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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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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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Given the foregoing, there is a continuing need for a method of producing precipitated
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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has al so been realized that such a wet mlling
to desired particle size ranges is effectuated via a wet process during actual abrasive product
manufacture. Such a method thus avoids the need and associate_g 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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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 SiO7, 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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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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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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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;SO, 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
W@momoaﬁaah above (and as can be followed for theCHESNE023560
| east, for the production of precipitated

th at
si | Ai ougl spdiuprslicas aknsiralodh itollbe andarssnod Sapanywitaelg alkali

to precipitate silica. The initial acidulation

metad sidicato could bp esddo Thettrmiatkali estdlisiivaiy Hichdeealiihepedventional forms
with suitable heating equipnment. In general, the

of k4l silicdtes, 8ifos bxdnga nigrslesilioates! dibilicaes dﬁﬁ)fhé)ﬁ'kdo Vegas @luble
by a fresh water, or el ectrol yte sol ution, acidulation

pothdsAfn Sific sGd@H dilfAtdshrd ﬁﬁbnﬁlhﬂ%&%ﬂgdg@ Qfﬁ{ﬂatﬂg éaﬂ{er being

an aIkaI| et al |cate an a m ner n

prefe?xle gﬁ ﬁl‘tﬁ? fakgng Qﬁa @Hx th? e;ﬁ%lg n - ;ﬂgaq ﬁlﬁlcate, i.e., the

suc
. at i nreactlon A portion of the sodlumS|I|cat
ratiq Bilf aﬁ%w alkalidneialpxide, sonitibuigsidspending on giber reotion ggERoLers, to the
including agitator neans to provide agitation to the
averagppaleriize of dhet siliasproductst br gdsleyal, avbepiablOsilicapi@do6tebf thieinvention
total stoichionetric amount of sodiumsilicate

can be made ovithi siliqateaneldr fatios (8105 BasOPrangidp tivnabout 0.0ge3vEand
as initiating nuclei for the silica. The aqueous

prefeRbLt fr6 aBut 2o WBb& 3.4. Clle kN stlh@até%b‘lﬁtﬁh%ﬁﬁ%ie% th I%l?e,nreactor vessel

preheated to a tenperature in the range of about

dunﬁ%t 2 o 5&sﬁﬁ%{t§5ﬁﬁ ltﬁ’e ﬁp fve%g%tfrll dag%&é:erscg%dgerleetéﬁnlaere herem

IOﬂ | erea or

ey U SR oty BI L TRkl e arderpbtispapanybout B

i ent,. AI hough sodiumsilicate is illustrated, it

25.08 by wahialialincign tonterbagedon thettets] weightiafithe ahsalimetal silicate

silicate could be used. The term "al kali netal
soluion. iy atdet td redhesdbsalkili silinate conseanafianala sourcesobition of alkali silicate

al kali silicates, as for exanple, netal silicates,

to thelabove-indicerd dodret ende] didutiodbkgtr &@lbeliged 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., ata

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
wee@ieened. It shoul d be taken into consi der at PONUS1984/023560

the nole ratio of the alkali silicate, i.e., the ratio
of Qyick ithearegaoradolkatian andtramaipitigdtesctantsiiave bescbed the desired
dependi ng on other reaction paraneters, to the average

temyRdtares] si@uldnebliaddilion af BE achithing sédimﬁ%ﬂﬁﬁw solution and acid into the
acceptable silica products of thls i nvention can be

reacf@ qjsecdffuh&lc%!% | Tlfeasto@luﬁﬁ k@ircat(e %‘Bl'uﬁir.} é:? a@id DNaftktdrell %ﬁg 'tK@reactor over

from about Oto .5 and pre from about

an adHif8H aihe be i a0 9 Aish B 38t I{srfe’ﬁééa“ ﬁ%ﬂs &W upon the
t he |nvent|ye nmef hod, descri hed elsemhere here

molefafier MKPocTe S ponchnErtioned fhelirgte 20 the e@%en*a%mrﬂ#@ acid,
preferably between about 8.0% and 25.0% by weig
al Rathe endtofthis co-addition paded mnst ofithe mbcaahasvmcgmtaf@ql apdhide sodium
al kali nmetal silicate solution. In order to reduce the

silicadé kdditiosislstapptd Additienbf theiacid ivéontinaalumt# thoteattooslung reaches the
alkali silicate to the above-indi cated desired range,

desir&d bHt ORABe W sRitryCHM réRhasisiRM: 1.0, 1@19%9&%&81&[@'r5&d&ﬁh@501d flow rate
alkali silicaté before the silicate solution is

until {@Mgnr g&%@ﬁ s ne&u?ét'p?f ?&hl}éﬁ h&%{é@gggirﬂgéé&;gﬁ ¢ stopped and

wat er

sil,icate,in the react
man"gi i et er 6 b et A Rt FhEgRRestod i it g eqpgorimately
formul ate the desired concentration of silicate in the

4.0 to5] R sand metegrefsrably: hetween P Qitp 619. AtHus Jélgpi@re dhe silica has prec1p1tated to
aci dul ating agent, can be a Lewis acid or Brdnsted

provide a hixtunelofthe pmcabta}ed silica adrtbengactiondigabr.{dnat the desiegd slurry pH
sul furic acid, hydrochloric acid, nitric acid,

is reaqiinedls gipestich lii&ghﬁb,an&rtﬁe gAachied ﬁaﬁ]pen’aﬂﬂe fﬁ&ﬁi@e@fﬁ;@ﬁ@ﬁhﬁt‘aly 85-99°C,
sul furic acid, added as a dilute solution thereof

and pr@%rgblay Al to76@NGRNEE R s &;ntlﬁﬁéd"ﬁ% (ﬁps%ﬂéd érﬁ;ﬁmﬁ&e for

o ore typically about 9.0 to . .Once t

approy' i i %18;5' tfsgg‘iﬁinﬁ{és? 5}% f;r%fé%l{ﬂl 3 a{;[?r%%n%a%l? 1'66{3 %Orlﬁlﬂﬁa‘gdACld 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
waeormeoeed. The sodi umsilicate solution and aRCTUS2086/023560
metered into tHe reactor over an addition tine of
Prepsties a8 Bcon®@ics; Indteds JolRaWalsy 6f Sarcklil 9889 p. 1H9-139egenerally can be
reactants depend upon the nole ratio, addition tine
usadnidl tieopraetider ftthiginwhtiéhe silicate and the
concentration of the acid. At the end of this
CcO- i i P , t. f. Qj i " ™ .
o ooy B S RRGRBLHOE e RS it SRS, eyl silfca particls not be
ition of the,acid is coati.nued.uptil .the
subfeRE g FPLE PR B0y B 5 bl ing BaniBelie it ey boen
. reaches about 7.0, it is preferable to reduce the
dﬂ%ﬁ'?rawpv ¥s the SEUHHEG RIIOF Fecommpinpon(Wehgs ogheetise) wopld be significantly
.target pH, at which point the acid fl ow can be stopped
diffgrent fromuhat negided fordhe invensige methoddte miltithatelyprodde slitaglg;precipitated
pH. The preferred slurry pHis approximtely 4.0 to
silica. fartidexforlienqredéel abd. ySuratalkeitationOtHoQgB nét neddssdri ivdthin the first
juncture, the silica has precipitated to provide a

methb&k Hi4Es&d, i$ Rondh&6ss RipbRhAsl1ySprbfes@d 30ghitedRnt @8t Afwell.
liquor. Once the desired slurry pH is reached,

d

di [,Q8L5» i j t rat. ' . .

oo sy 5 SRR AL APk GRGREAR, ARG B | the fogoton mass s
7C d di.gesti.on i ontinued. at the el evated

perfpish Fommtiin 1 B PRt Pesilics BB IRELS o g from the
preferably for approximately 10 to 20 mnutes. Acid is

reacif pEdteR ] BENIARY gavg@gm%w partigle sige (WS of eveater than about 50 pm to
necessary to nmaintain a constant pH After the

abouti1§6 sy, cmdgners tygicdlymqboat @duinro abeut85quh.crhesapatticlay sizes are
subsequent pH adj ustnent conducted, the reaction batch

unadcsptable dbggtafioyButhgs doeaetiey, coarigh abdbral BlRaning compositions.
above-described general protocol are preferred for
Nan®}) sgRedilch ,%Alﬁcle_g §€inBLdeAlsE Hhat kild fiftid1s be nspgﬂgl_ inQB8fke to a
't w I at ed

according to this invention, | "be appre
user,t )Q@E‘or%trﬁeé'arg {l&dt?lg pgxfticfe):g %fu'spll)et I%}g%den%{l!gﬁ 9oapsrbv1‘?1leJ %hré 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@®meos24Chem , 29, 497-521 (August 1978), andr@i/ysmne/023560

Handbook: Vol unme 1, Properties and Econom cs, 2nd ed.,
Joh®rigi kethe reSommsmintitan (i.en. wdt3IRHRS stef @1 itidr lfyst 08 Bedord method, it
used in the practice of this invention. In the second

is inplohtant thad thé sitied partidled 1ot beRAbRL Y %o ridr REntPdifeli $5lling procedures
silica particles not be subjected to"any drying prior

ER c&dtfdlled Bnj ' iealihy dudide 4 LGS withi
(subR oI ALca iR AR nl A UERY pole dP BBl fwithin
iUt | t _or. ot herwi se). woul d he signif.i cantl .

