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composite), simultaneously high pellicle film cleaning properties and
moderate dentin abrasion levels are possible in order to accord the user a
dentifrice that effectively cldtial wfoie Jmrfestisnvithout detrimentally
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accord greater viscosity build and thickening benefits together with such desirable
abrasion and cleaning properties, albeit to a lesser extent than for the low structure types.
Thus, mid-range cleaning materials will exhibit oil absorption levels from an excess of
100 to 150, and high thickening/low abrasion composite exhibit oil absorption properties
in excess of 150. Such an in sity, simultaneously produced precipitated silica/silica gel
combination provides such unexpectedly effective low abrasion and high cleaning
capability and different thickening characteristics as compared to physical mixtures of
such components. Encompassed within this invention is a unique method for making
such gel/precipitated silica composite materials for such a purpese, as well as the
different materials within the structure ranges described above and dentifrices comprising

such.



Background of the Prior Art An abrasive substance has been included in
conventional dentifrice compositions in order to remove various deposits,
ellicle film, from the surface of teeth. Pellicle film is tightl
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abrasive should not be so aggressive so as to damage the teeth. Ideally,
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while causing minimal abrasion and damage to the hard tooth tissues.
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introduced in flowable dry powder form to dentifrice compositions, or via
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prepared before or at the time of formulating the dentifrice. Also, and
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facilitate storage, transport, and introduction within target dentifrice
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purpose due to the effectiveness such materials provide as abrasives, as
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componpents, such as sodium fluoride, as one example. When preparing
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p@@@&t%orms of the polishing agent prepared before o at the time of formulating the
dentifrice. Also, and more recently, slurry forms of such abrasives have been provided to
facilitate storage, transport, and introduction within target dentifrice formulations.

’ Synthetic low-structure silicas have been utilized for such a purpose due to the
effectiveness such materials provide as abrasives, as well as low toxicity characieristics
and compatibility with other dentifrice components, such as sodium fluoride, as one
example. When preparing synthetic silicas, the objective is to obtain silicas which
provide maximal cleaning with minimal impact to the hard tooth surfaces. Dental

researchers are continually concerned with identifying abrasive materials that meet such

objectives.



for dentifrices and other like paste materials in order to supplement and
modify the theological properties for improved control, such as viscosity
build, stand up, brush sag, and the like. For toothpaste formulations, for
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ability to be transferred out of a container (such as a tube) via pressure
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to its previous state upon removal of such pressure, the ability to be
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Generally, dentifrices comprise a majority of a humectant (such as sorbitol,

glycerin, polyethylene glycol, and the like) in order to permit proper contact with target
dental subjects, an abrasive (such as precipitated silica) for proper cleaning and abrading
of the subject teeth, water, and other active components (such as fluoride-based
compounds for anticaries benefits). The ability to impart proper rheological benefits to
such a dentifrice is accorded through the proper selection and utilization of thickening
agents (such as hydrated silicas, hydrocolloids, gums, and the like) to form a proper
network of support to properly contain such important humectant, abrasive, and anticaries
ingredients. 1t is thus evident that formulating proper dentifrice compositions can be
rather complex, both from a compounding standpoint as well as the number, amount, and

type of components present within such formulations. As a result, although it is not a
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structure. The resulting precipitate is separated from the aqueous fraction
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then the dried product is 4
Synthetically-produced precipitated low-structure silicas, in particular, have been

used as abrasive components in dentifrice formulations due to their cleaning ability,
relative safeness, and compatibility with typical dentifrice ingredients, such as
humec;tants, thickening agents, flavoring agents, anticaries agents, and so forth. As
known, synthetic precipitated silicas generally are produced by the destabilization 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.c., 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
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provide a suitable particle size and size distribution. The silica drying
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abrasive materials suffer to a certain extent from limitations associated
digttibwtiaimizing cleaning and minimizing dentin abrasion. The ability to
optimize such characteristics in the past has been limited generally to
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purposes. Examples of modifications in precipitated silica structures for
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as U.S. Pat. Nos. 3,967,563, 3,988,162, 4,420,312, and 4,122,161 to
ovLbd beddpingnsd thedde251 and 5,035,879 to Aldcrofi et at., U.S.
Pat. No. 5,098,695 to Newton et al., and U.S, Pat. Nos. 5,891,421 and
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producer the ability incorporate such an individual material in
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resultant levels of such cleaning and abrasion characteristics. T
4, 20fienande! fop 5 ueh dinvitadions) sitBtedakeheen M0eHeKRPIQ, Alderoft
provide various combinations of
etal., U.S. Pat. No. 5,098,695 to Newton et al,, and U.S, Pat. Nos. 5,891,421 and
5,419,888 to McGill et al. Modifications in silica gels have also been described within
such publications as U.S. Pat. Nos. 5,647,903 to McGill et al., U.S. Pat. No. 4,303,641, to
DeWolf, Il etal.,, U.S. Pat. No. 4,153,680, to Seybert, and U.S. Pat. No. 3,538,230, to
Paderetal. Such disclosures teach improvement in such silica materials in order to
impart increased pellicle film cleaning capacity and reductions in dentin abrasion levels
for dentifrice benefits. However, these typical improvements lack the ability to deliver
preferred property levels that accord a dentifrice producer the ability incorporate such an
individual material in different amounts with other like components in order to effectuate

different resultant levels of such cleaning and abrasion characteristics. To compensate

for such limitations, attempts have been undertaken to provide various combinations of
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ferent levels. Such silica combinations involving compositions of differing

\gartiche siégs and specific surface areas are disclosed in U.S. Pat. No.
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No. 4,632,826 to Ploger et al. Such resultant dentifrices, however, fail'to
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simultaneously. Another attempt has been made to provide physical
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notably within U.S. Pat. 5,658,553 to Rice. It is generally accepted that
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abrade surfaces to a greater degree, than precipitated silicas, even low
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patent provided, at that time, an improvement in terms of controlled but
pﬁlﬁﬂ@ﬁ%@%ﬁ%@ﬂ}mﬁb‘ss coupled with greater pellicle film cleaning

ability than precipitated silicas alone. In such a disclosure, it is shown that
separafsPhBHELEl R b meds R Parvife Rbwsisalsminarer eipleatpitated
S§ilicas argtapermit increased PCR and RDA levels but with apparently
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higher PCR level versus RDA level than has
coupled with greater pellicle film cleaning ability than precipitated silicas alone. In such
a disclosure, it is shown that separately prod.uced and co-incorporated silica gels and
precipitated silicas can permit increased PCR and RDA levels but with apparently greater
conirol for lower abrasive characteristics than for previously provided silicas exhibiting
very high PCR results. Unfortunately, although these results are certainly a step in the
right direction, there is still a largely unfulfilled need to provide a silica-based dental
abrasive that exhibits sufficiently high pellicle film cleaning properties with
simultaneously lower radioactive dentin abrasive characteristics such that film removal
can be accomplished without deleterious dentin éestruction. In effect, the need is fora

safer abrasive that exhibits a significantly higher PCR level versus RDA level than has

previously been provided within the dental silica industry. Again, the Rice patent is



previously been provided within the dental silica industry. Again, the Rice
patent is 6 merely a start toward desirable abrasive characteristics.
Furthermore, the requirement to produce these separate gel and
precipitate materjals and meter them out for proper target levels of such
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Invention It has now been foun that modific the processes
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abrasion and pellicle film cleaning capabilities within dentifrices or, in the
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as well as desirable abrasive and cleaning properties through the
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Summary of the Invention

It has now been found that modifications in the processes for producing
precipitated silicas can result in the in situ simultaneous production of targeted amounts
of silica gels therein, particularly those in which the final structure of the in sifu generated
composite can be controlied. Such a novel method thus permits the production of in situ
generated gel/precipitate silica materials that provide excellent dentin abrasion and
pellicle film cleaning capabilities within dentifrices or, in the alternative, such
formulations that exhibit excellent thickening properties as well as desirable abrasive and
cleaning properties through the introduction of such a singularly produced, stored, and

introduced additive.
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formed composites exhibit very high levels pellicle film cleaning properties
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controlled result of high cleaning and reduced dentin abrasion levels. As
tosfargss ehiendsehl levgivofeledning Wishdaw crabpkijsivedlytinixprbviding the
combination of such materials (i.e., not simultaneously produced within
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roperties, namely the need to provide materials (particularly a
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precipitates of different structures to accord an overall composi
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cleaning, or thickening/low cleaning. Such
exhibits an extremely high, potentially deleterious dentin abrasion level in order to
impart, at the same time, an acceptable high pellicle film cleaning level. The novel in
situ generated precipitated/gel combination silicas unexpectedly provide a higher degree
of pellicle film cleaning with a significantly lower dentin abrasion value, thus according
the dentifrice industry not only a potentially more desirable lower abrasive material for
better dental protection. It has been realized that the presence of varied amounts of such
a silica gel component permits the benefit of the sharp edges exhibited by the gel
agglomerates for abrasiveness, with the coexistence of variable levels of silica

precipitates of different structures to accord an overall composite exhibiting one of three

general properties: high cleaning, mid-range cleaning, or thickening/low cleaning. Such
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film cleaning level is quite high, in fact the resultant dentin abrasion level
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imparting too high an abrasion level to the target dental substrate.
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characteristics (albeit to a lesser degree than for those noted in the
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.accard such beneficial results with a single additive. The ability to control
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desired thickening/low abrasion properties. Thus, by controlling such
properties in order to accord such beneficial results with a single additive. The ability to
control the level of a silica gel in a final composite and/or the target high-, medium-, or
low-structure of the precipitate component therein through modifications in starting
material concentration and/or gel and/or precipitate reaction conditions provides the
ability to control the overall cleaning, abrasive, and/or thickening characteristics of the
composite itself. Thus, a composite exhibiting greater thickéning and reduced but
effective pellicle film cleaning characteristic will include either higher amounts of silica
gel and/or higher amounts of high-structure precipitate such that the overall composite
exhibits sufficiently high linseed oil absorption (greater than 150 ml/100 g material) to

provide the target desired thickening/low abrasion properties. Thus, by controlling such

silica gel/precipitate production parameters, it has been found that a single additive can



silica gel/precipitate production parameters, it has been found that a single
additive can 9 provide these diverse cleaning, abrasion, and/or thickening
properties without resorting to multiple additions of potentially expensive

~ ~rwﬁ@‘i{x%§ed!fﬁ% tg ineorparate materials for. the same purpose. All parts,
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the Sm&; j . ed silicg and gel silica composite material providing improved
pellicle film cleaning without an unacceptably high corresponding
incL@a5en SentinQLenamel Ra3es r_object of the present
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simultaneously and in situ, thereby permitting the propgr Fatios of such
matertatiitplinet Made durtigtereghstioni efdhadmaigraig. rAiRes thard
: during dentifrice production. Also an aim of this disclosure is to provide an
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linseed ail absorption levels exhibited thereby are within one of three
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_ Cleaning material, greater than 100 and up to 150 ml/1 OQOg for a
objechitithamyges¢riyHistbmnings materiale amdinmesthed S@fthsprtauation of such
‘ cleaning/thickening/low abrasion material. According to a first aspect,
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. et/precipitate silica composite produced by the method comprising the
sim BN ispktef thyrebinmisimitang ifcienpenmainstadfsachatiai silicatee
and an acidulating agent together to form a composition comprising silica
made dyrine nEpductiap ofiibs suritmsisvatiinther duringdgntificefprodection. Also

. composition comprising silica gel particles, b) subsequently introducing to
an angaﬂrggus c}lscgosuxe‘%s to p%owde a% in Ps*il‘u generatgd precip?tated/gel silica J

composite material wherein the linseed oil absorption levels exhibited thereby are within
one of three ranges: 40 to 100 ml oil absorbed/100 g composite material for a very high
cleaning material, greater than 100 and up to 150 ml/100g for a mid-range high cleaning

material, and in excess of 150 for a cleaning/thickening/low abrasion material.

According to a first aspect, there is provided a‘dentifrice formulation comprising an
abrasive gel/precipitate silica composite produced by the method comprising the sequential
steps of a) admixing a sufficient amount of an alkali silicate and an acidulating agent together
to form a composition comprising silica gel particles; and, without first washing or purifying
said formed composition comprising silica gel particles, b) subsequently introducing to said
composition comprising silica gel particles a sufficient amount of an alkali silicate and an
acidulating agent to form a precipitated silica, thereby producing said abrasive gel/precipitate

silica composite.
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composition comprising silica gel particles a sufficient amount of an alkali
silicate and an acidulating agent to form a precipitated silica, thereby
producing said abrasive gel/precipitate silica composite. 10 According to
a second aspect, there is provided a dentifrice formulation comprising an
abrasive gel/precipitate silica composite produced by the method
corprisitigetiven seguéntintStaheroia)ravitidinglensifficiéntranationtcoframising
alkali silicate and an acidulating agent together to form a composition
an absewysrisieretivideiyelibegrtempositRipivithenst iy shavaehncompumiihdsaid
formed composition comprising silica gel partlcles b) subsequently
sequiptRIditn § td) Saimixsms BesEiECBb ApRINIhG ﬁﬂ@&lﬁélsﬂéﬁﬁ&é%%ﬁi&‘é‘ﬁ?ﬂg
amount of an alkali silicate and an acidulating agent to form a. precipitated
agenGiREG Py st SRR G UBPESIS LR e B Sh R o By ﬂa&p %Sf
wherein said co site is in the .form of particles exhlb tin m %
el TSR P Rbh S T SO S Se AR . S1 S Bhiment
disclosure encompasses .method forrpro ucin s ul aneouf?lgn31

Subse el&le%%ngcﬁrrléupl Ated silicas, said method comptisi gtﬁgssaéalﬁentla

amoﬁ?@ls %fal@aﬁlqm%@ Sa"flegg 8{?1"}1% éljiégn?ft@ﬂ)%g r%'g e@@lﬁ:@ thereby

ac:|du ating agent together to form a'silica gel composition; and without

prodﬂ&ﬁ{g"é‘%ﬂ‘%gaﬁ?%'é)éﬂ&e&%lﬂ@@EM@Q:&%&%@%%H@%&H&%&Q@ESQIB@Q@@QH) the

10a"b)' simultaneously introducing to said silica gel composition a
formffisiani-amotint of amalkalisitcatesand R asihbatingagentiteotarm a

precipitated silica, thereby producing a precipitatelgel silica combination.

Encompassed aswelwihin thise disoiQaiues dheRipauet ohaisbdor

process whérein the silica gel amount present therein is from 5 to 80% by

volume of the total. precipitated/gel silica resultant simultaneou
producing simu taneouqy silica gels anc? gmpxtateda silicas, sapc{ metho compnsu}g; the sequential steps of

a) admixing a sufficient amount of an alkali silicate and an acidulating agent
together to form a silica gel compeosition; and without first washing, purifying, or

modifying said formed silica gel composition,
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produced combination. Further encompassed within this disclosure are
the composite materials listed above in the three ranges of oil absorption
measurements, and dentifrice formulations comprising such materials as
well s siinshustyahthasinsiasedinranesgenaied AR e, GERSE mount
synthetic precipitated silicas are prepared by admixing dilute alkali silicate
of soklkalnsilici stbRg-RNeALK RIARIa RS YRASHIEANILIONS WHRYS,
aggregation to the sol and gel cannot occur, stirring and then filtering out
praheiecipitaisdisitebsiibecsatiiing preipiaimisdaxtwashedidigd and
~ comminuted to desired size. Generally, as well, silica gels include silica
disHosisys eryarassah shshaepoersiss whereketoyviscaiitaryelsare ssotherein is
formed by reacting alkali silicate solutions with strong acids or vice-versa,
froms Jom3Whlydrodoheantitaginttipecnipiviyeftga edity drodehtofonmidheusly
hydrogel. The hydrogel is then washed, dried and comminuted to form the
progesadeomiaretions Faghsorngebpiascehwidup driatdipriodution tfesuehposite
materials has historically required manufacture of these separate
majgrieks e dabavsiaghe Herrmgeiaheitwesemiismarcasurimetite and dentifrice
fo. inu on ggation within a dentifrice formulation in such a way as to provide
e s e RIS Y PR RS o fetreTecthist dist PRofy e thitiss)osrd process
[ vgbrg!/\ée method for simultaneous production of such materials permits
e producer to target a range of amounts of silica gel and precipitated
silica. components as well. tructures of precipitated compongnts tg .
MRS e I R A R
T ' ction, a.significant difference. from previous .
S R R SR e ptnamtor
to tHSéCQiilicapﬁ{@Ea' LaRRIGaY, eVl Mo SN IR IHISI0g N amaunt of .
resulting precipitate is next washed, dried and comminuted to desired size.

not:

Generally, as well, silica gels include silica hydrogels, hydrous gels, aerogels, and
xerogels. Silica gels are aiso formed by reacting alkali silicate solutions with strong acids
~ or vice-versa, to form a hydrosol and aging the newly formed hydrosol to form the
hydrogel. The hydrogel is then washed, dried and comminuted to form the desired
materials.

