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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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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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30 of oxygen in an oxygen/ methane flanme. The sol vent
mxture 1is essential to the preparation of a cerium
oxi de powder which is free of relatively coarse
particles. 2 W2004/005184At clains a process for
preparing nmetal oxides, in yhich droplets are
produced froma solution and these are oxidized in a
flame. The solution contains at |east one starting
based_on the .5 total
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di scl oses a polycrystalline cerium oxide powder in

pE-RE 100050y A SO &S é’fgﬁfb@@ﬁicpééﬁshﬁ}ne%m@@E:%g:d%r

specific surface area of Troni7
haﬁéﬁ*ﬁ Br |Cr?érryﬁepaﬁei%'¢-’eoral GBI BE S HRAT %WSatl&l?@rnm and
noﬁag@&@@at@i@]gﬁﬁi@ﬁbmrl@@ﬁiﬁg ds asehar dohmbitem 3F thom 30

oL ANIE P G} her W e EATRTBuCP oF BRel SFint L OMBRRIGS OF

fi@eﬂwumnysukilﬁmﬂ chevonecbaatbalk pelinshiyngaatdcies having

%% ri ?%‘} gga e%zpdﬁr&ggég?o&fdf%ﬁxo%e? a@oagﬁom a BET

I sper ainin Fogeni c I'’con e doped

_Sumfmec@maﬁnqﬁuﬂreommm ht@ héOO 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.



cerium oxi de being introduced via an aerosol of a

cerium salt solution or suspension and the nean

particle size in the dispersion being |l ess than 100

nm 30 EP-A-133080 di scl oses an aqueous di spersion

whi ch contains particles having a core of doped,

pyrogenic |l owstructured silicon dioxide and a cerium

oxi de shell and does not exceed a nean secondary

particle size of 0.2 jun. 3 BE-B-1Q@42826 di scl oses a

di spersion of pyrogenic ceriumoxide which does not

have any particles larger than 1 m US 6827752 cl ai ns
DER-ECAIGUMgoX 48 H13ReES IO WHO L iich d@bbYidfchi DYeerium oxide

pol yacryl ates. US 6443811 clains a cerium oxide
whdickpepssonct nhaveneutyr @artoclaeakéygdasitanrddinm whi ch

contains a cationic surface-active agent. US 6420269

clainms a cerium oxide di spersion which has a pHin
ud fbeazrvaﬁs@e 128 ot @el2 uand gant @h@ﬁe@s%ﬁpﬁﬁéﬂtls stabilized

preferably a water-soluble organic polyner, a
bwaicdrasalydbkesani oni ¢ or nonioni ¢ surface-active

agent or a water-soluble am ne. A disadvantage of the

usCes i am pxi de,dhgper S&@f@n@cemgéngilts@etﬂ@,qonprnpraarnteutral to
is.that satisfactory stabil %%ln the neutral to
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agetresence of additives. It was therefore an aimof the
enbodi nents di scl osed herein to provide a dispersion
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A disadvantage of the cerium oxide dispersions according 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,
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,



further object was to provide a process for preparing
this powder. In one aspect, there is provided a
cerium 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
powder has a BET surface areqlof from25 to 150 n2/g,
4 the primary particles have a nean di aneter of from5
to 50 rim the layer close to the surface of the

- PhENyrYinRait igd@S as aadephhmehnakBdmsr Mot herom 5 to 50
carbonate concentration in the layer close to the

YWt f ace decreases inwards fromthe surfape on mhlch
- the lexebonatsecbacthtratibace sohi ghesprimdey ceabohcles has a

GeRERNLF diish© 3 hey,carbonate groups on the surface is
from5 to 50% by area and that at a depth of about 5

- B8Rl Ncatbenhayerceheserioctiba sunf aggei S1dyem Oc10s80% 0 the
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me|gﬁ? andgéﬁe cont ent g% car on enconpaSS|ng organi c
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carbonate groups are chen1ca||y bound and can, for
- - eRanpberteble pfeseniumnoxhdest cadtutated- es CeO2Har@l [based on

