WO 2006/057719 PCT/US2005/035924 HIGH-CLEANING SILICA
MATERIALS MADE VIA PRODUCT MORPHOLOGY CONTROL AND
DENTIFRICE CONTAINING SUCH Field of the Invention This invention
welaiesetarunique abrasive and/or thickening materials that apg-iy;&ibs 035924
generated compositions of precipitated silicas and silica gels. Such
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structure of the composite_in situ generated material. With low structured
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ml oil absorbed/100g composite), simultaneously high pellicle film
cleaning properties and moderate dentin abrasion levels are possible in
order to accord the us ,agge tifrice thaf.effectively cleans tooth surfaces
without detrimentally a%r’g mog 3’? LEMEEs. Increased amounts of high

structure ¢ mpQ i{e materials tend.to a org greater Vi coglit byild and
5 INVENon reiafc touﬁ:llguea ﬁaSWean [0 4] nawenrials e}are.m
thickening benefits together with such desirable “abfasion and cleaning
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mid-range cleaning materials will exhibit oil absorption levels from an
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unexpectedly effective low abrasion and high cleaning capability and

absorplifieieniliHickesing charattsridicshed/ tobpraepbihyiaicddprixisresigh
such components. Encompassed within this invention is a unique method
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purpose, as well as the different materials within the structure ranges

to accorddbritveer atsientfticel therdfessbiorivprisingthstifrcts without detrimentally

abrading such surfaces. Increased amounts of high structure composite materials tend to
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 materialslwili 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
different materials within the structure ranges describéd above and dentifrices comprising

such.



WO 2006/057719 PCT/US2005/035924 Background of the Prior Art An
abrasive substance has been included in conventional dentifrice
compositions in order to remove various deposits, including pellicle film,

wionthg sysface of teeth. Pellicle film is tightly adherent ang@fie82005/035924
contains brown or yellow pigments which impart an unsightly appearance

to the teeth. While cBerligpimihnish@aRtiendabrasive should not be so
aggressive so as to damage the teeth. Ideally, an effective dentifrice
aprmshrasire substenes tinsibesn prdlidedimroamestianslideatiicsieempositings
abrasion and damage to the hard tooth tissues. Consequently, among
in ordgg iR FAmRNgSYaHaYs depppitsnacleding acdliclambe. Romghe ssefisriobiestthe
. extent of abrasion caused by the abrasive ingredient. Conventionally, the
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form to dentifrice compositions, or vizg redispersjons of flowable, dry,
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silicas have been utilized for such a purpose due to the eftectiveness
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and compatibility with other dentifrice components, such as sodium

the deHHRHIASs BRRNEBXRMPIS HVBARPHTRBFRMDSYAIRENI6 Silieas {gobjective
is to obtain silicas which provide maximal cleaning with minimal impact to
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with identifying abrasive materials that meet such objectives. 2 WO
flowaR2Q@6YQRivdlkd BET (L ERAIBE¢0 3682 dsitions, or via redispersions of flowable dry
powder forms of the polishing agent prepared before or at the time of formulating the
dentifrice. Also, and more recently, slurry forms of such abrasives have been provided to
facilitate storage, transport, and introduction within target dentifrice formulations.
Synthetic low-structare silicas have been utilized for such a purpose due to the
Aeffectiveness 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.



Synthetic silicas (of higher structure) have also been utilized as thickening
agents for dentifrices and other like paste materials in order to supplement
and modify the theological properties for improved control, such as

wisgsidy7bidld, stand up, brush sag, and the like. For toothpasfsaens/misors
formulations, for example, there is a need to provide a stable paste that
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limitation, the ability to be transferred out of a container (such as a tube)
for degifticesapdotherlikeprsie eanini Qie) supalrmsimbmpdtihe paste

and to return to_its previous state upon removal of such pressure, the
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precipitated silica) for proper cleaning and abrading of the subject teeth,
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for anticaries benetfits). The ability to impart proper rheological benefits to

brushhtieheasiigatiffieatisactordad shinighdldepignes seleciion wndsiiization of
thickening agents (such as hydrated silicas, hydrocolloids, gums, and the

propehikdy to fermdradirapsiomdnstrki obs tigpando pioperlscamtaihaugplied to
important humectant, abrasive, and anticaries ingredients. It is thus
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complex, both from a compounding standpoint as well as the number,

PUTPOsFRGHMBRNGT thpderBbafibnais present within such formulations. As a

result, although it is not a 3 o
Generally, dentifrices comprise a majority of a humectant {such as sorbitol,

glycerin, polyethylene glycol, and the like) in order to permit proper contact with target
dental subjects, an abrasive (such as precipitated silica) for proper cleaning and abrading
of the subject teeth, water, and other active components {such as fluoride-based
compounds for anticaries benefits). The ability to impart proper rheological benefits to
such a dentifrice is accorded through the proper selection and utilization of thickening
agents (such as hydrated silicas, hydrocolloids, gums, and the like) to form a proper
network of support to properly contain such important humectant, abrasive, and anticaries
ingredients. It 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



WO 2006/057719 PCTIUS2005/035924 high priority within the dentifrice
industry, the ability to reduce the number of such components, or attempt
to provide certain components that meet at least two of these needed

wuepsties gould potentially reduce formulation complexity, et 4q;@65iR8,.4
. potentially reducing the overall manufacturing costs. A number of
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for dentifrice compositions. These abrasive polishing agents include
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abrasive polishing agents for dentifrices have included chalk, magnesium
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pyrophosphate, zirconium, silicate, potassium metaphosphate, magnesium
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Synthetically-produced precipjtated Jow:structure silicas, in particular,
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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
pyrophdipbeedimensionallgate sprustsiien Thepasyiing, pragiRiala is separated

from the aqueous fraction of the reaction mixture by filtering, washing,
orthoplhpsahaim drsabsaurbespint therdith erdribe reduct is

Synthetically-produced precipitated low-structure silicas, in particular, have been ‘

used as abrasive components in dentifrice formulations due to their cleaning ability,
relative safeness, and compatibility with typical dentifrice ingredients, such as
humectants, thickening agents, flavoring agents, anticaries agents, and so forth. As
known, synthetic precipitated silicas generally are produced by the destabilization and
precipitation of amorphous silica from soluble alkaline silicate by the addition of a
mineral acid and/or acid gases under conditions in which primary particles initially
formed tend to associate with each other to form a plurality of aggregates (i.e., discrete
clusters of primary particles), but without agglomeration into a three-dimensional gel

structure. The resulting precipitate is separated from the aqueous fraction of the reaction

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



4 WO 2006/057719 PCT/US2005/035924 mechanically comminuted in
order to provide a suitable particle size and size distribution. The silica
drying procedures are conventionally accomplished using spray drying,

wpzneedrying (e.g., tower or fountain), wheel drying, flash diydrg; $ai@yzsozs
wheel drying, oven/fluid bed drying, and the like: As it is, such
mechaai Rl RAGHAIRPA SR e ien e Y g e it I RATHCSHE AP 813 limitations
. ..associated with maximizing cleaning and minimizing dentin abrasion. The
dlsmbé’rf}fﬂ?y to optimize such characteristics in the past has been limited

58 98 O BERPSREE: o AMTEC AP HGHTCALR Ik BN A
oz e SOV PN 03y 0 1 Y b B S

mﬁ&?&&% Q Wa% Qe %%g, Pat. Nos. 4,992,251 and 5,035,879 to Aldcroft
ove etlal., u.s. P%t. I\?o. 5,098,695 to Newton et al., and U.S. Pat. Nos.

