cerium oxi de powder according to
the invention.' The dispersion according to the invention can have a.

| i quid. phase that is aqueous, organic or aqueous-organic.. The liquid
phase can preferably be an aqueous phase. The dispersion according to the
invention preferably has: an, average fpgregate dianeter d50 in the

di spersion of less .than 200 nm particularly preferably of I|ess than

100' nm . Preferably at |east 90% of the aggregates in the dispersion

according to the invention have. an a ate dianeter, of ‘between 200 and
300 nn1andkn80353?eﬁafééoﬂnfﬁ ﬁﬁsﬁgﬁgg ggddﬁéhé#E% Grschayee t HahosbBYnm -
The conteanotheeluqundxddepmamﬂefrom the aeamagaﬁnunruxrmﬁbn@néo t he

invention gy i fer bI be n. 2 and 20 wt. |
partlcularF e?%?%rgh%ﬁﬂg ﬁ%§n9§8 g fé qﬁMﬁé(xﬁﬁ§ﬁ1l?ﬁ W%@%u¥ﬁan 2
w . % makeshB §Bﬁs§ea€tipenﬂhﬁmbgplﬂ@&tDUMahéEndieroﬁMHmmedmﬁImlté vi-ew.

Wth contents of nore than 20 wt.% it becones difficult to. keep. the

di sper si onrababbenW bBaF8EPBEL £t 8nS eHli FRRLAIIAN {0k thy TSASARADI ¢ period of

time. 13 The dispersion according to_the I nvention can contain at |east
one di sper $BHERE HpsregﬁréoﬁprPBEFéCQSSaW§¢§bﬁqwﬁWﬁfagﬁ dipnetieperSi on.

Sui t abl e dineper saahs1Qannke: water-sol uble, organic polyners, such as . -
(meth) acrylic acid- polyners and their . anmmoni um sal ts, and pol yvi nyl

al cohol s i sur f.a active substanc such as = -
annDnlun1I§%%§Fe§ #? ﬁglggd% ﬁugxySFh§$§n€ oA A& éiﬂﬁmﬁﬁLﬁH%ulfate
mater-solubneenﬁennl@ﬁlchesanﬁatetacbfveesohﬁbancesarsmm&roduned into
pol yoxyet hyhenechaixh ehiberRokebhylene ol Yool mAgsteanal & andior

et ha anlne

wat er - sol-ubl e am nes such as nonoet hanol am né an -
proport|oanPnFHEYdP§p§F§§ﬁFY|ﬁtheodpbﬁéﬁ§|Gﬁeaﬂ@ﬁmumlﬂyldﬁtnﬂwdﬁmentlon

can preferabbwraengetwe@ﬁeolﬁveﬁﬁﬂoﬁo . Umahaged (?Qfsﬁdle:f@éldiﬁﬂ oxi de .
powder in g i-'spersion. v? yes of between 1 and 10 % can_ be
econdary alir are fe in, an increased proportion of coarse
portlons must again be expected A process in which double

the quantity of primary alr is fed in as secondary air has
“proved advantageous ‘

;-It'can'also be advantageousdif a reetrictor is provided in
the reaction chamber. This can be positioned at various
points in the reaction chamber. With this, the degree of
mixing of the reaction components, and the velocity .
thereof,'can be intensified. In general, a turbﬁlent flow

-will be particularly preferred.

"~ The procees according to the in&ention can be carried out
‘infsuch a way that the reaction mixture is cooled to
'ftemperaturee of'100 to 200°C'after leaving the reaction
_chamber This can be ‘achieved by 1ntroduc1ng water vapour
'1nto the reactlon chamber at one or more points.

The separatlon of the solid from gaseous products is not

--11m1ted in the process accordlng to the invention. For
example, a cyclone or a filter can be used. It has proved'
particularly advantageous to use a heatable filter. The
temperature of this filter can preferably be between 100°C
and 200°C.



