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products, exhibiting particularly desirable cleaning benefits, can be provided for improved
tooth polishing, whitening, and the like, without deleteriously affecting the hard tooth surfaces.
Also encompassed within this invention also are products of this selective process scheme and

dentifrices containing such particularly manufactured and classified silica products.

Background of the Invention
Toothpaste manufacturers strive to produce dentifrices with high cleaning and low
abrasivity. Such formulators achieve this goal by incorporating abrasive substances into the
toothpaste formulation. An abrasive substance has been included in conventional dentifrice
compositions in order to remove various deposits, including pellicle film, from the surface of

teeth. Pellicle film is tightly adherent and often contains brown or yellow pigments, which
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compatibility with typical dentifrice ingredients, such as humectants, thickening agents,

flavoring agents, anti-caries agents, and so forth. Synthetic precipitated silicas generally are
produced by the de-stabilization and precipitation of amorphous silica from soluble alkaline
silicate by the addition of a mineral acid and/or acid gases under conditions in which primary
particles initially formed tend to associate with each other to form a plurality of aggregates (i.e.,
discrete clusters of primary particles), but without agglomeration into a three-dimensional gel
structure. The resulting precipitate is separated from the aqueous fraction of the reaction
mixture by filtering, washing, and drying procedures, and then the dried product is

mechanically comminuted in order to provide a suitable particle size.
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silica materials that provide excellent cleaning performance, but with lower abrasivity values,

that can be included in a toothpaste composition. To that end, the following invention has

proven to accord such coveted results.
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to desired particle size ranges is effectuated via a wet process during actual abrasive product
manufécture. Such a method thus avoids the need and associated cost of dry milling the
abrasive particle content, and products thereof. It has also been realized that such a wet milling
method permits production of appropriately sized abrasive particles and compositions thereof
that are rheologically stable, are not prone to settling, and do not exhibit any appreciable level
of re-agglomeration, even during and after transport and/or storage before end-use, such as
incorporation into dentifrice formulations or other oral cleaning compositions.

Although any known particulate abrasive for dentifrices may be utilized within this
invention, particularly preferred are amorphous precipitated silica abrasives. Abrasive

compositions including such individual particles should comprise a plurality of silica particles
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costs. Likesase, proygling such materials within the specific range of particle sizes permits

targeting particular areas of tooth surfaces for proper cleaning without simultaneously

exhibiting excessive abrasive levels.

Detailed Description Of The Invention
All parts, percentages and ratios used herein are expressed by weight unless otherwise
specified. All documents cited herein are incorporated by reference. The following describes
preferred embodiments of the present invention, which provides silica for use in dentifrices,
such as toothpastes. While the optimal use for this silica is in dentifrices, this silica may also

be used in a variety of other consumer and industrial products, such as cosmetics and coatings.
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compositions, also known as silicon dioxide, or SiO, which impart improved cleaning and

abrasive characteristics when included within a toothpaste or dentifrice. These abrasive silicas
not only clean teeth by removing debris and residual stains, but also function to polish tooth
surfaces. Because the silicas of the present invention have been classified to remove fine
particles which are believed to have less cleaning benefit and large particles which are believed
to contribute to increased abrasion, they have a narrower particle size distribution and are
particularly useful for formulating a dentifrice that has excellent cleaning with lower abrasivity.
Other possible abrasive products that may be produced through the inventive process include,
without limitation, precipitated calcium carbonate (PCC), silica gels, dicalcium phosphate and

its dihydrate forms, and calcium pyrophosphate. Such particles are engineered to provide
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described in greater detail below.

By the present invention, abrasive amorphous silicas have been developed that not only
have excellent cleaning performance (in terms of PCR measurements) but are also less abrasive
than typically produced products. By using the inventive wet milling, all-inclusive abrasive
particle composition production method, an abrasive material (such as, preferably, though not
necessarily an amorphous precipitated silica product) may be produced that has relatively low

RDA and Einlehner abrasion values over a given PCR range.
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particles, dicalcium phosphate, and any m xtures
about 15trhigransfare @}16@9@j<@élpn@igv said plurality of particles to
a commnuting step in a wet environnment; )
e) subjecting said collected classified particles from step “d” to a dewatering step
wherein said dewatered particles exhibit a moisture content of at most 60 wt%; and, optionally
f) subjecting said dewatered abrasive particles to a deagglomeration step.
Such process steps are discussed in greater detail below.
Alternatively, a second inventive method may encompass the sequential steps of:
a) providing a plurality of precipitated silica particles that have not previously been

dried prior to commencement of step “b”;

b) subjecting said plurality of particles to a comminuting step in a wet environment;
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made inds?e%g%l’ %rb%tgrglparg’é I%P a fresh water, or electrolyte solution, acidulation process
wherein silica is precipitated by reaction of an alkali metal silicate and a mineral acid in
aqueous solution. In the fresh water process, no electrolyte such as alum, Na;SOy, or NaCl, is
present during the acidulation reaction.

A portion of the sodium silicate solution is charged to a reactor container or chamber
including agitator means to provide agitation to the container contents. Preferably, about 0% to
30% of the total stoichiometric amount of sodium silicate solution is placed in the reactor
container to serve as initiating nuclei for the silica. The aqueous solution of sodium silicate in
the container is then preheated to a temperature in the range of about 60 to 100°C, more
preferably about 80 to 95°C. Prior to introduction into the reactor container, the remaining

sodium silicate is preferably preheated to about 70 to 95°C. The acid solution temperature is

preferably ambient.



Such process steps are al so discussed in greater

detail below. In the first step of the first nethod
woeoziosedl above (and as can be foll owed for theCEESINE023375

met hod), at least for the production of precipitated

I R KR PR
o SRS, S22 L B R

precipitated silicas made in step "a" may be_prepared
of alkalbsilicatés; e forwaamwple, metabbilieatess Higilisates pod ﬂ@rllkea ity selblgn

process wherein silica is precipitated by reaction of
potassiwan sidichtas andreidihm silickieatre partitulrlyiadearthgenos dith thedgieardemg

solution. In the fresh water process, no electrolyte

prefene‘éiuﬁ'%hé\ﬁd Bk ¥Ren BtoSEhsid@htidYEEht thé Faold @6 OF tHdulitaligsiliday, i.e., the
acidul ation reaction. A portion of the sodiumsilicate

ratio of§ﬁ Fttd DRalh fhe @%&%dc&%@&s H&m QR oAl $EacRbn ?é}ﬁﬂ%fs, to the
udi ng agitator’ neans rovi e agi tation

contal ne tent fer tP%Lo %

averagetp(?{edfftz%?{)tihgﬁ lgﬁt?{?quggaﬁtﬁeﬂera%%/w%eggq%ge Sl@?é} l?rod cQs St(tfustuli\?entton
solutjon_is placed.in the reactor nt ai_ner r

can be rgadq with pificatg gnﬁﬂtctaeps P2 Nﬁ?é))srﬁlllg%& omAbogh hé 6%3-% and
solution of sodiumsilicate in the container is then

preferally Sloarabent 24 ta abewhdet.dihaatkalinsilichts solutiga sepplieddethegeacter vessel
100C, nore preferably about 80 to 95C. Prior to

during vaniouoptectdishiy steyisdn theinvamivt atettmdnbadeseribed diswherediending
sodiumsilicate is preferably preheated to about 70 to

general@% cOMBineiWesPivout 90 3 BRI AE PrefEraBlyetwdl about 8.0% and
nbi ent. Al t hough sodiumsilicate is illustrated, it

250 Wbk MRl e SOyl s
st 5 GBS i o SRR, B Bt s

disilicates and the |jke. VWater sol
to the above-indicated desired range, dilution water can be aﬁgede to a source solution of alkali

silicate before the silicate solution is fed into the reactor, or, alternatively, the dilution water
can be combined in situ with the source solution of alkali silicate in the reactor used in the
acidulation reaction step “a” with agitation-mixing to formulate the desired concentration of
silicate in the alkali metal silicate solution.

The acid, or acidulating agent, can be a Lewis acid or Bronsted acid, and preferably is a
strong mineral acid such as sulfuric acid, hydrochloric acid, nitric acid, phosphoric acid, and so
forth, and more preferably sulfuric acid, added as a dilute solution thereof (e.g., at a

concentration of between about 6 to 35 wt%, more typically about 9.0 to 20.0 wt%).
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potassium silicates and sodiumsilicates are

particul arly advantageous with the latter being
woe@mesed. |t shoul d be taken into consi der at POTUS1DA$/023375

the nole ratio of the alkali silicate, i.e., the ratio

of silica to alkali, netal, OXIde ont ri but .
Heprtareigios golytierand ’@H@f%reﬂ ¢ geagtteg%ﬁ%gesg\%r age
pore size of the silica products. In general
temperatres irallianeais|addisiop ob theoemaiing spdium ﬁ&éﬁ? selytiem andyaeid into the
made with silicate nolar ratios (SiOa O ranging from
reactor Bloottimehced. (The Sodiumrsiliqatesfodutixinl apdfamdmramtﬂfe@mlb the reactor over
about 3.4. The alkali silicate solution supplied to

an addlﬁ(hﬁtnhg BEAYut Y TR0 miliifésNBatés bf adtitigh oS sdan@nidepand upon the
the inventive nethod, as described el sewhere herein,

raRid.
ot ANy SRR RS0 ol b v

gf ﬁ)g:e d ﬁg%hé? co -#(11@03{ éergo Sxeng)l Oonr}"tﬁ h%h%ﬂgﬁ rpr%*%ﬂn%é u%iél t%l% Sodium
slicate Hdkapn isGHAPPERHAAMEPN s B0 & somtinted B JeISPty %1%25 faches the

dilution water can be added to a source sol ution

desired pHk @nre thelsluemtpd trathasabonte? 8 it ispaeferabls tarpdiige the %Céhﬂow rate
into the reactor, or, alternatively, the dilution

until the/éliugy pH&IiDphﬁclmsﬁhe taegtt pH, st whichvpoint tHeecibilow earsbd stoprsd and
of alkali silicate in the reactor used in the

manual a&fué&ﬁeﬁt {1924 t6 RAGh tRNaReAurr} pHWThE pRgirtalll shary pis aproximately
fornmul ate the desired concentration of silicate in the

4.0 to 7@' uﬁna{@aé{gfer&'le} b&HeEn 50t 6I0AL hED funftiré] 'thé)sﬁhca has é)reclpltated to

can be a Lew s acl d or Brdnste

a5 zéc?m%zqdys&u ShL G201 5. OB a3y p
: Wﬂ P s S,

(e.g., at a concentration of between about 6 to 35
and prefma;zay b9 t°gpimchdliggstispdsicordinged o the elgvaieddemmeeatugerfar

reactor solution and remai ning reactants have reached
approxifna®ly$ s 6@shinutes, and preferably for approximately 10 to 20 minutes. Acid is
added during the digestion step to the extent necessary to maintain a constant pH.

After the digestion step is completed in the reactor, and any subsequent pH adjustment
conducted, the reaction batch is discharged from the reactor. Although the above-described
general protocol are preferred for synthesizing the precipitated silica to be conditioned
according to this invention, it will be appreciated that other grades of precipitated silicas, such

as very low to high structure synthetic silicas in accordance with the definitions set forth in J.

Soc. Cosmet. Chem., 29, 497-521 (August 1978), and Pigment Handbook: Volume 1,
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t enperatures, sinmultaneous addition of the remaining
sodiumsilicate solution and acid into the reactor is

weomeeeetd. The sodium silicate solution and aCTU8S2086/023375
netered into the reactor over an addition tine of

about_30 to 90 m nutes . Rates of I ti t he
Promﬂm%%qﬂngméfép%%eﬂﬂeﬁﬂ idey, |Sé>nﬁsa@ggzp-&3§’uls§=c§?n?riaﬂ% can be
and concentration of the silicate and the
used in the peastice af thisinwdntione acid. At the end of this
co-addition period, nost of the silica has
IRtRE sqebhd hethodnat 1édse itsie ithperative thetthe swlgetit siliom pargicles not be
stopped. Addition of the acid is continued until the

subjectell §56hP AryPhgiriof t6 SBF FEScdrhBesiang. I Bakigitly, iDdeepattidesstiave bgen
Y

H reaches ‘about 7.0, it is preferable to reduce the

dried pr?qgélgsé{,ltg{'ft@%tﬁagﬁ%#o cBHﬁﬁﬁhtﬁéer{ e b BRAASS RRRLd BEsignificantly

poi nt t cid flow can be stopped

. d ual j ust nent ..used.ta .reach I .
aifferentpmThal ispaEibt B eV E5 Db SRERY B Al Melafle i otptated
. 7.0, and nore preferablé E,et,vveen tg].PO to 6.0. At t.@ll Sthe first
silica paytighes foF ghe notesl cndiusess gk alpaidation, though Rof nSeasHATy gpin the

m xture of the precipitated silica and the reactiap
method disqussed, iCnanstheluss d peientallysprafaried sequiremeatibersin as well.

di gestion begins and the reaction tenperature is

Thatepe®” tof el tixfirsbbdredeyoRbmOMGH, wefccopmehetingfith®reaction mass is
97C, and digestion is continued at the el evated

performé® "OEMmAMiHifonl 19 heiR beeaus@tRIsilida paftidid sibprulies draanrfrom the
preferably for approximately 10 to 20 mnutes. Acid is

reactor og{éi,ge d;ad :é{?{x{}glb; DSvedl HERA gﬁtiﬁfe%?zet(mﬁj &f ?fe‘e(aﬁzﬁ than about 50 pm to

ssa mal ntarn a constant pH. "AftCer the
I gestipn step | 0 ted in t r

about 168 8 hnebie el SBHERE Bt aeb S i ARt puPis 3pks e

i s discharged fromthe reactor, Al taou h, t he itions
unaccepiablsy/ r gpRliGaiprPugh ALFOSMeHLHICORHISS 0&3 Sleapipg gomgpsitions.