5891 2L anth R AR 3dRMGikehal Madicallanail sliss §6iy have

also been described within such publications as U.S. Pat. Nos. 5,647,903

limitatRM GEHLRER! withInBahidRe g %hdRiliaWal dbdde Mhablon. RAE NO.
4,153,680, to Seybert, and U.S. Pat. No. 3,538,230, to Fader et al. Such

abilitytis UeSHISSteAChinPrarInantts pualhsiicriateralsdmandeito impart
increased pellicle film cleaning capacity and reductions in dentin abrasion
contrdiivel shd etraaotifyicEtbenelitddidbwevendus sei tigpiCfdrisaphqueeents lack
the ability to deliver preferred property levels that accord a dentifrice
Examplsciiceedieatbitip/tnmrecpoteite siich stmdndbyifuaunhadentifice ditieoent
amounts with other like components in order to effectuate different
are depegbpdnt s ars witligendiaunlingtiong abthSidlatchiradt8h5HEs, 3.888,162,
compensate
4,420,312, and 4,122,161 to Wason, U.S. Pat. Nos. 4,992,251 and 5,035,879 to Aldcroft
et al., U.S. Pat. No. 5,098,695 fo Newton €t 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 e al,, U.S. Pat. No. 4,303,641, t¢
DeWolf, il et al., U.S. Pat. No. 4,153,680, to Seybert, and U5, Pat. No. 3,538,230, t0
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



for such limitations, attempts have been undertaken to provide various
combinations of 5 WO 2006/057719 PCT/US2005/035924 silicas to
permit targeting of different levels. Such silica combinations involving

wappostioes of differing particle sizes and specific surface MepERBs/035924
disclosed in U.S. Pat. No. 3,577,521. to Karlheinz Scheller et al., U.S. Pat.

silicasNOpénfi3A88iH MAEHRIEA RUA. $hsh Ml NanBinkdnkidvartighlemann,
and U.S. Pat. No. 4,632,826 to Ploger et al. Such resultant dentifrices,
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cleaning simultaneously. Another attempt has been made to provide
Pat. Nphygizaknlixyegiatpresipinéed: silicas. dfcadain,sigeharasmithaiica
gels, notably within U.S. Pat. 5,658,553 to Rice. It is generally accepted
al., U Bdsibba §eBiodiibitddyes aandatiid s h@atcoalyeaX it tthRioghliyato
abrade surfaces to a greater degree, than precipitated silicas, even low
Such stultivirdentifviess. Thusythelilangoi sisctesireddrntts ol pdthasiowithibhibls
patent provided, at that time, an improvement in terms of controlled but
pelliclhigheringsimutabragiveness coupled with greater pellicle film cleaning
ability than precipitated silicas alone. In such a disclosure, it is shown that
sOpathee ApTEY bee Besh dnaaeif BIpUAs Bl Sl starsnel preciniatadd
silicas can permit increased PCR and RDA levels but with zig%arentjy
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at that'BREGH L RERAHSI IR Ans of controlied but higher levels of abrasiveness
coupled with greater pellicle film cleaning ability than precipitated silicas alone. In such
a disclosure, it 1s 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 results are certainly a step in the
right direction, there is still a largely unfulfilled need to provide a silica-based dental
abrasive that exhibits sufficiently high pellicle film cleaning properties with
simultaneously lower radioactive dentin abrasive characteristics such that film removal
can be accomplished without deleterious dentin destruction. In effect, the need is for a

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

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



safer abrasive that exhibits a significantly higher PCR level versus RDA
level than has previously been provided within the dental silica industry.
Again, the Rice patent is 6 WO 2006/057719 PCT/US2005/035924
woenshoarsiart toward aesirable abrasive cnaracteristics. rurpefesesiieors
requirement to produce these se%ate el and r&%recipitate materials and
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simultaneous thickening and abrasive characteristics to avoid the addition
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industry. Objects and Summary of the Invention It has now been found

thus uhetaifebiificatiopslinthaniacgsges for producing precipitated silicas can
result in the in situ simultaneous production of targeted amounts of silica
gélethraseitwayartidedaelyothosethe winidretld diltili stsuetiiecaffth @urchifse,
generated composite can be controlled. Such a novel method thus
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. that provide excellent dentin abrasion and pellicle film cleaning
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exhibit excellent thickening properties as well as desirable abrasive and
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stored, and

Objects and Summary of the Invention

It kas now been found that modifications in the processes for producing
precipitated silicas can result in the in sify simultaneous production of targeted amounts
of silica gels therein, particularly those in which the final structure of the in sity generated
composite can be controlied. Such a novel method thus permits the production of in situ
generated gel/precipitate silica materials that provide excellent dentin abrasion and
pellicle film cleaning capabilities within dentifrices or, in the alternative, sucﬁ
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.



introduced additive. 7 WO 2006/057719 PCT/US2005/035924 In
particular, the specific in situ formed composites exhibit very high levels
pellicle film cleaning properties compared with lower radioactive dentin
wabtasiorresults such that the resultant materials can be adgleg itk 9t
abrasive materials (such as lower structure precipitated silicas, calcium
cabpartitetaraiid Bpeclike)feril B Aeatibeg JRd URaHIO A IELC fiRIn high
levels of cleaning with lower abrasiveness thus providing the” optimization
pellictf filenclingindieopeaidsngnpdak0 e TR Rl RREEFON-RRAISEURR AN s
ultimate user. It is also believed, without intending to be bound to any
such $pttificesolentificattniabryadhiat dihiineitnsher abiatint plasiticg galonibin e
final composite materials aids in providing narrower particle size ranges
structiepersintateshsiivasecalcomredibdmesy ltref thiglikel daningdandirre yeedlcer
dentin abrasion levels. As will be discussed in greater detail below, the
to targgt Gertamhiahdsycioniisinenion witbdewanatrasivientise thnopsiniditansously
. produced within the same reaction) has been found to impart limited
optimizatinn of clcanipgsple eEovitirgayanser maseing prbragiemractrisien to the
1t é{)articulfrjy a precipitated silica component) that exhibits an extremely
wltimate B5ehiotb it iRietictidaetimnragingdo hadosnthio rersasiHipasicntifise

S ime, an acceptable high pelliclg film cleaning level. The novel in
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exhibited by the gel agglomerates for abrasiveness, with t d Eoexistence
within(thv 36a8IR:4eH615 BAsSea found to impart limited levels of such propertics,
namely the need to provide materials (partic:tﬂarly 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 pellicle film cleaning level. The novel in
sifu generated precipitated/gel combination silicas unexpectedly provide a higher degree
of pellicle film cleaning with a significantly lower dentin abrasion value, thus according
the dentifrice industry not only a potentially more desirable lower abrasive material for
better dental protection. It has been realized that the presence of varied amounts of such
a silica gel component permits the benefit of the sharp edges exhibited by the gel
agglomerates for abrasiveness, with the coexistence of variable levels of silica

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

general properties: high cleaning, mi'd-rangc cleaning, or thickening/low cleaning. Such



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 8 WO 2006/057719

WG MEIE2005/035924 general properties are all dependent pperidhRs/035024
structure of the overall gel/precipitate composite, as measured by linseed

generadipuipsoiption (sippnadepiBpeoubl yrvehan OB Eesihaskiresipiiag
resultant gel/precipitate material provides unexpectedly improved
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corgﬁonents. In such a manner, as one example for the high cleaning
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and coexistent thickening properties in order to accord such benefici

an abriRRIHR Wt ansingiRdditivapihaability to control the level of a silica gel
in a final composite and/or the target high-, medium-, or low-structure of
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material concentration and/or gel and/or precipitate reaction conditions
materiplouitdlcihBasab itivynjmnenirshihBanvensly cietahinke sdnasbaetiandiedium
thickening characteristics of the composite itself. Thus, a composite
that irgpdrthidiergiy rbatsipthiokeniiiglediithrd dudag dharactfdstise(gbtitle fillssser
cleaning characteristic will include either higher amounts of silica gel
degregyhgroion ey ravrduntbopisigpustpatagh bl aedreresterdiskering overall

composite . . . - o
properties in order to accord such beneficial results with a single additive. The ability to

contm}. the level of a silica gel in a final composite and/or the target high-, mediwn-, or
Jow-structure of the precipitate component therein through mpdiﬁcations in starting
material concentration and/or gel and/or precipitate reaction conditions provides the
ability to control the overall cleaning, abrasive, and/or thickening characteristics of the
composite itself. Thus, a composite exhibiting greater 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 ml/100 g material) to
provide the target desired thickening/low abrasion properties. Thus, by controlling such