As noted above, the separate production of such materials has historically
required manufacalre of these separate materials, and proper metering of the two together
during the incorporation within a dentifrice formulation in such a way as to provide the

desired cleaning/abrasion levels thereof,
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gel desired and specifically selecting certain reaction conditions in order to
generate such a desired level during amorphous precipitated silica
production. The disclosed abrasive compositions are ready-to-use

addiTyets isviherpr eRdialionve halbd eaninguRempesiioRs cbE b Bsich
dentifrices, toothpastes, and the like, particularly suited as a raw material

materaitosihpasie pokingoeess. SuibesnoreuseT siliea pradugeasihe
utilized in applications wherein sharp edges and lower abrasiveness may

silibecdesivachtsuchvab avdthauténitpieifioasd sohipibasswihimeertaa desired
formulations, such as, without limitation, automatic dishwashing

leveleté ripemisg/Alnteitiontirpage nitiahoiied pirsuchranatsnigls-imicgienfeadenificant
carriers, rubber additives and carriers, cosmetic additives, personal care

diffgerniey Esnppasticvantibisckinmididity 6s, abl Phads) atsuticahatdditivésough
without limitation. Brief Description of the Drawings FIG. | is a graphical

seprEpifcsepiRRianont Besicethel thivnoyetwmstodenittstbrasiog Hndampettitleffiltiva
cleaning ratios for a dentifrice composition for inventive in situ produced

gel dspinsd snd snseificebicsiseinasiiea sratiasmprdiions phowlealsnarels gich
sych materials. 12 WO 2006/057723 PCT/U S2005/036173 FIG:"T'N'a

2 dereshicues TG SRS OPTFRAPESHEISHiGA BeENesTthickening ability and

sili | structure far inventive in situ produced composites, of .
el e S AT AV S{0al B0 B o8 gy preparation
materials. FIG. 3 is.a graphical representation of the coyrelagion between
SRR e e e S A LY
@dantifrice comn ﬁig L v%gﬁiye in_ situ praduced composites.of
S gel/precipitatg%qsi(ﬁcaggr?gg the values ot trﬁgeggn%gl n?‘n%“%%?ér%u%téﬁfg?

proBRERRAKAHY 6 08Y %Hﬁﬂﬁéﬁmg@ﬁi!ﬁaﬁp edges and lower abrasiveness may
be desired, such as, without limitation, foam inhibitors within certain formulations, such
as, wifhout limitation, automatic dishwashing detergents. Additional potential uses of
such materials include food carriers, rubber additives and carriers, cosmetic additives,
personal care additives, plastic antiblocking additives, and pharmaceutical additives,

without Iimitation.

Brief Description of the Drawings
FIG. 1 1s a graphical representation of the correlation between dentin abrasion and
pellicle film cleaning ratios for a dentifrice composition for inventive ir sifu produced

composites of gel/precipitated silica and comparative physical mixtures of such materials.
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Detailed Description of the Invention The abrasive and/or thickening
combinations used in the present invention are in- situ formed materials
\{7}6&} 8?79 .J]'eadily formulated on demand with other ingredl ?T?USZOO 36173
prepare ora cleanlng composmons having a high cleaning efficacy Withae
causifgGuipidki shieffdenthtisnriatesciifd aRschiialas Wldasng ability
optional components of the abrasive and/or thickening compositions and
apel sibier el thioitusé foakingrsivmiz of theodresbninnvaitionie)/pesipibed iilica
more detail below. General Production Method The silica compositions of
kPR YA RbYE ISl anéxprep afestchguetatinly.to the following two-stage
process with a silica gel being formed in the first stage and precipitated
silica f3fnédsin eFPRisabpressaBtinn wfigheeseeslatian bejweouths uhltiorobfientin
n alkali silicate, such as sodium silicate, is charged into a reactor
E&amaadie s sleaning matiaments doew dentifden sgamesition for
. Mix ure and the aqueous solution of an alkali silicate in the reactor
N R APRCSH v B RO LB e Hees< e Wisame
6/057?2 IPcCTfU82t005/036173 Prefer Iy, ilie"aq'u'eous alkal
icate solu OURLRSHEARUARRLATURTAPARINCST approximately 3.0
to 35 wit%o, preferably from about 3.0 to about 25 wt%, and more
preferably from about 3.0 to about 15 wt%. Preferably the alkali silicate is

a sodium silicate wit@)@tgiggﬁ%ggp ﬁyﬂo ‘i%tﬂom qut Ito about 4.5, more
out 3.4.

particularly from about 1.5 to e quantx%y o alkali silicate

chargest B R '@ﬁ%@ﬂiﬁ:@é}ﬁl& dOnminaa A SRYE 1A e B‘eggﬁ?lrﬁlgﬁﬁl&% are in-

used in the batch. Optionally, an electrolyte, such as sodium sulfate

sisofotiasd mayrgsaddedioie BBt mediun delisalewalWing HoAaieRs t

Next, an aqueous acidulating agent or acid, such as sulfuric acid,
pieparoctibricantig, doifiiigositions having a high cleaning efficacy without causing

undue abrasion on tooth surfaces. The essential as well as optional éomponents of the
abrasive and/or thickening compositions and related methods of making same of the

present invention are described in more detail below.

General Production Method

The silica compositions of the present invention are prepared according to the

- following two-stage process with a silica gel being formed in the first stage and
precipitated silica formed in the second stage. In this process, an aqueous solution of an
alkali silicate, such as sodium silicate, is charged into a reactor equipped with mixing
means adequate to ensure a homogeneous mixture, and the aqueous solution of an alkali

silicate in the reactor preheated to a temperature of between about 40°C and about 90°C.
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acid, phosphoric acid, and so forth (preferably sulfuric acid), added as a
dilute solution thereof (e.g., at a concentration of between about 4 to 35

wt %, more typically about 4.0 to 15.0 wt %) is added to the silicate to
Wgrrzr?dg/%se’/ﬂ%nce the silica gel is produced and the pH adjugt(éy%zﬂ%mmm
Rteiridjicnelsguialiica Kigheifienohoutch aasl A0althei anishaddiligisition of
stopped and the gel is heated to the batch reaction temperature,
JpreteiabiplySil de A Syt phdedol phiont AAAE3 0 s UBEGrtankf Nele v

after this first stage is completed, the produced silica gel is not modified in
Regfprally foiny sbovis3re sobontdel v Yo tRnaletublly thurified, tirardd aetalium
. prior to commencement of the second stage. Next, the second stage :
sHiaginsvitiier i@, ¢k j@astionfiatpatatute s Betrassdniyiipathularly from about

simultaneous addition to the reactor of: (1) an aqueous solution of the

ISHD@baHALatngG AR AR KiHSaE ARty AdAiiopal APRUS.OT 6 %oe

agueous solution containing the same species of alkali silicate as Is in the

teBA0kAY, BTRROUenuisAkIion iheirpatehested a8 IeMPSIAbNE Of ARqut
65C to about 100C_ The rate of acidulating agent and silicate additions

sodinrheuifiilesieid fior; oRtyWd Bedsimy en LAY AAHIN G (i8NG thgon or water).
second stage reaction. This pH control can be used to control product
Nehysivalidow @cRD081I08 2Za8 RGTMH ISA0ASHAT6HE Acidjipadtiesigerasallyitric
with higher average batch pH providing lower structure silica products
agiddphlsphasiy teive pred/se ophb Grotoprbiyreniiniy avigherddrd atur disilic aolution
products, High shear recirculation may be utilized, and the acid solution
DeAtiheeoHtriras mimtione fbarertbelient gHodt 64 6. eoneeniedibLabt 9.0
togﬁfm 9. For purpases of this inventive method, the term "average batch

(o¥htehiseddedintds tHicaode doammrsbanssdisysilivessl Hrgrefecpiand the

vel every 5 minutes during the precipitate formation stage and =
P RSSOt T Bl e 10 o aid scion i

stopped and the gel is heated to the batch reaction temperature, preferably between about
65°C to about 100°C. It is important to note that after this first stage is completed, the
produced silica gel is not modified in any way. Thus, this resultant gel is not washed,
purified, cleaned, etc., prior to commencement of the second stage.

Next, the second stage begins after the gel reaction temperature is increased, with
the simultaneous addition to the reactor of: (1) an aqueous solition of the same
acidulating agent previously used and (2) additional amounts of an aqueous solution
containing the same species of alkali silicate as is in the reactor, the aqueous solution
being preheated to a temperature of about 65°C to about 100°C. The rate of acidulating
agent and silicate additions can be adjusted to control the simultaneous addition pH

during the second stage reaction. This pH control can be used to control product physical
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After the inflows of the acidulating agent and the alkali silicate are

stopped, the reactor batch allowed to age or "digest" for between 5

\xmin(')’f{eeg to 30 minutes, with the reactor contents being maintained at a
onstant

COnStant 76ﬁ After the completion. of digestion, the reaction patchis 20173

" plibtsait ienbAsi et ity iU are 78 BHmie X pesw YRRk G riRAIRARIR 2

salts until the wash water from the silica filter cake results in at most 5%

psadudny prddelatioeltentas vepasadhyprelidiiv et ha gilicarbliaieaeducts.

is slurried in water, and then dried by any conventional drying techniques,
Hpbhlasisprancdeyiog mey rodiice-a neadhephidisodilikm eaoiasnioaniianes until

about 3 wt% to about 50 wt% of moisture. The silica may then be milled to
thslnedaton datbgite drops didretyartickbsizet o6 betwie nFabputpd geotiias igrentive

preferably between about 3 pm to about 20 gm. Classification of even
mesbpsiheriesdiSav pagtdieteizetFaigetendsy tidnéarpim adimgginpFeabiined by

cleaning benefits as well. In addition to the above-described production
MEASEEEE e i dRielfsen miauisrdurigaeesyaehuitiedmmpiousagicas,

the preparation of the silica products is not necessarily limited thereto and

2yesiedheleyassresr Rt insnkiag flareedrdance with the
methodplogies described, for example, in prigr U.S, Pat. Nos. 3,893,840,
s,gsgﬁd‘g?,gi%*v%é“ﬁcﬂfe RIS AR oA Ak siiey 279 stapgeg.; the
" 1.421. all of which are incorporated herein by reference, as.lon
re e R S TR k0 ey e

reae@p&mmiagmmﬁi g@&%ﬁp&gcjéﬁ%g Y &%ﬁ'&%@&%ﬁgﬁp@m

art, reaction parameters whic ect the characteristics e resu

R'ReRieH e el ARG IS NGLALE ARE WG, ALWBIC eV RIS duct

reactants are added; the levels of concentration of the various reactants;

mﬁ%ﬁ%@m @it the waarlar-FaroRFIM WA AR BoEANARQING FeARIANS: salt
byprodgct content as measured by conductivity.

The silica filter cake is slurried in water, and then dried by any conventional
drying techniques, such as spray drying, to produce an amorphous silica containing from
about 3 wt% to about 50 wt% of moisture. The silica may then be milled to obtain the
desired median particle size of between about 3 pm to 25 um, preferably between about 3
pm to about 20 pm. Classification of even narrower median particle size ranges may aid
in providing increased cleaning benefits as well.

In addition tfo the above-described production process methodologies of
precipitating the synthetic amorphous silicas, the preparation of the silica products is not

necessarily limited thereto and it also can be generally accomplished in accordance with

the methodologies described, for example, in prior U.S. Pat. Nos. 3,893,840, 3,988,162,
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production; and/or the rate at which any electrolytes are added.
Alternative methods of production for this inventive material include in

“ﬁ%r%? ég&%such as, without limitation, procedures taught Wl;[gjlr}ulgz%s%gén 3

4,to McGill et at., as well as filter press slurry processes a
‘AfescTiECd, Mo 58 Kinaskthj gL talUob whRidhlisb ee RpbraR@hdén by reference,
20030019162 to Huang. The inventive silica composite materials may be
aghapetenizie chethddsepasptedpastetisnudied aboverjoiadheepibiingtand high
categories, dependent upon the linseed oil absorption ranges exhibited
sheithireaasintsT Wes oiilabs epptieriaedtbyliscusstediingheate; @ataibbploundsers
enerally used to determine structures of precipitated silica materials as
Kefthcrile cBuectattivref GisenyulRe! n8TiF Rt ulicsintOvis), thadate and
_Pigment Handbook: Volume 1, Properties and Economics, 2nd ed., John
tgye\pivbishdha ygipys readantoarEeddad thevevrisnf honeevenativisf the various
important to note that such a test has now been utilized to determine the
r B THRRLieR BFEIFfeTRrECH P LU Chm B HiomatdbrirepRizg turing
b rz%gee basic types of inventiye materials are categorized as defined above,

YRR RESBE TISAL YOeRiRY Ssctiohiesmsamddshos/o57723
PCT/ngr%gg\//O%e 73d Theinvintlce in sitik generated com osiﬁes (als B
referred 10 as "com %n%%o‘r’@‘fugpine N A T N R R R

j [ i ithout limitation,. three primary.t :
R AT e L e R TR

MRGRRAIS e Aes7:tRAR280 fon nstange) than é%a'\w&ﬂ;%ﬁﬂm&gm

silica-based products; ii) mid-range cleaning dental abrasives wi
Uredmageiig-aleaningideyeds dasnemparreyith the high cleaning

materials from above), but much lower RDA measurements (at most

abouThbhviaiinsianeeoapasii} thisken a4y RCeRitiRadHY R separated, as
discussed above, into three distinct categories, dependent upon the linseed oil absorption
ranges exhibited within each. The oil absorption test, discussed in greater detail below, is
generally used to determine structures of precipitated silica materials as set forth in J.
. Soc, Cosmet. Chem., 29, 497-521 (August 1978), and Pigment Handbook: Volume 1,
Properties and Economics, 2 ed., John Wiley & Sons, 1988, p. 139-159. For this
invention, however, it is important to note that such a test has now been utilized to
determine the structure of the overall gel/precipitate silica composite instead. Thus, the

three basic types of inventive materials are categorized as defined above, and as

discussed in the following sections.
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products that exhibit certain levels of cleaning and abrasiveness (such as
an exhibited I'CR of less than 90 and a measured RDA of below 80).
WPOr%(()juc(;[j;% of each type is based upon different factors, such as reac_';ion
condjl?ilohsz(ge.g., temperature, agitation/shear, addition rate€ oF P&&%‘féﬁf&}”
amoluifteofigenGorip biteg raindddh eoigssian dabencdediedi ang otoirbickaidiss™) of
(e.g., mole ratios of silicate to acid, as one example). These will be further
delinebsad prepmitats piselssfulHig vaFivesAbmasons, Madaralg, THehdntditnitation,
process of this invention has surprisingly yielded, with selectivity followed
theedrivmaabr fastion loeh-edeasingt denfabakvitidvssawitusnroflgeveimponent,
and, as a result, structure of the resultant gel/precipitate silica composite
DrasNFRAS hdteanRRAr el g lsssvBamalBrilsinstansshibanciypicaliinighycleaning
high pellicle film cleaning properties. Such high-cleaning materials may
s 8aa‘mff§@50f%lf§eg&w€~ém%%mdm ESFEGI O e vedyomsthigi cleaning
nefits, again, through the production of

ising the cleaning b
R BV LHE GRS AT O PRt R Shdfver RDA
terial ified. helow i les 4, f. 7,11, and 15, atleast .
AR TRk e et vy hsbarine
' | ddent ion (within dentifrice . _
P L A S T s

PERIST KeAMIROMLEABLY S CAMREREIA Withifh & %ﬂtimssu%égg%ﬁa&o %%t%%'bésed

preferred embodiment, may be used as a supplement with other Iower
uptr amieR-AdAIIVRS sih 13reatnshBRYEsAY ¢'paninghans A asiigJourLior

a dentifrice formulation. For this high cleaning material, the gel component
addifisasent BT ach@BMO) Rinount of gel component, and the like), and concentrations of
reactants (e.g., mole ratios of silicate to acid, as one example). These will be further

delineated separately below.