synt hesi zing the precipitated silica to be conditioned
Namely,zsnoadled siliga particles ereingedast sodthat the peyticles pee nob gHEY ipteghpre to a

that other grades of precipitated silicas, such o
user, yet for oral care use the particles must be large enough to provide the requisite polishing
action on teeth. For oral cleaning compositions, silica particle sizes between about 1 and about
30 pm are generally required, and a median particle size of between about 3 to 15 pm is
preferred in this invention. For cosmetic and coating uses, the median particle size range
would be smaller, such as from 0.1 to about 3 microns. Thus, a range of from 0.1 to 15 is

suitable for the products of this invention (more particularly between 0.3 and 10; for preferred

oral care end-uses, the range is preferably from 7 to 9 microns).
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as very low to high structure synthetic silicas in
accordance with the definitions set forth in J. Soc.
w@Emmos23Chem , 29, 497-521 (August 1978), andrp@i/gRmn$/023375
Handbook: Vol unme 1, Properties and Econom cs, 2nd ed.,
John Wley & Sons, 1988, p...139-159,. gen lly can b .
Prionts theweheorpminuipe 6. cor wetiling) seh oF geT sk SR gihod. it
nmet hod, at least, it is inperative that the su,bi',ect
is important thetthesitita pirtislennet Heesubjebled ta any nrivr saptrelisd mpling prgpedures
to step "b" conmencing. Basically, if the particles
(such coMtPoIRd MgBIMeOKdad nbt Bulude shearing terisg particla peoduction within a
comm nution (wet or otherwi se) would be significantly

reactor). u. lgef c%rnﬁﬂflecf Eiaii@bn BE B aHich Particheinianva v irent@it pernits

Imately provide suitable precipitated silica
arti.cles for cTe T A1 hd rakeiyoR terms of
greater sERBHE i BrpOfind B8 (RS e (D8 Pnaeli Tl ol MBI
...discussed, .is nonetheless otentiall .ef erred

modifyingsgeh pafigiin Piecpae mapep g ‘%‘%Fh&‘st%‘b‘e -%“‘B%?‘f‘séi ther the

first or second nethod, wet conmm nuting of t.hcgl (o i

Suelaeerhminutigs és pafosmed. ismeted abaremtopeibA Wet sradige jep na

because the silica particles suspension drawn fromthe
separate station fromgfartidle prodattiops nsaakh glt¢ragtivea visddginshegareppier guxng

size (MPS) of greater than about 50 mmto about 100

during aiffor AR sios partivel praducfionbBreferably im drderab oamngsuterhe abrasive
These particles sizes are unacceptable for

i b i i afticleaqpidfaasly ahdugh adt necessarily,
panlclesgﬁfgiaéﬁlﬁﬁgg%ﬂﬁeﬁ%?n@ﬁeﬁ@Ngﬁnfglreﬁc rqu gly afhdughi 8t neces

onposi tions. S ler silica

precipita Ir%#%c?l p?lﬁtict%esi f’g §t§8 efh 50 (i@t \&%?n élji&diﬁé st@fién."Bither a single

to a user, or “oral “care use the
artjcles nust be |arge .enough t.o provide,

stage WeF%’ﬁé’iaﬂnﬁé)rﬁ‘dPﬁﬂgfﬁ ‘ﬁ%t"i’lg]’? © ilg?ﬁr.' SERr ﬁoé%ebec g%'mF%Eg

conpositions, silica particle sizes hetween abﬁ%t 1 . dof
exampleathg maiistags vetrmediacrding Satiop, Mg dimeit, GR0Re foRpTise

particle size of between about 3 to 15 nmis preferred
two or miofe $ephmitd milbsrihiomgh whish the shyiis susaesstvshit pragreseeds Altlemptively,

nmedi an particle size range . .
the multi-stage wet media grinding station can be comprised of a single mill in which the slurry
is fed through the single mill in multiple passes using recirculation. The amount of energy
dissipated into the feed slurry at each mill stage, or in each pass through a single mill ina
multi-pass form of multi-stage milling, generally is kept approximately the same, although this
is not necessarily required. Multi-stage wet media milling permits longer residence times to be
applied.

The wet media mill types used as the mill or mills described above in the multi-stage

grinding station independently can be ball mills, wet vertical media mills, wet horizontal media

mills and the like. One preferred type of wet grinding mill used in the practice of this invention
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woul d be smaller, such as fromO0.1 to about 3 m crons.
Thus, a range of from0.1 to 15 is suitable for the

w@e@duei2st of this invention (nore particul arl yPOBPUSIE6023375
0.3 and 10; for preferred oral care end-uses, the

. range is preferably from7 to 9 nicrans)  Pri.or h .
isa Modvé&ﬁéb A R I\(Iﬂl?/@ar}uf%@«ere%by iig?&}mg[{;’ﬁ’p Rﬁf‘é’aﬁ%’tﬂr@ ﬂth‘ﬁ’f"m“’r
first or second nmethod, it is inportant that the |
mill is adiorizemtalpsyle ingddés milb{Thsanilingjrecstizused Prefrabpy are ceramic beads, e.g.,
controlled mlling procedures (such controlled mlling
zirconivtohtidle B&ids] sraibode]l sitemni ingixuwhich apalobdad in the mallsct iabeut 20 to
within a reactor). The controlled comm nution of the
80vologi lica particle in a wet environnent permts greater
reliability in producing the desired particle size
as. Bl ity i ) D “b”
R BEerPed ol R bl the Bt BETRI T RE bt
condi tions. ,Such_ comm nuti.on i s perfornmed, as noted
genera“é{%@fée,mt?‘ﬂ%%Fdﬁﬁeaf%%‘foﬁsﬁlr(fﬂs'st ep in a separate
station fromparticle production, or, as an

Bead laadinga?§-08%:9nd hi gh shear reactor m xing during
and/or after silica particle production. Preferably,

Bead milbrater speed cHIO HORPM Kfectatsr aite) (3521067 ayminute).
(typically agglonerates) in step "b", the particles
Tdeepiag ahihyan dhjestib ofi diis ineeaimaafiréducingrslidagiartitlecwithout the
silica particles) of step "a" are fed to a wet nedi a

need fordiry g 1aRg dpy AEMRAR prédetii@s, the Bial GmBus FBReatity foRes applielito the
ora nulti-stage wet mlling operation in step "b" can
bg . For : | ' i
slurry oy ﬁtlnﬁ%ls% Bregg gﬁﬁ@g%et{g@ﬁ%lﬁ% (l%lg(}u'lcf ha %ﬁ\éﬁh{)@gﬂlﬂze the mgdlan

n, n o nment, can be conprise
., Of t or nore separ i |1 s~throu i
pricte Sy RSBl 59 P o 5 SRS S 1
mul ti-stage wet nedia grinding station l%an Be .
and abowtgHpmicsens., and mosy prgfesabiy between giraut A aps @byt dricransy

through the single mll in nmultiple passes usgvn“g .
abrasiver riiclesinghé wet milhel sbmasivetcootpositien hgvadiessthaad Sgvivmfrgction of

the feed slurry at each nmill stage, or in each pass
particled greoihai 45jumgH82Mhlekh). Of dourse, the milling conditions can be adjusted to
achieve the particle size desired for a particular application.

Alternately, the silica particles of step “a” are first filtered and washed before being fed
to the grinding station of step “b” (if such a grinding station is used). The silica reaction slurry
produced in step “a” typically contains about 6 to 12 wt.% silica particles, which may be
increased to about 12 to 50 wt.% silica particles by filtration. The particles may be collected
and washed to remove reaction by-products (e.g. sodium sulfate) on any batch or continuous

filtration device known to one skilled in the art, such as vacuum and pressure filters, e.g. rotary

filter, belt filter, Larox filter, plate and frame filter, or filter press.
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mul ti-pass formof nmulti-stage mlling, generally is

kept approxi mately the sane, although this is not
woewessrBi |y required. Milti-stage wet nedi a nPCT/URZYP06/023375

permts |longer residence tines to be applied. The wet

dia. mll. typ ed as the ml!l or.m.l desc
g e it ek o e QB ghBve, AR ddffhuted
i ndependent ]y can be ball ml|ls, t vertical nedi
particlesi{preferablye mikigsh prociptaipd stigs BakiFiePkoLsir O &eFs ﬂl@?ea%ﬁfgfed atarate

preferred type of wet grinding mll used in the |
of aboutpd. 5.€10i IRM diito allesaritencentrifogs, such asadeinchiplid bavimoatipegus flow
M 11 manufactured by Lightnin, Inc., Reading, PA The
Bird deddmn€i¥icefitrifiidel avhidable fromi BiedhMalchisit Wloenpaaylilac.nBouth Wilpole,
mlling media used preferably are ceram c beads, e.g.,
Massacl\%]s:é{étﬁ, R 1581a8p A1 frasGonsf ,dlé%l%dtsizje. tThe AebdRtdrRehirifigye, operated at

are loaded in the mlls at about 20 to 80 vol %

2070 s PP B 034 e s oeton

oper.ated under the follown ondi t.i ons; d | I Nek
(e s o o G B 80 B5RE AR ecanc
per mnute) (152-1067 mmnute). In ke ging with an
or to theyipflh aihemllm-qemrsfugqﬁ@@am%ﬁprabmam@f%E gitlisr @gingle stage
particles without the need for drying and dry m|ljng
combingtiomoedLmesi-stigecombimtionsherinvesftive peenessrpniesmniates isolating
applied to the slurry or fluidized press cake during
smaller pRiticH fratfiony lebeaPattiddesige frhétivne ahd isolatiag paticids¢hatbdiabeen
particle size (MPS) to between about 0.1 to about 30
“double%u?f, A0S isl Wi%re i A& ABYY 2 BEliNG PArtRIHEe AngdskeabRuieddnd

crons, “an e preferably bétween about 3 and about
.15 . mcrons. T aS) | bihet iclEd bf £farr
paited 4 55 FRGRS Pl S el el f o

of )
desired particle size range.

O

In one embodiment, the larger particles from the centrifuge/decanter underflow stream
is fed into a mill for further particle size reduction and thereafter fed back into a centrifuge
decanter. This “closed loop” system has the effect of continuously reducing the particle size of
the larger undesirable particles and the recycling continues until desired particle size ranges are
obtained. The time necessary to achieve desired particle size ranges depends upon many
factors, such as feed rate, mill energy, bead loading, silica particle structure, and the like. In
this embodiment, underflow stream (coarse) is recycled back to the mill while the overflow

(fines) is collected for use or further processing.
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particles greater than 45mm (+325 nesh). O course,
the mlling conditions can be adjusted to achieve the
w@arorioed2el si ze desired for a particul ar appl i ceCT/082006/023375
Alternately, the silica particles of step "a" are
first filtered and shed, beforg being.fed to.the. .
Iganatenem Qdimen fsﬁ'agqa@amg@s a5 fdﬂgﬁkﬁ%&g‘ﬁ* I gridesirable
_ station is used). The silica reaction slurry pro%ﬁeq
fraction joff lasgas §coaase) pyrpicleans ywell @nthe frastign gfundgsipablg smaflerdgnes
silica particles, which may be increased to about 12
particles are dinowed%r Sttt franpthe Wesitabte digedfpaktialest Inothis chb@ the underflow
particles may be coll ected and washed to renove

PaRfdésoRe Ri-REIOEIE e Head tnill $diuttherpatticds siye mduetion and the

I
batch or continuous filtration device known to one

overﬂm? ka?x%elg gar.ﬁae g%l@ c@fléotecﬁf:é:f ﬁrgr%r %%gﬁi{ﬁﬂfg? TeLcREIRRSHH tBe underflow

3 , fe. rota][y Lel I'tef, Larox
s e G il B i
materialf gtgBinsh SRR bk et 4 el giihepa ich QP IR P iesve.

thereafter fed at a rate of about 0.5-10 LPMinto a
the overflowdfines) stream i discgedednnd themndsribnw (roprsghparticlgy e collected. The
continuous flow Bird decanter/centrifuge avail abl e
centrifuge/devaiier corlditivini sechCanfpahiate, comcentrSiun, and/gdnprifuge speed can be
Massachusetts, to isolate particle fractions of

adjustedd8 Dbtdltheidesired SiRdPapRMsgh temidimtibigenoumpef tined Fagd rate is
20-70 HZ, can be configured with both of the underfl ow

generallg lta%lﬂ?f. 5 PRfA o %b?ét) 1 eog‘:\f}\r@ \&fnblRWition BRtHeGte PR obh&hBP hbout 6

reanms recirculat only one flow recirculated to
t he nt rJ, fuge/ decanter, or_§.0 t Il o, T . :
w9 t iy PR ARE Pl gl oo g i st

a single stage, conbi ngtion or myl.ti-stage, . . . .
dependeabom ey Re. eq‘FWélqnh\}ifat thedesir clg 61&?@4%}%? gige distribution and
isolating smaller particle fractions, larger particle

particle siggmngeact i ons and i sol ating particles that have been
"“doubl e cut", that is, where particles above a desired
i streainefr@n 2ithet dlngenderfiow entheedrerftoay can be collected for use as such or

(coarse)

used as a feed for further optional processing. The resultant slurry was about 6 wt% to about 50
wt% solids, preferably about 30 wt.% to about 50 wt.% solids.

