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It is another object of the present invention to provide a process to grind at least one

mineral material in the presence of the abovesaid ceria-containing zirconium oxide
grinding beads, wherein such beads are more resistant to wear than conventional beads
of the prior art, especially when grinding occurs under alkaline conditions (at a pH of
above 7, preferably of above 10, and most preferably of above 11), and / or at high
temperature (of above 60 °C, preferably of above 90 °C, and most preferably of above
100 °C).

It is also an object of the present invention to provide a process to grind at least one
mineral material in the presence of ceria-containing zirconium oxide grinding beads,
wherein at least one mineral is calcium carbonate, and preferably wherein said mineral

is a mixture of ground calcium carbonate (GCC) and precipitated calcium carbonate
(PCQ).
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JP 59 192 796 discloses a coating composition for photogravure paper, including cubic
calcium carbonate particles obtained by wet crushing in a sand mill; it is mentioned that
the sand mill treatment can be carried out in a sand mill, attrition mill, attritor mill, or
agitation mill under wet conditions using Ottawa sand, glass beads, ceramic beads, or
30 zirconium beads as crushing medium, during a continuous or batch process.

It has further to be noted that material comprising zirconium oxide can be used for the

wet grinding of mineral material.



3 CN 1 359 986 discloses a process to prepare flaky

heavy cal ci um carbonate including the steps of

selecting altered calcite or coarse-grain marble,

pul verizing this material, preparing a sl uééi( of this
NWOSPI74B1868 uper f i ne bal | -grinding this mat [egTR2006/002647 B 4 7
zirconium (or alumniun) oxide balls having a dianeter

of 0.5-1.2 mmand 1.5-2 nmin & ratio of (1-2):(1-3),

for a period ranging from30 to 60 m nutes, and then

pr SN ¥ 33%286i digplaserda dropésado prepars dlaly heawy aatviven parbonakhiscluding
cl I .C: . )
L ShT30 Y PALAE 00 R, & JaESEfn R SRS s e
e nvpmpmmgmtsﬂurr}poﬂ thigtnaatdrinl \superﬁim‘ Ballagrhxde%sthls Jiatéal ¥HB zirconium

072 Ac hes car bagnat rr for e.as. . .
pap(er T "l“um g'“?ﬂé @8 ﬁ egeg‘; 6 r%% I}Li\l%?\ﬁ“ﬂén 4 aiic ok
Jr el1i2)i(ha),yfod a)perwdj sdmgfmg frain 30 e 1601 midiites,cdnkd @henpress, filtering and

];no: ‘#Wé%?bﬁyo 'i“giﬁg'f% ﬁgﬁ&gg%t St%éeﬁ g?%%ﬁ&g%%ﬁg a low cost,

b aSzefédmdstmhmqaarmrtha hé15-8dHeAtibZ bf Edothieftxli gethtants via this process.

t hr %{%Oﬁ)égg%g%oraﬁé &L{:ixlbg Car b 1?1’%% oyggeeaéorpg;%ﬁler that is obtained
ef fiycd p‘tﬁ&esﬁfﬁivbﬁd‘@ a ﬂ?élﬁﬂlhhry/ drf&uauﬂé)ﬁ a&%tcaﬁﬂoﬂ&@ﬂm followed by a

CI tﬁ{f Appl ication, discloses mll
10 it Fﬁ&gmﬁt A %?@@Wé-t@eum@%u%ﬁg PAPHablg| abrasiyp weinse which are

f orbabéiCorAslidH GRS Sa %c@)ﬂlﬁﬂq%&ﬁleﬁ %ﬂﬁ&(@%ré&@@bikcafcﬁmérﬁonate are
eocr:fgﬁ%léégh shells and tal cu is nmediais said

8 thelegribed owt V@np;atlzwwnengy fff'sn,enm@wéﬁ dinally, FR

S- 22)2(93%8@2211&%39 citéi ﬁrtﬁg ‘ﬁfé%‘gﬂt%eﬂ#ﬂcét{&ﬁ ﬁ@ﬂ&geﬂmf? lgﬁ difle $8dia for
dlamsterb | s’ . 0.5 centinetre dianete gea S.

Thehe grinding| Oﬁmn¢rhls tSH’éabéﬁr foraiss @s loigyoents prafillers (gehiagrahalk from

150X'o@@com}fﬂ§fei ! éﬁﬁtaf&{%%'s Hﬁd%b E'aﬁ Qe &etﬁ%@@gh@?o -70 % ZrO,,

grlnlngrre m ner a
Pr dek8%edl209 ambﬁéﬁo% §1§hhamhtsalrcfatabh'rm the lformdefs@.filbeun diameter
'nbtaﬁ§o!rbb§foa§ééhﬁme§°&1aﬁ1§t§ g JP 60 005 067

descri’bes a praocess e pr epar ation of a zirconia
sintered body by pre- S|nter|ng a nmoul ded body of

E: Lt g%?(@sggrhl glrl t%t(l:egarg ar° iﬁnog'ﬁ t%%%lgbli{%rogladgf%gmi%gb ci;:)lum oxide

20unden bhigh apgesing mec{mﬁm wet ﬁ]ﬁlhﬁgofihhﬁﬁpimefeﬁsl) sai d

t f Y203 t t [ , (O]
LBt P P AL B b5 e
0Xi60@05 86 dedcﬁba&m pocsodi)the fRparatddrb e dirdoaid)sitebd Bodwby pre-

o OIRTE PQviRih B o aroBtg ettt emaRER SOy ) then sintering

hl diiis tydp e sahiphe tendfRrdbide 080019000 @EF MiddES hiehPHREKSS (above 50
for theéo duc; ion_of mcro powders of stabilised
321 AlRRPLACT 5‘3 tSFahﬂls?‘ ’rScHﬁfe’&?‘bISS 2Pz SHirEmy o3le)y Mg0 (magnesium

'VQ OkideR CaOr (cAT6I JAEbr @eBYqBerfivh HALE W0 ALIRS Qshéae'hﬁ) dhe obtained
ge@;ﬁd pressure so that the inpurities in th

exkubits high bendige Ftéﬁn%teeaqlm therneal stabilitys med@nwﬁldstrength and
r eﬂﬁygéﬂ-loﬁtb(ﬁldﬁmﬁﬂyrﬁﬁlgﬁ rté‘ﬁ%é%t&eeﬁeﬁi@ﬁf Iy d%§cr1bes a process for the

refractory rraterla for the ste
i natpdpetionsof micre pewerd of| stabilised yireortiv bydw@emzmoma, silicon and

0SNG AR AR s s

pi émmgntl@rm ithe iteenipicentaining rew ghaterist ana@va;mr&led @8l removed. The
"P I Qsi .t

o oo blole e SR & R o Rl el b s, es o

Ji scmql elegtralyipifor Gxygdan aoneentdition imeiasuretsie B¢risors, 143 abrasive material, as

Zhangjiajie, China, Cct. 15-19 2000, 2000, 119-120),

descri bes the preparation of Ce02-Zr02 conposites made

by co-precipitation fromcerium and

zi rconiumcontai ning solutions in the presence of

hexadecyl tri-nmethyl anmonium bronide and / or

hexadecyl tri-nethyl ammoni um hydroxi de, followed by

calcination at 540 C for 6 hours. However, none




cenent, wollastonite and zinc. Moreover, conmmerci al
docunents published on the web by MOHLMEI ERI' m
(http://wwi nuehl mei ende) describe the use of such

zi rconi um oxi de beads stabilised by cerium oxi de as
gvoRen7Mg8efedi a, suitable for use in a vari et yP@yIB2006/002647
applications such as 25 in the paint and varnish

i ndustries, for the preparati off of filler and coati ng

pi gnents, as well as active substances for ,
ph ¥ FarEs, of Bdhe fidd shenginecrnticerasags "Prepatetionsf Qgbp-€rO; composite

Do SRRl nph spectfENnl g S AR B0 Clihan Kexye vy Jishu, Quanguo
or iGriliumgucbiads Leaienibil 6 Zengjiafiel Gst; Opf. §F2AL000, 2000, 119-120),
gr 14ae B8 hhgrﬁe%g%%ﬁ & & tcbi gorggqsﬂgﬁ%g%&g\'}g%?&?g%ﬁm from

sapphire- chemcal Ty T ési st ant .