High-Cleaning Abrasive Materials

The in situ process of this invention has surprisingly yielded, with selectivity
followed in terms of reaction pH, reactant composition, amount of gel component, and, as
a result, structure of the resultant gel/precipitate silica composite materials made
therefrom, abrasive materials that exhibit exceedingly high pellicle film cleaning
properties. Such high-cleaning materials may be adjusted to target lower radioagtive
dentin abrasion levels without compromising the cleaning benefits, again, through the
production of certain low structure gel/precipitate silica composite materials. Such

materials are exemplified below in Examples 4, 6, 7, 11, and 15, at least and show the
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between 5 and 50% by volume of the ultimately formed gel/Precipitate
silica composite material (and thus the precipitated silica component is
\{l)rez%%g}g;ig an amount of from 95 to 50% by volume as a result). Although
e AHOUAEof gel possible to form a high cleaning material 1% {]“8%09%0 6173
duigihy a6 50841 of tehcorrhaaitel Haigrizd aiatabibsuih aRialQdtisice
much lower mainly because it was found that the higher the amount of gel

fpraxdast Wwithandathfghesteapiit)g Suatepiathitie gesate nameunk gfdeule
structure precipitated silica component required to be produced during the
ofetaingrieppisisecorpanetiovishir altlenticunet ogfigeltofteptaty¢ecidsed
preferably relatively low (from 10 to 25%, for instance). Such percentages
cHI9SIBERBAE BE AsedAnrRpsnattmatanibemibulesiibataverakitivel i fing
the production phases for each different silica material, Thus, a 10% gel
FREROG RS a@ﬂ’@%’t’é"&%ﬁﬁ rbyative lerd dos o fendfidea feiwdrtionactant
volume within the reactor during which the gel is initially made (as one
exar:?&é”). SlRaning wateiadhp i Gemnenentis SRl S0Imetate

reactant vo Is used for precipitated silica component production. Itis
bﬁ%‘%egﬂan%‘%%%’%é?}ﬁ Silumsiofib bEBEH IRfnafoRrPtramiide Hilisteomposite
[ ase, some of the sjlicate may actually produce gel, but the
e g B RSB G PR A R im0 t0
1 i ri t reflect such a passibility. Thys, the .
T L 8 AR S BRI e i
nBREEAS2PBS ALK 3s RN S ousE s daiar

;@&%Qﬁ? s%fcﬂ.rz]iglmno t is
amounts of components. Such an issue exists within the r maining in situ

ngeHpsoripiaiRIgBRAsEs MAsAlrMRINRE RS Welk-Renesrl E{)@@eﬁt within

been determined that such specific high-cleaning abrasives may be

a pighlulzadiiy elgirial nies hedief admixing Rwuiaklergkapi.asyiirhle

silicate starting material (wherein the acid concentration, in aqueous
caohwhient isdnimer 3dd2frddyced during th¢ following phase. Thus, the overall amount
of gel to be produced is preferably relatively low (from 10 to 25%, for instance). Such
percentages of gel component actually represent the amount of silicate present during the
production phases for each different silica material. Thus, a 10% gel measurement
reflects the presence of 10% of the total silicate reactant volume within the reactor during
which the gel is initially made (as one example). Subsequent to initial gel production,
the remaining 90% silicate reactant volume is used for precipitated silica component
production. It is important to note, however, that upon the initiation of the precipitate
formation phase, some of the silicate may actually produce gel, but the determination of

percentages of each component within the ultimately formed composite material does not

reflect such a possibility. Thus, the percentages noted above are merely best estimates,
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preferably from 10 to 20%, and more preferably from 10 to 12%, and the
concentration of the silicate starting material is from 4 to 35%, also within
‘@yza #}%%Zsssolution), to initially form a silica gel. Subsequenct to %% 73
ormation, sufficient silicate and acid are added (without an§ aTﬁB ik
‘raingraeiotiashingtannibesty pe Ripurifaations esmpbysitsl giedifisatine ofists
the gel) to the formed gel for further production of varying structure
wigrefehalhéynlaninp atsiretpebpleaipitiiercetrpeiitemaititial proghlociss maydRsult
during manufacturing as long as the overall structure is sufficient to accord
the nétassally, ichas| bashdetkoeifitchtbie anohgppettipitgiiedeaitiog abrasives may
component desired for a high cleaning composite material to be formed.
berpio iask trreushcr s teatcabrdmiaynige soiadiedidandvheieblitisificite starting
range of 3 to 10, with a higher pH desired for low-structure precipitated
mafreialdshrrstibie RNd sopeeniration du aAwrIRSSRIBHAD, By SitheSdhihYe,
cleaning, moderate to low abrasive material through this process, the

PIFRBIN Gegel iopierasyeterqieaibidtrantVe 5 aml haepncsptration
lume of the composite) and the amount of low structure precipitated
o e Relatiok

SHCHILPA0R PRISHELR FRgh Yoy do A7 B gR AtuRouOTalLon), to
. ite). In.order t hibit t PCR DA | iated
i O A B S O, e, e BSHE

his catégory; theresu dedsilica’ compo
' il | f 40.and 100 .ml oil/] 0Q terial. 19
B e S SR R R AR &

. 1 CTUS2005/036 7S TR
it G G R

stlRQiE FrReatlNEWaa SRR ey alktionseaRd sinithinadastAgntifkiae

formulation (as presented below within the examples) RDA (Radioactive

dudeptinafbfasiemp\«/leg RehyeearaperhdiR io AR, RBSMVHD R-tR&sary
same test dentifrice formulation) PCR
levels of pellicle film cleaning) precipitated silica component desired for a high cleaning
composite material to be formed. The pH of the overall reaction may be controlled
anywhere within the range of 3 to 10, with a higher pH desired for low-structure
precipitated silica production. It has been realized that in order to provide a high
cleaning, moderate to low abrasive material through this process, the amount of gel is
preferably lower (as noted above, from 10 to 30% by volume of the composite) and the
amount of low structure precipitated silica is preferably relatively high (from 90 to 70%
by volume of the composite). In order to exhibit the proper PCR and RDA levels

associated with this category, the resultant gel/silica composite material must exhibit a

linseed oil absorption of between 40 and 100 ml 0il/100 g material.
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(Pellicle Cleaning Ratio) values of 90 to 160, with a ratio of PCR to RDA
within the range of 0.45 to 0.7. Md-Ranee Cleaning Abrasives The in situ
whhogess of this invention has also surprisingly yielded, with similar
d%é%%%sz)-[fzgelectivity followed in terms of reaction pH, reacthht/US2005/036173
conceBtbatlyn Hicanieiitivetige iampgrerbaisitasiaiiesitoaydialbn generally
structure of the resultant gel/precipitate silica composite materials made
hetveribk doll asifgropdriph: detnBigssBislmerdestibedabeym tenathstiween
for producing a mid-range product (essentially reduced, but still relatively
abiyih 5 ahdaifimeg|beel AN lower atirasiandewilshcorypdsitasias fuatiulation (as
Thus, selection of differing concentrations, pH levels, ultimate gel
PprspEidibalovarigny beermbles, RBd Redoediye Msmsoiphbtassiidaalues
composite materials of overall medium structures in order to accord
betvasiaab g D éirbeusiZd Glaad ivgthin thessamertest rentififes Rrenpalatierd R
(@3 ,co?é)are,d with the high cleaning materials described above. Examples
life £2°amng Batigyaiyesliglde HlloW brbmitoeefRiR Fntakdad fithin the
c &rodufcén suc(%rnud-range abrasive products (and further exemplified
Within dentifice’formulations 2,7,9, and 10, below). 20 WO 2006/057723

PCT/US2005/036173 For flu's mid-range cl earring material, the gel
component is present in an amount between 10 and 60% by weight of the

wgi_mgéyé@%gg g@ltég{ge%ipitate silica composite material (and thus the
precipitated silica component is present in an amount o_f from 90 to 40_%
by weight2sia gmgg-d%mgmmﬁ@ma@mmtﬁﬁ%%g@mémﬁmm

cleaning material may he as high as 60% of the co ite materia

dqpieiRrabiy steht A foR BV Sery S JOWRS MARIN ke ReGAUSA ILAS FauNdhount

that the higher the amount of gel present within
of gel component, and, as a result, overall structure of the resultant gel/precipitate silica

composite materials made therefrom as for the high cleaning materials described above, a
method for producing a mid-range product (essentially reduced, but still relatively high,
cleaning levels with lower abrasion levels) composites as well. Thus, selection of
differing concentrations, pH levels, ultimate gel proportions, among other things, can
produce gel/precipitate silica composite materials of overall medium structures in order
to accord relatively high pellicle film cleaning results, with lower abrasive properties as
compared with the high cleaning materials described above. Examples 5, 10, 12, 14, 16,
and 17, at least, below show certain methods of producing such mid-range abrasive

products (and further exemplified within dentifrice formulations 2, 7,9, and 10, below).
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a mid-range cleaning material, the greater amount of low structure
precipitated silica component required to be produced during the

llowi ase. Thus, the overall amount of gel to be produced is _
V{)??ezf)\eglrég{?l@?{}elatively low (from 20 to 33%, for instance). Suclgcg/e%@rq 0681573

of gelRisriiid &b dlBana aseetidh eha RPUBRRIoBlRAIE LGSR M S HRGuNt

the production phases for each different silica material, as described
batvasen fordhed0iglbicleaiging Midelini Gy esatydibHasReaRANEENRADosite
that such specific mid-range cleaning abrasives may be produced
nihteria (eadrtiethtie pfaipitbtinigsfi sutiahte meidiapet e suibab] arstieatel from 90 to
starting material (wherein the acid concentration, in agueous solution, is
4orhbwoi @B 96 2 meitrablitifooh Uk R0 of gel porehisatefablys figy déning
to 12%, and the concentration of the silicate starting material is from 4 to
nberalaray Withirhish a8 68%usf sotrvomosite mitertlglfomfaabilicsugehn amount is
Subsequent to gel formation, sufficient silicate and acid are added
nRBYenmpRlbecauptd R Eared thalhmbisbeothermpmiorfaslifestonwithin
agi;hysical modification of the gel) to the formed gel for further production

APprep AL SstRaib A ECHRARED UL KotiBIEHe aesiptpiet lica
AR Ly o ROt R AR e S o

o e S e b I ) oty e Suc
| h for the high. , .
PERERRRC B RO SR H L0 AT 87 AN cuwing e

pRIGRMNNY plAW ARIASING m%}ﬁlstih@%e@éi RIQRESHLES SUMPRAISE Y] gpy

the high cleaning materials noted above, the amount of gel is prefera
cleighfy fagAsted above, from 10 to 60% by volume of the composite,
preferably from 20 to 33%) and the amount of low
Generally, it has been determined that such specific mid-range cleaning abrasives

may be produced through a method of admixing a suitable acid and a suitable silicate
Starting material (wherein the acid concentration, in aqueous solution, is from 5 to 25 %,
preferably from 10 to 20%, and more preferably from 10 to 12%, and the concentration
of the silicate starting material is from 4 to 35%, also within an aqueous solution), to
initially form a silica gel. Subsequent to gel formation, sufficient silicate and acid are
added (without any appreciable degree of washing, or other type of purification, or
physical modification of the gel) to the formed gel for further production of appropriately
structured precipitated silica component desired for a mid-range cleaning composite
material to be formed. The pH of the overall reaction may be controlled anywhere within

the range of 3 to 10. Depending on the amount of gel initially formed, the amount and
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structure precipitated silica is preferably lower (from 90 to 40% by volume
of the composite, preferably from 80 to 67%). In order to exhibit the

rtzﬁgr/ag:% and RDA levels associated with this category, the resultant
‘g% ST g%mposite material must exhibit a linseed oil abso’r)ﬁt%‘rl% SA36173

SOneshiies SIPEIPRABHISIEL B RIHEA G haterial RrRALNeHRE, IVENNE as for
mid-range cleaning gel/precipitated silica combination generally have the

thelleglingeananeniiestid0%h Biobeek iplehRoeHaia R8s Yaliesilk Naidangse
between 2.5 and 12.0, and, within a test dentifrice formulation (as

dresegtbhbeiosivwithitedabtexagipits pROA(Radioasive RERUR high cleaning
Abrasion) values between about 95 to about 150, and (within the same

neatriadstisatervauthtionpRE R @kl phe fedalsinihiphitate hwall 650t 98dka 10 to
120, with a ratio of PCR to RDA within the range of 0.7 to 1.1. Thickening

5Bte el afithescompoyitagapicirbin ficmBe madteraad theamwsuabaiiew
types of abrasives, it has surprisingly been found that silica-based

SRS R FRIERGA S it s R HRRYY Hevwsrdifiaat9 Sratdisobexttbitna ctiain

cde ree of abrasiveness and cleaning through the utilization of the

e RGNy JeuaSOrined prosdRosdsr 1 sibilnis thecrronepPStRisediRDA

1%%’.4%‘3 lg%‘?"ﬁ%e ars to surprisingly accord a certain abrasive property

in a materi S RHeRCSra e Rt getilicaromppeitsimpaterial must
| t id ffective thickening 22 WO 2006/057723
B s e S R B kL R meitce
f . ; the Y = ech 'th.k re be gdded
i A S R e B A

g &ipaitReRUEY f?ﬂ%@ﬂgj}} releapngand/ %{xﬁgﬂggpgear fiel tisfr\;gleues i? the

components. Examples 3, 8, 9, and 13, at least, provide a showing o

raggebeal Bt Samef NI daingidHch (CkaRiRg2 25asEa SR RE IHHRSTed below
exemplified within dentifrice

within the examples) RDA (Radioactive Dentin Abrasion) values between about 95 to

about 150, and (within the same test dentifrice formulation) PCR (Pellicle Cleaning

Ratio) values of 90 to 120, with a ratio of PCR to RDA within the range of 0.7 to 1.1.

Thickening Cleaners/Abrasives

Lastly, again, in much the manner as the two above types of abrasives, it has
surprisingly been found that silica-based viscosity-modifying materials may be provided
that also exhibit a certain degree of abrasiveness and cleaning through the utilization of
the inventive in situ process. The presence of a simultaneously produced gel/precipitate
appears to surprisingly accord a certain abrasive property within a material that, when

produced via a high structure silica production method, provides an effective thickening
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formulations 5, 6, and 8, below). For this low cleaning level material, the

gel component is present in an amount between 20 and 85% by volume

of the ultimately formed gel/precipitate silica composite material (and thus
Wlﬁ)ez%oréé%’?gﬂfzgted silica component is present in an amount of froM B8 R36173
(050thbytypHinfréiasdtyeloifistiony ohithicdeipdnentapsalpially nresemtdn a
high structure form). Although the amount of gel possible to form a high
neeapingphat dhiskeniag beeasmaonbaadidoroft theychmiposiieosatetialifying effect,
preferably such an amount is much higher mainly because it was found
biftlep do Sunplamend mimuharedogelypessent biithin dethitleenidlr abrasieadentifrice

material, the greater amount of high structure precipitated silica

CeBPRRSTEht Erespimetd b préddeatlenstimiaridd el barvigabiismeThus s of

rall amount of gel to_be produced is preferably relatively high (from 45

PIBISHAS Sk HiEKEnRB REABYE 16 s oehiotrukhingen oo

.component actually represent the amount of silicate present during the
f%%&%‘%‘ﬁ’&ﬁ %tgagﬂ ?ogégﬁ’l)f different silica material, as described above

for thngItgaelr i:ate ories qf cleanin teriaf. Generally, it has been

determined that SUeh & e%‘fﬁi%f@%@?i &6 SRS FESS5 R ¢ &R gruount
biRIR ixing.a suitabl id and a suitable silicate .

e e he R T & e somosi

rliRP (i RIAIRIBRIINAN A0 19,5046, ANINATe RSN AR A0 56 1o

to 12%, and the concentration 23 WO

15%1be sﬂ;‘&a&eagsg';amegmagﬁa@weJapgan%ﬁppﬁé%eaﬁ%ﬁé LR ANV S ure

solution), to initially form a silica gel. Subsequent to ormation,

fosnifficienheitate andaticra paskiBr (ithen'h Aiph RAEFARIRSLOIES Yo as

washing, or other type of puri fication, or physical modification of the gel)
loty eh@ Gosmidigelfgobit henaiaid pesfernbiyigh sty is much higher mainly
because it was found that the lower the amount of gel present within a thickening
abrasive material, the greater amount of high structure precipitated silica component
required to be produced during the following phase. Thus, the évera‘ll amount of gel to
be produced is preferably relatively high (from 45 to 65%, 50% more preferably, for
instance). Such percentages of gel component actually represent the amount of silicate
present during the production phases for each different silica material, as described above
for the other categories of cleaning materials. |

Generally, it has been determined that such specific thickening abrasives may be

produced through a method of admixing a suitable acid and a suitable silicate starting

material (wherein the acid concentration, in aqueous solution, is from 5 to 25 %,

preferably from 10 to 20%, and more preferably from 10 to 12%, and the concentration

23



precipitated silica component desired for a thickening abrasive composite
material to be formed. The pH of the overall reaction may be controlled

“ﬁ‘%ﬁkfgﬁ&%ithm the range of 3 to 10. Depending on the a%@o@%sa s

ormed, the amount and structure of precipitated silica componén
" ofithy SibdaEgisth Hinseatdngftbm subsEguenscikane @ngcﬁ}eiﬂls r&AetRRiSto
within a more acidic medium to form greater amounts of high structure
intisdipiferma silica gdmpdseqtenttth gsl feemtiea|izetdithalt isarsie ald acid are
provide a thickening abrasive material through this process, the amount
ageseivéthnateralsigpiigiable dserastel vabltng, rarth20 1pST%ubifivalion e of
the composite, preferably from 45 to 65%) and the amount of low
Physietlreogibeatinaefthsiized ito theforany geldtvBlythenptaductioasf high structure
possibl%while the amount of hg}h structure precipitated silica is

PiseRdR{ER ST somporsahdatird & ashisissrine abiasivesiompcimpesitéal to be
P ref ra;ﬂg fram 55 to 35%). In order to exhibit the proper PCR and RDA
RV &ﬁa‘eéalmwwsrma%@?m roatiRHae emvren wihip duenge of 3

terjal myst exhibit a linseed ojl.absorption of greater than 150, possibly
e e PERERS A B RGP Bt oot ST

' ing.ahrasive gel/precipitated silica combination generally have the
P B R o e S g e

HOUERTEA 202 QB RSSARPRRYYalong, and piln alost,

dentifrice formulation (as presented below within the examples

pilaiaasiiRDeMRREION PR BEER FOUI2C (08U 80, and,

(within the same test dentifrice 24 WO 2006/057723 PC
atieNy atieaPERJSANRIgeleaning Raliok vale 3:9f R PRlg 80 Wik as

ratio of PCR to RDA within the range of 0.8 to 3.5. Dentifrice Uses of the
abloweg fitore BateBilsby volume of the composite, preferably from 45 to 65%) and the
amount of low structure precipitated silica is preferably relatively low (as low as
possible), while the amount of high structure precipitated silica is preferably relatively
high (from 80 to 15% by volume of the composite, preferably from 55 to 35%). In order
to exhibit the proper PCR and RDA levels associated with this category, the resultant
gel/silica composite material must exhibit a linseed oil absorption of greater than 150,
possibly with a maximum of about 225 ml 0il/100 g material.