particularly preferred.. The dispersion according to the invention can
preferably be alkaline.. A range of between pH 8 and 12 can be
particularly preferred. If a nodification of the pHto higher values is
desired, this can preferably be achieved wth alkaline substances that do
not contain a netal ion, such as e.g. ?dlun1 Ammoni um hydroxi'de or- . -
tetraalkylannonlunlhydrOX|des can be parficularly preferred. The |nventloni]
al so provides a process for the production of the di spersion according to .
t he |nventk§ t ich_is chara% terised.in that the cerium-'oxi de powder -
according £8°¢ F?E‘PGH%HFPOFIH. E0gr Ee@CSIOrs ShaREt ndiPFSTRE @B iR a
l'iquid nedbe&pwpthEefaHM¢ aqaeopseﬁaﬁdbmysﬁemﬁmWééﬁnmban¢créﬁwlatlng

b X g before
Phe ponses 148bench 5¥t§§F2§rg§h§3%f§£ﬁ%ﬁ§’S%et b od s g Derore

possibility . consists in that, during the dispersing operation,: cerlun1ff';—'
oxi de pomdéﬁgané gheper saftagnamropfphn reywradents Uhst drve producdied to
the |iqui dofedhumcedh LRI Bt ALY polieraSeRids dif AR ML 1 1AL e&%d'a&e for -
exanpl e, 3%? sui tabl_e &or th pre-di spersing.” Rotor-stator I nes,
.such as Val?uPFa§° LRI o h@?éoﬁﬂemcﬁﬁ jning qeriym taptde for the
dispersingprasuaserbaal =Npklisaety ahkrlBlencdmﬁdgtlﬁjéﬂggsenpngwﬂéﬁgus are -
possi bl e wisth gegl ag&gr kneader / mi-xer.. fect veneSs of thIS system
is linked “to S°SaFfrcreRtly Righ 9P§56§¥¥ T \wor ked to

i ntroduce. ﬁﬁ@thpghlihe§r~epeogue$ desuhemgeC)-break domn the partlcles “In .

addi tion, ‘high- pressure honpbgeni sers can be used In these devices, two

re-di sper S t u i r sed
p per ged SuUSRERSLYAAS! HEAREUBMEL, A oSSR ea;%hl%‘”r[’ S35YLd

usi ng a nozzl e e two i Spersion jets C her- exactl'y.
and the p&??—ﬁcrﬂés agPPAdshhBYangeRsr 10 khgnstlisst romdon neustthe  for

pre-di sper ghenheataksabpll asedgundesinigRiy eSHHS Y dhe d&ﬁ%}fﬁéﬁ
collide with arnoured wall areas. The operation can bé’ repeate as often

as des'redTh% Rg%en%léﬁag S0 pggggb%gea§b§sper31on contalnlng the

cerlum oxide powder accordlng to the 1nvent10n

The dispersion accordlng to the invention can have a 11qu1d
phase that is aqueous, organic or agueous- organlc . The
liquid phase can preferably be an agqueous phase:

The dispersion according to the invention preferably has“an
average aggregate diameter dsg in the dlsper51on of less
than 200 nm particularly preferably of less than 100 nm.

Preferably at least 90% of the aggregates in: the dlsper81on
-accordlng to the invention have an aggregate dlameter of
between 200 and 300 nm and no aggregates w1th an aggregate
dlameter of more than 500 nm.

The content of cerlum ox1de powder in the dlsper51on
accordlng to the invention is not limited.. It 1s preferably
between 2 and 20 wt.%, partlcularly preferably between 5
and 10 wt. %. A content of less than 2 wt.$% makes no sense
from an applicational and economic point of v1ew W1th
contents of more than 20 wt. %, it becomes dlfflcult to. keep
the dlspers1on stable with respect to sedlmentatlon for a
reasonable period of time.



The invention al so provides the. use of the dispersion according-to the

I nvention for the polishing of oxidic and netallic-layers.. 15 Exanpl es
The specific surface is determned in accordance with DIN 66131. The TEM
phot ographs are obtained with a Hitachi TEM- ..instrunent, nodel H 75000-2.
Usi ng the CCD canera of- the TEM instruygnt and subsequent i'mage anal ysis,
approx. 2000 aggregates are evaluated in each case wth respect to prinmary
particl-e and aggregate dianeters. The surface properties, such as sodi um
content an t he oi.chionetry .of the ceriym oxide powder, are_ determ ned
by Iargeegpgag?fgér }QRchgﬁépﬁ§ﬁét€X - LRVEAE 16T fiRfe CORRdE BeRBct 1 on
spect r oscopyRstThoestiospkirormtr.y Thfi st herc eidntimde novales el B ssnghe

ni ne strucbgrgﬁeoﬁigﬁgrg§o§d512 and 3d312 based on The sodium content is
determined both in the original state and after 30.minutes' surface
erosion by ion bonbardnment (5 keV argon ions): Sodium content (wet

cheni cal ) : SH&EBRpEsPE FBRTAREESHESBI bR, wadetemtilndilian dyygdriCRMS. The pore

