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‘1 Cerium oxide powder and cerium oxi de di spersion The
invention relates to a powder based on cerium oxi de,
its preparation and its use. The invention further
relates to a dispersion containing this powder. 5
Ceriumoxide is a significant constituent of

catal ysts. Furthernore, ceriumoxide is an inportant
material for the polishing of glass and electronic
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- dikRersbansi n EP A-1142830. 25 In J. Mater. Res., Vol.

17, pages 1356 - 1362 (2002), Pratsinis et a
c@@ﬁﬁﬁl&&d@eﬂor@ﬁpﬂy eq;f f@dlwéam&%aﬂ%W%ﬁ Arium

high crystallinity by flanme spra pyro ysis of _ cerium
St utSons r?%%?‘%f@kﬁefm SiFigles are
tipaetnil Bed hnd soiastane and 2- butanol by oxi dati on by
nmeans :

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 comprising
acetic acid, isooctane and 2-butanol by oxidation by means
of oxygen in an axygen/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 W2004/065184Al clains a process for
preparing nmetal oxides, in which droplets are
produced froma solution and these are oxidized in a
flame. The sol ution contains at least one starting
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di scl oses a polycrystalline ceriumoxide powder in
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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 pm.
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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 havyng a core of doped,
pyrogenic |l owstructured silicon dioxide and a cerium
oxi de shell and does not exceed a mean secondary
ﬂéﬂﬁJfﬂéhéﬁi%f&%sé&é%é%“aZ%légéﬂ%l_Q?%E%ﬁ% ﬁ% ¢11958% 8 un
di spersion of pyrogenic cerium oxlde 1"C oes not
Cﬁfalxﬁge athyt Pardaed el dger avapartgmlesud sg@zz73han 1 .
clainms a cerium oxide dispersion which is stabilized
U3y aealyacr Wiaties H déil@ﬂ(ﬂ%ﬁ{aheclcﬁﬂs@%@ﬁf hicexiide
qgﬁﬁgg3|%§k;n a neutraﬁ¥to weakl y basi c medi um whi ch

5 FatiodniaE e- active agent. US 6420269
clainms a cerium oxide dispersion which has a pH in
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wat e anit ont ¢ or nonit oni C SUI‘ ace active

agddivie ¢ge®bwat er-sol ubl e anine. A disadvantage of the
cerium oxi de di spersions according to the prior art
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g y alkalgn r%ng %P be achi eved only in the
15y EDEnEETgE £a6M BvES. 1t ahEs CORERRSr & Qﬁsﬁﬁjrééfltof
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addi ti on

' ed._o m QX

a%%ggﬁ%vgg QO%ﬁPpgle%P %%gﬁaSFglvﬁ ?ﬁgngoornguWPgﬁr Fgoluble
ameakl-y al kaline range to be able to be used for
chenonechani cal polishing. A further object of the

Al BYeBHVARLWAR b? RheViedeidmPBWS8k 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 object of the present invention to

provide a dispersion which is based on cerium oxide and is,
without additional additives, sufficiéntly stable in the
neutral to weakly alkaline range to be able to be used for

chemomechanical polishing.

A further object of the invention was 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.

The invention provides 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
150 m?/g,
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based on cerium oxide as a basis for the dispersion. A
further object was to provide a process for preparing
this 25 powder. The invention provides a cerium oxide
powder whi ch has carbonate groups and conpri ses
crystalline primary particle@s which contain cerium

oxi de and carbonate groups on their surface and in a

| ayer close to the surface, 30 wherein the powder has

a . of . £ rnon t 50: 4 ot
iy Bar dTRe Y Aotan dr e a o o o 8
5Phm™t he | ayer close to the surface of the primary
particles has a depth of about 5 nm 5 the carbonate

- comentd Ry qnt9Ef tie 1 etuidiae th the PeiRdaeparticles
decaeas esepiwas flsaddin g hen,surf ace on which the
carbonate concentration is highest, the carbon content

- dushg cdtercard anatergratpisomnid hghe staYacecissd riom the

tc ts t.h. of 0 N
P, MR AL Ry R qurta UL i eoe
ar@xrbanalte eumasmrafigerisumhiohast, cal cul ated as

Ce02 and  based on the powder, is at |east 99.5% by

- weitfhtCaRPT -CaHerdo fikhtt Ofthardbonaic i gt the
grm&@mcgblf&dnn@f gaa;{ﬂh SU%C%M%%eaTﬁaﬁd ormbéh ngt 10 &% of
y wei .. _based. o e pawder. car bopat e groups
R DR o e AR L GAF i W RS baion 0
orcd s unf aoeegnd al so at a depth of up to about 5

nm The carbonate groups are chem cally bound and

the content of cerium oxide, calculated as Ce(, and

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

the content of carbon, encompassing organic and
inorganic carbon, is from 0.0l to 0.3% by weight, based

on the powder.

