WO 2006/057718 PCT/US2005/035923 HIGH-CLEANING/LOW
ABRASIVE SILICA MATERIALS AND DENTIFRICE CONTAINING SUCH
MATERIALS Field of the Invention This invention relates to
WAL Bhd/or thickening materials that are in situ genera’t)
compositions of precipitated silicas and silica gels. Such compositions
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purpose, as well as the different materials within the structure ranges
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abrading such surfaces. Increased amounts of high structure composite materials tend to
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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 sifu, 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 purpose, as well as the
dif_ferent materials within the structure ranges described above and dentifiices comprising

such.



Background of the Prior Art An abrasive substance has been included in

conventional dentifrice compositions in order to remove various deposits,

including pellicle film, from the surface of teeth. Pellicle film is tightly
VRAREPR'ARd often contains brown or yellow pigments whicK GRPE0&H35923

unsightly appearance to the teeth. While cleaning is important, the

abrasive should notiGBe-FEMSTRNE BReeSAlR; damage the teeth. Ideally,

an effective dentiftice abrasive material maximizes pellicle film removal
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Consequently, among other things, the performance of the dentifrice is
in ordtgidlyesensivuades i extenhababsinricausedibin e aIasIVE teeth,
ingredient. Conventionally, the abrasive cleaning material has been
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more recently, slurry forms of such abrasives have been provided to
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formulations. Synthetic low-structure silicas have been utilized for such a
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well as low toxicity characteristics and compatibility with other dentifrice
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. esearchers are continually concerned with ideptifying abrasive materials
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powdePMRUNHNSolishing agent prepared before or at the time of formulating the
dentifrice. Also, and more recently, shury 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 characteristics
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,



rheological properties for improved control, such as viscosity build, stand
up, brush sag, and the like. For toothpaste formulations, for example,
there is a need to provide a stable paste that can meet a number of

W&ﬁ@ﬂ{’f{g?%quirements, including, and without limitation, th@%ﬂﬁ@?@%@”s

transferred out of a container (such as a tube) via pressure (i.e.,

squeezing of the tube) as a dimensionally stable paste and to return to its
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components’(such as fluoride-based compounds for anticaries benefits).

(i.c., sHEARNILF 1 MBEY hPsoRRkIRelng ablegnsiiade it Wentiffiseoiss
accorded through the proper selection and utilization of thickening agents
state (St Ream WIGBICE PHEaS W disilp dhgrunsieaed iheukike) taulaemt@a
proper network of support to properly contain such important humectant,
brushBd@sivily and ahlicaritsy ingretientsbdtdsrthg sreladiensitiatfonfentatinghe
proper dentifrice compositions can be rather complex; both from a
propensitypouerditiy Starrdieini nstabie lcadhh bmsber, ersumd adgngpidied to
components present within such formulations. As a result, although it is
targetriotth Brigrdy 2oediosrigtpeTbEDeeS propopmoniBi e forigsiithn the
dentifrice industry, the ability to reduce the number of such components,
purpeseagbleasttophs isastt thlRsci¥iponents that meet at least two of these

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 rtheological benefits {0
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 prdper
network of support to properly contain such important bumectant, 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



needed properties could potentially reduce formulation complexity, not to
mention potentially reducing the overall manufacturing costs. A number of

water-insoluble, abrasive polishing agents have been used or_described
W PRI compositions. These abrasive polishing agenté) ﬁaré}@&gosmswzs
natural and synthetlc abrasive particulate materials. The generally known
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dentifrice ingredients, such as humectants, thickening agents, tlavoring
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silicas generally are produced by the destablllzatlon and precipitation of
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acid and/or acid gases under conditions in which primary particles initially
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(i.e., discrete clusters of primary particles), but without agglomeration into
calcigrtiopeovtitn €PEICh &Mth el abtastte relifhieg egeiiinfppdediifiiede lis wapahatat!

from the aqueous fraction of the reaction mixture by filtering, washing,
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pyropfoRaiits RIS E A sAE. fitessiumiRftephosphate, magnesium

orthophosphate, tricalcium phosphate, perlite, and the like.

Synthetically-produced precipitated low-structure silicas, in particular, have been
used as abrasive components in dentifrice fonﬁu}ations due to their cleaning ability,
relative safeness, and compatibility with typical dentifrice ingredients, such as
humectants, thickening age}xts, 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 éggregates (i.e., discrete
clusters of primary particles), but without agglomeration into a three-dimensional gel
structure. The resulting precipitate is separated from the aqueous fraction of the reaction

mixture by filtering, washing, and drying procedures, and then the dried product js



The silica drying procedures are conventionally accomplished using spray
drying, nozzle drying (e.g., tower or fountain), wheel drying, flash drying,
rotary wheel drying, oven/fluid bed drying, and the like. As it is, such_
WOHISEEAR abrasive materials suffer to a certain extent from - NRTAtIOHS =
associated with maximizing cleaning and minimizing dentin abrasion. The
mechabitdytecptinizedsuciddn s eteiikticsuintie pastioazbaandimsited
generally to controlling the structures of the individual components
distribiiaed for such purposes. Examples of modifications in precipitated silica
structures for such dentifrice purposes are described in the art within
subbe pillshicitiopspas tdi8e Pat. s BiO6I b 63;039Behdbdsing, 42@)3d imnd
4,122,161 to Wason, U.S. Pat. Nos. 4,992,251 and 5,035,879 to Aldcroft
nozzlgdaying) (& £ PR 50008169 5Merel duvios, dlash deyide rSa arhdeddrying,
5,891,421 and 5,419,888 to McGill et al. Modifications in silica gels have
oven/fiuid beddragcimbidi#in such publications as U.S. Pat. Nos. 5,647,903
to McGill et al., U.S. Pat. No. 4,303,641, to DeWolf, H et al., U.S. Pat. No.
4,153 68605B SBYBRIhEPIISE catienels S BIcerrp SHERLEAR Such
. . disclosures teach improvement in such silica materials in order to impart
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.,...levels .for dentjfrice benefjts. However, these typical improvements lack
abiliy {6 gprimize Siccraracicrishes in e pesl s e e SRP e ifrco

iVer prefared prope
connﬁ’ﬁ%g%uﬁx%rs%%tﬁp'é'% conpRrate susian. indivdual mate rﬁa;';a'l%géggre”t
am ifferernit

nts with other like components’in order to efrectuate

ExaniBRYnidevRisishsHEh Gleaning 4nd. aRrRRiAn %}%ﬁt%}ﬁ%ﬁﬁﬁgm

compensate for such limitations, attempts have been undertake
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silicas to permit targeting of different levels. Such silica combinations
4,420/N0l\irg 400 pesiiorasoh diffsripg. pasticl®sizes and Spesifigosie itderof

areas are disclosed in U.S.
et al., 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 etal., U.S. Pat. No. 4,303,641, to
DeWolf, I et al., U.S. Pat. No. 4,153,680, to Seybert, and U.S. Pat. No. 3,538,230, to
Pader et al. 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



Pat. No. 3,577,521. to Karlheinz Scheeler et al., U.S. Pat. No. 4,618,488
to Macyarea et al., U.S. Pat. No. 5,124,143 to Muhlemann, and U.S. Pat.

No. 4,632 826 to Ploger et at. Such resultant dentifrices, however, fail to
W&&Wﬁ@’ﬂ&ﬁred levels of abrasion and high pellicle cleaning ¢ T/US2005/035923
simultaneously. Another attempt has been made to provide physical
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abrade surfaces0 a greater degrée, than precipitated silicas, even low
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patent provided, at that time, an improvement in terms of controlled but
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ability than precipitated silicas alone. In such a disclosure, it is shown that
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silicas can permit increased PCR and RDA levels but with apparently
pellichrerteringaitraltdoedoster abrasive characteristics than for previously
provided silicas exhibiting very high PCR results. Unfortunately, although
thésethesaitsnarchee biein nads teypinvide plighicalimotiores thicresdipitited
largely unfulfilled need to provide a silica-based dental abrasive that
silicagghitsittisuTtiacaiay Wighseni erlsipatehbamitlinkbpePib s ith 553 to Rice. It
~ simultaneously lower radioactive dentin abrasive characteristics such that
is gemmral erreRpirddhnt pliciRdnfyidhib adrith ot dure tbrssialnsriRistRGction.
... In effect, the need is for a safer abrasive that exhihjts a sigg}i]{icantly
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separate géet and precipitate materials and méter them out for proper
coupl‘i%gﬁ{h greater pellicle film cleaning ability than precipitated silicas alone. In such
a disclosure, it is shown that separately produced and co-incorporated silica gels and
precipitated silicas can permit increased PCR and RDA levels but with apparently greater

- control for lower abrasive characteristics than for previously provided silicas exhibiting
very high PCR results. Unfortunately, although these resulfs 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 fiim cleaning properties with
simultaneously lower radicactive dentin abrasive characteristics such that film removal
can be accomplished without deleterious dentin destruction. In effect, the need is for a

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

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



levels of such characteristics adds costs and process steps to the
manufacturing procedure. A manner of providing the benefits of such

combinations, but to a very high level of pellicle film cleaning and at a 023
Wl%l%?ﬁé/gﬁﬂbﬁlv to moderate degree of dentin abrasion, with Hh}gﬁ(@gf&%s 2
facilitation of incorporation within dentifrice formulation are thus
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thickening and abrasive characteristics to avoid the addition of multiple
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Objects and Summary of the Invention It has now been found that

procetigglificationsdp theopidiag ssebefufiprodseingopisiapitae thailicas,.eamigsult
~in the in situ simultaneous production of targeted amounts of silica gels
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generated composite can be controlled. Such a novel method thus
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that provide excellent dentin abrasion and pellicle film cleaning

thus usamailihirete WieHndudntittidds inein the alternative, such formulations that
exhibit excellent thickening properties as well as desirable abrasive and
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Objects and Summary of the Invention

It has now been found that modifications in the processes for producing
precipitated silicas can result in the in sifu simultaneous production of targeted amounts
of silica gels therein, particularly those in which the final structure of the in sifu generated
composite can be controlled. 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.



to target certain high levels of cleaning with lower abrasiveness thus
providing the optimization of cleaning while providing a larger margin of
abrasion protection to the ultimate user. It is also believed, without

Wiﬂt@ﬂﬁﬂ?& 8 be bound to any specific scientific theory, that e headey™
amount of silica get within the final composite materials aids in providing
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high cleaning and reduced dentin abrasion levels. As
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(i.e., not simultaneously produced within the same reaction) has been
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provide materials (particularly a precipitated silica component) that

struct@xd peitspaatexbignae)ydighnpatontialy, delaterious dentio s plevatén
order to impart, at the same time, an acceptable high pellicle film cleaning
to tarfevedridindhiphVel éis sftcl ganey atithl iprecipitaiddigedsabmbiratidingitieas
unexpectedly provide a higher degree of pellicle film cleaning with a
optimsighificeintlyalongewilda timoalsiiagie texgeumathuscofeboas ingprittectientifribe
industry not only a potentially more desirable lower abrasive material for
ultimigeteesr d i ippdtelttiond. iwilas:beéamdil ecok theurth éoprasemeifiofvignetic
amounts of such a silica gel component permits the benefit of the sharp
theorp dhatdheRsrsghyrtRung el slin et evithas thy Gnestoareis mprgsisiiaids in
coexistence of variable levels of silica precipitates of different structures

provifing GagY ShRSVET KIS AR B U threstglsibreiybrabigles:
high cleaning, mid-range cleaning, or thickening/low cleaning. g‘gc 8 WO
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properties as compared with dry blends of such separately produced
namefPIRPRRANE by Sk aterials (particularly a precipitated silica component) that
exhibits an extremely high, potentially deleterious dentin abrasion level in order to
impart, at the same time, an acceptable high pellicie film cleaning level, The novel in
situ generated precipitated/gel combination silicas unexpectedly provide a higher degree
of pellicle film cleaning with a significantly iower 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



a manner, as one example for the high cleaning variation, it has been
found that although the pellicle film cleaning level is quite high, in fact the
resultant dentin abrasion level is limited, thereby imparting an excellent

W&éﬁﬂﬁf?&%ﬁterim without also imparting too high an abrasidft BV R
target dental substrate. Alternatively, but by no means any less important,
generdP R ARUNLLPRAUASEIEH S ahlise drReed ramPaNpMsipitate
simultaneously within the same reaction medium that imparts dentin
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degree than for those noted in the previous paragraph) and coexistent
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single additive. The ability to control the level of a silica gel in a final
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precipitate component therein through modifications in starting material
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the ability to control the overall cleaning, abrasive, and/or thickening
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greater thickening and reduced but effective pellicle film cleaning .
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amounts of high-structure pre%g_)itate such that the overall composite
an abgasigp ey sLimithe g igeril SR 8if-absorption (greater than 150 ml/100 g

material).to, provide the target desired thickening/low .abrasion properties.
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unless
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
tow-structure of the precipitate component therein through modifications in starting
material copcentration and/or gel and/or precipitate reaction conditions provides the
ability to control the overalt cleaning, abrasive, and/or thickening characteristics of the
composite itself. Thus, a composite exhibiting greater thickening 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 m/100 g material) to
provide the target desired thickening/low abrasion properties. Thus, by contiroliing such

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



otherwise specified. All documents cited herein are incorporated by
reference. Accordingly, it is one object of the present invention to provide
a precipitated silica and gel silica composite material providing improved
W&ﬁ‘f&f ?ﬂ?ﬁscleaning without an unacceptably high correspd"ﬁg‘iHﬁgﬁﬂyﬂssg23
increase in dentin or enamel abrasion. Another object of the present
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precipitated/get silica combinations wherein such materials are produced
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materials to be made during production of the materials, rather than

the s&ldEipgrplertifrice production. Also an object of this invention is to provide
an in situ generated precipitated/gel silica composite material wherein the
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ranges: 40 to 100 ml oil absorbed/I00 g composite material for a very high
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mid-range high cleaning material, and in excess of 150 for a
cleAeingiitdtkeningiioabibl alibn presarialvenitordingpiyyiteis reeptiatad
encompasses a method for producing simultaneously silica gels and
silicgadipibgesinams ssamatsam daovshnsrisineied seljolsrtia stegmingfvaihout
admixing? a sufficient amount of an alkali silicate and an acidulating agent
an ungereqtieblyohigh RO Sineadig BSHpSSIHdRRGhanNBth Mesias ﬁm@&er
. purifying, or modifying,said formed silica gel composition, 10 b)
objedg sa&aa&w@éawﬁa REPEiE %ﬂreﬁfagﬁhe&%akﬁmﬁ@ﬂﬁﬂa’éﬁtch
mount .of an. alkalj silicate and an acidulating agent.to form a precipitated
e e B B A B TR AL Eh CORAR Ao

. ncompassed as wegll within this,invention is the. product of sug
SIH]UE&IIGOUS?)’ %ﬁg iy Itﬁeﬁléclji?bg 83 %txng?he Ei‘%%cril' tr %I(B 4] Such'gxr%%?‘f%%g 5}8‘, by

rocess'wherein t ca gel amount pre erein Is

madd QAL BHIEIHY AR HRAEN Ieh3H G QM -RHRIANGAHSYn. Also
produced combination. Further encompassed Within this’invention are the

an olePABPRILE IMRIBNHAIS to provide an in siru generated precipitated/gel silica
composite material wherein the linseed oil absarption 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.