si ze di strpbuyinersi ssdehepn ngdchokH A% r t-pl o

accordi ng {; ge.Boer-él for neqoporgg?%gglgggh %iéﬁﬁ?ﬁggg%ﬁgﬁ%t%@%l%nd for
Macr opor es BO U inf 2By S kg 2P PPd¥VéRY 1T cohsiérs nmtseareo bilobriced by

ul t r asoni canfeatinpnenribteaseuidepcobe thBards! igh 220 Y3 G@m BIERy1
8,100% ; 5.m s)_ixh_wat er. e.average aggreqgate di aneters d500f,” ‘the
ceriun1oxiaghg§&§e%§aa §€38F¥F H&&nﬁiaﬁuiﬁng- ~ AR bR ERal yser
fron1Fbriby?tﬁg*EQénbﬂef1nom2@0ngbh sfurd avel-aldtdveofsuieiianddd | )such-

2-et hyl hexagogblyoxlatnhelt hBuziA! RERPARNGAHA LR Jlydds e

- monostearate and/or water-soluble amines such as |

" monoethanolamine and diethanolémine.'

(lThe proportion of the'diépersant in the dispersion

: acgqrding tO'the'invention‘can‘preferably be between 0.1
and 50‘wt.%, based on the cerium 6xide powder in the

. dispersion. Values of betweén 1 and 10 wt.% can be

- particularly preferred.. B

: The dispersion according to the invention can preferably be

- alkaline. A range of between pH 8 and 12 can be
 particu1ar1y preferred. If a modification of the pH to
higher values is desired, this can preferably be achieved
,With alkaline substances that do not contain a metal ion,
 sqch as e.g. sodium. Ammonium-hydrdxide or
te#raalkylammbnium hydroxides can be particularly
preferred. '

“The invention also provides a‘process for the production of

"the dispersion according to the invention, which'is‘

':characterised in that the cerium oxide powder according to '
‘the_invention is pre-dispersed and then dispersed in a

: liquid medium, preferably aqueous, with dispersants and pH-
regulating substances optionally being initially pfesent in
the liquid medium-before the pre-dispersing or being added’
during the dispersing.



.through a nozzle with a dianmeter of 0.8 mMminto a reaction chanber using
air (5.n8/h).Here,, an oxyhydrogen gas flanme consisting of hydrogen (10
nB/h) and primary air (10 n8/h) Is burning, in which the aerosol is

react ed. I'n addi ti on, 20 mB8/h of secondary air are introduced into the
reaction . chanber. A restrlctor Wth a hength of 150 nn1and a .dianeter ,
of 15 mm through whi ch the reaction nl%ture is passed, is installed in the
reaction chanmber below the flane. After cooling, the cerium oxide powder

I s separat from ous substances, using a filter. Exanples 2 to 9.

are perfor%%ﬁmh$ﬁﬂﬁ?%§¥h;i Qﬁp%a%kﬁlenJFhaﬁhedﬁEhmgl?h@sdmaearan@gother‘

process paK&naEﬁnsmcamdmaumzﬂﬁﬂﬂérpﬁwdé&ﬂéhé-diébé%@&ﬁteaﬁd/BE ?ﬁstrlctor
stead of _ceri_un{ .

i s enpl oyed nitrate

2- et hyl hexanoate ”?e E E%y& e&earﬁ%aqg%ea(?a Cfthe %‘é‘t”r@m’i“%?ilﬂ’é povvders
obt ai ned céﬁﬂ@?qﬁﬂ@karon1Table 2. The naming of the dispersions .
corresponds .to the rel evant powders. Dispersion D1 corresponds-to the

B 5 R SIS | (s L RS
i. 1 r[n f le fon\qhe pre- dlsper51ng Rotor stator machlnes,
'_such as Ultra Turrax (IKA) or those from Ystral, . are
r'sultable for the dlsper51ng, as dre ball mills oxr attrltlon
f‘mllls ngher energy inputs are possible with a planetary
-~ kneader/mixer. The effect;veness of this system is liriked
“to a sufflclently high viscosity of the mixture being
worked to introduce the high shear energies required to
_ break down the particles. '

In.additiOn, high—pressnre'homogenisers can be used. In
lthese devices, two pre- dlspersed suspension streams under
hlgh pressure are depressurlsed using a nozzle The two

'dlsper51on jets collide with each other exactly and the
7-part1cles grind one another. In another embodiment, the
- pre-dispersion is also placed under high pressure, but the
' partlcles collide with armoured wall areag. The operation
can be repeated as often as de51red to obtain smaller
particle sizes.