reafBf I coR Pl oninRialiidihe Shick RriEinda avted BnviesbRa bgrmits
uItiqﬁmf)@@/, proyi de suitable precipitated silica . .
Brefist 1lapey mgroqueingbe desied dparticde sizaraagesasiviet asaeliability in terms of
t hough not necessary within the first method
modjifigiag sedupariice inthe s4md mgsner andtusder the samepeontiionsd
requirenent therein as well. In step "b" of either the
f i rSichaonseiootich Hptiiathed\ed nGtodAbe! thadighfa wdigrinding step in a
reaction mass is performed. Comminution is needed
sepi@eatfRtiin gbeé%&ﬁEﬁb&'&%Mﬁﬁéﬁ@& H PR she E@[échﬁ mixing
reactor of step "a" generally have a nedian-particle
duris I e a it bout 100 .
uriBl /oot Bl St Sl Ha” HRbrrR R B a0 e R BE abrasive
rticles sizes are unacceptable faor applications such .
partigles (yially dglopstiits) gsstem ol Pﬁl@%@ﬁfg&@gwpﬁw@ gpinecessarily,
Nanely, snaller silica particles are needed so that .
Pfecim@tep%“fﬂtl‘iwaé%d%) of pep “@jrare dgd forp webmedie grinding stetion. Figher a single
for oral care use the particles nust be |arge enough
stage wepmediadnilk dre maltjtstapietvect pallirpopeatoatin stap 6b° ¢amdichused. For
For oral cleaning conpositions, silica particle sizes
exanfysitvhe nutdstibe Wetmedia peimtindstibnanfor@RMoalirheht, can be comprised of
required, and a nedian particle size of between about
two & tnf At Ril R ic hfryli | i
cos rr%ti g and coz&a?i:) ﬁ%ﬁ ﬁ’glecg Qh% ﬁﬁéﬁ%ﬁ%ﬁéég&r@% ﬂ:rﬁ egsle(zi.eAltematlvely,
the nﬁtﬁﬂ%?age 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 in a
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@diedl of this invention (nore particul arl yPOBEUSZ061023560
. 0.3 and 10; for preferred oral care end-uses, the
s 3 Miedel HMLg 2 PrentereyMilt mamifactured byl dglomis) Irler,iRnading, PAeThe Premier
wet commnution (i.e., wet mlling) step of either
mill is shorixontabstyle dnedid Ml Thetmil ling wdis Usvdtpréfeedbly B ceramic beads, e.g.,
silica particles not be subjected to any prior

Zir€oInk 6XidE Bedtls| dfiaBOuPr RCEAMY BiSsideS WalthGeNoa8dd R WillE R%bout 20 to
woul d not include shearing during particle production
ithin a reactor). The controlled conm nution of the

1%4. . . . .
silica particle in a wet environnent permts greater

reljability i roduci ng the desired rticle size v rs
F artgaede prefied ndnstimiedpstrafion; e et brad gnl g 9 fongiuct step b
each particle in the sane manner and under the sane

gengigHyis onsried wden thedalowingiconditiongser f or med, as not ed
above, through a wet grinding step in a separate

Bead loadingr 2 0(Way ariccl e production, or, as an
alternative, via high shear reactor m xi ng during

Bes il widrepedi: 506-350RFPM(f8et PeLAifid)PD52-P067T B/mBlure).
in order to comm nute the abrasive particles

o YERER AR BORER S roy b RS it
Bl icl f st "a" fed t t di .

nee K UL o5 ouSlRiRs. B Gk bPB R et o e

i ol B8 o Wb T ek e oo
rinding station, in one enbodi nent, can be conprised

qrir
partigle sizgd MRS) o betwsen abetit §. Infol dbout 1t wisytmsw(rimohprefierably between about 1

IS successively progressed. Alternatively, the

and ahelut 25 sticrges, and moee prefanblp detvpea tabbitGranciatbode 1S microns. The
conprised of a single mll in which the slurry is fed

abradilié patled HEths WRBh#RIIEN dbradive (BAhfdsRlo HARS RES AR M9 wit% fraction of
recircul ation. The anount of energy dissipated into

parti%lﬁf %%gtﬁﬁtgﬁﬂ Y5 ﬁ%ﬁ e@%%f ?&P}}?ny lco&trs& e mﬂfin.é QoS@EDn PR 0e adjusted to

si ng
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
wWoemeseani |y required. Milti-stage wet medi a nPCT/U8906/023560

permts |longer residence tinmes to be applied. The wet
medltesteri Td” areptber afshaifimtorntsaeondirhéthads outlites] abese; the@ehminuted
above in the multi-stage grinding station .
particlde(pecidably, ynitled pb@ipﬁﬂb&i sifitd bﬁﬁcl’é@toﬂéﬁbﬁmb@ HNerdBeiedfter fed at a rate
mlls, wet horizontal nedia mlls and the |ike. One
of dboff ®5110% N Reto o debrterHehitiflddOsibh ak a3 Lok i
practice of thios ienve%rtgbi%gﬁ?lhséé?l{\%ggla I—@gh%ﬁé& relr%meltlrmeuous flow
: red. i .Nj l.nc Readi.ng, . PA. The
BirtcanlBBOUARI 1M o Hil| PhartiRE iy i Souy Walfole,
mlling nmedia useq preferably are ceram c beads, e.g.,
Ma?ﬁ?%ﬁ?sum 52 a&ep%%{g Lactyms aﬁéﬁ‘ﬂfﬁ; sige: 3hafpqantes condrifuge, operated at
which are loaded in the mlls at about 20 to 80 vol %
20-ThHG neanthecfonfiguredryath bathpf the gndarflowt(taagérgartididsy anboverflow
bead m || used to conduct step "b" generally is
(smalfre pattietts) stekemst reeirdubdtédOmi only ererfiiw revisulaBriad theordirifgge/decanter
20-60% and Bead m |l rotor speed: 500-3500 FPM (feet

or tPBE MI._rrpﬁ@m(iﬁg%eﬂ@ﬁ?gevdeﬁaxﬂéﬁc%biﬂaﬁoh%%BJ Bitfef Dsififle stage
objective of this invention of reducing’silica

P . d i dd j i. .
comBRalibEHES let%—Eféﬁ{: gérgﬁingt?nog'lu %‘flé) glfvgé%éen ; Ioﬁ%s 8ét§rgglakésllgbgatmg

procedur es,

e o the slurry .or fluidjzed press.cake.dqurin
sl et bfetonS Bach bapiclesve fapliie el olainepider bahae been
rticle size (MPS), to between about 0.1 to about 30

“doyfle.qubn ¢hat dsywhese partielsnalipve adagizad pasicle size sange aboigmoyed and
nmcrons, and nore preferably between about 3 and about

partiglss h¢lowordesirgt padisteasiiewangeaart fenmioasd ilenvirpeonte panticles efla narrow
abrasi ve conposition have less than 1.5 w % fraction

desired particle size range.

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@asorioei2el si ze desired for a particul ar appl i cBCT/082006/023560
Alternately, the silica particles of step "a" are
f i rkranpther embetlimenf, tha sihisd partictesard bdonblefoaty’, that shke undesirable
grinding station of step "b" (if such a grinding
fractioatoif targérycossed partidlocaswell aathedrtib bf eldekifdblddredllee €ines)
in step "a" typically contains about 6 to 12 w.%

parfidléd 48 rfAGvel OF esut” AbinGle 88YrabR éi@:@l{p@ﬁﬁ:‘féé InQGhRRA4Y thkAinderflow
to 50 wt. % silica particles by fll| ration. The
[ d to. repv .
(coft G0 LS PP BERIERId BEbES ARG RITRAE plfielo SR gprion and the
t ch. or, continuous,fjiltragion device known o e
ovefif i) Pt iy follectaeio Rk e s g, Reeudinast e underflow
filters, e.qg. rotary filter, belt filter, Larox |
streqim fiogp thesepiridngs(igcanterie the milbeontippes yntil the dgpizeskparticle sized
step "c" or either of the first or second nethods
matenial$ isrodthisolo Finally hehaotheripanictddiptaibuiion eacliep ttef desmbd particle size,
mlled precipitated silica particles) of step "b" were

the dweefl@a{figs) §tRAmat dRcdrdé®a theR@lérfdwIcddlsd) thic[HsQr@collected. The
decanter centrifuge, such as a 6-inch solid bow

oSS L 1, A S5y can

S R L T
20-70 HZ [ i
s i e P RSB Sont She b G s

streanms recirculated or only one flowrecirculated to

wt.% tocabouh?( wi. U predralelyiaboutol0 wib.% tocaboit 40 wifte Centrifuge speed is set
mlling-centrifuge/ decanter conbination may be either

depeadait pgltke typagBequipthdnn atddo theadesedrpartitle Stzaggarticle size distribution and
conmbi nation. The inventive process contenpl ates

partié1s @lz8rhip@. smal l er particle fractions, larger particle
size fractions and isolating particles that have been

) dﬂ&ébét\%aﬁluégm efth@tihd GudeGE Sr B%r(;\jegb%cmvc%lﬁctgg b &4 as such or
particle sizé range are renoved an
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@anrioed2¢l si ze range. | n one enbodi nent, the |BCHES2006/023560
particles fromthe centrifuge/ decanter underfl ow
partitle sizeranged feem iOnlt © 14 mickdnsf prefetably frem Quhtat 5,@lnd nwist preferably from
reduction and thereafter fed back into a centrifuge
0.5¢eg8nter. This "closed | oop" system has the effect of
conti nuously reducing the particle size of the |arger
undegdih i : ol A0 '
T RN B RO o B 5 (BBl T Ao second method
' S t.o_achi eve desired particle size
outleTERARS SRR ek o Plch BVE ERR B BBhicFis o &5p hiERE (e
ener gy, ., bead | oadi,ng,. silica partjcle strucfure, and
elyoefia of ?[%E%Qolﬁ PIERIEtiEe biariAe ARurte picdhs iﬂc r 95 eirentiiiice or
(coarse) is recycled back to the mIl while the
deweteeadrandwaghddaes) is coll ected for use or further
processi ng. I n anot her enbodi nent, the silica particles
ar én Step tid! & theiidventiveairoesss (dptiotislde sherfilld crtlinaalahethad atquired in
| arger (coarse) particles as well as the fraction of

the S6B6IRE hs ALV, HiRY clidsiMASiA ANy RRpate id RXPUSWHatefed. [n one
"cut® fromthe desirable sized partlcPes. In this

e GSEp A UANEL Ll 53R, P SRl afespine, i

and, .t he .overfl ow (fines),,particl are col.l ect for .

prfiiicih e Pitsaseificn pr bt yoor thy PeorHL WG oy Rigption.
fromthe centrifuge/decanter to the m |l continues .
uniNep-Tiyting dlrstratipns of meghods and eqriprenserrgpgements for conducting such
obtai ned. Finally, when the particle distribution

J-Vapgzasiessing thet che beraddptpd Fariust in the peacticdef thy fitbtingldewatering step of
(fines) streamis discarded and the underfl ow (coarse)

the ppaeitiitVedtion tsn BOfduad] Pl exahiide,G8 ULS.I Hat 0d. de58 1 Brand EP 0 978 304
conditions such as feed rate, concentration, and