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



exhibits sufficiently high linseed oil absorption (greater than 150 m1/100 g
material) to provide the target desired thickening/low abrasion properties.
Thus, by controlling such silica geUprecipitate production parameters, it
wies e ipund that a single additive can 9 WO 2006/0577 L38-1/u52005/035924
PCTIUS2005/035924 provide these diverse cleaning, abrasion, and/or
provigdkessidiy prespdetiongyahsiore sodimgthir kerittippeopelditiondtiof p otentialp/to
expensive and/or difficult to incorporate materials for the same purpose.
multiple additiops farvisnial bisanensies and@hdéifBinlite Bxorpssodhytereigifor
unless otherwise specified. All documents cited herein are incorporated
the sqY&BREPASEe. Accordingly, it is one object of the present invention to
precipitated silica and gel silica composite material providing

provide a . ¢
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rather than dur
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- wherein the linseed oil absorption levels exhibited t eré%sy are within' one
objecOb{eSXABAAS VAR 10 q%beib@%@(b 09 ﬂ%@ﬁ%ﬁﬁ&f&?&? é@hﬁor a
very high cleaning material, greater than 100 and up to 150 ml/I00g for a
effectinidprasighanighyeleditw gorbaietions LRI 4 @oduced
. cleaning/thickening/low abrasion material. Accordingly, this invention
simulgancompassba aimgatieoehfopepddiig g $ropdtangesshsusilicheaisfathe
precipitated silicas, said method comprising the sequential steps of
made during production of the materials, rather than during dentifrice production. Also

an object of this invention is to provide an in situ generated precipitated/gel silica
composite material wherein the linseed oil absorption levels exhibited thereby are within
one of three ranges: 40 to 100 m! 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 simultaneousiy
silica gels and precipitated silicas, said method comprising the sequential steps of

a) admixing a sufficient 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,

10



a) admixing a sufficient 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, 10 b)
simultaneously introducing to said silica gel composition a sufficient
amount of an alkali silicate and an acidulating agent to form a precipitated
silica, thereby producing a precipitate/gel silica combination.
Encompassed as well within this invention is the product of such a
process wherein the silica gel amount present therein is from 5 to 80% by

voluge gf the tatakpreginiatedigstsilicaissuliantsinuiane obsi¥ient amount

produced combination. Further encompassed within this invention are the

of GRAIRQFILE; GRS Usiet AbQVe M RElReS FARGGERIQIRRSHALRN

measurements, and dentifrice formulations comprising such materials as

pr&ﬂ%uiﬁé iheRipixetel thecinuantivaRiecass.itatabayael v firstiRgpect,
~ there Is provided a method for producing an in situ produced

in GRNRIER BltAERoTiERE QRN BHAR s S AL FARLRARO 0N PRSI e este Atiabin is
steps of a) admixing a sufficient amount of an alkali silicate and an
froa6i6lwhaling egeshuiiagethae tordfosraca Bilicay gl sorapesitian; and] avitaastt
first washing, modifying, or purifying said formed silica gel composition, b)
predibedqueritly-ndrod iicingete saichgiieal gel icanipe sitvent ansuifitie stbmposite
amount of an alkali silicate and an acidulating agent to form a precipitated
maditdsWitholitaffe atinbethecsilinagget  thié pbbyr priod uctaguzegelipracipidate: frice
silica combination. In a second aspect, there is provided the in situ
fopnotiticed geliprietipitats silisaiatombimitionhnadsliny thehmathadiof hecess
first aspect wherein the silica gel amount present therein is from 5 to 85%
nofsyd wbhigie of the total gel/precipitate silica combination.

In a first aspect, there is provided a method for producing an in sifu produced
gel/precipitate silica combination, said method comprising the sequential steps of a)
admixing a sufficient amount of an alkali silicate and an acidulating agent together 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.

In a second aspect, there is provided the in sifu produced gel/precipitate silica
combination made by the method of the first aspect wherein the silica gel amount present

therein is from 5 to 85% by volume of the total gel/precipitate silica combination.
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11 In a third aspect, there is provided the in situ produced gel/precipitate
silica combination made by the method of the first aspect wherein said
combination is in the form of particles exhibiting a median particle size
range of from 3 to 20 microns. In a fourth aspect, there is provided a
dentifrice comprising the in situ produced gel/precipitate combination of
the second aspect. In a fifth aspect, there is provided a dentifrice

comprisi e in sity praduced recipjtate silica, combination of.the

St SRS R b e e e
cofiiT0R UYLl THERGSRLHRRS NI SHaNg AduPOURINASIALGI9R,

under conditions where aggregation {0 the ol an ge cannot occur,

rostiging.aRe thenifilter F?égé%aﬁegma@;ﬁ%%qx%ﬁ% 'fg(%‘?e 3r?osgb“,% rons.

precipitate Is next wai ried and commintited t sired size.

Gengrally, a8 Welbsilita grlsdnalige, silicadydiagels: gdﬁ%,gﬁ!?gﬁodmed

aerogels, and xerogels. Silica gels are also formed by reacting alk

ecBilicatsisRlutiaiwithnsiang Reide Qpvige-versa, to form a hydrosol and
aging the newly formed hydrosol to form the hydrogel. The hydrogel is

theniwastradagided @pe copaminutaddaion: thegrainsdunaienals deced

noted above, the separate production of such materials has historically

gelpadnsichn sitidfaaie of ihesetse paratapaaterials, and proper metering of
the two together during the incorporation within a dentifrice formulation in

suchGaemeaall assio ieaid gecthsitdesigidslernngiakibionlavels hareafliia

WO 2006/057719 PCT/US2005/035924 To the contrary, the inventive
silivrethrothfamsimidtaneo sqprods oticerelf Sudhunder conditions where aggregation
to the sol and gel cannot occur, stirring and then filtering out the precipitaied silica. The
resulting precipitate is next washed, dried and comminuted to desired size.

Generally, as well, silica gels include 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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materials permits the producer to target a range of amounts of silica gel
and precipitated silica components as well as structures of precipitated
components to impart the desired level of cleaning/abrasion through

waonieleer parameters during production, a significant differggea o ozsozs
previous physicals mixtures (i.e., dry blends) of such materials through

sdsethetednican dhativrenBasvathodiie sovétanetho greduatistalipating the
amount of silica gel desired and specifically selecting certain reaction
matersanBeeis theargdpeer desesta sugle of dusireld tévdich ghigmiporphitated
. precipitated silica production. The inventive abrasive compositions are
silica compprgoiises ARy ES YRS pfapetinitated spBrRORIBIIMENCeresitgres
such as dentifrices, toothpastes, and the like, particularly suited as a raw
level of cleanipe/aBrasioth HERHEh taRIFR] Bl eerctety ks dre dugtions pisignificant

. rodycts can be utilized in applications wherein sharp edges and lower
ier B S YRS TIRETER VBRI LGRS PR

within certain formulations, such . as, without.limitation, automatic .
separ N R et S o g, K i e
| i (o) reiers..rubber additives,.and cajriers, .cosmetic additives,
ge deﬂ%}fgﬁc{ sge%l xczgﬁr §e;ec99 (S:?IC 5nn{%%cnconc%téﬁﬁs iA ordey tokgfprﬁ%&ee iﬁ%’al

personal are additives, p Ing a Vves, ana p

a desiPRICIENGR SuriHENRIE '%@tmﬁﬁgﬁgcpﬁgmggc%me Drawings FIG. 1 is a

graphical representation of the correlation between dentin abrasion and

Pelicia i CoBRINgd aliRpiBHeRfics SomRosiian fan nke v iRty
produced composites of gel/precipitated silica and comparative physical

of oraieiiag efEpehRRieHiRIB aslde U@ 2R0RNRIAIR RET (3200

FIG. 2 is a graphical representation of the correlation between thickening
suitedabilitpanchsiliehigel stilphsre fokiny pribsssinBitthpraduseddgonpesites of
gel/precipitated silica
products can be utilized in applications wherein sharp edges and lower abrasiveness may
be desired, such as, without limitation, foam inhibitors within certain formulations, such
as, without limitation, automatic dishwashing detergents. Additional potential uses of
such materials include food carriers, rubber additives and carriers, cosmetic additives,

personal care additives, plastic antiblocking additives, and pharmaceutical additives, -

~ without limitation,

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

composites of gel/precipitated silica and comparative physical mixtures of such materials,
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and comparative physical mixtures of such materials. FIG. 3 is a graphical
representation of the correlation between the values of dentin abrasion
and pellicle film cleaning measurements for a dentifrice composition for
wioventivermositu produced composites of gel/precipitated siliga-pid-ten35924

values of the same measurements for comparative conventional dental
aliEGieis aldeiptied] Desesipliaion bihke BveaHao BeewabrasvRARNY Obility
thickening combinations used in the present invention are in- situ formed

and silict@dhitrtottredior breveetivklyrfsirmpiadaced paimposing v mhaiinseROiBRts
to prepare oral cleaning compositions having a high cleaning efficacy

and coptherativepbirsipalinixerabrd siorh orstoitls. surfaces. The essential as well
as optional components of the abrasive and/or thickening compositions
arfdYefhited empbictlTestresenitips afitbeofoinelative Senvinuehtioahaseof dentin
described in more detail below. General Production Method The silica

abrasicg AR 8rlbiFs Simreonias mernvermentie pdsptifdceacoepdittiptoiohe

. ___following two-stage process with a silica gel being formed in the first stage

Imventi hy R BiRdReE S AP af BelfRrcsiniBing siligrand thasvplusseddhasame

measi rlé(;:-mqtusglsoIution of an alkali silicate, such as sodium silicate, is charged
I SRR E S SRR et al A0S & ] uate to ensure a
homogeneous mixture, and the aqueous solution of an alkali silicate in
the reactor preheated to a temperature of between about 40C and about