The classifier may be configured for any range of particle sizes. Preferably, for
particles to be utilized as dental abrasives, this configuration permits collection of particles
exhibits ranges in particle size from 5 to 15 microns, preferably from 6 to 10, and most
preferably from 7 to 9. For cosmetic, and other types of end-uses wherein the particle sizes

should be much smaller, the classifier should be configured for collection of particles exhibits
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particles below a desired particle size range are

renmoved | eaving only particles of a narrow desired
w@arorioed2el si ze range. I n one enbodi nent, the |P€DER2006/023375

particles fromthe centrifuge/ decanter underfl ow

., Streamigs f jnto a mll for. furt rii '

particle et paRtsdro N 1S urd Prpistrobu TR (5 (83 ddt prefiably from
decanter. This "closed | oop" system has the effect of

0.5t02.2ont i nuously reducing the particle size of the |arger
undesirabl e particles and the recycling continues
Adtifidnatipsthe ethsgified sibitzslatiry of stem §&'(imeithes phedingierr. seognd method
time necessary to achieve desired particle size ranges

outlined 46O dan bOasedrRYCH, afikal with sthehingsedi@nsisuchtae a hoinkétant, (e.g.
energy, bead |oading, silica particle structure, and

i A Bive, BIHRREHREL or B URE fibioYseSh b dadtifrice or
glyce“n%gg‘g!’isfé ".’ré&r“técyd od back to the m Il while the

dewater verflop/ fines) is collected for use or further
ew %r%‘é‘e“é"ss fig. I n anot her enbodinent, the silica particles

are "double cut", that is the undesirahl.e fragti.on of ;-
In g é‘a"”9Etslsrl%sntlasgpf‘t°ﬁ%%%vtﬁ@%qﬁe 5 BRlfip) RfHolanRgfired in
undesirable smaller (fines) particles are renoved P
the second; @s noted ghoyalethg slepsitied slicd Sway phstep cf els nexiflepgjezed. In one
case, the underflow (coarse) particles are fed back ,
preferred adpectt stecalkedd I 4pl' pfasessing; bheimilpachambes fHicy prepeRi0eassisg, 1s
and the overflow (fines) particles are collected for

preferred 1#f thé @hplehRagitibY bhgep RETHthé prgfeafedt dmbadidentiolf dw isventiam
fromthe centrifuge/ decanter to the m Il continues

N’cht-fix!rﬁt 1§88 o PAEhDE hddqafindiR bhh@nfentsSor conducting such
obtained. Finally, when the particle distribution

reaches, t.h i o ' B¥Eridd/@Watering step of
--Vapp ef ?Sﬁﬁih%tcglé g)gn%?ié)%gil @gggréd’é éﬁeaﬁ‘lgat?%ee&ﬁl}ﬁ% er ?’]ﬁ ow ( caoar sg e) P
particles are collected. The i f t
the presdig Rt Gheasiifrvnd TPeSPl &1 OO RALAE g 0 - 4y EF 0978 304
_centrifuge speed can be adjusted to ogts*ai n the ng [ red
A2, whichi deseripfinmsiace wsoiparataschensin brupferemseRther cxapples of dapp
rate is
processing equipment include commercially available equipment for this purpose, such as that
illustrated in the working examples below. The J-Vap processing equipment employed must
permit reliable and accurate control over the level of water removal to meet the criterion set
forth herein for that parameter.
The J-Vap processing arrangement generally includes a series of reduction chambers in
which the washing and dewatering of the silica slurry is conducted. The reduction chambers

are tightly clamped together in the filter press module. An energy conversion module also is

included that supplies heated water for the pressurization of the reduction chambers and also
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generally about 0.5 LPMto about 10 LPM Concentration

of the feed is generally about 6 w.%to about 50
wovoeposef erably about 10 wt. % to about 40 wtP@§/US2006/023375

Centrifuge speed is set dependent on the type of

equi pnent used, . the desired partlcle ize rticle .
includesg; vesUdm Sy teB #se b Mg epaioring perferned ar‘f?ﬁ@‘éi nifiglpresys ffjfering
fromeither the underflow or the overflow can be
stage. collected for use as such or used as a feed for
further optional processing. The resultant slurry was

Taay exdnpihfp suttallb atthndethent, thescHairder filtergiressaifitye Jalfap processing
30 wt. % to about 50 wt.% solids. The classifier may be

system i§ Qélgét&yﬁseﬁcﬁlﬁﬁlg%"ﬁlufaﬁ@gﬁ‘ afibrofifgd diapleraginaqaeeze plates and filter
Pr et erably, for particles to be utilized as dental

plates co%ltet%lsﬂgl ec{lﬂé lchflc(l) LA QB RLIR nfé?xﬁ{fbﬂe?» 1ﬁ%ﬂla?iﬂe%ﬂuééfze plates

S ranges In partlc e size fromb

ns r.ef er abl 6..to0 1
and filteplafes s Ry spgpstn g bfart %0@%%’453?@‘6““”““
. of end-uses wherein the particle sad_égl houl.d bfe1 flter
wherein éhgsqueeze nlates inrkide pdiaphragRuthpatfs sXPaogA Fz‘h wd 2pé joining f
col lection of particles exhibitsparticle size rang
plate efféctionmt0 ifcr¢ase elidfhiqrid s@arq@pefl@ﬂmﬂ fresHsIEnsion in whi Cgr’hﬂl‘ud 18
nost preferably from0.5 to 2.5. Additionally, the

transmit@ldaB@oubh € jdiniag lighidrgeymedbls rembtade, gndithe fidteeplateh dncluding
first or second nethod outlined above) can be used as

respecti BriofElEHe WaldhoO thBAbrM b ?ﬂéﬁ%%f $idaid filkeréd from the abrasive

nmectant, (e.g. glycerin o itol), preservative,
suspensi éuorlde source or the like for use in a dentifrice or
PeSIi8wat er ed and washed. In step "d" of the inventive

r Ocessﬁsqaﬁa ﬁﬁr?églﬁgﬁéfﬁh 2 8{18 %rﬁ?’yrgﬁé@%ﬁ from the

C|aSSIerd silica slurry of step "c' is ne
classifiey dbhg sluprs gvet pakedpavashed with water, then air blow down cornmences to remove

surface water from the cake. The initial or “core” blow down may be performed in a single step
or in a pulsed manner, wherein air is blown for a set time, stopped and repeated for a set
number of times. Thereafter, the diaphragm is expanded by introduction of heated fluid
effective to expand the diaphragm and heat the abrasive suspension effective to promote water
removal from the filter material. That is, slurry from the classifier is pumped into the reduction
chambers where initial filtration occurs and the free liquid is drained away. After the initial
filtration stage, vacuum-promoted dewatering is performed. For example, the reduction
chambers are pressurized with heated water, and a vacuum is introduced. For example, in a

second stage of the dewatering process as performed in the J-Vap processing system, the
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preferred aspect, so-called "J-Vap" processing, or
simlar chanber filter press processing, is preferred
WO pooviees28npl enent ati on of step "d" of the prefRCT/E82006/023375
enbodi nent of the invention. Non-limting
. illustrations of methods and equjpment arran errenta . £
drainage shambsstiare conngeed dpa yagupn pruseedtficHye fagmoyg Yappized portions o
adapted for use in the practice of the
the abrasivietsaspengipmlewat eri ng step of the present invention can
be found, for exanple, in US. Pat. No. 5,558,773 and
FRe Qeviaf&idQind\R, settoi achieste ster desirédwateareduttivno Afier titealtwatering
herein by reference. O her exanples of J-Vap

stages aPS SGRNSIeAGhERMLUTTN dhahibelsHH€ s £orlon¥ andthbl @ldl the dewatered

equi pnent” for this purpose, such as that illustrated
. WQr s - - _r ssi ng
e o LR AR S5e 08 e SR e STl 0,

oo el P R REPE o POT B ot YAECBTSer i Shen used
J-Vap processing arrangement generally incl udef a. .
to performthedevitering#irpt doaceqrdimgdp the prelpred Rbpdineat At thy inyrgtion,

dewatering of the silica slurry is conducted. The
include tlediobowing geheraleonditiome: t i ght |y cl anped together in the
filter press nodule. An energy conversion nodul e al so

De-watet tigleu@ieds hdat; suppl i es heated water for the
pressurization of the reduction chanbers and

Fee@b&eéﬁelmﬁ(mww§t em used during dewaterng
perfornmed after an initial pressure filtering stage.

Fee4 ,§1_%>§e(|ir,pl ary suitable arrangenent, the chanber
I'Ttér press of the J-Vap processing systemis

sel ected as_ i nC [ _plurality of alternating

HOtm%ﬁ?%rﬁéﬁjggz&ﬁgg?Ss and filter plates covered by
respective liquid-perneable filter nenbranes, in which

Blowfewagiraaossusst 29-8Q paird38195€&Pak| at es defi ne abrasi ve

suspensi on i ntroduction and fl ow passages
SystemeY atmeton@@39 in. Hg (68-98 kPa);

Squeeze air pressure: 20-100 psi (138-552 kPa); and
Solids content out of J-Vap: 40-95%.

The reaction mass is filtered and washed with water to reduce the Na;SOy level to less
than 5%, and i)referably less than 2%, by weight (e.g., 0.5 to 1.5 %). The resulting dewatered
mass generally comprises about 70 to about 95 weight percent of silica particles, and from
about 5 to about 30 weight percent water (preferably 5 to 10 wt.% water). The pH of the
washed filter cake can be adjusted, if necessary.

Alternately, the classified silica of step “c” can be washed and dewatered utilizing a

vacuum or pressure filter.
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wherein the squeeze plates include a diaphragmthat is
expandabl e toward an adjoining filter plate effective

wo ooo7/0ei28Bse solid/liquid separation in the abPEBUS®06/023375
suspension in which liquid is transmtted through the

| Ok nin i.qui d- per meab] e nbrang,,, and the filter

o Adehaiited tflohp R Rl TR A 51 el et delimpated due
chanbers for drainage of liquid filtered fromthe

to the pspsyes gpplisd dwanasths dewpisring groggss Fhisiniypically erwesls pattislie
performed on abrasive slurry supplied fromthe

agglonegraféasi fuch that thegagtialesrmpaynet sapatated whendstnegomatedrintae formulation,
then air bl ow down conmences to renove surface water

such af 4 dentiftiee aradosmetliforimuldtionl Deragglumiepitidal 10sy BeWehi¢kry il 6ptional
performed in a single step or in a pul sed manner,

step “eMb§TeRbbsid the partitleQWO gbftle By 28kink!siEh asSiRRPR tﬁ@ﬁe;rﬁ(éles, feeding

repeated for a set nunber of tines. Thereaffter,

. r . . h .
the parf ROl SoFARREAAN B0 HobAALUE LR T LIEFEH: bblthd or the
like abrasi ve suspension effective to pronote water renoval
* fromthe filter material. That is, slurry fromthe
classifier is punped into the reduction chanbers where
ﬂ?hetﬁslmhefi brapiye pbyier & Ui eithea firsh o1 secend meghpidy, haying water content
drai ned away. After the initial filtration stage,
reducedq trcahowt [esotien é0%dende staredyuitd noedelldoniater uFage, suchriplhe,
t he reduction chanbers are pressurized with heated
preparatidheif deatiftices orathuy@obifetid) peoit egke o Gbatiigastphpdsitiofis.a
second stage of the dewatering process as perforned in

tAH?ianoY@ﬁt RPp&GST Hid thve N rEitha ﬁ%ﬁ‘feﬂ?&&ssﬁf&%c‘la%ﬁeferably
connected t0 a vacuum source effective to renove

s SBA AT\ B3 o P2 GRS MPRSHT B I o i
r tion After the tering stages are conpleted, .

content gl RaHCE YA BB ALT P B SIS op S BE R PO BHOAS irtcles

) and_f he dewatered . ) . .

into a dentifrice composition or other cosmetic, personal care or coating composition without

the need to dry the silica or perform dry milling. No drying or dry milling of the precipitated
silica need occur from the time the silica is synthesized up until its incorporation into an oral
cleaning composition. While not desiring to be bound to any particular theory at this time, it is
postulated that drying and dry milling processes impact the surface and chemical properties of
the silica particles in unpredictable or even adverse manners, e.g. discoloration from dry

milling. The present invention avoids these impacts of drying and dry milling.
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filter cake material is discharged and proceeds to the
de- aggl oneration step. Illustrative, non-limting
we@oemdiobi2ons f or conducting such J-Vap dewat er i PQT/UBI0061023375

used to perforn1the dewat eri ng step "d" according to
ncl ude t

TR B e Sl s g ded fn IheaboRE Bt o abiag vt gorghosions are
hours; Feed Pressure: 20-80 psi_ (138-552 kPa); Feed
preferablyrﬁharazmg@@ syphetigay dntedamprplmsgdicas, kpown gs sifipen dioxides or
Bl ow down air pressure: 20-80 psi (138-552 kPa);
Si0,. Thyst peciviated silic@®ag de icharabigritBaso@rik fea) to I@iummra synthetic
pressure: 20-100 psi (138-552 kPa); and Solids content
silicas.out of J-Vap: 40-95% The reaction nmass is filtered
and washed with water to reduce the Na SO4 level to

g §§d1¥15ﬁ‘fb ﬁe/ ‘hb@s}%dde%ﬁrfe‘ars?é%l %! A [ﬁg taffRh A raw

(e.g., O. . The'resu ng nass

synthetg:eﬁl"?&ﬁb&ys s?l?c t%lg %eacFo?u ngngaé%?rogtrt%lea %&v‘&@ %h% not nte):cestsanly

OF SiT o par
30 wei erce wat e r ef 5 tq 10 wt
lmtedmao)a%gﬂ%sop%ﬂ o helhe oimitsheih apsardncs pfihe mothodologies
adjusted, if necessary. Alternatel t he cl ass ed
describeg, prt%?(aﬁfpl%tﬂépﬂﬂch ScBat- Dles @&%&4%5&8&4@&4@9@@746 4,340,583,
utilizing a vacuum or pressure filter.The dewatered
5,225,187] 5881421 and bg49,1 24 wlltofrwhith arm in¢aporattd hgesirebutdfgrence, as long
have aggl onmer ated due
as such methods are appropriately modified to append the post-processing treatment(s) used in

at least steps “b” and “c” of the preferred inventive method, as discussed above. As will be
appreciated by one skilled in the art, reaction parameters which affect the characteristics of the
resultant precipitated silica include: the rate and timing at which the various reactants are
added; the levels of concentration of the various reactants; the reaction pH; the reaction
temperature; and/or the rate at which any electrolytes are added.

Although silicas have been illustrated herein as the abrasive polishing agent component
provided in the abrasive cbmpositions being produced by this invention, it will be understood
that the principles of the present invention are also considered applicable to suspensions or
slurries of other water-insoluble abrasive particles that can be synthesized in a reactor without
the need for any intervening drying or dry milling steps. Other such water-insoluble particles
include, for example, silica gels, dicalcium phosphate or its dihydrate forms, calcium

pyrophosphate and precipitated calcium carbonate (PCC).
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to the pressure applied during the dewatering process.
This is typically a weak particle aggl oneration such
W b@w/004281 particl es may be separated when i ncoP@DUS81006/023375
into a formul ation, such as a dentifrice or cosnetic
formul ati on. De-aggl oneratjon, may..be achieved.in .
Eopgrplsysaf use @fﬁhesg'opgw e Htaﬁéili‘o‘g? gre E‘F%%i%{a% hﬁc‘f&%ﬁ qugl/or, for
dry m xing such as airveying the particles, fegg‘iﬁg dth
examplet hERgissue20)634, andtld SaPati Nos.Sdifi6:938r ©874H2% apd S48 <and the
or whizzards, high shear mxing, or the like. The . .
patents dilefitisdreid, @bbeisg ieombrasécipersia by (reforenice. Tesd dntionalipgredients, if
second net hod), having water content reduced to about

used, cah B8 Bsdd B TevER A AR ABtoRARILP JeeiTh idbntitEiee fREmultiohat er
usage, such in the preparation of dentifrices or other

‘fgsg%og% igl?]d[ve P&E 381?3'61? B?rrtisleg ﬁn&f&@éd BPHEORPGRvE nRlisod ?ﬁl‘i' g?jr,ticular,

aspec hi's fnventidn 1s that the m

cl assi fied, particles r.ef er apl br asy L

though s e sy irut PR SR RRRY By floh tEnoarporated
mai ntained at a total liquid content of at |east 5

into a deptifjce gempesitipn.ge. o98thPA¥%al step of incorporating said
abrasive particles into a dentifrice conposition or
Intafdition ds thetabmsive epmponéntowick adentifsise Mmay alse pep@m seypral other
wi thout the need to dry the silica or performdry

ingredieffislcoigoniNasedriy Hagiftice thakingishéh mgnobectants, hickeningt ageal (also
silica need occur fromthe tine the silicais

sometin¥ Rh&GS heBRALR, sils, br &thbilizRg ApARS)EMtDacteilagants oftadrides,
cl eani ng conposition. Wile not desiring to be bound

to a arti ar theory at this time, it is
sweeten%rgS?n&ycat—seua%a{:ﬁg{s. drying and dry nilling processes

i mpact the surface .and.chem cal propert, :
Hypetants secvs 19 4 holy GhmaiPeeared 1 p e % i whl 8 proventing
manners, e.g. discoloration fromdry mlling.. T .

the dontifioe s drioipul-CoW B0y P AeRE P S B By o8 SR g variety of

dry mlling. The preferred silica particles provided in_.
different ieleabloy eeightshgromten glyeadsilyesrindglysetiobi erpthridele xylitol, sorbitol,

D,

mannitol, lactitol, and hydrogenated starch hydrolyzates, as well as mixtures of these

compounds.

