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1 Cerium oxide powder and cerium oxi de di spersion The
invention relates to a powler based on cerium oxi de,
its preparation and its use_ The invention further
relates to a dispersion containing this powder. 5
Ceriumoxide is a significanl constituent of
catal ysts. Furthernore, ceriumoxide is an inportant
material for the polishing of glass and el ectronic
conpaatihin Faidé CplbwdeyY ahd EBeitheb#iak dispersion
chenmonechani cal polishing, the journal and patent
literature contains nunerous treatises inproving the
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sieved. 15 Wet-cheni cal routes and gas-phase processes
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digesesiledd i n EP- A—1142830 25 In J. Mater. Res., Vol
17, pages 1356 - 1362 (2002), Pratsinis et a
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then milled and 31eved.

Wet~-chemical routes and gas-phase processes are also known.
Cerium oxide can be prepared by hydrothermal synthesis, as
described, for example, in US 5389352. Here, cerium(III)
salts are converted oxidatively at elevated temperature and
pressure into cerium oxide which crystallizes out in the

form of fine particles.

Gas-phase processes such as spray pyrolysis methods in
which a cerium oxide precursor, usually in the form of an
aerosol, is oxidized in a flame are of particular interest.
One such method is described in EP-A-1142830. '

In J. Mater. Res., Vol. 17, pages 1356 - 1362 (2002),
Pratsinis et al. describe the preparation of cerium oxide
powders of high crystallinity by flame spray pyrolysis of
cerium acetate solutions in solvent mixtures Coﬁprising

acetic acid, isooctane and 2-butanol by oxidation by means

- of oxygen in an oxygen/methane flame. The solvent mixture

is essential to the preparation of a cerium oxide powder

which is free of relatively coarse particles.
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acetic acid, isooctane and 2-butanol by oxidation by
means 30 of oxygen in an oxygen/nethane flame. The
solvent mixture is essential to the preparation of a
cerium oxi de powder which is free of relatively
coarse particles. 2 W?2004/905184Al clains a process
for preparing netal oxides, in which droplets are
pr oduced fron1a sol ution and these are oxidized in a
on contains at _.least one.starti
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BET surface area of from 15 to 200 n2/g. EP-A-1506940
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the form of aggregates of prifrary particles,  having a
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_surface area of from 15 to 200 m%/g.

EP-A~1506940 discloses a polycrystalline cerium oxide

powder in the form of aggregates of primary particles

‘having a specific surface area of from 70 to 150 m?/g, a

mean primary particle diameter of from 5 to 20 nm and a

mean, projected aggregate diameter of from 20 to 100 nm and

~a dispersion containing this cerium oxide powder.

- Furthermore, numerous dispersions containing cerium oxide

for chemomechanical polishing are described.

EP-A~1203801 discloses an aqueous dispersion containing _
pyrogenic silicon dioxide doped with cerium oxide, with the
cerium oxide being introduced via an aerosol of a cerium
salt solution or suspension and the mean particle size in

the dispersion being less than 100 nm.

EP-A-133080 discloses an aqueous dispersion which contains

particles having a core of doped, pyrogenic low-structured

‘silicon dioxide and a cerium oxide shell and does not

exceed a mean secondary particle size of 0.2 pnum.



25 EP- A-1203801 di scl oses an aqueous di spersion
containing pyrogenic silicon dioxide doped with
ceriumoxide, with the cerium oxide being |ntroduced
via an aerosol of a cerium salt solution or
suspensi on and the nmean particle size in the
di spersion being less than 100 nm 30 EP-A-133080
di scl oses an aqueous di spersion which contains
particles having a core of doped, pyrogenic
| owstructured silicon dioxide and a cerium oxide
shell and does not exceed a nean secondary particle
DESIEZA (2408208 |13 seBE=B-L@A28A6, di sel ghic cerium oxide
di spersi on of pyrogenic cerium oxide I ch does not
whiahe depy patthatesdyargetithas langeSIEBRA7HR.cl ai ns
a cerium oxide dispersion which is stabilized by
pol yacryl ates. US 6443811 clains a cerium oxi de
v GREIS 00 a0 1@ REWES @hmtBXlﬁeaﬁhgpg§§h8nnﬁHhéﬂ1T@'Ebablllzed
contains a cationic surface-active agent. US 6420
byclpaillyscayteteam oxi de di spersion which has a pH in
the range from8 to 12 and contai ns a di spersant,

UsPr i £5@0] ¥ -84 198t ar - SO Uhl eoQk genia RATBH # a neutral to
wat.er -sol ubl e anioni¢ or nonionic surface-active
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is that satisfactory stability in the neutral to
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A disadvantage of the cerium oxide dispersions accordlng to the

prior art is that satisfactory stability in the neutral to
weakly alkaline range can be achieved only in the presence of
additives.

It was therefore an aim of the embodiments disclosed herein to
provide a dispersion which is based on cerium oxide and is,
t without additional additives, sufficiently stable 1in the
neutral to weakly alkaline range to be able to be used for

chemomechanical polishing.

A further aim of the embodiments disclosed herein to provide a
powder based on cerium oxide as a basis for the dispersion. A
further object was to provide a process for preparing this
powder.