Accordingly, this invention encompasses a method for producing simultaneously
silica gels and precipitated silicas, said method comprising the sequential steps of

a) admixing a suffictent amount of an alkali silicate and an acidulating agent

together to form a silica gel composition; and without first washing, purifying, or

modifying said formed silica gel composition,
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listed above in the three ranges of oil absorption measurements, and
dentifrice formulations comprising such materials as well as the product
of the inventive process noted above. In a first aspect, there is provided
an in situ produced gel/precipitate silica combination, wherein said

co _mQj@ﬁﬁgﬁaﬁ_@&}E’l@%ﬁﬁé&%&%‘%zﬁ@_‘){i’i 2y g@d ‘émﬁpgfsﬁﬁﬁ% QeHNNE®Bunt of
said combination exhibits a linseed oil absorption of greater than 100 up to

an pH@ L/ ee aahanmEldrisaieeeBhinifvation Bxaipitded s Begeby producing
a ﬁ&k@h@@%@rgr@@ﬁomgdeﬁhEﬁ@&ﬁ&?&@vgg%ﬁ%&%@ #d i 9eMehn is the

loss/100,000 revolutions. In a second aspect, there is provided a dentifrice

PragyRh BT eoHsAsITencEmBbifEisH ad oeTiiBesmtHeTa: sdpeets v 40%
by thitgaspest: theredsiPravded-a.methodiph,Preduicing @]E&Rﬁ]@é’&@ﬂp'}aﬁﬁi}med

defined in the first aspect, said method comprising the sequential steps o
comp adHRinGuathsUTfiRseAaRIRINY SR ianthilk d aiiBate Haihy ecsumsdatratsnals
lisRETRA 193366 within 8 RAugPusiSQluie ifieranhandAmACIARRlIRG i frice

agent having an acid concentration within an aqueous solution from 5 to
forpydgtigpeaapisi tepperafivedions atsduts 0 torapdist SOChea Yy eitEr process
no@gitation to form a silica gel composition; and, without first washing,

modifying, or purifying said formed silica gel composition, b) subsequently
introHucingrstoasafd silitagdd dumpesition &sufficiprdapsduatiarasimkeli silica

comliGASAN AR ACIIHIALNG L RAGOH tQOEQ_HHs@sW%%pi@t&Q@)&%?YVMQ% of silica
affecting the silica gel, thereby producing a gel/precipitate silica
eekorhBTaREN WBPEIAtPIE Sl bt eloverdlprakaioptienvitiareare thangdip o
1509 ol Lhdnan st asnectuifens ISRravided AR Insiu iadueed ardness
gel/precipitate silica combination, wherein said combination comprises
vafpgrin 1G> teaB%ebyovnlamet 8f Shivh 1 EIngelossHefbivuisenlsidgdd combination
is intfpduced, as 5@8&8'%@@6@“{3‘?@%‘?&@&’%%@5&%@@ formulation comprising the
combination as defined in the first aspect.

In a third aspect, there is provided a method of producing the combination as
defined in the first aspect, said method comprising the sequential steps of a) admixing a
sufficient amount of an alkali silicate having a concentration of from 4 1o 35% within an
aqueous solution thereof and an acidulating agent having an acid concentration within an
aqueous solution from $ to 25% together at a temperature from about 40 to about 90°C
and under agitation to form a silica gel composition; and, without first washing,
modifving, or purifying said formed silica gel composition, b} subsequently introducing
to said silica gel composition a sufficient amount of an alkali silicate and an acidulating
agent to form a precipitated silica without affecting the silica gel, thereby producing a
gel/precipitate silica combination, wherein the pH of the overall reaction is within the
range of from 3 to 10.

In a fourth aspect, there is provided an in situ produced gel/precipitate silica

combination, wherein said combination comprises from 10 to 60% by volume of silica

11



a test dentifrice composition said dentifrice composition exhibits a
PCR:RDA ratio of from about 0.7 to about 1.1, a PCR value between
about 90 and 110, and a RDA level of between about 95 and about 150.
In a fifth aspect, there is provided a dentifrice formulation comprising the

el CQMBINALAR RS Hefinadi Rdbe oM AZRESk IR-a R ASREChIRRIRS within
provided a method of producing the combination as defined in the fourth

- a g gk i eetpodeBnpstitg e cqumnidietepd Bta) aaBiriReiRg A ratio of
frofiH HiIGNS amacuHahof an Al silicats.navng BaeosenlaY @naﬂafaq’eg)ﬂ Ryel of

35% within an aqueous solution thereof and an acidulating agent having
betyrsacrp s ietathortvithin an aqueous solution from 5 to 25% together

at a fempgrafure,ramAabeuiA0,1R QUL 9NGANd URARL ALHARTICHIBOHD the

9
a silica gel composition; and, without first washing, modifying, or purifying
corghigaénmedsfies deteompdsitidsch) subsequently introducing to said
silicggg! compgsition R suffigent amapplplan alkall fligAs AN Abination as
acidulating agent to form a precipitated silica without affecting the silica

deigraqd thiethsbry b dsing Wi airdredipharsisinedheowmieritidntapheferpgieixing a
sufPich éHt%ﬁ&l\ﬁ?@{_IaF?Qﬁgf?@iﬁcyi‘fgl‘l‘\ig\/mE a@&lﬂ:%ﬂiéﬁ%ﬁ‘o?f %&104 %eﬁb%%{mm an

synthetic precipitated silicas are prepared by admixing dilute alkali silicate
aqussltioPls et sreHghad e 661 Wik egad esoidsnintdemoond RivesnihBre within an

aqRRBYCIAHEN, 10.tHes 820 QSLARNAPL ACH. SHIINGANIOEUHIS g QWo-c

the precipitated silica. The resulting precipitate is next washed, dried and
an¢omAsinaE et dsirédnize stenetallycaspreliosiicadelsithenydbrsilisashing,

RSBl DEHS SRS O A S, SIS R
to gifosrtica Bydeorwioanidmgime v ncwtpdormbenriyrbisolitotéomd tveacidulating
ag%g{(&%%%ggg%g{%% S wRsheddigd ARASRMIUNSCLES TR M0R
gel/precipitate silica combination, wherein the pH of the overall reaction is within the
range of from 3 to 10.

Generally, synthetic precipitated silicas are prepared by admixing dilute alkali
silicate solutions with strong aqueous mineral acids under conditions where aggregation
to the sol and gel cannot occur, stirring and then filtering out the precipitated silica. The
resulting precipitate is next washed, dried and comminuted to desired size.

Generally, as well, silica gels inciude silica hydrogels, hydrous gels, aerogels, and
xerogels. Silica gels are also 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 manufacture 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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As noted above, the separate production of such materials has historically
required manufacture of these separate materials, and proper metering of

the two together during the incorporation within a dentifrice formulation in

WO MY HYas to provide the desired cleaning/abrasion levEfsHHEHHY035923
11la WO 2006/057718 PCT/US2005/035923 To the contrary, the

in Iy thod, for simultanegus production of such materials permits
R g R B e
ihi ell as structur recipitated camponents.io
mate R e G e B Bl Sl B Bt
Tica j i {oTal: 7] i rnsfrom VIOUS.
i et bR S S

level BICIERAFA ralpitRE QYR pathadLotRls ltaetingdoe apqsoLaf

silica gel desired and specifically selecting certain reaction condfions in

differaide frtangaoeiale sHisltan depiied vel Gy ing &y ahaus REaPiaREn

silica production. The inventive abrasive compositions are ready-to-use

separ@td iiduaSiatbe (BepedRiiche 66 QPelasd lPR PRSP A% SHEMNAST silica
dentifrices, toothpastes, and the like, particularly suited as a raw material
gel désiradandhipasificaibkinpigressif wibesmesadisisal isiliedernooghinetateanche
utilized in applications wherein sharp edges and lower abrasiveness may
a desipyes devsit durispemamhwithpust ipitatad oilicloprdinttitiitors within certain
formulations, such as, without limitation, automatic dishwashing
detbegerati yorbitrsial soreptitipusers efadyritresaaddilsdantitiepieparation
carriers, rubber additives and carriers, cosmetic additives, personal care
of oral 4leARjBg CAMBANULTI RICRINyISBERticeS tonthnsrasnadabribhe aetnarly
ithout limitatjon. Brief Description of the Drawings FIG. | is a graphical

suited g3, p LA At A bt RO PGB HRE PR e AR BEsTARIB U pitica

products can be utilized in applications wherein sharp edges and lower abrasiveness may
be desired, such as, without limitation, foam inhibitors within certain fermuiétions, such
as, without lirnitation, 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 limitation.

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

composites of gel/precipitated silica and comparative physical mixtures of such materials.
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pellicle film cleaning ratios for a dentifrice composition for inventive in situ
produced composites of gel/precipitated silica and comparative physical
mixtures of such materials. 12 WO 2006/057718 PCT/USZ%%%/%@?%ZB:V”B
wPI@P@%@%raphical representation of the correlation between { c e:’nln:f;
ability and silica gel structure for inventive in situ produced composites of
get/precipitated silica and comparative physical mixtures of such
BiGriads SFep o SEEFRISAIEERT o BS ErmesiPB PRt Cson ek o¥B hilien
the values of dentin abrasion and pellicle film cleaning measurements for
and sifiGah i BE OGRS 7 sk RERAMSR OSSR MBese f edimseinisted pilica
gel/pregipitgg%d ilica and the values of the same measurements for

and CORRHRBIKED BH¥RES A HER BAEEESes. Detailed Description of the
I tion The ghrasi d/or thi [ binati din th '
oGkt T BN SIS ERT Y a1 AT 2 S8y Of dentin

abrasi oy agtéjﬂc?e” fermang W't%e%]%ﬂree@ﬁ%‘ Eﬁ%&eﬁ%ﬁ%ﬁég %85%«%%&%!?9”'”9
compositions having aﬁ%g Cleaning efficacy without causing undue

‘ . < . »
e P B M R e e
meastBAHIAG FH0EE M6 PBICOLIDNANAN AIG Agscribed 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 stagepltdhis m@@eﬁﬂiwm@mﬁﬁahﬂion of an alkali
silicate, such as sodium silicate, is charged into a reactor equipped with

mikiegbragesn snddteqbiate ine neniténatiamogdis duspiebdutrayvandothae in-
agueous solution of an alkali silicate in the reactor preheated to a
situ fremmgorsitaralotive e bn mbdilyt H0Gdaictaipodm8@d . with other ingredients to
prepare oral cleaning compositions having a high cleaning efficacy without causing
undue abrasion on tooth surfaces. The essential as well as optional components 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 agqueous solution of an alkali

silicate in the reactor preheated to a temperature of between about 40°C and about 90°C.

13



13 WO 2006/057718 PCT/11S2005/035923 Preferably, the aqueous
alkalisilicate solution has an alkali silicate concentration ot approximately

3.0 to 35 wt%, preferably from about 3.0 to about 25 wt%, LdT
Wﬁ’ré?g?'ggwlﬁom about 3.0 to about 15 wt%. Preferably the alka ?‘}S%@gtfgsﬁsm

a sodium silicate with a Si02:Na20 ratio of from about Ito about 4.5, more

charged into the reactor is about 10 wt% to 80 wt% of the total silicate
approxiaedely ShetbatvBptiefrailylydroniabroly, lebnw e St and mrife
solution, may be added to the reaction medium (silicate solution or water).
preferbléxtiram abueGuibtackivaliny@eeRiesrrabiv theekalissdintin e aspgium
hydrochloric acid, nitric acid, phosphoric acid, and so forth (preferably
silicatsulfithis SicigINad ediastfciutbod tionbune rebierg patiehcEnmansnt
of between about 4 to 35 wt %, more typically about 9.0 to 15.0 wt %) is

1.5 toafigette thesHicainie fammiparktoneedhrisitichegeldopioahned @ndthe
pH adjusted to the desired level, such as between about 3 and 10, the

1o 80 2% scdlitiomisistapnaddndibbagsl iDbratatltcthdcomtditecaction
temperature, preferably between about 65C to about 100C. It is important
sodiut® aotadkatuatierthis fi atidtdge isccompietetsding Eibchiced wivaywrist)-
not modified in any way. Thus, this resultant gel is not washed, purified,
Next cleageshustacidutisingpagontrrenibrishtasstiuse eeidd sdigehln@sactdenitric
second stage begins after the gel reaction temperature is increased, with
acid, egimditassbesdudiosh (oreferrblicdfisic ajdnaddetela UBIERSEPhe
_ same acidulating agent previously used and (Z)Oadditional,agrn?ugts toé @ln
thereaf{gebuit B6IIGSAIRIRANRSEERE ShpHbISetia ¥ of- M BMtate 3294 R the
reacté)r,.the aqueous sglution bein% Eé)reli‘?eate tO.f:l tergfll%rat&{g 9 g{p{p&%
to 1565t #8)dpatAergohe e pLt O P HBiA SRANRGC AT KPS B AGtitions
can be adjusted tg control the simultaneous addii Q]H gﬁr; g.mg .
pH adistsd 4o eg%efggglli%ﬁ THIS Slg-l%(%rﬁgl acgﬁl%b?eaagte 'to control product
stopp%gxgxlg %lle 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 reguitant 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 solution of the same
acidulating agent previously used and (2) additional arsounts of an aqueous solution
containing the same species of alkali stlicate 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 simultancous addition pH

during the second stage reaction. This pH control can be used to control product physical
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14 WO 2006/057718 PCT/US2005/035923 properties, generally with
higher average batch pH providing lower structure silica products and
relatively lower average batch pH providing higher structure silica )
Wﬁr&?ﬂﬁ .7113Iigh shear recirculation may be utilized, and the BeldUsatiei
addition continues until the reactor batch pH drops to between about 4 to
Propeaiisu BENFONPUNIdueieo RHGISSA Paistive] mevhdagtioevie wmitrer sijieabatch
pH" is intended to mean the average pH obtained by measuring the pH
produglyapdvelsriselyilnwes ayarasg Wstppensiading rightostoteye aflifa products.
averaging the total aggregate over total time elapsed. After the inflows of
High gheat srginenlmdoa g bhuiiizeh raditbissitsalution plrfomrontiwesoimtihtch
allowed to ;gge or "digest" for between 5 minutes to 30 minutes, with the

the repcipn SRICB MR SrORin gemari b Licabastatiop Bumnss eichisinptativh

of djgestion, the reaction batch is filtered and washed with water to
et i) R AN PROIE o CARER P S A REPthe

ilica.filte ke results in.at most 5% ,salt byproduct content as measured
e R e L Bt s e R GE  ot y

RNy, Qtional @/in t qi ues, such as spray drying, to produce an
averag{r}r?%rpﬁoous gﬁ%rgg('%n gl%]rir%g ron?lhc a Sl?t8 3 wt% to about 50 wt% of

MG, T, Sil %@mmaﬂ%g @%%Mfﬁgmﬂ%;ﬁ?y§g§%v%§§@%e

particle size of between about 3'pm to 25 pm, prefera about 3

reactd¥ BRIPARIA P e Glagglicationieue s ialraws inedianparticls size

ranges may aid in providing increased cleaning benefits as well. In

 react@AGHRAKGHIR, ahareifeser beshRradprticuRRIaGe ss MitthesolagiRsRh,

precipitating the synthetic amorphous silicas, the preparation of the silica
the reprtidudisidh sdilinedessowilsHiniet hateto antotalsesanbsreanerally
) accomplished in accordance with the methodologies described, for
morgexiarspite piniithiordsh vt iNos 18; 8018840y r3; 888;dMs in at most 5% salt
byproduct content as measured by conductivitj

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 pm, 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 to the above-described production process methodologies of

precipitating the synthetic amorphous silicas, the preparation of the silica products is not

necessarily limited thereto and if 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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15 WO 2006/057718 PCT/US2005/035923 4,067,746, 4,340,583, and
5,891,421, all of which are incorporated herein by reference, as long as

such methods are appropriately modified to incorporate recirculation and
WRGR A reatments. As will be appreciated by one skilled §ri tHer #3923
reaction parameters which affect the characteristics of the resultant

. precipit ilicg includg: th timing at which th '
2067 PARc o 2he A T VRO AR R et
th ti H; th i g . th itati f the.
o ol R A AR R e A s e
shear (b SRAIYE 0CHPEe AROMGANJRE SRRl MalEHRN (nclidR
S as, t within U.S. Pat.

GITy - 10Fm SUC out Iimitation, procedures taug

. 9 . ' ' ; ] §S851aS
N e

imin2 QOO HbAIR tuang. Iih s wenivesilicaisompasiaarair daladvayde

characterized and separated, as discussed above, into three distinct

react&AEBOHER AR RENIROARAON BariRaRed; AR AIRIIOS tRneeaexhitueg
within each. The oil absorption test, discussed in greater detail below, is

produ@eaerally4iaRd agtetminamstuleiteaalpeeaipiated silica materials as
set forth in J. Soc. Cosmet. Chem., 29, 497-521 (August 1978), and
PigmenitMandktaeclk: of phadhetion Beopés ieeaiiek Beoermhiosiv@ndhetiriohn
Wiley & Sons, 1988, p. 139-159. For this invention, however, it is

form inphortawittouidisitdivsuptecedastsHasghowibae k) Stifze Mo @etérhifécthe
structure of the overall gel/precipitate silica composite instead. Thus, the

McGithrselbasivalpe SibeimventRiaTm arerems are demish 2uthin e theusisste,
and as discussed in the following sections. 16 WO 2006/057718
U.S. Published Fabhonk o 20030019162 to Huang.