Thickening agents are useful in the dentifrice compositions of the present invention to
provide a gelatinous structure that stabilizes the toothpaste against phase separation. Suitable
thickening agents include silica thickener, starch, glycerite of starch, gum karaya (sterculia
gum), gum tragacanth, gum arabic, gum ghatti, gum acacia, xanthan gum, guar gum, veegum,
carrageenan, sodium alginate, agar-agar, pectin, gelatin, cellulose, cellulose gum,
carboxymethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose, hydroxymethyl,

hydroxymethyl carboxypropyl cellulose, methyl cellulose, ethyl cellulose, sulfated cellulose, as
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preferably characterized as synthetic hydrated
anor phous silicas, known as silicon dioxides or Si Q2.
wab@smeoqseci pitated silicas can be characteri zBdI/ES2006/023375

very low to high structure synthetic silicas. In
addition to the above-descri bed st "a" . nmet hodol o

well s rghcuse ol (hesp SOTIRE UB Mo SMEPLIENER L POOEABRGRIACOR | Hg to dbout
in the reactor, the preparation of the raw silica is

15 wi% ob4 toothpasts aompysitiomi t ed thereto and it al so can be
general ly acconplished in accordance with the .
ARivaedahiagers nitgerinbleded foaedwealnppresenceo pmiaoorgagsms to
Pat. Nos. 3,893,840, 3,988,162, 4,067,746, 4, 340,583,

below kbt Rarmfill: levol$ Ouiftdle Aibadertdll Ygdntd inkllde @étrasbdiain gyrephosphate,

I ncorporated herein by reference, as |ong as such
i iehhods ape rORLd ibhohi€ deili PR DnigdRinds such as

benzoio SR FHGARE B PR b HolE Aot BHBRAR Koriginds

"b* and "c" of th referred.inventjve net
betanapiyly cllg oty o Paoneliiiiefe. Gt oo eEel By Bk Bl o

in the art, reaction paraneters whjch affeict tlhe. .
amylpheshk hexstlphanal iherty rhepoleogtxlphenol iexplresoranqlaaugy lRyridipiym

include: the rate and timng at which the various )
chloridey mguistgipysidimiven sbiveide, aehdpyrisieinm Bioridenestylpymdiniyn gloride,

the various reactants; the reaction pH the reaction
cetylpyrideiR@RbMIdR. [Ap@bat, thbtevehdRandbactiriat bgantys plerably fiptesbout

are added. Although silicas have been illustrated
0.1 wi%i§ i 58519 BEMRREARpME RPhgositioRy agent conponent

provided i n the abrasive conpositions being produced

%V%/eleﬁeglip%l r'ré%vlge?&tﬁﬁ 't h{e t%%bas?eec%%‘gfﬁ%QQ %PQ"E‘B pie'ﬁ@ing taste to the

e present 1 nve on are al soO

consi dered appl.icabl e tpo suspensions or.slurrj .
product B WD G EEFTPRIBY 55 S5 UES Sodpp: ooy i 8 pecharin),
synthesized in a reactor wthout the neeg for.any .. i
cyclamaterfaea vedilmgpetassiwg op Falgign salt), sepgliameps, theymain, §§%1HSP61‘1 n
wat er -i nsol ubl e particles
dihydrochalcone, ammoniated glycyrrhizin, dextrose, levulose, sucrose, mannose, and glucose.

The toothpaste will also preferably contain fluoride salts to prevent the development
and progression of dental caries. Suitable fluoride salts include sodium fluoride, potassium
fluoride, zinc fluoride, stannous fluoride, zinc ammonium fluoride, sodium
monofluorophosphate, potassium monofluorophosphate, laurylamine hydrofluoride,
diethylaminoethyloctoylamide hydrofluoride, didecyldimethylammonium fluoride,
cetylpyridinium fluoride, dilaurylmorpholinium fluoride, sarcosine stannous fluoride, glycine
potassium fluoride, glycine hydrofluoride, and sodium monofluorophosphate. Typical levels of

fluoride salts are from about 0.1 wi% to about 5 wt%.
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i nclude, for exanple, silica gels, dicalcium phosphate

or its dihydrate forns, calcium pyrophosphate and
w@e@ciopi28at ed cal ci um car bonat e (PCC). Exanpl esPOf/us®e6/023375

of these optional dentifrice ingredients are described

herein and/or, for exanple, in Reissue 29,634, and

SurSactpds mhp glso bedndudmias addityunl glegnsing and foagung agents, apgd may
the patents cited therein, all being incorporated .

be seledi&l feorn abionicedfefaetants, zWhiesenio paifmteaits, nogioaih sunfastantsfamphoteric
used, can be used at levels that are customarily seen

surfactanfs, SRNHbhicC@rhohig AniaRssurfstafites priians, siches metal sulfate
abrasive particles produced by this Inventive method

' Al ugh not required, said anorphous
salts, su%h s Qo%ﬁéxggée{%?l;ﬂlfa@

recipi I'ca abrasives) may then be

incorparated intg,a dentifrice . conpositi ; . :
rhe Bl B sferbne: 85 R EBTRARSY SugRichat ngredicnts
such a dentifrice may al so contain seve%al ot her
such asidpwpneitizieg egerishrsling 28k other CRElss PIFPRBUKGRSHS such as
hunmect ants, thickening agents, (also sonmetines known
chelatingéetpiasbeing agentrsvitaoting eabid dcidsnprotaiesh pg)e,r anti-plaque/anti-calculus
anti bacterial agents, fluorides, sweeteners, and
agents, 6acifidr§, aatibiotiss, antireeymes, snzyerescpH contal ageuly, aridizimg agents,
texture" to a dentifrice as well as preventing the
antioxidA8R! Whitdfifg iR, ¢blordis, PdVeramis) ddlréschvaties.ant s
i ncl ude po%yethylene glycol (at a variety of different
) | : ' ' additives
%ﬁgﬁ %ﬁ{r ;nggl}@/% ﬁ)ei btag%}x?g ¥t BB EoAb¥Gbn it diHESn 16 the

erol) r xyl1tol] sorbitol, mannitol,
. lactitol, and drogenat ed starch.h z ‘
mentiongd 1 n velgt gheds SRRl el e A DI HRlat I Benfice win
care useful in the dentifrice conpositiqnsg of e
comprisgrfeare Aboyt 10ewls hahayt 40 M/%&z “Qtﬁ‘gseli’fa%qf?‘@}ﬁ ol ?éj& I gte.
that stabilizes the toothpaste agai nst phase |
Bentizrabiep smalien pastitle size particles may either be produced via the second

outlined method or as byproducts of the first outlined method. Such smaller particles,
preferably, again, silica particles, may be incorporated within a variety of compositions and
formulations, such as within cosmetics and like end-uses, wherein such small particles may be

present as pigments, detackifiers, carriers, and the like.

Detailed Description of the Preferred Embodiments
The abrasive compositions made by the method of the present invention are storable,
ready-to-use abrasive particles and slurries that can be readily formulated on demand with other

ingredients to prepare oral cleaning compositions having a high cleaning efficacy without
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t hi ckeni ng agents include silica thickener, starch,
gl ycerite of starch, gum karaya (sterculia gum, gum
wo e@gacaat h, gum arabi c, gum ghatti, gum acaciBCT/US2006/023375

xant han gum guar gum veegum carrageenan, sodi um

al gi nate, agar-agar, pectin, gelatin, cellulose,
causingauidug pbrggion anfoodinhssyes, e legseniial as yedlsas opHgeal stepe Phhe inventive

cel l ul ose, hydroxypropyl cellul ose, hydroxynethyl,
methodfay@ldemyihmihyixoredetlaﬂb;z]@lvopyl cel l ul ose, nethyl

cellul ose, ethyl cellulose, sulfated cellul ose, aswell

as m xtures of these conpounds. Typical |evels of

bi nders are fromabout 0 wt% to about 15 w % of a
ParticulaRAEQRAGES BRRsLh! on. Antibacterial agents may be

PUBILL
I NCl ed 10 reduce the presence of mcroorganisns to

EE% ﬁ(\& %@%ﬁy atl%% gregeaﬁa(?ntopi?r 3 paﬁg Jth% r]}.l?‘%gnltlg%%? 'Eﬂeaihventlon 1s not

acj d, i ym benzo SSium b nzoat e boric.aci d
to be coaidaiseing IEURPAIITG. 1ot Eallo s SHUG PRCHEGY St
t hynol, anethole, eucal yptol, carvacrol, nenthol,
mdlcatqdi%h@msearryl phenol , hexyl phenol hept yl phenol
octyl phenol, hexylresorcinol, | auryl pyri di ni um
The elﬂmaalpx;opatmes desytibad heateini were aivhsuredias fotlewy! Mediahi prrtiete size
fluoride, cetylpyridiniumchloride, cetylpyridinium

was detbynfifbdlBsing 4 MUJEEEALI10tIASr lighedcatdririihithatdre b 4ilabkgfoin Horiba
is preferably fromabout 0.1 wt%to about 5 wt % of the

Instrumb8! ﬁ&ﬂ 2 atlﬂao A 1a38RBLRD R pioj @@%d BRoadaedatPateneell

t oot COfT'p S|t|ont0|rrpart a easmgtasteto
o LA PR A S e o
st i BB GE s SRR SB e Bos i B e

gl ycyrrhizin, dextrose, |evul ose, sucrose, mannose
photodesgrtorinay sesasures thetqvantify of lightatisevaralqwedstaminegangles. Electrical
contain fluoride salts to prevent the devel opnent
signals proportional to the measured light flux values are then processed by a microcomputer

system to form a multi-channel histogram of the particle size distribution. Samples are
subjected to 2 minutes ultrasonics on the Horiba instrument prior to analysis.

The size distribution of silica particles in a given composition is plotted as cumulative
volume percent as a function of particle size. Cumulative volume percent is the percent, by
volume, of a distribution having a particle size of less than or equal to a given value and where
particle size is the diameter of an equivalent spherical particle. The mean particle size in a
distribution is the size in microns of the silica particles at the 50% point for that distribution.
The width of the particle size distribution of a given composition can be characterized using a

span ratio. As used herein, the span ratio is defined as the cumulative diameter of the particles
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and progression of dental caries. Suitable fluoride

salts include sodiumfluoride, potassiumfluoride,
wa@eve/063280r | de, stannous fluoride, zinc ammoniBOT/US2006/023375

fluoride, sodi um nonofl uorophosphate, potassium

i the (gL VoS AEIFGRRRyRGE: B9 CHR Gy ORB e THRseth percentile divided
di decyl di net hyl anmoni um fl uori de, cetyl pyridini um

by the disroetet efethe ghrtigles yo the fistieth ivalume Hereeatileg ee. (B4 PdANARO-
stannous fluoride, glycine potassiumfluoride, glycine )
Bylcibedrption,iw@ing lsekdsul] wasdaternihbdiby derobputanethodry phis ethod is
| evel s of fluoride salts are fromabout 0.1 wt%to

based oﬁ?gﬁincﬁ)lé’\&ffﬁxﬁliﬁgc e wahsHicaBy rabtieg With arghtutlash @smooth surface
a

itional cleansing and foam ng agents, and may be

until a S8 RS éa@f@ i@ RIrRHalC %%amﬁlé qu%ﬁﬁtjf] bebil P&ufred to have a paste

surt act ant noni oni ¢ Surfactants, nmphoteri c

. R d i oni f . Al oni-
micure3yfipf S50 R il bR aftr ot S SLRE pit Pl yalue of the

. salts, such as, sodium | auryl su! f.at e. Th dentifri %§s 1
slica, veialt 1 SACYA W WBIC ThREGSCRISIhe RIHIAIY O FARpIRG Gt Rt Weight of silica to

addi tional ingredients such as desensitizing agents

saturatettbe biling sergve eapacityh dior parnioses qfiths eih abgorRtionggeasitement, the silica
chel ati ng/ sequestering agents, vitamns, am no acids,

sample psttavabtatdiatireatly fropl the sitica ptaductadfcie 1+d apgeoredyre and dried at
opacifiers, antibiotics, anti-enzynes, enzynes, pH

105°C foPRbduR 112 A8 ERWEfor® ¥sBhe ITHcudRALT theddil at@sifldntvalue was done as
whi t eni ng agents, colorants, fiavorants, and

followsPr €ser vatives. Finally, water provides the bal ance of

the conposition in addition to the additives
mentioned. The water is preferably deionized and free
of inpurities. The dentifrice wll conprise from about
. 10 wt% to about_ 40 % of wat er, eferably from20 to
Oil absprption :Fuml—ﬂé&mg—%—m;pgﬂ&il e size particles

may either be preidebelics. i gRESsecond
= ml 0il/100 gram silica

A 5% pH was determined by weighing 5.0 grams silica into a 250-mL beaker, adding
95 ml of deionized or distilled water, mixing for 7 minutes on a magnetic stir plate, and
measuring the pH with a pH meter which has been standardized with two buffer solutions
bracketing the expected pH range.