In one aspect, there is provided a cerium oxide powder which
has carbonate groups and comprises crystalline primary
particles which contain cerium oxide and carbonate groups on

their surface and in a layer close to the surface, wherein

- the powder has a BET surface area of from 25 to 15015/g,




chenmonechani cal polishing. A further aimof the
enbodi nents di scl osed herein to provide a powder
based on cerium oxide as a basis for the dispersion. A
further object was to provide a process for preparing
this powder. In one aspect, there is provided a
ceri um oxi de powder which has carbonate groups and
conprises crystalline primary, particles which contain
cerium oxi de and carbonate groups on their surface
and in a layer close to the surface, wherein - the
- Eﬁé’d%frllﬁ@&ya ];%@El%lrefsa%@é ea akahr oMARty 150 FRLE, 5 to 50
4 the primary particles have a nean dianeter of fron15
50 rim the layer close to the surface of the
- phemiryeparipseetohtibeasudépeh of theuprbnany pasticles has a
gapbanatesoncentfation in the layer close to the
surface decreases inwards fromthe surface on which
- the earbenate copseshtasttobni Sihi ghest, 1dhercaeb®fe to the
- cApkgRt due-t dhe ‘iﬁﬁa@‘i}ﬁ%t ergLAUPSHON dN1E 3w f 8Ge whSch the

Eﬁgﬂbéa{:%eé%@éﬁ/t&fﬁ%rﬁq %‘hsﬁtra depth of about 5

nmin ayer close to t ace is from0O to 30%
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EEO% ?ﬂand f Oan Qfe£°§Q P’gﬁght 5 nm in
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based on the powder, The carbonate gr oups |n the
- - pbﬂdeonuestlgﬁedehéweiQX¢dﬁ,bealdeﬂete@daboﬂhoanamwéhmsed on

BHETBGRaand Al si aleacdeprt B0k, URtighabgyy S nm The
car bonat e groups are chemically bound and can, for

ﬁanple %'p sent .in the structures a-c.
- corten carbon, encompassing organic and inorganic

carbon, is from 0.01 to 0.3% by weight, based on the powder,

The carbonate groups in the powder disclosed herein can be
detected both on the surface and also at a depth of up to about
5 nm. The carbonate groups are chemically bound and can, for
. example, be present in the structures a-c.
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The carbonate groups can, for example, be detected by XPS/ESCA
analysis. To detect the carbonate groups in the layer close to
the surface, part of the surface can be removed by means of
argon ion bombardment and the resulting new surface can
likewise be analysed by means of XPS/ESCA
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can, for exanple, be detected by XPS/ ESCA analysis.

To detect the carbonate groups in the layer close to

the surface, part of the surface can be renoved by

means of argon ion bonbardnment and the resulting new

surface can |ikew se be anal ysed by neans of XPS/ ESCA

5 (XPS = X-ray photoel ectron spectroscopy; ESCA =

el ectron spectroscopy for eheni cal anal ysis). In the

di scl osed powder , the primary particles can be

esent,, in isolated. formor else can be nor | ess

KBS omgl §FRggr BGar CaLCSHEY Dy | SRS T Tol os BHE < Selectron
speeiefercalplyy foer ghémirgrel yanaliysaggr egated form The

di scl osed powder can preferably have a proportion of

InSeHeua ok15s8a Ppawasd of tell iR r9f par2@ NR® cHe be present
el ement menti oned can, general ly be tol erated

. S nly in
N i PLBNRAN T | ShenbhEthattal Phol U ngP™ 1688 ' strongly
agFuegdiesdor Ehea pBETasyr feaet arless ohré herpdeteblyf tdwry largely

: ig%gﬁg'égbd(g Afom 30 to 100 n2/g can be preferred and
lna %urfacé)area of 40-80 n2/g can be particularly

preferred for polishing applications. |In another ,
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mentioned can generally be tolerated only in small amounts in

chemomechanical polishing.

Furthermore, a BET surface area of the powder of the invention
of from 30 to 100 n@/g can be preferred and a BET surface area
of 40-80 m’/g can be particularly preferred for polishing

applications.

In another aspect, there is provided a process for preparing a

cerium oxide powder having carbonate groups, in which

- an aerosol is reacted with an oxygen—-containing gas at a
reaction temperature of from 600°C to 1500°C, preferably from
900°C to 1200°C, in a reaction chamber, the reaction mixture
is cooled and the powder is subsequently separated off from

the gaseous substances by means of a filter, with

- the aerosol being obtained by atomization of at least one
solution containing an organic solvent or solvent mixture and
an oxidizable, organic cerium(III} compound dissolved
therein by means of at least one atomization gas and

- the volume-based, mean droplet diameter D;; of the aerosol
being from 30 to 100 urn and the mean residence time in the

reaction chamber being from 0.1 s to 5 s,

. characterized in that
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- an aerosol is reacted with an oxygen-contai ni ng gas
at a reaction tenperature of from 600C to 1500C,
preferably from 900C to 1200C, in a reaction chanber,
the reaction mxture is cooled and the powder is
subsequently separated off frem the gaseous

" substances by neans of a filter, with - the aerosol
bei ng obtai ned by atom zation of at |east one

- sajng |maolr5@lrﬁuaeuae %Qeebie%lo'a‘f%%tr Yo 5«8] %eq:the
m xt ur.e and OXi d| zabl e, organic ceri u d

c CL| YhEPer}‘HlB&J Wedes oframlatansintonett,
a t he vol une- based, mean dropl et
i dlttg%et%qea‘%e ocfp f%g S JBRBEOF mB@ngVPrlélmes@ats@leBTClﬁlﬁt
afd amrd et resssenbent 108 im bhe reaction chanber
being from0.1 s to 5 s, characterized in that 6  the
- 1 dacUemeTHAGE Urke | watevl ddoplees, | @atieng itshesdde2Rchi om
c harhen: %\é&ﬁf@yﬁ&%&ﬁégfméwg gts intoit, the water
a

dropl ets have a nean Sed droplet dianeter

of Imgs < hap,100 (B dﬁdhtg neyat.ep hike,

dr opl et s, Watlesr;)19 %ed in an Eﬁm&?‘f elecgor%ﬁ ( )
equadr]:uemel mH2o = (CPliqg* (Thb- To) + dhv + Cpg* (Te Tb)

] /360 conbust i on ent hal py

of all tartt(l))%%xmcfﬁlbﬁﬁfgéppale tha bW md @ a1 ng

H20 i n i drizbai iedKiWo achi eve the end terrper ature

Te - T = |=,_nl e of ter - boi | i

poi nt of ~wat ggoal{{ﬁqpﬁ al!l‘?lHlSm %%‘aufEﬁ‘BeFat 'E’:Fggeve the

end temperature T,

- Tp = inlet temperature of water
- Ty = boiling point of water at 1 bar
- Te = end temperature

- dhy = enthalpy of vaporization of water

- Cpiig = heat capacity of water at 50°C

- CPg = heat capacity of water vapour at 150°c,

and

- T =5 - 50°, Th. = 100°C, T, = 200 - 400°C, dh, =
2256.7 kJ/kg, Cpiiq= 4.181 kJ/kg*K and Cpg =
1.98 kJ/kg*K.