Sparceiiyy|and ZAQowvmetionfamig (dlutidne rinsthe fpraspeei dfi lexeddeyle gi-methyl

10

of [ nder, ich pi ar

gr oung g{@%%%g%?a%gie/ r%'%?dé%}(/l equ?gerlt%yvigafri’imr? Pu§1? gg&é?ld?’hfguowed by
be gelcimatier 4t a#0 PG faredicomt ed. WD

20071031868PCT/ 1132006/ 002647

Fi nal |y, Zi rcoaTMor onot esam | | i ngnmedi a(M | | Mates'

ht Howelamvnozd 6L thaseCdothmentd teteal theeusg aifHirdbdihm nBi®sstiilized by
) based .gnfcg{ei a-st,%Fi i sed t?t ragolnal zi rconi um
poCSFEFY 8F14F 19t Kie Wah &191ng pigngrel melsetlal s. This nedi a

allows for a finer particle size to be obtained and

of fer,s a high fracture toughness and hardness. The i
begw RPASKEETR ey BEAERler BTRejionRn cPREieryial dpoumgry published on

t heier cont rigteked, cons'v(,?tent Miggd Ost ructgreoml ows f Qompany
a gl{tﬁ)di ctabl e medi a_periaormance, favourable hardness
an

d{rgmTEesolleroay GrCqh20pERdagik2QYledigh?0S elegtion%20Criteria htm

15 di yahes@duRentdginn 2 i i)t i
R OO 0 U s 40y LI 5 Ao

i s disclosed and resi st ance

t hehaa dlsxyral stsrgth slastie modnlps; campressyeesitengthicker’s Hapdness, and
(W, %ggﬁﬁtgg. cg%’nﬁgc%)%grt | e gllq?fﬁ)% %&i ii{?long%do%ra {c,lltn})n}lWlBﬁBg? .
ovEesfioned | thar sucly medipgoaabe #8:d0fr Hthe lefficianh gamsicls $ibee reduction of

: i i i f .
LBl S0 G, TESIERLAl BB L3 i,

20 ¢ h8edspireaebhelinee gibs gy umd limsstbes, nigx,| reagnesitrasilicansand, dale, white

25

30

LP‘;%‘{‘%%@H%“OMGMF%SO di scl osed that these beads are

nmol st el'evated tenperature environnents”,
t hiMogdowerat eninrhenipk rdstumentd epubdjstobdf ionetheearebi by MIHLMEIER™

15} vi et ween 200-300C, IL.n congl usi on, none .of ., t hese, ...
R DR BT B o200 fibiipec i SR U ARioafoRn S1idh healS SEbitised
aviy badvire oxi?e ai\gimmgb Ig@éd,ia;, tsﬁ‘iwbga fog @seCififal \&_riet@r&'aﬂgio_aﬁéhs such as
ai n,size of. the heads. afte ead sint n sed in,
O P I AR R vl RSBl for e Prrpamipmnt Al And Frozping Riggnents, as
mayelbens Umtide Wobleancésheor SpiRehidettidel)i dcathieid af®TBodsi Pdducts. More
whi ch :’ill‘ ﬁhian btﬁﬁt of the process, accordi ng to the 20 .
i nRFEATIG RS HFREts diRslasetlt & roarattaigpigseriv-stabilised zisranipm oxide
t herindaigl beadd sitalsle fddi"BRd1bsanBighfentCHRIIRG! Thd Bdall€ Sre RhidtH8e dense,

02-Zr 02 beads which are alsg an object of the )
i EERTOUS;a TRPPRHP-ERdr dndt ehengeallye resisiand déveyp 89 particular
s adodd#igad $in( ' i éﬁgﬁéﬁ" h £ i
to the to?lgl ﬁﬁmg}pgﬁﬁﬁ%gﬁigﬁlg&ggﬁgﬁn{%?e er%rglilof)?’m tnfr which
bellglBeHs 215 gieand greodiscdesgd.noteopere he readih \sizgfof the bead material is
appaiextyately 16 %9, and the average grain size after
sintering of the 25 grains form ng said bead (of |ess
than 1 um preferably of less than 0 5 um and nost
preferably of less than O 3 urn). In view of the
above, there is a need to find a solution to the
probl em of grinding nedia




wear resistance, especially when used under al kaline
conditions (nore precisely at a pH 30 of above 7,
preferably of above 10, and nost preferably of above

11) and/or at high tenperatures (nore precisely at a
tWREBYA818P% of above 60C, preferably of abovel@B2006/002647
nost preferably of above 100C) . for the grinding of

m neral material. One object o? the invention is to

20%5%8%186%@ 1‘1‘22276?9@503%3625°Hmﬂ§%¥‘?mﬁ hy (Ml Mates™,

t h| eatoarcem/ e dicsfidetriiienill IR M1 I sasé&a&h e@brmystabmsed
AN C?gt ents ’flt anﬁ one pOI nt in the mil
par? éu?"}lrz repriam pofyerysigh fos the miling RE miqgrals. @%mﬁﬁ@ ahlgws for a

su biner:pamme anzhtogiwbtdiﬁmﬂa Btfbis @ high Radhl®S WulhiRbs d hardness. The
h| g) t at h*a ressure. The invention relates to

?fﬂ dPi frepelysweasneesistantr 31d Hheiteponirolled consistent

t hemm)aﬁﬁzﬁﬁe abws &fri Apfe@idtaBlethBifla HLirGRALLN &%’ufil?le hardness and
grindin ads _having a specific ceria content

bet 8 Ahgriteighd porseny ofieqrigris diselpsediay beinganohed 20 % However, no
weiggdit sRE i§ Qiliéld@&ﬂgmd Fﬁ{ee{eﬁ{ ahle %ﬁl g)@lt é@%}n&s oflq]lge $&ad0%s not

and ﬁs preferably of approximat
spékseHically orendioagfe” Hinallyn i 2Eerafice Medint with rﬂgaptmfedl Efficiency”

10t hapwhciie cBﬁ#éﬁéﬁaﬂh el ﬁﬁﬁﬂ%o@@l@topyfﬁNg&ve%} ry’i’t%n&q 848,233

15

20

25

30

preferablg I e FAvent
r ef&PR M} wheseinctbs sWan rgmstmte aend| ethat mec‘rmnmlnpropbrtxes of Mill

MefBldsB pbdls %edl%ss%ﬁ K& L%?n n Elgg oft &gse 0ea%s arg éib 81§>sed as being less

ceri a-contai ning zirconl oxI de grin
whthegj Inmigsen, irh Figereds Ianse alsm kipsc]iosedn@hwthmr&adseSﬂeSdmﬂﬁ in "moist

toel\@@aﬁ’é &H@@ra ?@gﬂcﬂur% ?}b fg?va gttgqlg?qgtgl nl;/ent ée?’r;led earlier as

al so re 0 a proce
m héngtietwmaen@00-400%h t he pr esence of the abovesal d

ce i ni ng r coni um [ beads,

Col SrRABLA, RSB S I SRS gt s

wearilahde os tlanmerkete sqaeis il deMa vhieéht Ghd ?%E gz@@f PE Yehds after bead
Qve

L4l kal diti H
pr%?t(rer a%‘fS% : ntﬁsgfﬁr‘}sss‘isd’ ‘éﬁﬂ%@fl‘eﬁ@?’é}%&awa mg §g esed under

11the spewﬂd gehiding cdridgtont SR @b Wh bt oﬂtﬂe%@és@'ééﬁo‘?dxﬁé to the
of above 90C, and

ab f er abl
%Yeé’ungﬁcfﬁ%? gt 1¢089t, spesiBcallfvrsel G Mlar epmbingtions of
t ocharapireﬁﬂﬁfs Sf e QEOBBbeh®AFhicPRE NG @d&e%? I 1gvl/e1ft19n and

e’?‘?é’i‘? resence of ceria-containing zircohi um ox
gr‘?V ﬁ@a pdadke cspiaciopient af said heads dpbativerer t ands20 % by weight
calelauwnootﬁé kanaleE faht 3 Chaifp B@Jde @r%l?@{%éﬁe{% nd 13 %, and most

cal ci um caf bonat

m of . groun
prpé?}ulﬁg][ a?fegppeoaqueatglm Ioatahotdt the (P@EYe grain size after sintering of the
A@zﬁﬁﬁfdﬁﬁin}g’ saﬁ fidadl 985 1001 REH 1 gtn hl“égergrgy 3f Pess h}nv%rgt }Iugn and most

process of greparlng a

mi’tr prablly of leswiben 83n) he st eps of

In view of the above, there is a need to find a solution to the problem of grinding media
wear resistance, especially when used under alkaline conditions (more precisely at a pH
of above 7, preferably of above 10, and most preferably of above 11) and/or at high
temperatures (more precisely at a temperature of above 60°C, preferably of above 90°C,
most preferably of above 100°C), for the grinding of mineral material. One object of the

invention is to propose a solution to this problem.
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prese ce of the abovesai cena-contalnmg zirconium oxide grinding beads, wherein

such beads exhibit surprising and significant wear resistance, especially when grinding

20 occurs under alkaline conditions (at a pH of above 7, preferably of above 10, and most
preferably of above 11), and / or at high temperature (at a temperature of above 60°C,
preferably of above 90°C, and most preferably of above 100°C).

The invention also relates to a process to grind at least one mineral material in the
25  presence of ceria-containing zirconium oxide grinding beads, wherein at least one
mineral is calcium carbonate, and preferably said mineral is a mixture of ground

calcium carbonate (GCC) and precipitated calcium carbonate (PCC).