¥he $6w&r, 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,

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



1 Ce a b C The carbonate groups 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 neans of argon
i on bombardnent and the resulting new surface can

i kewi se be anal ysed by neans of XPS/ESCA 5 (XPS =
X-ray photoel ectron spectroscopy; ESCA = el ectron
spectroscopy for chem cal apal ysis). In the disclosed
powder , the primary particles can be present in

Lsolated formao | se can be nore or |ess st ly_
(xBS o Sgabatey ThEPRFPREe SoRa 11 Eec Sy e et oSy varyolectron
spécryeappyi fioaggnegateld ferlnsishe di scl osed powder can
preferably have a proportion of sodiumof < 5 ppm and

InO0thehkhekknesed Fo@@e@pf,ﬂ thie lieneit parmpticaned Calt present
. gener%l% be.tolerated only in sg | "ampbunts in . 1

In chEBnetFini TH™ pd?s sHiHEE  Fed? he?hor©ra BET stfffceStrongly
agaregaoédt h@hpowdemaofy tieectiwlerd | ane pfreffeaab3d twer00largely

: Egﬁ}: frgﬁlf.erred and a BET surface area of 40-80
lng%%r can %{é

particularly preferred for polishing
appl.ications. In another aspect, there is provided a ..
Th%r SESSS o6 pP@Yi%‘?an £arc e PFEATBHRPHE HkﬁMFer 3hakrRgortion of
sodaliibondt & of ogps, and Wi cbhioaina@aendsel 28 peact €he elements

' gen- LNi s_at tion - .
oL in80, OHOSR-BORATD, SRl 900! L ona1) anounes o
ChguoE ¢rnPGOC P i shiTeact i on chanmber, the reaction .

m xture 1is cooled and the powder is subsequently

Fusepaad g, of fRET OB rEheegageaus rsudet PR DY freans Ohvention
ofaf£5$t§6’tgnﬁgo 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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- the aerosol being obtained by atom zation of at

| east one solution containing an organic solvent or
solvent m xture and an oxidi zable, organic
cerium(l11) conmpound dissolved therein by neans of at
| east one atom zation gas andg- the vol une-based, nean

“droplet dianeter D30 of the aerosol being from30 to
100 urn and the nean residence tine in the reaction

- chanbare it igh M OM.0rd §s! 80818y CHALACHRIAG, 14 d hat
6 _[the reaction mxfure is cooled atter 1 eav | the
r f&&S 0Pt r%*rﬁ:}@?%ybgpﬁawﬁ@nwamte@r shlaale tintatia it,
t dropl ef s, have a nean, vol une-based dropl et

- aidseates PR SraniTEE priana, o e lteeghmae aarLet
wati@medreoplaef slesat thahsladdaest kagan anmount accor di-ng
to equation | nmH2o = (CPlig* (Tb-To) + dhv + Cpg*

- (& BepgraytEs ot yaterwleoplet®, —whakal icomuddd Gm an
e@Hyﬁﬂﬁ/égc6¥¢i§%a£&l@guatlg terials in KWm2o =
amount of H2O0 in kg/h réquire o achieve the end
te t=ur * (o~ il t r atdr.en gf x5 T
Do g et ot umer ey Poapet i MR oo
t enpeiateir e - dho = enthal py of vaporization of water

- cplig,=_hea apacity. of water at 50C - cpg= heat

capaci ?% opt?/\é?grg@g‘bgéFlﬁfl f%@,alpéfnd)fzﬁkﬂg starting

50C, Thnat d00€] s Ten=KB00 - 400C, dh,= 2256.7 kJ/ kg,

cpliq 334, 181 kstikg gfaﬁﬁ)QQQ ia/h required to achieve 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°, T? = 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 atomizatidn 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



1.98 kJ/ kg*K. The oxygen-containing gas is generally
air or air enriched 25 with oxygen. As atom zation
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 atom zation gas. The ratio of
30 throughput of the ceriun@Glll) solution/anount of
atom zation gas is preferably fromO0.1 to 25
kg/ standard n8 and particularly preferably fromO0.5
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atom zat1
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from1l_to 0 a eferred i ment of the
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Stggdgfa ﬁ@&%élonally i ntroduced into the reaction

chanber. In”general, the anpunt of secondary alr\MII
be such hat the ratio of secondary air t rimar,
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gas. It is
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.