Broadly, the inventive thickening abrasive gel/precipitated silica combination

generally have the following properties: 10% Brass Einlehner hardness values in the
range between 1.0 and 5.0 mg loss/100,000 revolutions, and, within a test dentifrice

formulation (as presented below within the examples) RDA (Radioactive Dentin

Abrasion) values between about 20 to about 80, and (within the same test dentifrice
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The inventive in situ generated gel/precipitate silica composite materials
described herein may be utilized alone as the cleaning agent component
j in.the dentifrice compositions of this invention, alt nggé% J
“%r% %{rqcéﬁ}ﬁgig%scleaning category materials, the moderately higk% qébvﬁ}e%‘(ésltn
" forayilegoA) 2CTealNE  CRUMA CRABYY NSNS Jhisod SORRINAAR PiRGof PCR
inventive composite materials with other abrasives physically blended
o RPewviththdthie amisitehiegdentirice formulation is potentially preferred in
this regard in order to accord targeted dental cleaning and abrasion
results at a desired protective level. Thus, any number of other
conventional types of abrasive additives may be present within inventive
tatifiiiedésé efttborlimeot wittdtrisaisvention. Other such abrasive
particles include, for example, and without limitation, precipitated calcium
carbohBtd ROy ol daswiotethecirvenipitet¢ SliG) coivpdsitnmpteosphate
or its dihydrate forms, silica gel (try itself, and of any structure),
deseribpthbersipmeiphatddisntalopy ssbe clasringf agepistamepansipiguified in the
perlite, titanium dioxide, calcium pyrophosphate, hydrated alumina,
deniTHEcPRRARHOTH SE i dnvsatiaR ﬁ%@fé’&ﬁo@‘dﬁﬁéf‘m&m&’éﬁé pletairgagiegory

metaphosphate, insoluple magnesium carbonate, zirconium silicate,

G uFﬁépéfh%‘gﬁfé‘,tes%%‘%‘b‘%&&}%’g# BYSrRF JaCEePioRIG fopRmeegRspmers.
brasive com ositiptrﬂs fo tai{or the polishing characteristics of the target.
Us, 4 co cti[l)o -the myentive ¢o #Hgislr\gg Qther abrasives s ysically

orrhulation er'ftl?rlces,“}or examp ,Oéf?.f’ &
bl%QQ 3. PC /036123 The precipitate/gel silica c
eGSRl Wt L S b ORI R BT S reforred in his

rBARRRSIRPR RAyRSERAtadeyEl Bfem ake %él%’opr%iﬁwg %:{Peplyed

weight, more preferably from about 10% to about 35% by weig

pRASHSHIAEE B SNen IRMIBIC & 1D AIPOIRPARIEN DYl SSRILKCE A AERLs may

cleaning formulations incorporating
be present within inventive dentifrices in accordance with this invention. Other such

abrasive particles include, for example, and without limitation, precipitated calcium
carbonate (PCC), ground calcium carbonate (GCC), dicalcium phosphate or its dihydrate
forms, silica gel (by itself, and of any structure), amorphous precipitated silica @y itself,
and of any structure as well), perlite, titanium dioxide, calcium pyrophosphate, hydrated
alumina, calcined alumina, insoluble sodium metaphosphate, insoluble potassium
metaphosphate, insoluble magnesium carbonate, zirconium silicate, aluminum silicate,
and so forth, can be introduced within the desired abrasive compositions to tailor the
polishing characteristics of the target formulation (dentifrices, for example, etc.), if

desired, as well.
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the abrasive compositions of this invention conveniently can comprise the
following possible ingredients and relative amounts thereof (all amounts

i %) Dentifrice Formulation Ingredient Amount Liquid %%?@&005/036173
“ﬁjﬁ%&r@ s) (total) 5-70 deionized water 5-70 binder(s) 05-2,

anticarigsppaspiidlelrd. Silich RlipBARANMESL DAL Sl CHIGK RSB etanto
surfactant(s) O.5-2e.1§ abrasive 10-50 sweetening agerf? gélmdh g?l%ring
dagfiise sdhpdlanei) & peashth DI SEMVakVEEE: 5UNEddHieB0eSHORbht,
above, the inventive abrasive could be used in conjunction with other
naipeqaiderabitefriatsalaict1 6% prebinitaEw bilioaigicpaaetuBigaiGheR the
phosphate, dicalicum phosphate dehydrate, calcium metasilicate, calcium
dpytiEptvospHetehmisten Beeralhtiingf eduminal, cbanitny forsilicatenirRoipitaiass
and ground calcium carbonate, chalk, bentonite, particulate thermosetting
theahasiieconinasisiona ot iaspntion a@nas bt compeass die 6oliowing

ordinary skill in the art. 26
possible ingredients and relative amounts thereof (all amounts in wt %):

Dentifrice Formulation

Ingredient Amount
Liquid Vehicle:

humectant(s) (total) 5-70
deionized water 5-70
binder(s) 0.5-2.0
anticaries agent 0.1-2.0
chelating agent(s) 0.4-10
silica thickener* 3-15
surfactant(s) 0.5-2.5
abrasive 10-50
sweetening agent <1.0
coloring agents <1.0
flavoring agent <5.0
preservative <Q.5

In addition, as noted above, the inventive abrasive could be used in conjunction
with other abrasive méterials, such as precipitated silica, silica gel, dicalcium phosphate,
dicalicum phosphate dihydrate, calcium metasilicate, calcium pyrophosphate, alumina,
calcined alumina, aluminum silicate, precipitated and ground calcium carbonate, chalk,
bentonite, particulate thermosetting resins and other suitable abrasive materials known to

a person of ordinary skill in the art.
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WO 2006/0'M23 PCT/U82005/036173 In addition to the abrasive
component, the dentifrice may also contain one or more organoleptic

' gents. Organoleptic enhancing agents include humectants,
“g\?v%%?/e%r?é%‘zsg surfactants, flavorants, colorants and thickeninlécgé%%ﬁ%ﬂ,sf?ﬂ%]gs

- SOmerMEARiHIY el SolliiRa L iRl ARRIRIAEN IR, LS BHYS:
serve to add body or "mouth texture" to a dentifrice as well as preventing
nibe denilsies it QAnANIRG Huhis UBARIS RMeSiARtS NCIYdG POMEHMERR ctants,
glycol (at a variety of different molecular weights), propylene glycol,
svgbpeaidns(lireniiahls, SN OFR, XibRAn GO alidRaN AR QLA s Aiifnetimes
hydrogenated starch hydrolyzates, as well as mixtures of these
koompsaiisidserdypies), levealbiiingagetants are from about 20 wt% to about
30 wt% of a toothpaste composition. Sweeteners may be added to the
toothphstectanypesitian sddrivpdyrioa ‘pleatingtasts tta thaphosiet vallitable
sweeteners include saccharin (as sodium, potassium or calcium
prexentingithe dynidfnrat&¢asdnsoglionn, Sotaldsibmmecreatsimohsilpolyethylene
acesulfane-K, thaumatin, neohisperidin dihydrochalcone, ammoniated
glyradyataNariefeaf dideteniurdecuacrsightoh aremdencgitoghi ghserin (glycerol),
Surfactants are used in the compositions of the present invention to make -

entarilprlalicebinrenapaiiob dagtiieh asd hudbreenpie datarsbirdielyzates, as

eferablﬁ a de{tersive material which imparts to the composition detersive

Wl 85 BURTE Sfdpetticemaentbel Wirpl deyRls o huaae it petrEemyabout 20

Wgron ur tsu?t'}alr‘lxi]gpi%fg tiotgic, nonionic, zwitterionic, amphoteric and
ctaine surfactants such E%é%?&#ﬁﬂ&ﬂmnsmfate, sodium dodecyl

B S g S e

myristoyl sarcosirfate, palmitoyl sarcosina aroyl sarcosinate a

toHRAHIREEOSAGH AUKNYSMIRIE SRR MOORRISR PR SR S A ium
and laurate, sodium lauryl

saccharin), cyclamate (as a sodium, potassium or calcium salt), acesulfane-K, thaumatir,

neohisperidin dihydrochalcone, ammoniated glycyrrhizin, dextrose, levulose, sucrose,

mannose, and glucose.

Surfactants are used in the compositions of the present invention to make the
compositions more cosmetically acceptable. The surfactant is preferably a detersive
material which imparts to the composition detersive and foaming properties. Suitable
surfactants are safe and effective amounts of anionic, cationic, nonionic, zwitterionic,
amphoteric and betaine surfactants such as sodium lauryl sulfate, sodium dodecyl
benzene sulfonate, alkali metal or ammonium salts of lauroyl sarcosinate, myristoyl

sarcosinate, palmitoyl sarcosinate, stearoyl sarcosinate and oleoyl sarcosinate,,

polyoxyethylene sorbitan monostearate, isostearate and laurate, sodium lauryl

27



27 WO 2006/057723 PCT/LS2005/036173 ,. srilfo'aceta'te’;N=lauroY]
sarcosine, the sodium, potassium, and ethanolamine salts of N- lauroyl,

“;}}rznxgl/ %9%’2'3 or N-palmitoyl sarcosine, polyethylene; oxide C(]))n%%n%zoiotg%of 3
a k)9l phenols, cocoamidopropyl betaine, lauramidopropyl begaines, pe?f&ﬁﬁ

" siGate R e G arenskEMla U sYlfatrais il efer g sl R M d e N-

surfactant is typically present in the oral care compositions of the present

1a0x@NINORrRBAIN QUL AROH! BrdolGnaDesI B Ry X RIS BIAERIGIANY alkyl

about 0.3% to about 5% by weight, such as from about 0.3 % to about

phénoby coeighidbiaveyingage tanpkiasprbopbebaradpaehte emsifiicand the
compositions. Suitable flavoring agents include, but are not limited to, oil

lisbvidodergr &amnyloibifhtp épp erefintedsutdspealiintuddceitas safiasiygndset in
of clove, cinnamon, anethole, menthol, thymol, eugenol, eucalyptol,

the wrshcasragsgepasitwthef tha prefientancoripounas dmadd ffi iboated, tepiomt
notes, etc. These flavoring agents consist chemically of mixtures of
latadpyeshtipreiaeablesbors, Ootférolehaunitl, bnweibhatich asdoatiebentl0.3 %
other alcohols. Colorants may be added to improve the aesthetic

t‘hﬁﬁ%’é%a@dﬁﬁ’@product. Suitable colorants are selected from colorants
appro}yed by appropriate regulatory bodies such as the FDA and those

listed SIFIREREAETEPPEGRATTA fRrsR Added i denit e camaesiias nonigble

igments, such as, TiO2, and colors such as FD&C and D&C dyes. . .
e R W R e

i I .o pr vide a gelatinous structure that stabilizes the topthpaste
Oagséaglgr%;sgt%p%(éls'i)eo(%ssé%%ra ion. cgﬁllltjg Fte{otﬁ?bﬁenlngmé‘gglrlﬁs TSl sﬁ%ﬁe{ﬁymc’l’

BRI HBIER | b UIe L SR oMo AUED A B TIR BYAISISIFHIRS,

gum), gum tragacanth, gum arabic, gum ghatti, gum |
spice notes, etc. These flavoring agents consist chemically of mixtures of aldehydes,
ketones, esters, phenols, acids, and aliphatic, aromatic and other alcohols.

Colorants may be added to improve the aesthetic appearance of the product.
Suitable colorants are selected from colorants approved by apprcpriaté regulatory bodies
such as the FDA and those listed in the European Food and Pharmaceutical Directives
and include pigments, such as TiO,, and colors such as FD&C and D&C dyes.

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 thi(;kening agents include silica thickener; starch; glycerite of starch;
gums such as gum karaya (sterculia gum), gum tragacanth, gum arabic, gum ghatti, gum

acacia, xanthan gum, guar gum and cellulose gum; magnesium aluminum silicate

(Veegum); carrageenan; sodium alginate; agar-agar; pectin; gelatin; cellulose compounds
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acacia, xanthan gum, guar gum and cellulose gum; magnesium aluminum

silicate (Veegum); carrageenan; sodium alginate; agar-agar; pectin;

“g(gzgﬁtoig/bg%llulose compounds 28 WO 2006/057723 PCT/tiS2005/036173
suc as‘ce%f'ulose, carboxymethyl cellulose, hydroxyethyl celliBs ,2005/036173

SOYREDRAPRABYE, %%Lgﬁﬁemwégﬁmzhwcﬁ@ﬂ%m’émﬂf&@ hypropyl

carboxypropyl cellulose, methyl cellulose, ethyl cellulose, and sulfate
cetillitesdiyaststsah Rl SYTHIGKC 5/ads pherhas cRRIBHIR Flavsias wel @ty
mixtures of these compounds. Typical levels of thickening agents or

cbindess atieyfresmuidyapiatl wilfated 2bDulodd WilkrAfadoHaRAR!Blays such as
composition. Therapeutic agents are optionally used in the compositions

hettimitpoganasinetinioni tuprovideeterciigppierentioniasid drertoreriténing
dental caries, periodontal disease and temperature sensitivity. Examples
agénkreon biautics agefitsn whihodt witértdixtg o Hewlivhivingtcarbfisrerideposition.
sources, such as sodium fluoride, sodium monofluorophosphate;
potasdiberapsytiefaettho sphenallsrsed outhilwortesitotassiie fiuseide,
.sodium fluorosilicate, ammonium fluorosilicate and the like; condensed
IYCHEERARRIQYieR 105 thetbsaxsatinn pid tisnBrpHaedentrhpuias diemedontal disease
pyrophosphate, di sodium dihydrogen pyrophosphate, trisodium

JRORS UG RS oo dptiaBles poRpRRREIcAaenty, sdtiowsinsersipg tads,
Ll e
D R S Yo A R ATl satm
e

R PSP R R B3Eh OISR BIOTBIC P R Sl 5o

as zinc citrate, zinc chloride, and stannous fluoride; sanguinaria extract
pROPIRRPBAIK AR VRl B BRI SMEN A Rophosphate; tripolyphosphates,

hexametaphosphates, trimetaphosphates and pyrophosphates, such as ; antimicrobial
agents such as triclosan, bisguanides, such as alexidine, chlorhexidine and chlorhexidine
gluconate; enzymes such as papain, bromelain, glucoamylase, amylase, dextranase,
mutanase, lipases, pectinase, tannase, and proteases; quarternary ammonium compounds,
such as benialkonimn chloride (BZK), benzethonium chloride (BZT), cetylpyridinium
chloride (CPC), and domiphen bromide; metal salts, such as zinc citrate, zinc chloride,
and stannous fluoride; sanguinaria extract and sanguinarine; volatile oils, such as
eucalyptol, menthol, thymol, and methyl salicylate; amine fluorides; peroxides and the
like. Therapeutic agents may be used in dentifrice formulations singly or in combination

at a therapeutically safe and effective level.
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eucalyptol, menthol, thymol, and methyl salicylate; amine fluorides;
peroxides and the like. Therapeutic agents may be used in dentifrice

“f,or%ug%tii%% singly or in combination at a therapeutically safe and
effeClive 1evel. 29 WO 2006/057723 P'CT/US2005/036173 Predariaiiad ™

o L ORA g R R RN e el teeoen
hW&ltiSﬂ%HQ%ﬂPﬁa%éd&gag% i hﬂﬂ%@%@%s@@ﬁ%@?ra%gfﬁgfdgrsOdi.umgral

C. 111
benzoate may be a e an ctive amoun e dentirice

R HRRRTh SIS RRAR AR It RO Rk RS HISUS, SUEI APbe added

desensitizing agents, healing agents, other caries preventative agents,

ichglatingspauasigiing@aents, vitamins, amino acids, proteins, other
anti-plaque/anti- calculus agents, opacifiers, antibiotics, anti-enzymes,

eNzynTas deiliGRRY 8l ERadhe RNOHINHRE AVE A UPHEB AL ARG S such

Water provides the balance of the compaosition in addition to the additives

asniestiongdng e tesalingredenah yuseionize gravehtigooidapyrities. The
dentifrice will usually comprise from about 20 wt% to about 35 wt% of

chekttngldspiedteil igpathiotee neamios, uhlirat mideyiphinesuc b thdoattipasi@e/anti-
formulation include, as a non-limiting example, an amorphous

caleabipirgrats sihel Bershaat bRECDENBIDYIGS siticamethei prefertedents,
(though non-limiting) silica thickeners are ZEODENT(r) 163 and/or 167

oxifliring egenis ppYesdantyangdbeliless silicas, all available from J. M.
Huber Corporation, Havre de Grace Md., U.S.A. For purposes of this
inventGicPRRMAH e brarchef the sAmpogiinda addiian \aghradditives

Praducts %Hd Practice, Morton Pader, Consumer Science and Technology .
mgnétrnlo . I'ne water 1s preferably delonized and free of impurities. The dentifrice will

usually comprise from about 20 wt% to about 35 wt% of water.