The 1nventlon also prov1des the. use of the dlsper51on
accordlng to the 1nvent10n for the polishing of oxidic and
metalllc layers
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Examples'

‘ The specific surface is determined in accordance w1th
'DIN 66131 '

The TEM photographs are obtained with a Hitachi TEM .

instrument, model H-75000-2. Using the'CCD'cameranof the_'-

TEM instrument and subsequent image analysis, approx 2000

aggregates are evaluated in each case with respect to the

primary particle and aggregate dlameters

The surface propertles, such as sodium content’ and

stoichiometry of the cerium oxide powder, are determlned by
large area (1 cm?) XPS analysis (XPS = X ray 1nduced
photoelectron spectroscopy). '

- The storchlometry of the cerium ox1de powder here is.

determined on the surface in the original state based on_'_
the fine structures of the Ce 3ds,; and 3ds/2.

‘The sodium content is determined both in the'originai state

and after 30 minutes' surface erosion by ion bombardment
(5 keV argon ions).

Sodium content (wet chemical): decomposition withinsogﬁﬂF,
determination by ICPMS. '

The pore size distribution is determined forimicropores“

(< 2 mm) by t-plot according to de Boer, for mesopores - 124“
50 nm) by the BJH method and for macropores (> 50 nm) by Hg

'1ntru51on

The dlsper81ons are produced by ultrasonlc treatment-'
ultrasound probe (Bandelln UwW2200/DH13G), step 8 100%
5 minutes) in water. The average aggregate dlameters dsoOf
the cerium oxide powders are determined with an LB 500

partlcle size analyser from Horlba
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Example 1:°

gdiZOO g/h of a solution of cerium(III) 2— ethylhexanoate'
.(49 wt %) in 2- -ethylhexanoic acmd (51 wt.%) are atomlsed
'_through a nozzle with a diameter of 0.8 mm into a reactlon
,chamber using air (5. Hl/h) _Here, an oxyhydrogen gas flame
Hconslstlng of hydrogen (10 n?/h) and primary air_(lO_ﬁﬁ/h)
rxis burning, in'which the aerosol is reacted. In additioﬁ}-
l_20 m’/h of secondary air are introduced into the reactlon
chamber. A restrlctor with a length of 150 mm and a
'.dlameter of 15 mm, through which the reaction mlxture 1s
 passed, ‘is installed in the reaction Chamber below the

flame. After cooiing, the cerium oxide powder is separated.
.sfrom gaseous substances - u51ng a fllter

' EXamples'z to 9 are performed in the same. way as Example i;

- the quantltles used and other process parameters can be
‘taken from Table 1. In Example 5, no restrictor is employed
and cerlum(III) nitrate is used 1nstead of cerlum(III)

2- ethylhexanoate

-The phys1co chemlcal data of the cerium ox1de powders
obtained can be taken from Table 2.

The namlng of the dispersions corresponds to the relevant
powders Dlsper31on D1 corresponds to the powder Pl from
Example 1 D2 corresponds to P2, etc.
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Tab.3: Aggregate diameters in dispersions“

|Dispersion | o - D1 D2 .'hD3-_': _‘b4d7*
average | om | 156 | 147 114 o 130
90% less than am | 237 236 _203‘s[:.f205

95% less than| . nm 280 | . 277 | 237 | 249

‘a) Content of cerium oxide: 2 wt.%

The examples relatlng to the productlon of the cerlum ox1de?-
powders show that a powder according to the 1nventlon,.
which is free of coarse portions, can only be obtalned
~ within narrow llmlts, The powders PL to P4 accordlng to the, f;
f'lnventlon are free of coarse portlons -and. have average _
prlmary partlcle dlameters of between 6.88 nm and 12 80 nm l-"

and average aggregate diameters of between 30 20 nm and
46.40 nm. '

_ In EXample 5, a mixture of coarse and fine- partlcle cerlum f
.ox1de, which is not according to the 1nventlon 1s o |
'obtalned The parameter lambda, the velocity of the aerosol
_droplets and the velocity in the reaction chamber 11e
outs1de the values clalmed