The carbonate groups in the powder of the invention 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.
. .0 . .0 H
N ‘%?/ |
+ Ce qké/p
Ce ‘ |
|

C
a b e]

-]

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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20 can, for exanple, be present in the structures a-c.
H C17 0Ce CeO01 C¢e abC The carbonate
groups can, for exanple, be detected by XPS/ ESCA

anal ysis. To detect the carbonate groups in the |ayer
close to the surface, part ofgthe surface can be
renoved by nmeans of argon i on bonbardnent and the
resul ti ng 25 new surface can |ikew se be anal ysed by

D .2y, phot oel ey
(spectroscop‘fy %I%gé&ﬁ cé:I %t 5 r?Cts%’ec Olpéfécop%%f 5r electron

seieeriresicoayalipsi shemialhansdwddrslof t he | nventl on,
the primary particles can be present in isolated form

e ?Jes%)o%l%rb%f”%h% Q'hv'e@ﬁ;%o% Sttﬁu@@rﬁné&‘grr %%%tt%q:le@%an
primary particles are pref erably very largely in

beyFregardd ol lPheHh dnder BF e G e RE am?aﬁr less
srtrre)ﬁl@ﬂ@bb)ggh*%\g%t@d pm@o@mmr@f p30diiWNeef a%ed dHePeaathly
lori gpr@ t%e el enents nentioned can
vﬁgﬁe ary B’elflola@rggt gtef0 T6%Y in smal|l anmounts in
chenmonechani cal polishing. Furthernore, a BET surface
Taeepovtlerhe fptged nyenthion icravlemxﬁenf@r@blﬁ/r bmvd0at o 100

p%%r%ﬁ%nb%fp%%hgﬁﬁegfaqd SaPEElTa W 3cenakea gl ;40-80

can particul arl erred for 0|IShI ngC
<appl ip@am 3hs. e1smERE S| ﬁ\?élﬁtlp@ﬁ?-df ma#hénenﬁrc@\luld'eévea olerated

oRNQCEsS shan 1PEARANLRY iAd chemomechanical polishing.

Furthermore, a BET surface area of the powder of the
invention of from 30 to 100 m®/g can be preferred and a BET
surface area of 40-80 m°/g can be particularly preferred

for polishing applications.

The invention further provides 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 1is
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~ba$ed, mean droplet diameter D3y 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,

wherein
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cerium oxi de powder havi ng carbonate groups, in which
an aerosol is reacted with an oxygen-contai ning gas at
a reaction tenperature of from 6000C to 15000C,
preferably from 900" C to 12000C, in a reaction
chanber, the 20 reaction m xture is cooled and the
powder is subsequently separated off fromthe gaseous
substances by neans of a fiIter with the aerosol
bei ng obt ai,ned hy atomi.,zatio | east ,one

EHE A LA i 1 Gle s ara TSP e 25
Mretadrte oan dhambexi c}h‘yzaiplre,yl@:rggamtcercerﬂdpﬂelﬂsi Yinto it,
conpound di ssol ved therein by neans of at |east one

- att(lmi wattiean drgad.edisd hielve ao e, b arod dmerribars et ajalogitiet

%ﬁ%ﬁ%rD%Q qgs%h%ha%ﬁﬁ%%opnp%hﬁg from30 to 100 pm
ence

mean resid fime In the reaction .

A cr&@n@%he%rt@g thieOmQ el %xto@l%t% eIl Gaddif in an

reactlon mxture i s cooled after leaving the reaction

d I chﬁldé%gnc}ov\ﬁlqé]ta 6‘glIets intoit, the water
of Tgs T v s Bataha sibo g%ﬁ?é?éofﬂ?/ﬁaéddéf*@ (1)

dropl el s, water is added in an anmount according to
equa ion" 1 M0 = [CPlig* (Tb-To) + dhv + cpg* (Te-Th)
1/ 3600*CQ=( [Yotaheraibug}) ton cirat haigrib ust | @hl et dvat pyg of

al | %g/%a@_mﬂl als in KW- MH20 = anount of

H20 in equire o achieve the end tenperature
T, - Tduweo FnRECYWEMSr FbOr énokaniat spquired to achieve the

end temperature T,
Ty = inlet temperature of water
Ty = boiling point of water at 1 bar
T. = end temperature
- dhy = enthalpy of vaporization of water
- Cpiiq = heat capacity of water at 50°C
cpg = heat capacity of water wvapour at 150°C,
and
- Tp =5 - 50°C, Ty, = 100°C, T. = 200 - 400°C, dhy =
2256.7 kJ/kg, cpiiq= 4.181 kJ/kg*K and cpg =
1.98 kJ/kg*K.

The oxygen-containing gas is generally alr 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 atomization gas. The ratio of
throughput of the cerium(III) scolution/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>.