The inventive silica composite materials may be characterized and separated, as
discussed above, into three distinct categories, dependent upon the linseed oil absorpfion
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,
Propérties 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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The inventive in situ generated composites (also referred to as
"combinations") of silica gel and precipitate are useful for various
functions, including, without limitation, three primary types:i) _
WRGHERM AR, dental abrasives with correlative lower abradivéeg80gir?
an RDA level of less than 250, for instance) than typical high-cleaning
silica-bas ] Ly . : | 2 ™ of
O B oo aoians") ©
" ial YRR A Y IRURARHECTRENS: (3 Dok,
silica g%%%é %g%{{%@f%%%nce); and iii) tﬁ&%ﬁ%\%%viscosity:n%%ng) products
ni.ceriaihlenalsf alorning AN ARIASMARESE/ EJUGRAS an
three %%fgge %C%t%gll]ess thgﬁ 90 and a measured RDA of below 80).
abrasiERANGloM af Ra0h BRedsIbases DpYTHiffarenidptiorsysus hihrdaatiog
conditions (e.g., temperature, agitation/shear, addition rates of reactants,
silica-BAAGH BEEE] RpidaResé, cknaalithadbie), sbrastencdtiiratiors! bighedctants
(e.g., mole ratios of silicate to acid, as one example). These will be further
levelsd@laepieaedepigrate e dvintign@isanifigrAbbashlebMarexbilo WheR P Aitu
process of this invention has surprisingly yielded, with selectivity followed
measinetaems (of reattiornpHOrdacaswsinposidio thigksoinst Gigetisompeieng)
and, as a result, structure of the resultant gel/precipitate silica compasite
produsiatbaiaishivddertdireleteine! alsaingand Munsiensss Burle excabihitel
high pellicle film cleaning properties. Such hhgh-cleanin materials r%a

PCR plessjtheref0entht gasasivet Rathoddrlavdth M adrsianaberis WRRSU aded
compromising the cleaning benefijts, again, through the rpﬂ?u% na(I)f
upon GRSy S TEB R D AT EorfBRS R A f oS
. materials_are exemplified below in Examples.4,. 6,.4..11. an |
R b e S TR e
reactav}lllgsh eugt ,d ,%er”}% 5&%‘0‘%§ﬁ%%%9§%%&%@t&@8@§{ﬁ@}(%ﬁm ARG ther

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 fo target lower radioactive
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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formulas 1, 3, and 4, for example). Such products may be utilized as the
sole cleaning/abrasive component within a dentifrice or, in one potentially
preferred embodiment, may be used as a supplement with other lower
WIS A /bitives, for targeting an overall cleaning and abrfdsKeSf0P5123
a dentifrice formulation. For this high cleaning material, the gel component
..Is present in an amount between 5 and 50% by volume of the ultimately
abilifipiolergaiprditransrt oessmustdentizabaricmrimis drtiffseipitated
sjlica component is pregsqn in an amount of from 95 to 50% by volume as

formylas &y iy 29 GG FFATRP TGAYA BB IRE B 2 G eaning
material may be as high.as 5Q% of.the composite material, preferably

clear RO A TRIEE TR DAY LI bR P TTFAHAFTEER o
higher.th of gel present within,, a high cleanin rial, the

e A oo o, F Sy, i B R SR SBEE e

ing the.fallowi Thus, t of gel
e R o S R AT, oo
Suel) RRIERRINGR A At camBRRnLASHAbL RYIRIENL NS Aoyt of

silicate present during the production phases for each different silica

betwiRASHAL SISy 3 A0H: FELRRASMRMERtislgein e RS siies Qfnk g of

the total silicate reactant volume within the reactor during which the gel is

matehiliadhd had e (35RNAta%aNNIe ) ShRsRAURPrigmitinhg ahbieducion dhe
remaining 90% silicate reactant volume is used for precipitated silica
50% tempanents prodiintioviibigintpodtanidioon e pbaitdyar fshatalpgin disening
initiation of the precipitate formation phase, some of the silicate may
matedetumadly tprecbigh geflbutfite detepminaticredt! geefentdgesbhractount is
component within the ultimately formed composite material does not
muchdpwer sisthabpestsibitityasTioysd thet phe déghenibs trocadta gebracsent arighjn
. best estimates, 18 WO 2006/057718 PCT/US2005/035923 rather than
a high sleaning masrinirhe GHESE AMIEh B UNTts SReBRTToRER SIS EEiFan issue

exists
component required to be produced during the 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
refiects the presence of 10% of the total sificate 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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within the remaining in situ gel/precipitate composite material categories
as well. Generally, it has been determined that such specific high-cleaning

abrasives may be produced through a method of admixing acs,ruitabole5 a3%i£(,jzs
WY &bl silicate starting material (wherein the acid coPncéHﬁzaﬂ(fPl, in

agueous 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

rathet,thag sangseioAstari nations AlsEnakame whsef respo semtaich)chanisisligxists
... form a silica gel. Subsequent to gel formation, sufficient silicate and acid

within dhe Semarrigith st STPESI BN BeY e satealsgotscwellype of
pugificatign, or physical modification of the gel) to the formed gel for
fu S‘FfﬁﬁadH&%ﬁ%&%ﬁ%&%&ﬁ%?%bﬁ%&tm@mw
other structures silica products may resujt dyring manufacturing as long
be prg(tsﬂﬁdsgmugﬁ is‘t%eéﬁﬁfleolfs)asu R T8 GRS R g & sudabis sifisplssigrung

e over

maccBEHGIRL AERPRI RIS sica companent desiied g1 or

ning compaosité materia rmed. falfreaction

prefeFQ@ﬁ lﬁ‘%rﬁolr(‘}t'ig |ﬁﬂ,@aa§1&{%%§}/¥ t gqgrlﬁ%nﬁ? tg f1 %‘%0 a]h%’ tt%eit(r:]oacgig\ha%rog H

desired for low-structure precipitate ca production. 1t has béen

of thd 8Alzedsthatip RrdeRLIgsRIoW A AaRigh afél?@mrﬁ%’ ANRQRIRIE t?c}}!%év{}gr? [asive

material through this process, the amount of gel is prefera as

initia9 Ren2 BeuRalpem dibisg30%byIalnaish ReELRIRQFE ARG e are

amount of low structure precipitated silica is preferably relatively high

addedf(aith6 imy BBprdoladelieprob theaganposisaled By psdeniniaxhibi the
proper PCR and RDA levels associated with this category, the resultant
physigalisiiddicatinp oite prileritlerfirsteeiibioaflinseqddaitabsaspliayial
between 40 and 100 ml oil/lI00 g material. 19 WO 2006/057718
structpe {prySaabls/b3csrBruadiy! thesinertivedijkcleahing galpeedipitated
_ silica combination generally have the following properties: 10% Brass
during mawiestrinaalonganibe ovarmtl simgausaaseBivient to accord the necessary

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 hi gh (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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about 5 and 30 mg loss/100,000 revolutions, and, within a test dentifrice
formulation (as presented below within the examples) RDA (Radioactive
Dentin Abrasion) values between about 180 to about 240, and (within the
WELHSAEL! Hentifrice formulation) PCR (Pellicle Cleaning Ratfol/ YaHiewaiozs
90 to 160, with a ratio of PCR to RDA within the range of 0.45to0 0.7.
Mid-Ranros.& 9&{' Abrasives The jn situ process of thig invention ha
also sulrgpgrising%y ylﬂe? (ienag{il v%lt?'uggln iﬁfﬁl}?}é%"g‘Pe%ge%?%%%‘éﬁm }Mﬂeﬁ‘i‘ﬁy
have IBEMIIOkLEAGH Rﬁs:r?@ﬁtﬁ%g‘ﬁﬂ%‘é oD, amount of gel component,
and, as a rgggﬁ%overall structure o tﬁ‘lxer resu‘?f?fr%% é%ﬂ'?‘ﬁ?é%ipl APRR5 Ry een

abontOPERBCH R MSIETHAEORPRS INERIOMASRLINE Digh.gleanin I?n%}gtrikarl as

described above, a method for producing a mid-range produc

preseﬁ%ﬁBﬂﬁﬂ”Wﬂ@ﬂﬂﬁﬁ%xﬁhM et DR ISR i _ &W%L%Wer

abrasion levels) composites as well. Thus, selection of differing
betwaenntentrisbrsa it I2veland (HMALE M kRN AR RNORELAMELH PER.

can produce gel/precipitate silica composite materials of overall medium
(Pellighridinaresg RatidE v alocaeconmkseletivelik highipeiperiloaieanngseselts,

with lower abrasive properties as compared with the high cleaning
rangerpletfalo @éscribed 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). 20 WO 2006/057718 PCT/US2005/035923 For this mid-range
agﬁ‘w%_by weight of the ultimately formed gel/precipitate silica
corpBEte” materA HrtitEaivr3raliitaren sinas visldesbdtt sinplasent
i mount om 90 to 40% by weight as a result). Although the

n
e O RS & R P AR B AR a5
| of gel%g%?pgkgﬁ% e%:%p P93 Ixi[eesu ?E)%Qraalﬂ g{r%]::%?eb% 3 uecrgs?z ia%qng% p%gipitate 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 resﬁlts, 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 dentiﬁ‘iqe formulations 2, 7, 9, and 10, below).
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much lower mainly because it was found that the higher the amount of gel
present within a mid-range cleaning material, the greater amount of low
structure precipitated silica component required to be produced durin

VRSB phase. Thus, the overall amount of gel to be prodicaefe)33923

preferably relatively low (from 20 to 33%, for instance). Such percentages

of gel component actually répresent the amount of silicate present during
thf" #%lé&'g iga‘ﬁﬂpﬁ%éi%%"%% BaE rﬁh‘?&?{a SRR Areseny Bsanimqunt
aboye fo high cleani terial. Generally,,it has. been determined
bewfﬁgti/guagé é%%’cllJ c i -?g%%‘%ﬁgr?ﬁ{d' g AS éw%eé’flpb%twgb‘@ccé’&mos’te

. itabl id itable silicat
matehharfﬁ(éﬁg %gg@gﬁ%@%&%ﬁ%hﬂ& %oﬁyg&e% ?s(;tlgeggxg.g] %H%%xog:ﬁ I(;ﬁg:[cl%h 9(I)Sto

sta erein the acid concentration, In aqueous solu )

40% B9 &%"(asu&s?fﬁﬁamﬁm@ M&?Q%eﬂ%%?é‘woerﬁ&@ﬁggz?em 1%

to 12%, and the concentration of the silicate ‘starting material'is'from

mateAa0tha3/80 Wik ANRHIEOUS QR ddniialye formid SllifAPShount is

Subsequent to gel formation, sufficient silicate and acid are added

mucl{Withauhany sppreciabipdRaraaral washing: He-AtRshlyBe Rl prulicalingy

or physical modification of the gel) to the formed gel for further production

a midbtagpraptnetsirititiedrpiecipiaied dlica somneperisasiradsliara
mid-range cleaning composite material to be formed. The pH of the

commverdltapaction begyddecdriiabgdhamyiidherewikia thasange afraitendnt
Depending on the amount of get initially formed, the amount and 21 WO

of geb GOBPERILEIPOTHIS 2095085 eR3osti{fotur @i dvipitatedtsiten Such
component may be targeted in much the same way as for the high

percTtagat i esbeemponenaspalbnreprtizatithsanowridrsibigoto videca! hidma tige
cleaning, low abrasive material through this process, as compared with

prodyrionigheste 4ot recThibfsrrassHisr B Bodle 2ttt wRRsdr ST g &vighsreiRdrably
higher (as noted above, from 10 to 60% by volume of the composite,

cle %@Fé?ﬂﬁlfrom 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 conecentration, 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 agqueous 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 appropriatety
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 injtially 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
proper PCR and RDA levels associated with this category, the resultant

WOLHR{E B8mposite material must exhibit a linseed oil absdrpligi Bp3033923
greater than 100 up to 150 ml 0il/100 g material. Broadly, the inventive

structife sBpeeipinaRingicelMgrRiRtadSicacaruinalien wenssalvahavedhe
following properties: 10% Brass Einlehner hardness values in the range
the hixgtwleadird maredl. 210handenitainal st desntibice darmdatian (@sge
presented below within the examples) RDA (Radioactive Dentin
cleankigdsienpralve mbetiub enoapb g9 briveabasitdbparad d iithinifiecsamag
test dentifrice formulation) PCR (Pellicle Cleaning Ratio) values of 90 to
matefiz2l3, nwitid abatip tbé REMRModREEAIsiteliarthey laigher (fshatdd dhdve Tibakenirg
Cleaners/Abrasives Lastly, again, in much the manner as the two above
60% Wpeelonalofdbivesnidsits, pafprblndgtyrb@8noféatd ahdtisilivesbesefdow
viscosity-modifying materials may be provided that also exhibit a certain
strucgiyg Rrec itnd silien oy epaiielavag froRiherd iy atbme o fte
inventive in situ process. The presence of a simultaneously produced
composiie BEGHHTAY Hppedidad Eplarigs; Keetbiathe nempeaBiakivrd BrBperty

within a rrﬁateria that, when produced via a high structure silica
Pt

levels ASERRIRIS § BRI s AEHian s R A PoS et aM8 7 718
RPCT/US2 /0359 th f vi i dificati ithi

exhity 5 LSRR O Ao on Y LT BB R o P et o e
adged ot ﬁa@%L%Béﬁe%i%@%%em%%%”%ﬂf%% DL 8lso 1o supplement
Simu taneously present |g e ceanlné nc?or gf)raswe entrice

gene AP RANSMNSIIRSATRISFope fied 194 é%s@éﬂﬁﬁﬁhe%ﬁ%yﬂgsg g \g'ﬁ Qf
general methods of "producing such thickening abrasives (anc? urther
rang€¥QWEAHIS WA dentill R derWalians: B8 a5 L8 RE 8 hresented below
| within the examples) RDA (Radioactive Dentin Abrasion) values between about 95 to
about 150, and {within the same test dentiﬁice 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

Las’dy, 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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For this low cleaning level material, the gel component is present in an
amount between 20 and 85% by volume of the ultimately formed

el/precipitate silica composite material (and thus the precipitated sili
W%o?ﬂp‘i?()"ﬁfﬁ? pltated G, s

is present in an amount of from 80 to 15% by volumeé as a
result, with such a component preferably present in a high structure
(or offemntypAdthasighith enadifbeanioo] géthhodaibifite formuabigh. cleaning
material may be as low as 20% of the composite material, preferably
manenchd dnvienins aperchraighe pddedniyt balgafosditwisassiounddifainiheffect,
lower the amount of gel present within a thickening abrasive material, the
but algedatatpalementtsohhltinesesibtpresprebipittcle silipandopanesiverdeuiféckto
be produced during the following phase. Thus, the overall amount of gel to
compgacsty dbrernisplete faBRArbiattiesshin (Ko m e wing 595084 moteds of
preferably, for instance). Such percentages of gel component actually

prodycipgsuehthick oming ahrastsmicand fprbsericmplifiptheitisdisstificphases for

: each different silica material, as described above for the other categories
ormyalnns vy A1 ¥Benerally, it has been determined that such specific

thickening abrasives may be produced through a method of admixing a

o T P e S R R RH A8 RO
. tragiqn . i lution, is f 5t %, ferably f 10
s M B e e
a 77 fth 'I'%ate starti aterjal is
e P e S S AR RS

15% BhoRRS e ERIP Q%@@f@%ﬁéﬁﬁﬂ%%éﬂé%@%&%@&i% gy gg%%%]e

(without any appreciable degree of washing, or other type of puri

formpr Mitvsigakracslificationsef fossmeddorthe faupediaskierfurthar Rrdyction

of high structure precipitated silica component desired for a thickening
low salMsivEtco tOpsitk nRlRHal, iriferdesniesh henpidiRidhaeraraireaskion

may be controlled anywhere within the range of 3
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 overall amount of gel to
be produced is preferably relatively high (from 45 to 65%, 50% more preferably, for
instance). Such percentages of gel component.actuak ly 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 ad;ﬁixing a suitable acid and a suitable silicate starting