particul arly advantageous for |lanbda to be > 1.5 wth

| ambda being cal cul ated fromthe sum of oxygen in

(air + if appropriate atom zation gas)/sum of

(cerium(l11) compound + fuel gas), in each case in

nmol /h. Very particular preference is given to 2 <

| ambda < 5. As organic ceriun(lll) conpounds, it is

possible to use, in particular, cerium al koxi des

and/ or cerium carboxyl ates.8 As al koxi des, preference

IS given to using ethoxides, n- propoxides,

I sopropoxi des, n-butoxides and/or tert-butoxides. As
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acghyl acetate, benzene, toluene, naphtha and/ or
petroleun1spirit Preference is given to using
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powder hav1ng carbonate groups which 1s 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.



acid. In yet another aspect, there is provided a

cerium oxi de powder having carbonate groups which is

obt ai nabl e by the process disclosed herein. In stil

anot her aspect, there is provided a dispersion

contai ning the cerium oxi de powder havi ng carbonate

groups as disclosed herein. The liquid phase of the

di spersion can be water, oneg8ar nore organic solvents

or an aqueous/organic conmbination, with the phases

preferably being m scible. The di spersion can

additionally contain pH regul ators, surface-active

addi tiyves, and/or preservatives. However, a di spersion
ThgonEaPheRg 8 rfSEElH@ti%lQ&di PPYEST sCﬁE}Falmgg carbonate
gradyant ageouprd fistaaly abedi Spersi dn Samitch céb%i sby ofveight.
Pa®fh ¥y e Cg&'e!f@r%ﬂc%e Rawder  having car bg@%%u%r OURSpersion

wat er and optionally a pH réegulator IS advantageous.
cogiaimiade dAceht? bt c eGumbyieieiponder RahEbFaiag from 35

carbonate groups can preferably be fromO0.5 to 60% by

wei ght. Particular preference is given to an aqueous

di spersion containing from20 to 50% by weight, in

particular from35 9 to 45% by weight, of the powder

of the invention. Furthernore, an aqueous dispersion

according to the invention which has a viscosity of < 4

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

from3 to



4 is usually set by addition of an acid. Nitric acid
is particularly useful for this purpose. The
stability of the dispersion is particularly high in
this pH range. Wen an aqueous dispersion is used as
pol i shing agent, a pHof from?7 to 8 can then be set,
for exanple, by nmeans of ammonia or potassium

hydr oxi de. The di spersion dlsglays satisfactory
stability in this range, even w thout the presence of
surface- active additives. A dispersion whose nean

topalrSU ghewai g8 490k aaterdriird by %ﬁ@n§n@éntﬂﬁﬁarﬁ1ﬁrthermore, an
ht s atterln is less than 120 nm jn particul

aqiu@gélst anPov FC5oEdpBe| aFPy Ef&f?ta’d}"@“ft&ron which has a
vqmdosshyngprodésaﬁss F@mkhebnmaelyaprbﬁﬂnabiwon:whbsmPas, at a

ﬁt@éﬂ&‘f' &S| Eﬁedggg)m?c?é r'&?‘fgggp bé’o %‘93 8 - g{:ﬂtc and a

scattering I's l'ess t par
tqﬂ@§§aFWé% 9503 i i 31“5 as Fiheak| éa}t@rr@wﬁ% W‘péséo tRE0 s-1 can
vezpt-arpetent i al of the dispersion disclosed herein can
preferably be at least 20 nmV, in particular greater
than 30 nV. The disclosed dispersion can be produced
Thisy pheads aof adiispes siimperapar dtiasessdnowrdio tilsogeeferably in

th%k'ralneg EPoh e @l tg T[%e%%o‘}%ntﬁg di%ers@%%npl a€pH of from 3 to

rotor-stator machines, -enegﬁy s in which the ,
4 pdfti BFe’lhy e 58Y | By b?d%ﬂ?fsl vmaPh @Wedand‘ilr*fé%lc acid 1is
 papitanelaryy kieddersfostithitd Qaldposkl.| SThd0 stddinater yof the