Useful silica thickeners for utilization within such a toothpaste formulation
include, as a non-limiting example, an amorphous precipitated silica such as
ZEODENT® 165 silica. Other preferred (though non-limiting) silica thickeners are
ZEODENT® 163 and/or 167 and ZEOFREE®153, 177, and/or 265 silicas, all available

from J. M. Huber Corporation, Havre de Grace Md., U.S.A.

For purposes of this invention, a "dentifrice" has the meaning defined in Oral
Hygiene Products and Practice, Morton Pader, Consumer Science and Technology Series,
Vol. 6, Marcel Dekker, NY 1988, p. 200, which is incorporated herein by reference.
Namely, a "dentifrice” is " . . . a substance used with a toothbrush to clean the accessible
surfaces of the teeth. Dentifrices are primarily composed of water, detergent, humectant,

binder, flavoring agents, and a finely powdered abrasive as the principal ingredient . . . a
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Vol. 6, Marcel Dekker, NY 1988, p. 200, which is incorporated herein by
reference. Namely, a "dentifrice" is " ... a substance used with a

&p&%@%@l}}p clean the accessible surfaces of the teeth. Dentlfrlc%§0%5%6173

y composed of water, detergent, humectant, binder})ﬁér\//% ing

,.and a.finel dered abrasi he principal i dient.... a 30
LR G e A

oHRLOSHEEOIAINIR dossae U oL delvering At caries A0S g v

teeth. € Tormulations contain ingredi

afdizsol %QJ'&%%%AP;S&&EE{%@H{%Q éﬁﬁ%&ﬁj@@?@é‘%ﬁ%ﬁd%ﬁ%@%%%ﬁ?-gﬁes agents

C.
anti-carles agents as sodium f de, sodium p es, flavoring

sRFERISAHER AS.SRECHANINN Phssyrricusislicaaadaothnasie dentifrice)

properties described herein were measured as follows, unless indicated
otherwise. The Brass Einlehner (BE) Abrasion test used to measure the
hardrEssvafithe sfifecipitbiestigilicagiritidgige) prepateddathiscapplisatione
is described in detail in U.S. Pat. No. 6,616,916, incorporated herein by
mefered e follvetyosndrs Gimiefaner B H0S0 Abrader generally used as
follows: (1) a Fourdrinier brass wire screen is weighed and exposed to
the adiieBrrisa BindehaguedisAliissiosuisplerssibiv fmeastisethédrgdnast tftbe
(2) the amount of abrasion is then determined as milligrams brass lost
PReoR| e sBisasisiicr splrrereaedh ipdhis eppbotfiryisidasnibertie detoliin U.S.
measured in units of mg loss, can be characterized as the 10% brass

PEiNanhb! IS dBASREFriFAl erehRY SR TS p R s @ Tl hsa dhifelPO0
ARBSIRIET e T Pied s besed on e prneple ke,
BB IAGRE DRSS, P messng s ikt sl e
thg‘lﬁnount of abrasion is then determined as milligrams brass lost from the Fourdrinier
wire screen per 100,000 revolutions. The result, measured in units of mg loss, can be
characterized as the 10% brass Einlehner (BE) abrasion value.

The oil absorption values are measured using the rubout method. This method is
based on a principle of mixing linseed oil with a silica by rubbing with a spatula on a
smooth surface until a stiff putty-like paste is formed. By measuring the quantity of oil
required to have a paste mixture which will curl when spread out, one can calculate the
oil absorption value of the silica--the value which represents the volume of oil required
‘per unit weight of silica to saturate the silica sorptive capacity. A higher oil absorption
level indicates a higher structure of precipitated silica; similarly, a low value is indicative

of what is considered a low-structure precipitated silica. Calculation of the oil absorption

value was done as follows:
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oil absorption value of the silica--the value which represents the volume of
oil required per unit weight of silica to saturate the silica sorptive capacity.
“,%Qj)g%gﬁ?3absorption level indicates a higher structure of 9@‘?‘}{%@8‘&%3 6173
silica; similarly, a low value is indicative of what is considered a
low-structure precipitated silica. Calculation of the oil absorption value
OoassdensoasSollows) gl WQeP6/057723 P&TfHHS2005/036173 Oil
absorption = ml oil ghsarbedintd Fyueight of silica, grams ml 0il/100
gram silica As a first step in measuring refractive index ("RU') and degree
of light transmaissiqh, silreowg-ah glyegrin/water stock solutions (about 10)
was prepared so that the refractive index of these solutions ties between
1.428 and 1.46. The exact glycerin/water ratios needed depend on the
exact/glycirinsigeth anddsriigtesminad hydshe rachaiciarprakingdie
measurement. Typically, these stock solutions will cover the range of 70
trovi9eissi00, with gy ipcerin/ateer fiodetantiine RbinactVewadgxpaned oF that
two drops of each standard solution is separately placed on the fixed
the|pastizerofastofitbees (Abbensd®Refuotorhéid Mdodeld 0BE0xate
covering plate is fixed and locked into place. The light source and
eheraptoreterticensiiechderan apdmerehelvacenigest vrdkiadetstmiere by the
solution is read. Into separate 20-m| bottles, accurately weighed was 2.0
teghnigigh makipghe moatiiTRg Draissidhentceionio avlutiant bl denan the range
0 +/- 0.1 m| of each respective  stock glycerin/water solution (for
"%ﬁé uéfs“’wglﬁ%%a%%?saﬂow BrptioHABaVEC BEIRTE idSEs Y g o drops

Q}{&lng%ﬁcgre&/ B&?&%%ﬁaéesé,&'a{,%%@ % a%%&%% h]égﬁ%e(:)c{ {t) aetesgg%igeﬁactometer (Abbe

60 Refractometer Model 10450). The covering plate is fixed and locked into place. The

light source and refractometer are switched on and the refractive index of each standard
solution is read.

Into separate 20-ml bottles, accurately weighed was 2.0 +/- 0.01 ml of the
inventive gel/precipitate silica product and added was 18.0 +/- 0.01 ml of each respective
stock glycerin/water solution (for products with measured oil absorption above 150, the
test used 1 g of inventive gel/precipitate silica product and 19 g of the stock
glycerin/water solution). The bottles were then shaken vigorously to form silica
dispersion, the stoppers were removed from the bottles, and the bottles were placed in a

desiccator, which was then evacuated with a vacuum pump (about 24 inches Hg).
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glycerin/water solution). The bottles were then shaken vigorously to form
silica dispersion, the stoppers were removed from the bottles, and the

W placed in a desiccator, which was then evacu i
“3%%95{% ﬁz?\np (about 24 inches Hg). 32 WO 2006/057723 BEH U Bz

PCT/14320051036173. The %@g@%m&&@ﬁﬂg%h%ex%aﬁt&w%&p%%ed for

minutes and visually inspecte ete de-aeration. The

c%ﬂ%%&@&%&%ﬁe'%%é%@nﬁ%@%%@? gy %Q%t@%é%%%%%%@ﬂ was

after the samples returned to room temperature (a

pRESOFINCRAI0HIE @AY RAIHIES B FBSHAHREHISHAC M TH inutes), according

%Transmittance was measured on the inventive product/glycerin/water
telibp esatamschrRlacing.anAigHat@bmach dispersion in a quartz cuvette
and reading the %T at 590 ran wavelength for each sample on a 0-100
scale Thee@lrbransmaiitanes vsedsiraf shatsiack soldiRpsudser was/paited
on a curve. The Refractive index of the inventive product was defined as
ditrepositidy phtliegpiotibgupesieatirdispersith dnar dinate ok Xtevalt edadinih the
%Transmittance vs. the RI curve. The Y-value (or abscissa) of the peak
Yeh kiAo we tblerRs T fan smltisanael e Tiner SuHce alre dTbé K@ eresijiitatedyvs. RI
silica/silica gel reported herein is determined by the BET nitrogen
obEieRk ﬁq%\@m&dwﬂdmmmw@i an axyrys. TheRefsotivedodeoof tiospntive
The total pore volume (Hg) is measured by mercury porosimetry using a
PWﬁ’&‘&SﬁYéFiﬁEé‘Rﬂt@déFéﬁ@?’zefébﬁaFamg PrAfe TpEFERN B el ingtery X-
alculated g}yrthe Washburn equation. employing a contact angle Theta
Vf‘f’dﬁe‘iaﬂﬁ% VAR At SN g ak i Kejtia (% 28 tgnat fagpeak
m&{fsﬂhr&s}twm&rgto asuret%a}]he void volume and pore size distribution of
Various matenars. ﬁr%‘?%lﬁry I€%orced into the voids as a function

The surface area of the precipitated silica/silica gel reported herein is determined
by the BET nitrogen adsorption method of Brunaur et al., J. Am. Chem. Soc., 60, 309
(1938).

The total pore volume (Hg) is measured by mercury porosimetry using a
Micromeritics Autopore IT 9220 apparatus. The pore diameters can be calculated by the
Washburn equation employing a contact angle Thcta (0) equal to 140° and a surface
tension gamma equal to 485 dynes/cm. 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 the mercury intruded per gram of sample is calculated at
each pressure setting. Total pore volume expressed herein represents the cumulative
volume of mercury intruded at pressures from vacuum to 60,000 psi. Increments in

volume (cm*/g) at each pressure setting are plotted against the pore radius or diameter
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of pressure and the volume of the mercury intruded per gram of sample is
calculated at each pressure setting. Total pore volume expressed herein

“yg%g%gbt%he cumulative volume of mercury intruded at p%ﬁﬂﬁﬁo@ﬂ&?m

vacuum to 60,000 psi. Increments in volume (cm3/g) at each pressure

cieéipehaligzoke dragatedeifia DRk diaehius PRARMSIME 3 Mided volume versus
2006/057723 PCT/US2005/036173 corresponding to the pressure setting

pireretiens dbhepeake SoerispoidRdookiIFGIYERIHS paRs §ikafBltion and
diameter curve corresponds to the mode in the pore size distribution and

idelaififiahdneosnoanheompoa fesdnsize smiple. SpapiRaBpacifippllyizsasydiested
size is adjusted to achieve a stem volume of 25-75% in a powder

topmhetve mettan wothree STACLNENG postEmpeodtimecdabiohit 5. nibulb and a
Samples are evacuated to a pressure of 50 .tun of Hg and held for 5

stemrichunneé ehony 1 illondh Egoplss frsrmvacBaedo,0Q0epsinvith ¥ 10nseftdpdnd
equilibrium time at each of approximately 103 data collection points.

h hpHiee Missusy déte thameeee Siog. & Mo @81 Q0R-pgovisr 2 A03ecpod an
equivalent) laser light scattering. instrument available from 1-loriba

SARIPEHR B B GBERRTAPIERRRIRINAE deicehirsiianaptEscribing the

tightness. of the particle, size distribution are particle size span ratio and
peta VIS8 BRI SR A 5B B <o et 1A Gt

By "particle si an ratio". it js meant the cu ulagilﬂe. iameter of the
© ar?licaz eti in %gg?e%%%%ee%% ﬁ?ﬁ(}a“(Bei%f‘r’ﬁ?leHieﬁ%% i gﬁé‘%ﬁﬁﬂt@ at the
B&aﬁgﬁhwﬁl%ggrcentile (D90) divided by the diameter of the particles

In the' fiftieth volume' percentile (D50), i.e. (1710-D90)1050. A lower span

Ao CAERAAIMBHRAC iR PO IR B AR BP B Ruricle

value" it is meant cumulative diameter of the particles in the twenty-fift
SiAOPIMGRRY RN HRA(PARe NI dRA Y heHAMALRIAMIRE: light scattering
instrument. By “particle size span ratio” it is meant the cumulative diameter of the
particles in the tenth percentile (ID10) minus the cumulative volume at the ninetieth
volume pércentile (DS0) divided by the diameter of the particles in the fiftieth volume
percentile (D50), i.e. (D10-D90YD50. A lower span ratio indicates a narrower particle
size distribution. By “particle size beta value” it is meant cumulative diameter of the
particles in the twenty-fifth volume percentile (D25) divided by the diameter of the
particles in the seventy-fifth volume percentile (D75), i.e. D25/D75. A higher beta value
indicates a narrower particle size distribution.

CTAB external surface area of silica is determined by absorption of CTAB

(cetyltrimethylammonium bromide) on the silica surface, the excess separated by

centrifugation and determined by titration with sodium lauryl sulfate using a surfactant
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particles in the seventy-fifth volume percentile (D75), i.e. D25/D75. A
higher beta value indicates a narrower particle size distribution. CTAB

V{;())(te(z)rn7’;(1}I§§7urface area of silica is determined by absorption of CTAB
(c€e y(l nr‘ne%ﬁylammonium bromide) on the silica surface, the &IEHE0S/036173

R b L S R R B T T
asgepseraqmg@s@ftemmmeaﬂé H}&P&l&%{;igs}?ggg@g%gﬁaﬁﬁst 0.5 g of

qguantity of CTAB adsorbed (analysis of CTAB bef

sARaQERlRR) iRReSHcal beaRAULhI 60%o fliearig Blangddn f; 330 hixed on an
beaker with 100.00 ml CTAI3 solution (5.5 g/L), mixed on an €lectric stir

eflate fair phatifofheRote ik 68138 MN0tesRkd098, 685 HRNedR ke or
10% Triton X-100 is added to 5 ml of the clear supernatant in a 100-nil

1D%elReitorT el pbi isadaidii siesthid oF Srdofenvitipdrhhh Gl andohie) SRSCMERISH is
titrated with 0.0100 M sodium lauryl sulfate using a surfactant electrode
adRwtekrtradr}-319 REBD 0- DN) HE Hatd nininpedimepisfauted a0, 6% mesidium
residue of the inventive silica is measured utilizing a U.S. Standard Sieve
Iy selfatoviingze miiefoteot €00DAdBhpenin G RISIHESS stelekamitime the
cloth) by weighing a 10.0 gram sample to the nearest 0.1 gram into the
e‘&&?’&f*the 1 quart Hamilton mixer Model No. 30, adding approximately
170 ml of distilled or dejonized water and stirring the slurry for at least 7

min. TREndréf HBeAResHVG R donsinfedhca i mass wadvdiringe &Up.
S S e
cl@%?%é/f%%{ 0 si31< iiac(pﬁ a%bso%\é?rplg?ost%‘gs%% cIogLIWash_the residue to one

side of therscreen and TanSer By WasARAE Thit o 0P kg ichifsingpart
HAFHIGAAL JNRNEER AR HOTL AMESRIN 1y 170 mi of distilled or dejonized
water and stirring the slurry for at least 7 min. Transfer the mixture onto the 325 mesh
screen; wash out the cup and add washings onto the screen. Adjust water spray to 20 psi
- and spray directly on screen for two minutes. (Spray head should be held about four to
six inches above the screen cloth. Wash the residue to one side of the screen and transfer
by washing into an evaporating dish using distilled or deionized water from a washing
bottle. Let stand for two to three minutes and decant the clear water. Dry (convection
oven @ 150°C or under infrared oven for approx. 15 min.) cool and weigh residue on
analytical balance.