In Example 6, too, a cerlum ox1de powder con51st1ng of a
coarse and a fine portion, which is not accordlng to the
invention, 1s formed. Although all the process’ parameters,
W1th the exceptlon of the secondary air, - 11e w1th1n the -

ranges clalmed no powder according to the lnventlon is
_obtalned

In Example 7, the lambda value, as well as the velocity of
the aerosol droplets and the velocity of the reaction
mixture in the reaction chamber, is outside the claimed

range. In this case, in addition to a coarse portion of



o(d r A 19 Tab-3: Aggregate dianeters in dispersions'} D spersionDlD2D3D4
Aver agennil56147114130 90% | ess t hannn237236203' 205 95% | ess

t hannnm280277237249 Content of cerium oxide: 2 wt.% The exanples relating to
the production of the ceriumoxide powlers show that a powder according to
the invention,-. which is free of coargg portions, can only be. obtained -

W thin narromlllnlts The powders Pl to P4 accordi ng to the -invention are
free of coarse portions and have . average prlnary partlcle di anet ers -of

S n B BB IE SRSLD IR QOIS Do lpner

cerium oxfeendwhich is not accordlng to t he |nvent|on |s,obta|ned The -

paraneter |anbda, the velocity of the aerosol droplets ahd fhe'velocity ih"f"

the reaction shambes életaatﬁigﬁ ahﬁaﬁﬁbae%aﬁh@ @ﬂé i
coarse and a |ne portlon mhlc

cerium oxi de P er _.co i -

not accor dffigt®6 £herPH %Et@bﬁtrﬁguFépﬁedeaﬂlFﬁo@gﬁmaﬁkmﬁhéﬁﬁﬁﬁb |
par anmet er spotwatbotfitngxeepthaniabehbeogecondary air, lie within the..;”
.ranges clai med, no powder according to the invention IS obtained.  In

Exanpl e e I s_well .as the 00|t ;the aerosol .droplets -
and the ve?%gl %H$g$h¥f §§CF? RECORALPGr &9 % h BaYEniser . i s .
out si de th%t@Lahhemetrﬂn@eolbnonhthemassprﬁac&dd@hﬂermmmeﬂ<hyMXRs ' L

portion. of ,2Q1¢g5kum oxi de powder, a high proportion. of carbon was also f.
found. In Exanple 8, too high a | anbda val ue and in Exanpie 9, too ;j‘ B

- Furthermore, it was found that the powders P1 to P4
according to the invention have sodium contents of less -
than 10 ppm on their surface

, Flgures 2 and 3 show the narrow distribution of the \
- diameters of the prlmary particles and of the prOJected
aggregate dlameters u51ng the example of powder 2 '

- The cerium oxide powders according to the invention éaﬁ béf;'""‘
readily dispersed'and even with a low energy 1nput yleld“;-«
. average aggregate dlameters of less than 200 nm. '



coarse a droplet distribution lead to a product which is not according to
the invention. The powders Pl to P4 according to the invention have
stoichionetry CeOl-.8 on their surface, determ ned by XPS. anal ysis.
Furthernore, it was found that the powders Pl to P4 according to- the

i nvention have sodiumcontents of |ess 2than 10 ppmon their surface.
Figures 2 and 3 show the narrow di stribution of the. diameters. of t he
primary particles and of the projected aggregate di ameters using the
exanpl e. oClpawger: 2 The cerium oxi de powders according to the invention
can be readily dlspersed and,. even'with a |ow energy inl average
aggregate glag%}ers ofahﬁss than 200 nm 21 Clains 1. PoI crystalline
ceri um oxi dé po YA o ARG SRVt 0t iThe QR tPEl es, -
char act eri sed sgrelates of pasrarsperfticiay f atanictheiived 70 engt 150
n2/ g, an averager %%lnary particle dianeter of between 5 and 20 nm and an
average, projected aggregate dianeter of between 20 and 100 nm Ceri um

oxi de powder -accor g @.gewf%a»smrﬂfac@%rfa@;eecue%%@ 796%5&1 lsd gz gpeci fi C

surface is betmeen 90 and 120 -Cer1 um oxi er ac ding to

claims 1 or.2, .char éebeég%e@ﬂlﬁtarga%a&lﬁ.c@@rﬁ%ew HASRLPr S Mary
.particle dlaneter gﬁetmeen nm 4. Cerium oxi de powder

accordlng to clai nB2¢ aE’ﬁaracterlsed in. that.the average, projected
aggr egat e dlaneter i s_between_30 _.a .um oxi.de powder -

according to clains g1V 49%. cﬁ%?@é?gF¥£@EQQ$Qﬂ%% & ¥8% of the

primary particle beaweeer 80 Beadnli0fi mma range of betmeen 0.6 m and 1.4 nj,
where mis the average primary particle diameter. .
" 2, Cerium oxide powder according to claim 1, characterlsed

in that the speC1f1c surface is between 90 and
120 m2/qg. '

3. Cerium oxide powder according to claims 1.0r_2;
characterised in that the average, number-based primary
. particle diameter is between 8 and 15 nm.