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

preferably from 10 to 20%, and more preferably from 10 to 12%, and the concentration
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to 10. Depending on the amount of gel initially formed, the amount and
structure of precipitated silica component may be targeted by reacting the
subse(ﬁuent silicate and acid reactants within a more acidic medium to

“fBr?ﬁ"@( Sat8 amounts of high structure precipitated silica coprﬂ?imé?ﬂ%fnl?”"’

has been realized that in order to provide a thickening abrasive material

of e FRU R RIOSESR s AmAtabpchis prRlErab Ager (anaied

ove, from 0 lumé of the composite,

miﬁaﬁg %J}n?gy Q;gzs ga%m UBLOfJow %gﬁv{ﬁlﬁﬂ?‘i‘ @é}ﬁ%&%@igﬁﬁﬁe;geh%;;gﬁ eraply,

ative w (as low as poss lle the amoun ucture

addedYSRRIAIE SHGRBACIRRI FRIUNRY om&geclfgg? B0rashedbd golume

composite, preferably from 55 t0 3 5%)). rder to ex

physi%ﬁﬁxﬁﬁﬁ%m &P&iw&l&m&@&%@m@%@ SR8 DS WA re

gel/silica composite material must exhibit a linseed oil absorption of

preci SRS HRARCERD N RARIGMIER AHNIXIHIIRE RO RER R ANEA0 @ be

material. Broadly, the inventive thickening abrasive gel/precipitated silica

form&DMinsHAT tgesesallyrbaRihadotio vingdapailiesekOWuBRss Ripebner
hardness values in the range between 1.0 and 5.0 mg loss/100,000

to 10rdvejuhiding oantle withimieotfagi dedtifiycniedniatipdasspiesaniae below
within the examples) RDA (Radioactive Dentin Abrasion) values between
precipiboed d0cocahpon8d, g evidhiated dvs semai teshed entifeipe: A NtGke and acid
2006/057718 PCT/US2005/035923 formulation) PCR (Pellicle Cleaning
reactqRistivhthiala et apdigrBoitonse (oith arealito WhROR eb R Atwithire the
range of 0.8 to 3.5. Dentifrice Uses of the Inventive Materials The
precipitatsdrsticmcsmpgesiitatt dadmsioaiead hiida evsTpestevidar Hagkening
described herein may be utilized alone as the cleanir%%@%(i:'nt component

abrasiye, et R e ATRERF BN PO AMBHY BF #aldmuaintasily Bighsuéis eisdast

abovgf) ct)r:]n? I%‘ 8?‘?6 jlfn\%ict:;%tig%?%e composite, preferably from 45 1o 65%) and the

amount of low structure precipitated silica is preferably relatively low (as tow as
possibie}, while the amount of high structure precipitated silica is preferably relatively
high (from 80 to 15% by volume of the compasite, preferably from 55 to 35%). In order
to exhibit the proper PCR and RIDA 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 0i}/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/1 O0,000 revolutions, and, within a test dentifrice
formulation (as presented below within the examples) RDA (Radioactiife Dentin

Abrasion) values between about 20 to about 80, and (within the same test dentifrice
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materials, the moderately high RDA levels may be unacceptable to some
consumers. Thus, a combination of the inventive composite materials
with other abrasives physically blended therewith within a suitable

WEAHIEE Srmulation is potentially preferred in this regard W Sriarts 3592
accord targeted dental cleaning and abrasion results at a desired

o L B VAN GURD O SRR, AT EA

|rh\ﬁr‘{gon. Oth |rgs£yg)h3 zg_braswe particles include, for example, and

to W

IS
withou |mﬁ§ﬁ1c§'?,opre'mpltated calcium carbonate (PCC), ground calcium
carbonate (GCC), dicalcium phosphate or its dihydrate forms, silica gel
(by itself, and of any structure), amorphous precipitated silica (by itself,
f -perlite, titanium dioxide, calcium
Dent@?g%%géﬁg%%ﬁ}gﬁemg ltjlmlna, calcined alumina, insoluble sodium
MeRPRISRALS: IaqlubieRABSAIME MR ARoSRRaiE RS DG
magnesium carbonate, zirconium silicate, aluminum silicate, and so forth,
descBét erinirRdy 68 it 108.dRSite i abias N E-APRORRRINARS LS IaNRiRRe
polishing characteristics of the target formulation (dentifrices, for example,
dentigiiee cngosiions aselh2aid) 20064054 135H0rTiHd BRI 23t EHS
precipitate/gel silica combination described above, when incorporated into
matedelafifhicenodmapdy itigh R ¥ plastninal ddevetoffrine abauhdeortambout
50% by weight, more preferably from about 10% to about 35% by weight,
Thusparticuibaryieud ihthmvdeinifriosnmsttontiz ey Dvellat dentivisebysirally
cleaning formulations incorporating the abrasive compositions of this
blendad dpafeviidonibinientiiatin dotisis domentationingoisotatibl eefgreadiénthis
and relative amounts thereof (all amounts in wt %): Dentifrice Formulation
regarg, ay@gﬁghtp RRSEThceeted 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 dentifrices in accordance with this invention. Other such
abrastve particles include, for exampie, 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 (by itself,
and of any structure as well), perlite, titanium dioxide, calcium pyrophosphate, hydrated
alumina, calcined alumina, insoluble sodium metaphosphate, insoluble potaséium
metaphosphate, inscluble 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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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
W&?@“&Qﬁﬁﬂﬁg agents <1.0 flavoring agent <5.0 preservativgcf()‘%zfﬁsm35923
addition, as noted above, the inventive abrasive could be used in
conjunction with other abrasive materials, such as precipitated silica,

Sifts BErips e PR R AasETIRT  ABRYh BRIy AFReEAtEd 1iem

. Jnetasilicate, calcium pyrophosphate, alumina, calcined alumina, .
dent R RTERS LRSS B&%‘S&Pﬁﬁgﬁe?ﬁvaeﬂatfgfrsmq@emﬁao SO0 e upieht
bentonite, particulat rmosettipg resins gnd other, suitable abrasive
more PR RE CEMATID. 0 DoTLBA O rchicy SRR At o
i R0R0AE EEHISA005I030923 dnadlion 1R 405 AESNE ooraing
componen ,Efﬁsé dentince may also Contam one or more organoteptic

the abFAANCLRRBIS PAICHRIGRIS: %QH@&E&BH?Q&%A{ML@&J‘M&%Q&

sweeteners, surfactants, flavorants, colorarits and thickening agents, (also

possieMRHARA AR AR L IRNGL R SRR P IRRU ARG RGP,

Dentifrice Formulation

Ingredient Amount
Liquid Vehicle:

humectani(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 <0.5

In addition, as noted above, the inventive abrasive could be used in conjunction
with other abrasive materials, 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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Humectants serve to add body or "mouth texture" to a dentifrice as well as
preventing the dentifrice from drying out. Suitable humectants include
wﬁ?%ﬁ%ﬂ%lﬁ?se . glycol (at a variety .of diffe.rent molgcular Wei‘grﬁ%si}; Ipr%ﬁy)ﬂ% 0e .
glycol, glycerin (glycerol), erythritol, xylitol, sorbitol, mannital, Actto ) A
hydrogenated starch hydrolyzates, as well as mixtures of these
| COmppinestd iRisRLIEVele AhORE AR AL ArE R AR AR W 1 about
30 wt% of a toothpaste composition. Sweeteners may be added to the
more QQHADRFE-COMIDOHIH QPRSI NN BIER FKLIRSIE R ihaRIadt sliniiiable
sweeteners include saccharin (as sodium, potassium or calcium
sweetspeshauifictayclaasse(as e pogdiand dikkshing apaalCiamosalietimes
acesulfane-K, thaumatin, neohisperidin dihydrochalcone, ammoniated
knowglye pindizri gdextrosealidizilpseestsdrose, mannose, and glucose.
Surfactants are used in the compositions of the present invention to make
thHusmeipeisisrve mare shmetioalilaessptdiies Theifurfastant iss
preferably a detersive material which imparts to the composition detersive
preveghipgidArngiiiespenedryingiemleSsinhie s drats iifehaledelifediiae
amounts_of anionic, cationic, nonionic, zwitterionic, amphoteric and

glycoh@bandehratdifieat arkksdaniighitrprenyisns luenlial vsHadglycerol),
benzene ?ulfo ate, alkali metal or ammonium salts of lauroyl sarcosinate,
i s

ey iSRS sSREah e B eIt RO SHRE SRied STATSh RYSER S Stnes
oleayl sarcqsijnate,, polyoxyethylene sqrbifan monostearate, ispstearate

el BRSBTS Seo0R o8 M e A A3y

wi% fU %?%@B%&Naﬁ [0 s c[g%(s)ine tﬂ%godium, potassium, and
ethanolamine salts o%‘ﬁ%’auro%??\?—myr’istoyl, or N-palmitoyl sarcosine,

PalyelMERE e LRSI ESAIAkYL 5@%&8@9{%%%?@5%%}% faste

betaine, lauramidopropyl betaine, palmityl betaine an

to thel BpbibauRatdsiasatenedistiaciantndieay draiant isdxricaly PIRSERt In

saccharin), cyclamate (as a sodium, potassium or calcium sait), acesulfane-X, thaumatin,
neohisperidin dibydrochalcone, ammeoniated giycyrrhizin, dextrose, levulose, sucrose,
manmniose, 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 laury! sulfate, sodium dodecy!
benzene sulfonate, alkali metal or ammonium salts of lauroy! sarcosinate, myristoy!
sarcosinate, palmitoy! sarcosinate, stearoyl sarcosinate and oleoy! sarcosinate,,

polyoxyethylene sorbitan monostearate, isostearate and laurate, sodium lauryl
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the oral care compositions of the present invention in an amount of about
0.1 to about 15% by weight, preferably about 0.3% to about 5% by

Wei%?htbsuch as from about 0.3 % to about 2%, by weight. Flavorin ~
W&bé £ Sﬁ}gnally can be added to dentifrice compositions. SGilaa0S/035923
flavoring agents include, but are not limited to, oil of wintergreen, oil of

eppermint, oil of spearmint, qil of sassafras, and oil of clove, cinnamon,
st e

R Jhe Sorupo PARSIIand sthwie sripteanel lher
S flavor compgqunds to add frujt notes, spice notes, etc. These
'WOHQ@@HH&%%&%%ﬁ%ﬁ%?@ﬂteﬁiﬁﬂﬁ&%ﬁw%Pﬁ?ff&?é&nsfoar&eﬁya@%qsqz@wﬁe@i
sters %&e ols, afpz&a%cn aali h%tic, aromatic and other alcahols.
S edt

Phen O ORIy PRy LReling Palmib betpinc A the

dloran
like. Q&gg}ﬂtﬁa\%wg?ﬂa?ecglgr%%gg Sroay sxsigjﬁec égﬁq{eli%%ﬁ? lc?]t%xa]%ﬁ% &%ﬁ;ﬁgggﬁ% in

appropriaté regulatory bodies such as )

the oEFE%%%%ES’Q@o?:QQfP m&ﬁkﬁl%%uaﬁf%%%gﬁ.géggéﬁﬁﬂ TSt

such as TiO2, and colors such as FD&C and ICKening

15% BPSRisRredasiu e deplftica conpositiona Af eRIeash! nvertios, to

provide a gelatinous structure that stabilizes the toothpaste against phase
to abm@gpm@;{gable thickening agents include silica thickener; starch;
glycerite of starch; gums such as gum karaya (sterculia gum), gum

traiaeaiif ageits apaloit FLah BRAHHQUE I ALEEIG SARTISR SN HdBlIUM
and cellulose gum; magnesium aluminum silicate (Veegum);

flavodagrageenan|sled sl gintdieied as; ajart whabinregalaéin o elpiesgint, oil
compounds 28 WO 2006/057718 PCT/US2005/035923 such as cellulose,
of spegamokyri ethylsseftedoss] o1 dfckyetyihoaticlosmetiydeompntagly kheaita|ose,
hydroxymethyl cellulose, hydroxymethyl carboxypropyl cellulose, methyl
cugenal eioalypiahyewenursseccand stiitaruicBiuosomueundd wrddynthatics,
. clays such as hectorite clays; as well as mixtures of these compounds.
spiceg S e dors o iinTonag RggOLs consist chemically of mixtures of aldehydes,

ketones, esters, phenols, acids, and aliphatic, aromatic and other alcohols.

Colorants may be added to i;npmve the aesthetic appearance of the product.
Suitable colorants are selected from colorants approved by appropriate regﬁlatory bodies
such as the FDA and those listed in the European Food and Pharmaceutical Directives
and include pigments, such as Ti0;, 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 thickening 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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agents or binders are from about 0 wt% to about 15 wt% of a toothpaste
composition. Therapeutic agents are optionally used in the compositions
of the present invention to provide for the prevention and treatment of

YWHRAUEHNAES, periodontal disease and temperature sensitiitGTERKHHEE23

of therapeutic agents, without intending to be limiting, are fluoride

such3R léé%%sé%é}&%ﬁ&‘éiﬂm duqrisde. M&%gﬁﬁmﬁm{&? Hoéé%'ﬁ?ﬁa& de.

potassium monofluorophosphate, stannous tluoride, potassi

celnfodiunirprsiliagnasemenirry iangsilicaleonpr e s cendensed

phosphates such as tetrasodium pyrophosphate, tetrapotassium

celuRyse RIS BEIRIR S8 SRl MTTARYEIRORE; MHRPNARPRAIRAISPHIYRIch as

monohydrogen pyrophosphate; tripolyphosphates, hexametaphosphates,

hectdrimelaphasphiites MRtuRY oPhesPEREPEUBIECN BiicallbRIR bRk I_GRRIS
such as triclosan, bisguanides, such as alexidine, chlorhexidine and

agenthiotiedidine: frhmabate fenzymebaundli asipapaitdmpiselabposition.
glucoamylase, amylase, dextranase, mutanase, lipases, pectinase,
tanieswesiic potease sptomite nmad iathenonipostompsithe grestneh as

) benzalkonium chloride (BZK), benzethonium chloride (BZT),

InveREy Iy AIgTiRIo i PiEeEPO)Ind rdatioenipHaleisad naides, preiadsdilsjistch
as zinc citrate, zinc chloride, and stannous fluoride; sanguinaria extract

and fgpperaies sRBSHE o R pins o tharasvidsrespironitheritntndinetoband

licylate; amine fluorides; peroxides and the like, Therapeutic

... methyl sa d ‘ :
i’m‘tﬁﬁeﬁ%{%i‘iﬁ’i} SUESER TR e re dmp perafiveserbasalEe at
o a.therape icallé safe and EffeCti\iﬁéllé?v [. 29 WO 2006/057718
P t‘”ﬁ‘&%@%ﬁ%’fe ZEREE Sy PRIES BEO Bl F R to the
fluorSSMResitions of the.present inventjon.to prevent bacterial growth, Suitable
lllOrprlesere\:/’acllttl(riilrgg %S%r%]\{?gg)%’;cﬁ%ea?ra é&%}}%o%odggﬁ%ﬁé’ 34 %gs such as
tetrad DN PAARB L IRAANURAIARSN. A VL ROMMA R GRRIR ARG gl
safe and effective amounts.
pyrophosphate, irisodiam monohydrogen pyrophosphate; tripolyphosphates,
hexametaphosphates, trimetaphosphates and pyrophosphates, such as ; antimicrobial
| agents such as triclosan, bisguanides, such as alexidine, chlorhexidine and chlorhexidine
gluconate; enzymes such as papé.in, bromelain, glucoamylase, amylase, dextranase,
mutanase, lipases, pectinase, tannase, and proteases; quarternary ammonjum compounds,
such as benzalkonium chloride (BZK), benzethonium chloride (BZT), cetylpyridinium
chloride (CPC), and domiphen bromide; metal salts, such as zinc citrate, zinc chioride,
and stannous fluoride; sanguinaria extract and sanguinarine; volatile oils, such as
eucalyptol, menthol, thyrhol, 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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The dentifrices disclosed herein may also a variety of additional
ingredients such as desensitizing agents, healing agents, other caries