Accordingly, a first object of the present invention is a process of preparing a ground
30 mineral material, comprising the steps of:

a) providing at least one mineral material, optionally in the form of an aqueous

suspension,



WO 2007/ 031868PCT/ 1B2006/ 002647 8 This process is also
characterised in that the concentration of m neral
material to be ground in step (b) is from1l0 to 80 %
(by dry weight of mineral material), preferably from
5002807881868 and nost preferably from 60 to 78POHIBRI6/402647
process is also characterised in that at |east one

di spersing and / or grinding aid agent present in a

wei ght, %.relative ta the , total dry mneral materi al
rangihbr?g Efp %‘e%n‘?g‘%‘gﬁ?&# erably fromo0.2 to 1.4%
and n®sbptionafiy rsalebying raad /Oob u%ébn&enﬁ*a% Ry n@dEi86al material

before, duri or.after step (b). 10 e skilled man
inthe § m&?gﬁ‘b}?mg&&@@me di spersing and / or

gr i nd)ngptiindll p@STHg tRSgrBuidtimblabRatefial bbRinel ERMWitESed®) or (c)
w shes to achi eve. He can use, for instance,

honopol yncrs of (meth)acrylic acid and / or

C O pRdr¥d¥driskd)inCthat(SARIL &3 i | gy L gty | ia-
ot her water sol usgﬁe@#gﬁlgﬂﬁpgg Qg’%g)% h%&n%@%dr@ thp elthblof cera
c o SOTIABE ircaping Axide erindinsddags avingar ti al | y

neutralised. Such dispersants nmay be added to obtain a

st abl e Brookficldl m 15viscosity of |ess than 3000

nmPa. s, prEreprptplbetwieers i and2A % b BeighRalativereabetoad waight of

1025C. Tt REAGRSBb B3RS0 AF1E5) 30Tl bl ] o

15
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m neral material to"be ground I's sele

nat ur al Weight|of eaid péadaanddneshprefenablycafidppioaineately 1695 by wkight

Al 203, L A thereof. Preferably, the

m ner aIr fﬁﬁeet?iﬂé of%ngé te%f{gglg%ﬁdo’rﬁngnong natural or

pr ect pianavedgcghini sinnattar draerdigaf tied @yins foahingQ4id Beads WF BSs than

and pr ook o SPRSEEER S g 05 A o el of s fim 03 .

m xture of natural and precipitated cal ci um carbonate

ans - Vost preferably, ,it is a mxture of natural
a%%a ?é’%?ssil% 3‘:5% SharagiearSer i b B heads Deve g @rigipal diapgter prior to
engodingmifbetwioar @ and G nivh/Y8ERIably O rBEWIELOAEnd DOlnYHES

GCC and 30 PCC, the process is also characterised in
that the FCC present accounts for 10 to 90 % by wei ght

of THihprot &t & al@0dHatdeResddGE R Qe | i 'ﬁfc 2 ﬁigirog‘gg&%gc%referably

fr 20 to 80 % by wei ght of the ‘tota

an°§%él3?e‘fﬂ&rﬁl‘?sta feraRi o 3bo¥e El-ably from 30 to 70 % by

wei ght of the total conbined FCC and GCC weight. WO

Zg[gg/ 8?1868PCT/ 182006/ 002647 The process is also

c Bicreagsean bethpesulihel, for examplarione praimoreetfeha fallowing: by the

e B LS Sy o
SR c)glclum, by the addition of an alkaline preparation of a biocide, or by the
release of hydroxide, such a Ca(OH),, during grinding of a material, such as during the
co-grinding of PCC and GCC. The Applicant indicates that he knows of French patent
application number 05 00779, not yet published at the date of filing of the present patent

application, which mentions biocides that may be added during the grinding step (b).

This process is also characterised in that step (b) occurs at a temperature of above 60°C,

preferably of above 90°C, and most preferably of above 100°C.



of greater than 85 % nore preferably of greater than

90 % and even nore preferably of 5 greater than 95 %

This ground mineral material nmay additionally present

a BET specific surface area of |ess than 25 n2/g. Wen

twe 2007asmBeson of particles finer than 1 pin i SPOIEBa06/002647
than 95 % the BET specific surface area is preferably

| ess than 25 n2/g. Wien the fréction of particles

finer than 1 10 gmis greater than 90 % greater than

85 104s pAersy ivalse charsmiseD o thehihe REMCenpationf ¢fcmient amterial to be
ar g i I n an,.138

o b HESS FOPRP el 88 401900F dri ket b helal Bl areterably
ac &8ty 80 3o.tand mosimefeiably fran 60 wF8Ghar act eri sed in

that in step (a), the 15 mneral material is provided

as _an aqueous suspension, and in that this aqueous
Ssudpsmbesss isoaoachascleriond it Ohdt at BASHdny dikpyrsingi @AY @fgrinding aid
m riak..areherably fr 50.t0.80 % . and _nmst

or Sttt 84 B S8R e A g funetd T RS aR Rom O t0 2
rrﬁf/o, rpe&ferhbl}yfﬁmm).tz he 1di %mﬂsﬁ@ﬂp@gerdﬁl)ﬂﬁbﬂoﬁm 122 PRlmaybe added
t r a t .cake. 20 According to the above
eng%%%hé% gr°é&ﬁ?frﬁt‘?¥3§}hat at | east one m neral

provided in step (a) be in the formof an aqueous

sSuspPenss o t he ,proce according to the invention is
102 T Rl 2% G ik ghgpse i i THag 4nd rat erndipe pid agent as a
nafunciddn afahepropartiey RO to achiek® Hddah ub@ by iﬁé&r%&, homopolymers

enbodi nent , _.the wet ground natural cal cium carbonate” _
na?xpg‘éer@%%‘é? agid @gd ¢ or songlymers 9é (methiaceic seidhinpgombinatign with

st ether( Whter 3blBIY ABndHGs," KR URkN0 fang %Pélg{niheﬁs whThC BrePtally or

e inpurities, for instance flotati on.

silig .
| npaé%@iyh'&wﬂélﬁsﬁéd'ﬁ%n@,sperw prayceesaddad do obliainga stebleRrookfield™
15 | niieddkitOoF 1bsk tRdnSI006 R aChefl 8R4 iARY 0 ' o
AP0 e 000 NRRACHEL AR 18 108 BBy hedpfpa ar25°C.
Anot her object of the present inventionin the ground
M TY8§ BlocBRLiS hiselchAhRLRES & 4 . Lar LAg
by t hg process accor Jlgng t%ﬂghﬁ?}é\/@ﬁf@%ﬁﬁl & bg%}()%nd Isiselected
from among natural or precipitated calcium carbonate, clay, tale, Al,Os;, TiO: or
mixtures thereof.
20
Preferably, the mineral material is selected from among natural or precipitated calcium
carbonate, clay, talc or mixtures thereof. More preferably, it is a mixture of natural and
precipitated calcium carbonate and clay, or a mixture of natural and precipitated
calcium carbonate and talc,
25

Most preferably, it is a mixture of natural and precipitated calcium carbonate.

According to the embodiment wherein the mineral to be ground includes GCC and

30  PCC, the process is also characterised in that the PCC present accounts for 10 to 90 %
by weight of the total combined PCC and GCC weight, preferably from 20 to 80 % by
weight of the total combined PCC and GCC weight, and most preferably from 30 to 70
% by weight of the total combined PCC and GCC weight.



Anot her object of the invention lies in ground m neral
material characterised in that it is 5 in the form of

an agqueous suspension and in that the slurry water
features a Zr02/ Ce02 weight ratio of from4 to 6,5,
pYer®i/aHpes of from4.6 to 5.7, and nost pref eEHBY0EP02647
5,3. Zirconia (Zr02) and ceria, (Ce02) contents are

det ermi ned based on | CP- OES anal ysi s, The previ ous

enbodi nent may be thither characterised in that the

slurry water passed 10 through a 40 m cron sieve
COMhabfvteds $58sd LAkl iR MR He fifid nﬁﬁ&alldrﬁaiﬁﬁria? Egt?mt%% gollowing

PPm CeQ2, It may al so he characterise
gr SR ) Arsrentap fisgli@y ofparticlns dinprtham by ofl greater than 80 %, preferably

Pr 8€bRhttAh&ds LG FlotdBréRfaB bal

m xt%l?es t her'eof , o‘ggr?é ngs%%gefatg?{a 30 fgéag%?%hr%orepmferably‘)f
> nagifpisr thand9precTis tesevwed witen urnteial boayasdditiangllyrgyesent 2 BET

al SR GHRCARLIFISEah Bs LRL Lhe ground m ner al

mat'eri al presents a steepneSs factor of at |east about

30, preferably of at |east about 40, nost preferably

of I ess fact b Sodef i .