The oxygen containing gas is generally air or air enriched
with oxygen.

As atomization gas, it is possible to use a reactive gas
such as air, air enriched with oxygen and/or an inert gas
such as nitrogen in the process of the invention. In
general, air is used as atomizatien gas. The ratio of
throughput of the cerium(III) solution/amount of
atomization gas is preferably from 0.1 to 25 kg/standard m’
and particularly preferably from 0.5 to 5 kg/standard m>.
One or more two—fluid or multifluid nozzles are



- dho = enthal py of vaporization of water - cpliq =

heat capacity of water at 50C - cpg= heat capacity of

wat er vapour at 150C, and 20 To =5 - 50C, Tbh = 100C,

Te = 200 - 400C, dh,= 2256.7 kJ/kg, cplig = 4.181

kJ/ kg*K and cpg = 1.98 kJ/ kg*K. The oxygen-contai ni ng

gas is generally air or air enriched 25 with oxygen.

As atomization gas, it is pgssible to use a reactive

gas such as air, air enriched with oxygen and/or an

inert gas such as nitrogen in the process of the
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arti r rogen t ne, ethane, propane

cepSbhLEH P SRR ol didureTBe TdrRga8angaute value. In

gedepehds thia stratand $0r enedt oastdelanbent isf fhem 0.1 to 2

stSRkMEL Oz £ gaining the cerium111) conpound added,
Its conmposition and joule value. In general, the

rati o of fuel gas/solutijbn is fromO0.1 to st andar d
ItnBFI?(j‘. 1315 }‘g‘? so® 'éa%ﬁ%%%‘?%eoggrfors%é?e Addr y 2itr to be

adtlbtbenally introduced into the reaction chamber. In general,
the amount of secondary air will be such that the ratio of
secondary alir to primary air is from 0.1 to 10.

The disclosed process can preferably be carried out so that
the proportion of oxygen in the amount of oxygen-containing gas
introduced is greater than that necessary for complete reaction
of the cerium(III} compound and the fuel gas. It 1is
particularly advantagecus for lambda to be > 1.5, with lambda
being calculated from the sum of oxygen in (air + if
appropriate atomization gas)/sum of {(cerium(III) compound +
fuel gas), in each case in mol/h. Very particular preference is
given to 2 < lambda < 5.

As organic cerium{III) compounds, it 1is possible to use, in
particular, cerium alkoxides and/or cerium carboxylates. As
alkoxides, preference is given to using ethoxides, n-
propoxides, isopropoxides, n-butoxides and/or tert-butoxides.
As carboxylates, it is possible to use the compounds based on
acetic acid, propionic acid, butancic acid, hexanoic acid,
oxalic acid, malonic acid, succinic acid, glutaric acid, adipic
acid,' octanoic acid, 2-ethyl-hexanoic acid, wvaleric acid,
capric acid and/or lauric acid. It can be particularly
advantageous to use 2-ethyl-hexancates and/or laurates.



additionally introduced into the reaction chanber. In
general, the anmount of secondary air will be such
that the ratio of secondary air to primary air is
fromO0.1 to 10. The disclosed process can preferably
be carried out so that the proportion of oxygen in
t he anount of oxygen-containing gas introduced is
greater than that necessary for conplete reaction of
the ceriunm(l1l) conmpound aml the fuel gas. It is
particul arly advantageous for |lanbda to be > 1.5, wth
| anbda bei cal cul ated fromthe sum of oxygen in
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gl%r%anwgfCg%¥f§$5u5%§5858ﬁ5 P %%ﬁ%ﬂgﬁﬁg%s éﬁ\ﬁﬁth)cafboxyllc

usin net ha pr opano
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di al kyl ethers such as diethyl ether, tert-butyl

Inne§g¥| gﬁggﬂegr ggﬁégpydﬁﬁﬂﬂ&gnlsqjprov1ded a cerium oxide
powder having carbonate groups which is obtainable by the
process disclosed herein. '

In still another aspect, there is provided a dispersion
containing the cerium oxide powder having carbonate groups
as disclosed herein.

The liquid phase of the dispersion can be water, one or more
organic solvents or an agueocus/organic combination, with the
phases preferably being miscible. The dispersion can
additionally contain pH regulators, surface-active additives
and/or preservatives. However, a dispersion containing
surface-active additives 1is not advantageous. Instead, a
dispersion which consists of only the cerium oxide powder
having carbonate groups, water and optionally a pH regulator
is advantageous.



carboxylic acids such as acetic acid, propionic acid,
but anoi ¢ aci d, hexanoic acid, oxalic acid, malonic
acid, succinic acid, glutaric acid, adipic acid,
octanoic acid, 2- ethyl hexanoic acid, valeric acid,
capric acid, lauric acid. Furthernore, it is possible
to use ethyl acetate, benzene, toluene, naphtha
and/ or petroleumspirit. PreBarence is given to using
solutions containing C2-GC 2- carboxylic acids, in
particul ar 2-ethyl hexanoic acid and/or lauric acid.
In yet another aspect, there is provided a cerium
oxi de ogﬂ havi ng car bonat ps which is
Thept GPREGPE byt heST FBeeStiarec 8@5&rhef:@rlﬁalpﬁn9t. FRroonate
grangthercaas pgete fdtds by i sher ofirded a)dispﬁjs|®@° by weight.
ihni.Nng I-dm gxi d er._havi ng at
Pa g A PR SOy arei 0L UTte. I Pqurd pAdos ar  paspersion
Coaitél,é@ﬂ@go A T€8h e tpatdts ohevekdlhpr eln op@ﬁ‘m @U%@-‘Fvéﬁﬁ@ 35
or an aqueous/organi c conbi nation, with the phases
preferably being m scible. The dispersion can
additionally contain pH regul ators, surface-active
additives and/or preservatives. However, a dispersion
containing surface-active additives is not
advant ageous. Instead, a dispersion which consists of ‘
only the cerium oxi de powder having carbonate groups,
wat er and optionally a pH regulator is advantageous.
8a The content of cerium oxi de powder contai ning
carbonate groups can preferably be fromO0.5 to 60% by
wei ght. Particular preference is given to an aqueous
‘dispersion containing from20 to 50% by wei ght, in
particular from 35