90C. 13 WO 200@9&?#&%@; ;ﬁé‘ §g09 lgﬁg‘ge%%oPreferably, the aqueous
alkali silicate solution has an alkall silicate concentration of approximately

SPHOBRULRIGI AR R ARAHL R R aPOUh 2R WG DA IR

preferably from about 3.0 t%érngout 15 wt%. Prg}era Iryst%etg Ba[f%ﬁigzraeténi's
situ forrb@UMerials that can be readily formulated on demand with other ingredients to
prepare oral cleaning compositions having a high cleaning efficacy without causing
undue abrasion oo tooth surfaces. The essential as wel] 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 aquecus solution of an
alkali silicate, such as sodium silicate, is charged into a reactor equipped with mixing
means adequate to ensure 2 homogeneous mixture, and the aqueous solution of an alkali

silicate in the reactor preheated to a temperature of between about 40°C and about 90°C.
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silicate with a Si02:Na20 ratio of from about Ito about 4.5, more
particularly from about 1.5 to about 3.4. The quantity of alkali silicate
charged into the reactor is about 10 wt% to 80 wt% of the total silicate

wuseehénilm datch. Optionally, an electrolyte, such as sodiurgspitiaigsezsers
solution, may be added to the reaction medium (silicate solution or water).
Prefendbkt, tha ameenudiadidillatiegalgint basaridlisuckilaaswiutienaatibn of
hydrochloric acid, nitric acid, phosphoric acid, and so forth (preferably
approzumatidyabidiyp 36 cath aprefatifole footu tibentthSrsoitfeut)2 Sav@candentration
of between about 4 to 35 wt %, more typically about 9.0 to 15,0 wt %) is
prefeegblic fram ghowfcite borsrht agel. Deforathetbtietdesiicprotucsdinnm the

pH adjusted to the desired level, such as between about 3 and 10, the
silicatcivt hadbion Ma St oppedf dmdithbogel i® hbated. o thechaicieulalstiom about
temperature, preferably between about 65C to about 100C. It is important

1.5 td@tvete thatraéiqudhisisshBlags e ae ohalgiRtntbendredusad silica Gehis,

not modified in any way. Thus, this resultant gel is not washed, purified,

to 80 sletneidhetotalpilizate wethmdrcemantMitibeatiocand aiaghd\sudh the
second stage begins after the gel reaction temperature is increased, with

sodiuthesiiate kalmé ousragditieddal thelire actoicaf () amasiliearssatisioor ofddae).
same acidulating agent previously used and (2) additional amounts of an

Next, s rsyaeus olidolatioe aegmintatid, sashaspdtios afidlkalisiitaticasiis mtthe
reactor, the agueous solution being preheated to a temperature of about

acid, BhesRBoRE 6t BrsoThEh dreederablo s atidheddnd shiediduawitision
can be adjusted to contro| the simultaneous addition pH during the
there%ti‘@

P bEARE FEEHSR, R PR EhHo P i e chesecpiral R
o 15 YD SRRSO e, et gy
i oI EIRTEhe DA LA RUGR O REOM A Y SR 30 52
stopped and the gel is heated to the batch reaction temperature, preferably between about
65°C to about 100°C. It is important to note that afier this first stage is compleied, the
produced silica gel is not modified in any way. Thus, this resultant gel is not washed,
purified, cleaned, etc., prior to commencement of the second stage.

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

agent and silicate additions can be adjusted to contro! the simultaneous addition pH

during the second stage reaction. This pH control can be used to control product physical
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High shear recirculation may be utilized, and the acid solution addition
continues until the reactor batch pH drops to between about 4 to about 9.
For purposes of this inventive method, the term "average batch pH" is

wotengdad-tggnean the average pH obtained by measuring t%ﬁh’té‘iﬁ@mswu
every 5 minutes during the precipitate formation stage and averaging the

propemiet, zguesdixteitdydiginab time e lepdedHAker thepitflowstalthe: agidalating
agent and the alkali silicate are stopped, the reactor batch allowed to age

produgis gidastativellydowersyEraginbitd [ Birovidinte dighithsthe: nigagiing gendacts
being maintained at a constant pH. After the completion of digestion, the

High shsatitssipraletion mesreeiuitidedaarbthovitidwabetico additinrecontiosss until
by-product inorganic salts until the wash water from the silica filter cake

the fﬁPé&Qneatﬁhaﬁfﬁﬁsgps% bedwery phoutittte sheshfad onoumased o tive iuientiviey .
The silica filter cake is slurried in water, and then dried by any

methg &%mavwﬁa#etmﬁq%etw i pRaghe STt eR Dbt olitiecd lty

meas amo SI|I acon from about 3 wt% to about 50 wt% of
ok e ?ﬂsié"tﬁm BRIt Ratpas N

rt| [ of between 0 25 pm, preferably between about 3
avers t a%tg)ttﬁ? 285 g&tleassqfrc |on“8'f Sif)é’ﬁeﬁzrrower median particle size

d ft Il. |
S R M R g
reactol SRR G Sy0LhelisamorRhons CAR e PIEBRTRIRR. NG %"Ca

products is not necessarl mlted thereto and It also can egener

reactoR CEBTRRNHRA ﬁﬁﬁ%ﬁ%ﬁ?@dﬂﬂhaﬂ?%@eﬂiﬁgﬂl@%ﬁ gtf’&('@ieﬁligggﬁon
example, in prior U.S. Pat. Nos. 3,893,840, 3,988,162, 15 WO

the reR06/05EH 1ORETHladS 20O 35924414:Q6 k&f&%ﬁ%%ﬁﬂ%
5,891,421, all of which are incorporated herein by reference,

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

byproduct content as measured by conductivity.

The silica filter cake is slurried in water, and then dried by any conventional
drying techniques, such as spray drying, to produce an amorphous silica containing from
about 3 wt%s to about 50 wt% of moisture, The silica may then be milied to obtain the
desired median particie size of between about 3 pum to 25 pm, preferably bettveen 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 methodolegies of
precipitating the synthetic amorphous silicas, the preparation of the silica products is not

necessarily limited thereto and it also ¢an be generally accompﬁsbed in accordance with

the methodologies described, for example, in prior U.S. Pat. Nos. 3,893,840, 3,988,162,
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as long as such methods are appropriately modified to incorporate
recirculation and high shear treatments. As will be appreciated by one
skilled in the art, reaction parameters which affect the characteristics of

wibedngwsiagt precipitated silica include: the rate and timing apwhighdbsso24
various reactants are added; the levels of concentration of the various

4,067 /HfethAtd. 188 pod b Rl .thié obwbidmte inperzuuates theran hatiefrofithe
reactants during production; and/or the rate at which any electrolytes are

as long g sechanetingviseaprrouiatshpredificibte focorpsiroaetiventativerdat high
include in slurry form such as, without limitation, procedures taught within

shear {reatmsats. s Wikl b5, appresisiof bos preshilleddmibn e frratiorepranateys
wh},ch%g%e‘cs’ges as described within and throughout U.S. Published Pat. Appl.

86683 8T HRIAhG PRt vesrivEasHsilica insbules hrmetrandmay
fimin be charﬁ%t'erized and separated, as dis useied above, into three distinct
& A Re dapeRisAT RS ARt clhabrphesT e ShiBRays
ithi ch. The.oj] absorption test, discyssed. in. greater detail below, is
et o o R e ] rsents i
produlfFbdCfHRUG h3Bk £ OMMEL SR R AFT DRl AuguSt 1976), and

Pigment Handbook: Volume-1, erties a conomics, 2"d ed., John

T i e : it
importafﬁ?ﬁﬁﬁ&ﬁﬁﬁ%ﬁﬁ%&%ﬁ%@%@F:'n“.% the

form sobIEiING@bI B RMSBH, GRMReERIRIg NilGaEPINROBIE INSteade THYSthe

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

McGilketabsashiseli ssgitdn phesfatowing eestionsieb6 vl wRRE/ARY ddSughout
PCT/US2005/035924 The inventive in situ generated composites (also

U.S. Préfierhed Rataspicio i 00RNE 9 162 sdieArgel. and precipitate are useful for
various functions, including, without limitation,