OCne or more two-fluld or multifluid nozzles are
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. Tb = boiling point of water at | bar 15 - Te = end

tenperature - dh, = enthal py of vaporization of water
- CPlig = heat capacity of water at 50'C - cpg heat
capacity of water vapour at 1500C, and 20 - To 5 -
500C, Tb = 1000C, T~ = 200 - 4000C, dhv 2256. 7
ki/kg, CPlig = 4. 181 kJ/kg*K and cp, 1.98 kJ/kg*K
The oxygen-containing gas is generally air or air
5%&f%§9a¥%§ &ﬁi@agfggf T oﬁgég%f [Qﬁhgagtoﬁ{zéEEOH
0SS1 bl'e use a feactive gas ~such as air; alr
e s eiee Wt deoxyybhy abknrl ako i hePtbgas such as
nitrogen in the process of the invention. In general,

Bh I3 | Srésee-a8 éﬁﬁﬁﬁfﬁ@ﬁ@noﬁa§heTﬁfoé@ééQontﬁ@ invention,
I11) solution/anount_ of

throu]%h[gut of 't h&, ceri uﬁ , .
At a "i‘%nlﬁa%d Jstjp‘i’%? WRYde4 obe othe t peaetion mixture.

gl sdlenel af wle IN Gas@ndapey tigub@rt yopl &F erigpliyode®Mmbbthane,

t.o 5 kg/standard m3. One or re two-fluid or
erﬁqf%r??ﬂgﬁ%"%ao%% UtERe 7 n%fa‘flfﬁ AT 1 TR0 TRBTRL 1 fuel
gaomdded otepdings af onszaindnfoperessuren i shgeamaratt yof the

, I i ,
160 fort e fifing hé SLALGLTEEr FOMMIRI, Rladdr ixs
MRt ol aheap@dateibh W lder eln Eeseiabbl e iedtiga fuel

AL/ sdTuPash | L4l BFom Ny Oy 0gey SEIhaNEs Fhane

propane, butane, natural gas. The anount of f uel gas
dded depends first and foreppst on the anpunt of the

B0 G Cortia T HRP LR | AR 19950 defices

dddsi t iconpolsy timtredubdduiret v alhe. rdacgenereiamiide. In

ddB Of, S QPR SAIORIS LIOMAL 88 Kion that the

andar
ratio of secondary air to primary air is from 0.1 to 10.

The process of the invention 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(IIl) compound and the
fuel gas. It is particularly advantageous for lambda to be
2 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 is 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, butanocic
acid, hexanoic acid, oxalic acid, malonic acid, succinic
acid, glutaric acid, adipic acid, octanoic acid, 2-ethyl-

hexanoic acid, valeric acid, capric acid and/or lauric

. acid. It can be particularly advantageous to use 2-ethyl-

hexancates and/or laurates.
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It can al so be advantageous for secondary air to be

additionally introduced into the reaction chanber. In

general, the anount of secondary air will be such that

the ratio of secondary air to primary air is fromO.1

to 10. 15 The process of theg nvention can preferably

be carried out so that the proportion of oxygen in

t he amount of oxygen- containing gas introduced i's
‘%ﬁg%hf%ﬁqu %%gﬁg%ﬁ%saG% 5 % %&eorgggalogoggent

rrpaq'tmnmzi sarpine fadearreadso gs vieor tioanab?d@gt @l@@h@@8~sumh5 as

¥t ATO AR HRGINY %aipqsieig%h%q F e a$m, o, -8X¥daR1 or

in (air '+ 1f appropriaté atofization_gas)/sum of

t(ecrétnhﬂﬁaml)r sHch Pgeletasrdiod e RERTEREE PR /

AMdﬂhyl \éerdy-ﬂéafttalrfeldh@l pafansincetherd weeht @s2dfethyl

ol T T FRhaa GarrBrak e eaTR B ARy ab i

qﬂuﬁdxyhmmwamndsamm@hybsta&&t&a aalikigx ipdtepioprief eceédge

i ue - usi I
Sl el S e PR R S pstents agie
serEmdiaid m: iglutargos sidilde wvdlipde elvdd,cogponads acid,
0238, 102 :BGRLIC 28I, vRIGRENIE 13CT daphylanelq, 3Qauric

aci d” hexanoic aci d, oxalic acid, malonic acid,
| FuCtheameregl ditayiSc PASISGPL&dIERI BSgcrENYdcRERbRES!
b@@iz@,nez e;tohxienehexl&@;@waa@n@,/o\rab@m@l@@mds @@m:l C
aC|d and/or, layric . acid 3% he partiﬁu .ar | % ComC
PIRFETEAGS0dS £ V60 t5- é’lsi]rynlg SReXENGRCeSORNG - BF Y C2m 12T
damhaﬁyiic Az icdisgariinc paalttienfla rol -as hgdhekiehoent scdfl and/or
gg@ %I vent mxtures, preference is given to
S|ng al cohol s such as nethanol, ethanol, n-propanol,
i sopropanol, n-butanol .or tert-butanol, diols such as
Téieh ARa@iInGiionp Enrahedi Hrovidesnet peirimmg opddeareddslr, which

héisaldoh oelher §reueh asadiiat %bital%ﬁ%lbgfe&hebgwhess of

met hyl ether or tetrahydrofuran,

the invention.

The invention further provides a dispersion containing the
cerium oxide powder having carbonate groups according to

the invention.

The liquid phase of the dispersion can be water, one or
more organic solvents or an aqueous/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 is not advantageous.
Instead, a dispersion which consists of only the cerium
oxide powder having carbonate groups, water and optionally

a pH regulator is advantageous.