“Preventative agents, chelating/sequestering agents, vitamins, amino_
RLBIEHIns, other anti-plaque/anti- calculus agents, opadifisfs2005/035923
antibiotics, anti-enzymes, enzymes, pH control agents, oxidizing agents,

angoxidants, and the like Water proyides the balance of the composition in
iy S e e
. e impurities. The tifrice will usually comprise. from about 20
v T B R R e el SR R R B i
t tion_include, as a non:limiting example, an
o e e A5 R SR R e
in saRrefareed-tboughpey-limiting) silica thickeners are ZEODENT(r) 163
and/or 167 and ZEOFREE(r)153, 177, and/or 265 silicas, all available

fronpeladdeifiebetic MR AR, Hayrede Grage MQ&&M&;@#;%&&H&%%@E

of this invention, a "dentifrice” has the meaning defined in Oral Hygiene

as deRuahiigis; apenB aetinfg Merenuirdesi GopsHnalivcieRsg and Technology
Series, Vol. 6, Marcel Dekker, NY 1988, p. 200, which is incorporated

cheldtiepdindoystefeenpatsNamelys andenitiBepiswins asdpstangequsacvith a
toothbrush to clean the accessible surfaces of the teeth. Dentifrices are
calcubrimeeilis campibsed i ihiaters, deteegantel emactantpibindes] fhavaring
__agents, and a finely powdered abrasive as the principal ingredient ... a 30
oxidigyn 2B06I0BTHPESIEGT AERe0%035923 dentifrice is considered to be an
abrasive-containing dosage form for delivering anti caries agents to the
ted¥feERtidrectip Arlansa h dhesrmmesitigren additivn iermeddisoes

dissolved prior to incorporation into the dentifrice formulation (e.g.

mentighad.  Hs s Pelerbis demiring fere, elompvtiso soidet ieeoridg

usuaf%ggonézspggg & ggglﬁhz ri&l’?% to about 35 wi% 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 avaiiable

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

30



The various silica and toothpaste (dentifrice) properties described herein
were measured as follows, unless indicated otherwise. The Brass
Einlehner (BE) Abrasion test used to measure the hardness of the
WeedsitatetBsilicas/silica gels reported in this application is dMSEHBAW5435923
detail in U.S. Pat. No. 6,616,916, incorporated herein by reference,
involves an Einlehner AT-1000 Abrader generally used as follows: (1) a
dentiffeuidsinisidheaiss wiranstresindsoneigingdlesatedrposeddditieergaivh of a
10% aqueous silica suspension for a fixed length of time; (2) the amount
cariesaizatisasid isdiheh Dettfrivin &etranlatithy eontsioringsadisnfsovhighenust be
Fourdrinier wire screen per 100,000 revolutions. The result, measured in
dissoluentprofrrivgitosearativhénteheatertiivice Reméa T 00 biad  EReR ARBE)
abrasion value. The oil absorption values are measured using the rubout
such aneodben Tiisideetodinm Phagddieh BayARRRAE SR HIERGIFRSERBI with a
“silica by rubbing with a spatula on a smooth surface until a stiff putty-like
paste is formed. By measuri e guantity of oil_requir. have a paste
e T S S

absorption value, of th .siI%'c --Bhe v.géue which represents the volume of oll
3 fherwise. . . .
N ) ?#Zga?‘ﬁﬁ?’um e\?\i’e]fé \t'oF silica to saturate the silica sorptive capacity. A

highe h?&?@f@%@ﬁd%‘ﬁ&%&%ﬁ@t%43’&9&%%4&% RhRERsiRiaird

silica; simila ow value is indicative of what is considered a

preciﬁ%éﬁ%w%m&%%a@%?@&eiﬁ%-tﬁ@kﬁg}é’émmmes@ﬂ&la%r&&iﬁm wvalge
was done as follows: 31 WO 2006/057718 PCT/US2005/035923 Oil

Pat. NOSPERION 6 il Rl absankad b3 Gerweightiat silicaag FaAtshried Alll (A0

gram silica As a first step in measuring refractive index ("RI") and degree
Abra@drighkrally used as follows: (1) a Fourdrinier brass wire screen is weighed and
exposed to the action of a 10% aqueous silica suspension for a fixed length of time; (2)
the amount 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.mbout method. This method is
based ﬁn a principle of mixing linseed oil with a silica by rubbing with a spatulaona
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
Jevel 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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transmission, a range of glycerin/water stock solutions (about 10) was
prepared so that the refractive index of these solutions lies between
1.428 and 1.46. The exact glycerin/water ratios needed depend on the
Ve A¥egR/Cétin used and is determined by the technician mai&ig fi80s/035923
measurement. Typically, these stock solutions will cover the range of 70
wit% to 90 wt% glycerin in water. To determine Refractive index, one or
oil ab%%v%ﬂps of egchisiansiped solution is sgpagately placed on the fixed
: plate of a refragioppeiariAtogrdks Refractometer Model 10450). The
covering plate is fixed and locked into place. The light source and
refractometer greswimheaaniged the refractive index of each standard
solution is read. Into separate 20-m1 bottles, accurately weighed was 2.0
+/- 0.01 ml of the inventive gel/precipitate silica product and added was
1840 2Hir9.93pril aferacinpesfiective istock B eridbvater eblighdn (for
products with measured oil absorption above 150, the test used | g of
rransiiveativergeléreglpitaie/sitita prokl soiutines (8bgusfl (Hevgropiepgivésrifidiater
solution). The bottles were then shaken vigorously to form silica
the redflisprsion;tiof btop sehsinrs daehabyrss ﬁé%m@g&ﬁeg hsrsdaHe bottles
were placed in a desiccator, which was then evacuated with a vacuum
glycepainpiearsion m@%é@ﬁ@%@’%@cﬂi@%’?ﬁ%’ BRSPS SOBEIEREY 5%
The dligwrsmns were then de-aerated for 120 m utes an visual

OISR ad IS 1 RS SO st
Spectronic 20 D+) was m red aft t t

of TR S aam%%%és?‘aacé%?amge"ﬁ o ceﬁ,n%%%g?g;gf bie R

of ea%%;e ra%{? m tructlons Th? %T}raacg g‘rlt{ﬁl ?a %?ﬁ%?rq&&ﬁgﬁer Abbe

pPo %?/gslyc HRwa spersmns acmg an aliquot of each

60 Rdérap%rs'%r'ﬂf QP%% V?ﬂi@a@@%ﬁgﬁ&imléﬁ%( A1 HRAvslength

or each samp eona 100 scale %Transmittance vs. Rl
light source and refractometer are switched on and the refractive index of each standard

solution s read.

‘Into separate 20-m! 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 irigerously 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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of the stock solutions used was plotted on a curve. The Refractive index of
the inventive product was defined as the position of the plotted peak
maximum (the ordinate or X- value) on the %Transmittance vs. the RI
WRIRBS85{E1% _value (or abscissa) of the peak maximum wad fHEUS2005/035923
%Transmittance. The surface area of the precipitated silicalsilica gel
) req%‘rt herein is determined by the BET njtrogen adsorption method of
Bru

S GFBESIOS W ReRcitaeigied &, B0anwas drrisualln insprstos fame
iS measured by mercury porosj using a Micromeritics Autopore
coml:%[%) ( %’6%%‘%3?&%‘? )‘%‘r%ar%re B\l t???ﬁygh %%98%%? tHRD+) was

loyi le Theta (0). | to 140 and
meas R B O Oy B e S e R hacordiog

a surface tension gamma equa

to th@qﬁg%gﬁl}ges\é?}i&a\{mgg%%gﬁso&qre size distribution of various materials.

Mercury is forced into Ids as a function of pressure and the volume

of 1he spersninHdedPREMam of mm@riaﬁggé%a egﬁae%%?@%

pressure setting. Total pore volume expresse rein represents

dispesianl Bl yeaciel U 811 BN NI SR AR SRRHIES, [T NRCUEL Ohe

60,000 psi. Increments in volume (cm3/g) at each pressure setting-are

%T altgteshagairtinht peresadibsy saretes 3 ROOH/ARLI8ince vs. RI
PCT/US20051035923 corresponding to the pressure setting increments.

of th¥ ftecheakiivthesatraaeglvoldne vaisks T R8s OdIBNREIBE GWMSive
corresponds to the mode in the pore size distribution and identifies the
prodypoeredefinedraptrepsidtan ticheatoptel [Bplcaifieatlyns aftpledsize i X-
adjusted to achieve a stem volume of 25-75% in a powder penetrometer
valugypp e plirnapitinere vetém Rbhme. of abBuvalut (ot sSarspipsfate peak
.evacuated to a pressure of 50 sm of Hg and held for 5 minutes. Mercury
maxium e TeRFEBaRE60,000 psi with a 10 second equilibrium time at

e of roximately 103 data collection points.
aﬂ?@ m{'jfgge area of thg precipitated siiicafsiiice? gel reported herein is determined

by the BET xﬁtrogen 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 II 9220 apparatus. The pore diameters can be calculated by the
Washburn equation employing a contact angle Theta (8) 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 fnto 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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Median particle size is determined using a Model LA-930 (or LA-300 or an
equivalent) laser light scattering instrument available from Horiba
Instruments, Boothwyn, Pennsylvania. Two criteria for describing the
WY RHHEEEdBthe particle size distribution are particle size spBATARGAFEPII23
beta values as measured using a Horiba laser light scattering instrument.
By "particle size span ratio" it is meant the cumulative diameter of the
correspaiidblgadniibhpréentie petiogntitectBedid) Thinpeaknie therimituded wolupre atthe
ninetieth volume percentile (D90) divided by the diameter of the particles
pore rititeofiifiethevolowne eorepatitls (D8B)mode (D WDepom A GligribHonIHEn
ratio indicates a narrower particle size distribution. By "particle size beta
identifiefitbt inistremmooYS| sF9ddiagsarnlorIpec Bestivi sampiguziie AUt
volume percentile (D25) divided by the diameter of the particles in gue
to achiexemejeritroleneRB2Serednfe PovdsT PERTEIRS YR Aig et BETL VA e

indicates a narrower particle size distribytion. CTAB external surface grea
stern YIgine FobRAb e O BT R BN B PSS At

bromide) on the silicg sufface, the exce ted hy centrifugation
held 1953 BORUH AT BYF IR BHFT B ) e g & S et 34

» O 2006/057718 CT/()USZ{QQP/%?%%%Ceiﬁa%tlrode.Tgpse external surface
equiliBrigm WHR A4 SR RIS Tom the quantity of CTAB adsorbed (analysis

oG helore andafist adseriion . Snesifisallusabout 50 of siica is

placed in‘a eaker with 1 0 ml CTAB solution (5.5 g/L), mixed

. ‘ Ic, St AR alol¥s J REesies at
equw%&%@ba%%&é@tggﬁ%ﬁ? {i%r% Tritgﬁ%}% ?égz%g%g%% roll ofh'g?e clear

Bocﬂwﬁﬂrp@ﬁgggimgpo-mi_ be_aker. Th_e pH is adjusted_ to 3.0-3.5with 0.1 N
HCI and the specimen is titrated with 0.0100 M sodium lauryl sulfate

USiRg a-RuiasiAnselRsHodR (BHMeRaTMLS biRIAS0 i) seitletenminedtiale
size span ratio and beta values as measured using a Horiba laser light scattering
instrument. By “particle size span ratio” it is meant the cumulative diameter of the
particles in the tenth percentile (D1 (}j minus the cﬁmulative volume at the ninetieth
vohune percentile (D90) divided by the diameter of the particies in the fiftieth volume
percentile (D50), i.e. (D10-DI0YD3C. A jower span ratio indicates 2 narrower particle
size distribution. By “particle size beta value” it is meant cumulative diameter of the
particles in the twenty-fiftb volume ﬁercenﬁie (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 laury! sulfate using a surfactant



endpoint. The % 325 mesh residue of the inventive silica is measured
utilizing a U.S. Standard Sieve No. 325, with 44 micron or 0.0017 inch
openings (stainless steel wire cloth) by weighing a 10.0 gram sample to

WRSMeAPEdt50.1 gram into the cup of the | quart Hamilton m&eFBaeTae’23

30, adding approximately 170 ml of distilled or deionized water and
ring the slurry for, atl t 7. min, Transfer the mixture onto the 325
electfﬂé ﬂg%?é&ﬁﬂ%i et ol ﬂbcmudatammﬁ%? R R GeAR
twater r directly. rt tes.
adsgf I%JE% ?1 ogg snb mSO (S agt‘)g\’/e%% ¥V8§n g
silica l%) qaé/f\’:/(?Sh tE??rgﬁ g tO O fﬁldj EWSD?U %r;g?h bx{WdaShmg

dan evaporating usmg d or deionize a was

eiec&'{% ﬁ%%ﬁdh%@%b&%ﬁﬁrﬁgﬁﬁgﬁ%ﬂ&&%ribtﬁé“o il (i t%EJ a%?*’ y

COI”IV tion oven Coru oven for’ app min

10%CARLANE YoRINLERSIoNS on AMRLER! RRIBRSEMRSIURAT SRES MR iNg

(LOD) is the measured silica sample weight loss at 105C for 2 hours.

adjutBSSoONIHIQRH b P iBdhe M eRsyedsilicR SRMRISHIRIND] 0033 83aRRPC
for 2 hours (sample previously predried for 2 hours at 105C). 35 WO

laury? QOBHSUALB PGrFiblar QRARIB3inkhRmH S VRIS DILING SeRSHOR: the
mixtures (5 weight % slurry) encountered in the present invention can be

endpmianitored by any conventional pH sensitive electrode. Sodium sulfate
content was measured by conductivity of a known concentration of silica
sluFhe BEddificaihre3dgesilicheiretestie sdityple masuneighiBelingte E.S.
one-quart mixer cup of a Hamilton Beach Mixer, model Number 30, and

Standayg Rt vt Heiddizeailvdtemivran oidled! Thaehshpeyingastainiessfoed varg
minutes, then the slurry was transferred to a 250-ml graduated cylinder

clothy iy i 2kyedehOrhermm wHarkso- s ArarRsikA ewRrinsadhe cup of the 1 quart
Hamilton mixer Model No. 30, adding approximately 170 mi of distilled or deionized

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. Adjﬁst 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 (LOI) 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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water, using the water to rinse out the mixer cup. The sample was mixed
by inverting the graduated cylinder (covered) several times. A
conductivity meter, such as a Cole Palmer CON 500 Model #19950-00,

WWEd ¥ determine the conductivity of the slurry. SodiuffSyHaers/035923
content was determined by comparison of the sample conductivity with a

standard curve geperated from known method-of-addition sodium.
su a%e?&I%juegogrfggsﬁ%nl%lfd?ﬁgﬁ rtﬁg}%&@ %‘T@/&H"B&%W\%@?gle
ilized ta.analyze the. re of jniti roduced silica,gel during the
P lr“:Segl\q/era In situ ge /ée%%gﬁ%’p%gﬁ%g%%’épﬁ%% Retuded 1%VCI ﬁldr.lé’[hese
analyses was porosity. Such a property of accessible porosity was

obtrimach sisfag bixRaeNAdsemiien HesaIRQNISPE RN ASHEEaOL:

The BJH (Barrett-Joiner- Halender) model average pore diameter was
of sidletenininedjearRaAlnn 18e desoniandsansle wiliziog R AG6eleHIG6hn
Surface Area and Porosimetry System (ASAP 2010) available form
mixelidoportie fifiesi ltost RungritiGer parakd NuMoE PG nd e90gia cBamplRsdvestr
out- gassed at 150-200C until the vacuum pressure was about 5 pm of
was ddeduTh Stamanaamatgddonide Amautes)dtio binetyio typaratdeiio a
Pore volume was obtained at a pressure P/P0=0.99. Average pore
250-pibgrstested deliivisd frorthp orbingsiuithediod isufimbreak36i W dionized
2006/057718 PCT/US2005/035923 assuming cylindrical pores. rore size
walter|upi S e A8 DY 28 RIS s e e B Wasethsrsl Wyhikeeriing the
provides the pore volume within a range of pore diameters. A Halse

eradygied cxlindep (R VETHE) X AL REISRitH FORSNTEY IR FEH YR 88 3600 ?ﬁhner
' er, Wj raction of pores open at both ends. The toothpaste
o R B aHTToNS LA A Y Mo
.RVT ipped with a Helipath T-F spindle and set to 5 rpm measurin
S P A A AR L s AP Rt RS
stand®RNAlIRe generated from known method-of-addition sodium sulfate/silica

composition sturries.