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

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

discussed in the following sections.
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three primary types: i) high-cleaning, dental abrasives with correlative
lower abrasiveness (with an RDA level of less than 250, for instance)
than typical high-cleaning silica-based products; ii) mid-range cleaning
waenial@brasives with reduced high cleaning levels (as compatackywitfrdizers
high cleaning materials from above), but much lower RDA measurements
(Zherostabelt 150 gioeintrhnos)yaaiies (Blthietempdg( v tennbinations/iha)
products that exhibit certain levels of cleaning and abrasiveness (such as
silica gehamdtiscipl ARG obekfen aaBusiacioRsdscieinrDYthrs diswger
Production of each type is based upon different factors, such as reaction
three peippatitiomssteiyhisbralseringrdenigiabiapigiaith TRt AR8Ehf reactants,
amount of gel component, and the like), and concentrations %ﬁgggctants

abrasiyenges el 2afd/otevikakdes thani2b Brdnstaars) e irpcal iR
o R R R SR TR
evels (3 SORPaReHLatih 25 T FoeBr o RO E e RS
measu RS MR O R BRARNE WA AR ARG Hearade)

produllS AN USRS O IREqHRN G FadiRAGtiva ARNinaRasRn lavalstheut

compromising the cleaning benefits, again, through the production of

PCR $5L2IRQWSIHECiURR LR P IES RIS Rl RSO MHRasHE et @HEHS y S e based

materials are exemplified below in Examples 4, 6, 7, 11, and 15, at least

upon EHIE-SRANEING, bicWi? RABHN26AdAINCTE L S2AHRIEANS 2ditadilishenclean

without detrimental exaggerated dentin abrasion (within dentifrice

additidaaas kadiaandadantexaripleh el pratitetEkriayidecomitirathtense
sole
reactants (e.g., mole ratios of silicate to acid, as one example). These will be further

delineated separately below.,

High-Cleaning Abrasive Materiais

The in situ process of this invention has surprisingly yielded, with selectivity
followed in terms of reaction pH, reactant composition, amount bf gel component, and, as
a result, structure of the resultant gel/precipitate siljca composite materials made

‘therefrom, abrasive materials that exhibit exceedingly high pellicle film cleaning
properties. Such high-cleaning materials may be adjusted to 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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cleaning/abrasive component within a dentifrice or, in one potentially
preferred embodiment, may be used as a supplement with other lower
abrasive additives, for targeting an overall cleaning and abrasive level for

wadestidsicadormulation. For this high cleaning material, the gelgemnansib

is present in an amount between 5 and 50% by volume of the ultimately
abilitfoineéed g withrecigitsiecsitit axpgproasidentiatebiasi@nthithis deatifrreipitated

silica component is present in an amount of from 95 to 50% by volume as
formgage b feyansl|th domeremepien cinehafrodiqossib ke tatilbr = khglsateaning

material may be as high as 50% of the composite material, preferably
cleanig/ebrasivpromporenhwithintvantifbivnphéeaneedtonaal ioprefetiet the

higher the amount of gel present within a high cleaning material, the
embogdiment, may NFsed R StRRSEmERbrathmibeelp vt abswinp efditivesgfared to

e produceﬂ during the followi%phase. Thus?ﬁ'%he overall amount of gel

b s > X
targese,a0 SASFIC SRR abrsterdavel fonnAgrbiF e stoter instance).
Such percentages of gel component actually represent the amount of
si%ét%g%reeféﬁ?%ﬁ’ﬁ’%grgﬁg‘%ré%%%#;‘ﬁ‘ﬁﬂ% ROPESRM hfeERPSica
ial. s, a 10% measure t reflects the presence of 10% of
beme;ﬁzg%@l Ssiﬁ%:bg ev%glé}%ﬁfé?§|ﬁm“é‘%?¥n ?F]Q & HESCPOF ARG S ﬁ?c‘f‘?‘ﬁ‘?é’ﬁp@ is

it | | initial gel ion,
matcri@lt@“ﬁ m%%i% GRXPHRIE Zo%%ger%%? §g§%¢? ta ae.p rog éjtc |§£é 9§1t%

remaining 909 Icate reactant v or precipita

50% BPTRAAERS QNS AN, imQ%%HBEQf'g%ﬁepd}&%‘{%omﬁwP [B%ing

. initiation of the precipitate formation phase, some of the silicate' may

materRgmall b duegshluirtine ieabiaB-al pRICAMIRSIPLPAG BN is

component within the ultimately formed composite material does not

muchiieflectsinly adoassitiilines Thug, the pelignagrsaRiar SOOI ARMEIRI
best estimates, 18 WO 2006/057719 PCT/US2005/035924 rather than

a higlt@mmmmmmstmemmwsmfmpmme&iﬁbaan issue
compgr)l(elzﬁequired 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
reflects the presence of 10% of the total silicate reactant volume within the reactor during
which the gel is initially made (as one example). Subsequent to initial gel production,

- the remaining 90% silicate reactant volume is used for precipitated silica component
production. It is important to note, however, that upon the initiation of the precipitate
formation phase, some of the silicate may actually produce gel, but the determination of

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

reflect such a possibility. Thus, the percentages noted above are merely best estimates,
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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 a suitable acid
wanghesseitable silicate starting material (wherein the acid copeepiiainzitg
agueous solution, is from 5 to 25 %, preferably from 10 to 20%, and more

Faﬂlefﬁ?@ié?ﬁ%’ﬁfﬁdiﬁqm@am% o fiaiak Rmesntscrieatimenonth eSsitic atsi Steeingts

_material is from 4 to 35%, also within an aqueous solution), to initially

&hﬁfsnéffﬁeaggfél@ﬂ&@éﬁﬁ@ﬁt@éﬁg@mmmﬁegamemw@wdhd acid

added Wlthout any appreciable degree of washing, or other type of

ﬂﬁ‘& Binl éiasp‘Pﬁ?éﬁé‘S TemEaRhabseh BRECHen ighrdersnasebsier may

rth on structure (preferably low in structure, but
be Progiics ﬁ?ﬁ&%ﬁﬁr @&E@g 8? &t%a%% Wé%hi)ﬁaﬂ&r Ariiahie il Atring
mater ﬁm overall strycture is sufficient to accord the 0 &essary levels of

peficie fitm celeanlngjlpreup‘?até%%ﬁ%%uﬁéﬂl\%f)%ﬁ? 88 Pt Lhigh
prefecPR08 FDROR SRR DRt 1 B R R

may be contro Ie he range o

of the 4ARARATALIQRSIICIUESH HEEF R Red aﬁ% RiBpducHion lthas

realized that'in order to prowde a hlgh cleaning, modera 5 ? a’braswe

initialPasesal §hf&l@ tRiHRQEERTo NG AR Oétﬁﬁl:iémp{ﬁ@t%*&%'gﬁ}’f?&@s

noted above, from 10 to 30% by volume of the composite) and t

added mithonk ehjauypsssbir adieeipitatarisllica ineralprpbiyialatyely Bigh

(from 90 to 70% by volume of the composite). In order to exhibit the

physiqal opeti fRGEaH RDRavals Rasedigtetbyihbiseaiegry othargsyltant

gel/silica composite material must exhibit a linseed oil absorption of
structise fiveséerably dovd 109w, 100 gheratenialird OsING RAAGAGME Gesult

PCT/US2005/035924 Broadly, the inventive high cleaning gel/precipitated
dmmwmw lgverall structure is sufficient 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 high (from 90 to 70%
by volume of the composite). In order to exhibit the proper PCR and RDA levels

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

linseed oil absorption of between 40 and 100 ml 0il/100 g material.

19



have the following properties: 10% Brass Einlehner hardness values in the
range between about 5 and 30 mg loss/100,000 revolutions, and, within a
test dentifrice formulation (as presented below within the examples) RDA
wRanioactiye Dentin Abrasion) values between about 180 t@abeidb#dRssers
and (within the same test dentifrice formulation) PCR (Pellicle Cleaning
Ratiadly ahem of o d hith Qleaitin @ geitincofi@Rtite IRBD Lomithiatidreg arargidyof
0.45 to 0.7. Mid-Range Cleaning Abrasives The in situ process of this
- have thefelitieing psopistesul PicBrghs Faldbosniirdsossilkaivge yrdesratgshe bty
followed in terms of reaction pH, reactant concentrations, amount of gel
about Eendifheptcasti)Bh808 revoletioverandivitiine trtiisnbSinedarmulation (as
gel/precipitate silica composite materials made therefrom as for the high
presenisd delowy wishisyitie crasunen KRB (RadiotrtR SRS AEERRIAY M- range
product (essentially reduced, but still relatively high,. cleaning levels with

betwesperu hEASATRHIIA) cHh SR s et e dSPUE doRmf bRt Al
(el A GBI S OO Rty PO S Gt

sfructures in order to accord relatively high pellicle film cleaning results,
range Qél 4I%) S{J‘Zbrasive 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

Mid-RR %gltﬁgr(%r&dlgwggggsexemplified within dentifrice formulations 2, 7, 9, and
10, befow)." 20 WO 2006/057719 PCT/US2005/035924 For this mid-range

clganingmnaterial dhaaghcMBRASALI RIBSENhi A Mea Wik eran 10
and 60% by weight of the ultimately formed gel/precipitate silica
degrecRQUNRASHR N AIRbRL(anddhusohe e thei pih ied @ilita aampernient,isnxesent
in an amount of from 90 to ‘
of gel component, and, as 2 result, overall structure of the resultant gel/precipitate silica

=

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

products (and further exemplified within dentifrice formulations 2, 7, 9, and 10, below).