9 to 45% by weight, of the powder of the invention.
Furthernore, an aqueous dispersion according to the

i nvention which has a viscosity of < 30 nPas,
particularly preferably < 20 nPas, at a concentration
of the powder of up to 40% by wei ght and a

tenperature of 23 Cin a shear rate range from1l to
1000 s-1 can be preferred. The pH of an aqueous

di spersion disclosed herein is preferably in the
range from3 to 8. To store the dispersion, a pH of

td rem Byt Qreléhts ssuald posRlerbyraddit i QRe0f i &N aﬁQir@hermore, an
Nitric particularly useful for this B
ly HF@h has a
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viisgoshig pH Ka@@en@%ﬁen;&mt&quéansydps¢EHgHMMy I<s 2seaPas, at a
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teﬁ?@?éi‘dlﬁ%. Oﬁ'% d&csp‘élr $i Ghedirs pREG sTaRAs sffré?tlft Gryo 1000 s-1 can
beStabitkiktydi n this range, even without the presence of
surface- active additives. A dispersion whose nean
particle size d50 determ ned by nmeans of dynamc
Thel ghit ofcant eqiiagus sdisgey stilean d1201osed i reywdnt iiculpgreferably in

tﬂee§§nﬁéh99m409 Ng | seespecitakhy éyéﬁéygf%ﬁfo% pH of from 3 to

pal i shi ng Erocesses Furt her nore, di sper si on_whaose ,
4 mé&n ParEHES e SitzePHo02ddt BFGR nétf 89 neahs: ofNidyrgni @cid is
| pahdt@bhlﬁﬂﬁ;tft ardafgli stbessthhan R3@oa®. | Dhe pagtdicilliary of the

dls S$<ihan sgﬁpr&agh%ﬁglguhl bhglfgg th s, purpose. The

ta po ent ia i 'Spersion osed” herein can
preferably be at least 20 nV, in partlcular greater

Whtenararsoaqaéousﬂ@s%%h@ﬁeqsdhfs%%r HOLCARGGPIRENEed a pH of
qeans of dlsgersg appar atuses known to thos%

f%ﬁé &8 ®n “PRe TAFR. PTRESE cAAF bRFAIRIS, &YaffREs of ammonia or

pomabeuumteuhydrmamhenes THd ghdenpegyidn | | slisplaps ch sawd sfactory

st%%ﬁ&iﬁgeﬁnaQ%iglﬁéﬁﬁ 3’é%éﬁ'%iéﬁbd%t{h&”8r398$£§rof surface-

actlve addltlves

L dispersion whose mean particle size db0 determined by means of
dynamic light scattering is less than 120 nm, in particular less

than 100 nm, is especially suitable for polishing processes.

Furthermore, a dispersion whose mean particle size d90 determined
by means of dynamic light scattering is less than 200 nm, in
particular less than 150 nm, is suitable for this purpose.

The =zeta potential of the dispersion disclosed herein can

preferably be at least 20 mV, in particular greater than 30 mV.

The disclosed dispersion can be produced by means of dispersing
apparatuses known to those skilled in the art. These can be, for
example, roteor-stator machines, high-energy mills in which the
particles are milled by collision with one another, planetary
kneaders, stirred ball mills,



kneaders, stirred ball mlls, 10 vibratory bal

mlls, shaking tables, ultrasonic apparatuses or

conmbi nati ons of the abovenenti oned apparatuses. In

anot her aspect, there is provided the use of the

cerium oxi de powder havi ng carbonate groups as

defi ned above or of the dispersion as defined above

for chenmomechani cal polishing. In yet another aspect,

there is provided the use of {tjhe cerium oxide powder

havi ng carbonate groups as defined above as catal yst,

as UV absorber, as toner constituent and as

- Ltu of . I LI a : 2 S LT
viBBRROY YBRLL 0SBl ToRESt i priee Bk bfuses o
coggimatiomhe s fhfagkoprapuricngs appadetesetned by

| arge-area (1 cnR) 5 XPS/ESCA analysis (XPS = X-ray
Inpbﬁbﬁl&éfcésﬁpét;ts,pe@}]éﬁC'leoypron;é@@_él )%h%| %@elr@f ‘the cerium oxide

S t rosco ar.chepi cal anal ysis) ., -Evaluatjon is
popBEEy AT IRE GERBPAF T ocoTmuntationsethithe 2fg or of the
digpetsdn sts deponed Nebodd, favmharomeohan ea INgtclashling .

Physi cs Laboratory, Teddi ngton, UK, and the previous
Inl(?[efcijl”aiiqt@%rpras@ﬁ}t@,oﬂﬂﬁlﬁe- alcliscoﬁsmamde@g the use of the cerium

st.andar di zation of the _.working co tee
o o Pt G CRERVBBEY eF i dy SR SRBREER iRy atalysts
as| WVaddisoirbar, t he domsar adingsispect r andvaks| aginstifpent of fuel
celig particular case fromthe specialist literature are

taken into account. The val ues are cal cul ated by
- background 15 subtraction taking into account the

relative sensitivity factors of the electron |evels

indicated in each case. The results are reported in

percent by area. The accuracy is



10

15 .