Further tests followed below were utilized to analyze the structure of initially
produced silica gel during the overall in situ gel/precipitate production method. Inciuded
within these analyses was porosity. Such a property of accessible porosity was obtained
using nitrogen adsorption-desorption isotherm measurements. The BJH (Barrett-Joiner-
Halender) mode! 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 um of Mercury. Such an
analyzer was an automatic volumetric type at 77 K. Pore volume was obtained at 2

pressure P/Pe=0.99. Average pore diameter is derived from pore volume and surface area
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descends through the toothpaste test sample and averaging the results.
Brookfield viscosity is expressed in centipoise (cP). The Radioactive
Dentin Abrasion (RDA) values of dentifrices containing the silica
WO RIS used in this invention are determined accordirRf- &5 iFr#05/035923
method set forth by Hefferen, Journal of Dental Res., July-August 1976,
ssoui A RRAS5L2. 90 drsarbasn SaPalNos14,340,58
44 Zg,yslz ar%jp4,221,527, ] eBu%‘h% AV n‘ﬁaéé’f‘cie%‘{ {eflusing the ByH
mettSEARRIPHRS RRLAIL BUEIBIRRESAEP IEAIYA RISl delise
compositions is typic%ﬁly expressed inaterms ofl%[gfhc e ?%rgih%g 300
thiciRERD Y BlpewEbesBORdepbmaasins b PR Ay nIllce. win
composition to remove pellicle film from a tooth under Ixed brus ing

zero GRABANIITS of heoPéaRiteshisdescribed in "In Vitro Removal 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 sothpotretientfiice) ventifilvds compasitioilizRg R BdiRBA values
_are unitless. 37 WO 2006/057718 PCT/US2005/035923 Preferred
Viscerngtss Mo \OF gaipradivish At iparh Tt epiatieraats seeresprepased by
sequentially forming (in situ) a first silica gel (or gel-like material) and
mc”&ﬂﬂ%ﬁ?ﬁ%%@ﬁ%ﬁ%?ﬂ%ﬁ%ﬁﬁé B featthisesdidTeornt levgsosigitatputditica
d ccémf%gentfgresent simultaneously with the initially produced gel (or
SSCEF R YRALR AR HRRS'S R FtEH el & toneisadbedysus. Rrankifieior
viscDrs?ac:'gants in the first stage while the amount of precipitated silica is
c%froﬁf%oéeﬁ@e 8 %ﬁ?é'l‘l’ﬁ cdftéactants in the second stage. The structure

of #he nal RIQYuELis controlled hy the a oun}ﬁf el. first produced as
related to the amotin L%f%%séﬁor}t el Sm%ﬁgf?%g Sﬂ%‘ggqféaféﬁ’éﬂmg the
siticaR@APIGIRSSs SUETARICTIPGIAN G, TGS G ocent xlr?gn & BY hlae:ﬂgo Cs)eiorth’

as discussed in
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 typicaliy expressed in terms

of Pellicle Cleaning Ratio ("PCR") value. The PCR test measures the ability of a
dentifrice composition to remove pellicle fitm from a tooth under fixed brushing
conditions. The PCR test is described in "In Vitro Removal of Stain With Dentifrice" G.
K. Stookey, et al., I. 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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greater detail above. 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
VeagrsWite then washed and purified in order to analyze &/ végedsanasy23
material to determine if an actual gel is first formed as well as for other
gel properties exhibited by such a sample. It is important to note that the
remainder of the’sefefrs Kraboddtnendsinfithe fmpetieproduction of
gel/precipitate products below without any washing, purifying, etc. In each
ple, a yvolume of agftéeous solutjon of 3.3@3}; ratjo sodium silicate

I
of LRSI RS Ml Erals s, BB A A TN, (e e
s i dt i t 6 ) 1 tent th heated to 50C
silicd R e e e e S A S ek Gt
' ifi i dt ltant.38. WO .2006/05771
o pro A B A Sl B R St Ui N RO B e (or

gel-1RAIRHRHhigERalssial was e R JillRIRc ANASURSRAYSRI-WASD ST It o
h coﬁecteﬂ@y gY dS I

water (at about 60C) and Spray-dried. Su and dried materia

stageNASIENER ABrigd I RBunhel SfiplapsstiesRe eglkﬁe' Qelavy fedesiRdon

which were delineated above. The following Table | includés reaction
the sQRERIREIE!S BIRCstAQACEIONgic TRRle %, Bievides-aaabaes RECRGIIAS )
these initially produced gel products. It was evident that, upon analysis, a
first pitidacgemaieraliwas initially sormethiAgaisiiheadilieling aneiashing
steps performed after collection thereof were only necessary to further
pararagtatyzaithefcempadagakfonteartam progartie pil, andesdarbeayithchakle i,
below. Such analysis is not generally performed during the actual
greatpyistailabievsitu production of the target gel/precipitate silica combination.
It was merely an interest to determine if a

' Initial Gel Formation
| EXAMPLE 1.2

The ﬁrst two exampies show the initial production of silica gel within the overall
gel/precipitate production m-ethod. Afler initial production, some of these samples were
then washed and purified in lorder to analyze the resultant material to determine if an
actual gel is first formed as well as for other gel properties exhibited by such a sample, 1t
is important to note that the remainder of the samples was utilized in the further
iiroduction 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

38



silica gel had been produced initially and the properties thereof for
classification purposes. Furthermore, for this table as well as throughout

this disclosure, any data that was unavailable or unmeasured is
“?8698@8?1@3 by dashes. Additionally, it is important to note fifay H%ag;{os.sms
absorption properties measured for the silica gel alone is not an indication

proﬂ@éi%_i %E&Q{_B‘%&&’ EH‘ﬁ?SH 1%6@@8—3@&%%%?0 oL /%é%tésar ﬂg%gtgf% }trt]e?ed

entire inventive gel/precipitate Silica combination.

and JRBSGINEARTSWRXRIRIB NG} G SHlGRIREN6 % iﬁﬁéi”fﬁ}&\é%?ﬂé?ﬁ&nd

60 60 Acid Addition Rate, Ipm 0.47 0.47" Acid Addition Time, min

dried2fa8eridt vad IReRelian Bi 2Rmied 0B ¥WEHRRACIIRLT 8 ow, the tests for
PCT/US2005/035923 TABLE 2 Example No. 12 % Gel 100 100 %

which@BrbdtliRatedaoN. S8 SO0 Ung 281e iRl a3 Dpa3nR e bh Y- 76
6.90 %Na2S04 3.97 3.18 MPS, pm 16.3 10.1 Particle Size Span - 2.10

conditions; Table 2 provides analyzed properties for these wnitially produced gel producis.
It was evident that, upon analysis, a silica gel material was initially formed. Again, the
filtering and washing steps performed aﬁer'collection thereof were only necessary to
further analyze the formed gel for certain propertics in accordance with Table 2, below.
Such analysis is not generally performed during the actual inventive in sity production of
the target gel/precipitate silica combination. It was merely an interest to determine if a
silica gel had been produced initially and the properties thereof for classification
purposes. Furthermore, for this table as well as throughout this disclosure, 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 sitica conmibination.

TABLE 1 Reaction Parameters

Example No. i 2
Silicate Conc. % 13 6
Silicate Volume, 1 60 60
Acid Addition Rate, lpm 047 047
Acid Addition Time, min 414 2435
Final Reaction pH 9.0 5.28
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Particle Size Beta 0.39 0.43 CTAB, m2/g 207 211 BET, m2/g 232 433

8TH Desorption Average 196 37 Pore Diameter (A) Oil Absorption, ml/I

0OOg 120 81 Pore Volume, cc/g 2.1 1.29 BE, mg loss/100,000 rev. 12.73

“é?é@’ﬁ@?i’%? 1.451 T 11 10 40 WO 2006/057718 PCT/USZOUEG¥543%23
In Situ Gel/Precipitate Composite Production EXAMPLES 3-7 Examples

- 3-7 contained from about 10 to about 23% by volume gel and thus from
about 90% to about 77% by volume precipitated silica (as noted in the
accompanying_tables). The prB of these examples had silica
structure level W&ﬂﬁ&“ﬁom low structure (ES) to medidm structure (MS)
to high structurg (HS). A first step was folloygg in which g volume of
agueous solution of sodium silicate (Silicate Volume A) of specified
concentration {8iliedle Concentration A) an@.& SiO2:N#2® ratio of 3.3
was charged within a reactor and agitated therein (depending upon the
size of the rea&c}rptlhe agitation speed was¥rom about®#to about 92
rpm, although 2Ry speed Mmay be utilized f :§uch aprg dure). The
reactor contents were heated to 50C and thén 11.4% sulfuric acid was
added at a spegifigg rate (Acid Rate A) for @ 7gpecified ¢ige (Acid Addition
Time A). (For Example 5, for instance, the agitator speed

%Na; S04 3.97 3.18
MPS, um 16.3 10.1
Particie Size Span - 2.10
Particle Size Beta 0.39 0.43
CTAB, m’/g 207 211
BET, m%/g 232 433
koo S
Oil Absorption, ml/100g 120 g1
Pore Volume, co/g 2.1 1.29
BE, mg loss/1006,000 rev. 1273 6.65
Rl 1.457 1.451
BT 11 | 10
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was set to 60 rpm, except it was increased briefly for 1 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
WREAWEUERY recognized and the pH of the slurry was tested @QR§>2005/035923

optionally maintained at pH 5.0, as indicated, by adjusting the acid

continue to heat up to 93C after the second stage precipitation was
started), and such a temperg%%@%’e? maintained for the duration of
the batch production. Subseq “gimultaneous addition began of a

;;%ggagq@ WIS ARAGNSS %a(;s@ on 8l sosibn Silc utgl)%%*;gge%gg?;%om

0
t peC|f|e concentration ate Concentr

aboul¥@ARGRIG R/%ebgl’m -G ga%%%[cgg Z(n?&l% daﬁfg{gpésxyin g

PCT/US2005/035923 sulfuric acid at a specific rate (Acl
tableReaRUAIRROb MG LeACIR ARNEAS AL A Fale.of %@%%g%&fﬁs&

simultaneous addition of acid and silicate commenced continued

strucHifoUat) digesdion: AiiehdIREDieHdibMe-eiliraia$ddition Time B) of
sodium silicate introduction, its flow was stopped. The pH of the reactor

CORtERSsWRSvEToliBHed ShyWwhARRItoreR e ingdhe sinuilianeorsoagition
stage. The acid addition continued until the entire batch pH dropped to

silicanb(Ritida®. OrieediN3 @Hpvdf aliainessthena@lifawcvasatoniod 10 ahout
2.7 liters per minute and continued at such a rate until the overall pH of

SiO: thexfe sailterft batekswis ghdpibih to rdabtoT hedfinished thatein idagdinting upon
heated at 93C for 10 minutes (digestion), while maintaining the batch pH

the sige oighT FRa¢Os the BEiLHIPH SRS tMerlieroabers Gbip filtratioR rwaskigatga

: sodium sulfate concentration of less than about 5% (preferably less than

any spegd ity hrostIskéenpiyibe RiResdnieas thereeasinperniEninoiate Herjadhito

fiItrgtFﬁ cond%?tivit and then spray dried to a level of about 5% water

SO°C i g an thisEHEhFsest rebrdsa &l arms it Brott iak the fehfilled

specitf?eg rt]ilrfx?er I&Cid Addition Time A). (For Example 5, for instance, the agitator speed
was set to 60 rpm, except it was increased briefly for 1 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
shurry 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 contimie to‘heat up to 93°C after
the second stage bre;:ipitation 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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size. Parameters used for Examples 3-7 are described in Talple 3. The

Acid rate levels for some of the examples were adjusted during the

reaction, as noted below. 42 WO 2006/057718 PCr/US2005/035923
WOBPE'E RBaction Parameters Example No. 3456 7 SilicgﬁT@éﬁ‘&sf&§5?J3

6 13 13 13 13 Silicate Volume A, 1 138 60 60 60 60 Acid Addition Rate

. sulftiFitpid Bt TpBeitiddddte Cich RGN RIVRAafio T Bio BB VRiGENOlme,
liters 0 0 150.5 0 0 Reaction pH adjusted to 5.0 Yes No Yes No No

rate GiNGABMN bagarBsfth dih a7 38iAcn 13 aSifi catERate: Bo it 64128
8.112.812.8 Acid Rate B,1pm 4.6-4.8 4.7 4.7-5.1 4.7 4.7 Silicate
continiuitibrodghnddestinin 484 48pé2iAa due(SPe-SimdEnarusAdditen pH
4.9 8.16.4 8.57 8.0 Several properties of Examples 3-7 were determined
sodiyge cdiehitringatiestiosthiodb vl essibegab dhie atbiol e esitlis asatents was
summarized in Table 4. 43 WO 2006/057718 PCT/US2005/035923
continpoyply mamigrepunng BessBreivaeGaligRionitys. AM0atal addition

continued until the entire batch pH dropped to about 7.0. Once this pH was attained, the
acid flow was slowed to about 2.7 liters per minute and continued at such a rate unti} the
overall pH of the resultant batch was dropped to 4.6. The finished batch was then heated
at 93°C for 10 minutes (digestion), while maintaining the batch pH at 4.6. The resultant
slurry was then recovered by filtration, washed to a sodium sulfate concentration of less
than about 5% (preferably less than 4%, and most preferably bel&w 2% as determined by
monitoring the filtrate conductivity and then spray dried to a level of about 5% water
utilizing an inlet temperature of ~480°C. The dried 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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Structure HSLSMS LSLS % LOD 6.74.91.95545 % LO14.4434
4.6 3.6 0325 Mesh 0.4 00.02 0.48 0 Residue 5% pH 6.61 7.47 6.79
7.09 6.53 %Na2S04 0.35<.350.74 <.350.98 MPS, pm 11.37.99.5
W0 "85 ticle Size Span 1.5 2.2 1.95 2.12 1.90 Particl®8@3 51881435923
0.47 0.26 0.45 0.3 0.46 CTAB, m2/g 248 54 147 71 76 BET, m2/g 453
81 252 102 81 Oil Absorption, 168 82 117 75 81 ml/100g Pore Volume,
cclg 2.32 1.66 2.18 1 HEBLEG Reactieg Rseng1o8 18.37 11.4 25.16 7.92
100,000 rev. Rl 1.457 -- 1.451 1.438 1.441 % T 47 --304 10 44 WO
57918 PCT/US2005/035823 EXAMPLESB-12 Exémples 8-12
contained about 25-35% by volume gel and about 75-65 % by volume
BHEEAHHSRRS-sthcA. The productsfof thesd &xample had slfica strutiure
ms varying from very low structure to high structure. These examples

tBrXB gA 1 138 60 60 60 60
Acid Addition Rate A, Ipm 5 4.7 5 47 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 4.6-4.8 4.7 4.7-5.1 4.7 4.7
Silicate Addition Time B, min 48 42 48 42 42

Average Simultaneous
Addition pH 4.9 3.1 6.4 8.57 8.0

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

described above and the results are summarized in Table 4.
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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
roduced within a very large reactor, about 40,000 liters in volume, with
VAW AYHEOH speed of about 92 rpm and a high shear recircEfatiBRHitp35923
rate of about 3050 liters/minute). TABLE 5 Reaction Parameters Example
No. 8910 11 12 Silicate CO”(?’A%! 0@9 13 6.0 32.5 13 Silicate Volume A,
1200 200 200 60.3 6105 Acid A é‘ltlon Rate A, Ipm 4.7 4.7.4.7 4.7 191.3
Exappiei Maldition Time A, min 8 16 8 14.1 11.75 Watér Volume7 liters 0 0 0
o 0 0 Reaction P justed,to 5.0 N No Ngo No Silicate Conc. B, %
v G%%.Zl 1316.21 131'3"125?d8ilicateﬁ%ate Bqlgﬁ 8.3312.8 8.3312.8 521 Acid
Strufdate B,Ipm 4.5-4.74R7 4.7-210s4.7 191p3s Silicatey Addition ]:igne B, min 48
3148 32.9 35.3 Average Simultaneous Addition pH 4.348.02 7.1 7.9 ----
% L@BWO 2006/0577 5 PCT/tISZD05/035823 Seveiadl propertigs of
% Lggamples 8-12 were determined according to the methods described
" Lihove and the resiitd are sufhinarized th Table 6*-STABLE &®roperties
% 35 le 8910 11 % Gel 3333 3 25 Structure HS HS MS LS
e 0 ¢ 333389 2° Shug 0