Sodium sulfate content was determined by comparison of the sample conductivity
with a standard curve generated from known sodium sulfate/silica composition slurries.
Into a one-quart mixer cup of a Hamilton Beach Mixer, Model Number 30, 38 g of silica wet

cake sample was weighed, 140 ml of deionized water was added and the slurry was mixed for
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outlined nmethod or as byproducts of the first outlined
met hod. Such smaller particles, preferably, again,

wa@Rloroes2parti cl es, may be incorporated w thin BC/ER1006/§23375
of conpositions and fornul ations, such as within

cosnetics. and |ike end;use erei uch .smal.l
510 7 mgRide cihe S, R EREH b A0 bt HUPAS AR mage up t
carriers, and the like. Detailed Description of the
volume tor 2i0em} with Eeioniredsntes uving theovaten lpainse AWGEE MK U
by the nethod of the present invention are storable,
sample wasatlixet by iseertiny the gradugied ¢ylindersseserd] Gines. Cosductivity of the
be readily fornmul ated on demand with other ingredients

slurry wa dBEARMEE uSingla coh@RMIVIIPmEeRATHACh bt 81 TCH]ld RalinBC@NIH0g Model
cl eaning efficacy w thoutcausi ng undue abrasion on

4199500t h tissues. The essential as well as optional steps
the inventive nethod are described in nore detail

el ow. Partd,cul.ate Conpasition Pr ' .
SRR freckaits sde SR wefa g bl Ll beaker
. .invention, but the ,.nvention i.S not to pbe consjidered
containipg 300-H0Q Bk vakesr dbe silipaveyallopse |t%§ﬁtﬂ@mé&§ﬁmﬂ§egz thgnpied well
are by weight unless indicated otherwi se. The silica
until all fregpatenialawasdlspersed e Bherwaten nressvecthyaugh thespraynogdp (TJylet 9.5, 3/8
Medi an particle size was determ ned using a Model
G, 316 stainlBskGtdoh SprayingSiystenmsaid. pwaseyljustest to ROl psivEhd sigmescreen cloth
fromHoriba Instruments, Boothwn, Pennsylvania. A

(325 mebif§@er? 80 Mattdd) WhHAPAL 6 ilihesBélow the AsEadndwhitedpraying, the

whi ch contains a stream of noving particles suspended

beaker chlefits v #rﬁuraigt gﬁﬁrg(% gl%‘tg Y08 ShiskdeEn PR RAalifd RateAkBwVas

scattere s which are inversely

s B PR i RS, Al 2
minutes,prglc()exgi;elgt;r ?ﬂergp?egrdﬁgnqg{dg ?o' sigflz i%c é :isc%geln using a sweeping motion. After
spraying for 2 minutes (all particles smaller than the screen opening should have iaassed through
the screen), the residue retained on the screen was washed to one side, and then transfer into a
pre-weighed aluminum weighing dish by washing with water from a squirt bottle. A minimum
amount of water needed to be sure all the residue was transferred into the weighing dish was
used. The dish was allowed to stand 2-3 minutes (residue settles), then the clear water was
decanted off the top. The dish was placed in an oven ("Easy-Bake" infrared oven or 105°C oven)
and dried until the residue sample was dried to a constant weight.

% 325 residue = weight of residue, g X 100 = % particles > 45 um
sample weight, g
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signals proportional to the measured Iight flux val ues
are then processed by a m croconputer systemto forma

worozioe2Bannel hi stogram of the particle size PCT/US2006/023375
di stribution. Sanples are subjected to 2 m nutes

I trasqnics o e Horj I pst.runent prior 1.0

thdrganes opnebul denill 0ol T B kel efiustitpio g 100-mp

a given conposition is_plotted as cunul ative vol u
polypromé?w@s ggmﬁml@mp@h ik theapertured ilnf es e ther top g? 2 250-ml

vol unme percent is the percent, by volune, of a .
polymethylptutin igraduntéthasilindern whinhttiad beers putefat the 50-ph merking and pre-

equal to a given value and where particle size is the
weighedd I BHREIEY oPSiliédlis SRppadivRe theptiidet avas paerfiosting. Thepewedan in the

particle size in a distribution is the size in mcrons

f i ' im0 9 thY top OF tHehBlinder with a
graduategi.l Cgtilr ?%ﬁ%séﬁﬁe%ﬁ%é%@%vt%ﬁsdg? gtcﬂi?l%%rt icle s?ze
LSE I but i of; [ L1 :
spatula. S S8 ST ot AR IRATbI B ReARf Aing of the poider bed
. span ratig | efined as, the cunul atiyve .di ter .of
which “PH@P%’A? stidictally DIt s EHORS |P8ﬁ@grp‘8?sc%‘?f§*ﬁd3{m e Bdsp of the
cunul ative volune at the ninetieth ercentileégivide .
graduatdg\cylinderding s BHedgylinder wasrweishektoj00k ;acquraey; §qjume change in
vol unme percentile, i.e. (D10-D90)/D50. G| absorption,
the cylindsi dge toihasdléep siignoredas det er mi ned by t he rubout
method. This nmethod is based on a principle of mxing
oil wth silica by rubbing with a spatula on a snooth
surface until a stiff putty-like paste is forned. By

Loose Bﬁﬁ?ﬁé‘ﬁsji@gﬁfir@2=%ﬂﬁltdrﬂ¥irﬁtfial%|.)/1r()©qUi red to have a paste

m Xt ure curl when “spread out, one can
cal cul ate the oil absorption value of the silica,
which is the value which represents the volune of oil

requi red per unit I ght silica saturate the. }
Eack o iepges) fensys as Saterpiped by ﬁ”e&h%é@g ity Al St into a 250
absorption neasurenment, the silica sanple t%§§%g wa%g

mL plastip geadnated gylinder wjthrar fighbetiems iTihe exlindes ayse clase aFuRaey

procedure and dried at 105C for about 12 hours before =
stopper drebplaceg. onGatap deadityanadhinet dnd ron foralSswinptasohbe/@p densiygmachine is
a conve:tg)rrlljl I?lztor-gear reducer drive operating a cam at 60 rpm. The cam is cut or designed
to raise and drop the cylinder a distance of 2.25 inch (5.715 cm) every second. The tapped
density was calculated as the volume occupied by a known weight of product and expressed in
g/ml.

Mercury pore volume was determined using an Autopore II 9220 Porosimeter

(Micromeritics Corporation). This instrument measures the void volume and pore size

distribution of various materials. Mercury is forced into the voids as a function of pressure and

the volume of mercury intruded per gram of sample is calculated at each pressure setting. Total
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follows: Ol absorption = m oil absorbed X | GO wei ght

of silica, in grans = nm o0il/100 gramsilica A 5% pH
worwm7de2er m ned by wei ghing 5.0 grans silica i PCDUS2006/023375

250- L beaker, adding 95 ml of deionized or distilled

ter, mxing for 7 mnutes aon.a neti.c stir.plat
pore volijgp YDIRSHOITEFIR FEPTHIANtS i camAr Yrotlvme, of Fisrapi il e
standardi zed with two buffer solutions bracketing the
pressuresyipun veahupHo o809 PsSodi um sul fat e content was
determ ned by conparison of the sanple conductivity
T tieasurs bagiiacsy, fng pevde netarizdsipissodinin @wmostidiurfaced pellets
sulfate/silica conposition slurries. Into a one-quart

were evllu4RH uSiip adfecBnitiie BtighinBea 5B @ailatlb dim NucHiedynd0,
38 g of silica wet cake sanple was wei ghed, 140 m of

Corpor%i%.hoﬁ.é\% ﬁb%@t fdinRS _llﬁlgéjrzl?tlﬁl?rﬁgltth%a M e mVpRical sy§em where the

or5 to hutes. y was transferred t0 a

semple fﬁfﬁﬁrﬁ%ﬁ%gﬁﬁt 3 ﬁ%&'é%‘g?‘fé R AR et Pﬁﬁéé&g@& t
t ' e ' ' [ J
TAPPI 55 kb G S derOoBHOARTV SRt BIRR TRy P ar

slurry was determ ned using a conductivity neter, such
pressed 4a abouga | enPhickarelleOmiti goo psspIpd9 BivePEllrh syrkacs that 1s smooth
the % 325 sieve residue, 50g silica was weighed into a
and flat hndl mithoutteade partivdert axiglossg 500- 600 ml water. The silica
was allowed to settle into the water, then m xed wel |

VR Blas@Einidhner (BE)eAbrabionasiud wab eleaqded Hicugibtheluse of an
pressure through the spray nozzle (Fulljet 9.5, 3/8

Einlehner AT-1000 Abrader. In this test, a Fourdrinier brass wire screen is weighed and

exposed to the action of a 10% aqueous silica suspension for a fixed number of revolutions, and
the amount of abrasion was then determined as milligrams brass lost from the Fourdrinier wire
screen per 100,000 revolutions. Disposable supplies required for this test (brass screens, wear
plates and PVC tubing) are available from Duncan Associates, Rutland, Vermont and sold as an
“Einlehner Test Kit”. Specifically, brass screens (Phosphos Bronze P.M.) were prepared by
washing in hot, soapy water (0.5% Alconox) in an ultrasonic bath for 5 minutes, then rinsing in
tap water and rinsing again in a beaker containing 150 ml water set in an ultrasonic bath. The
screen was rinsed again in tap water, dried for 20 minutes in an oven set at 105°C, cooled in a
desiccator and weighed. Screens are handled with tweezers to prevent skin oils from
contaminating the screens. The Einlehner test cylinder was assembled with a wear plate and
weighed screen (red line side down — not abraded side.) and clamped in place. The wear plate

was used for about 25 tests or until worn badly; the weighed screen was used only once.
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G 316 stainless steel, Spraying Systens Co.) was
adjusted to 20-25 psi. The sieve screen cloth (325

wore@/os2seen, 8" diameter) was hel d 4-6 i nchesP@BUS206/023375
the nozzle and, while spraying, the beaker contents

was gradual | y pour ontqQ th . mes reen. .T .
K0us Aoy Bourefl om0 U 325, el O S, i
beaker and poured onto the screen. The screen was
the casewdsHan shwry, 22 wisilisa slnoy ah@S%wehéwa%/mf&eé iy H § water) was
side in the screen using a sweeping notion. After
poured gy thei Biglehner 1t oylindee Eiflahder PMQ tublreswasiaded ontchip agitating
screen openi ng shoul d have passed through the screen),

shaft. T%EEPV@% hdsSt MinitReedqidsitidns.S BoLERh Wess, mapdsatbmoﬁmevc tubing
hen transfer into a pre-weighed aliirninum

was 1nc%ﬁieﬁt@cﬂ9%ﬂ LS BYen RS PGl ‘Qfeg h[ht‘@@&ﬁéarfléd) n‘Fh’é Eiﬁléhﬁér abrasion

rnininmirn am)un vvater needed be sure

h
B U BB 5 ﬂ‘ﬁ’é’@b‘%ﬂ*ﬁﬁ&e?a‘%ﬂ

(residuye settles t hen t he wat er was decag di
takes ab@p# 49 panytey Aferdheesle Wase é 8 the SgRe s removed, rfiffed in tap
"Easy- Bake" infrared oven or 105C oven) and dri.ed )
water, plaveil in & bealree sontaiging avniirandist iganedtrasonis heghior #ginutes, rinsed
wei ght. % 325 residue = weight of residue, g X 100 = %
with deipaizet GVatsr and 4hedfor 20 muhetesvi ghbvetgs‘ébatdlé)ﬁé@nifhe digbssaeen was
bul k density, 100 g of silica was gently poured into a

cooled ihQUHBRBE YiRT RPIESINA. NEVEIRELs wete eiln ol 3aghadmpld dnditheresults were
aperture 1.5 inches above the top of a 250-ni

averageﬁ | g?éxlw%eﬁeiﬁ hl%rllg% %%ﬁa (@%%ﬂhhaﬁse rhe WL BoRLD ﬁﬁﬁl"ca slurry,

ng and prevvel ghed. The fl ow

of Sili st 0 o
meas“r"’&/’é‘r‘?‘lltﬁ %‘WSPEW eV(ﬁl Eﬂ%s é?% ua ey e|d %%Ehre 1v(\)/é/os brass
i medi ately | evel ed by scraping across the top of the

Einlehnes(BE)gbrasign Yalde- spat ul a. This step shoul d be done as

qui ckly as possible to prevent settling of the powder
Bidida structure as used herein is described in the article “Cosmetic Properties and

Structure of Fine-particle Synthetic Precipitated Silicas”, S.K. Wason, in the Journal of Soc.

Cosmet. Chem., Vol. 29, (1978), pp. 497-521, which is incorporated herein by reference. Such

inventive compositions include silica particles that exhibit a linseed oil absorption value of

from about 50 ml/100g to about 90 ml/100g.
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whi ch woul d give artificially high val ues. Excess

powder was brushed fromthe base of the graduated
waeoroaesl and the filled cylinder was wei ghed PCT/0SD6/0R3375

accuracy. Volune change in the cylinder due to

handl i ng i s ignored. S Density (g/m) =

(total w. - initial \l;\l%%)‘*fe“fgg' ck or tapped density

was det erm ned by wei ghing 20.0 grans of product into..
A basb.of pmomheys piecipitaied atlica wag prepaesd ppaeactors fellows, which
bottom The cylinder was closed with a rubber stopper

thereaftanthsplubjeedd ancartaimgeveersig, wetrmilling endparticlereldssification described
m nutes. The tap density machine is a conventional

below, WRd aB iy igestui$ millink \Rc@Bigp Abiobgerae tharafiatts Of thegost-
The camis cut or designed to raise and drop the

pmcessiglé?%%g&&%ﬁgg%g,%%g%sg&{ 2.25 inch (5.715 cm every

ensity was cal cul ated as the
| une, occupi ed kn i o

{Re PREL 35 PRaeY RePRRYY i E Pt 1 00 Rl Hite (10,0%

using an Autopore || 9220 Porosi.neter .(M.crongritijcs o
2.50 mols i ABIGHY HOTo8 TP HE AL fosG THED JTER ERRR13 0%,

and pore size distribution of various materjals.
2.50 molgeratia o SiGx Naxs preheated ta T C) and sulfzricacididd 4%l were

pressure and the volunme of nmercury intruded per gram

simultarebusipeided to sheomhetot sttaadteat! 102 dhgpoy €83 r lo/nge) anidrp.0 gpm (170.3
Tot al pore vol une expressed herein represents the

L/min). T8 indlia4Sous @i OF sotRig4ilitate HnddHriabcip cosiiike for 48
fromvacuumto 60,000 psi. To neasure brightness, fine

minutesgéeisﬁil %{hiﬁpﬁrﬁé g s%flﬁﬁl?ﬁggéjce Bﬁ‘&iﬁoﬂiﬂ%%hﬂn@édf TRE 88 flow was

ets were evaluated using a Technidyne Brightneter

conins G AP B TSP e
batch wact)sptthier(l: (aililgesst)e/(? gtegr:r)’]ovcmfgrr leO }nri]neutes, with the pH adjusted back towards 5.2 as
needed throughout digestion. After digestion, the pH was manually adjusted to 5.1 £0.1, and
the batch was discharged from the reactor into a filter feed tank.