A2, WEiBh HédcHBGoRREE 6/ RE E&E'w%%%gfe}éﬁc@. %@Eﬁﬂﬁg&ﬂ%:();ﬂ.dﬁﬁgp

sized particles in‘the mni anount o
proch%E ehlﬁpment 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
wowerwopsef erably about 10 wt. % to about 40 w P@4#/US2006/023560
Centrifuge speed is set dependent on the type of
inchgles preuuNUEySttm vded ddesg devhiqriuptpecfoemed after apdnitinigiressure filtering
size distribution and particle size range. The stream
stafgg.om ei t her the underflow or the overflow can be
coll ected for use as such or used as a feed for

fur ' ; | :
abort TS APpPREPyRbR ERARms NPtk ERE! B ridle fi9% processing
O about,.50 . % sqgl i ds. .The. c] assifier be

sysg’egxh%salé%ttgcg ag g)lppuéihxgg a}éﬁﬁ?ﬁyo& a?)tg?]@fleg g.lag g squeeze gﬁ%{es and filter
Preferaply, for, rticles to be utilized as dental

platgp pojey ,reﬁli‘ﬁcélvg gﬁ‘f“ﬂ@’ﬁ’f plsrfilie membsanes) maphiclythe ggueeze plates
particles exhibits ranges in particle size from5 to

andifftenplatesdefing alerhgive pisperfsiaprimigodustion andflowmasstages therebetween,
preferably from7 to 9. For cosnetic, and other types

wharéineinsquees pldtes sicludt Bdiaphiaginahst is eZRmdatle tdwhrl an adjohing filter
smaller, the classifier should be configured for

platé eftb @Rk it® herlas® 3d11d/Kd i sPXRtibh IStha ablaSive salpeRsib@RORRich liquid is
rom0.1 to 10 microns, preferably from0.3 to 5, and

trangﬂg%g F‘;‘?Q@‘( e M%%&g%g?lgﬁtggﬂébgepmégg{a% %{}121,: tb% ‘g}t&{}ﬂ%tes including

f

c SUl

first. or. second, net hod ouytlined above) .ca e used as .
respgbfi infioE K D e bR Srmess GHTHa fifered o e abrasive

hunmectant, (e.g. glycerin or sorbitol), preservative,

SuspepgleR-i de source or the like for use in a dentifrice or
dewat ered and washed. In step "d" of the inventive

pr dswiwg agopitialofilidririgrstigh @effomsstd omuabirasinecsluney bublied from the
required in the second, as noted above), the
classifiers thefshef; wéd daka isSWabhed with walt@Pthes airbfow @¥%n commences to remove
dewat ered. In one
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
w0 poovhes2enpl enent ati on of step "d" of the prefRCT/E006/023560

_enbodi nent of the invention. Non-limting .
drainage whambeisams corinegted mal sacanth ssyuiemffentiveao rramgesreapiosized portions of
for conducting such J-Vap processing that can be

the abepiecshishersiosse in the practice of the
filtering/ dewatering step of the present invention can

beTheWetatel ' ! i
oot gt et BB a%}gg‘%:értig%td Bited hfler r?%‘%@?ﬁ‘o‘/rzg?@‘ggdewmmg
' X | es. qf. J-Va

s LB Y 5on PRy 4R Tl B0t e devtrea
equi nt for, this purpose, suc s that illustrated

filter,cik Fpztopnl i dischargadAnd Prosepdsio J%h e-32ajemerstion 8€Bi ng
equi prent enpl oyed nust permt reliable and accurate
c gﬂkﬂﬁ@atlm a@ontlinaiting gendiignsiar emdpeting/mich 76V apatewataring, when used
criterion set forth herein for that paraneter. The

to perfeiva phepdeoestssng giep (d’amgerdény toghe prefdried dnitditda@s od the invention,
series of reduction chanbers in which the washi ng and

inclua!@mtianbwm%éede% chditi6; Sl urry is conducted. The
reducti on chanbers are tightly clanped together in the

DELW4tEE €8 %0 BRdHke: An energy conversion nodul e al so
I's |ncf d Eglt

uded t Suppl i es heated water for the

r&ssurizat af ction chanbers and
F%d?Fﬁﬁrﬁ%dﬁ@p%(&%%ﬁ?%g@a{gem used during dewat ering
erformsi after an initial pressure filtering stage.

Feed temw: ékd9pFary suitabl e arrangement, the chamber
filter press of the J-Vap processing systemis

Hetewater tampis49-831QH20g 88° P ural ity of alternating
di aphragm squeeze plates and filter plates covered by

Bloesgweh aitepréssqty: A0180rp3p@bR S5 ikPagr menbranes, in which
the squeeze plates and filter plates define abrasive

SyBieaP RS LAR: DOIYGHUIE (6BoFeh)f | ow passages
t her ebet ween,
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,SQy4 level to less
than 5%, and preferably 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
W oo7/e2ense sol id/liquid separation in the abPEBUSm06/023560
sus% nsion in which liquid is transmtted through the
adj 8bpdewjatered silica perticies nesultingrfinmsiep “dhgenetadlythave agglomerated due
pl ates including respective interior filtrate drai nage
to thé ardsaurs applieddiuaing algedanfatdringpiroels. IThirie 6 ploatlynatweak particle
abrasive suspension. During an initial filtering stage

aghethérafivE suchrhah ?ﬁﬁ@leﬁnﬁff bY sépaPRéd ®Red 1596&)51‘&%d into a formulation,
classifier, the slurry wet cake is washed wth water,

suc¥1 E@ 9 d@nﬁfrima Ei’vcéjs%%c %WTF:Q o ﬁq?%ﬁémergﬁﬁnuﬁ%gﬁg a&@éyv%g in optional

I Nni

i orrred an sin ste in.a sed manner, ) )
strh e, 31 GRDRAIPE 1 il o g Qi Db Fppaug o partictes, feeding
rep eated for_a set nunmber of tines. Thereafter, the
the H?‘é‘ﬁlﬁs aaderainsilloopfiwrsd vaih rorhamsaers of whizetrds dugheshesy mixing, or the
effective to expand the di aphragm and heat the
likeabr asi ve suspension effective to pronote water renoval
fromthe filter material. That is, slurry fromthe
cl aftwd firisHediabrasiviere step P& Q(ink Bigher (ﬁﬁiét oF b&20nd RRFHAY, ha WA Weater content
initial filtration occurs and the free liquid is

redBE@tRhuRNRY thaﬁflb% canBe stdbd L nelf;&etdrfﬁlt df &Eﬁ&g@%ﬁmh in the

vacuum pronot ed dewatering i s perforne r
i.th heate

n _chanbers are pressurized w
prerfifioh St 4ebi Bl L QARG BoRffs, BRSRT cak G otftng: sPRRoffons.
second stage of the .dewatering process _as perforng
th e‘\nalmiz%fa& @esgtsql}ﬁlgs ylygnlian lsgh?é&wws@él%ﬂﬁg’rwsmwgqseipmferably
connected to a vacuum source effective to renove
abragiyp silica partistes) providedfat sthe “chnaadeventimmwpsly masntain® et a total liquid
dewatering tine is set to achieve the desired water

contergtafat least.5 W% aup witd ad edditiend] REpIf agespordtingtsaiddbedsiet particles
the reduction chanbers are separated from one anot her

into 8@enttride 06MPSSHiGTor 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
w@oemwdieszens for conducting such J-Vap devvateriP@I/US\tmﬂomsm
according to

used to performthe dewatering step "
t he The Bregorredcrilicansaticiesnroviled inethe ﬁg@ﬁtlllbwat@dﬂhmﬁd@ qompositions are
follow ng general conditions: De-water tune: O to 6

prefierably chéeetdriRdes synihetiChydifed amofphdts SheaskRaywn desilicon dioxides or
tenp: 21-85C, Hot water tenp: 49-85C (120-1 850F);

Si(B| Dhesd pratipitatedyiRss hebe g&r&%r&%ﬂ a ¥&9 16w 4o kfg®)structure synthetic
System Vacuum 20-29 in. Hg (68-98 kPa); Squeeze air
20- 100 psi (138-552 kPa); and Solids content

Slll@é[sessure
out of J-Vap: 40 95% The reaction nass is filtered
eveI

rt educs,
|e§@“'%ﬁ§+?né9/ %P&V bderebeh Fp FExbeBaltloaypt Byt g the rw
.0., to /?1 The resultl ng dewatered nmass
syné!@ﬁ@ ﬁ%ﬁpmhoz% ﬁl;!}P@Ssleé esactor, the prépasiéan ofghe taay gjliea is not necessarily
percent of silica particles, and fromabout 5 to about

limipgl theietphandpie alse nen baagmera(l}yre@émnplhﬂhyd fn 4ogordancd with the methodologies
water). The pH of the washed filter cake can be

desatljedsfoe @xample i Gens V9. PaAN®Y. BRDE8Y0, 3983, 19228 967 17846, 4,340,583,
silica of step "c" can be washed and dewat ered

5 225177' i 9 @lvﬁGWWfﬂp&?éP?PfghfaH ﬁl@(‘ixpgﬁ?edjt?éfﬁh%pl?gference, as long

lica pafticles rédulting m step “d" general
as S\?&Vﬁeﬁg@ e&ggﬁgxlosgat%& 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 compositions 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
wo bav/ood2¢1 particl es nmay be separat ed when i ncoP@DUS1006023560
into a formul ation, such as a dentifrice or cosnetic
f or Futmplesof useef thegt optianal dentifrieg/inpredatsi ape debcribed herein and/or, for
optional step "e" by exposing the particles to gentle
exatple, i Rieisgues29o684aandiUtS: @ut. st 51676881, i60) 785629f &f1H,658,553, and the
the particles into a mll configured wth no hanmers

pat@iits WiddZhares all BEAP ifdogFratBl Kbrath b}pfeférﬁfze! ?ﬁ&e optinal ingredients, if
finished abrasive at step "e" (in eirther first or
e V) : ni r.educed t,0.ahout
useflGHYR RS 60 A ST SBR Slenb BRI Qi
usage, such in.the preparati on of ntifrices or other .
e o oA hoB SuieoirapraBlye Basiics daedtived B ibverBrenetigd n partcular,
i nportant aspect of this invention is that the mlled,

thowghyrotirgquirgd ;said: amaerpBoysredipitaied siliesatuasivas) giayitken be incorporated
particles) provided at step "e" can be continuously

intorradantifiiccedmpbsition,at.@| tobthpastel content of at |east 5
wt% up until an additional step of incorporating said

abriasddition & the @bRSive RbMpandhe Hubh b deA FRERRAY aldoWoniin several other
ot her cosneti c, personal care or coatlng conposition

o T e AT
I || d f the.ti.ne th il i .
som@mb SV et v iePE bty ctptoRetid ey fuorides
cl eaning c osition. While not desiring to be bound

0
Swegtghers,and CosPRftantst heory at this time, it is

postul ated that drying and dry m|ling processes )
| mphenectants ssrvefta add hngb' ehendwh texpro ter 4 dasifii¢e aswell as preventing
silica particles in unpredictable or even adverse

the deatifitmedrone dryinglowc Suitibit hameftaoinblydepdlydthgenclgigcol (at a variety of
present invention avoids these inpacts of drying and

diffefént niBlédulah Sveldhits)PhRbFlehe Blyebl bRRRA[I &S, &%@ig’t&g@ylﬁa, sorbitol,

the above-illustrated abrasive conpositions
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,

bydroxymethyl 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 Siq 2.