20

.25

30

estimated as +/- 5%relative. The zeta potential is

determned in the pHrange 3-12 by 20 neans of the

el ectrokinetic sound anplitude (ESA). For this

pur pose, a suspension containing 1% of ceriumoxide is

prepared. Dispersion is Carhtfd out by neans of an
.ultrasonic rod (400 W. The suspension is stirred by

nmeans of a magnetic stirrer and punped by nmeans of a

peristaltic 25 punp through the PPL-80 sensor of the

EA2mpl®®0 i nstrunment from Matec. Fromthe starting pH

val ue, the potentionetric titration is carried out _
THiS | e SM Ne Gk b 0apl d2eaThe deaekiliheat iion sledtdahdes with

D é$§ﬁ£out using 5M HNO3. Evaluation is carried out
:§§ of the instrunment 30 software version pcava

5,94, _ ESAg O Ap,c,jJa)j. where zeta potential 12
ThY swffmeefpaopeohidp dersdeyedifihedeye leatgrearea (1 cm?)

”- XﬂEVéé@ﬂeéngfgik%?gkgsc V%'%%?héhg%d§¥§¥}f %ﬂgﬁtf%scopy,

suspensl] on cosit
EXdhst aﬁt&e%tr@heSp@g‘s;p@ﬁs:p@N Ffe(ra)Chem@ratL @I@dm@t)u-on

EVLJei 6t SPersheng ahetReOgesed Y r@&o&mmns in the

treatnment_jn water using_an ultrasonic finge
[nahéﬁﬁ%?%?#%ﬁ@Z@@PPFﬁS@? 39, DMA(A}97 of the Natlonal

Physics Laboratory, Teddington, UK, and the previous

findings on development-accompanying standardization of the

.working committee “Oberflichen- und Mikrobereichsanalysen”

NMP816 (DIN). In addition, the comparative spectra available
for the particular case from the specialist literature are
taken into account. The values are calculated by background
subtraction taking into account the relative sensitivity
factors of the electron levels indicated in each case. The
results are reported in percent'by area: The accuracy is
estimated as +/- 5% relative.

The zeta potential is determined in the pH range 3-12 by
- means of the electrokinetic sound amplitude (ESA). For this
purpose, a suspension containing 1% of cerium oxide is
prepared. Dispersion is carried out by means of an

. .ultrasonic rod (400 W). The suspension is stirred by means

of a magnetic stirrer and pumped by means of a peristaltic

- pump through the PPL-80 sensor of the ESA-8000 instrument

from Matec. From the starting pH value, the potentiometric
titration is carried out using 5M NaOH to pH 12. The
backtitration to pPH 4 is carried out using SM HNOj.
Evaluation is carried out by means of the instrument
software version pcava 5.94.

ESA-n
¢-Ap-c|G(@)]-¢-&

<=

‘where & zeta potential
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. reaction chanber by nmeans o

setting 8, 100% 5 m nutes). The nmean aggregate
di aneters are determ ned by neans of a particle size
anal yser LB-500 15 from Hori ba. Exanple 1: An aeroso
is produced from 250 kg/h of a solution conprising
50% by wei ght of ceriunm(l11) _ethyl hexanoate and 50%
by wei ght of 2-ethy|hexanoiclgcid (joul e value of the
20 solution: .29 kJ/kg) and 50 standard nB/ h of
-atom zation air by .means of a two-fluid nozzle (from
Schlick) and i$§ atoni ze¥oilime &resdddon chanber .
Here, a hydrogg@p/ oxygen gkhai®CeiRasadnie Munagan
(40 standard nB8/h) and primary. air (1800 standard
n8/h) burns and the aer oB8FtiSieSAH 2514 this. In
addi tion, secomdary air E320Qistyanrdargburid hin ithe
i ntroduced into the reaction chanber. The residence
time in the flame is abSUFPPEESHE™ The tenperature 0.5
m bel ow the fhane is 1100€coAd taercdSdherioducietl. from
900 kg/ h of water is sub Ly . 3 i t he
; ke Aot e
200 standard nB/ h of atofBRENGICE r at an inlet
temperature of |2Q&) [The sakid iRr @Gl dtSi sxeparat ed
of f from gaseous substances on a filter. The reaction
m xture has a tenperature of 280C at this point in
time. 13 The residence tine of the reaction mxture
The thepeeadidren amhahedudsd Ibg. ukkaapbasd2tikeadmane in

wiREE AR Aol TPt FuraRes banapk Pt bizpoodbhge)

: SShbW_ﬁlgi 8, TaI0s 1.5 Twensred )yt i Taé mean &ggreghtepdidmesers
- afBt abred AR P T80t € Farticle size analyser LB-500

from Horiba.

Example 1:

An aerosol is produced from 250 kg/h of a solution
comprising 50% by weight of cerium(III} ethylhexanoate and
50% by weight of Z2-ethylhexanoic acid (joule value of the
solution: 29 kJ/kg) and 50 standard m3/h of atomization air
by means of a two-fluid nozzle (from Schlick) and is
atomized into a reaction chamber. Here,'a hydrogen/oﬁygen
flame composed of hydrogen (40 standard m®/h) and primary
air (1800 standard m®/h) burns and the aerosol is reacted
in this. In addition, secondary air (3200 standard HP/h) is
introduced into the reaction chamber. The residence time in
the flame is about 20 ms. The temperature 0.5 m below the
flame is 1100°C. | |

An aerosol produced from 900 kg/h of water is subsequently

sprayed into the reaction chamber by means of a two-fluid

" nozzle using 200 standard m’/h of atomization air at an

inlet temperature of 20°C. The solid product is separated

off from gasebus.substances on a filter. The reaction

mixture has a temperature of 280°C at this-point in time.
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Thi, g5 RS TR,

The results of the XPS/ ESCA anal ysis show that very
pure surfaces are present. Apart fromCe, C and 0, no
further elenments are detectable. The carbonate C
di spl ays a bond 10 energy of about 289 eV.
Furthernore, the d50 and d90, yal ues of the 1%
di spersions of the powders } om Exanples 1 to 4 are
shown in Table 2. The particle size distribution of a
5% di spersion of th owder fr.om Exanple 3 in water )
%gt t{p"S FeCHRMIFRIATS o Hleg reaction

chgimbes a 050 o©f 82 rimand a d9o of 103 rim Si 02

surfaces can be polished using the dispersion

rding.to the in tion and r.empval_ rates of: > 500

e 5P o s R L B0% R Rt i L o
Expo@d enrlf miwil tiat the pgmofingé 06@dVansl artdeac ipmyvasss 20

oo - angk Ei gui, li shi ts Q 9
_pada_a%gteeﬂs %&fe{ g%ﬁgwﬁ §H0;tfa@ﬁé shi r'i|91eé %@e%ﬁc%%for