The batch was filtered on a pressure filter press (model JVAP 470/100 available from
US Filter Corporation, Holland, Michigan) to 33-34% solids and then the press cake was fed
into a Premier bead mill (model HML-1.5 available from Lightnin, Inc., Reading, PA) at a rate
of 0.43 liters per minute (LPM). The Premier mill is a horizontal style media mill, having a 1.5
liter grinding chamber which was loaded with 1.06 liters of 0.8 —1.0 mm sized zirconia media

beads having a specific gravity of 3.7. The silica was passed through the mill three times with

an aliquot collected after each pass to measure particle size characteristics. The particle size
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sanple is illumnated at an angle of 45, and the

reflected light viewed at 0. It confornms to TAPPI test
woredoioo3T452 and T646, and ASTM St andard D985PCT/US2006/023375

Powdered materials are pressed to about a 1 cmthick

pellet with en res ure to,give a pellet, surf
propertien 4f thegs gd &ﬁqué’ dypillsd Mﬁrﬁ?ﬁm oprding Q) semgfhods
gl oss. The Brass Einl ehner (BE) Abrasion val ue was
describpdabnye att summarigedthelowiselable hn Ei nl ehner AT- 1000
Abrader. In this test, a Fourdrinier brass wire screen
i s wei ghed and exposed t DABILE Iacti on of a 10% aqueous

silica suspenspgeNr @ MPsegnnufber Sgdn r eviol uti ons,
and the amoiREarffg FOEAST 05WaS Then ggpermined as

mlligranms It abbll ost—rot re—Fpurd I et re screen

per 100, 000 |+evolutions—DiSposable—Supplies required
for this test (bPass screéﬁ@f 1L_pﬁéﬁes_ﬂnd PVC
t ubi ng) are|avai Babl e [fromi.Buincan As8&di ates, Rutl and,
Vernmont and sold as an "Einlehner Test Kit"
Specifically, brass screens (Phosphos Bronze P. M)
It is see\‘fiﬁ §aRE §RAL YLl Mﬁ RIRG Bt feab redifed Bl PRti&E szl 0P Mkample 1
Al conox) I n an u sonic bath for 5 mnutes, then
gpd rinsing again in a beaker

Slhcafrgglnatgﬁ nlémfggb(\?'l\ﬁqtoeg er set in an ultrasonic bath. The
t d df
Reutieamyind a0 e e e turg ghes “BopLH forBp spighoyere

and m5| ghed. Screens are handled wth tweezers to
separatgly &delnto asRharples BMPFFA3 45343 deamntercontitfuge padss she cppditions
Ei nl ehner test cylinder was assenbled with a wear
summagitedtin Tahld 2eslgked screen (red |ine side down -not
abraded side.) and clanped in place. The wear plate
Ve i Grid1Ofivé alltins 38 tHe@eh® niilled ilidd prégured besileywastdilated with
wei ghed screen was used only once. A 10% silica slurry,

15 11ter§361e\9§51q tf?é’fe%]i WZ@QOSOQ 'ahﬂ Gitx. t#b@@@pﬁat@%ﬂﬁ%’?ﬁﬁ 1A-1D)

ter, (or case o lica slurry,” 227 g o

were co\%lgltlcé?c? “‘i‘]éﬁg {heyce%{nfﬁggf?lesc%ht!eg §on Sonrsn g)l( e(Ijl Magle727 Srigk

centrifuge/decanter was configured to recirculate both the overflow and underflow streams.

Recirculation continued for the duration of the Trials 1A through 1D.

In the second trial, five gallons of the bead milled silica prepared above was diluted
with 50 liters of water to 9.8% solids and mixed. The centrifuge/decanter was configured to
recirculate both the overflow and underflow streams for the duration of separate Trials 2A
through 2D. At the end of the Trial 2D, recirculation was turned off so that the overflow stream

could be collected for Trial 3.
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poured into the Einlehner test cylinder. Einlehner PVC
tubi ng was placed onto the agitating shaft. The PVC

W0 adwi7052BBs 5 nunbered positions. For each t esPCT/UR®06/023375
position of the PVC tubing was incremented until it

%aﬁrﬁagﬁegepus ﬁcljlg];qlfglﬁ gﬁ?%%q:{ r1avl\g{'so§1? Z“ﬁg@)e &%{i}% Cfolidsa waﬁ fed into

|nstr ment set to ru r 87 00 revol utio
the cenm@ae SAE o9 &?reﬁéo W 8RS FerEcily @Hén%ﬁse underflow was
| eted, the screen mas reaned rinsed in tap

dlscardqdaﬂ‘ ¢ centtifuge wab rumati$ddite with samalesicaliecist o p%rﬁaleme anglysis
an ultrasonic bath for 2 mnutes, rinsed with

every 0.4éioanfram® soat Iyurand dried for 20 minutes in an oven
set at 105C. The dried screen was cooled in a
desi ccat or and re vvei ghemB]Im tests were run for each

sanpl e and tNn er e aver pged and xRRagsed in
ny IoctTrpﬁéNqCO]qIng l[If_‘V bl “6tScdvds . | ThEzr edul 'LPM” a 10 %
silicd o|U||y, e iy t-sof gIUbl
100, 000 r&Yol Ut 02’55‘ cah be*%har het 8P 7dd Qg 10%
brass |Ei nihnegr (BB abfasi®h val ue30Silfi calstrupture
as used nf‘del 'S scribed,pn the gptrqie "Cosnetic
Pr operti-es—and—StrLlicture—of —Fi-nerpartiche—Syntheti c
Precipitaldd $ilidas", B K 2Wasoh. PR tHe J8arnal of
Soc. Qosnet. Cher gus Vol 293,3(1978) 60pp.| 4935521
whi ch rcotrpor-gted—herernsby f enge.  Such
inventlve'i onposi nclfifle sili b)lnrti es 1 hat
exhi bijt &Cingeed 0 | absory8i on| vabOe qf frlom apout
50 m [TOGQg T 0 [abo 90 71 P0g. WpLE |1 Aogatcn of
anor phous—pregdipitated-siica—was—preparetd—+h—a
react or fol{l ows? whi ¢h tfh%r eaf t ePOwag suBPectpd to
certailn dgyvaterlngg wet m'I98ng andgpart|i cl @5
cl assiffcatior et Mt hgutany,gryihg or
dry milLiftg o curplﬁﬁ r%gprva t pffpr-p'g of | t he
post 3D 60

3E 3.5 9.8 60 0.5

3F 4 9.8 60 0.5

Particle size characteristics of materials from Trials 1, 2 and 3 measured according to

the methods described above are summarized in Table 3.
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processi ng procedures that were applied. The batch was

prepared by addi ng 502 gallons (1900 L) of sodium
wa@Rloroei2e1 (13.0% 2.50 nole ratio of Si O a O )PCDUS2006/023375

reactor and heated it to 85C. Then sodiumsilicate

(13.0% 2.50 nole ratio of .§ E« 20, preheated to
85C) and sulfupie—aeci-d—(1 were—sHr-tgneousl y
added to t he rb@ MES,pim of 105P90 oot (387. 6

L/min) and 45.0 kbm (170. 3028nin). TME2si mil t aneous
addi tion of {sodilBn sil|i cat@4and sul f ar33c adi d
continues fqr 48 @ nutles, @Qger Whi clp #si me [t he sodi um
silicate adgiti ofH S "STUO TueT. Ildl-‘god(,l fl ow was
conti nued ump-—hebateh dropped—tg—-5—2, at which
time the acild fl®W wasgl st o@%&d 'he B$Bch vas t hen

di gested at {93C ZBr 10 mi nd#@s, With1t%e pH adj ust ed
back towards 5. 2@s ngededyshr ouqhoul() 9Bl gesti on. After
di gestion, the pﬂbvvas manu(,@\byy ady ustl% to (5.1 +0. 1,
and the batd Au. sehar ‘Eg ||U||L||z4cablor into a
filter feedltan The lbatc an flilt é a pressure
filter press (motRel JVAP 4%89100|avaOi58ble |f r om US
Filter Corporatizm, Hgllan@li7M chi ga)soto 33-34%
solids and then 4fhe prless Gake was feagi ntg a Prem er
bead mll ( uu'eita HVET15 Q‘YS" atyte TOrSfém Cright ni n,

I nc., Readi pg— at—a ru0'° of—9-—43 ’9ters per mnute
(LPM). The Premi#r mill |s j l e medi a
mll, having a 1.5 liter grinding chanber which was

| oaded with 1.06 liters of 0.8 -1 .0 nm sized zirconia
ftdsl seenbatcentifogimgythis tsgad anilled sidicawias yifestive tisolptefractions of
silica was passed through the mll three tines with an

smaller PattiplO§iz€ phtegials slea tit Shalac 0.115368 with aWeRE hidreow paiticld sze
size characteristics. The particle sizeproperties of

distributiBg a8 hRidatdahy LechiPPpdn RgRA. M | | ed material s nmeasured
according to"the methods described above are

summari zed below in Table 1.

EXAMPLE 2

A portion of the silica prepared in Example 1 was collected after the reactor, filtered
and washed to remove sulfate, then the filter cake was fed at a rate of 0.8 LPM into a 1.5 liter
horizontal style media mill (model HML 1.5 Premiere Mill manufactured by Lightnin, Inc.,
Reading, PA.) loaded with 1080 ml of 1.6 mm zirconia beads having a specific gravity of 3.7
and set to a speed of 2500 FPM (feet per minute) to reduce the particle size. The silica feed
(Example 2A) to the mill had a MPS of 10.8 pm and a distribution span of 4.8. After milling
the silica denoted as Example 2B had a MPS of 5.79 pum, a span of 2.31 and was at 34.9%
solids. Next, the milled slurry was fed into a 6" solid bowl continuous flow 6,000 rpm Bird

centrifuge (BIRD Machine Company Inc., South Walpole, Massachusetts) in order to collect a
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TABLE | It is seen in Table 1 that bead mlling was

effective to reduce the particle size of Exanple 1
wa@edormes28r om about 15 nmto about 0.5 mm NextPCt/k82006/023375

mlled press cake fromthe third pass was split into 2

cton S e S e B EhY sl b S ST AP Bencitge et
conditions summarized in Table 2 below. In the first

rate of 8.9 LBM with viee cratiifugs sestto #0870 dhe ovgrfloagwas qallsefed ardieA dgek into
above was diluted with 15 liters of water in the feed

the centtifuplé (6@ OF%) 20k irate bf ALPML Reth thisoalassifmptiomttbe tmdesllaw was
(Trial 1A-1D) were conducted under the

collecte@ 88 EkAhpBS/ISERRELS a FONH dewaitgingisyaomi (ol shIVAR 4707h@0 available
centrifuge/ decanter was configured to recircul ate both

o SR M S R e

feed wamaﬁ éfg S%]}CF% l:&ag %ﬁsfg{elgg}lg% Iet\elfovégcl)ll W.m@@gaatered silica
liters of water to 9.8%solids a éﬁ.\ghe .
from the &Yiep dewalerias sxsiem s Qﬁ@t@&ﬁfﬁxﬁﬂw&dzﬁlo &l exetrigs: n

the overflow and underfl ow streans for the duration of
conditione prersanenakizedlis Taletdhr ough 2D. At the end of the Trial

2D, recirculation was turned off so that the overflow

stream coul d be collected for Trial 3.In Trial 3, ten

gallons of the overflow material from Trial 2D (9.8%

solids) was fed into the centrifuge/decanter

configured so that the overfl ow was recircul ated and

t he underfl ow was di scarded. The centrifuge was run at

60 Hz with sanples collected for particle size

anal ysis every 0.5 hour from2 to 4 hours.
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TABLE 2 Particle size characteristics of materials
fromTrials 1, 2 and 3 neasured according to the
woredoioo3tdescri bed above are sunmari zed i n TabP&r/BS1006/023375
is seen that centrifugi ng this bead mlled silica was
effectlvet0|solatefr iof smal ler particle
size materials, even q15 mmwth a very
narrow particle st-Y&P e%‘einlﬁ‘ﬁt 06‘91 985§ ndi cat ed by a
smal | span \Hllue. EXAI\/PLE 2 A portion of the silica
prepared in Exanppgsshrigsigol | ectedoafter the reactor,
filtered and mgﬁlrrry’{” esulf%17e then the filter
cake was fed at eénlb’f .8 LPMinto a 1.5 liter
hori zontal style ned[odurmalﬂ (nodel 7BML 1.5 Premiere
M 11 manufactured byrbighkgi N, I nc.3 Reading, PA.)
| oaded with 1080 m o mm zi rconi a beads having a
speci fic gr aNFBOFPemBRY set to a speed of 2500 FPM
(feet per minute) t®BDRBdusie the paficle size. The
slllcafeed(Exan]gber1 mhi® the mld had a MPS of 10.8
mm and a di s %tg@] of 4.8. After mlling the
silica denot had a MPS of 5.79 nm a
span of 2.3 1 and was Btpsd. 9% sol 88s. Next, the
mlled slurry was feghlisagd a 6" solid bow conti nuous
flow 6,000 rpm Bir Lrbf uge (Bl Machi ne Conpany
Inc., South Wl polgbﬁ%gs’ssg‘ghusettsﬁgl n order to
col | ect afractloné‘? Res witha MPS of about 6
mm The sil izzﬂB]bwr]DgrwnveBDjed into the centrifuge at a
rate of 8.9 LPMwth thp fntrlfuggoset to 40 HZ. The

overfl ow was coll ec (1 fed beck,into the
centrifuge (60 Hz) atod™f of 3 LPM Fromthis
classification, the llm;benﬁlllow was d8l | ected as Exanple
2C and fed t@uRess Vap dewatering system (nodel JVAP
470/ 100 avai l abI e fromﬁ, gl [ ter O@rporatl on, Hol I and,
M chi gan) for dewaterinyg % e sili cagssl urry. The slurry

Water Temp, °C
Vacuum, inch Hg 28
Dry Time, hr 5
Cake Solids, % 90.03
Cake Weight, kg 7.5

Finally, the material was discharged from the J-Vap dewatering system and then fed
into a Raymond mill configured with no hammers or whizzards to gently de-agglomerate the
particles. The de-agglomerated particles are designated as Example 2E.