W(ﬂmsmoqamci pitated silicas can be characteri ZMTII“/HSZOO6/023560
i¢c.silicas.

I ow t h stru t
W% et e Comboiion cBgmea devels efpinders e Hiomniras W% to about
preC| pitating the raw synthetic anorphous silicas

IS“ﬁ%th@tP@@QWCOmmltpﬂepar ation of the rawsilica is
not necessarily limted thereto and it also can be

gendéntibioferiat agenpd mshbelincluded toredastctbe Pasénde o€ microorganisms to
nmet hodol ogi es descri bed, for exanple, in prior U S

belbw 4
T G o

berkﬁg}tﬁc%ggp E(Zcﬁlgﬂé%girogk A Ptli’r%(ss fth 85 é)rltc 5“’% F;%Eﬂéhct(hgnpounds such as
ctDOSh-Proces sed in at |east ste " p"
LR }a?‘w@ ﬁ’f’i?w%‘ﬁﬁaf olygtrkasgol, menthol, phenol,

ci scussed above As will be aﬁprem ated by one skilled
amylphenql hexylphenoh eptylphgagl sortylphenalihestiresofainal, lateylpyridinium

characteristics of the resultant precipitated silica

chlarisle) wotdistylpyeidinduna chlodde, icefytpyrafiniwi fiforidbaceyydpyridisium chloride,
reactants are added; the |levels of concentrati on of

cetylpyeididumtitsmideadf prosent, thdlevélRFGhtibattdid] agdh@ is Refetdb from about
tenperature; and/or the rate at which any el ectrol ytes

0.1 %8 QSIS 5 Vb4 BHE Boot gﬁﬁ%ég]ﬂaﬁﬁoﬂeen i11ustrated

herein as the abrasiv po I shi ng agent conponent
pr i tiaons..bein ced

by SHhP Elels V2 POETE O PR PSR | B eSS tast t the
inventiqn are also

Pf"‘ﬁ‘S% g‘a@l"g&"gﬁfﬁwfg g@%ﬁ@ ent chaup £arsiodHEn. Potassinmyqregloiym saccharin),

ot her water-insol ubl e abraS| ve particles that can be
cyclagpefe fiessa sasliumyposassisararsaloimn salg) atdvelfime i, fomnmtiy, neohisperidin
_intervening drying or dry mlling steps. Qher such
dihydrachalcones anmvniatqiglyéyethian, 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 wt% to about 5 wt%.
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i nclude, for exanple, silica gels, dicalcium phosphate
or its dihydrate forns, calcium pyrophosphate and
wee@chpizeat ed cal ci um carbonate (PCC). Exanpl esPOf/USZ86/023560
of these optional dentifrice ingredients are described
her Sitfactants/may, alsobe inelidpd as additiqmal eleansinggind Fagming@gents, and may
U S. Pat. Nos. 5,676,932, 6,074,629, and 5, 658, 553,
be selagtedfonpanient surfadtants, tAntterionjic surfactanis g nioide surtctings] amphoteric
herein by reference. These optional ingredients, if

surfastaflts, 4idatiéhit! Siadhodintd. EX@bRictshFhctAtSare P BREY, ishoh £a86tal sulfate
in dentifrice fornul ati ons. As noted above, the

gRgoduced by this inventive nethod

1t&R0&PAED | :
5 (in part?@%{%{rﬁlt ough not required, said anorphous

pregi pitated silica.abrasive may. t hen. be - . '
P e @Bt Fiytibea fRefif Py b CBMstATHietnot idjional ingredients
toot hpaste. In addition to the abrasive conponent,
suchagdpsensiizing agentschoalipe agenss. ogher sities Pesrentative agrsts,
i ngredients conmonly used in dentifrice maki ng such as
chelpiimg/saquesteingtagentis cvitamjng gerins acids bteiss witer pets-plaquedanti-calculus
as binders, guns, or stabilizing agents),

ageras)tophdfiérs ) dntibiodigs, Hinsi-enzy ey, ledBfnesspM ebatindl 'agentd, vkidizing agents,
co-surfactants. Hunectants serve to add body or "nouth

antid:8ddnt, ShitbAn@aB&Rd, ichlokdifls, Fviiahis, i eﬁ%ﬁs%i%ﬁ%é? g the
a unect ant s

dentifrice fromdrying out. Suit

wfgﬂﬁa%%é%§§&% bg.{aylg ol)f &étcin?;ig(\é 1 r(')ngﬂtnyfél 1;tilogli tg fﬂ%r Sldfitives

propyt ene g

.gl ycer ol erythritol, . xylito sorbitol, ni.taol.. .
menf rﬁ@?%@ ﬁsﬁgﬁlﬁx eicblred egd Fes s the deptiffice will
well as m xtures of these conmpounds. Thi ckening agents
compyise frpgepbgut LA vibtetodbau 40 wike of wijsoireferably GpmtHkto 35 wtde.

present invention to provide a gelatinous structure

t hBwrtlermbiel smatertpagidosivhpatities aggpieitbér helpasduced via the second

separation. Suitable
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
wonregaosat h, gum arabi c, gum ghatti, gum acaci BCT/US2006/023560

cAHRRERAR s MG 10dH BissHEC IR s GRTal ngxggp ﬁgd?pggoglgi $t8s of the inventive

al grnate, agar-agar, pectin, gelatin,
| lbul ose _qum. carboexy.aet.hyl cellul ose, hydroxyethyl
H%QPFBF6%§¥ﬂﬁ§E?8&@%&%%$Fd8%1Iulose, hydr oxynet hyl ,
hydr oxynet hyl carboxypropyl cell ul ose, nethyl

cellul ose, ethyl cellulose, sulfated cellul ose, aswell

as mxtures of these conpounds. Typical Ievels of

Pastiewlate Compesitipm Proshuction 0 wt % t o about 15 wt % of a

t oot hpaste conposition. Antibacterial agents nmay be

i ncl Tiatefdlidwing edunples b freRard ¢eilRbtrate eedav€aidnShi® theinvention is not
bel ow known harnful |evels. Suitable antibacterial

to 36 @hsidekdiCdsUBRitddOMERRP Tt HIBRYIVARE 13 gaﬁ? Qﬁ:q;ycwe_i%ht unless

aci d, sodium benzoate, potassiun benzoat ori c-aci
m&ﬁﬁg@{)&l&“g&npounds such as betanapt hol, chl orothynol,

thynol, anet hol e, eucal yptol, carvacrol, nenthol,

phenol , ..anyl phenol,, hex henol , hepr henol , .

ot VGRS PIOPRELES AP uSBrL G irs i phsed Pl Median parico size

chloride, nyristylpyridiniumchloride, cetylpyridinium )
wag dgisFmiged ugng 9 M@Ah? ﬁ'ﬁnﬁ’ Whineer light sgatteringripstpymentapailable from Horiba

brom de. If present, the |level of antibacterial agent

Instrymenisf Boathvyn,fRepnsydboud. A ldsenheémnt is padjected thrawgh ofrarisharent cell

t oot hpaste conposition. Sweeteners may be added to the
whichaiohpéslasteamudhévignpiraclesRapénded Pt & Hghidg Iﬁ%ﬁtrgyst\ﬁhich strike the
the product. Suitable sweeteners include saccharin (as

PO RSB S SRR g W TS . T
ph(ét?@e%%rlaﬁ‘a. n,e%gtlér%? fle! qgl%]?tgbgﬁglitga% Qegv{?gﬁﬂ%g%d,c% -Enﬂe@?&gg%s. Electrical

ycyrrhiz X1 rose,
..and glucose. The toothpaste will also preferab)y )
sigflspRPaipRaldp thrameaniied Hedt Hrevales e @%@‘F%Eﬁi;e‘m 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@2ove/0632epr i de, stannous fluoride, zinc ammoni BOT/US2006/023560
fluoride, sodi um nonof | uorophosphate, potassium o
in thoteafh woluep pespitie erindsabe qunatitine Yolume it the ningticth percentile divided
di et hyl am noet hyl oct oyl am de hydrof | uori de,
by the deeastel oTRhéyAracie®ni thefiftlethordlaee peasendilpyite. (D 10-DAO)/D50.
fluoride, dilauryhnorpholiniumfluoride, sarcosine

" o ( \ . - thod
st ahfp ?Psl?éﬂugg ’ru‘sigg émQJeH 6i1NGa @ AR by 1 PhBREmeibd CTHIR method is

hydr o sodi um nonof | uor ophosphate. Typi cal

I | s .of. fl id | £.S . f t 0
vush BBl L3 AR ] AT b oot srfce
unt 3 e ik AU [ BEFADS Do bis TLof TEued to have a paste

surfactants, nonionic surfactants, anphoteric

mixgure ndisthewillscurbwhiercspréadioiut; ose eamenlewiats thewil ehspeption value of the
surfactants are preferred, such as netal sulfate 5

sili@ahizh isthevahs veldch teprdsans the veluriabLoil Tqeiretbpariubit iwsdght of silica to
di scl osed herein may al so contain a variety of

satuRdl€ el sARB! sob Bl REDRIY S FaMflRpeses BEARIV dbséiptign B@asIkEnent, the silica
heal i ng agents, other caries preventative agents,

c : . ts . . . od at
soreip0d B SGAEE LRk ARRRITca b AP eI ArBRciRo and b
cifier antjbiotics, ti.-enz S, <eRZYNes
10530 it b s belorspei CAtpUE SERE ol PG veld was done as
whi t eni ng agents, colorants, fiavorants, and
follg¥ssservatives. 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
GiDabsbHtion abanloildbsvkbdd of wat er, Kri@berably from 20 to
35 wt % Furt her nog&gghtoBilicS in BAdrhs Cl € size particles
may either be produced via the second