dl%%n%ﬁ%é :on ofk{ngargglﬁllhtﬁ%%%ggn %dgﬁgﬁgzguses or

anot her aspect, there is provided the use of the

WHeB' i Qxidrs RAWRRrshaMi R Garbonat epchrl%a%gasagent, a pH of
defi_ned above or of, the dispersion _as definéed abav
£rogy 7cﬁ8n§n€@ﬂaﬁ¥‘@3l bﬁo??%hu hot $¥ANRItC aftt HEASs P cf"mmoma or

pdtheséuns praitodédet he Tise oﬁlsbersﬁmiundlepldgspowﬂﬁnsfactory

st%%\ib%g%(:@%b @tse J%rr}%léps &?‘en t?ﬁcgniabﬁg gf‘eg@ﬁ@é yg% surface-

bsor ber Her cons ent and
aG@éﬁ@tﬁﬂ@%ﬁﬂV%ﬁ f uel

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,



cells. 11 Exanples: The specific surface area is
determ ned in accordance with DI N 66131.. The surface-
properties are deternmined by |arge-area (1 cn2) 5
XPS/ ESCA anal ysis (XPS = X-ray photoel ectron
spectroscopy; ESCA = el ectron spectroscopy for
chem cal analysis).. Evaluation is based on the
general recomrendations in the DI N specialist report
No. 39, DMA(A)97 of the Natigpal Physics Laboratory,
Teddi ngton, UK, and the previous 10 findings on
devel opnent - acconpanyi ng standardi zati on of the
. L.ng 1Lt " .l.ac - _and .
v R B P8 B TR wiemasnicoqorprgtuses or
copphpal ki @ s phet phoamenblsined pppar#ieugriti cul ar case
fromthe specialist literature are taken into
Inaeeodnér J@pewf,! UtEl o 184 ei@a@mx}i@teeiﬂ i lb@@kg:rfotmxé Kerium oxide
) racti.on taki into account the relative
poffRt ST | Rarbipatht IREHT et oncreltls Thtad OF the
dipperaidn casdelfThed aksyr tomobemepechanidal peorldehinpy
area. The accuracy is estinmated as +/- 5% relative.
InTRetzefrtpetrenispakti s wietrer nisngskdviddie td raggeod- the cerium
Oxb%% %QN 3:ansvcif t he Iecééoklnetlc S%%%d agplltude catalvst
TESAYO Gy L9 68F§8§%, USRS S TEBRTar R Hig T ySte
asoflVcedsorbexi desi $ongremaned itDespbeasdonsi sapstiteant of fuel
ce@ut by nmeans of an ..ultrasonic rod (400 W. The
suspension is stirred by neans of a magnetic stirrer
- and punped by neans of a peristaltic 25 punp through
t he PPL-80 sensor of the ESA-8000 instrunment from
Matec. Fromthe starting pH value, the potentionetric
titration is carried out using 5M NaOH to pH 12. The
backtitration to pH 4 is carried out using 5M HNCB.
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Evaluation is carried out by neans of the instrunent
30 software version pcava 5.94. _ ESAq

O Ap,c,jJa)j. where zeta potential 12 4) vol une
fraction Ap density difference between particles and
liquid ¢ velocity of sound i the 5 suspension 71
viscosity of the liquid dielettric constant of the
suspension I Ga)l Inertia correction 10 The

di spersions are produced by -ul trasound treatment in

Exgmrlessing an ultrasonic finger (Bandelin

UW2200/ DH13G), setting 8, 100% 5 m nutes). The nean

THYH RO €1 6i REFRES a2k8 del geterad i MeaRT@frdince with -

rtj si ze anal yser LB-500 15 from Horiba. Exanple
Dﬁﬁiééfiﬁrosol I's produced from 250 kg/h of a solution

conprising 50% by wei ght of ceriun(ll11) ethylhexanoate
TrendsusiBedyprnepghtiet 2ret kiglitkeexdneidc acildrgeowma (1 cm?)