Another portion of the silica of Example 1 was collected after the reactor then filtered,
washed, spray dried and milled (2 Control) to be used as a dry silica control representing

conventionally prepared precipitated silica.
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feed was at 45% solids before dewatering and at 90%

The dewatered silica fromthe J-Vap

waleswane2sng systemi s denoted as Exanpl e 2D. TPeT/US)a@023375
dewat ering conditions are sumari zed in Table 4. TABLE

solids afterwards.

4 J-Vap Dewatering Conditions Fill
Byopertigs aithp silices amal] siages of Example2 anc

Prgssure,

th aneﬁﬁ?%’%llggwed

Down (BD) BD P, psig 20 BD Time, min 2 Core Bl ow Down
silica “Cd3ibiol B peiegnéuivd|agoerding to tBIProcadures describsd rbotsegndars 3

2nd Bl ow Down (BD) P, psig 60
summarized below in Table 5.

TABLE 5
2

Example 2A 2B 2C 2D 2E Control
% Solids 349 34.9 45.0 91.5 95.1 95.8
MPS, um 10.8 5.8 6.0 7.2 6.3 8.3
Span 3.69 2.31 1.94 2.07 1.69 1.95
% 325 Mesh Residue - - 0.04 2.37 0.02 0.00
5% pH - - 7.3 7.9 7.8 7.1
Pore Volume, ml/g - - 1.14 1.25 1.57 1.76
Qil Absorption, ) ) ) 78 9]
ml/100g 7
Pack Density, g/ml - - - 0.64 0.50 0.42
Pour Density, g/ml - - - 0.45 0.24 0.21
BE, mg loss/100,000 ; .| 30705 | - 6.9345 | 5.0485
rev
Brightness - - 99.6 99.5 97.8 96.0

The data summarized in Table 5 above shows that the inventive process was effective to

provide a silica product with sequentially reduced silica median particle size and a narrow

particle size distribution (span) by bead milling the silica slurry, classifying the resulting slurry

and then dewatering and gently de-agglomerating the resulting silica product without any

intervening expensive drying (spray or nozzle drying) step. It is surprising to note that

Example 2E produced by the inventive process has a lower oil absorption value, higher Brass

Einlehner value and is more dense than conventionally produced silica (Control 2) indicating

the inventive process produces a lower structure, more abrasive silica. Also surprisingly, the

inventive silica Examples 2C- 2E have a higher brightness value than the conventionally

produced Control 2 silica showing that the inventive silicas, while even lower structure (harder)
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Volume, L 1 Tine, mn 10 Squeeze P, psig 95 Water

Tenp, C 85 Vacuum inch Hg 28 Dry Tinme, hr 5 Cake
w®odoraes232o 90. 03 Cake Weight, kg 7.5 Finally, PEEUS2006/023375

material was discharged fromthe J-Vap dewatering

systeem.and then f.ed.into, a N e [
than Coffel FicHh B Be g A HEE Ayt s M irpicd o
- . the particles. The de-agglonerated. partic|les .are ..
essentialy thegamestreas thocomyenional siligapithqut b\%?ff%l foiflpg, resulting in a
silica of Exanple 1 was collected after the reactor
loss in brightmess. | Fhersélica predisbean beptsad injthie shiraifgrmifione gtep 2C or used as a
Control) to be used as a dry silica control

dewateré & pidcdeaddlgeratd silichicontalring prléfensesbomt 6% poisatre from step 2E.
silica.Properties of the silicas fromall stages of
Exanple 2 and the conventionally prepared silica
"Control 2" were measured according to the procedures

TABLE 5 Tho dat a summari 2500 48l o 5 above Shows

,thsa %at%g gf L&}B’r%ﬂ&s"&e&{){%a%%& Silics wWas If);esgrteid ?, atdging 474 gallons (1794
L) of sodium silicate (13.30%, 2.65 mole ratio of SiO,:Na,O) to a reactor and heating it to
85°C. Then, simultaneous addition of sodium silicate (13.3%, 2.65 mole ratio of SiO2:NayO,
preheated to 85°C) at a rate of 92.7 gpm (351 L/min) and sulfuric acid (11.4%) at a rate of 41.5
gpm (157 L/min) was continued for 47 minutes, after which time the sodium silicate addition
was discontinued. The acid flow was continued until the batch pH dropped to 5.9 + 0.1, at
which time the acid flow was discontinued. The batch was then digested at 93°C for 10
minutes, with the pH adjusted back towards 5.9 as needed throughout digestion. After
digestion, the pH was manually adjusted to 5.9 + 0.1, and the batch was discharged from the
reactor.

Example 3 silica had a 5% pH of 7.75, a sodium sulfate content of 0.9 %, an oil
absorption of 73 ml/100g and a median particle size of 27 um.

Example 3 silica prepared as described above was diluted to 40% solids with water and
split into several portions for post reaction particle size reduction in a Denver mill (Denver
Equipment, Colorado Springs, Colorado) and particle classification in a Bird solid bowl

centrifuge available from Bird Machine Company, South Walpole, Mass.
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provide a silica product with sequentially reduced

silica nmedian particle size and a narrow particle size
wale@ynofrat i on (span) by bead mlling the siliceCHUSI0§023375

classifying the resulting slurry and then dewatering

ent aggl o ratln the r lting silic
B e B riappegian & bty e
(spray or nozzle d ng) step It i's surpr|S|ng
commenpgewasthe sexdmgsibicaed fr teuedicfopFxamples E?‘@ﬂ?ﬁ"o%%s‘%ﬂvmg a

has a | ower oil absorption val ue, higher Brass
median phnickhsigy of/iH. 9 gmaafidr inslling mead befm%artyhdassrﬁmtmh@pb phmb,ywas
produced silica (Control 2) indicating the inventive

milled lﬂfd@f:@fé%oﬁ(ﬂlﬁgh@@%rﬁm' tBYVEADIS 167 dihd tthérewasfed €o thb lcatrifigge under the
lica. Also surprl Si ngI y, the inventive silica

COIldlth%E 6r Eg‘:amolﬁl% 5 p 13 h Egh ﬁ%oeg @Tﬂﬁ‘ﬁ W%?esnﬂlféh Wed thgdfied under

conventi UCGC ntrol 2 silica ShOMAng

. i. sihicas Vi A
the condifiGhssbppnil 0k r B DSRT il ahd BB B SR G iions
cl assified, devvatered a1 nd de-aggl onerated to
used forepeh fialare Wlﬂéu%eér’f’é Tablso- a5 the conventional silica
wi thout intensive dry milling, resulting in aloss in
bri ghtness. The silica product can be used in the
slurry formfromstep 2C or used as a dewatered and
de aggl onerated silica cBABaE®H ng as |little as about

onoi styre fr O'Mﬁt@ﬁld?tﬁmsEXANPLE 3 ChhirBuftAC 6ddlitdns

aHUIpHUU‘ ch Lalcu sifi T cawag prepared by addi ng
4-%@(9&“ 4 beafl $odpeed.sil Feead Batgl3. 30%ppg: 6%
mple- ifo I\? (R1d¥ditg) |t 0 FZr edct oLPMNd heatihg it
t 0 85C __Theh!™¥sigul t aneous additilonof sodilum-si-tiecatle
(13A3% 4.63. 780l ¢ ra2l o of SHAR2: Na2ONAr ehgat edNAo
8%GL at d ratsm off 92 m 1 0I7'm g)zgand |sul j C
acid—(—11. .,yﬁa. a r%a(tyegi. (ﬁésu gpm ;;15. L nimvgas—
c0AEC nued f6r7847 mi it es,| af3®r \hi cR&i ne |t hel 30%Ki um
sihirat e [adgigy weg) di gcogyisnued. The acild fimg was
CpRH-RUes "ntl.l the batef pH-drepped—to—5-9—+0,t—at
3E 1.89 20 70 1.89 1380
3F 1.89 40 70 1.89 2240

Several properties of the silicas from each mill and classification trial were determined

according to the methods described above and are summarized below in Table 7.
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which tine the acid flow was di scontinued. The batch

was then digested at 930C for 10 mnutes, with the pH
w@odjoasoedl back towards 5.9 as needed thr oughouPCT/US2006/023375

di gestion. After digestion, the pH was manual |y

adjusted to 5.9 + 0.1, and_the batch was di scharged

fromthe rea(gllaqor Exarrpl e 3ABLECa had a 5% pH of

. sodi sulfa cont 9 % an Qdntrifuge

agﬁor | orbsofptith an%fn%ﬁfan Sann i c% zémo

2 Exampll @08 si |c’ prepared as descri bea) ove

wegy diluted 49 40% spj igds wit hywat er andasplit Nato
sever al portl ons for reactl on particle size

gost H;L
retfiction i n’& DenvelO#i 11 (DeR¥er Equifplent, ol orado

Spyc ngs, Col g ado) anpgloparti cl egcl assif3gption in a
Bird solid bow centrlfuge aval l abl e fro Bird %a‘ghl ne
Ocﬁﬁ)any, South wval pol %0 Mass. E%z?npl e 3%H ca, i ng

a jyedi an partjcle sizgof 27 nmmgbefore 26y il 1261

commenced, the st ting si a fed the for
Bxdnpl es 3A- 3A, h d/#zg % parnmlcl
size of 10.9 mnafter rriIIing and before any

classification took place, was m || ed under the
Thglillih®nes effv@iveiin rédueingald ediam pattichesizoaemf29duim ¢o about 5
the centrifuge under the conditions given for Exanples

pm. Cl&%&ﬁﬁ@o@@as EHIRE 85 i3 RS iNRI0R oTithd ReABShAVIAS 8 nhir@# particle

er the conditions shown in Tab e 6. The Denver m |
sie cisGH by R ebBEpigES Th Pl T GRRRIp R 4R BIAET about
properties of the silicas from each m |l and
450 pme| assification trial were deternined accor di ng to the
nmet hods descri bed above and are summari zed bel ow in
Tabl e 7. TABLE 7

Dentifrice Formulations

Toothpaste formulations were prepared to demonstrate the ready-to-use on demand
capabilities of the inventive abrasive particulate compositions. Dentifrices were formulated
with the silica made by the inventive process, as described above, and other ingredients, in
amounts indicated in grams, as described in TABLE 8 below. For comparison, the Control 2
dry silica prepared in Example 2 and Example 2B silica were separately incorporated in
toothpaste formulations. Properties of these dentifrice formulations are given in TABLE 9
below.

To prepare the dentifrices, the following procedure was followed. The glycerin,
sodium carboxymethyl cellulose (Cekol 2000 from the Noviant B.V., Nijmegen, The

Netherlands) and sorbitol were mixed together and stirred until the ingredients were dissolved
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Ol Exanple MJ Centrifuge Centrifuge absorption Span

No. MPS5mm MPS, mmtop size, mmm /100y 3A 76 10. 9 NA
wORooRWoR2BL 78 10.9 9.0 4.10 - 3C 84 10.9 4.8 3.BOT/USBDG/023375

77 5.6 2.6 4.13 17.4 3E7 1 5.0 3.8 2.62 26.1 3F 65

54 2.5 1 Th AN s effective in
to form Peflgiﬂa o THE dranizgs Pl e Blefis Fdfnpdragphghate
mm Cl assification was effectjve to_isolate

and sodfmra&acpbmrbwenewéﬂomﬂ rgethenand shyres yidl fhsse Blgrfidilf’dlt%afe dissolved
size distribution by renoving |arge particles. The

to form heechntimdntieturce rifhesd trgeadiaicttuacst wereshenecopibingsbwith Atining obtain
Dentifrice Formul ati ons Toot hpaste formul ati ons were

a pre-rm&epared to denonstrate the ready-to-use on denmand
capabilities of the inventive abrasive particul ate

?%?@Zh%ﬂa @éﬁ)ga@ﬁriﬁ b fRds§ Bx MR R dEor 30Ul BLS Andvhbidsitd gﬂlCa and

y the inventive process, as describ

titanium (% Yide w%ngn&elaexﬁ &1&1%{1?9&0%%?’1& §0'31nch vacuum was drawn and the

resultant admixture was stirred for approximately 15 minutes. Lastly, sodium lauryl sulfate and
flavor were added and the admixture was stirred for approximately 5 minutes at a reduced
mixing speed. The resulting dentifrice composition is sealed in toothpaste tubes and held under

appropriate conditions for later testing.

TABLE 8
Toothpaste No. 1 2 3 4
Glycerin, 99.5%, g 11.600 | 11.600 | 11.600 | 11.600
Sorbitol, 70.0%, g 38.457 | 38.457 | 38.457 | 38.457
Deionized Water, g 25.000 | 0.600 | 25.000 | 0.000
Cekol 2000 CMC, g 1.200 | 1.200 | 1.200 | 1.200
g;%fﬁj;}‘)‘g;te’ . 0.500 | 0.500 | 0.500 | 0.500
Sodium Saccharin 0.300 | 0.300 | 0.300 | 0.300
Sodium Fluoride 0.243 | 0243 | 0.243 | 0.243
Abrasive
Example 2E 20.0 - - -
Example 2C --- 44 .4 - -
Example 2 control -—- -—- 20.0 -
Example 2B _—- -— - 45.0
TiOy, g 0.500 | 0.500 | 0.500 | 0.500
Sodium Lauryl Sulfate 1.200 | 1.200 | 1.200 | 1.200
Flavor 1.000 | 1.000 | 1.000 | 1.000
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anounts indicated in granms, as described in TABLE 8

bel ow. For conparison, the Control 2 dry silica
w@e@pasedl i n Exanpl e 2 and Exanpl e 2B silica WeeBUS2006/023375

separately incorporated in toothpaste fornul ations.

operties of these dentifrice fornulatio are di .
The oRBiReS o PRBPHE SoR6rIBTbAEFE e BT 4 Bag oy e Blicated
follow ng procedure was followed. The glycerin, sodium
otherwigear boxynet hyl cel | ul ose (Cekol 2000 from the Novi ant
B.V., N jnegen, The Netherlands) and sorbitol were
Thetedtipage visersita idmeasuredeutilizing 4 Brookfigld JfisehnesiersMadel R VT
di ssolvedto forma first adm xture. The dei oni zed

equippedalif a HeRshth MK dpiatlé 8l sdt € 5 g by usapyringnthe sizhatity elitbe
sodi um saccharin were al so m xed together and stirred

toothpadt bt 355 %lﬁe%{ﬁ%ﬁ:ﬂ{ ROLR a8 HR PhRHOHAEES thrbREHINR t66BPAEL test

adm xture. These two adm xtures were then conbi ned
wWifh sti.rring t ' L pre: m X . -4
sample fhd e 2 Fhshlls JoloBlfe Ry b brmsyog e Pk 089,
silica and titaniumdi oxide were.m xed in wthou
Theokleloas atibs FRomnpse e A8 i SRk Atied J fng gresent
. _adm xture was stirred for approxi mately 15 m nutes.
inventionepen by manigaredhy|aay convestippaliptl sgngitive slggirodter e added
and the adm xture was stirred for approximately 5
Avsihdtizprapertesrod dontlgshstei (siandruppseparatiqijenere sugapingg visually. About
dentifrice conposition is sealed in toothpaste tubes

a one inBREbB& 6f t0oMBastERNE RppEtAIETdI0 A diliel cdlsa plete bhbmdinary white
testing. TABLE 8The t oot hpaste properties described

rrebool LT ARy RS s kbt bty reorid

é‘ttal}l -IuIZ) irgfgrsa{o reosgggeeéfdche\:/ 'to%?l?ﬂggge%{bbyg d6d rB¥ds to the paste’s ability to
stay on top of a toothbrush without sinking in-between the bristles. A scale of 1-10 is used,
with a 10 stand-up rating being good and meaning the ribbon retained its shape; a rating of 1
for stand-up is poor meaning the ribbons flattens out, losing its shape.