‘4. Cerium oxide powder accbrding to claims 1 to 3,
; characterised in. that . the average, prOJected aggregate
 diameter is between 30 and 70 nm.

5. Cerium oxide powder according to claims 1 to 4,
characterised in that at least 68% of the primary
'-,partlcle dlameters lie w1th1n a range of between O 6 m
aand 1.4 m, where m is the average primary partlcle
_5d1ameter '

;a6;_Cer1um oxide powder accordlng to clalms 1l to 5
characterised in that at least 68% of the progected
aggregate diameters lie w1th1n a range of between 0.6 m
and 1.4 m, where m is the average projected aggregate

' diameter. . |

7. Cerium oxide powder according to claims 1 to 6,
. characterised in that at least 70% of the aggregates
have an area of less than 1500 nm?2.



. Cerium oxi de powder according to clains 1 to 5, characterised in that at
| east 68% of the projected aggregate dianeters |lie within a range of
between 0.6 m and 1.4 m where mis the average projected aggregate
di aneter. 7. Cerium oxi de powder according to clainms 1 to 6, character.ised
in that at |east 70% of the aggregates 2kave an area of |ess ‘than 1500 nng.
22 8. Cerium oxi de powder according to claims 1.to 7., characterised in
that at | east 85% of the aggregates have an area of | ess than ;4500 ' nnR2. - 9.

Cer i um oxi dg. mﬁﬂma&@mé'ﬂ&ﬂé@rcaébdﬁdﬂ-?éoto claﬁlﬂgrﬁcf:gr sed in that it

has a CeOX co S|t|on th surface rluntoX|de
powder accor di TRATSE SR AN tehat ahat@rsbr$EBdOfnthRafoprepates total

sodi um | ess t HeaweoOdh ppiea 1A CeedsiNtRh des POWERE | according to C|al”110
characterised in that the sodiumcontent on is Iess than 10 ppm . - 12- CEFIUHI

oxi de powdey 1to terls in_that it has a -
car bon content %?ﬁﬁ% é#m#P% ??W?C%Dr%§n%b€ %&?ﬁe BRdgr accordlng to
clains , 1 to:EﬁaEﬁQﬂﬁwE&E@rlneﬁhan ihahastah@sOacnmmmmﬂtaomﬂommtmé

0.6 nt/g 14. GapitpoOXd £le; powder acgording to claims 1 to 13, characterlsed
inthat it has a nononodal nesopore.Size distribution. 15:. Process for the

productlonéég t he, ceri um oxi de_powder: according to clains 1.fo 14,
characteri TH T HALORe Rowder Fecordtredtonchainand barPingin are

action chanmberclemchd ter 5obd di 9btiad v ede i5as h@ﬂté@@ﬁf@é&ﬂumf &Qﬁtéﬁe Bﬁseouér
subst ances, wagsbrthan 500 ppm

11 Cerium oxide powder according to clalm 10
characterlsed in that the sodlum content on the surface
is less than 10 ppm..

12.Cerium oxide powder accordlng to clalms 1 to 11
characterlsed in that 1t has a carbon content of 1ess
than O 1l wt.%.

13.Cer1um oxide powder accordlng to clalms 1 to 12
characterlsed in that 1t has a mesopore volume of 0 4
to 0.6 ml/g

14.Cerium oxide powder according to claims 1 to 13,

characterlsed in that 1t has a monomodal mesopore 51ze
dlstrlbutlon

15 Process for the productlon of the cerlum ox1de powder
according to claims l to 14, characterlsed 1n that an
aerosol is reacted in a flame burnlng 1n a reactlon
chamber and the SOlld obtained is then separated from
the gaseous substances, wherein -

the aerosol is produced from an atomlser gas,
preferably air, and a solutlon contalnlng between 2
and 40 wt.% of a cerium compound that can be