The content of cerium oxide powder containing carbonate
éroups can preferably be from 0.5 to 60% by weight.
Particular preference is given to an aqueous dispersion
containing from 20 to 50% by weight, in partiéular from 35
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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, 10 2-ethyl hexanoic acid, valeric acid,
capric acid, lauric acid. Fythernore, it is possible
to use ethyl acetate, benzene, toluene, naphtha

~and/or petroleumspirit. Preference is given to using

sol uti ons cant ai ni Cl2- I

tr?ar‘lt% I er‘“e’éL-g II‘iy:O g;%g%o'pgwg&car %oﬁ Ir(in%%lq lﬁ’r: c

Fagitdhe rTive-d, nwen bigoe ofusr dhepemsdwind es ca reg migu oo tibee
lgl%h il cr Bas GALHARALE of 4P 3R reas0PEAIA A ar1y

e process 0 he 1 nventi The i nvent
Hr@rfteﬁ@rblﬁr oV |2(§Pe§IP§SaI| §ﬁ§e@5|cmc@@ﬁtf§|tﬁloﬁg offhgheppowder of
WL HMBX e wiQWiher a?l@v'an& Rak@ GFoVRS cAGeORdishGar
to the inventign. q% %%g of e dj spersion
4T FENRE drTorte t6r 59 Cg%h %%ﬁ " an
aqueous/ or gani c conblnatlon, with the phases
T&Eﬁ&ﬂiaﬁiWnbahm@ombsdhhperslb@ @b&p&ﬁih@nt@St@&ninvention

200 SR AU U Jo BT TROSEIG Mo

I'Ves a d or preseéer atives.

dmptemsmormg supHaed- derive &ddidt |1\$e$15|11§ld0’t set by addltlon

o%d\é%n%h %Oumm%sg%a@ i3 g)la%%rc%llgal\ymg%f@qn%ﬁt $1Qfs

e cerium oxide powder havi ng carbonate groups,
RMﬁﬂaﬁeangh@pﬁﬁéﬁéﬂP§Y39fatﬁﬁ fdgireseden 4s particularly

hg@maq&aggg@spHT&gn@@ntent of cerium oxi de powder
contai ni ng carbonate groups can preferably be from

.5 to 60% b Par t.i cul ar, preference IV

Pt PG RIS BFEPIRT AGnESER RS PROMEDG s “Bshiisy @ Y
ofeifglot, i mopSrta@ukaenbenﬁai 9 fotro e&B5piy , m@wgh@an@fof
éﬂ%%ﬂyQMﬁ?’p%%a%gﬁuhn%§%E5%qde. The dispersion displays
satisfactory stability in this range, even without the

presence of surface-active additives.

A dispersion whose mean particle size dsy 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 dgg

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 of the invention can

preferably be at least 20 mV, in particular greater than

30 mV.

‘The dispersion of the invention can be produced by means of

dispersing apparatuses known to those skilled in the art.
These can be, for example, rotor-stator machines, high-

energy mills in which the particles are milled by collision

with one another, planetary kneaders, stirred ball mills,




Furthernore, an aqueous di spersion according to the

i nvention which has a viscosity of < 30 nPas,
particularly preferably < 20 nPas, at a concentration
of the powder of 5 up to 40% by wei ght and a
tenperature of 230C in a she rate range froml to
1000 s-1 can be preferred. e pH of an aqueous

di spersion according to the invention is preferably

i.n the ra from3 to. 8. .To store the. dispersion, a
VARBFOF Yo B4 1Ps QOGP L8P 157 altiiGR Lo of an
agphdathistsi oracodbisapdohisc wifathy adbefndmendr onlgids

I he stability of the dispersion is
a@ﬁ???ﬁﬁ?%%ry high in this pH range. Wen an aqueous

di spersion is used as polishing agent, a pH of from?7

to 8 can then be set, for exanple, by neans of 15

amoni a or potassi um hydroxi de. The di spersion

di splays satisfactory stability in this range, even

wi thout the presence of surface-active additives. A

di spersi on whose nean particle size d, 90 determ ned by

nmeans  of dynamic |ight scattering is | ess than 120. nm

in 20 particular less than 100 nm is especially

suitable for polishing processes. Furthernore, a

di spersi on whose nmean particle size d9o determ ned by

means of dynamic light scattering is |less than 200

nm in particular less than 150 nm is suitable 25

for this purpose. The zeta potential of the dispersion

of the invention can preferably be at least 20 nV, in
particular greater than 30 nV. The dispersion of the

i nvention can be produced by neans of 30 dispersing

appar atuses known to those skilled in the art. These

can be, for exanple, rotor-stator nachines, high-
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energy mlls in which the particles are mlled by
collision wth one another, planetary kneaders,
stirred ball mlls, 10 vibratory ball mlls, shaking
tabl es, ultrasonic apparatuses or conbi nations of the
abovenentioned apparatuses. Exanples: The specific
surface area is determned in accordance with DIN
66131. The surface properties are determ ned. by
EIar g—a[ea (1 cm?2) 5 XPS/ESCA analysis (XPS = X-ray
ﬁﬁgg Séct ron spectroscopy; ESCA = el ectron
spectroscopy for chem cal analysis). Evaluation is
Thas egeon ftike sgerfercal areeome mddtsimrisieidn inheccbirance with
Dzﬁe%lgllst report No. 39, DVA(A)97 of the Nationa

ysi ¢S Laboratory, Teddi ngton, UK, and the previous
10 findi ngs on devel opnent - acconpanyi ng 2
Thea SHELGCLaPiroOR Tt ieife atfo AeteFdHRd edarge-area (1 cm®)