s "olen SRt DR Y portiies BG: AP PRAPR LR Ol S50 ol BEF speciric

208pfies prsalis prefmblycless thim2s w&gt Whihitehractiéh biyparsdleghfiner than 1

of [ re finer. roun ter}al .
10 2] ubF R e 5 Bl TP 6. S Por b, e BET specific

pr sfifirabley i prefordblPlesothan 80 wifYg, a3l M At/gfmd abdk Yhan 15 m?%/g,
frgl eti@ei to 0.45 pm This dso value is determ ned
usl E% 4’ Sadi graph 51001M It is also characterised in

that it nmay present a fraction of particles finer than

1 of greater. than 80 %, preferahly of greater than

5115 Blooty GRSk 8 My el PP oo aasisHis G oy tap (), the
15 eveinerabrieatpia fiergbiided s Gheafudust fdfenon andl i ShA@1sNshueous

m neral. mater, a addi tional |y present a BET

S PPN SoRtREE Eom D40 57 *4 Bedr ryeiah oEmingral matariah Drefigably from

f 1 5& 4ol 8DW6OAndRAbSt ipEdfEab1Y B! 60 02 o, s E&Je%seﬁfsgénsfoﬁ ¥hy result
95_ % th(ﬁ@BE,T specific surface area is preferably |ess

t hiSpm Se dispersion\gf gxingrplangterial in the fosm oS arveet edkes f i ner
than p.mis greater than 90 % greater than 85 % and
greater than 80% the BET specific WO

20 2 operrIBedheahoysembediventaaquiting thatr ot Jast cne eainérsl provided in step

Pr@f 8¢ abinY fbas st il AR s‘ﬁ%egsi?lili %ﬁeﬁ)}o%s aéﬁ%gégg%gj 83ention is

l ess than 15 n®/g, Tespective

c HAfosbprapteded in fhat thistmingre] meferd isa sarepkoatdion cabomgreound

m neral material contains at |east one dispersing and

/ or grinding aid agent present in a weight %relative

t dutthes patiedlardembordimentathenweie giomhd matwgil nepldinm neagbonate 2may be

0 . 0
25 f/‘;sgﬂl]ggtgﬁfota%&{t.b%ﬁ%ga 0n2stépopn%r f’o st/gp (%51, C:J;1llcr)rv?ns’11tg ﬂ?erreefn%\r/ﬁ tc))lf }/mpurities,

such as silicate impurities, for instance by froth flotation.

In another embodiment, the process according to the invention is also characterised in
that step (c) is carried out.
30

In another embodiment, the process according to the invention is also characterised in

that step (d) is carried out.



Anot her object of the invention lies in ground m neral
material characterised in that it is 10 in the form of

a dry product and features a Zr02/ Ce02 wei ght ratio of

4 to 6.5, preferably of 4.6 to 5.7, and nost

pwefer7ablsys of 5. 3. Gound mneral material poT/IB20@6/902647
formis also characterised in that it contains natural

or precipitated cal cium carbone, clay, talc, or

m xtures thereof, and preferably contains 15natural
ancAptiess iopjettenfdlt wedent inventer I mathe graund ingnexblswaterial characterised
ch I d ' al_ 1Lt m r t. a teepness

aap o5 34 SRl eyt B4Rl 37 BlnRbE ot 1 et
about 40, and nost preferably of at |east about 45. 20

T SRRyt LD T 0 LM 05

S min dredform of ama@feemsadnhpenﬁmomdanmt e Durdbwitamfeathies b F10,/CeO,

al so aract it present frac

of PR RornED ¢ haire s ABE R eadro Byl of 53
pr éﬁl&baﬂal(zr(]!ﬁ) afd efdagCe0)0NtSTs e dBlRfr@infT &l @DICP-OES analysis.
greater than 90 25 % and even nore preferably of

greater than 95 % This ground mneral material may

ad dnmmmds;enwoemt meay BEﬁr&@ﬁaiafacEensw habe thé ﬁaapfwater passed
e fraction of particle

an
10 Hfbgha 46 Firehewe @‘P’é"é‘t tsdres i 098 DD 74 B s than 200 ppm
spawd,i ¢ surface area is preferably | ess than 25 n/g.
When the fraction of particles finer than 1 30 jun is
greater than 90 % greater than 85 % and greater than
80% niahenldEde SR&hdHsed SUbREE A6BA Ihﬁleﬁ[ %{a%@b Eé’nte{n?ssﬁatural or
than 20 n2/g, .less than 18 nR2/g, and | ess
R /Bgect @E?ﬁe Givra| sprbongigy A Arlo3AB BT M%/ emizmst proferably
15Fi rb@htlah’ls nafel Rer r@@ﬁl%@éd dleivhl@iRhggent invention lies
in the use of the products according to the invention,
in any sector making use of mneral material, and

nOtIﬁMa% alsd H%acﬂﬁfacteﬂé’éa‘%ﬁ thAqhd gﬁﬁnq Hﬁr.ﬁé?ﬁlsmﬁ&pal % déé‘ta{té & teepness

ovmnge es are I nte
i | Ifeederreftas lesst %lmuh%rmfmahlvmf gt bfasttdbeut|4€>vmﬁ mfen_abbn@f at least

ar ep8ANrs! Tl §BHnYS - factor is defined as dsg / dyo x 100, where d, is the equivalent
20  spherical diameter relative to which x % by weight of the particles are finer.

The ground material may also feature a dso from about 0.2 to 2.0 pm, preferably from
0.2 to 0.8 um, and most preferably from 0.25 to 0.45 pum. This dso value is determined

using a Sedigraph 5100™,

25
It is also characterised in that it may present a fraction of particles finer than 1 pm of
greater than 80 %, preferably of greater than 85 %, more preferably of greater than 90
%, and even more preferably of greater than 95 %. This ground mineral material may
additionally present a BET specific surface area of less than 25 m¥g.

30

When the fraction of particles finer than 1 pm is greater than 95 %, the BET specific
surface area is preferably less than 25 m*/g. When the fraction of particles finer than 1
pm is greater than 90 %, greater than 85 %, and greater than 80%, the BET specific



Medi an diameter (d50) and the fraction of particles

featuring a dianeter below a given dianeter val ue were

nmeasur ed using a Sedi graph 5100Tm 15 EXAMPLE 1 This

exanple illustrates a process of grinding a mnera

nAOapI78B18¢hi ch i s cal ci um carbonate, under clRESKIBaE/002647

conditions (pH=8, tenperature is below 90 C, pressure

i's bel ow 1 bar) and al so Udnder hi gh pH (above 8)

and / or high tenperature (abgve 90 O 202and /| or )

hi ghrfpreeaseanser¢fesbly desg thrardd) mig,desschang1§ or/gt and lpssi than 15 m/g,

ar to Myt g he use of fused ZrSi O4 grinding beads

(tests n Y'to no 5), and also with the use of

ceria-containing zirconi um oxide grindi ng beads

co rciali by Zirco r. the n .
ma§ afes‘l) b2 & aer%%fenosfecq ﬂ%tilga@l tgg gcglaeaﬁsosglis%e%ggn M? 0}1 rm{ngtﬁe}-ﬂlmatenal

the cefia con g appr ox y

520 cointains vt ilefst omecliapérsing tmd t lve griatiap arbiagduf podsergainca weight %

bead [t est to 10) ., the jnventi.on nel
1ot il Risf ety S SRR AR Gl P RG TR dom 02 0
hauis®, and most preferably from 0.5 to 1& %he ceria content of

said bead is 16% by weight relative to the total

30wei ght of said bead, and an average grain size after

si Hreetengbjedt of iR iffeatiorSlidsah Blodfd Sideth] ReBGiaDEhathetbrid® in that it is

bead dj t f 0.4 WD
10288@%@?@@9&%%%@&%@%3@%& a Zr0,/Ce0, weight ratio of 4 to 6.5,

15
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preferably of 4.6 to 5.7, and most preferably of 5.3.

Ground mineral material in a dry form is also characterised in that it contains natural or
precipitated calcium carbonate, clay, talc, or mixtures thereof, and preferably contains

natural and precipitated calcium carbonate.

It is also characterised in that it may present a steepness factor of at least about 30,

preferably of at least about 40, and most preferably of at least about 45.

The ground material in dry form may also feature a dsp from about 0.2 to 2.0 pm,
preferably from 0.2 to 0.8 pm, and most preferably from 0.25 to 0.45 pm.

It is also characterised in that it may present a fraction of particles finer than 1 pm of
greater than 80 %, preferably of greater than 85 %, more preferably of greater than 90
%, and even more preferably of greater than 95 %. This ground mineral material may

additionally present a BET specific surface area of less than 25 m?/g.

When the fraction of particles finer than 1 pm is greater than 95 %, the BET specific
surface area is preferébly less than 25 m*g. When the fraction of particles finer than 1
pm is greater than 90 %, greater than 85 %, and greater than 80%, the BET specific
surface area is preferably less than 20 m%g, less than 18 m?/g, and less than 15 m%g,

respectively.



5

13 For tests n 1 to 15, a natural cal cium carbonate

having 75 % by dry weight of the particles with a nean

di aneter below 1 gin, was ground in a nedia mll.