e SRl 2l 0Py 205 SPhb! 0Ny %%Pé%‘&%fe%%&% > AAAN s copy ;

at O zation alr
EXdy 7 eEJ(GP@WISCﬁPP@k)TOéﬁQPNS foat ehierd¢alntaaad wsdaot+ on

el on Hes ebaéeaygﬁogﬁa/ @é)ﬁ@:.ec%l fﬂe@mm%sofm the
IéL\i/drogen 40 standard pr |nary ir (1800

h) TBBPHS %Iﬁd t3lg?e 9@%@&9 |§’fr€é’@t tional

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



10

15

20

25

30

. show t hat very pure sur

25 in this. In addition, secondary air (3200 standard
n3/h) is introduced into the reaction chanber. The
residence time in the flame is about 20 ns. The
tenperature 0.5 mbelow the flanme is 1100C. An
aerosol produced. from 900 kg/h of water is
subsequently 30 sprayed int %t he reaction chanber by
neans of a two-fluid nozzle using 200 standard nB/h
-of atom zation air at an inlet tenperature of 20C
The solid prodéct i s sepdrPateg IgRfcticgin gaseous
substances on apfilter. EQQS&%%CHﬂyfeﬁgﬁgéﬂﬁé{wgéﬁi
tenperature of 280C at this poiint in tine. 13 The
resi dence time of the reRéf 6&%%%dﬂﬂ43¥%ﬂ%¥% reaction
chanmber is 1 sc Exanpl e3v%1b@14syarcﬁf Gunediouthdé N a
manner anal ogous to e 1, with the anpunts used
and other process 5 pargﬁgpgpfﬁﬂﬁ ng shown in. Table
1. The anal yti mal data f oriscolsd tpowderchebitiajuisd ar e
shown in Tableg2. The refs_ll_{l L5 S Q- it e SR HRCA, ﬁr@}#é/si S
aceés are present. Apart from
Ce, Cand 0, no further sdisesBstiomare detectable. The
.carbonate C di 3pl(@ys a bendr+3Q enrgn@ef@bout 289
eV. Furthernore, the d50 and d90 val ues of the 1%
di spersions of the powders from Exanples 1 to 4 are
shown in Table 2. The particle size distribution of a
Tﬁ&bdﬁspem@nmnsﬁaﬁdnprqmmwbﬂ Eyoulfxasbhﬁdstkaaunbﬁt in

T L I T I S )

. setitfiage8,cd®ide polnisheteski Mthe heedhspggsegate diameters
| aegcag%%&% |G | %B&S’afﬁﬁ?ﬁ.’é' s526°3ngl v3e20PB-500
2 ula

erably up to In parti
fI@@OHﬁﬁﬂ <, at a pv of 60 000 Nns are achi eved.

r

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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.Trﬁen\}f@rﬁji%{"?es WRe. oL Thhe &8R G ohdWERTaYSO Udt

20 Figure 1 and Figure 2 show polishing results of a
0.5% dispersion of the powder from Exanple 3 whose pH
has been. set to 7.6 by nmeans of KOH Figure 1 shows
the renoval rate, in nmimn, as a function of the
product of contact pressure gﬁd velocity, in Nnms. 25
In addition, it was found th the notor currents
nmeasured in the polishing of Si02 and Si3N4 differ
from aone anot her when, the dispersian accondinq}to t he .
e reaction
chainibdzeids iIn STl (shal low trench isolation). The
objective of STI is to polish SiQ2 very 30 selectively

t o t he | [.shi.ng .process when the nitride
DI 2 W NaPe) pAPER RN U Hhr e M s, T
Examprieasle twih sehecanoing sbysgdoteect iatdharthemicassle

rpa%eti?ersa@éﬂu{;osﬂoghs r9boA o o, HheS UPRASE-a1 data for

Surprisingly, These additives are not necessary in
thenawdar ook tinedparsi showsf ithdaldverddi on. 5 Figure

2 shows the notor current as a function of tinme in s
THeo e eSiIA sl SEdxpIahkbeal lanAII?J@.’lté SreRf Ena selty gsre

SRS A I GSRETon APreCoERRiale o6 S73h G Moy ther

e%ﬂ alefeect 4018 . 4 Theb /cﬁrﬁﬂy’dmal%{;e! rardi splays da }:aond
ed%ﬁ? %é%g&é%sélgvglo ns Secon ary_air St andar

Furthermore, the dso and dgy values of the 1% dispersions of

‘the powders from Examples 1 to 4 are shown in Table 2.