I spersion of T owder from Exa
thsegipwdast et Finedyapgasbown KoHTablgure 1 shows the
renmoval rate, in nmifmn, as a function of the product

Thef reonilact ¢f esiselr BPEJESEal aelallyssilsh INIWE -thadb ddry pure
addition, it _was f€un% th%t t he gptor currents h

SOREG R TN RS Tt sHPAG Lol T80 Sand SPSNA it rarther

elamemttneamnaldiesctabia. t Thedicapeicsiate aCchirstnyd a thend

dnvent | ' his can be advant ageously

eqﬁ% ifggQﬁ% gil %h% fow trench isolation). The

obj ective of STI is to polish SiQ2 very 30 selectively
Fugtheadnaiop the fol @sid tho pratess afiebhehd® dilspegeions of

tHAYRwder 4 SBERRUnxdipl 8sKROWY el Addidiy & Whiiehe 1A,

increase this selectivity by protecting the nitride

can be . added, to a,dispersion faor thi s purpose,
The, BT 451 FheQbSTERHPEIPEs Ofr @ it HERRISGn |9f the

pdutierc s fEtdeplé SPeial @dter whose pH has been set to 3.9

‘by means of HNO3; gives a dsp of 82 nm and a dgo of 103 nm.

S5i0; surfaces can be polished using the dispersion
according to the invention and removal rates of

> 500 nm/minh preferably up to 1200 nm/min, in particular

1000 nm/min, at a pv of 60 000 N/ms are achieved.

Figure 1 and Figure 2 show polishing results of a 0.5%
dispersion of the powder from Example 3 whose pH has been
set to 7.6 by means of KOH.

Figure 1 shows the removal rate, in nm/min, as a function

of the product of contact pressure and velocity, in N/ms.

In- addition, it was found that the motor currents measured
in the polishing of SiO; and Si3Ny differ from one another

when the dispersion according to the invention is used.
. This can be advantageously utilized in STI (shallow trench

iscolation). The objective of STI is to polish SiO; very
selectively and to stop the polishing process when the

- nitride layer is reached. It is known that additives which



of the invention. 5 Figure 2 shows the notor current
as a function of time ins for Si02 and Si3N4. Tabl e
1. Ampounts used and settings Exanple 1 2 3 4
Cerium(I111) kg/h 250 2.5 12 14 solution Atom zation
air* Standard 50 3 20 20 n8/h Hydrogen Standard 40 2
4 4.5 nB/h Primary air Stantérd 1800 10 110 110 nB/h
Secondary air Standard 3200 25 .160 160 n8/h Tot al
air Standard 5050 28 290 290 nB/h Total oxygen
A nStravekes dtAD58s6186t 501t §0bynRotearthiday 2he hixrAide can be

T t 0 0.1055 _ Residenceti s
=P 4 Gianteadil, 00 Kh00 it o A G orthese
adﬁquVQﬁa@d@ruozoneseseasw 1m8ﬂﬂmﬂeﬁperaﬂum@énﬁxsp&r81on
Oﬁﬂ%gg)fgkeﬁgggﬁrature Te C 280 310 300 290 *)

Ceritun(lIl) solution; **)500 nm under the flame, ***)

wat er
Flgure 2 shows the motor current as a function of time in s

for S1i0; and SisNg.

Table 1: Amounts used and settings

|[Example ' 1 | 2 3 4
{Cerium (IIT) kg/h 250 2.5 12 - 14
" Jsolution | : '
Atomization air” Standard 50 3 20 20
' m*/h
Hydrogen Standard 40 2 4 4.5
|Primary air Standard| 1800 10 110 | 110
: - m?/h
{Secondary air Standard| 3200 25 160 - 160
‘ m3*/h
{Total air Standard| 5050 28 | 290 | 290
. m?/h :
{Total oxygen Standard| 1058 5.86 60 60
_ .m3*/h
Lambda 2.7 | 3 | 3 | 2.6
|Temperature™ °c. | 1100 | 1110 | 1060 1055
Residence time 1. s | 1 1.4 0.9 | 0.95
fWater o kg/h | 900 10 - | 100 | 110
Atomization air™ Standard| 200 5 30 50
_ , m?*/h
Iremperature Ty ‘c | 20 20 20 20
. |Temperature T, °C 280 | 310 | 300 290

*) Cerium(IiI} solution; **)500 mm under the flame,

- *k%} ywater



15 Table 2: Analytical values for the powders
according to the invention Exanple 1 2 3 4 BET n2/g
120 60 58 25 Ce02* % by wt 99.85 99.79 99.82 99.8 C
% by wt 0..12 0.14 0.1 0.15 Zeta potential”™ mv 41 48
52 46 IEPpH99610698 *s Cis %by area
28.7/26.4 19.0/11.2 15.2/5.9 5’7 4/11.8 - d50 nm 105 110
114 110 1d90o rim 175 185 198 180 *)in ‘all exanples:
Na<5 ppm O <20-ppm **) at pH = 4, ***) |EP =
'iPE%@IEctPP@H&ﬁHﬂ?l walves £ar sthe Hpavdens spacprding to the
ifpehtepad: after renoval of the surface by
bonbardnent with argon ions, 5 keV, about 10 m n 16

Uralgg. T —CertummoxT o jowder Wi has—cariyongre
and

| ko tmeis conprises crydtalltne grimefy particPes 4
Bwini ch contain cerlluﬁygm ce apggcar bonagoe grloups;gn 25
thefr—surface—an H—a—tHayer—etose—to—the{st+rface;