= 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@edoroes2parti cl es, may be i ncorporated wthin BCE§1006/§23560
of conpositions and formul ati ons, such as within
5 1o 6 SR <l b BTy v tigpsferirsits 2 A3Ranlearsdusied leylinder and made up to
particles may be present as pignents, detackif ers,
volgme to 250sml withl deihaizéd water, Detgthe avhtddds dnsepiut the mifcextdmp. The
Preferred Enbodi nents The abrasive conpositions nade
saniple WaEmORE b dhveftingge Sa@Bedcylinde REVeR tite§ (IrANSENiE) of the

ready-t o-use abrasive particles and slurries that can

stul?$ wWa$ agtlehﬁﬁnf:d)ﬁ E(ﬁﬂueﬁ’w B s\ al} J1EPalhfap b@ﬁli ﬁ(ﬂf Flodel
to prepare ora eanlng onpoéltlons aving a
ng efflcacy wi t hout causi ng undue abra3|on on

[

#19? Q%ﬂ ti ssues. The essential as well as optional steps

of the inventive method are described in nore detail

bel bW equ#hef sievsisHidve, Py siticp wat veighedpnte a 1-liter beaker

follow ng exanples are presented to illustrate the
Contamﬁq(bgOO hlivateh el hersilisa tias alléwedrotsettlo inte theovesérgither chixed well

as limted thereto. In the followi ng exanples, parts
untibalbtheynateria vas dispepsed. Thelivart pebsairdnbinigh ¢he s“ﬁi’@ wizklie Bulljet 9.5, 3/8

properties described herein were neasured as foll ows.
G, 3B GlaHlesd 3etl, ShiByifik BFstHASCH§ Was HHjISE 14310055 i, '\/pﬁeeileve screen cloth

LA-910 | aser 1ight scattering |nstrurrent avai |

BT R O i T —

beals“e‘ﬁ%"%n P oy SP G PRAREEh o oA ol gl was
scattered t hr ough angl es which are inversely

rinsqd fipsm the wilgiof ﬂ@qlehléﬂl and poused ontp thesersend Ehaseresn veasrvgshed for 2

_ neasures the quantity of light at several
minytess devagrthasulayafgh esle tebide frthe adreen using a sweeping motion. After

spraying for 2 minutes (all particles smaller than the screen opening should have passed 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 pm
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
woredorioeeannel hi st ogram of the particle size PCT/US2006/023560

distribution. Sanples are subjected to 2 minutes

ul t Tadeimine doost hulkidensitya 100 g tof sitiea tvapgénthy poared into a 100-mm

anal ysis. The size distribution of silica particles in
pol@prgpylene peNIRSe Furired Blainped With tiefaetufd S hhbd/gbove théBp of a 250-ml

percent as a function of particle size. Cunul ative

oIt U eRRRE BRAluALS %‘t)ﬁldel?%mt - king and pre-
P %?st?rii)guti ogﬁhavi ng a partic headg%égl\éelléf aetggé% a?]ﬂ glrar g anc pre
: I a gkven v e ere.particle size is.th .
weiBlE Dl 8 1 KM APed PRl 1S B ik FerPlo g, el eder i the
article.size.in a.distripution is the size in_mcrgn .
gra(ﬁﬁﬂfﬁfﬂfefﬁlgﬁ?ri g w@%?lgieva 5@(@6@@%%%@ thedpp i Cylinder with a
di stribution. The width of the particle size _
spatylas tThipstep shoubd badeyieas quiskhyasgiossible te arevba settling of the powder bed
characterized using a span ratio. As used herein, the
whidpenuldggiveartificid#lf highdvahest BRcass poivdtn we biushied fiem the base of the
the particlesin the tenth volune percentile mnus the
gradabiel lcglindeg aM@ 'thé'lﬂle’dtc%fliﬁ&r RYa Qbdigiield 168108 @ YcehRcd VoRest change in
by the dianmeter of the particlesS in the Tiftieth
th 4 e [ - ] _(D10-D90)/ D50. G| absorption,
ec@%nﬁ#né@%ﬁ@ﬁ ?l%ggeddet erm ned by the rubout
method. This nmethod is based on a principle of mxing

oil wth silica by rubbing with a spatula on a snooth
syrface until a stiff putty-like paste is forned. By

LOO%@EE?W@W%“’%WW -Ofmjéﬁalwﬁ-yéa@red to have a paste
m xture which will 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

r eBadkr@dagyed density wes diidrmdiedsty Weighing 20 i@k ef product into a 250-
silica sorptive capacity. For purposes of the oil

mL pRdatiegpAduaRd B BANSHEN flaltdfof]. | THACyHAIR! ast GSie8 %&@a\?/rubber

obtained diréctly fromthe silica product of the J-Vap
woonB BEERAEEL AP 58P R0 IRy T B st
a comdfgrrl]neon%fmotor-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 IT 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 ml oil absorbed X 100 wei ght

of silica, in grans = nm o0il/100 gramsilica A 5% pH
worw7de2er m ned by wei ghing 5.0 grans silica i PCDUS2006/023560

250- L beaker, adding 95 ml of deionized or distilled
porgevolume expressed hapinZepreseutsdbe cumulatiegvadume ofmercup iatraded at

and neasuring the pHwth a pH neter which has been

presquaesifeorlivaeshtd 60,0000pshuf f er sol uti ons bracketing the
expected pH range. Sodium sul fate content was

det ep Hidagtte BYighMERAfhSAIWRE tﬂalﬂg'a?@ﬁ%s%d RO Ybbiti shidfaced pellets

Wi th a standard curve generated from known sodi um

It d.C FeP (g |_nt one-
work gl SEr SRR A BleY /BT oty Rrfifihifte
38 g. of siljca wet. cake sanpl e was wei ghed, 140 of
Corgaralign Nam/lpany. cianq Jbis TRYETRSTe hay %flva? Boses opﬁl%faystem where the
for5 to 7 mnutes. The sluny was transferred to a
samplpisiluginaind-at anl argle pHASs e mefthstaddight viewed Al & cpafbrms to
m wi th deionized water, using the water to rinse out
TAPPiatesti methodUp452Hnd T$d6nd ABRMBtxetirdP985) Pemidered nidierials are
graduated cylinder several tines. Conductivity of the

pressédito sbonRs 1 dat ickipeaet Wi bugh pesidute o %i’g& ¥ @t@hfa&mat is smooth

as a Col e Pal ner 500 Mbdel "#19950- 0 neasure
d'Meaa i \ silica was weighed into a
an 1-F?It{eﬁgtgggtlgg%%ggﬁtﬁgag#?ﬁléé%& 600 mM water. The silica

Ry AT AL R R
EinlreJ ee% ?&J'IEEO(S(;] k%ya%gr. tIgeﬂﬁg ?ersta,t % Frc])(z)édzrlineier(bliétjslslVj;iireet sc?éeg’is \?/{:igghed 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 ina
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@/os2aeen, 8" diameter) was hel d 4-6 i nchesP@BUS206/023560

the nozzle and, while spraying, the beaker contents

was Ag}(l%l sititd glutmnlpr@m@hlb)onHMHg 300 ¢ nidisth with 196@ . deidrdzed water, (or in

remai ning material was rinsed fromthe walls of the

thelagdef sila dlupgL2E g 6fdilicd $16rr$ af 430 solldievas GHRED WIS/ 73 g water) was
washed for 2 mnutes nmoving the spray fromside to

B 5 S T R g
L e R o

) , thentransf ntoapre | um.n
WaMQPr@meﬁtgg dndkit Bas bga b5 @rﬁem@rdw%ﬁg ga Hinlghner abrasion
bottle. A m ni rum anount of water needed to be sure
insteyrnent ves rexadsemblediand thednstfumend detitorun foh 87,080 reviohyios s Rach test
was used. The dish was allowed to stand 2-3 m nutes
takesrabsut9aninates. Afpr the kgcletvis cohpiutedpiieascrean svad eemotval] rinsed in tap
off the top. The dish was placed in an oven

watér, Eﬂééfd BakRakdrRbh@infith Qf&t%f‘ afd sct PP IBURIMc Bl fsid @hutes, rinsed

the residue sanple was dr| ed to a constant

s SR ) 2@% AR 0, g S v
coolfg e oS! % PB% {é(lp %gﬁmﬁéqew%g odred. | ni&earesults were

ap erture 1. |nches above the to
averpgcfwewmeﬁ@ﬁmﬁ@ lgstanendP@400@ wwﬁwéﬂs T\bﬁ |r%q¥1tffaaa @& silica sturry,

cut off at the 100-m rmarking and prewei ghed. The fl ow
meagifred inl units of mgslosigee H0QYNGM raviotutions,icanl be chwaacterized as the 10% brass

overflow ng. The powder in the graduated cylinder was

Einléehnize BB strasidrevadhesd by scraping across the top of the
cylinder with a spatula. This step should be done as

g:gﬁiﬂaﬁuﬁ&m@% b Ferdin iPHENEBLA REth Lt “UoskBEc PRYSRfies 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
weydorneest and the filled cylinder was wei ghed P@I/0SI6/0R3560

accuracy. Vol ume change in the cylinder due to

handling is ignored. LoosEXBMRLPBdnsity (g/nm) =

(total w. - initial wt.)/100 Pack or tapped density

wasA datck ofiamerphbys pretipitatad) sififa Oragpepiredin Preadiog s foltosvs, which

a 250- nL plastic graduated cylinder with a flat

thef2@kdrofas sl Q@ct@d/ td Ceearn &GRS Re MIkiRE and pHRB&E c%ﬂﬁ@zﬁfon described
and placed on a tap density nachine and run for

0 e RSP R s

not or - gea
d dt dd th
pm%?flpﬁa’é’rce‘imaﬂtg“i‘ta‘%ecrgggll?l%gie% ?n{:ﬁl ?g ?25 c:'r;)peve?y

second. The tapped density was cal cul ated as the .

vol bhebaelevip rapasgd by réding S0k sylons 619080 d @pdlaﬁbr»‘ﬂwate (13.0%,

expressed in g/m. Mercury pore volune was determ ned
2.50smplegatimoSiDePbs@,) o 2 922 Rod heiterkit ér S1K. CFlemsoilunt silicate (13.0%,

Corporation). This instrunent neasures the void vol une
2.50amn6le paticof8i0eNa,G prelisstddad 86°Cyaii salfricradie (1 B4%) were