converted to cerium oxide by ox1datlon,



the aerosol is produced froman atom ser-gas, preferably air, and a

sol ution containing between:2 and 40 wt. % of a cerium conpound that can be
converted to cerium oxide by oxidation, 23 the flane-is obtained froma
hydr ogen- cont ai ni ng conbusti bl e gas and primary air., which can be air
itself or an air/oxygen mxture, at |easgh the same quantlty of secondary
air as primary air is introduced into the reaction chanber, for |anbda,
it istruethat 1.1 < lanbda .:5 1.5; wth-lanbda being cal cul ated from

the quotient. .of ~thg sumpl Otgﬁeoeas 4| bRl BYGEOLLE LOGCRILEREY | &l t

the secondary air an m-ser ga S oxygen; i'¥i ded by_
the sum of the ceri Qﬁﬁﬁhﬁﬁuﬁ%&)qnﬂcﬂﬂxmaﬂxlQﬁﬁitWh&@Nd¢@@ehec@nralnlng-

conbusti bl e gas, e@qméjfrgglgh éfgy&kﬁﬁggmﬁ§@E%@0|ty of the liquid

droplets from the atom ser unit into.the reaction chanber is greater' t han

500 m's; and - the aelneidy tofe 'ddie rQaai 0Ry DX IdECohdatPeaiF a6t i ON
chanber is greater than 2 ms. .16. Procelgﬁﬁgcordln to claim 15,

characterised in t R he ¥ J5 ot EF SR DR wt | %of a’

cerium conpound. Ih#emess according to clainms 15 or 16, characterised in
that the -solution fromwhich the aerosol i-s obtained is organic. ,
18. Process accor di rigpnt olagtizdans 5 i tlJ:?l.;e d:timiaclellﬁelhmhidatfhalt he ceri um

conpound is. an: or ganig %dal%é%] £Q pro G %ﬁr@réﬁ ot et © 48

characterised in that the aeroso by an u tr SRl ©
atoni sation or at |'dRtSEhentihs punpamEkHan iz Axoe. P%o‘é]e%spfaiem@fm ng to

claims 15 to 19, charact@id S@@:dﬂaaﬁwaéut f‘aqada\im;daaﬁ/&ﬁ@efsg@@t weenid.2 and
1.5. 24 21.Process accordlng to cl ai rised in,  that the-

20 h
quanti ty of seconddrSP S LXFLE %ﬁi j%y tili‘?gtsalgigccbg e Yo fum

compound to be ox1dlsed and the hydrogen- contalnlng
-combustible gas,. each 1n mol/h

- the dlscharge ve1001ty of the lquld droplets from
the atomlser unit into the reactlon chamber . is
greater than 500 m/s, and

- the veloc1ty of the reactlon mixture in the
reaction chamber 1s greater ‘than 2 m/s.

16 Process accordlng to claim 15' characterised in that
the solution contains between 5 and 25 wt.$% of a cerium
‘compound

17.Process according to clalms 15 or 16, characterised in
that the solution from whlch the aerosol is obtalned is
organlc

18. Process according to claims 15 to 17, characterised in

that the cerium compound is ai organic one

-19. Process accordlng to claims. 15 to 18, characterised in
that the aerosol is produced by an ultrasonic

atomlsatlon or at 1east one multi- substance nozzle,

20.Process according to claims 15‘to 19 characterlsed in
that the lambda value is between 1.2 and 1.5



22. Process according to clainms 15 to 21, characterised in that a
restrictor is installed in the reaction chanber. 23.Process according to
clainms 15 to 22, characterised in that the reaction mxture is cooled to
tenperatures. of 100 to 200C after |eaving the reaction chanber. .,

24. Process according to clains 15 to 2324character| sed in that the
separation of the solid takes place using filters at tenperatures of

bet ween 100 and .200C. 25.Process according to clainms 15 to 24,

h d h d
characteri sed p&r'acegeatactts%faaﬁgp%awa%ntgo the 4 %Zbcg»@ﬂzaf%ge Od "ﬁESUfé