20



40% by weight as a result). Although the amount of gel possible to form a
high cleaning material may be as high as 60% of the composite material,
preferably such an amount is much lower mainly because it was found
wbabtbesigher the amount of gel present within a mid-range¢eaging 03s924

material, the greater amount of low structure precipitated silica
cdiapbirenidesdecdennivg praseiiae thel geinguitmfotibivipgsehtisarnEnusythe
overall amount of gel to be produced is preferably relatively low (from 20

between 3 foandidimeayhsiidhe phinutehiesesidrdlooeipentibotsathposite
represent the amount of silicate present during the production phases for

maie’?:f ithurthe sreapitaige sHichsomereenbis BISSTRE fBrtaTvg oflEam g to

, it has been determined that such specific mid-range

., material. Generall S !
40% @I’e‘ﬁﬂﬁ% Wil Hirveh shsamaminteshpossihistotomn adiahmepaing
; syitable acid and a g't%})l silicate starting material (wherein the acid
ma el%or%aeyr%ca??o & aﬁ&%é’o s@%WS@W@{mwﬁplb%%%P% %0

to 20%. and more preferably from 10 t0.12%, and the concentration of the
e O S B R e L g wicin
3 10 0] llica. gel. Subsequent to gel formation,,
aim]dsuf ciglﬁaé?ﬁgg%g%%ﬁ’amo%%e%%gan v(\}/liiﬁ)c\)'}ljtS tgrxﬁ/ug% rec %teedgsela%e of

comp¥Rab RGPt AEE %@&Qé@MQMﬂB\HHgEJ@em . '?g}éo&grfagﬁ%%el t

to the formed gel for further production of appropriately ‘structure

of gelR6aspHadackallica-aemponentivesiied (@ Midyanas SeaRingcoapasite

material to be formed. The pH of the overall reaction may be controlled
perceranyvRERMIRIPoABE: ERAGE Piehiasdh thieReNMNNGT alidhe preHNG Rl ehe
initially formed, the amount and 21 WO 2006/057719
produf DT [tASRE Ger 03G0BMeatnncilite nkpredipiiaked iiidaikom parRokipRY be
targeted in much the same way as for the high cleaning material. It has
cleanipgatptariglzed that in order to provide a mid-range

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 maierial(wherein the acid concentration, in aqueous solution, is from 3 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%, alse within an aqueous solution), to
initially form a silica gel. Subsequent to gel formation, sufficient silicate and acid are
added (without any appreciable degree of washing, or other type of purification, or
physical modification of the gel) to the formed gel for further production of appropriately
structured precipitated silica component desired for a mid-range cleaning composite
material to be formed. The pH of the overall reaction may be controlled anywhere within

the range of 3 to 10. Depending on the amount of gel initially formed, the amount and
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cleaning, low abrasive material through this process, as compared with

the high cleaning materials noted above, the amount of gel is preferably

higher (as noted above, from 10 to 60% by volume of the composite,
waseipakhy fsom 20 to 33%) and the amount of low structuregiegipiiatas sozq

silica is preferably lower (from 90 to 40% by volume of the composite,

structuPS FEpRRIN R SRdOBHKndR A HI MBIt R RIPRRY ReEvaRhRBA

levels associated with this category, the resultant get/silica composite

the highafetah Mgl Rxhiia isserdigibaprapliatohgiealaidaamd hap to
150 ml 0il/100 g material. Broadly, the inventive mid-range cleaning

cleanirge lwebipinteshaditd ¢oonbindiio pragens mihpinpuaestheifh ihwiigh cleaning
properties: 10% Brass Einlehner hardness values in the range between
materi@Soatd 2B00¢ ahel amvitimnof pebiceeffrabdyfbighetdionofad gressitect HElow
within the examples) RDA (Radioactive Dentin Abrasion) values between
60% bavoltrasabthatsompbSio:. areferallyi froire 2hin 8 Xs tadd tdravecforialilavion)
PCR (Pellicle Cleaning Ratio) values of 90 to 120, with a ratio of PCR to
structurermaepiRtintethelieanig erefenabliolaver (freekhing @iebnspipmsrakibes Lastly,

again, in much the manner as the two above types of abrasives, it has

compogiign RS AGRP B ETSre tR4D il ABHSOFWIRB ARG IRESITRE ARABRA)S

may be provided that also _exhibit a certain, degree of abrasiveness and
levels grEaM g Bk P s%'hﬁ%qwg?ﬁi%%%f i

., .presence of g simultangously produced gel/precipita ears t
et TR SOOI LA AT LB A D B, when
od via a high str Hica:pro i od:: Provj
R e e P B B A
generallPRQL \ﬁr%%ﬁ%mgg}ﬂﬁ@ﬂi%@ iR dentirice Iormuaians RS
manner, such a thickening agent may be added not only for its
range MB&ESHY-FARINYING aff@Ghithin a test dentifrice formulation (as presented below
within the examples) RDA (Radioactive Dentin Abrasion) values between about 95 to
aBout 150, and (within the same test dentifrice formulation) PCR (Peliicle Cleaning

Ratio} values of 90 to 120, with a ratic of PCR to RDA within the range of 0.7 to 1.1,

Thickening Cieaners/Abrasives

Lastly, again, in much the manner as the two above types of abrasives, it has
surprisingly been fouhd 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 simuitaneously produced gel/precipitate
appears to surprisingly accord a certain abrasive propeﬂy within a material that, when

produced via a high structure silica production method, provides an effective thickening
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but also to supplement simultaneously present higher cleaning and/or
abrasive dentifrice components. Examples 3, 8, 9, and 13, at least,
provide a showing of general methods of producing such thickening
wabtagasy¢and further exemplified within dentifrice formulatigpg,bgfwaske24
8, below). For this low cleaning level material, the gel component is
(or otbeesype i wiscasitpunsdiiRatiesvathane:85McbYoralumeRd the diltimately
formed gel/precipitate silica composite material (and thus the precipitated
manneii sacbonipickerin gsageeseny ibean dud aun fFaMSOdeos 15 % b fyolp BFt-a
a result, with such a component preferably present in a high structure
but algeria)suriivourgh sinenltaneount ppetidsghizecteafing adighisiaaningntifrice
material may be as low as 20% of the composite material, preferably
compgpeptantareRiat & Badchativheat ashiproviboaskoiving ofeunddhatdhels of
lower the amount of gel present within a thickening abrasive material, the
produgine surh thiskemise aiyRsites enrctibensixareplifiidaridinpentfitceequired to
P eﬁpro uced during the following phase. Thus, the overall amount of gel to
OrmUyBES de CetPE SHI%by relatively high (from 45 to 65%, 50% more
p@egler I Such percentages of gel component actually

, for. instance ' '

represeghtat SIS, 5%‘%5@!’&(3%%%%%%5&%6%%@% for

i t.silicg mategial, as. descrihed above for the other categories

e S B B e Bmteiomieir i cocrrapine
materikl m%?ﬂ:\éﬁﬁt@ /. HE.Rroduced through ?.method of %%;Eixin a
suitable acid and a suitable Sjlicate Staning marerarLoRSHEhodZegip to

15% HORaREaioteie lution,.J 5 %, preferably from 10
to 20%, and more g*rie@%gcbﬁ)g %%%%gcg%g%%ﬁdp %ﬁcgeé%olr?caen a |%%C§§e

form) WAHRA6/0R AAMGT JeiS200RI0RPReA LhifieRlisale Siaingmaterial is
from 4 to 35%, also within an aqueous solution), to
low as 20% of the composite material, preferably such an amount is much higher mainty

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 actuaily represent the amount of silicate
present during the production phases for each different silica material, as described above
for the other categories of cleaning materials,

~Generally, it has been determined that such specific thickening abrasives may be
produced through a method of admixing a suitable acid and a suitable silicate starting
material (wherein the acid concentration, in aqueous solution, is from 5 to 25 %,