Moisture or Loss on Drying (LOD) is the measured silica sample weight loss at

105°C for 2 hours. Loss on ignition (LOJ) is the measured silica sample weight loss at

900°C for 2 hours (sample previously predried for 2 hours at 105°C).
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bottle. Let stand for two to three minutes and decant the clear water. Dry
(convection oven @ 150C or under infrared oven for approx. 15 min.)

cool igh residue on analytical balance. Moisture or Lo n Dryin
W&@ﬁ%ﬁ%ﬁ% measured silica sample weight loss at 105C 1‘|(§>rC ?ﬁ%ﬂor%%%%s

Loss SpIaIANLOR s enied Pl spRIB weohioonat a000

for 2 hours (sample previously pre urs a

7 PCT, f ‘tgt; Xﬁpb the reactio
P %%gﬁjjr%%e V&*J%ﬁ&%%%%%%%%%&%%fﬁggbe #efggﬁ%{tﬁ‘\'/%ﬁﬁg%noé%h be
monitored by any conventional pH sensitive electrode. Sodium sulfate

contesbAuag feRcLESEDY RaNAIHELEY BY addavtiveorentratialcsfcellitaion

slurry. Specifically, 389 silica wetcake sample was weighed into a

oPsIlcd AR pELHERNT 2B blasnibonBaie s ddipss vinodel MledBry B6hagehrt
140 ml of deionized water was added. The slurry was mixed for 5 to 7

nmixierutes oftie dind tohu Byaotabiixan sfedeldNanebe2 305 radd gretndh e eiplirietel water
and the cylinder filled to the 250-m1 mark with deionized water, using the

wagadded. riflsesbutyheasixaed (. SThd saimps, Wzen thixslioy wasdrtingfaied to a
graduated cylinder (covered) several times. A conductivity meter, such as

2 0ed| erpduated cooNesanlthsdelindgdbirdt has tdee magdesivhiromieed
conductivity of the slurry. Sodium sulfate content was determined by

weksh ﬁawgd%eow% taHpReoub HisUBATF With [ Re Seinplsr i asurisegd idryagng the

m known method-of-addition sodium sulfate/silica composition slurries.

f
ARG CaLR GOV R i ac? UG e stHGR e Gple Palmer

injtial 0 J]I el during the overall in situ get/preci i%ate
e et e et S R e
SOURRS rs%ﬁteag&ﬁgﬁé Qxlz%spc%rtgé{%{lmy %P)%li)%%%on of the sample conductivity with a
standard curve generated from known method-of-addition sodium sulfate/silica

composition slurries.

Further tests followed below were utilized to analyze the structure of initially‘
produced silica gel during the overall in situ gel/precipitate production method. Included
within these analyses was porosity. Such a property of accessible porosity was obtained
using nitrogen adsorption-desorption isotherm measurements. The BJH (Barrett-Joiner-
Halender) model average pore diameter was determined based on the desorption branch
utilizing an Accelerated Surface Area and Porosimetry System (ASAP 2010) available
form Micromeritics Instrument Corporation, Norcross, Georgia. Samples were out-
gassed at 150-200°C until the vacuum pressure was about 5 ym of Mercury. Such an
analyzer was an automatic volumetric type at 77 K. Pore volume was obtained at a

pressure P/P¢=0.99. Average pore diameter is derived from pore volume and surface area

36



using nitrogen adsorption-desorption isotherm measurements. The BJH
(Barrett-Joiner- Halender) model average pore diameter was determined

“gﬁ;qu/(%gﬁge desorption branch utilizing an Accelerated Sq&g&@g&%3 6173

orosimetry System (ASAP 2010) available form Mieromeri
Instrumeg

t Garppration,, Norcros orgia. es were out- gassed.at
o R B S e TSI L e AB S e leheteg St oK
apalyzer was an.autamatic volumetric. type at 77 K. Pore volume w
R DA B s YRl VS A o o o s

obtaine pressur . Average ived 1ro

WRGIRAOLIRE AR SUTRE R0 200806 120 B TAIRO0BI0304S

assuming cylindrical pores. Pore size ibution was calculate
zéféiﬁgﬁ?&)%ﬂgo&%ﬁé}pat%{ﬁfémgwdes the pore volume within a range of
pore diameters. A Halsey thickness curve type was used with pore size
range of 1.7 to 300.0 nm diameter, with zero fraction of pores open at
both @hdsodthgateotipaitie{ylentibite)ivineasitydutiteasusedositizany a
Brookfield Viscometer Model RVT equipped with a Helipath T-F spindle
VandmsettdvbdphR B enegpedingtthe Nedipasgitf-0f thiadlzothp aste &t PhChat
three different levels as the spindle descends through the toothpaste test
measaphe drdvisgersyinfthhdoatbpisie Bradkfialicthuisctifiiieis lexplesstd spindle
centipoise (cP). The Radioactive Dentin Abrasion (RDA) values of
df‘é@?ﬂF?Fi tugupnibaiaihasstedii sappip aativresaginathe werulimdiaakiiclle
.determined according to the method set forth by Hefferen, Journal of
VIBSERHY| IREXPIORSRL IMUGHEP LY 685 (4), pp. 563-573, and described in

Wasaqn U.S. Pat, Nos. 4,340,583, 4,420,312 and 4,421,527, which .
publi%g’ﬁ%%dgﬁﬁtﬁséﬁﬁlﬁr%bﬁé%@i{ég YRl Ph{rititessentnping the

.cleaning property of dentifrice compositions is typically.expressed in terms
siiica wm%dglggns %ecr 11 tﬂxs 1nvent10npare ctletemnnydp accm)c/img 0 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. 4,340,583, 4,420,312 and 4,421,527, which
publications and patents are incorporated herein by reference.

The cleaning property of dentifrice compositions is typically expressed in terms
of Pellicle Cleaning Ratio ("PCR") value. The PCR test measures the ability of a
dentifrice composition to remove pellicle film from a tooth under fixed brushing
conditions. The PCR test is described in "In Vitro Removél of Stain With Dentifrice" G.
K. Stookey, et al., J. Dental Res., 61, 1236-9, 1982. Both PCR and RDA results vary
depending upon the nature and concentration of the components of the dentifrice

composition. PCR and RDA values are unitless.
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of Pellicle Cleaning Ratio ("PCR") value. The PCR test measures the
ability of a dentifrice composition to remove pellicle film from a tooth

wihedgisfixed prushing conditions. The PCR test is describedjp Yt s6173
Removal of Stain With Dentifrice” C. K. Stookey, et at., J. Dental Res.,

61, 1236-9, 1982. Ei;g&g, e? g%ﬁd?é}eﬁﬁﬂ'l‘% \éaixvgne@gnding upon the
nature and concentration of the components of the entittice composition.
PCR and RDA values are unitless. 37 WO 2006/057723
PCTIUE20R5/036 Inatertiie iR ere G fopaRucimneiiseatitng FoMantion Tie) a first
inventive materials were prepared by sequentially forming (in situ) a first
ssilisgd€b{ eigkitdikpmainral antingdiéngdheffittesticiantsosn esaotants to form
reactants to form a precipitated silica component present simultaneously
awitivith axiedtidllya procpeedigetfent gieldlkasadyriaih Tireisiteinprofigetdel (or
controlled by the quantity of reactants in the first stage while the amount
goiflijre oholaatal) Sllicaaivaonvbiieddyottieoldgdbitithofvestitanfadactings in the first
second stage. The structure of the final product is controlled by the
staesovi othgamaist pfadeciptaied rilineis sontellad by Mroapredtpiednsactants in
silica, as well as reaction parameters, such as temperature, rates,
thegiseand stagns T Brstaid enabin fnelqedrst ivepnigiieddr dbeamaymier gel
Initial Gel Formation EXAMPLE 1-2 The first two,examples show the initial
fiFyoy H%Wm?%}sdgf& i MO tRECO PEFSIR GGt Préa rarien
method. After initial production, some of these s les were, then. .
o A R T e T
gljbgﬁ& @%%bq}%leis first formed as well as for other gel properties exhibited
y such a sample. It ,

Initial Gel Formation

EXAMPLE 1-2

The first two examples show the initial production of silica gel within the overall
gel/precipitate production method. After initial production, some of these samples were
then washed and purified in order to analyze the resultant material to determine if an
actual gel is first fonﬁed as well as for other gel properties exhibited by such a sample. It
is important to note that the remainder of the samples was utilized in the further
production of gel/precipitate products below without any washing, purifying, etc.

In each example, a volume of aqueous solution of 3.3 mole ratio sodium silicate
of specified concentration was charged within a 30 gallon reactor and agitated therein at
60 rpm. The reactor contents were then heated to 50°C and then 11.4% sulfuric acid

(heated to 30°C) was added at a specified rate and for a specified time and the resultant
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Is important to note that the remainder of the samples was utilized in the
further production of get/precipitate products below without any washing,
ifyi c. In each example, a volume of aqueous solutign of 3.3 mole

Vfgjtlgo sgc})%‘lfa%m silicate of specified concentration was chargeé) Witk g4t
gaiiRp weaeierk andagiated thetein tl_ﬁ? rom. The reactor contents,wer,
P e T L R el TR S T o

then heated to 50C an ulturic aci

aa@w@gﬁ&m@dmaép AARACEREING %jgﬁéﬁ?g{?ﬂ%ﬁe&% and

2006/057723 PCT/U82005/036 73 produc;t was t owed to form Into
dAdehlikei g iaknTlismaesalues Bisndisred .andisy éﬁw%ﬂ%s for

washed with water (at about 60C) and spray-dried. Such collected an
valiigowatasial e ivde TRsimoaAYMEGE ATiREIRRNIRS 33 BRI

the tests for which were delineated above. The following Table | includes
conditiiag; Tatdeepess idadaeoneii onspctat €02 MERHRE ANFMARLN PAPIRR Cts.
for these initially produced gel products. It was evident that, upon
Ltavealysident thataugeh maderia) swilidnigid yferledafigiial T rfikeringanche
washing steps performed after collection thereof were only necessary to
filigningandatgstinp etbpepedaguicibaftertailegliop ehttem frvaccontianae saith to
Table 2, below, Such analysis is not generally performed during the
fustberanpventiehmsrd grolen caoain prapertiagjit apsiplenipitits Silda 2, below.
combination. It was merely an interest to determine if a silica gel had
Strbearalist e ot srnenyl rReHRapre dertnestin s fbentssiieatismroduction of
purposes furthermore, for this table as well as throughout this disclosure,
Srﬁ@P geh el et slicaiFombiBRiRhm L ket SeTe et ddere doslrismminssit 2
.Additionally, it is important to.note that the oil absorptjon properties
SR bt R R K ere S o
ed wi determination of oil absorption for. the entire inventive
plggﬁ%:sz C%}ft&g%%ﬁst: %é%é% rﬁ%ﬁ r%tc%% as wellll as %%(Pu&ou?ﬁns%xs&osum, any data that
was unavailable or unmeasured is represented by dashes. Additionally, it is important to

note that the oil absorption properties measured for the silica gel alone is not an
indication of nor is it to be confused with the determination of oil absorption for the

entire inventive gel/precipitate silica combination.

TABLE | Reaction Parameters

Example No. 1 2
Silicate Conc. % 13 6
Silicate Volume, 1 60 60
Acid Addition Rate, Ipm 047 047
Acid Addition Time, min 414 2435
Final Reaction pH 9.0 5.28
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TABLE | Reaction Parameters Example No. 1 2 Silicate Cone. % 13 6
Silicate Volume, 1 60 60 Acid Addition Rate, Ipm 0.47 0.47 Acid Addition
| in41.4 24.35 Final Reaction pH 9.0 5.28 39 WO Zgg {‘8%
W@éﬂ%@?&um%ln TABLE 2 Example No. 12 % Gel. 1 f 5@7?%6173
LOD 5.1 10.7 % LOI 5.8 8.00 % 325 Mesh Residue 3.3 0.53 5% pH 9.76
6.90 %Na2S04 3.97 3.18 MPS, prgi6:310.1 Particle Size Span -- 2.10

Particle Size Betag 39443, CTAB, m2/g 207 211 BET, mzjg 232 433
BJH Desorption Average 196 37 Pore Diameter SA)

% Ge 10 100
% LOD 5.1 10.7
% LOI 5.8 8.00
% 325 Mesh Residue 3.3 0.53
5% pH 9.76 6.90
%NaySO4 | 3.97 3.18
MPS, pm 16.3 10.1
Particle Size Span - 2.10
Particle Size Beta 0.39 0.43
CTAB, m’/g 207 211
BET, m%g 232 433
s U
Oil Absorption, ml/100g 120 81
Pore Volume, cc/g 2.1 1.29
BE, mg loss/100,000 rev. 12.73 6.65
RI 1.457 1.451
%T 11 10
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Oil Absorption, mil0Og 120 81 Pore Volume, ec/g 2.1 1.29 BE, mg
loss/100,000 rev. 12.73 6.65 RI1.457 1.451 % T 11 10 40 WO

/ 3 PCT/US2005/036173 In.. Situ. G61/Precipitate osjte
“%Sr)g@ﬁ%%tz)ﬁ%EXAMPLES 3-7 Examples 3-7 contained from é)&%/ﬁ%o%usmn

JADRN 2B R R, MM S hs.fpm about 90% to about 77% by
mpﬁﬁé%tate silica (as noted In the accompanying tables). The
products of these examples had silica structure levels varying from low
structure (LS) to medium structuxesW8)H9 fugh structure (HS). A first step
was followed in which a volume of aqueous solution of sodium silicate
(Silic@teaMplusie Apataperitiod sangantiaiooloats CANsRUEREAN thls from
and a SiO2:Na2a ratio of 3.3 was charged within a reactor and agitated
altther 8194 de pendings peivolnmsizedfithed siiio(athnBgiatianspaagwasy
from about 60 to about 92 rpm, although any speed may be utilized for.
tablash al prauedurts)oTthesreacioplos htehigivesiteuheatdavids SAGian Grthelow
11.4% sulfuric acid was added at a specified rate (Acid Rate A) for a
stepdesei éBSrveniadiadidencTvie m)higosteetrglHS), for instance, the
agitator speed was set to 60 rpm, except it was increased briefly for |
minute {551 Serrravfalievgdaeiwbixbdiremnes ansonsioluionadwadipwint,
ecified Water Volume, if indicated, was added to the formed silica

sfgateq ety Uplime A AARERI . eBiFRioR Siiat G acgiwation A) and

S102:Na,O ratio of 3.3 was charged within a reactor and agitated therein (depending upon

the size of the reactor, the agitation speed was from about 60 to about 92 rpm, although
any speed may be utilized for such a procedure). The reactor contents were heated to
50°C and then 11.4% sulfuric acid was added at a specified rate (Acid Rate A) for a
specified time (Acid Addition Time A). (For Example 5, for instance, the agitator speed
was set to 60 rpm, except it was increased briefly for I minute to 120 RPM during Acid
Addition Time 4 -5 minutes.) At this point, a specified Water Volume, if indicated, was
added to the formed silica gel. A silica gel was then visually recognized and the pH of the
slurry was tested and optionally maintained at pH 5.0, as indicated, by adjusting the acid
addition rate. The resultant slurry was then heated to as high as 93°C (with others heated
to lower temperatures, as low as 80°C, but allowed to continue to heat up to 93°C after
the second stage precipitation was started), and such a temperature was then maintained
for the duration of the batch production. Subsequently, simultaneous addition began of a
second amount of an aqueous solution of sodium silicate pre-heated to 85°C at specified

concentration (Silicate Concentration B) at a specified rate (Silicate Rate B) and the same
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slurry was tested and optionally maintained at pH 5.0, as indicated, by

adjusting the acid addition rate. The resultant slurry was then heated to

as high as 93C (with others heated to lower temperatures, as low as 80C,
W EENoWed o continue to heat up to 93C after the second é)t(éag 52005/036173

ipitati d d t t h intai
s@éﬁfﬁeﬁu?aa%%“a%%ﬁ%%%%cﬁ%ﬁgao o B R AL BT ot
QQQFWL%%I%Q?J%%?EW%QH&@ iAbhagueous solution of Sodiumy and
e-heated to 85C a f

silicate pr t specified concentration (Silicaté

. 1 Sechied .
P R S T SRR e

¥R Bl Becraatianffibadeacdesepplantgal ﬁqr@é%gfr%a%tbgwn@&ﬂmas

after simultaneous addition of acid and silicate commenced an
comitiney hnpokdigastiom-Aflenasnrcfiegitmetailicaip Additiandime
B) of sodium silicate introduction, its flow was stopped. The pH of the

coptnted cartantsenis taehtpi dislysn enipsacuIriogdbesipalaRefuhed, the
addition stage. The acid addition continued until the entire batch pH

addopedcts slbowut! Tdestomce Thiseplperasiattaineticthanacidiflawhveaste until the
slowed to about 2.7 liters per minute and continued at such a rate until the

osredatpef Gfethesulisul teatttbatshivwapedroppéd The fhidted Hiaidhedsisheoheated
was then heated at 93C for 10 minutes (digestion), while maintaining the

atP3ch for1 L&t miguteh digestinahtwhile mainiainienthedwich ol 18y 4iftrafiomresultant
washed to a sodium sulfate concentration of less than about 5%

slpsrefeps g ndesarrardAu, ilirmtionoeesheddep Rpdiame\ s Wiy serensanianeef less
b oniforing the filtrate conductivity and then spray dried to a level of .

g P eon e et

¥itfgdhamfetrambord pe brabkdelonhe b s proeirgd by
th illed iform .size. P t d for E I -7
e i R B e e bl Eirick e
utﬂ%ﬁ%tﬁg ﬁtﬁ’éﬁ@&ﬁi}%&é@ %?94%80‘?9@%%8%’ product was then milled to uniform

size. Parameters used for Examples 3-7 are described in Table 3. The Acid rate levels for

some of the examples were adjusted during the reaction, as noted below.
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42 WO 2006/057723 PCT/US2005/036173 TABLE 3 Reaction
Parameters Example No. 3456 7 Silicate Conc. A, % 6 1313 13 13
Slllcat Volume A. 1 138 60 60 60 60 Acid Addition Rate A I