Separation refers to the toothpaste formulation’s integrity. Solid and liquid phases of
the toothpaste may separate, usually due to too little binder or thickener. Liquid will be visible
around the squeezed ribbon of paste if there is separation. Separation ratings are on a scale of
1-10 with a rating of 10 meaning no separation; a rating of 1 meaning major phase separation;
and intermediate ratings meaning that there an amount of liquid appears around ribbon.

The Radioactive Dentin Abrasion (RDA) values of the precipitated silica compositions

used in this invention are determined according to the method set forth by Hefferen, Journal of

Dental Res., July-August 1976, 55 (4), pp. 563-573, and described in Wason U.S. Pat Nos.
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equi pped with a Helipath T-F spindle and set to 5 rpm
by nmeasuring the viscosity of the toothpaste at 25C at

wao boogmostsf f erent | evel s as the spindl e descendBCT/HROEHR3375
the toothpaste test sanple and averaging the results.

viscosity i.s expressed i.n centi 0|se P). .
4,340,559 G AgRV AR 435152 hr G DRSS RO i RaeEE Srogeqegizd byrein by
encountered in the present invention can be nonltored
referencby any conventional pH sensitive el ectrode. Aesthetic
properties of toothpaste (stand-up, separation) were
THRAAR ekt 16idesaibey in Madltro Renoeal af Stuin MithoBergifrice" G.K. Stookey,
t oot hpast e was squeezed froma tube onto a piece of
et al.,, J. Pleflla0REY., 8111086001 ggp00k paper. After waiting 3-5
m nut es, aésthetic property observations were
recorded Stand-up refers to the shape of the
t oot hpaste ribbon and relates to the paste's ability
to stay on top of a too wi t hout S|nk|n
in-bepieen thg bris *'ecﬁggﬁﬁﬁg'e of—1—10-+=s ugcu wi th
a 10 ﬂk@ﬂﬁmy@)&ﬁtIWQ bei ng| goad and nbanlng #he i bbon
retai ped its-shape;—a ratihg-of—31iferstgrd—up—+p poor
meani g rh¥iseosBons 1obdobens1oso |1198i000 |1230,600ape.
Separgfion refers to the t othoaste formilations

i nt egli Wk. ViScdsity, at%zloéﬂw 0, PNE6ES 2%50556 5?0(2 oatste

may sgParate, usua 0 00 llittle 1

i com vRiad, 1AL g &é@ﬁétfa%s@#e@g t A

ratin WisOWkie s¢ale of [-T0 vvltharatlglg) 10
meani fig no separat  G90,090r hBYHGOLT 280,008 i HY-989 br
phasel-sepatrattor—antd—tntermediate ratings eani g
that [isegpHan amount 1261 i guiZdisappedr.sl arjouid3ri pbon.
The Radi-eacti-ve—-DPeht--n—Abrast-on—(RBA—vatues—of—{ he
preci mbAated silica cospos|tilals ysed3s n |t hil30

i nventi-on—are—detef-mhed—atcordi-ng—to—the—rethod) set
fort h|pgR Hef f eren, | Jowsnal | of 85 79 81

Toothpaste formulated with the inventive silica slurry compositions had good viscosity
and aesthetic properties. The ability to provide moderate RDA levels with simultaneously high
PCR measurements thus shows the benefits of such abrasive particle compositions in dentifrice
formulations as well. Thus, the wet comminution with subsequent classification of resultant
particles provides heretofore unmet benefits at least in terms of production complexity and
lower overall production costs to provide a substantially similar product to those currently

utilized within the dentifrice industry.
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Dental Res., July-August 1976, 55 (4), pp. 563-573,
and described in Wason U. S. Pat Nos. 4, 340, 5883,

W@ 20200232 and 4, 421,527, which publications apdI/us2006/023375
patents are incorporated herein by reference. The PCR

I%grﬁi p(lf ]?151 gs‘?[g{gl %%{j gi{rn b‘ﬁ Ig{;an\gg% {ng(ps 8&%\@ :Bieag%réa[%,%@ fi%{'\g%é%’ments of
1236-9, 1982. TABLE 9 Tooth te. f. |lated with t .
the parts iigh bhveebeen degaibetl and § VGBHBR B ETUROME 40 Rl the hatie of this

viscosity and aesthetic properties. The ability to,
inventiop meayi tbemartedir those sRijted invlad art witheutsieparting fwaytheyprmpigles and
PCR nmeasurenments thus shows the benefits of such
scope oftthé Bfleitora dxipfdssedianofillvivingsclaimsdent i fri ce
formul ations as well. Thus, the wet comm nution with
subsequent classification of resultant particles
provi des heretofore unnet benefits at least in terns
of production conplexity and | ower overall production
costs to provide a substantially simlar product to
those currently utilized within the dentifrice

i ndustry.It will be understood that various changes in
the details, materials, and arrangenents of the parts
whi ch have been described and illustrated herein in

order to explain the nature of this invention nmay be
made by those skilled in the art w thout departing
fromthe principles and scope of the invention as
expressed in the follow ng clainms. CLAIMS Wiat is
claimed is: 1. A nethod of providing a particul ate
conposition, said nethod conprising the sequentia
steps of: a) providing a plurality of particles
selected fromthe group consisting of precipitated
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silica particles, silica gel particles, precipitated
cal ci um carbonate particles, calcium pyrophosphate
w@arwioei2es, di cal ci um phosphate, and any m xt UPE€BUS2006/023375
thereof; b) subjecting said plurality of particles to
a conmnuting step in a g@gvironnent; C) subjecting
sai d wet - conm nut ed par th of step "b" to a
particle size classification step wherein particles
What iselairngd isi ng a nedi an particle size range of from about
5 to about 30 microns are collected; d) subjecting
said collected particles fromstep "c" to a subsequent
particle size classification step wherein particles
1. AniRiddmeoddme i puitiaaate cehposiicts siid hgehad cdmprisimgthet
5 to about 15 microns are collected; optionally e)

Subj ing said collected classified particles from
sequentlzir%%pes,, " to a dewatering step wherein said dewatered

articles exhibit.a I Stur n t i
bl » GG ar Py PP STl PR el SonR of Brecipiated
. abrasive particles to, a dgag‘%l onerati on gélgg 2. .The
silica pagitlefo ailier Ecipartiples. Rrrsiniiated CAICHIL GrPeRAle RAriClys G un
particles of step "d" exhibit a particle size span of
pyrophasplsae particles dicadpiam rthosphag:, anthanymeixiges grerafai m 2
wherein said collected classified particles from step
B)dsubjocking kdid plurekifyaf ppeticldssd e cemaanwingsivepin owetensisoment;
10 mcrons and a particle size span of from about 1.25

&)OqudfRithg i wetcohBfinied badcet ofhtap My Stowhgaretls sizaichissification

collected classified particles fromstep "d" exhibit a

step wh&g'ggxitllﬁgfcggsreg&lﬁﬁ p%éﬁ ﬁgeflﬁ% A sife g @BPHbMABOUES th%oPQSO

sl ze s m about 1725 to about 1.95

microns are collected;

d) subjecting said collected particles from step “c” to a subsequent particle size
classification step wherein particles exhibiting a median particle size range of from about 5 to
about 15 microns are collected; optionally

e) subjecting said collected classified particles from step “d” to a dewatering step
wherein said dewatered particles exhibit a moisture content of at most 60 wi%; and, optionally

f) subjecting said dewatered abrasive particles to a deagglomeration step.

2. The method of Claim 1 wherein said collected classified particles of step “d” exhibit a

particle size span of less than or equal to 2.
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5. The nethod of Claim1l wherein step "e" is present.

6. The nethod of Claim2 wherein step "e" is present.
w@200Thes2aet hod of Claim3 wherein step "e" i s PCEESIW6/023375
8. The nethod of Claim4 wherein step "e" is present.

9...The “Aq
g ﬂs@”ﬁ@?% (% Sl i oA oBlsfiBed byrecfes R Ae) «a
present. The m 7 wherein.s "t
exhibit g rpedigi part i sitnat HRLHBdo o “glﬁmwrgnmé Epfrecte e%z& pan bffrom
is present.13. An abrasive particle conposition as
aboutlp}m@b@dm the method of Claim 1. 14. An abrasive
particle conposition as produced by the nethod of
Claim2. 15. An abrasive particle conposition as
produced by the nethod of Caim3. 16. An abrasive

4. PahE hietiRd &P R4S 3 WheredSsaid esllecrd chigsifibé pamicles drond step “d”
Claim4. 17. An abrasive particle conposition as

ibit ARk AR FRI ' arficiBR{8ShMEof from about
exmbltalﬁ% e coﬁ%lggf)tl onQZlé&%?(%gé]gg@g)S/]@%e met hodbo
1.95 to trig% 19. The nmethod of Claim1l wherein said
ﬁ' \&i es are anorphous precipitated silica particles
and step "a" conprises the adm xing of a sufficient
amount of an al kali silicate and an aci dul ati ng agent
to formprecipitated silica particles. 20. The net hod
5. dhe @ethoth of Glrigr bivhersii sfepae’tis grasentar e anor phous
precipitated silica particles and step "a" conprises
the adm xing of a sufficient anount of an al kal i
silicate and an acidul ating agent to form precipitated

6.  ShbinfethdddFtC18hES whirein Et@%f'f@hb@ﬁbs&it Clai m 3 wherein
said particles are anorphous precipitated silica

66,.9%

7. The method of Claim 3 wherein step “e” is present.

[V}

8. The method of Claim 4 wherein step “e” is present.

9. The method of Claim 5 wherein step “f” is present.

10.  The method of Claim 6 wherein step “f” is present.

11.  The method of Claim 7 wherein step “f” is present.

12.  The method of Claim 8 wherein step “f” is present.
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particles and step "a" conprises the adm xing of a
sufficient anount of an alkali silicate and an

wa@eoodobasi ng agent to form precipitated silicaPCT/US2006/023375
particles. 22. The nethod of Caim4 wherein said
particles are anorphous precipitated silica particles
and step "a" conprises the adm xing of a sufficient

amount of an al kali _sili ca%(e &g n ac % HF gent
13, fa soesivemagilp FeRPRUIY 35 REIYSET PY ethgd 0 et hod
of Caimb5 wherein said particles are anor phous
precipitated silica particles and step "a" conprises
the adm xing of a sufficient anount of an al kal i
14. i dbeaiwe mntclesompodiiidreds pradugé by theomeibodroHCladingi t at ed
silica particles. 24. The nethod of Caim9 wherein

said particles are anorphous precipitated silica
particles and step "a" conprises the adm xing of a

15. Csﬁv% U&%Ap(?étltu?rg rs?érgﬂ{cied %}/ lhCRAEROA BFI CH#im 3.

aci atl ng agen precipftated silica
partlcl es. 25. The precipitated silica particles
produced by the nethod of Claim19. 26. The

precipitated silica art| clqe 5& %%qced bx ;5?3? mai hod

16.  &m abragive pzie)ﬂclzvomm Ot BHTPFYCKE Oy %
produced by the nethod of Claim2l. 28. The
precipitated silica particles produced by the nethod
of Claim 22.29. The precipitated silica particles

17. paoodesed fivtidle eompoditich af praflaiedbs 3he B6thod o€ Claim 5.
precipitated silica particles produced by the nethod
of C ai m 24.

18.  Anabrasive particle composition as produced by the method of Claim 9.

19.  The method of Claim 1 wherein said particles are amorphous precipitated silica

particles and step “a” comprises the admixing of a sufficient amount of an alkali silicate and an

acidulating agent to form precipitated silica particles.

20.  The method of Claim 2 wherein said particles are amorphous precipitated silica

particles and step “a” comprises the admixing of a sufficient amount of an alkali silicate and an

acidulating agent to form precipitated silica particles.
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21.  The method of Claim 3 wherein said particles are amorphous precipitated silica

particles and step “a” comprises the admixing of a sufficient amount of an alkali silicate and an

acidulating agent to form precipitated silica particles.

22.  The method of Claim 4 wherein said particles are amorphous precipitated silica

particles and step “a” comprises the admixing of a sufficient amount of an alkali silicate and an
acidulating agent to form precipitated silica particles.

23.  The method of Claim 5 wherein said particles are amorphous precipitated silica
particles and step “a” comprises the admixing of a sufficient amount of an alkali silicate and an

acidulating agent to form precipitated silica particles.

24.  The method of Claim 9 wherein said particles are amorphous precipitated silica
particles and step “a” comprises the admixing of a sufficient amount of an alkali silicate and an
acidulating agent to form precipitated silica particles.

25.  The precipitated silica particles produced by the method of Claim 19.

26.  The precipitated silica particles produced by the method of Claim 20.

27.  The precipitated silica particles produced by the method of Claim 21.

28.  The precipitated silica particles produced by the method of Claim 22.

48



WO 2007/005231 PCT/US2006/023375

29.  The precipitated silica particles produced by the method of Claim 23.

30.  The precipitated silica particles produced by the method of Claim 24.
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