X'P@?EBtha‘é&%'lysli@d (MPgr eber-giagh palogs et roNNB%@(t@bN):opy;
add%hlon he conparative pec ra av |Iable

r
@ Pa EGFQP CREE TN e §ﬁé |QQ?}§F&Fg‘are
Ewakaatunh01ac¢am@w.oﬁh&hmab@@@raﬂen@ﬂamﬂaﬂdailbms in the

DEﬁCk E%%%%lS%.%%%%&%p Pac???kﬂmgiﬁﬁbg %&C%%%tN%qupal

rel 8FFve“sensi ¢ ty € eléctron Teve
Phygiicat &éabioragagly ,c seldiTigdon, e S, t enal & hee poevdduisn

f@ﬁﬁ&ﬁ@% %& @ 8210 n%Q%%%%ﬁﬁan§ln%§%%%%BEQdﬁ%afﬁonaéf the

relatirve. The zet otential "is determned in th
wpaﬁg@gscfzme;}zte@o $1§cheRe QDQCMWOR@F%%@&& lysen”

Nerph it eder) (ESA) adbak ibhi,S thRUREgR.rad 1YESRRRSHIA available
ceri um_oxi Di sper si on

cont ai ni ng, 1% f
58" thFr Pad oer iy Rahy D0 le> oo BLRTEE 4B FAGGUAF aFe
tZhens iapensicowung . Sﬂheradlhﬁsnaamscadtuaamagnbwlbackground

sﬁ%k&%gEi%%dt%%H%%di%%o”%%%%u%&-%h%eE%igﬁh%%csensitivity
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 NaQOH to pH 12. The
backtitration to pH 4 is carried out using 5M HNOj.
Evaluation is carried out by means of the instrument

software version pcava 5.94.

ESA-7
¢-Ap-c|Gla)|-e-&

g =

where & zeta potential
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25 punp through the PPL-80 sensor of the ESA-8000
instrunment from Matec. Fromthe starting pH val ue

the potentionetric titration is carried out using SM
NaOH to pH 12. The backtitration to pH 4 is carried
out using 5M HNO3- Eval uatiogp,is carried out by means
of the instrunent 30 software version pcava 5.94. ESA
- g OAp-c.jEa)j-_--& where zeta potential 12

vol ume fractiog Ap densi diff%ren e between

t
particles and Piquid c v¥¥$gp?y 6fC568Rd in the 5

suspensi on 11Aypi scositydehsthg Higfiededrel between
constant of the suspensj ; I ertja.gorrection
10 The di spersions are p?%gﬁégggéyahﬁt?%ggﬁﬁd
treatnent in Water usinygeadncufyrasorbengdi Agethe
(Bandel i n WA2200/ DH13G) , s;88khkhgn8, 100% 5 m nutes).
The nean aggregate dianmeters are determ pned by neans
of a particle %ize anal y¥&FCPBI5H0° 1§h?rgﬁ9Pb i ba.
Exanpl e 1: An gerosol isdpeobducedcl comsRaAtkgehthe a
solution conprising 50% by _weight of ceriun(lIl)

et hyl hexanoat e and 50@66? REFE%?nof 2- et hyl hexanoi ¢
acid (joul e vallGdodfi t heIBorsdbutbonecRdokI/ kg) and 50
standard m3 /h of atom zation air

The dispersions are produced by ultrasound treatment in
water using an ultrasonic finger (Bandelin UW2200/DH13G),
setting 8, 100%; 5 minutes). The mean aggregate diameters
are determined by means of a particle 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) ethylhexancate and
50% by weight of 2-ethylhexanolc acid (joule value of the
solution: 29 kJ/kg) and 50 standard m®*/h of atomization air
by means of a two-fluid nozzle (from Schlick) and is
atomized into a reaction chamber. Here, a hydrogen/oxygen
flame composed of hydrogen {40 standard m3/h) and primary
air (1800 standard m3®/h) burns and the aerosol is reacted
in this. In addition, secondary air (3200 standard'mg/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 gaseous substances on a filter. The reaction
mixture has a temperature of 280°C at this point in time.
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by means of a two-fluid nozzle (from Schlick) and is
atom zed into a reaction chanber. Here, a
hydr ogen/ oxygen fl ane conposed of hydrogen (40
standard nB8/h) and primary air (1800 standard m 3 /h)
burns and the aerosol is reagged 25 in this. In
addi tion, secondary air (3200 standard M3 /h) is
i ntroduced into t he reaction chanber. The residence
e N ne i out 2 ratur
T EFAERE® e s T00 B AT A dea Sy g ddd oo
dmmmﬂqyllsoﬂ Water is subsequently 30 sprayed into the
reacti on chanber by neans of a two-fluid nozzle using