YRR R Addition Time A, min55555 Water Volume, l(?g/rlslsaogsmsmn
150.5 0 0 Reaction pH ddjiBierl IR0t aPMan@saNo No Silicate Conc.
B, % 14.95 13 17.35 13 13 Silicate Rate B, Ipm 9.6 12.8 8.1 12.8 12.8
AciERanplBNpm 4.6-4.8 4.7 4.7-5.134.7 4.7 4Silicate AdditiongTime B, min
48 42 48 42 42 Average Simultaneous Addition pH 4.9 8.1 6.4 8.57 8.0
Sevtiiap §pextie’s 8 Examples 3-7 Gvere detdrmined ccordirng to thel 3
methods described above and the results are summarized in Table 4. 43
WO Hsps10512e AGT/US20051038873 TABLE 4 BRampledto. 3 4 66 7
% Gel 22.9 10 13.4 10 10 Structure HSLS MS LS LS

Acid Addition Rate A, Ipm 5 4.7 5 4.7 4.7
Acid Addition Time A, min 5 5 5 5 5
Water Volume, liters 0 0 150.5 0 0
Reaction pH adjusted to 5.0 Yes No Yes No No
Silicate Conc. B, % 14.95 13 17.35 13 13
Silicate Rate B, Ipm 9.6 12.8 8.1 12.8 12.8
Acid Rate B, Ipm 46-48 47  47-51 4.7 4.7
Silicate Addition Time B, min 48 42 48 42 42

Average Simultaneous
Addition pH 4.9 8.1 64 857 8.0

Several properties of Examples 3-7 were determined according to the methods

described above and the results are summarized in Table 4.
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% LOD 6.74.91,9554.5 %LOI4.44.344.63.6 % 325Mesh0.40

0.02 0.48 0 Residue 5% pH 6.61 7.47 6.79 7.09 6.53 %Na2SOe 0.35
<.350.74 <.350.98 MPS,sm 11.37.99512.2 4.11 Particle Size Span
WA2YY0I8E 2 12 1.90 Particle Size Beta 0.47 0.26 0.45 0.F 5 HESFEARS173
m2/g 248 54 147 71 76 BET, m2\/? 4’L 252 102 81 Oil Absorption,

168 82 117 75 81 ml/100g Pore Volume, cc/g 2.32 1.66 2.18 1.59 1.59
Bampig Nss/ 3.98 18.37 11.4 25.46 7.92 100,000 rewt RI 1.4577-- 1.451

%. p144l % T 473—2-2§£ 410 @WO 2@%@(0577231

/US2005/03617 AMPLES 8-12 Examples 8-92 contairl1gd about
Aeu&ake by volume gejgnd about 5-65 Yapy volumggprecipitated silica.
The products of these examples had silica structure levels varying from
%drPIdw structure to High structu®. Theselékamplesiviiere prega¥ed

% LOI 44 43 4 4.6 3.6
0,

%6 325 Mesh 0.4 0 002 048 0
Residue

5% pH 6.61 7.47 6.79 7.09 6.53
%Na;SO04 0.35 <35 0.74 <35 0.98
MPS, pum 11.3 7.9 9.5 12.2 4.11
Particle Size Span 1.5 2.2 1.95 2.12 1.90
Particle Size Beta 0.47 0.26 0.45 0.3 0.46
CTAB, m%g 248 54 147 71 76
BET, m%/g 453 81 252 102 81
Oil Absorption,

ml/100g 168 82 117 75 81
Pore Volume, cc/g 2.32 1.66 2.18 1.59 1.59
BE, mg loss/

100,000 rev. 3.98 18.37 11.4 25.16 7.92
R ©1.457 - 1.451 1.438 1.441
% T 47 - 30 4 10
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according to the procedure given in Example 3-7, except with the

parameters described in Table 5 below (note that Example 12 was
v&)rozt(j)&ced \évgthin a very large reactor, about 40,000 liters in volume, with

a aglfzoﬂl%n speed of about 92 rpm and a high shear recircClaliGR G017

i f it 2050 vt A S ppcn Faramotrs Sl
L 0003 R A R 1 24T 41398
B e A0 B MR A R B
GHAHIOAAAATATS BALI, Sioas i Tae S
adik) 2006/ PRtédarP B Vel RANRRIOROLT Zx2e)eka i85c@rs described in

Examples 8-12 were determined according to the methods described

Table\fchahah i fe i ErimplemMatizeddoctablatfin TABH8eR repaniegbout
Example 8 91011 12 % Gel 33 33 33 30 25
40,000 liters in volume, with an agitation speed of about 92 rpm and a high shear

recirculation flow rate of about 3050 liters/minute).

TABLE 5 Reaction Parameters

Example No. 8 9 10 i1 12
Silicate Conc. A, % 6 13 6.0 32.5 13
Silicate Volume A, 1 200 200 200 60.3 6105
Acid Addition Rate A, Ipm 4.7 4.7 4.7 4.7 191.3
Acid Addition Time A, min 8 16 8 14.1 11.75
Water Volume, liters 0 0 0 120 0
Reaction pH Adjusted to 5.0 No No No No No
Silicate Conc. B, % 16.21 13 16.21 13 13
Silicate Rate B, Ipm 8.33 12.8 8.33 12.8 521
Acid Rate B, Ipm 45-47 47 4720 47 191.3
Silicate Addition Time B, min 48 31 48 329 353

Average Simultaneous Addition pH = 4.34 8.02 7.1 7.9 e
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Structure HS HS MS LS MS % LOD 5.7 5A 2.04.47 %LOI 5 3.83.34.8
4.1 % 325 Mesh Residue 0 1.05 0.02 0.11 2 5% pH 6.14 6.96 6.15 8.03

W7 5220 % Na2S04 2.24 0.43 3.97 <0.35 0.82 MPS, m 10.2 15 510.3 123461173
ﬁ 8 %)artlcjfe Size Span 1.13 1.96 1.26 -- 2.28 Particle Size %%Pa%%?%‘@

- 0.37 T 22 2
s e e T S S

GXBIIBE 66 2,873 5,202 Sl B MG iS5/ 100,000 rev. 1.96 4.27
6.79 18.76 2.94 RI 14571457144814381448 % T 57 67 25 6 65.6
46 WO 2006/057723 PCT/U S2005/036173 EXAMPLES 13-14 Examples
13-14 contained about 50% gel and about 50% precipitated silica. The
products of these examples had silica structure levels varying from low
structure to very high structuraﬁﬁ;gs@%ﬁmgs were, prepared

according_to the procedure given in Example 3-7, except with the
parametef&e®&%ibed in Table 7 belo®. TABLE®? Reactih Pararhbters 12

% Gel 33 33 33 30 25
Structure HS HS MS LS MS
% LOD 5.7 5.0 2.0 44 7
% LOI 5 3.8 33 4.8 4.1
% 325 Mesh Residue 0 1.05 0.02 0.11 2
5% pH 6.14 6.96 6.15 8.03 7.52
% NapS04 2.24 (.43 3.97 <0.35 0.82
MPS, um 10.2 15.5 10.3 12.4 12.6
Particle Size Span 1.13 1.96 1.26 - 2.28
Particle Size Beta 0.56 0.37 0.53 (.48 0.3
CTAB, m%g 318 191 164 50 77
BET, m*/g 522 242 194 84 118
Oil Absorption, mi/100g 185 167 142 58/53 122
Pore Volume, cc/g 2.97 3.05 2.9 2.64 2.12

BE, mg loss/100,000 rev. 1.96 4.27 6.79 18.76 2.94
RI 1.457  1.457 1.448 1.438 1.448
%T 57 67 25 6 65.6
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Example No. 13 14 Silicate Conc. A, % 13 35 Silicate Volume A, 1 300
91.2 Acid Addition Rate A, Ipm 4.7 4.7 Acid Addition Time A, min 23.5

3.5 Water Volume, liters 0 209 Reaction pH adjusted to 5.0 No N

hzg" eTonc. B, % 13 13 Silicate Rate B, fpm 12.812.8 AE%W&?&?OQO“W

Ipm 4.71 4.7 Silicate Addltlogg%%, 23 5 Average
Simultaneous Addition pH 7 everal propertles of Examples
bed nd
15 4R e ST OO SRR . e
ABLE I 50
x%g:iytlsj %@?ﬁ! QQQﬁg S E :§ s@@m@ ‘feue?s Jéj;llég @gll\fes ctm&a {0 very

Structure HSMS % LOD 4.94.4 % LOT 3.7 4 esl
h@ﬂ%&&éwm&@&%ﬂpﬁ were prepared according to the procedure given in

Example 3-7, except with the parameters described in Table 7 below.

TABLE 7 Reaction Parameters
Example No. 13 14
Silicate Conc. A, % 13 35
Silicate Volume A, 1 306 91.2
Acid Addition Rate A, Ipm 4.7 4.7
Acid Addition Time A, min 23.5 235
Water Volume, liters 0 209
Reaction pH adjusted to 5.0 No No
Silicate Conc. B, % 13 | 13
Silicate Rate B, Ipm 128 12.8
Acid Rate B, Ipm 4.71 4.7
Silicate Addition Time B, min 235 235

Average Simultaneous Addition pH 792 729

Several properties of Examples 13-14 were determined according to the methods

described above and the results are summarized in Table 8.
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%Na2S04 0.59 1.61 MPS, m 15.4 10.4 Particle Size Span 1.69 Particle
Size Beta 0-44 0.42 CTAB, m2/g 251 90 BET, m2/g 377 127 OiIl
ion..ml/100g 210 111 Pore Volume, cc/g 4.39 1.98 <
0SS 10%%}6;0 rev. 1.46 6.47 RI 1.457 1.441 % T 84 14 Exé’r%n%’%gs}gioﬂols?l”
Examples 15-17 reflected the abilify, just the gel level and the silica
structure through pH modifications e precipitated silica component
during gel/precipitﬁg}t{tgnpr@%&tion as well as thr%ﬂgh cha.nges in reactant
concentrations. These %xamples were prepared according {8 the
procedure given ifeExdmples 3-12, except withdbe parametgrs 48 WO
20061057723 PCTJUS200S/0361 73 Mc ibed" in'Tdife "9 Below
azid"within the s&%&°F¥%ctor and under the sake agitationSonditions as
not_ed for.ExampIeA;lgogbove. Examples 15 ang.y had no Q‘ilgh §hear
recirculation, however, whereas Example 16 utilized the sanie high shear
recirculation floweratgyas Example 12. TABLE 9 RReaction Rarameters
Example No, 15 16 17

% 325 Mesh Residue 0.08 0.07
5% pH 6.75 7.83
% Na; SOy 0.59 1.61
MPS, pm 15.4 10.4
Particle Size Span 1.69 --
Particle Size Beta 0;44 0.42
" CTAB, mg 251 90
BET, m*/g 377 127
Oil Absorption, ml/100g 210 111
Pore Volume, cc/g 4.39 1.98
BE, mg loss/100,000 rev. 1.46 6.47
RI 1.457 1.441
%T 84 14

Examples 15-17
Examples 15-17 reflected the ability to adjust the gel level and the silica structure
through pH modifications of the precipitated silica component during gel/precipitﬁte
production as well as through changes in reactant concentrations. These examples were

prepared according to the procedure given in Examples 3-12, except with the parameters
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Silicate Cone. A, % 13.0 6.0 13.0 Silicate Volume A, 1 2442 8140 4884
Acid Addition Rate A, 1pm 191.3 191.3 191.3 Acid Addition Time A, min 5
811.5 Water Volume, liters 0 0 0 Reaction p1l Adjusted to 5.0 No No N
WO BRC. B, % 13.0 16.21 13.0 Silicate Rate B, Ipm 5733525030
" deicitb&ite Bib1P 9 B8dvdah Wl ihd soilicatR O AgHIOM JIMEBamingdtidéh
37.6 Average Simultaneous Addition pH 9.7 7.2 5.4 Several properties of
caaditinpies h6td fordieatdgtier indd acdbraing do thammethpasnspRtribed:
above and the results are summarized in Table 10. 49 WO 2006/057723
rePIGTIUBR00SIEI6M 7 eTeaBERIDIP idpeitiesi Bxasaple Hiphldhda? rédirGahileh
3320 Structure LSMSMS % LOD52.94.1 % LOI14.33.24.5 % 325
fignestere Suwanesl 2.2 0.43 5% pH 7.2 6.69 7.17 %Na2S04 0.59 0.82
0.51

(0)
173

TABLE 9 Reaction Parameters

Example No. ‘ 15 16 17
Silicate Conc. A, % 13.0 6.0 13.0
Silicate Volume A, | 2442 8140 .4884
Acid Addition Rate A, Ipm 1913 1913 1913
Acid Addition Time A, min 5 8 1L.5
Water Volume, liters 0 0 0
Reaction pH Adjusted to 5.0 No No No
Silicate Conc. B, % 13.0 1621 130
Silicate Rate B, Ipm 521 | 339 521
Acid Rate B, Ipm 1913 1913 231.7
Silicate Addition Time B, min 42 48 37.6

Average Simultaneous Addition pH 9.7 7.2 5.4

Several properties of Examples 15-17 were determined according to the methods

described above and the results are summarized in Table 10,
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MPS, m 12.4 13.21 10.35 Particle Size Span 2.83 2.79 2.52 Particle Size
Beta 0.29 0.34 0.41 CTAB, m2/g 92 151 185 BET, rn2/g 91 166 265 Oil
b jon, mill 00g 79 115 150 Pore Volume, cc/g 1.39 2.
“’r%éﬁ%gé%s%%&ooo rev. 22.47 5.79 3.83 RI 1.432 1.454 1.45z? g@%%“@ﬁ“m
Dentifrice Formulations Tootirpggte faypreiatiags were prepared using
several of the above-described get/precipitated silica examples to
demonstratg ihgaeady-to-use on demggd capaghylities of-the inventive
compositions without furthering metering of the two components for
optimum defel protection benefits. 500 2086/0577220
PCTIUSZQ%SA%&QNB To prepare the Egntifrict\eﬁ the glygerin, sodium
carboxymethyl cellulose, polyethylene glycol and sorbitol'were mixed
together apd stiyred until the ingredients weredissolved fo form a first
admixture. The deionized water, sodium fluoride, tetr-asodium
pyrophosphbféland sodium saccharin4ere also2mixed 4afjether and
stirred untjl these inggedients are dissolved to form a second admixture.

These twéa elite then combthed witi? stirrinf4¥hereafter, the
optorcfas died i i o b e . e e

% NayS04 0.59 0.82 0.51

MPS, pm 12.4 13.21 10.35

Particle Size Span 2.83 2.79 2.52

Particle Size Beta 0.29 0.34 0.41

CTAB, m%g 92 151 185

BET, m*/g 91 166 265

Oil Absorption, ml/100g 79 115 150

Pore Volume, cc/g 1.39 2.08 2.64

BE, mg loss/100,000 rev. 2247 579 3.83
RI 1.432 1454 1.454
% T 5 67 57

Dentifrice Formulations

Toothpaste formulations were prepared using several of the above-describeci
gel/precipitated silica examples to demonstrate the ready-to-use on demand capabilities
of the inventive compositions without furthering metering of the two components for

optimum dental protection benefits.
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silica thickener, abrasive silica and titanium dioxide were mixed in without
vacuum. A 30-inch vacuum was drawn and the resultant admixture was

“ﬁfyrzro%glgg%%)prommately 15 minutes. Lastly, sodium Iauryl %&2@5280331036173

flavor weré added and the admixture was stirred for approxim

minutes gicfdiedhiedentibiieg, Shegdcdiie esulabi Rl fv,rWﬁﬁulose
transferred to plastic laminate toothpaste tubes and stored or future

ptégtihglchibglydehtifiicefstal watiomsxada givteriandablecd LGIM ikfRdients
dentifrice formulation utilized was considered a suitable test dentifrice

wenqidetioedfar fitrenpulipo seémoftdetclheidiignPeRwatkeed RRA{ASuVEalaS
viscosity) measurements for the inventive and comparative cleaning

teinedives P hpispbats tad sedounsafobarizowyrmelby logtiedasgetbepanditirred
proper formation of the dentifrice from physical and aesthetic

upidl hesednersdirnis srndiesh sk taifeanuaarsnrd adthianusf<Bidse tiveo admomtres
of deionized water added, but the overall base dentifrice formulation

WetF P mbiaashwih stipesor Thraeies thnorkienakealieansded SutaGming

tz °6’°§Z%S%J’%%fﬁs‘3%§§?w¥§a%?%é%éé%ﬁ%&%eiﬁz@ﬂﬁ%mﬂm

S AN S0 S5 SIS A58 2756 B 36 hNedsogy A
3&3131%%&%&%3 d?av%r? a§1d3 tf?e 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 resultant dentifrice
was transferred to plastic laminate toothpaste tubes and stored for future testing. The
dentifrice formulations are given in Table 11 below. The dentifrice formulation utilized
was considered a suitable test dentifrice formulation for the purposes of determining PCR
and RDA (as well as viscosity) measurements for the inventive and comparative cleaning
abrasives. Changes in the amount of carboxymethylcellulose to permit proper formation
of the dentifrice from physical and aesthetic perspectives were made in certain situations

with an offset in the amount of deionized water added, but the overall base dentifrice

formulation remained essentially static for the tests followed as noted above.
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600 CMC-7Iv,1.20.81.21.00.51.20.81.21.00.5 % Tetiasodium 0.5
.pyrophosphate 0.5 0.5 0.50.5 0.5 {0.5 0.5 0.5 0.5 Sodium 0.2 Saccharin

WA

Zeodent(r) 1.51.515151515 1.54
% Example 5 20 sill % Example 6 silica,

.20.20.20.20.20.20.2 , Sodium 0.243 Fluori

0.243 0.243 0.243 0.243 0.243 % Silica 1.5 thi

AES&J@ }65,% Example 4 20 silica,
Yo 2

Ekah

de, 0.243 0.243
005/036173

Example 7 Silica. % 20

Example 83

DG,
1

OFd
2

3

XERRIE BoRilg

4

A oftn<

5

UForm.