C@Rerein - the pom&erb&haéta BET- 88r flacB%ara |of 2P B8k 25 99-8

ct o 150 n?/g.. - tji%ﬁr,@ga Lzﬁoo%%tl dl eg have [a ngan 0.15

di-aneter of frnnr e-layer glose.to

ST =TT

- Zehe pgtﬁa@eadf the pmVnary i pallt i clles Has a deptd2 of 46
|z@Beut > nm pH 9 9.6 10.6 | 9.8
lc 5™ ~ |% by areaj28.7/26.4{19.0/11.2|15.2/5.9 |27.4/11.
ldso ‘nm 105 110 | 114 | 110

dso nm 175 185 198 180

*)in all examples: Na<b ppm; C1<20 ppm; *%) at pH = 4,

*¥*%) IEP = isoelectric point; ****) as
__synthesized/sputtered;_sputtered: after removal of the
surface by bémbardment with argon ions, 57keV, about 10 min
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- the carbonate concentration in the |layer close to

- the surface decreases inwards fromthe surface on
whi ch the carbonate concentration is highest, 15 -
the carbon content due to the carbonate groups on the
surface is from5 to 50% by f%ea and that at a depth
of about 5 nmin the layer ctose to the surface is
fromO to 30% by area, - the content of cerium oxide,

c calculated as Ce® and 20 based on the powder, is at
%BHt* 99. 5% by weight and the content of carbon,
enconpassi ng organic and inorganic carbon, is from

1.0cetitm Bxg%ebpo\t\ﬂeghhtwhldlﬂS&iﬁ%Oélaﬁlﬁtﬁqm\%fouﬁs gnd
Xi 0 avi ng. car bonat.e oups a ordi ng.
CEbRH BELE DA A R A G A P PR PR Gondin
paeriivhesxarde aagbrtegﬂlmthte 3;1:@@53 urn otxtmi:er psuu:iéace and

hayi 891 63Eko I aimilor 2,
characte?%zeggﬁﬁe?ﬁgg e prop&ﬂglon d? sodlun1|s <5

pPMt3pd ﬂd%f&'e@th'é’rBﬁ@ E8rfaél BPeR L f%_omc%rﬁ' WA

ing to any
3, characterized in that the BET surface
are IS fron130 to 100 nR/ 5. Process for preparing
3.11 LR e &aaa“ew?h%%.ﬁavesacaﬁasngftem&fta&paf ifFom 5
wh|¢b Stammger osol is reacted with an
oxygen-contai ning gas at a reaction tenperature of
rromhaxmayar:ninﬁs toreher abkyateonf96RE pai2GGC, in

GldiQn o Lhatber, 44 hrgacg%gg gNEXpyre is cool ed

and e powder 10 is subsequently séparated off from
thetﬂﬁ§%@¥%onate concentration in the layer close to the

surface decreases inwards from the surface on which

the carbonate concentration is highest,

- the carbon content due to the carbonate groups on the
surface is from 5 to 50% by area and that at a depth
of about 5 nm in the layer close to the surface is
from 0 to 30% by area,

- the content of cerium oxide, calculated as Ce0; and

based on the powder; is at least 99.5% by weight and

- the content of carbon, encompassing organic and
inorganic carbon, is from 0.01 to 0.3% by weight,
' based on the powder.

2. Cerium oxide powder having carbonate groups according to
Claim 1, characterized in that the primary particles are
aggregated.

-3;Cerium oxide powder having carbonate groups according to.
Claim 1 or 2, characterized in that the proportion of
sodium is < 5 ppm and that of chlorine is < 20 ppm.
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subst ances by neans of a filter, with - the aeroso
bei ng obtai ned by atom zation of at |east one

sol ution containing an organi c solvent or sol vent

m xture and an oxi di zable, organic ceriun(lll) 15
conpound di ssol ved therein bﬂ means of at |east one
atom zation gas and - the vo Jne-based, mean dropl et
di aneter D30 of the aerosol being from30 to 100 pm
and the nean residence tinme in the reaction chanber

4 h &SI U SR ROMGES Raving cRaPSERES SEQURF AFORMNG to

r em;,t mm omamnw €3, ca@é_egjga&k%&tebeawt Fﬂ:%a:th%her Eﬁﬁf | A face
c r gdroplets into i - the
%§5§% 3% mf@@aﬂ }leune based dropl et

dlaneter of | ess than 100 pm and 25 to generate the

S watrercedso flcat Rreprring sa addeduinn oandeamwrdexammmg

JtQN rg@%?( 3nLﬁﬁ£&H (Tb-To) + dh" + cpg*

(%E Th)y 1 / ere - = total conbustion
enth@ﬁP&eﬁ&s@l'1§t§éEbE%d %Qﬂﬁﬂéﬂ' dril Eafﬁ%ﬁg:gas at

anmount of H2O i h requirted to ac eve t

TemRrEfirbiee fendelathig Hedmite Grtack 018,
Tb =pb®fdar.§]]glp0fﬁbm09OMteﬂ:oatlzl)d?&! ih & ffé@ctlon

Eggg%y%ﬁééf dgﬁggFggggﬁo%g egé%?g;&gkﬂg Wﬁe%¥e powder

capab$tguw$eqaentlyapeparateﬁB@&f from the gaseous

substances by means of a filter, with

- the aerosol being obtained by atomization of at least
"one solution containing an organic solvent or solvent
mixture and an oxidizable, organic cerium(III)
compound dissolved therein by means of at least one

atomization gas and

- the volume-based, mean droplet diameter Dis of the
aerosol being from 30 to 100 pm and the mean residence
time in the reaction chamber being from 0.1 s to 5 s,

characterized in that

- the reaction mixture is cooled after leaving the
reaction chamber by spraying water droplets into it,

- the water droplets have a mean, volume—basedfdroplet
diameter of less than. 100 pm and