@ pikandard m %r/eh c%frﬁtéano%ﬁt G aa'n{an%tera%nadl@g%tus to

tenperature of C. The solid product is separated
%vg&éé@u§h§uﬁ§F%HE€%1@ﬁ 9 ERETTRE SRS i on

p@r&hﬂ@t@r@a%eantgemd ure T@fbl%]?QOCI&ie tahiaS yirdidatl idata for
residence tinme of, t reacti on m xture
tthﬁ Pl‘?é"]dneggcf)%igﬁ’ln&‘flar?ﬁéer SO dD BRI 65 2 to 4 are
carried out in a manner anal ogous to Exanple 1, with
Thheram@amsso@se@eam@Sdﬁhﬁﬁapmaﬂegsiss@mwmﬁémérgewm pepre

s Q%Qﬁe%na?@bb§e%en£heﬁﬁﬂ%#ygéﬁﬁ#Cﬂ@t% 0 C;h%op%wg%%%r

fained are"shown in he res ts of

EXIES/EE$@Aaa”ﬁaId?§|e§t§W t e vamponate CSlSiirlﬁ@élé‘é’Salae bond

el br Apank PremsHe, C and 0, no further elenents
are ‘detectabl e. The carbonate C displays a bond 10

en of ab 89 eV rt hernore e d d9
FATHEETOr ey p ey S HBnEOLroSt fE BheaLF SafPRfStons of
theappleers feoh Axenpiesn 1 roldblaare? shbhe par tlablle 2.

~size distribution of a 5% di spersion of the powder

r.o e ﬁ 1N %a é.g
OB AEE ST Ao IS B hesPeRoatith B0 e
pp@@e¢|ﬁ¢om Exanple 3 in water whose pH has been set to 3.9
by means of HNO3 gives a dsp of 82 nm and a deg of 103 nm.

Si0, surfaces can be poliéhed using the dispersion
according to the invention and removal rates of

> 500 nm/min, 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 foundlthat 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
isolation). The objective of STI is to polish Si0; very
selectively and to stop the polishing process when the

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




Si 02 surfaces can be polished using the dispersion
according to the invention and renoval rates of > 500
nmmn, preferably up to 1200 nnimin, in particular
1000 nmmn, at a pv of 60 000 NNns are achieved. 20
Figure 1 and Figure 2 show pg]ishing results of a 0.5%
di spersion of the powder from Exanple 3 whose pH has
been set to 7.6 by means of KOH. Figure 1 shows the

S n f
' lﬁgg% ? £$£con act E?gggng gn8£g ? thg niﬁ?lde “%5 be
addeédUQtaoﬁLSPeraagnf6gndthhatpuh90ﬁ©to$utmrléhngly, these
afB2e4;Ed LPet HErPALLERERYOf nSLER alde S 3NGL A &igfaers:mn
Trom one another when the dispersion according to the
of ntBfit iBRerE188ed. This can be advantageously
: utilized in STI (shallow trench isolation) . The
_F@@ﬁﬁéttvgh@&ss%heiﬁoterpahkshnSi@2 syefyndPisel ecttimbyin s
fand t Qgé%ﬁgipollshlng process when the nitride
?ﬁyg% £ a: is known that additives which 14
increase this selectivity by protecting the nitride
Tabhebl: Awdentsouaedi apdrsebhifgs this purpose.
Surprisingly, these additives are not necessary in

Ei&ﬁprase of t he d|>persion of ¥ he|inventipn. 35 Filguré
pa pnuvva tmemotor—tourrent fomgtr oottt i7|| S
;C?Bfm@|5§ gnd Si 3N4 Ta%?éhl A t$ used and thtingé4

- IseabdPR 1 2 34 Cerium(ill) ka/h 250 2.5 02 14
ASOhULE BNCAL @0t Zzat | poe addr$ andard |50 3 201 20208 {/ h 20
Hydrogen Standard #40 g A4 4. b
Hydrogen Standard 40 2 4 4.5
‘ ' m3*/h
Primary air Standard| 1800 10 110 110
' m?/h
Secondary air Standard| 3200 25 160 160
m?*/h
|Total air Standard| 5050 28 290 290
, m3*/h
Total oxygen Standard| 1058 5.86 60 &0
- m3/h
Lambda - 2.7 3 3 2.6
Temperature” °C 1100 1110 1060 1055
[residence time s 1 1.4 0.9 | 0.95
|Water kg/h 300 10 - 100 110
Atomization air” " |Standard| 200 5 30 50
m3/h
{Temperature To °c 20 20 20 20
|remperature T, °c 280 310 | 300 290

*) Cerium{III} solution; **)500 mm under the flame,

**%) water




n8 /h Primary air Standard 1800 10 110 110 nB A
Secondary air Standard 3200 25 160 160 nB /h Total

air Standard 5050 28 290 290 MB/h Tota

oxygen

Standard 1058 5.86 60 60 M3 /h Lanbda 2.7 3 3 2.6
Tenperature” OC 1100 1110 106§ 1055 Residence tine s