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

wionfiagier production of high structure precipitated silica COBRENEMs/035924
desired for a thickening abrasive composite material to be formed. The

of the pilicatetbtertug naltecatticihomaly b d 586 sl lwitin wvearecnstsutinaxdpge of
3 to 10. Depending on the amount of gel initially formed, the amount and

initiallstfont asibtagedcibibseqnsiida g8 fapoaten Hiki¢ientdicaseiany reiddfg the
subsequent silicate and acid reactants within a more acidic medium to

added frithqyfcan eppresinhls SpERFPSMaCkinNG PrebmitaRsrSmualisHoRbnts. It

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

physicgl modiieatiopfcbegethte the demedrasL 195 Dreher ERITRE AR Pt Riehstature
R A A 0 RS AT A
formefs T 01 S8 ST RSB P B ORI R ICED T EB Oy P ORS ot
o 10 B ST RS BRI A iy

precipggééﬁi gﬁ%{? %5%%%?&%1%%%9%%@4&&%@%ngﬂgtaﬁpmi&% 9hd acid

greater tha pOSS a maximum of about 225 ml 0il/100 g

reactaBARTIRL Broad e HSHRUSRHYS Hakering Ahrsie opibaresiitated silica

combination generally have the following properties: 10% Brass Einlehner

preciplA NGBS S BB I BAgRhehMacH 1Q:anddd WgrosadlDn0Rhing
revolutions, and, within a test dentifrice formulation (as presented below

abrasivdtiindie thraupplas) RbARAdinactiveDesinpirabigriigalués beteen

about 20 to about 80, and (within the same test dentifrice 24 WO
above 2006/08 7Y 1 /P BTS20 05 D8 5@Rposite, preferably from 45 to 65%) and the
amount of low structure precipitated silica is preferably relatively low (as low as
possible), while the amount of high structure precipitated silica is preferably relatively
high (from 80 ic 15% by volume of the composite, preferably from 55 to 35%). It} order
to exhibit the proper PCR and RDA ievels associated with this category, the resultant
gelsilica composite material must exhibit a linseed oil absorption of greater than 150,
possibly with 2 maximum of about 225 m} 0il/100 g material.

Broadly, the inventive thickening abrasive gel/precipitated silica combination

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

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

Abrasion) values between about 20 to about 80, and (within the same test dentifrice
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formulation) PCR (Pellicle Cleaning Ratio) values of about 50 to 80, with a
ratio of PCR to RDA within the range of 0.8 to 3.5. Dentifrice Uses of the
Inventive Materials The inventive in situ generated gellprecipitate silica

vaemposite materials described herein may be utilized alonepas & p0s/635924
cleaning agent component provided in the dentifrice compositions of this

formiei FTRIPaUER Cleinan! FkE)S Lish cleapiRG BN ANy FBR

moderately high RDA levels may be unacceptable to some consumers.
to ROMwsthinahhiaisf 0 4he. snventive composite materials with other
abrasives physically blended therewith within a suitable dentifrice
formulation is potentially preferred in this regard in order to accord
targeted dental cleaning and abrasion results at a desired protective
ifzive| USensf thenventive Mdtethatr conventional types of abrasive additives -
may be present within inventive dentifrices in accordance with this
inveaieyenOYRér siicBcrisnates e lfetipestirsilimepfopesiempleriarnd without
limitation, precipitated calcium carbonate (PCC), ground calcium
describsdareinrpax beytiliresielans phasstieanins sesdilsyteneeiopmsidiida el

. é‘t:qy itself, and of any structure), amorphous precipitated silica (by itself,
dentl 8%ﬁ%ﬂﬂ%@ﬁ%ﬁﬁéﬁ%ﬁ%&iﬁw&ﬁmwifé»x@e,héammng category

' rophosphate, hydr lumina, calcined alumina, insoluble sodium

ma‘“%étﬁp%‘@%ﬁ%f&ﬁé%‘?ﬁg BYSESTTN DnitarAtaEiiate savap RapRamers.
' nesium carhonate, zirconium silicate, aluminum silicate, and so forth,
RS e e e R e e
ishi risti f arget formulation (dentifrices, for example,
B A B e e s e
regardiPGHREAIeb AlliaR cRMAIABNAN HRSE IRAdHRRNE i ENINCaIROrpted into

protective level. Thus, any number of other conventional types of abrasive additives may

Dent

be present within inventive dentifrices in accordance with this invention. Other sach
abfasive particles include, for example, and without limitation, precipitated calcium
carbonate (PCC), ground calcivm carbonate (GCC), dicalcium phosphate or its dihydrate
forms, silica gel (by itself, and of any structure), amotphous precipitated silica (by itself,
and of any structure as well), perlite, titanium dioxide, calcium pyrophosphate, hydrated
alumina, calcined alumina, insoluble sodium metaphosphate, insoluble potassium
metaphosphate, insoluble magnesiumrcarbonate, zirconium silicate, aluminum silicate,
and so forth, can be introduced within the desired abrasive compositions to téilor the
polishing characteristics of the target formulation (dentifrices, for example, etc.), if

desired, as well.
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dentifrice compositions, is present at a level of from about 5% to about
50% by weight, more preferably from about 10% to about 35% by weight,
particularly when the dentifrice is a toothpaste. Overall dentifrice or oral
weleaningrf@smulations incorporating the abrasive compositiqisQfsHats n3so24
invention conveniently can comprise the following possible ingredients
anthegietiig tatergeiniiith epeafitati @ndesuribeih abb 6) Wheniifteedrawaasion
Ingredient Amount Liquid Vehicle: humectant(s) (total) 5-70 deionized
dentiffigecqommsitivnslds(siesest 2t@ lavrloxifasmeaiem 6%-@. Sbaitelotinoy agspifs)
0.4-10 silica thickener* 3-15 surfactant(s) 0.5-2.5 abrasive 10-50
more giederatiingoarebrut 19+ do many Bde hrsweight, faviving lagemndtb
_preservative <0.5 In addition, as noted above, the inventive abrasive could
dentifgieq s f9RthBgnOSFRil Hemtetineroaorabnieaningdramilsion incpreviinged
silica, silica gel, dicalcium phosphate, dicalieum phosphate dihydrate,
the abrafiyG FORRSILARS AL, TSI HRIFR USSP Sisms ca R st Hheifalie winenina,

.&Iuminu silicate, precipitated atﬂd grfound calcium carbonate, chalk,
possibie ingredients and relative amounts thercof (all amounts in wt %):

Dentifrice Formulation

Ingredient Amount
Liquid Vehicle:
humectant(s) (total) 5-70
deionized water 5-70

_ binder(s) 0.5-2.0
anticaries agent 0.1-2.0
chelating agent(s) 0.4-10

. silica thickener* 3-15
surfactant(s) 0.5-2.5
abrasive 10-50
sweetening agent <1.0
coloring agents <1.0
flavoring agent <5.0
preservative <Q.5

In addition, as noted above, the inventive abrasive could be used in conjunction
with other abrasive materials, such as precipitated silica, silica gel, dicalcium phosphate,
dicalicum phosphate dihydrate, calcium ﬁ}etasiﬁcate, calcium pyrophosphate, ahumina,
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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bentonite, particulate thermosetting resins and other suitable abrasive
materials known to a person of ordinary skill in the art. 26 WO
2006/057719 PCT/US2005/035924 In addition to the abrasive
viapmprenis the dentifrice may also contain one or more orgaRpiePIaes 035924
enhancing agents. Organoleptic enhancing agents include humectants,

svieefdiristetifatiasia: HavpsaRss, B\ RS RNFicke BIRGRAGRTS; (also

sometimes known as binders, gums, or stabilizing agents), Humectants

more Segweoteptid érthankiny 4geatsthOepinoRptR elanbincess el iade BIBYRRLING

the dentifrice from drying out. Suitable humectants include polyethylene

sweelgheeo|s(afastiets ofip airdifie redomntenid diivkeighisipaiapyrae chRhes
glycerin (glycerol), erythritol, xylitol, sorbitol, mannitol, lactitol, and

knowpyg ipdarateunstaor Mabillrilgzpessias well as mixtures of these
compounds. Typical levels of humectants are from about 20 wt% to about

36 TSN seothiseadd behisosmenthSaveriors duatjfticead dexd! ta the
toothpaste compaosition to impart a pleasing taste to the product. Suitable

pre“%&‘&é%&fbﬁ“&‘ﬁ?&ﬁj@@%&’é&%mﬁ“(a§‘§@éie RpeRtRsHinelode atdiwhylene

ccharin), cyclamate (as a sodium, potassium or calcium salt),
elyeo A8 VHERK R ORI R e A RIPHroE REoh el amin detsacea).