0.5 m below . tween 10 and,” 1

pyrogeni cal | y tpRsdéed WertaivoRitdsecondage, Gridi g tvidaians igh a9 as a - -

pol i shi ng. agemhatnthgrlmbegt@galcs i ndustry, for the heat. stab|I|S|ng o]
silicone rubber- and as a catalyst 27. Di spersion. contalnlng t-he .ceri.um

oxi de powd ccordln 0.14. .28. per si_on ccor di B f:
claim 27, E%ar ACCErTs gcofrﬁilflﬁ”t%o Fﬁr?lgf'r |1§ t&lzg'é 6¥jn‘?fsl #%&fér age -

aggregate. di &inatter ¢®Stim cttoe diss peissiad cof ﬂnxnhalneadﬁﬂbnwuhamber
.29. Di spersion according to clains 27 or 28, characterlsed |n t hat at

| east 90% 03f pile-e0r %%tra% gnttoh%lalnﬁis' a%erta o h%‘h% gt

di aneter of, between 200 and 300 nm- 30.Di s ersi on accor-ding to clalns 27
to 29,. chara i $6¢ Pfﬁapﬁapnnala&glﬁegat%wqiqdqetqt|t§>§eesqaﬁweﬁ/e>f an.’

aggregat e di amgigercof2 omeice alfter 3QBvANG 2he FoddtSRA THRAWRGEOr ding to
clainms 27 to. 30, characterised in that the content of cerluntoX|de IS

bet ween 2 iﬂdProcess accordlng to claims 15’ to 23 characterlsed in

that the separatlon of the solid takes place u51ng
filters at temperatures of between 100 and 200°C

25.Process accordlng to- clalms 15 to 24, characterlsed'ln
that the temperature 1n the reaction chamber, measured
0.5 m below the flame, is between 1000°C and 1400°C

26.Use of the pyrogenlcally produced cerium oxlde
accordlng to claims 1 to 14 as a pollshlng agent 1n the
electronlcs 1ndustry, for the heat stablllslng of
8111cone rubber and as a catalyst

27 .Dispersion contalnlng the cerium oxide powder accordlng
to clalms 1 to 14.

28.Dispersion according to claim 27 characterlsed 1n that
the cerium oxide powder has an average aggregate
diameter dsy in the dispersion of less than 200 nm:.

29 . Dispersion accordlng to claims 27 or 28, characterlsed
in that at least 90% of the aggregates 1n the

dispersion have an aggregate diameter of between 200
and 300 nm

30.Dispersion according to claims 27 to 29, characterlsed
in that no aggregates in the dispersion have. an
raggregate diameter of more than 500 nm



20 wt. % 32.Dispersion according to clainms 27 to 31, characterised in that
It. contains at |east one dispersant. 33. D spersion according to claim 32,
characterised in that the dispersant includes the group of the

wat er - sol ubl e, organi c polyners, the water-soluble, anionic, surface-
active substances, the water-sol uble, ngg-ionic, surface- active substances -
and/or the viater-sol uble amnes. 34. Di sper si.on accordlng to clains 27 to
33, characterised in that the proportlon of -di spersant is between. 0.1 and

50 wt. cerium. oxi . persr cc [ to claips 27 to
34, char act er| S& ersutlhgtccotr %p% %&P %E%C'F%’F:L?ﬁé
production of Jtrhéil’@rt'srtéralammtmrtororﬁ rtgar:ttﬂn cxaides 12 borwden chanadt eri sed
in that the-cerj Yp o0xide powder is pre-dispersed and then di spersed in a
l i qui d medi um preferably aqueous, W th di-spersants and pHregulating
subst ances. opt ionally being initially present in the Iiquid mediumbefore
the pre-di SgerSisRgrdromhédryraddet tWurd g nne Hiepetki rchavacterisedt he

di spersi on aceef ditzg: itt0 Cc;lrﬁgarﬁlsﬁag q%ﬂ‘ Une tdEshotdshi ng of oxidic and -
netallic layers.

33 Dlsper51on accordlng to claim 32, characterlsed in that
the dispersant includes the group of the water—- soluble,
'forganrc polymers, the water- soluble, anlonlc ,surface—
active substances, the water—soluble, non- 1on1c,
~ surface-active substances and/or the water-soluble
amines. '

'_34.D1sper51on accordlng to clalms 27 to 33 characterised
',1n that the proportlon of dlspersant 1s between 0.1 and'
50 wt . %, based on cerlum ox1de '

;35.D1sper51on accordlng to clalms 27 to 34, ‘characterised
- in that it has an alkallne pH ' '

13§.Process for the production of the dispersion according
~ to claims 27 to 35, characterised in that the cerium
 oxide powder is pre-dispersed ahd then dispersed in a
liquid medium, preferably aqueous, with dispersants and
pH-regulating substances optlonally being 1n1t1a11y
present in the 11qu1d medium. before the pre- dlsper51ng
or belng added durlng the dlsper51ng

37 Use of the dispersion accordlng‘to claims 27 to 35 for
the polishing of  oxidic and metallic layers.