Mercury is forced into the voids as a function of

mmtﬂfaﬁ&ﬁiéf)ﬁadﬁ&gtot th@ réae{df BBa Rte memuf g oih BIXEEAnRS an@ B8 M gpm (170.3

sarrp e I's calculated at each essure setti ng
L/m%z VBB R 5 U oG o
i 80000 ki oSS, 355 A0 v

pellets were eval uated using a Techni dyne Brightneter

contsusd ratildbebatetbpld dropped Te 8 Andtdyhieh toe sy anid Haw weswwtopped. The

Al bany, Indiana. This instrunment has a dual beam
batclopas theh dipested at 937€) for 1 B eninutes, 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
woredoioaR4T452 and T646, and ASTM St andard D985PCT/US2006/023560

Powdered materials are pressed to about a 1 cmthick
propetticeof the startamgcfaerhamp tead miked roatgiizls nzcapared eccosding tacthe methods

that is snooth and flat and wi thout | oose particles or
desetiRsiabové greBuassarized belbwes THBIEL. Abr asi on val ue was

nmeasured t hrough the use of an Einl ehner AT- 1000

Abrader. In this test, a qu&ﬁﬁgﬁer brass wre screen

i s wei ghed andre ot ot ron—ofg 1094 aqueous

. L PassNo. r MBS rm, | Span. 7

sil i ca suspenspoA—for—a—i+xe rber—of vot{ti ons,

and the ampunt| SertmgEeed bn B34 ned get3i%i ned as

mlligrams brass |obt fromtfA&87Fourldriruéf wire screen

per 100, 000 revol ut2ons. | D spdgabl € suphéi es [equired

for this test [(brasg SCreensgsgear |platggy and| PVC

tubi ng) are avatrtabte—fromBuncan—Assocrates;” Rutl and,

Vernmont and sold as an "Ei nl ehner Test Kit".

.Specifically, brass, screens_(PhosphqQs Bronze P. M)

It isgeproinghabinat Hiat Boad Bulas a3 FaNGYS (oBaRse %P@ﬁﬂcgo*}%%f Example 1
Al conox) in an ultrasonic bath for 5 mnutes, then

silioaifrosn alpuit A S paptosbopt 0.8nanr i nsi ng again in a beaker
containing 150 ml water set in an ultrasonic bath. The
s C N, themillddyaess caBafomi the thipl pass ens splitivetd 2f porti@B which were
m nutes in an oven set at 1050C, cooled in a

sep& RSy Te@ RS a FRdrpIRi PR 7430418611S3 8s@nkea/Rehifehpdivnter the conditions

tweeézers to prévent skin oils fromcontam nating the

Sumﬁ%%i%&{]aﬁfﬁyfe%gg L)vehner test cylinder was assenbl ed

Wi wear Pplate and wei ghed screen (red |ine side

do - Dhot, apraded sid and clamped in place. T : .
wedF i GSkirRb s caiong b soued BLEe PGPy v diluted with
badl g; t he wei ghed screen was used onIFy once. A 10%, . . 1A-1D
15 lisgrp pEwater in thy foqskianlaf28%0 s)ids) andgixedo Fuisseppraty alsTrial 1A-1D)
900 g deionized water, (or in the case of silica
werstandnyted 2aderghoéensiifuige/desinter cynditionksgiyemin TabledsThe xed
with 773 g water) was
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 ZA

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

wao aii7nes2es 5 nunbered positions. For each tesPCT/URI®06/023560
position _of the PVC tubing was increnented until it )
hasithBé 3utse gatlpnseofitheserfiowmmategiab G amdbrinl 2PH@.8% solids) was fed into
Ei nl ehner abrasion instrunment was re-assenbl ed and the

the icomirifugedetaniertconfigured sd that 1B o0& @omewad retiranlted &zalcthe underflow was
test takes about 49 mnutes. After the cycle was

discx0dqdl Theeknififige $@5 ABIht B IA WRPY:RAbled ¢JIREEd ifd} Jadtitle size analysis
wat er, placed in a beaker containing water and set in

eveRN0.9 HbiPEOR G0 Raldarf Or 2 m nutes, rinsed with
eioni zed water and dried for 20 m nutes in an oven

set at 1050C. The dried scr@eﬁr s cooled in a
desi ccat pr—and—re—weighed—Pre-tests—were—ryha—For—each
sanpl e apdiriahNorl €S _‘@ﬁ‘ﬁére%\g@ﬁ@ged ang exg‘%"}é’s@%?l in
ng | ost r_100 QodimenHH t i ons. The result fldiMa 10 %
silica s|urdp, mpasuf&d i uni20s off nwol osg pérS
100, 000 revagkuti ons, nGan QE CRar aclUer i.aed [@as the 10%
brass Ei Rl eg}éer BE) Ogbr agi er‘.a‘(j}a!%i.L StH-ea st?uc%ure
as used herdfn is de8éribdd i A0t he|arti0cl e " Cobnetilc
Properties apd Sprucgyre aof Fppe-partizgl e [Synpheti ¢
Pr eci pi t gter Srtcas, —SH—Wagon, i theJourrat—of
Soc. Cosiet 2Acheln U381 4. 93978]. S8 do7- 81,
whi ch i s| i n2Br por at e@lSher¢i n 88 referéfce.| Such
inventive C oSy Tl I ngl udggSiTicagartjicl es that
exhibit fa !?ggee {}irf'gabs‘f.pj’&qjv}ageef fLemisa eyt
50 m /100y #B abput @8 ni 41 09§. EXAMPBE 1 jA b8tch of
anor phous pggcipitated silli caggas preggred i noa
; .

react or W\’S’ hichrthergafter—yas—subjectedito
certain [de eriing, t m'IIi?Tg anrJ,J tigle 0.5

cl assi fijcat3@On dlescrz.ﬁ)ed bel o8 wi { ho6D any dOyi ng|or
dry mllfingggccurri Ny [0|0bsggVe [hepfTacts,al the

post
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.

33



processi ng procedures that were applied. The batch was
prepared by adding 502 gallons (1900 L) of sodium
wa@pdoroa2el (13. 0% 2.50 nole ratio of Si O2: Na2@QT/U82086/023560
reactor and heated it to 85C. Then sodiumsilicate
(13.0% 2.50 nple ratio OFf Si FABBE Jreheated t o 850C)
and sul furic aci drial No. 499 MBS,qusi nul t d@peous!| y added
to the reactorf at gaate|of 90B. 4 gpm (BBY. 6 L/ nin)
an 43_. 0 gp!mI (L7073t My ghg St nuitaepus ad?h ti Zg
of sodi um si | i gate—gand—syt-Furt¢—acte—ecopitnue or
m nutes, after whidf timp th32804i m si '7cat_e addi tion
i s discontinued. TAP acid fl8&2was |contQued until the
bat ch pH dropped t@A5.2, |at of8ch tline .88 acjd flow
was stopped. The bagch was tHap di gestegdggt 9BOC for
10 m nutes, with tLC pH—ad] uav‘ggd bgck—t e ds] 5.2 as
needed t hr ougheut frgestion—Aftertdigestion| t he pH
was manual |y adjus#Pd tol5. 1948 1, {and It tch was
di scharged frgm thdAreactor 0860 a|(fil tlet5 f eed tank.
The batch was [filteped oh a gnessure figdger press
(model JVAP 4707 T0g~avar a*oi(ﬂ?rom ) '19ter
Cor por ati on, HetHapnd,—M¢hi g“'n7 to- 33— 4%-soHi ds and
then the presg._cakewas fed Ao alpr r _bead ml|
(model HML- 1.5 av3El ablle fr®#Li gt ni #:59 nc.|,
Reading, PA) at a BBte of 0.@35lit¢rs Pei9 m nute
(_LlPll\/p.hTh_e Premler5 Ith s a Id1_or| ZoﬂtﬁL st%Ih_e E‘Edl a
mll, having a 1. iter grinding chanber ich was
| ogdgdeaithit ct ih MiSbl MRitiBd sitita - iZ8 %o Bbla&PRh@ions of
medi a %eaﬁas h%@ﬁ}% % speéc%"l fn:ﬁc g?lalvzfltf}l of 3.7. Th(g1 '
i) h h th il th [ it h .
smatfjrefiie 8 RERFED. SRR YaA® s b ety Rl bl B e
.. Sl ze characteristics, The particle sizeproperties of
distry °§?%\F{d?%5@dfbé’é’dsr’éﬂhsﬂ%é(éﬁlﬁi |led materials nmeasured
according to the nethods descri bed 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 um, 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 1that bead mlling was
effective to reduce the particle size of Exanple 1
W@ 2do7mes2ir om about 15 mmto about 0.5 nm NextPCT/H82006/023560

. mlled press.ca r the third pass was split into 2 .
ﬁacB?BPP BAHLiclea vith a@@’é of gfp%f a1 be stlicn slusryanasiad mtféﬂle centrifuge at 2
BM PF743/ 54893C3 decanter/centrifuge under the .
ratecQfrfel? LPMrwitls thereantrifuge serto#481% Thetsierflow was ¢dllected ad fed beck into

trial, five gallons of the bead mlled silica prepared
the adimmiftgeds) HY) ataadtewif BIHLENE. Fidretiss ofassifidagion,ithe tuiderflee dvas
tank (20% solids) and m xed. Four separate trials

colléditd 8 Exefnpl&RCWRA eda0RUCALEbwHRIRIE Sy5E8m (model FVAP 470/100 available
centrifuge/ decanter conditions given in Table 2. The