For each exanple, the tenperature, the pH, the
pve=8urdisathid t he content of water (the water ROVIB2AG/002647
bei ng defined as the weight fraction of water relative

to the total weight of 5the sd@bension) have been

reported in tahl ., For each exanple, the rate of
beg@“a@\%aWﬁ’ﬁé g‘B%fZ R%Wéé’éﬁﬂédn‘@ﬁ@m‘e‘kﬁrﬂé gheayge phthe pragscts pecording
a "t/egsink@gisn Ok &9%@&0@%&iﬁ§ﬁ§@oﬂ%ﬁﬁfa§haﬁ:ﬁ% Weedo bly in paper,
said mneral produced corresponding to that groung

f r SAPA CRHReY PRGSAnd Psti%ar act eri sed by a fraction of
particles finer than 2 10 pin, to reach an end state
characterised by a d50 val ue These val ues are neasured

by a Sediwaph 51 00w, This information is reported in
Table 1, 15 Table 1 : Mass | oss of beads per tonne

m neral produced, neasured under various grinding

condi tions according to a BX8dMRIFsi ng grindi ng beads

of the prior art (fused ZrS104 beads and

ceria-containing zirconi um oxi de grindi ng beads

f edbtifollayingoexembles asiigtndedfto dhusirate vartait énsdirperiihéf the invention

IOFOhﬂaré\ﬁ&Qﬁﬁlv%ﬁgvgsai d beads), and according to the

15
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i nvention 07/ 031868PC1/ 1132006/ 002647 14
(ceria-containing zirconi um oxi de grindi ng beads
f il N 9 jght relative t he tot.al wejght :
of e Ok Y b Bhalof g8 e e P ecardigpetd b ow o given
si Hemetenglug werhmegmiadsisingrarSetigrapaisdo@@¥ads of 0.4 pm

and sai d beads have a nedi an di aneter of 0.45 mm) -

t he exponent indicates the nunber of the correspondi ng

t ISXAMPTHOl e | clearly denonstrates that the use of

ceri a-contai ning zirconi um oxide grindi ng beads

according to the invention | eads to a nass | oss of

b €Rtds exeiplé Giuseratet BEfradesd 6P %Hﬁcﬁﬂg taN@inetad nSh@A W1E@N LS Satcium

| ower than that obtained follow ng the same process
wi°_f“mﬁ°°{"ﬁ% e _glfsstfé ERnAgiong NS itgRpesztvre iy belp}ANPEE: ressure is
ThieRvekbarp b albd wieler BERSHIMRVHSFaff / & H¥hAEGFSature (above 90 °C)

according to the jnvention wherein a
468 O hlgh pressure (al:|>ove 3 bars) according to:

- the prior art: with the use of fused ZrSiO; grinding beads (tests n° 1 to n° 5), and
also with the use of ceria-containing zirconium oxide grinding beads
commercialised by Zirco™ under the name Mill Mates™, the ceria content of
said bead being approximately 20 % by weight relative to the total weight of
said bead (tests n° 6 to 10)

- the invention (tests n° 11 to 15): ceria-containing zirconium oxide grinding
beads having :

- athe ceria content of said bead is 16 % by weight relative to the total
weight of said bead, and

- anaverage grain size after sintering of the grains forming said bead of

0.4 um.

- and a bead diameter of 0.45 mm



15 natural calciumcarbonate is ground with the use of
ceria-containing zirconiumoxide grinding beads with a
ceria content of 16 % by weight relative to the total

wei ght of said bead, an average grain size Mer
swabtariosigesof the grains form ng said bead of KCHUBPWYK/002647
and a nedi an bead di aneter of 0.45 mm The ground

material is then added to a co&ting formul ati on used

to coat a base paper. 20 Gound cal ci um carbonate

pr Eoemdstsng b torefli anatdiahoatiem @fbohatd having B, Wt drgrvadighd of the
at %mscelsi qltg cont gnt 9f b714' 51%i n the presence of,nt he

f olFFOW N RAdNER FrLeeter below, It WAS S8y dkt &in a

t wiFopash quamplesthe WahigatioStha PEIY Eref2exsin@ 284 the content of water (the

S e O BinR Hefeash 5 T oL R Gigtoot WSt SHava i el weight of
525@K§u¥£1$eh§101@Haﬁ@b‘éeh@?boﬁ%dﬁ&ﬁﬁlé ¢l es | ess of dianeter
(0]

| ess than 1 nmicron 97 % for this material was of

270 kW/1. The obtained slurry of the ground CI CC
matrer éaxh eiﬁ?ﬂé‘, thd ¥tePorIRP R BRS baén Meh it &andUxbdSsed in terms of a
nt. of 75 % was then added to a standard paper

co e

C ogﬁ’xa‘??glofso‘?fﬁ’ﬁ?d&tﬂebwnﬁ%@@% pegrdugadd s3d migprabpyodeped corresponding
Pr epat Leks £ ’ :

10. 5 pa%ltgs R o %&5%8%57}/9 %%%&6%??%%%#%%@% than 2

101 5 1, o yrach ansepdistate Fharactarisedbies do valupaFhespwilyasiang/measured by a

15

al saiiphos AoPArRORIK a0 LN AgyRgeNt 3 The above

coati ng was adj uste sol |]311§ content of 68 %
and applied on a standard pre-coated wood-free base
papgye th a grannnage of 71 g/n2 at a coat weight of

10 g/ nP/side. This coated base paper was then
cal| BertieerSett | fsiamiglesavi aper 881 endd S under 6% he f P45l owi nigo
callender i ngdeandictsit@ns: cal ender speed of 80D tn/ min,
callender 1q9ag_ of 200 kl\J/etn gnd a tenperature of [105
c ELn% State ds (um) 0.6 0.6 0.6 0.6 0.4
pH 8 12 12 8 8
Grinding Temperature (°C) <90 <90 150 150 150
conditions Pressure (bar) <1 <1 3 3 3
Water content (%) 80 80 80 80 22
Market fused ZrSiO; |4 000’ 40000~ [>40000° [6000° 1600°
(prior art)
Mass loss of | Market ceria- 170° 3307 17000° [8300° 670 '°
beads per containing zirconium
tonne oxide grinding beads
mineral (prior art)
produced ceria-containing 165" 220 & 300 670 100 ®
(g/tonne) zirconium oxide
grinding beads
(invention)
Table 1 : Mass loss of beads per tonne mineral produced, measured under various

grinding conditions according to a process using grinding beads of the prior art (fused
ZrSi0, beads and ceria-containing zirconium oxide grinding beads featuring 20 % by

weight of ceria relative to the total weight of said beads), and according to the invention



The gl oss of the coated paper surface was of 70 %

Tappi 750. EXAMPLE 3 15 This exanple illustrates the

use a process according to the invention wherein two

m nerals, a natural cal cium carbonate and a

pWeeP3i08186%ed cal ci um carbonate, are co- gr ounRCTABRIV6/002647
the use of ceria-containing zirconiumoxide grinding

beads with a ceria content of f6 % by weight relative

to the total weight of said bead, an average grain

si AgFtigpontpinge drcarinm giddecgrinding tgndsi fasufing W Mgbyw weight relative to
beagk @ital i d | & 4 -
e, SO0 sl B TR U222 el QEELRE ot e g
f orPHIILE saishbeadeef G:blmoand saidbests hpegpremedin diemetesof 0.4fmm) — the

Corkenthdlidiat Rl p@RRYOFLE Bl pRaGRLRPNat e present i ng

a nedi an GCC 25 anet er S ground in the

jel=n

5presence of a 51 % solids content PCC slurry with a

need P i f 75 The FCC.to .CCC wei ght . ..
ot P o Sl ulB b o Eoplptige iyt AL srinding
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EXAMPLE 2

This example illustrates the use of a process according to the invention wherein a
natural calcium carbonate is ground with the use of ceria~-containing zirconium oxide
grinding beads with a ceria content of 16 % by weight relative to the total weight of said
bead, an average grain size after sintering of the grains forming said bead of 0.4 pm,
and a median bead diameter of 0.45 mm. The ground material is then added to a coating

formulation used to coat a base paper.