- - to generate the water droplets, water is added in an

amount according to equation I
Ma2o0 = [CPaig* (Tp—To) + dhy + cpg* (Te—Tp)1/3600%Q (1)

where

- Q = total combustion enthalpy of all starting
materials in KW

- Ingyo = amount of H,O0 in kg/h requlred to achleve the
end temperature T,

- To = inlet temperature of water
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where To = 5 - 50C, Tb = 100C, Te = 200 - 400C, dh"
2256. 7 kJ/ kg, cphqg = 4.181 kJ/kg*K and cpg= 1.98

kJ/ kg*K. 10 6. Process according to ClaimS5, .
characterized in that a fuel gas is additionally
added to the reaction m'xturg 7. Process according
to daim5 or 6, characteriz ﬁ in that |lanbda is >
1.5, with |anbda being calculated fromthe 15 sum of
oxygen jn _(ali?r_ + if appropriate-atom zation gas)/sum
of ~ (certur 19931 EBApBAART+Ofu¥Rtgds )AL i} Raeh case in
mol /-h. B. Casndmexpdeapavder havi ng carbonate groups

 which i obt ai.nahl e according. to any.of dains 5-7.
20 9. ﬁ%é’pér‘selngg’ag&% é%]iivr?é’?’%ez%%}?%n?ngGEeﬁoMer

havi-ng Cmag boretat graprsiag cof divaget-oaanposic Cl ai s

char act b zeh T (RIS Canetd (HBnTePRYE Phe L90; Fam

oxi ddigyswder having carbonate groups, water and
optionally a pH regulator. 2.5 11. Dispersion
accordilng™t & ¢ &A@ dfp 0, 1What.ackerd 20D in 40&ATCt hah, =
cont entz20fg CEI i SO X powdgr 1§ HFORML, Q55 0% by
wei ght .. 12 Dizg@fgf oﬁsggcorﬁi %git %Jg% &F aé%lai‘:%ﬁ

9-11, o4 def€%9%38d in that the pHis from3 to 8..

30 13. Dispersion according to any of Clains 9-12,

6.chabaster hzedrdirddalo e iean pahslsheesized39 1Rat a

determ ned.b ns, of dynamc¢ |[ight scattering Is
|gg§£ gﬂgnlfgéaﬁitlonalf%-added go the'reacti%n mixture.

. Process according to Claim 5 or 6, characterized in that

lambda is > 1.5, with lambdarbeing calculated from the
sum of oxygen in (air + if appropriate atomization
gas)/sum of (cerium(III) compound + fuei gas), in each
case in mol/h.

- Cerium oxide powder having carbonate groups which is

obtainable according to any of Claims 5-7.

9. Dispersion containing the cerium oxide powder having

carbonate. groups according to any of Claims 1-4 and 8.

10. Dispersion according to Claim 9, characterized in that

11.

12.

13.

its constituents are the cerium oxide powder having

carbonate_groups, water and optionally a pH regulator.

Dispersion according to Claim 9 or 10, characterized in
that the content of cerium oxide powder is from 0.5 to
60% by weight.

Dispe;sipn according to any of Claims 9-11,
characterized in that the pH is from 3 to 8.

Dispersion according to any of Claims 9-12,

characterized in that the mean particle size ds



14 D spersion according to any of Clainms 9-13,
characterized in that the nean particle size d90 5
determ ned by neans of dynanmic light scattering is
|l ess than 200 nm 15. Di spersion according to any of
Clainms 9-14, characterized ijn,that its zeta potenti al
is at least 20 nV. 10 16. of the cerium oxide
powder havi ng carbonate groups according to any of
Caims 1-4 and 8 or of the dispersjon according to
ﬁfﬁfcﬁr“étr&? ¥-15apg, of KeeEchani dit pertsaragy 1y, less
Usthanf 14 meri um oxi de powder havi ng carbonate groups
15 according to any of Clains 1-4 and 8 as catal yst,

b i d
14éon§é%%giﬁoﬁ ?eéc?uéllkggl ros%%g%td%e ne%fﬁﬂ?%x? ai?’powcler
arthaggrdtigw bxeédelidi spetsitde Alsstr aetrt Geleé usd pi de
5 p%@ﬁrrﬂﬁ@@ BH@SnEanRoR gyg{aﬁ’% C]ﬁﬂ%lé §<9£[P£éf“fﬁcé is less

crystalline primary parti ontain ~Cerli
ot P c¥Rbonate groups on their surface and in a
| ayer close to the surface, wherein the powder has a
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concentration in the layer close to the
10 16.Use of the cerium oxide powder having carbonate groups
- according to any of Claims 1-4 and 8 or of the
dispersion according to any of Claims 9-15 for

chemomechanical polishing.

17. Use of the cerium oxide powder having carbonate groups
15 according to any of Claims 1-4 and 8 as catalyst, as UV .
'7absorber, as toner constituent and as constituent.of

. fuel cells.
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15 surface decreases inwards from the surface on
which the carbonate concentration is highest, the
carbon content due to the carbonate groups on the
surface is fromb5 to 50% by area and that at a depth
of about 5 nmin the layer clgse to the surface is 20
fromO to 30% by area, the content of cerium oxide,

cal culated as Ce2 and based on the powder, is at
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0.01 to 0.3% by wei ght, 25 based on the powder.
Di spersion containing thigpopder. (No Suitable
Fi gure.)

Cerium oxide powder which has carbonate groups and

comprises crystalline primary particles-which contain
cerium oxide and carbonate groups on their surface and in a
layer close to the surface, wherein

the powder has a BET surface area of from 25 to

150 m?/g,

the primary particles have a mean diameter of from 5
to 50 nm,

- the layer close to the surface of the primary

particles has a depth of about 5 nm,

the carbonate concentration in the layer close to the
surface decreases inwards from.tﬁe surface on which
the carbonate concentration is highest,

the carbon content due to the carbonate groups on the
surface is from 5 to 50% by area and that at a depth
of about 5 nm in the layer close to the surface is
from 0 to 30% by area,

the content of cerium oxide, calculated as Ce0; and

based on the powder, is at least 99.5% by weight and

the content of carbon, encompassing organic and

inorganic carbon, is from 0.01 to 0.3% by weight,

based on the powder.

Dispersion containing this powder.

( No Suitable Figure.)