. " . o .
o B e B A Rl P el il e sty
foed B 4t Prno e bR el inen et H4p ol Bkraies g dwatered slca
mlled silica, prepared above was diluted with 50 .
fronp thedr Gandewparing sygfom igdenoid agdxamplaRRe dhe FVap dewatering
centrifuge/decanter was configured to recirculate both
conditiensaare surhmarizeddn Tabledf | ow streans for the duration of
separate Trials 2A through 2D. At the end of the Tria
2D, recirculation was turned off so that the overfl ow
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
woredonoeR4descri bed above are summari zed i n TabP@r/BS1006/023560
is seen that centrifuging t%é bead mlled silica was
effective to isolate_fracti # smal | er particle
size materials, even %@pé?ﬁmterm Gond@ionsn with a very
narrow particl éiHi ze distribution as indicated by a
smal | span val ue. EX@l\élg 2% portiong@f the silica
prepared in Exanple 1 was c ected after the reactor,
filtered and washedWey Famy€ sul fateb7then the filter
cake was fed at a rate lufed. LPMintpsa 1.5 liter
hori zontal style nedi amlmgm)del HM, 1.5 Prem ere
M1l manufactured by Li hrn, Inc. eadi ng, PA.)
| oaded with 10dostBlowDawsBRY zi r coni a beads having a
specific gravity of 3. ‘B]japob t to a mpeed of 2500 FPM
(feet per mnute) t og sﬁie partigle size. The
S|I|cafeed(Exan'pIe e mll had a MPS of 10.8
mm and a di strl%?BW ZXW@IDM. 8. After mlling the
silica denoted as Exanpl eP3Bighad a M of 5.79 nm a
span of 2.3 1 and was ﬁﬁ’e?;%so“dsl Next, the
mlled slurry vvasfeg f a 6" solid bow continuous
flow 6,000 rpm Bird £&h V‘i‘%ﬁe@e (Bl RD Wachi ne Conpany
Inc., South Wal pol e, MusdecBlsetts) id order to
col l ect afract Q%B%WWM@%S wth a MPS of about 6
mm The silica slurry WasP |ntot@tcentr|fuge at a
rate of 8.9 LPMw th the ﬁrlfuges to 40 . The
overfl ow was col | ect edVahmnef,éd beck i hto the
centrifuge (60 HZ) at gimatminof 3 LPMo Fromthis
cl assificationg q‘ae{%%a underfl ow was col | ected as Exanpl e
2C and fed to a dewat eri ng system (nodel JVAP
470/ 100 avail abl e from ud-psigt er Cor r?ér ation, Holl and,
M chi gan) for dewaWenénenip)€Csilica s5urry. The sl urry

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%

solids afterwards.

The dewatered silica fromthe J-Vap

walewabening systemis denoted as Exanpl e 2D. TPeT/USMag023560

dewat eri ng condi tions are summarized in Table 4. TABL
4 JPyensritss b the sikieps Gomtialt stegses of Erampe @gwd the cosyerfionsl
C 67 Volune, L 7.5 Time, mn 2 |rst

Slurry Tenp.,

Ilz_y prepared
Bl ow

siliva iGoxiBIDR” BRrémepsired R0oBIMETD ithes, proceduies desezibBil abe vieand are

(BD) P, psig 80 Vol une,

L 1 BD Tine,

sudmdfigedBefow POTbIEBD) P, psig 60

sec 15 Nunber BD

TABLE 5
2

Example 2A 2B 2C 2D 2E Control
% Solids 34.9 349 45.0 91.5 95.1 95.8
MPS, pm 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 - - 73 7.9 7.8 7.1
Pore Volume, ml/g - - 1.14 1.25 1.57 1.76
Oil Absorption,
Pack Density, g/ml - - - 0.64 0.50 0.42
Pour Density, g/ml - - - 045 0.24 0.21
ff,’ mg loss/100,000 - - 3.0705 ; 6.9345 | 5.0485
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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Volunme, L 1 Time, mn 10 Squeeze P, psig 95 Water
Tenp, 0C 85 Vacuum inch Hg 28 Dry Tinme, hr 5 Cake
w®odoraes2426 90. 03 Cake Weight, kg 7.5 Finally, PEEUS2006/023560

eri was di scharged fromthe J-Vap dewatering
‘hag%gﬁf%ﬁlggﬁﬁﬁ%ieé@t sadgmilledclansifiedndewatered andydpragglomerated to
Wi th no hammers or whizzards to gently de-agglonerate =
esserially she samecsize Fhtbe denvegtionatsities withpafrintensiesdgymailling, resulting in a
desi gnat ed as Exanple 2E. Anot her portion of the
lossinl briphtress. EXbergiliea frodac cawbd ewtign tiaf dlaty fov@ ffammsieplC or used as a
then filtered, washed, spray dried and mlled (2
devia®itd 8hd dé-BgPemenfel ABcacoddfainisd hd GR1eG93b&R 5% moisture from step 2E.
representing conventionally prepared precipitated
silica.Properties of the silicas fromall stages of

Exanpl e 2 and the conventionally prepared silica

"Control 2" were neasured a ’Ergl 89 éo t he procedures
descri bed above and are su low in Table 5.

TABLE 5 The data_ summarjzed in Table 5 above shows
t hakthig hatch pf amerpheuppiseipiatedeilice he praparediby adding 474 gallons (1754

L) of sodium silicate (13.30%, 2.65 mole ratio of Si0,:Na,0) 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 pm.

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
wdized7roosdt i on (span) by bead milling the silicaCsiusewg/p23560

cl assi f vi d.he.resul ti slurry .and en.dewaterin
ana el hES pE A merfneperild sBE0H 11 g tofins ey milfin
roduct w thout .any_ ingervening expensive dryin .
comgspesel, Bias thestardng;silicaieyl t@ﬂ@mﬁh for I%%ia@nlﬁfﬁ)?!ﬁsﬁyl?n xagple 3A, having a
note that Exanple 2E produced by the inventive process
mefige particdesize of 10.2pmmfist imditing ahd defokd gtyarlasBifiestson took place, was
Ei nl ehner value and is nore dense than conventionally
mijiedouhdes thesohditiany €ost inahe Thble 6Gind AlidnnGastB@td 1A @BihtHYigze under the
process produces a |ower structure, nore abrasive
cordlitidrs&iveN fSPERAME] 58 ARl ¥C. EQ@IEPIH PLIY Gerd! 111?11%3 d classified under
I 2C ue taﬂ

Exanpl-es - 2E "have a hi gher I ght ness va an

. i d . | . . . ' -
B APRT b 2 FRESEe ) Bl LAY contiions
s LSRR SR GRR e b g5 orer et T

essentially the sane size as 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 olTABEE6as a dewatered and

de- aggl oner at ed S'Mil?@gﬁ&ﬁbﬁé ni ng 25 |¢é&uﬁ§}gé@oﬁaﬁiéhs
. | I

5% nprsture ‘le_)er[‘aS"[‘ p—2 EANPLE L
-e .

C m—Ss—oatc

U

anor pﬁmﬁ p I'taf €d bead | caSpurd. pf chaddthidy ad%
474 lgat1'ohs (i, L) leidia@dj umi | i pat e pM3. 30% “2.65
mol e tig DF 3 Nal O to alreactorland heatipg it to
85C.| 3A&en, pi nMuT8 an‘eouQOaddh ti 60 of{ sodNAm si{ i caN&

13.3%58 2.6 rat1gna O SO Ng2Z0 | pr ted to "
gat a+ate—o g*@ ﬁ%c—&ﬁg—é—l o
11. 4%9Cat a| ra® of| 4 205 gpm 6057 |L/ niZ§4 was| 1500

f

contliqiyed flor minut g, aft ijlch t the s m

sili 1t L% S gése mﬁ;’u@ 'Fhel'acid freq%gs

cont|i¥fued unt 8% he ba2@h pgH d¥@pped td-8 9 + 0. 138Qt
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 tinme the acid flow was di scontinued. The batch
was then digested at 93C for 10 mnutes, with the pH
w@ejoamoedl back towards 5.9 as needed thr oughouprCT/US2006/023560
di gestion. After digestion, th?\ﬁ{H was manual |y
adj usted to 5. ?QJ 0.1, and t h&AB3dcth was di schar ged
from act of! Exampl@3 si |G a 5% pH :
7. 75,1%%52% absosationat élhlent ¢ ?'bﬂg‘g% Spami |t@fe’;g’:“gfn
absorpt’i on ofmi80Gg / | ’and a <§rgﬂl particle &P FE
27 mya Exanpl e & silicggpygepared gg descrinpggd abowga
was |%izgluted to 40% solids with water and split into
seve portiond for podreacti oBOpartichdlsize -
redugid on in agdenver nigd (DenveggEqui pngnp, Col orado
Spri r}gi Col orad7o) and particle classification in_ a
Bird lid bow’7centrifefe avail abPe fronfddrd Madhitne

Conmpamy, Sout h Mal pol e, syass. Exampge 3 sibigga, haygng

a median particle size of 27 mmbefore any mllin

con‘ng ced, was étshe st argf)ng sili d2% ed toX-tSHe m | ?O-flor
Exanpl es 3A-3F. Exanpl e 3A3havi ng a nedi an particle

size of 10.9 mmafter mlling and before any

cl adsinhillgtwasreficotte Blrad@ing\hs ni¥didngshriidlésice HB/ 27 wm to about 5
conditions given in the Table 6 and then was fed to

) t @ i o i 11 i . .
o G SAP  ASOTAAT 5

. i1 Table .6. The.Denver . ml.
size Yoy 3ROV hi D8e PARNR;. The 1AL B e et RE BHEA 19R fipe of about
450each trial are summuari zed in Table 6. TABLE 6 Several
Bfoperties of the silicas fromeach nill and
classification trial were determ ned according to the
met hods descri bed above and are sunmari 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 Example MIIl Centrifuge absorption Centrifuge No.
MPS5 mm Span top size, mmmn/100g MPS, nm 3A 76 10. 9
woOldodtaosta1 3B 78 10.9 9.0 4.10 - 3C 84 10.9 4. 8r8TA282006/023560

D 77.5.6 2.6 4.13.1.7.4 3E 7 1 5.0 3.8.2.62 26.1 3F 6
to By B3t sgire g1 Agifized Wﬁﬁeﬁgoaﬁ'gl tigtis, #fiaddin ByropRosphate
educi ng the nedi an particle size from27 mmto about .
andssogim escah gty Werselse mined togptherand,irted ngbibaxeingredionts are dissolved
fraction oft the particles having a narrow particle
to fotme sdeaidradintiugn Tirgser tewodimigtur@ngere tentcombawd Withestirring to obtain
feed to the centrifuge had a top size of about 450 mm
a “pPenhixPri ce Fornul ations Toot hpaste fornul ati ons were
prepared to denonstrate the ready-to-use on denmand

CapR bielh&SwlipldcBe jd ' i IFB}K é'rﬁﬂé ilica and

cprrpgés teiﬂéi%s. Igent i@ﬂ%g?%‘%ﬁ?gg%?gt e é/\n tht nge stiiea an
o] GBI e b GGk £585eh ARu S P 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;r‘f)fﬁ’f;;lﬁte’ . 0.500 | 0.500 | 0.500 | 0.500
Sodium Saccharin 0.300 | 0.300 | 0.300 | 0.300
Sodium Fluoride 0243 | 0243 | 0243 | 0.243
Abrasive
Example 2E 20.0 - - -
Example 2C - 444 - -
Example 2 control - - 20.0 -
Example 2B -—- - - 45.0
TiO,, 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