6

Form.
7

Form.

8

Form.
9

Form.
10

Glycerin
(99.5%), %

11

11

11

it

11

11

il

i1

11

11

Sorbitol
(70%), %

40

40

40

40

40

40

40

40

40

40

Deionized
water, %

20

204

20

20.2

20.7

20

20.4

20

20.2

20.7

Carbowax
600", %

3

3

3

3

CMC-TMXF,
%

1.2

0.8

1.2

1.0

0.5

1.2

0.8

1.2

1.0

0.5

Tetrasodium
pyrophosphate

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

Sodium
Saccharin, %

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

Sodium
Fluoride, %

0.243

0.243

0.243

0.243 | 0.243

0.243

0.243

0.243

0.243

0.243

Silica
thickener
Zeodent®
165, %

1.5

1.5

1.5

1.5

1.5

I.5

[.5

1.5

1.5

Example 4
silica, %

20

Example 5
silica, %

20

Example 6
silica, %

20

Exampie 7
Silica, %

20

Example 8
Stlica, %

20

Example 9
silica, %

20

Example 10
silica, %

20

Example 13
silica, %

20

Example 16
Silica, %

20

Example 17
Silica, %

20

TiO,, %

0.5

0.5

0.5

0.5

0.5

0.5

6.5

0.5

0.5

0.5

Sodium lauryl
sulfate, %

1.2

1.2

1.2

1.2

1.2

1.2

1.2

Flavor, %

0.65

0.65

0.65

0.65

0.65

0.65

0.65

0.65

0.65

0.65
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Example 10 silica, % 20 Example 13 silica, % 20 Example 16 Silica, %
20 Example 17 Silica, % 20 TiO2, % 0.50.50.50.50.50.50.50.50.5

ium lauryl 1.21.21211.21.21.2121.2 1.2 1.2 sulfate, %__
“&2\9%?0%%2%65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 53 Wo 36173

-~ 2006/057, T col i
com he D B A it
available from the Aqualon division of Hercules Corporation, Wilmington,
DE; afso.aceepiahiehis GRIGE () ARB0 RoaMic avpilahiefinmnNevieRules
Chhmodaiutify w6l farpuole tioR sapye pavgiladhovCnK G @ abmesd d P SRiIABR: from
Nemiantproperties, according to the methods described above; the
measurements, as well as the PCR:RDA ratios for each dentifrice
formulation are provided in Table 12 below. The PCR data for
Formgjﬁtigns. . 3, fnd were obtained_from Southeastern Dental
Rese ?98%{38? GORYR G PATRATeS ADRYS TS SaHated faiRfr) B RDA

. j jan lis, Indiana.
pg)%%‘tflre%%cgg? lrl;lge Polt{?xegn% (‘)31 sC clsrclzilggc}%l%cvleqc%hae x%ggsusf’emgl%, gs well as the

PCR:RDA ratios for each dentifrice formulation are provided in Table 12 below. The
PCR data for Formulations 1, 3, and 8 were obtained from Southeastern Dental Research
Corporation of Port Allen, Lousiana, and the remaining PCR data from Oral Health

Research Institute of Indianapolis, Indiana.

TABLE 12
Form Form Form Form Form Form Form Form Form Form
1 2 3 4 5 6 7 8 9 10
PCR 123 100 153 95 76 64 98 74 97 91
RDA 204 143 233 182 66 73 134 23 117 107
PCR/ 0.60
RDA 0.7 065 052 115 0.88 073 322 08 093

The results show varied performance with highly effective cleaning capabilities

with relatively low dentin abrasion properties.

Several other dentifrice formulations were prepared using a combination of 2
inventive silicas for Formulations 12-14 and a combination of an inventive silica and a
commercial silica (ZEODENT® 115 from J.M. Huber Corporation) for Formulation 11.

The dentifrice formulations were prepared according to the method provided above and
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TABLE 12 Form Form Form Form Form Form Form Form Form Form 12

345678910 PCR 12310015395 766498 7497 91 RDA 204 143

233 182 66 73 134 23 117 107 PCR/ 0.60 0.7 0.65 0.52 1.150.88 0.73
WP739%'8378%93 RDA The results show varied performance With’ H%Pﬁf/ 036173

- velsalive Sleaning.carabiiiss d\ée'&g BlRiloyLaenin ggg‘a@‘g%g%game 13

properties. Several other dentifrice formulations were pr

pinad i . - ' . danda . .

pcomb%ﬂgggﬁ}%%%rs} %\é\?eﬁr?'ﬁégi{lﬁ?? gér)]!dxﬁg ciommegcﬁila%fgsdﬁigﬁﬁ&%téi{ﬁ?r)

abrhsiVERM el dAUB RS ATRRIBHARMARE AR RLIRtion 11. The dentifrice
formulations were prepared according to the method provided above and
53 WO 2006/057723 PCT/1752005/036173 with much the same
ingredients as described above iffB&1lE 13. The following Table 13
provides the formulas for these toothpastes incorporating blends of

different silica abrasives in relation to the invention described herein.
TABLE 13 Formula Formula FarfiSteiEqriameela | Homdga 4 Fahyelar|n
(99.5%),19%+H-11-1-+1-1Sorbitbl (709, %48 40/40 WD _Dbiodided Wvater,
% 20.2 203%veaiB (99 570), % 1 11 11 11
Sorbitol (70%), % 40 40 40 40
Deionized water, % 20.2 20.6 20.6 20.7
Carbowax 600, % 3 3 3 3
CMC-TMXF, % 1.0 0.6 0.6 0.5
Tetrasodium
pyrophosphate 0.5 0.5 0.5 0.5
Sodium Saccharin, % 0.2 6.2 - 0.2 0.2
Sodium Fluoride, % 0.243 0.243 0.243 0.243
Silica thickener
Zeodent® 165, % L5 L5 L5 15
Example 5 silica, % 15 0 ¢ 0
Example 7 silica, % 0 5 0 0
Example 8 silica, % 0 15 10 6
Example 10 silica, % 0 0 10 14
OZ/}IZODENT® 115 silica, 5 0 0 0
0
TiOs,, % 0.5 0.5 0.5 0.5
Sodium lauryl sulfate, % 1.2 1.2 1.2 1.2
Flavor, % 0.65 0.65 0.65 0.65

' A low structure precipitated silica available from J.M. Huber Corporation, Havre
de Grace, Maryland.
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Carbowax 600, % 3 333 CMC-7IVLXF, % 1.0 0.6 0.6 0.5MY
Tetrasodium 0.5 0.5 0.5 0.5 pyrophosphate Sodium Saccharin, % 0.2 0.2

0.2 0.2 Sodium Fluoride, % 0.243 0.243 0.243 0243 Silica thickener 1.5
W]fjg o 0i7.%zszeodent(r) 165,% Example 5 silica, % 15000 Pé:)?é%ﬁ?gw%ln

silicar e Beh o ERRMARIBrS Hidnelddiond G reF MM 10, PH5R.58 R10A

10 14 ZEODENT(r) 115 slilica!,JS 000 rafiO2. % 0.5 Klgd gga%o i

papittuliaterdiad 8 thenlethdd? deserived wbove: El@‘ff?éas”(ﬁ&n@ﬁbg-%ﬁés the
0.65 A low structure precipitated silica available from J.M. Huber

PCRIRDIA9H0s 1BY EAcH ddatitiss Manilansh B¢ WS RRAGOBA{284RCiow.
r/US20051036173 T1le'd6tifrice formulations prepared above were
evaluated for PCR and RDA properties, according to the methods
described above; the measurementsTABell &s the

Formula Formula Formula Formula

11 12 13 14
PCR 97 90 92 95
RDA 168 96 97 113
PCR/RDA 0.58 0.94 0.95 0.84

The cleaning ability of these combinations, in particular Formulas 12, 13, and 14,
evince a highly surprising and effective dental polishing and film removal material with

much lower abrasion levels.

Detailed Description of the Drawings

FIG. 1 shows in graphical representation the ratios of RDA and PCR available
within some of the dentifrice formulations listed above, as compared with physical
mixtures of silica gel and precipitated silica, produced in much the same way as those
disclosed within U.S. Pat. No. 5,658,553 to Rice. The slope of each line indicates the
general results accorded by each different formulation and shows that the simultaneously
formed combination of this invention imparts greater PCR results with correlated lower
RDA. Thus, it has been unexpectedly found that such an inventive combination penﬁits

greater cleaning ability without simultaneously unacceptably high dentin abrasion.
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PCR:RDA ratios for each dentifrice formulation are provided in Table 14
below. TABLE 14 Formula Formula Formula Formula 1i 12 13 14 PCR
979092 95 RDA 168 96 97 113 PCRIRDA 0.58 0.94 0.95 0.84 The
VerRAn: %Sgk%ﬁity of these combinations, in particular Formglag ‘i“ﬂ?i%ﬂ,“aﬂam
L4, evnegablshiainganaloRle A aRng.and UE excelient
removal material with much lower abrasion levels. Detailed Description o

atRe B ingIR ,téx%hems&g{&m%ﬁw&ﬁ%@@wtl%@gﬁs A BPA

and PCR available within some of the dentifrice formulations listed above,

rESFERMPACAcIERA PIYSICal iveiitsnrsinh Slice oAl OB RIAEE RN such

produced in much the same way as those disclosed within U.S. Pat. No.
niaG5RI593 toRiddbil ie slepaiediaacindiresinmigaiasid wnoeesralg egibiency with

accorded by each different formulation and shows that the simultaneously
Idwrn dDdovabinsiiothat Wishinientiopemepastsigreaten ReGHoresidis. with
correlated lower RDA. Thus, it has been unexpectedly found that such an
inventive combination permits greater cleaning ability without L
simultaife¥isy it e cé srarsis misty ded drrampasionn sbiwthidonigsapaglities
T[US2005/036173, A "de sti3iiceexhibited acceptable viscosity, fluoride
OE MBI Vada- dxcalightombiabines Yetsiwthnse wiweira! biepsseiose)s and

Particularly, in.view of th hical representation within FIG, 1, it is .
S D SR o 2R S o
as listed above). It is evident that there is a significant difference in overall structure and
resultant function of these different types of materials as the in situ generated composite
- materials exhibit differing degrees of thickening over the spectrum of amounts of

gel/precipitate present therein than the Rice patent blends. Clearly, then, there is a

distinction in form and characteristics for these two different types of dentifrice additives.

Furthermore, FIG. 3 shows in graphical representation the measurements of the
PCR vs. RDA readings for the inventive gel/precipitate composite materials over a wide
range as compared with the same measurements for the conventional precipitated silica
abrasives (again as measured within the same test dentifrice formulation as presented
above). It is evident from this representation that the inventive gel/precipitate silica
composite materials accord much higher PCR results with correlative lower RDA
properties than the conventional abrasive materials, showing the significant differences
between the comparative abrasives and the inventive in situ produced types. In this
manner, surprisingly, it has been realized that the in situ production of blends of silica

gels and precipitated silica materials provides improved pellicle film cleaning benefits
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materials do not exhibit the same desired increase in pellicle film cleaning
efficiency with lower RDA values as those of the in situ generated

wovkD y%yigmbinations. Likewise, in FIG. 2 there is provideqj&% :51)%8{]73
thicke

of the ning capabilities of the inventive in situ silica combinations

Whils (e Ry, mﬁbﬂ&s@m&m@m&&%&%ﬁ%&ﬁﬁ%&?ﬁ%ﬂﬂ? B 0Riing
Rice patent (within the same test dentifrice formulation as Tisted above). It
aseviceficthatdeentismesigaificant diterepopdasayesalb RIMEIHER, ABfhde tooth

resultant function of these different types of materials as the in situ
sgeherathdinpnsposite materials exhibit differing degrees of thickening
over the spectrum of amounts of get/precipitate present therein than the
Rice patent blends. Clearly, then, there is a. distinction in form and
characteristics for these two different types of dentifrice additives.
Furtheymore, FIG. 3 shows in graphical representation the measurements
of the ?z%“%‘ﬂ%&ﬂ%h&%gmh‘éﬂﬁn tiseloperiincropnesticomifiosmain
m terglés %\(/)%r a wide range as ¢compared with the same measurements
1P

p fg.re _ & COMRENTSRS P e Lilk féfb%%“(gﬁjafﬂ @%ﬁéﬁﬁ_@@ion to
e P G e v gpoetral

evident from this representa e
[ ' 5 igher,PCR tesults with correlatjve
o B N R AR R MRS By e
sdbFe VI HEGRPLABEIERRRSHISYERI NG HoRsarative abrasives and the
inventive in situ produced types. In this manner, surprisingly, it has been
realized that the in situ production of blends of silica gels and precipitated
silica materials provides improved pellicle film cleaning benefits 56 WO
2006/057723 PCT/US2005/036773 w'fiiie sirnulfaneously exhibiting much
- lower dentin abrasion readings, thereby providing a more effective
cleaning material with a lower propensity to deleteriously abrade tooth
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surfaces during use. While the invention will be described and disclosed in
connection with certain preferred embodiments and practices, it is in no
way intended to limit the invention to those specific embodiments, rather
it is intended to cover equivalent structures structural equivalents and all
alternative embodiments and madjifigafions as may be defined by the
scope of the appended claims and equivalence thereto. 57 CLAIMS 1. A

1. dentifiicedarmuiation camppising AnaRiRsive selpieriniirte sHisaite
composite produced by the method comprising the sequential steps of a)

proceN bNNE: dsuflicienbamaunt o femraltalbsiligate and an acidulating agent
together to form a composition comprising silica gel particles; and, without
firstayvadining g erpiitiingsaid 66 rmekktcilipasitid anceniprsiggsitica gel
particles, b) subsequently introducing to said composition comprising

02CHIfEE GEIN R HERS HOB CARHIEH PPN OPHHCIK AN SRR e Aigshing

ac}%/iulatin(g ar%th to form.a precipitated silic%r therFtS)y producing said
p

or purliving said f Sa COt sition comprising silic artigles . . .
PEBrASRE Gl TpreCipitate s C8mpSsite 2 “The ‘dentifrice formulation of

Claipy | yhereinsait-fatamation fusthsssRmMpliseS:AR sakrasive.crmppenent

different from said abrasive gel/precipitate silica composite. 3. A dentifrice
sufffaemulasioncamikisingiar ahrasusigelipregipiiatensilicpreompesitdica,
produced by the method comprising the sequential steps of a) admixing a
thershifficishye menwithtopuare aikdlirsiiesds sifick spnasisitdating agent together to
form a composition comprising silica gel particles; and, without first
washing or purifying said formed composition comprising silica gel

2. p,a_“ﬁl?§Fr¥€i)fi§g%?§§£l}f§[&%yo%IBQUFW%%%%@&‘ffiﬁm&%ﬁiﬁ%%?@8%%%9 an

silica gel particles a
abrasive component different from said abrasive gel/precipitate silica composite.

3. A dentifrice formulation comprising an abrasive gel/precipitate silica composite

produced by the method comprising the sequential steps of

a) admixing a sufficient amount of an alkali silicate and an acidulating agent together to
form a composition comprising silica gel particies; and, without first washing or purifying said
formed composition comprising silica gel particles,

b) subsequently introducing to said composition comprising silica gel particles a
sufficient amount of an alkali silicate and an acidulating agent to form a precipitated silica,

thereby producing said abrasive gel /precipitate silica composite, wherein said composite is

in the form of particles exhibiting a median particle size range of from 3 to 20 microns.
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sufficient amount of an alkali silicate and an acidulating agent to form a
precipitated silica. thereby producing said abrasive gel /precipitate silica
composite, wherein said composite is in the form of particles exhibiting a
5. medignaarticlesizasangs ehitemAJe 2 misHANR:BR kRS AnLiTige
formulation of Claim 3 wherein said formulation further comprises an

abragibé asiveosa@mpaaeht fbiferentibramsaidhbabrasive gel/pregtpitate silica
composite. 59
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