11.40.90.95 Wwater

kg/h 900 10 100 110 Atom zation

air"~ Standard 200 5 30 50 NB /' h Tenperature To OC 20

h1ad) 220 adal

sol ution:

‘i‘:ra%.t Yalu

mm un er

£z e%ﬁ 3#&»:%1%‘}5 QRIddHily

wat e

r1s 1T

go)l:o the

%Pvﬁﬁﬁﬂﬁﬂl cal values for the powders according to the

invention Exanple 1.2 .3 4 BET m2 /g 120 60 58 25
E&ﬁ%@lé%)by m[ 99| 85 99.79(99.82 99/8 @ % by wt 30.12 4
H—0-16-15—Feta yutcnllalu mr—#1—48-52 46— P
E’&ﬁg 9.6 10.6 9.8 CNfAdx*s %IRP area 2897/26.4 5 29
- CJeQ)ZE)/ 11.2 15.2/5 9 %Z, 4/411. &9 b0 hmgl05 4110 114 ¢310f gg_g
lc 3 by wt | 0.12 0.14 0.1 0.15
Zeta potential™” mv 471 48 52 46
|tER™ pH 9 9.6 10.6 9.8

c 1™ % by area|28.7/26.4/19.0/11.2{15.2/5.9{27.4/11.8

dso nm 105 110 114 110
dgg nm 175 185 198 180
*)in all examples: Na<d ppm; Cl<20 ppm; *x) gt pH = 4,

***%) TEP = isoelectric point; ****} ag
synthesized/sputtered; sputtered: after removal of the
‘surface by bombardment with argon ions, 5 keV, about 10 min




d9o nm1 751 85198 180 *)in all exanples: Na<5
‘ppm Cl<20 ppin; at pH 4, ***) IEP = isoelectric
point; ****) as 5 synthesized/ sputtered; sputtered:
after renmoval of the surface by bonmbardment wth
argon ions, 5 keV, about 10 yd¢n 16 dains: 1. Cerium
oxi de powder which has carbonate groups and conprises
crystalline primary particles which contain cerium
c? .and carbonate groups on their surface and 5 in a
ayer close to the surface, wherein - the powder has a
BET surface area of from25 to 150 M2/g, - the
1pGarnyn aide |madeiy et fre dra dicamitaatef duomss and

5QdMprikls éﬂ}%ﬂ%né';ﬁ%%at& tﬁaertalglfe%c%ﬁfcﬁ faeontam

primary particles has a of about nm -
c &P E¥%SHe HtG aﬁall??anrT-Gt I%qué%ﬁero%lt&@elq &%ﬂ"fé‘ce and

sunf ace Hdeof edsese itvvadtds furaaddie weigdedce on which
t he carbonate concentration is highest, is - the

car bolne coovéat das &oBENescafbonatecgrofipSran 2heto
surf g@ iBd/droms to 50%by area and that at a depth
of a out 5/ min the |ayer close to the surface is

fr O@Qetﬁrﬁga{%ge%gfandle% %vé: ont, ey Ocﬁlg'fﬁé'll:él]m 8%(' gf?m 5

cal cul ated ed on the powder,
| easto 990 59@by wei ght and - the content of ca-rbon,
anlc and i norganic carbon, is from

encoanSSIn

0:01th% b2 /Gb‘;"r %ﬁ%gﬁ? the) /SRR #7e t e HefdeFinary

Cer i pnr Ok Tes ploxeles daytMgo£adbomat® gioups accordi ng

to
- the carbonate 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 CeO: and

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

- the content of carbon, encompassing organic and
inorganic carbon, is from 0.0l 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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25 Caim1, characterized in that the prinmary

particles are aggregated. 3. Cerium oxi de powder

havi ng carbonate groups according to Caiml or 2,
characterized in that the proportion of sodiumis <5

ppm and that of chlorine is £;,20 ppm 17 4. Cerium

oxi de powder havi ng car bonate groups according to any

of Cainms 1-3, characterized in that the BET surface

i4ar¢a IS fronEBO to,100 nﬂlg. 5.Proceg5'for gre aring,a fo
cer FEM BxPEE P oRABHChal T Ay 5CREPBBAAE e9GPBEps2CFRTIING to
whagh of afilabmesdt 3} scheastedrikeéd an that the BET surface

TSP ROD0C 18" 190008 OB Bk ably {1om 800+C Lo

1200'C, in_a reaction chanber, the reaction m xture
3-sPE@ered ApE PReEPHBWSr2 10eF5uUB psedacheVYesehay aned

of tafhonat begeageolsin swpstances by nmeans of a filter
with - the aerosol being obtained by atom zation of at