41



anounts indicated in granms, as described in TABLE 8
bel ow. For conparison, the Control 2 dry silica

wonrepaoedii n Exanpl e 2 and Exanpl e 2B silica WeC®US2006/023560
oot hpaste formul ati ons.

sep éate i ncorporated jn 1(_1 o
Ths Vopiibasts bropeies deweribrd herenmuramieanseshes fallew ipkags indicated

Pro
in TABLE 9 below. To prepare the dentifrices, the

otheryyisewi ng procedure was followed. The glycerin, sodium
car boxynet hyl cellul ose (Cekol 2000 from the Novi ant

B. VIhe thbthpastreviscobite iNatdsarddanilzjngaBros Riidldl VadconRte: Model RVT
m xed together and stirred until the ingredients were

equiiipea it Qiph® TOFapidd1S hndsbtos by gl}ggsougﬁggﬁp%glggos,é gfthe

wat er, sodium fluoride, tetrasodi
' Ny ' .t th d sti
tooth R 7R o AV Blck hitief VR ol SEioh GRRCHGts B bt effpaste ot
sampfe Ao eigind e Gt A ROREoL) oni i is cxprigSes B.caPHPHER (D)
placed in a Ross m xer (Mydel 130 LDM and abrasive
si | ThepHaradpesiof thei tapthpagis miruigs (25 wiights) enasuntevrd in the present

vacuum A 30-inch vacuum was drawn and the resultant

inveation ganregnewitrest by angdcdnventipgal pH isemdtbleleletfodé.nut es.
Lastly, sodiumlauryl sulfate and flavor were added

andhestheticystopettiel 6f taBthpaste (staMd-I) serRRiRoAX VR IBEAuRed visually. About
m nutes at a reduced m xi ng speed. The resulting

= ong BIFITbUF G GEMPARL Hed RalchaBPANA ik b BRESLE ol whit
norchELARS, SRRBIEES £ Q0BT BRPLbL S raEph§Bt recose.
te vi sco,sit, is measured

8: r é\qua géfgr-ggg oy ng g? the §%b&qs@rnhy{7@g and mlates 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
wohowaost4if erent | evel s as the spindl e descendBCrhisenegh23560

t 00 d, averaging the results
4 %pgééef P‘g&g’ﬁ.a&é 8545'3 ;53?’2%89 P&é@é@oqsm PRI @c()l@pyated herein by
The pH val ues of the toothpaste m xtures (25 wei ght %
refergaesunt ered in t he present invention can be nonitored
by any conventional pH sensitive electrode. Aesthetic
pr offhe PCR $esbis desaritiep ars t fe Wb Rastovul of Sep¥ Walh Denifies" &.K. Stookey,
nmeasured visually. About a one inch ribbon of
et dL.ODITIDES Res. W6IS 1336107983, from a tube onto a piece of
ordi nary whi t & not ebook paper. After waiting 3-5
m nutes, aesthetic property observations were
recorded. Stand-up refers to the shape of the
t oot hpaste ri bbon and rel aﬁ, tEm?the paste's ability

to stay pa—tep—of—a-tpothbrist thout —sinking

i n- betvveqnoﬂlb@t@Nbstl es. 1A s¢al epof [1-1Q is usepl Wi th

a 10 st ting being gaod and jmeaninglthe rikbon

r et ai nedf 5 \Qﬁfé’ﬁgya a q@@omg QflO})Of}o @mpl Qggbgopoor
ut_,

nmeani ng [ERe ribbons fl att’ens dsing it$ shape

i | bWk ¥isepsi
P s | P R0 A o
1
e AN A LT REY LA

ri bbon ere 1S separatijom —Separati UII
ratings BW%%OJ“@M e297.000- 1 600,000 | 28000001 300,000

meani ng nu separatef—a+ati-ng—of Fean-ng—rah-of

phase sezﬁ%@H on; and i AReér medi7ate natyays pegming
that ther arounrt—tof—H-qul-d—appears—aroupnd ri-bbon.

T C ull ulluullL

The Radilrbati ve Dentijn Abgas| on4oRDA) v3§ ues ofzgt he
preci pi tated—silicagqonpositionsused in mk | ion

are detgpamrned accordi nggst o | hegsret hod et forgh by
Hef f er en.—Journal-of

—
i

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, 583,
wa 2442 and 4, 421,527, which publications aBdTﬂEZMMMZﬁ60
pat or,porated herein re rence The
t es?t W@ tbee‘g]g g’@é}eﬁ% Va’i“ﬂls\‘ff‘ é?%\?élthag?’ nagterials, apq Hrrangements of
Dentlfrlce" key, al . Dental Res.
eppsly which kpyo %eqméﬂe‘erﬂ@dﬁaé illysirated mm| oadasdo wnlwnt%nawre of this
i nventive silica slurry conpositions had good
invgntieompy Ye made b}éﬁtolsesklziebncﬁb@m wéthout epartibg ifiotythe principles and
provi de noderate RDA | evels with sinultaneously high
scopERf thedsvaneior s exprénged Bibwllowenddaialsi t s of such
abrasive particle conpositions in dentifrice
formul ations as well. Thus, the wet conm nution wth
subsequent classification of resul tant 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 precipitated
silica particulate conposition, said nmethod conprising
the sequential steps of: a) providing a plurality of
precipitated silica particles that have not previously
been
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dried prior to commencenent of step "b"; b) subjecting

said plurality of particles to a conmnuting step in a
WORH070082ir onnment ; ¢) subjecting said wet-comr PCE/ES2006/023560

particles of step "b" to a8 réhincle si ze

classification step wherein @ Scl es exhi bi ti ng a

medi an particle size range of fromabout 0.1 to about

Wha inelaimedds:ar e col | ect ed; d) subjecting said collected
classified particles fromstep "c" to a dewatering

step wherein said dewatered particles exhibit a
noi sture content of at nost 60 wt% and, optionally e)

1. subjAeabthbd o flodli AR REPHABHEfS YRtiAAE icbhPSsitiBn,Baid method
deaggl oneratflyon stepf.) Zi? The net oé of &{ar\l?mmll I\1/vh§:urei n
is I [ ified particles of step "d"
co§%§%§?leas§%}ae§??%t%§§?ze span of |ess than or equal to

2. 3. _The,.net hod .of aim.2 rein.saiqd collected .
cl aésP’fO.V %%P@Fé@ﬁ%gg Pﬁﬂ&lm%tﬁi’g‘ iegypartigles faf hayepogpugyiously been
.particle size of about 0.1 to about 10 mi crons and a

p
. driepriqrde gommsmcedisahobyter in about 0.5 to about 2.0. 4.
The nmethod of Caim3 wherein said collected
cl a)ssubjesting aaitl ipburelity fof pantistee (o & chmmiduiing tstep imedved anvironment;
particle size of about 7 to about 9 microns, a

pard)i subfecting saié pRb-cOhminuded pdidlés Jof.stdp b0 teRPafticle S%e classification

5. The nethod of Claim1l wherein step "e" is present.
stefPwhehBi paRldMAbxBibitdod MediaiBaitle i ' OF frdns PSR 9o about 15
7. The met hod of 1Cl%i‘m Sla%erle!lenlzgre e--"gf“%“iag‘ﬁ esent .a ou

nﬂc?ons%cdfﬁE@&d of Caim4 wherein step "e" is present.

d) subjecting said collected classified particles from step “c” to a dewatering step

wherein said dewatered particles exhibit a moisture content of at most 60 wt%; and, optionally

€) 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.

3. The method of Claim 2 wherein said collected classified particles from step “d”

exhibit a median particle size of about 0.1 to about 10 microns and a particle size span of from

about 0.5 to about 2.0.
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9. The nethod of Claim1l wherein said particles are
anor phous precipitated silica particles and step "a"
woanproosas the adm xi ng of a sufficient anobunt POT/US2006/023560

al kal.i silicate an aci dyl aring agent to form .
4 pr e?htﬁ ’i“%\‘k“@é Og Ella}l@g; %ﬁ"rf?lﬂéﬁla§8h%é‘?d ‘%ﬁ@l %Féitﬂ%ﬁtf?%ffm@ StPn'd
2 wherein said particles are anorphous precipitated
exhibif  mgdisa perticlesizaeipbotiehtoahoutdomparorse 8 patticlessinei spamef from about
of a sufficient amount of an alkali silicate and an
12561 aholibl.Bfig agent to formprecipitated silica
particles. 11. The nethod of Caim3 wherein said
particles are anorphous precipitated silica particles
and step "a" conprises the adm xing of a sufficient
a% [41 B L @2 ci dul ati ng agent
> to orl}ln&tﬁ?(gg}rglut@tle‘gﬁésr%#%%g Eafrgg)lr %&eﬁ;‘ 12. The nmet hod
of Claim4 wherein said particles are anorphous
precipitated silica particles and step "a" conprises
the adm xing of a sufficient amount of an alkali
6. i |Theapetheghel Gleim e wWhareinsip “ageRresert- f or m preci pi t at ed
silica particles. 13. The nethod of Caimb5 wherein
said particles are anorphous precipitated silica
particles and step "a" conprises the adm xing of a
7. sufThe eietiidd GMOlafth 36Vheddin step 871 is pidskiat € and an
acidulating agent to formprecipitated silica
particles. 14. The classified and dewatered
particul ate conposition produced by the nethod of
d i 5 l.gssi-fied.and dewatered particul ate
8 co%%ﬁoéndfég%g@a‘%wn%tﬁ% errelf%e&g\%f Caim2. 16. The
classified and dewatered particul ate conposition
produced by the nethod of C aim

9. 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.

10.  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.
11.  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.
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3. 17. The classified and dewatered particul ate
conposition produced by the nethod of Caim4. 18. The
web@ssifieed and dewat ered particul ate conposi t POIUS2006/023560

produced by the nethod of C aimb5.

12.  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.

13.  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.

14.  The classified and dewatered particulate composition produced by the method of Claim

15.  The classified and dewatered particulate composition produced by the method of Claim

16.  The classified and dewatered particulate composition produced by the method of Claim

17.  The classified and dewatered particulate composition produced by the method of Claim

18.  The classified and dewatered particulate composition produced by the method of Claim
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