Ground calcium carbonate presenting a median diameter of 1.5 um was wet-ground at a
solids content of 74.5% in the presence of the following additives: 1.51% sodium
polyacrylate, in a two-pass process using the above-mentioned ceria-comprising
zirconium oxide grinding beads. The specific grinding energy required to obtain a final
GCC with a fraction of particles less of diameter less than 1 micron of 97 % for this
material was of 270 kWh/t,

The obtained slurry of the ground GCC material featuring a subsequently diluted solids
content of 75 % was then added to a standard paper coating formulation made up of the

following proportions of components :

100 parts ground GCC material
10.5 parts SBR latex



30 zirconium oxi de grinding beads featuring a nmedi an

bead di anmeter of 045 mm a Ce02 content of 16 % by

wei ght relative to the total bead weight, and a gain

size after sintering of 0.4 pm The specific grindin

eW& Y%t red to obtain a final co-ground é&TﬂBﬂm6‘”&”
2007/ 031868PCT/ 1132006/ 002647 1’156 GCC with a fraction

of particles less than 1 micron of 97 %for this

mat ek | was of 200.kVVlilt. The obtained slurry of
théf%B%%rocessé%mﬁ%3%¥¥%ﬁmfeaturing a solids content

of (Dpdto was t heiyvaddeldoicd a standard paper coating

fo atj on made f. the foll owi ng weight proportions
ofqg%ﬁﬂgnents fn%gﬁ%ﬁﬁmpgﬁ%gﬁ?bcessed material 10.5
partsSBR | atex 100.5 partssynthetic thickener 0.2

pagh%pa%l ée\/i nyl al cohol 0.2 partsoptical bri ght ening

ag A& SHsH08 e adivsted e Bndl selidsropisntaof b ardppnlied on a
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g/ 98 181w /sidat Thigicepted beseumpey way ticolsalemiteres utng @ cupercalender

basadRaReHlIYRRg fc_ﬁl@ﬁlieﬁ'ﬁ% gﬂ‘glﬁfoﬁg: ézi@h{l}% isﬁeﬁ 4P §6(91§|(r§1ﬁg%?ender load

under the follow ng ca ering co ons: C

sp@g&OQ)lfN/S’@@nﬁﬁFﬁmnef@a‘PeﬁH&ﬂ-oad of 200 kNicm and a

1ot enperature of 105C. 20 The gl oss of the coated paper
surface was of 72 % Tappi 75. The above results are
s urha elossaf thencoiet Ipape@ surface was of 70 % Tappi 75°.
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EXAMPLE 3
15
This example illustrates the use a process according to the invention wherein two
minerals, a natural calcium carbonate and a precipitated calcium carbonate, are co-
ground with the use of ceria-containing zirconium oxide grinding beads with a ceria
content of 16 % by weight relative to the total weight of said bead, an average grain size
20  after sintering of the grains forming said bead of 0.4 pm, and a median bead diameter of
0.45 mm. The co-ground material is then added to a coating formulation used to coat a

base paper.

A 76 % solids content slurry of ground calcium carbonate presenting a median GCC
25  diameter of 1.4 pm was ground in the presence of a 51 % solids content PCC sharry
with a median PCC diameter of 0.75 pm. The PCC to GCC weight ratio in the mill was
of 50:50. The total solids content of the slurry in the mill was of 61 % and the median
diameter of 1.1. The grinder contents were then co-ground in the presence of the
following total additives content: 0.95 wt% sodium polyacrylate, using ceria-comprising
30 zirconium oxide grinding beads featuring a median bead diameter of 0.45 mm, a CeO02
content of 16 % by weight relative to the total bead weight, and a grain size after
sintering of 0.4 pm. The specific grinding energy required to obtain a final co-ground
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Exanple | Fraction of particles finer than 1 97%|
mcron in the final ground product F.I ; BET specific
surface area of the ; 28 g/m1 final g_oung product
REHREISK act or of the final ground product REUBAG/002647
di anmeter of the final 0.27 pnD.27 P.M ground product
Total specific grinding energyt70 M A

GCC with a fraction of particles less than 1 micron of 97 % for this material was of 200
kWhtt.

The obtained slurry of the co-processed material featuring a solids content of 70.2% was
5  then added to a standard paper coating formulation made up of the following weight

proportions of components :

100 parts co-processed material
10.5 parts SBR latex
10 0.5 parts synthetic thickener
0.2 parts polyvinyl alcohol
0.2 parts optical brightening agent

The above coating was adjusted to a final solids content of 68 % and applied on a
15 standard pre-coated wood-free base paper with a grammage of 71 g/m’ at a coat weight
of 10 g/mz/side. This coated base paper was then calendered using a supercalender
under the following calendering conditions: calender speed of 800 m/min, calender load

of 200 kN/cm and a temperature of 105°C.
20  The gloss of the coated paper surface was of 72 % Tappi 75°.

The above results are summarised in Table 2.
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| Opacily of paper foated with a | 80.7 % 90.2%
formulation comprising the

gr wdpeedvel ng said bead of 0 4 um and @ nedian bead
osi { papet €oale
K th}
f ol leydon@: materi al s were co-ground : a 74 %
pr ¢ usi-ng-—-0.27 % weiaght (byv weight f _dryv—
\ J J
product

Table 2 illustrates that the process according to the invention allows the skilled man in
5 the art to obtain a calcium carbonate product which leads to improved optical properties

in a coated paper, at reduced specific grinding energy.

EXAMPLE 4

10  This example illustrates the use of a process according to the invention wherein 3
minerals, a natural calcium carbonate a precipitated calcium carbonate and a clay, are
co-ground with the use of cetia-containing zirconium oxide grinding beads with a ceria
content of 16 % by weight relative to the total weight of said bead, an average grain size
after sintering of the grains forming said bead of 0.4 pm, and a median bead diameter of
15 0,45 mm. The co-ground material is then added to a coating formulation used to coat a

base paper, and the resulting gloss is measured.

The following materials were co-ground :

- a 74 % solids content slurry of ground calcium carbonate presenting a median
20 GCC diameter of 1.4 pm and prepared using 0.27 % weight (by weight of dry
GCC) of an homopolymer of acrylic acid,



GCC) of an honopol yner of acrylic acid, W)
20071031868PC171B2006/ 002647 18 a 51 % sol i ds cont ent

PCC slurry with a nmedi an PCC di aneter of 0.8 pm and
p\y&}&‘}%@al%%i ng 0.7 % weight (by dry wei ght of PEAEBR0S{002647

an honopol yner of acrylic acid, and a 68 %

solids content slurry of clay d8mercialized by

HUBERTM under the 5name LithoprintTM The weight ratio

PCC: OCC: el5ay isolidshrentent *COabmyfwitba deditf PCthdiamettadf 0.8 wm and

solids conten f o, S Ur in the. ml f 72 %

and the. Rt b 00 ur gk gl sy Heighl ob PE] oPfen fopiiotymer of
2 tests ndrhlisddidgt i ng t he invention. The gri nder
contents_wer hep.co-ground in.the presence. o T

Pl ovi e b SBuE Eh AN b oSS Py Ay under the
and 0.2 weng@hithdhrio®y. dry wei ght of mineral matter) of

an honmopo r_aof i ¢ acid, whe 4 nol % of the

car bd% |e1gb¥qgﬁﬂg&pbfﬁ§éé{ag “h@‘ﬁfq‘gwa%é&b‘#: di um

hy dmag ysig, sofiévéontnfofMBb SieHy & Msehillhasf 72 %0GRd Wethedian diameter
and a pgl dldzéJersHy equal to 2.4, 15using

cer W48 g 91% AGTLHF B riteRt ustEngbadnisatiBeads

fealiys iade BRknd wRRAthefl| RIBb&Id B 1R frasdiBe o? th®WBllowing total
content of 16 % by weight relative to the total bead

19ei gfditivegseniantyr ai n si ze after sintering of 0.45 pm

| eadi ng 162 Bt eLibrd el ity e £
i anet or “FRSGRIPIOLRG TP GUER R, &Y ALOREICRD maten) of an
sl urry ohomapslarsr of eerwkie aeid,rukese il 4mokds of Hsrcadhgyilip fugctions are

a st andaﬁ&uaﬁ&arby%wgy(%%}ag Uﬂﬁmﬁgy nmégay Reftht b 600 g/mol,

fol |l ow ng wel ?ht proport of cormponent
and a polydispersity equal to 2.4,
15 - using ceria-comprising zirconjum oxide grinding beads featuring a median bead

+ diameter of 0.45 mm, a CeQ2 content of 16 % by weight relative to the total
bead weight, and a grain size after sintering of 0.45 pm,

leading to a coground material exhibiting a median diameter respectively of 0.4 and 0.5

pm.
20
The 2 obtained slurry of the co-processed material was then added to a standard paper
coating formulation made up of the following weight proportions of components :
100 parts co-processed material
25 11 parts SBR latex (DL 966 commercialized by DOW CHEMICALS™)
0.5 parts synthetic thickener (CMC FF5 commercialized by FINNFIX™)
0.4 parts polyvinyl alcohol (PVA 4-98 commercialized by CLARIANT™)
0.6 parts optical brightening agent (Blancophor™ P commercialized by
BAYER™)
30

The above coating was applied on a standard topcoat base paper with a grammage of 78

g/m” at a coat weight of 10 g/m?/side. This coated base paper was then calendered using