Ie?shn Q@QQ&QHUHboﬁgaaﬁbdiﬂgmg gP QGRRinG- ceRWERMind gas at
sol vent m_xtur an an oxidi.z e, r.Q i.C I

cori GEFRPELDE ESMBSERA drsSol Toa™ BRPatn By 1398nS of

at | pastteondlyatfoniz &006A gas 1206 °C,t he wolremethased,

mean Let di . r l, _hei

S0 sHgREles, ShATEREECER Bixilife 38T ORI HhMbouder
r eactForubRgAbentBei agrpreied. ofE £gom she g@seous

char aghekhaedsi Byt hakns bRear eagkon fixhure is cool ed
after leaving the reaction chanber by spraying water

dropkaesakfbeoilt beingt BBtwahed 8xopkeks zAavenacFean, least
volune-basid dropl et dianeter of |ess thaq 10% pn1anq
one solution contalining 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 D3y of the
aerosol being from 30 to 100 pum 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-based droplet

diameter of less than 100 pm and

to generate the water droplets, water is added in an

amount according to equation I
Mazo = [CP1ig* (Tp—To) + dhy + cpg* (Te—Tp) 1/3600*%Q (I)

where

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

- Igyo = amount of Hy0 in kg/h required to achieve the
end temperature T,

- Ty = inlet temperature of water
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25 - to generate the water droplets, water is added in
an anount according to equation |I MAR20=
(CPjg*(Tb-To) + dh, + cpg*(T~-Tb)1/3600*Q (1)  where
- Q= total conbustion enthalpy of all starting 30
materials in KW- MA20 = angi@t of H20 in kg/h
required to achieve the end tenperature T, - To =
inlet tenperature of water Tb = boiling point of water
at 1 b T~ =.end tenperature dh, = ent hal py of
vapori z iBnb%?fi'i\B?ePgP 1P Eaﬁgstagaé)agf‘?y of water
at SO CI'sS epSntietempapacuty of water vapour at 150' C,

where T, 5_- S = - Tv.=. 2 - 0C, dhv
29567 K37 kg S OMTRV=F, VIRD A FAEITE Gk ‘At o8

kJ/ kg* KeP114 0 Bredy ceamscidocoridivaten «f adinG,
charactgpl zedea hahAtrf Y8 W3R Y=2RRId Ianaldorc,
added to the reaction m xture. 7. Process according
to QFAeHE5 or 6, characterized in that lambda is ~:
1.5, with lanrbda being calcul gted fromthe 15 sum of
oxygen To {a r #§ foa%r oprivdt &ratfentzabPon 488sS/ sdhy =
of (cer2msgl¥!|}iergpospd,+ faelgsas) kg K eacd cgase in
nol / h. ﬁ&:@r%é? oxJ, de powder havi ng carbonate groups
whi ch %" “BbF4 ¥@bfe accor di ng to any of Clainms 5-7.
20 9. Dispersion containing the cerium oxi de powder

6 haHong: s sC ardeenatie g roau sl aec &, didiga tar i afd Graitmt a

10.

11.

12.

13.

1f%e3n%a%'is additionally added to the reaction mixture.

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

. Cerium oxide powder having carbonate groups which is

obtainable according to any of Claims 5-7.

. Dispersion containing the cerium oxide powder having

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

Dispersion according to Claim 9, characterized in that
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.

Dispersion 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 dsg
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10. Dispersion according to Claim9, characterized in
“that its constituents are the cerium oxi de powder
havi ng carbonate groups, water and optionally a pH
regulator. 25 11. Dispersion according to Claim9 or
10, characterized in that thggcontent of cerium oxide
powder is from0.5 to 60% by weight. 12. D spersion
accordi ng to any of Clains 9-11, characterized in

t hat’ the n13t rsion. .
acaraPRiRed B mEPhg P Evaatc diaRketortsod PR {faless
thEhaBah2ﬁanm|cle size d50 19 determ ned by neans of
dynamic light scattering is less than 120 nm 14.

1D 59@@@&99030geaekagnt;otenxngf ol @1AE 3 B3q3,

characterized in particle size "d90 5
deFBﬁﬁﬁﬁEérb§eﬁeéﬁstBﬁtdﬁﬁﬁnW€aP|@ﬁ?t§€&€t§ﬂﬁﬁgdﬁ@

Ie&étekm@ﬂeaoaynﬁbaﬁ5 o spersien1aeeer dcagteeiagy ief less
g% Z é hm characterized in that its zeta potenti al
i T3¢0 638t PMop iy, 10 16. Use of the cerium oxide
powder havi ng carbonate groups according to any of
1Cl aispetsdonndcBondioff theangi sfeCdrdmsadedddi ng to

a”éh&% %ﬁékﬂﬁeﬁ'lﬁ Eﬁét EES”QQEEaggkgﬁklﬂg'i§hi%91e$§t

€ cerr.um oxl owder I'ng car bonat e groups
152@c®Br di ng to any of G aims 1-4 and 8 as catal yst,
as U/ absorber, as toner constituent and as

16QQ@§éiéEeﬁhe0EerﬁHﬁ|oﬁ@ﬁbspowder having carbonate groups
- according to any of Claims 1-4 and 8 or of the
dispersion according to ahy of Claims 9-15 for

chemomechanical polishing.

17. Use of the cerium oxide powder having carbonate groups
according to any of Claims 1-4 and 8 as catalyst, as UV
absocorber, as toner constituent and as constituent of
fuel cells.