5% pH 6.61 7.47 6.79 7.09 6.53
%N, S04 0.35 <35 0.74 <.35 0.98
MPS, pm 11.3 7.9 9.5 122 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 1
Oil Absorption,

nl/100g 168 82 117 75 81
Pore Volume, cc/g 232 1.66 218 1.59 1.59
BE, mg loss/

100,000 rev. 3.98 18.37 11.4 25.16 7.92
RI 1.457 - 1451 1.438 1.441

% T 47 - 30 4 10



% LOD5.75.02.04.47 %LOI5 3.83.34.84.1 % 325 Mesh Residue 0
1.050.02 0.11 2 5% pH 6.14 6.96 6.15 8.03 7.52 % Na2S04 2.24 0.43
3.97 <0.35 0.82 MPS, pm 10.2 15.510.3 12.4 12.6 Particle Size Span
WO 2846871826 -- 2.28 Particle Size Beta 0.56 0.37 0.53 0.4BCH/ASE¢H#RE5923
m2/g 318 191 164 50 77 BET, m2/g 522 242 194 84 118 Oil Absorption,
ml/100g 185 167 142 58/53 122 Pore Volume, cc/g 2.97 3.05 2.9 2.64
2.12 BE, mg loss/100,00068AMRIG 3 84%.79 18.76 2.94 RI 1.457 1.457
1.448 1.438 1.448 T 57 67 25 6 65.6 46 WO 2006/057718
pExuglon 850 ssuametabam PE-E 8 By o merapl esdidaut Eoritatdry
about 50% gel and about 50% precipitated silica. The products of these
volurag, pregipieted giliffea ShiRiefecte b SRg SRR Filine rursure loaes
gé\gg structure. These examples were prepared according to the procedure

varyigg BRI R IEUS e i RHTHHE pariFie fermisoNpEPTRPRESHe 7

elow. ABLEJ Reaction %arameters Example No. 13 14 Silicate Cone.
accorging tq the;procedure given in Example 3-7, except with the parameters described in

Table 5 below (note that Example 12 was produced within a very large reactor, about
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 11 12
Silicate Conc. A, % 6 13 6.0 32.5 13
Silicate Volume A, 1 200 200 200 603 6105
Acid Addition Rate A, lpm 4.7 4.7 4.7 4.7 181.3
Acid Addition Time A, min 8 16 8 141 1175
Water Volume, liters it ] 0 -1 20 0
Reaction pH Adjusted t0 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 4547 47 47206 47 191.3
Silicaﬁe Addition Time B, min 48 31 48 329 353
Average Simultaneous AdditionpH 434  8.02 7.1 7.9 -
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Silicate Volume A, 1 300 91.2 Acid Addition Rate A, Ipm 4.7 4.7 Acid
Addition Time A, min 23.5 23.5 Water Volume, liters 0 209 Reaction pH
adjusted to 5.0 No No Silicate Conc. B, % 13 13 Silicate Rate B,1pm
Wﬁ%“i’ﬁ%7$cid Rate B, Ipm 4.71 4.7 Silicate Addition TimeRSTHY%%5923
23.5 Average Simultaneous Addition pH 7. 92 7.29 Several properties of

Exgg;alg \ggf%g jniged acco eg %giods described

above a% ﬁ reaults are umn?gr%gr ﬂd A SOIBEIeBIIBS eSS

descRT HYSR00RI ARBRATABLE B F4BHR ; 613 14 % Gel 50 50
Structure HSMS % LOD 4.94.4 % LOI 3.741 % 325 Mesh Residue
0.08 0.07 5% pH 6.75 7.83 %Na2S04 0.59 1.61 MPS, urn 15.4 10.4

Particle Size Span 1.69 --

TABLE 6 Propetties

Example 8 9 10 11 12
% Gel 33 33 33 30 25
Structure HS HS MS LS MS
% LOD 5.7 5.0 2.0 4.4 7
% LOI 5 3.8 13 4.3 4.1
% 325 Mesh Residue 0 105 002 011 2
5% pH 6.14  6.96 6.15 8.03 7.52
% NSO, 224 0.43 397 <035  0.82
MPS, pm 102 155 103 12.4 12.6
Particle Size Span 1.13 1.96 1.26 - 2.28
Particle Size Beta (.56 037 0.53 0.48 0.3
CTAB, m*/g 318 191 164 50 77
BET, m%/g 522 242 194 84 118
Oil Absorption, ml/100g 185 167 142 58/53 122
Pore Volume, cc/g 297 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 1457 1.448 1.438 1.448
%T 57 67 25 6 65.6
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Particle Size Beta 0.44 0.42 CTAB, m2/g 251 90 BET, m2/g 377 127 OiIl
Absorption, nil/ 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
W UNIRE P5-17 reflected the ability to adjust the gel level ahaHRa28 35923
structure through pH modifications of the precipitated silica component
during gel/precipitate prodischiompras:well a4 through changes in reactant
concentrations. These examples were prepared according to the
prégedpiesdivan tnianedpibsuB L2, groeiat ik F®PRraARRIRLa 480 Ome
2006/057718 PCT/US2005/035923 described in Table 9 below and within
prodibis sbithessesntyrariddisities thecamiagitetionncanditions:asdated Ry
~ Example 12, above. Examples 15 and 17 had no high shear recirculation,
high piggtver, WheseasBpmpledgepiizédctivediagne thighrobaiid eiksiation
flow rate as Example 12. TABLE 9 Reaction Parameters Example No. 15
Exampde 77 Siteenicvdibribe pargmesrs 930 iSTialsiteT\belome A, 1 2442 8140
4884 Acid Addition Rate A, fom 191.3 191.3 191.3 Acid Addition Time A,

min 58 11.5
TABLE 7 Reaction Parameters

Example No. 13 14
Silicate Conc. A, % 13 35
Silicate Volume A, ! 300 912
Acid Addition Rate A, Ipm 47 47
.Acid Addition Time A, min 235 235
Water Volume, liters 0 209
Reaction pH adjusted to 5.0 No No
Siticate Conc. B, % 13 I3 -
Silicate Rate B, Ipm 12.8 128
Acid Rate B, Ipm 4.71 4.7
Silicate Addition Time B, min 23.5 235

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 i Table 8.
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Water Volume, liters 0 0 0 Reaction pH Adjusted to 5.0 No No No
Silicate Conc. B, % 13.0 16.21 13.0 Silicate Rate B, Ipm 521 339 521
Acid Rate B, Ipm 191.3 191.3 231.7 Silicate Addition Time B, min 42 48
W B89947erdye Simultaneous Addition pH 9.7 7.2 5.4 Several pFopeae3se23
Examples 15-17 were determined according to the methods described
above and the results are summarized in Table 10. 49 WO 2006/057718
PCT/1JS2005/035923 TABLEBbEbperties Example 15 16 17 % Gel 10
3320 Structure LSMSMS % LOD52.94.1 % LOI14.33.24.5 % 325
Mesh ResidueXauplz dia3 50 pH 7.2 6.6912.17 % NaPS04 0.59 0.82
0.51 MPS, pmyig4 13.21 10.35 Particle Sige Span 2.83 2.79 2.52
Particle Size Beta 0.29 0.34 0.41 CTAB, m2/g 92 151 185 BET, m2/g 91

166 265 Structure HS MS
% LOD 4.9 4.4
% LO1 3.7 4.1
% 325 Mesh Residue 0.08 0.07
5% pH 6.75 7.83
% Na;SOq4 0.59 1.61
MPS, um 154 10.4
Particle Size Span 1.69 --
Particle Size Beta 0.44 0.42
CTAB, m%/g 251 90
BET, m¥/g 377 127
Oil Absorption, ml/100g 210 1t
Pore Volume, co/g - 436 1.9%
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 Jeve! and the silica structure
through pH modiﬁcgtions of the precipitated silica component during gel/precipitate
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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Oil Absorption, ml/100g 79 115 150 Pore Volume, cc/g 1.39 2.08 2.64

BE, mg Joss/ 100;000 rev. 22.47 5.79 3.83 Rl 1.432 1.454 1.454 %T 5

67 57 Dentifrice Formulations Toothpaste formulations were prepared

WG4V ERI of the above-described gel/precipitated silica BxEfS/ 35923

demonstrate the ready-to-use on demand capabilities of the inventive

compositions without furthering metering of the two components for
descripdrmifistde Atbtlprotadtivithirethefitams GevvOr 200 61BET HicBsame agitation

PCT/US2005/035923 To prepare the dentifrices, the glycerin, sodium
conditmrsaseyrniethigr detmpie | polbevay Brampilasol et darbhovkigh hiserd

together and stirred until the ingredients were dissolved to form a first
recirGptinubevTiRe ddeRtsdirarmrlt | Sodilimdiisiame lghndwarsrirculation

pyrophosphate and sodium saccharin were also mixed together and
flow eiferadiExdtiPtd e ingredients are dissolved to form a second admixture.
These two admixtures were then combined with stirring. Thereafter, the
optional color was added with stirring to obtain a "pre-mix". The pre-mix
was placed in a Ros%&%del.li&% LDM) and silica thickener,
abrasive silica and titahitm-dicXia& W ré A& in without vacuum. A
30-inchyacu as drawn and the resultant admixture was, stirred for
approxir%xé%@%}gg'minutes. Lastly, sodium Ir;ltﬁyl Slﬁt ate ar?ldS; flavor were

added cgtaee(%q‘@i%}w/(]e was stirred for gq@(gxim%gsly 5 iﬁutes ata
reduced mixing speed. The resultant dentifrice was transferred to plastic

Iaminatgimggg%%gugep and stored for fujyrg tes,ﬂqg. TQggglentifrice

formulations are given in Table 1l below. The dentifrice formulation utilized

- Acid Addition Rate A, Ipm 1913 1913 1913
Acid Addition Time A, min 5 8 11.5
Water Volume, liters ¢ ¢ 0
Reaction pH Adjusted t0 5.0 No No No
Silicate Conc. B, % 130 1621 130
Silicate Rate B, Ipm 521 339 521
Acid Rate B, lIpm 191.3 1613 2317
Silicate Addition Time B, min 42 48 37.6

Average Simuitancous 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 sumnmarized in Table 10.
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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

WA methyicellulose to permit proper formation of the derftflEE #5923
physical and aesthetic perspectives were made in certain situations with
an offset in the amount of deignized water added, but the overall base
dentifrice formulation renml&gfﬁﬁﬁﬂ?eﬁatic for the tests followed as -
noted above. 51 WO 2006/057718 PCT/US2005/035923 TABLE 11
Form. E&AMPEorm. Form. Form. Fotfh. Form6Form. Eérm. Form. 12 3 4
5678%9&e Glycerin 11 111111 11 33 ]I 11 33 1] (999p%),% Sorbitol 40 40
40 40 40 40 40 40 40 40 (70%),% Deionized 20 20.4 20 20.2 20.7 20
20.4 2recuz0.7 water, % Carbodiéx 3 3 818 3 3 38 3 600
CMC-?J}/I?F 1.20.81.21.0051.20.8L21.00.5 Tetrasodium 0.5 0.5
0.50.565%50.50.50.50.5 0 hos hate Soflium 0:£0.20.20.2 0.2 0.2
0.2 0.269.24)-2 Saccharin, % Sodi% 0.2433(}.243 Ozggfs 0.243 0.243
0.243 0.243 0.243 0.243 0.243 ) ) '

% 325 Mesh Residue 2.6 4.2 0.43
5% pH 7.2 6.69 7.17
% Nap80, _ 0.59 0.82 0.51
MPS, pum 12.4 13.21 10.35
Particle Size Span 2.83 2.79 2.52
Particle Size Beta 029  0.34 0.41
CTAB, m%/g 52 151 185
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  5.79 3.83
RI 1432 1.454  1.454
% T 5 67 57

Dentifrice Formulations

Toothpaste formulations were prepared usin.g several of the above-described

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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Fluoride,% Silica L5 thickener 1.51.51.5151515151515

Zeodent(r) 165,% Example 4 20 silica, % Example 5 20 Silica, %

Example 6 20 silica, % Example 7 20 Silica, % Example 8 20 Silica, %

WO ANNET8180 silica, % Example 10 20 silica, % Example PE3ifEa0u403523
Example 16 20 Silica, % Example 17 Silica, % 20
To prepare the dentifrices, the glycerin, sodium carboxymethy] cellulose,

polyethylene glycol and sorbitol were mixed together and stirred until the ingredients
were dissolved to form a first admixture. The deionized water, sodium fluoride,
tetrasodiun pyrophosphate and sodium saccharin were also mixed together and stirred
until these ingredients are dissolved to form a second admixture. These two admixtures
were then combined with stirring. Thereafter, the optional color was added with stirring
to obtain a “pre-mix”. The pre-mix was placed in a Ross mixer (Model 130 LDM) and
silica thickener, abraéive silica and titanium dioxide were mixed in without vacoum. A
30-inch vacuum was drawn and the resultant admixture wﬁs stirred for approximately 15
minutes. Lastly, sodium lauryl sulfate and flavor were added and the admixture was
stirred for approximately S 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 carboxymethyiceliulose 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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TiO2,% 0.50.50.50.50.50.50.50.50.50.5 Sodium lauryl 1.2 1.2 1.2

121.21.21.21.21.21.2 sulfate, Flavor, % 0.65 0.65 0.65 0.65 0.65

0.65 0.65 0.65 0.65 0.65 52 WO 2006/057718 PCT/US2005/035923 A
Wﬁbwgﬂﬁ'ﬁé% glycol available from the Union Carbide Corpolr’g%lﬁs,2905"035923

Danbury, CT 2 A carboxymethylcellulose available from the Aqualon

division of Hercules Cdrporation Wlﬁmﬁéon, DE; also acceptable is

CEKOL(r) 2000, aCMC availabl viant The dentifrice

Lo OnNAY. A | la P DD oD
IUIIIIUIC[ I?IID PI?JQIC‘ ..}y& q;vo?,ﬁ&l %8 1 I"bzl%. I %. orm. Fom.
propertigs, 1accor(c)gr"?g to the meghofls des¢ ,rlbgg 1goye;t eg 9 10
GlyceFRFASUTEMENTY; as wellas the” PCRIRDATaloS Jor eac dentifrice
99.5sfgrvaulation are pﬂdvi edin Tablke 12 Bélow. the! PER datdfor 11 | 1
( f
Sorbitbiormulatiosis 1, OF yv re tain%g from §outh ster (Pent I0
o, FRSIeroentq 40
(70_%)R?ésear(:h Cor oratl n of Port Allen, Lousiana, and theﬁ remaining PCR
Deionggatla from &aliHgpith ReseargyInstiuie [of gdianapplis, dadiansy TABLE
water 1 Corm Eorm!Eorm Form Form Edrm Fo rm-Form Formy Formi1 234 5
ggg‘,"’ 389 10 PCR 123 103158 95 76 64 98 7497|913 RDA 204!143 233 3
CMC‘;%EQB 7334123-11 1107 PERFHG:60-6:40:650.52-1-150:886:73-3:22
0.83'093 RDA Thé restifts shbf arfedl perfermiarieé with Righly! éffelctitve
INg cgpanilities ‘ '
Tetms@cﬁ@sﬂ q¢88 0.5 0.5 0.5 ¢.5 0.5 0.5 {.5 0.5 0.5
pyrophosphate
Sodium 6.2 :
Saccharin, % 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Sodium 0243 1 0243 | 0243 | 0.243 | 0.243 | 0.243 | 0.243 | 0.243 | 0.243 | 0.243
Fluoride, %
Silica 1.5
thickener
Zeodent® 1.5 1.5 15 1.5 1.5 1.5 1.5 1.5 1.5
165, %
Exampie 4 20
silica, %
Example 5
silica, %o 20
Example 6
silica, %o 20
Example 7
Silica, % 20
Example 8
Silica, % 20
Example 9
sitica, % 20
Example 10
silica, % 20
Example 13
silica, % 20
Example 16
Silica, % 20
Example 17
Silica, % 20
TiOy, % 0.5 1 o5 | 05 | 05 ] 05 | 05 |05 | o5 | 05 | 05
Sodium lauryl 1.2
sulfate, % 12 012 p 12 12 ez 12 | 12 ) 12 |2
Flavor, % 065 1 065 | 065 | 065 | 0.65 | 0.65 | 0.65 | 065 | 0.65 | 065
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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
WEOOAPHEPETAR silica (ZEODENT(r) 115 from J.M. Huber Corpot&tidriipfds/e35923

Formulation 11. The dentifrice formulations were prepared according to

the ‘method pgrovided-: bov nd 53 006/057718
Ej’gfga@ %Wé%&aéméﬁf’soaaoa’é@&@éabw -

above in Table 11. The foIIowmg Table 13 provides the formulas for these

tomﬂneﬁ;sm%a(pe@ @L%ﬂ;o?c ifferse S%%{%f@g%es a%';a on to

CorpdBfidy SRRt F§
Novidgmula 1112 13 14 Glycer (9950/ BITH 0% ﬁ‘é‘ 8 0{%

40 40 40 40 Delonlzed water, % 20.2 20.6 20.6 20.7 Carbowax 600, % 3
333 CMC-7MXF, % 1.0 0.6 0.6 0.5 Tetrasodium 0.5 0.5 0.5 0.5
pyrophosphate Sodium Saccharin, % 0.2 0.2 0.2 0.2 Sodium Fluoride, %
0.2ha e @. frpol B sSitipartdickenewtrs dvailfed SoZRORent(RI165,
Example 5 silica, % 15000

properties, 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 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 Indiaﬁapofis, Indiana.