100 partsco-processed material 25 11 partsSBR | at ex
(DL 966 commercialized by DOW CHEM CALSTm) 0.5

tic thickener (CMC FF5 comerci al i
E?Rklﬁ%% 0.4 partspol yvinyl al cohol (PVA 4-%‘2[%39%6/002647
commerci alized by CLARIANTIm) 0.6 partsopti cal
bri ght eni ng agent (Bl ancophorrw P comrercialized by
BAYERTmM) 30 WO 2007/ 031868PCT/ 11132006/ 002647 19 a 0
supesgat@kddr widde thet folowisiel erldnderingaseadifions: rglender speed of 30
condj t.i ons.; JdPshec.cal endar
Ioala}n%lf1 ’ ?@e&d‘r‘%@%@%‘) gﬁ?@%npﬁtgﬁgggﬂu% 80C. For the
cogrotuid material exhibiting a nedian dianmeter of 0.4
pm .t | oss of the 5 te My age 1as, Ghe glss of the
5o s gfe SuSie lral il OBl LyRART i A 13, T ¢
5 0adolated papon wirfct umedt ¥ % TappioSpand 45 BOW BEC having a

median di ameter of 0.4 pm was Of % T - 46 50 AN @D having a
o% CPcopaison, e Jomp g B PRRHR S it bl AN GO having
e dinédlarddiasmeteest 00f 1. vimsPBV0 ¥4 Eapgl TS sndB5 YHRINLBScoat ed
paper surface was of 68 % Tappi 75 and 40% DIN 75. By
conparison, the sane coating nmanufactured with 100
p?rm 06 cagrlald ﬁatéﬁglge;@wm@ @ fediaf rdnesteradf 0CA pm, thevglss of the
of 63 % Tappi 75 and_33 % DI 5.
10 coatedopapeFr)Fs)lllrface was of 68 % ’izappil\‘;sZ and 40 % DIN 75°.

By comparison, the same coating manufactured with 100 parts of a GCC having a

median diameter of 0.4 pm was of 63 % Tappi 75° and 33 % DIN 75°.




20 CLAIMS 1 - Process of preparing a ground m nera
material, conprising the steps of: a) providing at

| east one mneral material, optionally in die form of
an agueous suspension, b) grinding the mnera
material; c) optionally screening and / or
upconcentrating the ground mi nef@l material obt ai ned
followi ng step (b), 10d) optionally drying the ground
m neral material obtained fol é step (b) or (c)
charact ttt d in that said winding during step (b) is

ot de Drr ol R Rl RIS nBherChABE AT AN, BeFfBNLET

between 14 and 20 % by weight relative to the total

5wei ghd) Efovanﬁgi abeast ofy afigrabinytedhl, bﬁﬁmmy ih5tharfdrml &f%n aqueous
by weight relative to the total weight of said bead,

and nostUspPEi®kabl y of approxi mately 16 % by wei ght

rel atyjyve.. |.ght of said bead ; and
an avH rg!éié(ga‘%gfen&gl%g%ﬂg%%? sintering of the grains

f or md)goptiimllpesteenirigh aad 200e dipasncantaavieige theofrdued smineral material
t han | .preferably of less than 0.5 um and nost
pr ef er aB lnsﬁiﬂggﬁngﬁﬁﬂ(%%s pin:".: and in that step

10b) oggu Bﬁti(ﬁfa}:lg dPJih O fheBROMR! rhinedR AaterfRl BGERRA @&Wiﬁg ﬁﬁp (b) or (c)

to claim1l, draeterised in that the beads have
origina dianmeter of between 0.2 and 1.5 nm and
pr efieaablised of thae tavdeninQing danidg bt (MMis BriorRedeths presence of ceria-
according to any one of c¢lajns % or 2, characterised
i n COHAINS 75O ‘?Jg%ncﬁ?g he%lﬁl preferabl y of above
10, and nost preferably of above 11.
15 - a ceria content of between 14 and 20 % by weight relative to the total weight of

said bead, preferably of between 15 and 18 % by weight relative to the total
weight of said bead, and most preferably of approximately 16 % by weight
relative to the total weight of said bead ; and
- an average grain size after sintering of the grains forming said bead with a
20 median diameter of less than 1 pum, preferably of less than 0.5 pm, and most

preferably of less than 0.3 um;-
and in that step b) occurs at a pH of above 7.

25 2 - Process according to claim 1, characterised in that the beads have an original

diameter of between 0.2 and 1.5 mm, and preferably of between 0.4 and 1.0 mm.

3 - Process according to any one of claims 1 or 2, characterised in that step (b) occurs at

a pH preferably of above 10, and most preferably of above 11.

30
4 - Process according to any one of claims 1 to 3, characterised in that step (b) occurs at

a temperature of above 60°C, preferably of above 90°C, and most preferably of above
100°C.

35 5 - Process according to any one of claims 1 to 4, characterised in that the concentration

of mineral material to be ground in step (b) is in slurry form at a solids content of from



30 4 - Process according to any one of clains 1 to 3,
characterised in that step (b) occurs at a tenperature
of above 60C, preferably of above 90C, and nost
preferably of above 100C. WD 200

082 383PTFE8 B2006/ 002647 21 10 to 80 % (by drRCHEABRYH02647
of mneral material), preferaghy from50 to 80 % and
nost preferably from 60 to 78 % 6 - Process accordi ng

Itgggtbyonee(‘gg)gpgvﬁellgﬁgs nd aﬁra S?aé ‘?‘fel h‘ae%na?%geﬁé %2 %nd most

pr esterebly fiora 60 Ght%. % rel ative to the total dry
mneral material ranging fromO to 2 % preferably
fromO0.2 to A % and nost preferably from0.5 to L2

%6 i- Sl’rét!éﬁtedccbﬁiﬁﬁg 8, arfusriendf oMimafitiers, Fdhﬁf@ctélbéed in thaf at least one

Process acco n any one of clains
5 o risBEag Fbo ﬁl%ﬂg%ﬂ a1 jagent bpgseny| in foWﬁabteé. ralaﬁw‘s to the total dry
seinmfaedmaam g‘arfg‘iﬁ)g"mﬂlt urtalz s, _lﬂi’éfgﬁbﬁz' trahedl2 Gl 4 W and most
Q2 orf m xtures

carb cla tal c,

C R0 o OB b de%. et dr e, s eI ()
characterised in that the mneral nmaterial is sel ected
am)n% fromnatural or precipitated cal ci um carbonate,

cl Ay Precspscacsprdifadousysonetedreaims 1119 @ chapetgdsedgn that the mineral

10 a%%ﬁ'&lr}l sb18ctEd Qx'thgg ﬁoﬁxrﬁ%\ﬁﬁt &t Oéré tatdd {a anxgtc%onate, clay, talc,

mneral material 1s a mxture atura

prébPpiTiQr ergnixsires thereefar bonat e and cl ay. 10 -

Process according to claim8, characterised in that

the mneral material is a mxture 20of natural and

pr&c Pmcp@taegbrdiag di) gheing &y Powmtegisaini thatl the niideral rPrterizd $sselected

ACL 'ffbgn ﬁeﬁur% %ta&ﬁ%%l%%&e bo%gtf: %?f pa% %rnn'%tures thereof.

m ner materi a ire of
15 preci p| tat ed cal CI um carbonate. 2512 - Process

0 |aims 9.t char.acterised .
"5 bR bR kPOl PR eedis oty i BH i Eig) S mixture
octfa:latmé ehprecibitdBed cabdinin Efzbonage dnde@yl0 to 90 %
preferabl y from20 to 80 % and nost preferably from
30 to 70 %
10 - Process according to claim 8, characterised in that the mineral material is a mixture

20  ofnatural and precipitated calcium carbonate and talc.

11 — Process according to claim 8, characterised in that the mineral material is a mixture

of natural and precipitated calcium carbonate.

25 12 - Process according to any one of claims 9 to 11, characterised in that the weight
fraction of PCC relative to the total weight of GCC and PCC is from 10 to 90 %,
preferably from 20 to 80 %, and most preferably from 30 to 70 %.

30 13 - Process according to any one of claims 1 to 12, characterised in that the mineral
material provided in step (a) is in the form of an aqueous suspension and in that the
aqueous suspension contains from 10 to 80 % by dry weight of mineral material,
preferably from 50 to 80 %, and most preferably from 60 to 78 %.