The particle size distribution of a 5% dispersion of the

powder from Example 3 in water 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



nB/h Total air Standard 5050 28 290 290 nB/h Tot al

oxygen Standard 1058 5.86 60 .60 nB/h Lanbda 2.7 3 3

2.6 Tenperature** C 1100 1110 1060 1055 Resi dence

time s 11.40.9 0.95 Water kg/h 900 10 100 110

At om zation airy" Standard 200 5 30 50 n8/h

Tenperature To C 20 20 20 2014 Tenperature Te C 280 310

300 290 *) Cerium(l11) solution; **)500 nm under the

flame, ***) water 15 Table 2: Analytical values for
drtdregpoadien 5s asebedihgite blye prigteerttiingn theanmilter ide? San be

o5y I BRI (LA B BGR, cnee

adsbitteiteal aravnal necs2s48y HEPEHED @k 1f 6Ie glispergion
oft 198 byn-aLsai38.7/26.4 19.0/11.2 15.2/5.9 27.4/11.8

d50 nm 105 110 114 110 1d9o rim 175 185 198 180 *)in

al | exanpl es: Na<5b G <20 ppm **) at pH = 4, ***)
Fngre.gs%%pggtppg ﬁggﬁp Gmmmﬁnags a’'function of timé in s
for S1i0; and SisNg.

Table 1: Amounts used and settings

|[Example ' 1 | 2 3 4
Cerium (III) kg/h 250 2.5 12 14
“Isolution | : '

Atomization air” Standard 50 3 20 20
' m*/h

Hydrogen Standard 40 2 4 4.5
) : : ‘m2/h . : .
|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
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Caim1l or 2, characterized in that the prdpoftion of

~sodiumis < 5 ppmand that of chlorine is < 20 pp m 17

o

1

4. Cerium oxi de powder having carbonate groups
according to any of Clainms 1-3, characterized in that
the BET surface area is fr 30 to 100 n/g. 5.
Process for preparing a ceri oxi de powder having 5
carbonate groups, in which - an aerosol is reacted
wi.th an oxygen-contai ning gas at a reaction

rature of from 600C to 1500C, preferably from
900C to 1200C, in a reaction chanber, the reaction

NCerinm bsldeobed:cwxd vHieslp vk r cdfb diga Sl bg eaup Bt layxd

SEBRRFL0-Cy TG, S35, AiPeL ST R oieth

ac@nigatbamd@famdIqaxhonxm@ gxdm@somncummarnsugfane and
0§ gagi iage!rvgﬂ S L 2PIMRNES 3 @%g{] oxi di zabl e,
dISSO ved t

organic ceriun(ll1) 15 conpoun herei n by

neanhOfpAlddLasd s ogesm@t ontr#atkon rggs oﬁngmﬁ! W8 to

vol b sed mean droplet dianeter D30 o

aer ng from30 to 100 pnland t he nean reS|dence

t| in_the reactlon chanber being from 0.1 s to
RESHTEPHC 05 hevPeactiren Al zRgtes of from 5

coommjﬁﬁtmn,leaV|ng the reaction chanber by spraying
water droplets into it, - the water droplets have a
rearhev dlayresr balsssk droptiee dunﬁateroﬁfthesprﬁmmrﬂﬂo

pm ang. 125 1t qggergtc@e,%bﬁ yat S§>08£°8' water is

added In an anount according equat i bn I nfl20 =

Lephin” dafsoktite dncdnfPPEibAeidbind 13090 Q1Ude 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.

. 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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where - Q= total conbustion enthal py of .all starting
30 materials in KW- nmH20 = anount of H2O in kg/h
required to achieve the end tenperature Te - To =
inlet tenperature of water 18 Tb = boiling point of
water at 1 bar T. = end tenggrature dh, = enthal py of
vapori zation of water cphq heat capacity of water
at 50C 5 - cpg = heat capacity of water vapour at
0C,. where To = 5 - 50C, Tb = 100C, Te =.200 - 400C, :
erlﬁs@xﬂ%/w PHARELRY 1 g8 rRIPRESK IERIRE FECALHRY tO
kiﬁﬁg%&.CMhﬂhsFlﬂiﬁséhaﬁﬁétékﬂgeﬁplﬁl%h§&5the BET surface
%%_ cterl that @9 ﬁpl gas is additionally
&t tost r[1"eactfr%n Xtur®: ~ 7. Process according
to Cdaim5 or 6, characterized in that |anbda is >