TABLE 12
Form Form Form Form Form Form Form Form Form  Form
1 2 3 4 .5 6 7 8 9 i0
PCR 123 100 153 95 76 64 98 74 97 o1
RDA . 204 143 233 182 66 73 134 23 117 107
PCR/ 0.60 ,
RDA 0.7 065 052 115 088 073 322 083 0693

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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Example 7 silica, % 05 0 0 Example 8 silica, % 0 15 10 6 Example 10
silica, % 0 0 10 14 ZEODENT(r) 115 silica, 5000 % TiO2, % 0.50.5 0.5
0.5 Sodium lauryl sulfate, % 1.2 1.2 1.2 1.2 Flavor, % 0.65 0.65 0.65
WPEBXKRS A &tructure precipitated silica available from J.M. HRfpEFS2005/035923
Corporatlon Havre de Grace, Maryland. 54 WO 2006/057718
with 20051035923, The denifcs ormulafionsyprepetef Soys e

properties accor mg to the me

ribed above; the me ments w&él t(%e #ﬁé lj%I)A%ggos for
provi %10‘% §erﬁ’fl R DRI AT ?SZ‘"‘S#&?? %8% a@?en 2bé ow'.Fé RBLE 14
F.ormulg Form %ggn%@d ﬂe]r 121314 PCR 97 90 92 95 RDA
abras’lé%@é a}“ﬂ r3‘tl§§o 5§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 dentatrpgiighirgg and film removal material with
much lower abrasion levels. Detailed Description of the Drawings

Formuia | Formula | Formuia | Formula

il 12 13 14
Glycerin (99.5%), % Il 3 il 11
Sorbitol (70%), % 40 | 40 40 40
Deionized water, % 20.2 206 20.6 20,7
Carbowax 600, % 3 3 3 3
CMC-TMXF, % 1.0 0.6 0.6 ¢.5
Tetrasodium 05 05 0.5 0.5
pyrophosphate
Sodiem Saccharin, % 0.2 02 ¢z 0.2
Sodium Fluoride, % 0.243 0.243 0.243 0.243
;ﬁ:&tﬁgk@f% 1.5 1.5 1.5 15
Example 5 silica, % 15 (L ¢ 0
Example 7 silics, % 0 5 0 0
Exampie 8 silica, % o 5 10 6
Example 10 silica, % 0 0 ib 14
gﬁf%ODENT@ 115 silica, 5 0 o O
TiO,, % 0.5 0.5 0.5 0.5
Sodium lauryl sulfate, % 1.2 - 1.2 1.2 12
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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FIG. | shows in graphical representation the ratios of RDA and PCR

available within some of the dentifrice formulations listed above, as

comg&red with physical mixtures of silica gel and precipitated silica,
WRAAEEH much the same way as those disclosed within BCE/US205§g5923
5,658,553 to Rice. The slope of each line indicates the general results
aggorded.by each different formuéa jon and shows that the simultaneously
PR S D S p i R S
correlated,lower RDAth'I(')Qg hlt hggdb%ggeu&%xlgected%found thg“ gsutcfﬂ-: an

prop eﬁl\%’naf?\?grggl gfr%lé?i Sif permi sscél FEALET cleaning %agﬁlrt‘il Wittt ™

PR L e SR A Tl ey

fluoride availability, and excellent aesthetics (stand-up, texture,
dispersion). Particularly, in view aof Alpg graphical representation within
FIG. 1, it is evident that the comparative physical blends of such materials
do not exhibit the same deskethucradasedn pethelsuflm ceaniag efficiency
with lower RDA values as thosk of thelih situ geherated invention
combipakons. Likewise, in FIG72 theredis providedl a comparison of the
thickegigg capabilities of the jgyentive 4g situ siliga combingfions versus
those ical blends of gels éj precipitates described within the Rice
patentg gv%ithe same test 0@% ifrice ?o%nulatigon%gs Iiste%sgbove). Itis
evident that there is a significant difference in overall structure and

resyltant function of these different types of materials as the,in sifu
o R S RSP T g 1

evian‘éq{i%QaF{ é%sﬁ%i#g HIARAUNS Qi QLURRSRIRIAIA RIGSRAIDASIRIRANKE

Rice n s. Clearly, then, thére Is a™distinction in form and

muchaBakacisrsiissdorthese two different types of dentifrice additives.
Furthermore, FIG. 3 shows in graphical representation the measurements
of the PCR vs. RDA readings for the inventive get/precipitate composite
materials over a wid@etailed Description of the Drawings

o +

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 pem_rlitsl

greater cleaning ability without sinmiltaneously unacceptably high dentin abrasion.
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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

W@ﬁpgg@ﬁgﬁon that the inventive gel/precipitate silica compBgiTéUﬁ?g?é/H%f-lgn

accord much higher PCR results with correlative lower RDA properties

tham theseaventianrtaREs v aiel- ,%ﬂa%m%h%ﬁ%; Qifga:trr?tdntexceﬂe t
i

differences between the comparative abrasives and the'l ive In situ

aesthBiEFUERR PSR IR JIGBALT . BAHRABIAGNN LA PRgIisalizer that the

in situ production of blends of ‘silica gels and precipitated silica materials

repref¥siyidgsimpnaved pstlicletienciraniReaapeiiis e SRHR ARSI Rn
PCT/US2005/035923 while simultaneously exhibiting much lower dentin

mateREIERRIGRIOATHO0S: o8 Bysievicings MepiiostiyRicleaningrnateyalin

with a lower propensity to deleteriously abrade tooth surfaces during use.
loweVRie thidnuertiise withbendeagriberhted thdistlosedrimbisanagction 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
covkewigiva bl stibetare prervided rromgairsie nfshartbickkalrar nathalities
embodiments and modifications as may be defined by the scope of the

of the;ipxeniined e dlisa qupbinpliencecme teseahyricrbordo st els and
.PCT/1JS2005/035923 CLAIMS 1. An in situ produced gel/precipitate

PreciRiites dSHB e SR His Bt Rt Rt s amnipti deattars fomyistion
] volume of silic eﬁﬁw erein said combinatjon exhibits a _|inseed oil

= il R e 5 N8 T LBt TP s and

resutGAIHRMABEN KNP IRAAQVR PLESP EIRIRINGE BANGRS A4 D% fanee

etween abou
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 (égain as measured within the same test dentifrice formulation as presented
above). It is evident from this representation that the inventive gel/precipitate sifica
composite matertals accord mucil 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 sifu produced types. In this
manner, surprisingly, it has been realized that the in sif production of blends of silica

gels and precipitated silica materials provides improved pellicle film cleaning benefits
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2.5 and 12 mg loss/100,000 revolutions. 2. The combination of Claim 1
wherein said combination comprises from 20 to 33% by volume of silica
el. 3. The in situ produced gel/precipitate silica combination of Claim |
HIEE combination is in the form of particles exhibitirRf&/Fie#&#35923
particle size range of from 3 to 20 microns. 4. The in situ produced
..gel/precipitate silica_.combination of Claim 2 wherein said combination is
while simuliepeeushnarinbites amehiioger dratinmrbpasionlcativesatigesby providint
20. microns, 5. A dentifrice formulation comprising the combination as
a m°a%ﬁﬁ%%1rﬁ Elramipg materalatirAdeveT PrORERSHC Brdpletsiriguste dumdeifwiion
fined in Claim 2. 58 WO 2006/057718 PCT/US2005/035923 7. A
iffice fofmulation comprising the combination as defined in Claim 3. 8.
The dentifrice formulation of Claim 5 further comprising an abrasive
material other than said combination. 9. The dentifrice formulation of
Claim 6 further comprising an abrasive material other than said
combinatiefavkQi; ifrice. i laim. 7 further comprising
an abrasive matéﬁgﬁgﬁgg{éﬁg’rl\%g%% g?r% g%ﬁé%?o%. cff’%f{}ﬁlét o% %%mm
prefemarhusing thenmbipatisn.asidefings a Clakhdtasaidmatag, samprising
the sequential steps of a) admixing a sufficient amount of an a kali silicate

thosehgeinfccechodantndieaedr ft oNieADYMLY BAN ATHEIHR SONUON tural

_thereof and an acidulating agent having an acid concentration within an
equivatpaéous! sbilatiemdtivmemto AbfintogeihesdtisataRPey Al T8 ned by the

scope of the appended claims and equivalence thereto.

surfaggsn
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about 40 to about 90C and under agitation to form a silica gel

composition; and, without first washing, modifying, or purifying said

formed silica gel composition, b) subsequently introducing to said silica
WRPEEMDOLHion a sufficient amount of an alkali silicate and BRTA¢HAAS Y23

agent to form a precipitated silica without affecting the silica gel, thereby

producing a gel/precipitate silic 9{?1?{ ation, wherein the pH of the
overall reaction is within the range ot from 3 to 10. 59 WO 2006/057718

1. Re#WUnli0all3 2. thod.of Claim 11 wherein the acid
concentration in sigggﬁ"rae?? %%r%%{q% ?é} ‘%Zbd%}? 1% ‘ifh&iﬁ’%ﬁﬂ‘b?{}al'?&%mn

compeldps daipitiieciing HeoIRRALIoN; [ [d:combinatian comprises
from 10 to 60% by vgﬁjme of gl'%gi\%ag%&v’vqﬁ@%%gv% é)nc%‘gl ORI A

linséntr ot ubsdtpriother gederaIRas YGOHMP ' st dentifric .
bt @%H{M%g]a%% :E{Bﬁsraéfﬁ) of from

composition said dentifrice composition exhibits

com@b@upomdﬁbaun%Braseg;aeua&uﬁap@;@é@%@@ﬁ%%%ggég Qednda ¢
RDA level of between about 95 and about 150. 14. The com maﬁon 0

2.5 ethih 8 inkséredhsaicedmbimation comprises from 20 to 33% by volume
of silica gel. 15. A dentifrice formulation comprising the combination as
defined in Claim 13. 16. A dentifrice formulation comprising the

5 mbination as defined in Claim 14. 17. The dentifrice formulation of

- CIERTES Hefep Colprismbessiminidsivabnatisiatoaipesdhansaislo 330 by
comgi?rgagtiion. 18. The dentifrice formulation of Claim 16 further comprising

voma?r? %Ptlnaterial other than said combination. 60 WO 2006/057718

PCT/US2005/035923
3. Thein sity produced gel/precipitate silica combination of Claim ] wherein said
combination is in the form of particles exhibiting a median particie size range of from 3
to 20 microns.
4. The in situ produced gel/precipitate silica combination of Claim 2 wherein said
combination is in the form of particles exhibiting a median particle size range of from 3
to 20. microns,

5. A dentifrice formulation comprising the combination as defined in Claim 1.

6. A dentifrice formulation comprising the combination as defined in Claim 2.
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19. A method of producing the combination as defined in Claim 13, said
method comprising the sequential steps of a) admixing a sufficient
amount of an alkali silicate having a concentration of from 4 to 35% within

WIhAAMUESUE solution thereof and an acidulating agent having GHEaR§s/035923

concentration within an aqueous solution from 5 to 25% together at a
temperature from about 40 to about 90C and under agitation to form a
T silie AU osERBHOR FemAEBR the rorbinsing andsimgthig, Gieimudfying
said formed silica gel composition, b) subsequently introducing to said
silica gel composition a sufficient amount of an alkali silicate and an

idulating agent to form recipitated silica without affecting the silica
b R R BN R ke SRS AR Rt ibgH
than ggficé?gn%ﬁr% reaction is within the range of from 3 to 10. 20. The method

aim 19 Wherein the acid concentration in step "a" is from 10 to 20%.

61

9. The dentifrice formulation of Claim 6 further comprising an abrasive material

other than said combination.

10. The dentifrice formulation of Claim 7 further comprising an ébrasive material

other than said combination.

1l. A method of producing the combination as defined in Claim 1, said method
cormprising the sequential steps of

a} admixing a sufficient amount of an alkali silicate having a concentration of
from 4 10 35% within an a@ueous solution thereof and an acidulating agent having an acid
concentration within an agueous sofution from 5 to 25% together at a temperature from
about 40 to about 90°C and under agitation to form a silica gel composition; and, without
first washing, modifying, or purifying said formed silica gel composition,

b) subsequently introducing o said silica gel composition a sufficient amount of
an alkali silicate and an acidulating agent to form a precipitated silica without affecting
the silica gel, thereby producing a gel/precipitate silica combination, wherein the pH of

the overall reaction is within the range of from 3 to 10,
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12.  The method of Claim 11 wherein the acid concentration in step “a” is from 10 to

20%.

13. Anin situ produced gel/precipitate silica combination, wherein said combination
comprises from 10 to 60% by volume of silica gel, wherein when said combination is
introduced as the sole abrasive component within a test dentiftice composition said
dentifrice composition exhibits a PCR:RDA ratio of from about 0.7 to about 1.1,aPCR

value between about 90 and 110, and 2 RDA leve! of between about 95 and about 150.

14.  The combination of Claim 13 wherein said combination comprises from 20 to 33%

by volume of silica gel.
15. A dentifrice formulation comprising the combination as defined in Claim 13.
16. A dentifrice formulation comprising the combination as defined in Claim 14.

17, The dentifrice formulation of Claim 15 further comprising an abrasive material

other than said combination,

18.  The dentifrice formulation of Claim 16 further comprising an abrasive material

other than said combination.

60



WG 2006/057718 PCT/US2005/035923

19. A method of producing the combination as defined in Claim 13, said method
comprising the sequential steps of

a) admixing a sufficient amount of an alkali silicate having a concentration of
from 4 to 35% within an aqueous solution thereof and an acidulating agent having an acid
concentration within an aqueous solution from S to 25% together at a temperature from
about 40 to about 90°C and under agitation to form a silica gel composition; and, without
first washing, modifying, or purifying said formed silica gel composition,

b) subsequently introducing to said silica gel composition a sufficient amount of
an alkali silicate and an acidulating agent to form a precipitated silica without affecting
the silica gel, thereby producing a gel/precipitate silica combination, wherein the pH of

the overall reaction is within the range of from 3 to 10.

20.  The method of Claim 19 wherein the acid concentration in step “a” is from 10 to

20%.
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