3013 - Process according to any one of clains 1 to 12,
characterised in that the mneral material provided in
step (a) is in the formof an agueous suspensi on and
in that the aqueous suspension contains from 10 to 80
%8Yooyisiei ght of mineral material, preferabpyrisb@Bno2647
50 to 80 % and nost preferably from60 to 78 % WO
20071031868PCT/ 11B2006/ 002647222 14 - Process
according to any one of clainms 1 to 13, characterised
i N14 h&tockdsercoardiog ad amnomer ifadlaips dviodd chiamactdniged rthatghe mineral
an ous..suspensi [ St [.Scs ' .
coP B SV aHERTHE A Ml s Mo D (53 R catiom
cl @irtbomate. t 0 14, characterised in that step (c) is
carried out. 16 - Process according to any one of
clainse 1 to 15, characterised in that step (d) is
5 carg i @ebcasst accd@ingtd any Gho uf claiiisnE tall 4, nehkeatiessed in that step (c) is
characterised in that it is obtained by the process
ac@t ‘?ﬂﬁ‘ to any one of clainms 1 to 16. 18 - G ound
m neral material characterised in that it is in the
form of an aqueous 15 suspensjon and in that the .
ST yr%s%seqccqrglaﬁ 9 88Y anezphgpasob tukf qierepigrifed 18 haj seg (@) is
6. &urigwekerably of 4.6 to 5.7, and nost preferably of
5.3. 19 - Gound mneral material according to claim
10 18, characterised in that the sl urry water passed
t h{oUgBrGind Onffefl Ahica BarsQRE N heSH ik NeWaidd0By PRMprocess
of Zr02 and less 20 than 200 ppm Ce02 20- G ound
i aveerdingrie pwst onglof gletay biord§- t o any one of claims 18 or
19, characterised in that it conprises natural or
preci pitated cal cium carbonate, clay, talc, or
m & viGroundhevirsedl materth! sharheierdgsfl yin gbattibinin et ormlof andaqueous

15 Pr&E}RLLAGLES 1f Al TER PR9% Sures a Zr0y/CeO;, weight ratio of 4 to 6.5,
preferably of 4.6 to 5.7, and most preferably of 5.3.

19 — Ground mineral material according to claim 18, characterised in that the slurry
water passed through a 40 micron sieve contains less than 1000 ppm of ZrO, and less
20  than 200 ppm CeO;

20 — Ground mineral material according to any one of claims 18 or 19, characterised in
that it comprises natural or precipitated calcium carbonate, clay, talc, or mixtures
thereof, and preferably contains natural and precipitated calcium carbonate.

25
21 - Ground mineral material according to any one of claims 18 to 20, characterised in
that it presents a steepness factor of at least about 30, preferably of at least about 40, and

most preferably of at least about 45.

30 22 - Ground mineral material according to any one of claims 18 to 21, characterised in
that it features a dsp from about 0.2 to 2.0 pm, preferably from 0.2 to 0.8 pm, and most
preferably from 0.25 to 0.45 um.
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25 21 - Gound mneral material according to any one

of clains 18 to 20, characterised in that it presents

a steepness factor of at |east about 30, preferably of

at | east about 40, and nost preferably of at | east
awouo074518680 22 - Gound mineral material accRIUBAYONPR64T
any one of clains 18 to 21, clg?racterised in that it
features a d50 from about 0.2°to 2.0 inn, preferably

95 Db e 5 e o g s
G il pidheh@ DhrachiBl 6f padticlQGHRS SR ¥ ntiboR BibaeNa® B0%! Sefably of
18 to Z%épch(gracterlse in that it presents a fraction

of B5HF% 19aR &7 mees PP ohEeRish thir £AteAnd Ry 1Beys,preferably of
pr gbaeaBhyowt, greater than 85% nore preferably of

greater than 90% and even nore preferably of greater

than 95% 24 - Gound mineral material according to

cl 84 MZRin d‘iﬁ%@ﬁh%ﬁﬁ%@?drﬁ‘ing t@@t:lﬁdrﬁ 29 réﬁﬁﬁff%ﬁseﬁ iBEht it presents a
specific surface area of leSs than 25 n?/g. 25 -

G BERapacifiresuefpcermpqactiless than@dmileng to cl ai m 24,
characterised in that for a fraction 10of particles

finer than | pmof greater than 95 % the BET specific
sut¥ aeound exindral thases! aerardigbtonddin, 24, cl@acteri@edimrtbiat for a fraction
m 3 £AC .
TRl R i 1367 B BlcRS 3 9 T ST SHAACh LSy o e
griban 2ymf/san 90 % the BET specific surface area is

| ess 15 than 20 n2/g. 27 - G ound mneral material
according to claim?24, characterised in that for a

f r26ct Goond imasl tohatérizd addordig fohdaim124p thaddctagis@hinahattfovm fraction

85 9% the BET specifigc surface [ ess.than, 18 .
ot perist siger gl § oy oF kel 155 0F &6 o BL SBR il tpgs area s less
clthaam2®@#?/gchar acteri sed in that for a fraction of
particles finer than | pmof greater than 80 % the

BET specific surface area is less than 15 'n2/g. 25 29

- X -0GRdndrinies A maigHaE hécotdiRE O VBT, EitirARYis€ tRit for a fraction
CLP? s, i18ﬁjjo %8, characterised in that the agueous )

S é’éﬁ’é’ S AIELEL T hEn of seatgsihag fe /ﬁit}éep%ﬁg iSPFg‘lﬁé:rﬁéFrfFC"o?‘fea is less
grthadigng®ai d agent present in a weight %relative to

the total dry mneral material ranging fromO to 2 %
preferably fromO0.2 to 1.4% and nost preferably from

0.8 t@rolnd Mined %Qatériag&Hfhﬁjngr%rbﬁrhﬁl%”B{aﬂde?ikgl igrﬂ)}at for a fraction

characterised inthat it isin the foun o
prod darticles diger than 1 um of greater than 80 %, the BET specific surface area is less

than 15 m%/g.

29 - Ground mineral materjal according to any one of claims 18 to 28, characterised in
that the aqueous suspension contains at least one dispersing and / or grinding aid agent
present in a weight % relative to the total dry mineral material ranging from 0 to 2 %,

preferably from 0.2 to 1.4 %, and most preferably from 0.5 to 1.2 %.

30 — Ground mineral material characterised in that it is in the form of a dry product and
features a ZrO,/CeO, weight ratio of 4 to 6.5, preferably of 4.6 to 5.7, and most
preferably of 5.3.
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features a Zr02/ Ce02 weight ratio of 4 to 6.5,
preferably of 4.6 to 5.7, and nost preferably of 5.3.
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m neral material according to claim 30, characterised
iWwobéalsisés conpri ses natural or precipitated maghisenoze47
carbonate, clay, talc, or mxtures thereof; and
preferably contains natural and preci pitated cal ci um
carbonate. 5 32 - Gound mneral material according to
any one of clainms 30 or 31, characterised in that it
prese f X : .
o of opyrl P ARRa) AGAha%) oftm 36Xk i hat jt compries
| enaterabiyquecipiBited 0alcB@n cari@matendayritdleraaimintates theatof, and preferably
ac ' -al 0 32, characterised
R B e B0F B e PhBd D, %05 £07270 pim
preferably from0.2 to 0.8 pm and nost preferably

fr Q. 0..45 34 . ound m per.al teni gl . e
a0 pincl el gptoring oot bog bl s 0 3, Bepepigised i
i nthdiGit pleadntd & spepeefastonof atdedst aiouo BO,paefetablyest dtilewst about 40,
than 1 micron_.greater than 80% preferably of greater
thlgﬂStgg%;r%ngﬁ?aégag’Pgto% of greater than 90% and

even nore preferably of greater than 95% 35 -

G gound mnperal material agcording to_claim 34, e
orih 2 Sl Pl Seee? oY S5 oAl POH 32 ghegacterised in
S Uhitde Rafifeed @f frbRSBodtvaNt0200 1Y, Prefeddbly &l @UNE (18 LY, @hd most
mat eélaﬂa%fcgr di ng to claim34, characterised in that

f TP AEm 8- & UfaMh cl es finer than 1 pm of greater
than 95 % the BET specific surface area is |ess than

25 n?2/g. 25 37 - Gound nineral material according to .
c | 34 nvmund prgerel onaerial agrording tezmy foae obclpimadtlics @3 opharacterised in
Pahitl; [ i : Yo

B et TR AR e PP B3t Bt S0 gl of
G AR thimB83%) met rrefezdblaetaneetemipan 80%) andre®a, more preferably of

chatActfioxes in that for a fraction of particles
fir%er t han ?éjpm of greater than 85 % the BET specific

surface area is less than 18 n2/g.
35 - Ground mineral material according to claim 34, characterised in that it presents a

BET specific surface area of less than 25 m?/g.

36 - Ground mineral material according to claim 34, characterised in that for a fraction
of particles finer than 1 um of greater than 95 %, the BET specific surface area is less
than 25 m%/g.

37 - Ground mineral material according to claim 34, characterised in that for a fraction
of particles finer than 1 pm of greater than 90 %, the BET specific surface area is less
than 20 m%/g.

38 - Ground mineral material according to claim 34, characterised in that for a fraction
of particles finer than 1 pm of greater than 85 %, the BET specific surface area is less
than 18 m*/g.
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materi al according to claim 34, characterised in
thaton of particles finer than 1 pmof greater than 80
% the BET specific surface awn is |less than 15 n2/g.

5v8Q007)5862f ground m neral material accordi ngEcB2@6N802647
one of clains 17 to 39 in paper, and notably in paper
coatings, in paints and in pl7assti CS.

39 - Ground mineral material according to claim 34, characterised in that for a fraction
of particles finer than 1 pm of greater than 80 %, the BET specific surface area is less
than 15 m?/g.

40 — Use of ground mineral material according to any one of claims 17 to 39 in paper,

and notably in paper coatings, in paints and in plastics.