3 1 Froagissh fcaniezerdret g cal caratmd okide poadel5 tenmof

(opaYAel-Tp Q0 f ate atom zation gas)/sum
of %g{ebr |agr$((afou?:éonp%8ndﬂ% uel gas), in each case in

mol /& Ser&86i UmMs0 MG ' s
which is robtal%ngggsg%ordzéépﬁﬁigﬁi.o aiﬁ%gé?gg gas at

20 9 FFRpEIePohCRBRFAHI Ry Ahe raat | @A Oxitere bolRier,

haV| pjtg%fegﬁa}bbpafﬁogr 00pScaeeordiord,0 BhYa OEeél@iaﬁ
n

spersion_according to
char ac?“&??ibdg?ﬁ g? 8 qrﬁg% §%ﬁqeﬁ‘ii h%n% et pgnpowder
OX|dESpSMUaeqhanthg 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 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

- 0O = 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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carbonate groups, water and optionally a pH regul ator.
2.5 11. Dispersion according to Caim9 or 10,
characterized in that the content of cerium oxide
powder is fromO0.5 to 60% by weight. 12. Di spersion
according to any of C ains 91%1 characterized in
that the pHis from3 to 8. 30 13. Dispersion
according to any of C ains 9- 12, characterized in that
the neap particle size d50 19 deternined by neans of
dynani cH | gm%]caweppﬁgt of| waden mdn Udmhm 14_

Di sper gj.0r= antdr témgetatamy of Cains 9-13,
characgﬁ{lzed | gﬁhat t.he nean.f rticle_size d90 5

det ér mine&d by Yoyttt "i%% neeht V&FPRg i s

| ess tdmmq 20haat dEpadispeosi wataecardiswgdd o any of

Gl 14 ngghetag ety nfeL LLasee! aergsger!

powddrersavi ng carbonate groups according to any of
Clainms 1-4 and 8 or of the dlsper3| on according to

any -of 1@ i s 9-9%5 GorTs chéfshBthdhi cal2qbl+ shdNYC, 1dh, =
Use of v ceri Xi powdgr v a r.oups
15 accaraia Lo maak o Bar e 109 R 0 St

as W laptor ’Fga -toner constituent and as

constituent of fuel cells. 20 Cerium oxi de powder

6.ando66E k5 UR-@WreR SCFZ?V@l&PﬂnA@StéH&I:aCE:@EE.%@dO)i' d&hat a

wder whi ¢h h rbonat e groups
pguef gas 1is Sﬁaléionally éhde to the reaction mixture.

. Process accordlng 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 constltuents are the cerium oxide powder hav1ng

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



5 conprises crystalline primary particles which
contain cerium oxide and carbonate groups on their
surface and in-a layer close to the surface, wherein
t he powder has a BET surface area of from25 to 150
-m2/ g, 10 - the primary parti Hfs have a nean di aneter
of from5 to 50 nm the |ay close to the surface of
the primary particles has a depth of about 5 nm the

caybonate concentration in the layer close to the 15
S (IR RA 2 cBe AR s PIGHILY Hel i [ et AT RgChS Less

t kharari®matg. concentration i s hi ghest, the carbon
content due to the carbonate groups on the surface is

Afr 5 1.0. 50% by ar.ea and that dept h about 5

l4hr]rj1}|rgr}r) %l’fwsel?%yae?ggf:gﬁggt &% R&Ys lﬁ% a }rrgs %"Ofér om0 to
3eharactreal zedeinobhent tdfe oerErupanxi del e caid zal died

5 aydihaith DPsREanl LI RAMAC Tl {ER8L 293" BY 1ess

wei ght and t content of “carbon, conpassrng
ortgt 2YHhdmi nor gani ¢ carbon, is from0.01 to 0.3% by
wei ght, 25 based on the powder. Dispersion containing

15t Wiseowlesn aédor8ihyakle shydwWe diaims 9-14,
characterized in that its zeta potential is at least
20 mv. | | | |

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
 absorber, as toner constituent and as constituent.of
fuel cells.