R e A e LR .
R e
wt% 1§ BELIRAM NG PIPRESY _a§8i£89108qs§{i'55‘?‘c‘@”t5 are safe and effective

amounts of anionic, cationic, nonionic, zwitterionic, amphoteric and

bgiaiperiep taa iR e R a8 S QPRGNSO %li'ﬁnarpg QE%ang taste
to the product. Suitable sweeteners include saccharin (as sodium, potassium or caleium
saccharin), cyclamate (as & sodium, potassium or calcium salt), acesuifane-X, thaumatin,
neohisperidin dihydrochalcone, ammoniated glycyrrhizin, dextrose, levulose, sucrose,
mannose, and glucose,

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

sarcosinate, palmitoyl sarcosinate, stearoyl sarcosinate and oleoy! sarcosinate,,

polyoxyethylene sorbitan monostearate, isostearate and laurate, sodium lauryl
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benzene sulfonate, alkali metal or ammonium salts of lauroyl sarcosinate,
myristoyl sarcosinate, palmitoyl sarcosinate, stearoyl sarcosinate and
oleoyl sarcosinate,, polyoxyethylene sorbitan monostearate, isostearate

wanghiaueatee sodium lauryl 27 WO 2006/057719 PCT/11IS2006{Q35346k/035924
sulfoacetate, N-lauroyl sarcosine, the sodium, potassium, and

sulfoaGhian oleming Salisosibl-thrusitol) poyistoy) aad Mipalshittyksatsosine,

polyethylene oxide condensates of alkyl phenols, cocoamidopropyl

lauroyhateing daiylaoniNoptiagyt yiatatneinpapoijtsthy ez d dhdelikse Sotilim

' lauryl sulfate is a preferred surfactant. The surfactant is typically present in

phencihearedmiatepnmyldssition dasfamedppegehbitsiontiprmitahbaimioaardigoout
0.1 to about 15% by weight, preferably about 0.3% to about 5% by

like. Sndilgntlasmds déafedsraeianodsodacinib dhe Susaplantdsgrpiqaliy bresent In
agents optionally can be added to dentifrice compositions. Suitable

the ordlaperisenageiientefibr prosenire vatinmitay et phakast fhd dn 2Baw

peppermint, oil of spearmiont, oil of s’agc,safrast and oil of clove, cinnamon,
15% byritHele PRRERERE! APRHNRE YR IRERYT, Se/aBam&shtiéﬁ%&ﬁscfrawg%’%ﬁ-&%r

sucp flavor compounds to add fruit notes, spice notes, etc. These
to abopb 78Ry R§¥Ms consist chemically of mixtures of aldehydes, ketones,

e SR S B e A A0 RS RSO e

0 Improve the aesthetic appearance of the

ﬂavorg{gpg%e%ts l%léih%lg!%gpfl% 3 %1%?62? %?Sﬂagf (R@E%F@lé%‘}%%? WIQX oil

a priate regulatory bodies such as the FDA and those listed in the

- Mﬁﬁe&f‘ﬁg&@m, PhapmnaceisicaliRirasiives apkinalide Digmasts.
OfSpesuc as 1102, and colors éuch as FD&C anhé D§LC dyes. Thickggr%ﬁg

cugendP eNLSIPpRH IS N HaniffercreMDsiiopsmeidhaip e saptrinvanton to

provide a gelatinous structure that stabilizes the toothpaste against phase
spice notes, efc. These flavoring agents consist chemically of mixtures of aldehydes,
ketones, esters, phenols, acids, and aliphatic, aromatic and other alcohols.

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

Thickening agents are usefu} 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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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
wanschegtitose gum; magnesium aluminum silicate (VeegumyicT/us2005/035924
carrageenan; sodium alginate; agar-agar; pectin; gelatin; cellulose

sucheasieg) 2BWOTRI06/0IIETAR, RETF o0 2MRBN3 M 3H6R otf,ﬁllulqse,
e

carboxymethyl cellulose, hydroxyethyl cellulose, hydroxypropy! cellulose,

cellufgrduhoutmetonlicrbubasy by Srprmetity Casksypropyl ealluinsemmainy!

1 ellulose, ethyl cellulose, and sulfated cellulose; natural and synthetic
cellusgeliyd reliionscandmutirigd callulost; astnakamd syafithes el sanaRQURGS.
hecto:{riggical levels of thickening agents or binders are from about 0 wt% to

GH2H gkt WistHisathermprsnionds hEraisebtiv dgentaiskening
agenf%é}%rrgje?#%/ used.in the compositions of the present invention to provide for

SR TR P4t A &ri Dirhow) 15awEs o ereebpestetisemesitiand

te re sensitivity. Examples of therapeutic agents, without intending
toﬁgﬁ%?tlﬁlcg?%%s u%yf)atéo Yoweddp the serapeitinngab derepresetit m
: I ate, potassium monoflugrophaosphate, stannous
e O ey B e ROORASHERE, it chtodoma dseas

fluoride, potassium fluoride, SO

o iAo, s

pyrophosphate, tetrapotassium pyrophosp

limitipyreR s SntFisQ iy 5@9@9&9@%’3@? X(r)gput_rhgs cg %ﬁ\%&r@?l&%ahatc,

tripolyphosphates, hexametaphosphates, trime

potasgiyro plesihieeshespaRia S iARIRIARRIA, M&E@%ﬁgﬁé@%@'ﬁ%&n’
ana cnior

bisguanides, such as alexidine, chlorhexidine exidine

fluoragllicanatermmiym ncushiaadaraii IECTBSRLLSUIRRIAS S, Gy 1ase,
dextranase, mutanase, lipases, pectinase, tannase, and proteases;

tetrasegiiamaryranhesrhronicmmeaamgonnssoplioshhas, eazalke aiuyaalgride
(BZK), benzethonium chloride (BZT), cetylpyridinium
pyrophosphate, trisodium monohydrogen pyrophosphate; tripolyphosphates,
hexametaphosphates, trimetaphosphates and pyrophosphates, such as ; antimicrobial
agents such as triclosan, bisguanides, such as alexidine, chiorhexidine and chlorhexidine
gluconate; enzymes such as papain, bromelain, glucoamylase, amylase, dextranase
mutanase, lipases, pectinase, tannase, and proteases; quarternary ammonitm compounds
such as benzalkonium chioride (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, thymol, and methyl salicylate; amine fluorides; peroxides and the

like. Therapeutic agents may be used in dentifrice formulations singly or in combination

at a therapeutically safe and effective level.
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chloride (CPC), and domiphen bromide; metal salts, such as zinc citrate,
zinc chloride, and stannous fluoride; sanguinaria extract and sanguinarine;
volatile oils, such as eucalyptol, menthol, thymol, and methyl salicylate;
waming/dkrorides; peroxides and the like. Therapeutic agentspggy;O8¢ds85h24
in dentifrice formulations singly or in combination at a therapeutically safe
antreseetineI e 2 Yroproosiysriied (b CF/UBROSHIARSIA4e present
. Preservatives may also be optionally added to the compositions of the
nveniien i\ prexfah hasi dab ot Sadeiepossniti Gaitabtoverefe nativasal
approved for use in oral compositions such as methylparaben,
compgR{ORS SHBen HAEBHRHPHEIES RErshe 256 seiitm tveattcanay ditockiod
in Sapmogmés. The dentifrices disclosed herein may also a variety of additional
THEPE SR G AR Yesensitizing agents, healing agents, other caries

preyentative agents, chelating/seqyestering agents, vitamins, amino
act S BIOIEINE, SR SIS R Al 24 8 Agdiere) neindrats sueh
ents, oxidizing agents,

iRjotics, I-enzymes, enzymes, pH control a
ws deRIEAGRY %’zﬁﬁﬁmﬁk&g 3’té§lﬁrrgw %sspﬁ?é’eﬁlggﬁ%g%f’fﬁe composition in

antioxidants, an

chelaARINRNAA R AU S MARTNRH dhe WRIRLIS Rigleratiy doionized

and free of impurities. The dentifrice wi y ¢ompri

calcub gl N s MRErhisellleablnkaners Jortlizaton within
such a toothpaste formulation include, as a non-limiting exam%?e, an

oxididngaiphiny supiecigitateshailicaigech as ZEODENT(r) 165 silica. Other
preferred (though non-limiting) silica thickeners are ZEODENT(r)163

arfeihver pdvids (BE RIRRERT)AS othpdsianaiar-ahisiicrt-ahavaiable
from J. M. Huber Corporation, Havre de Grace Md., U.S.A.
mentioned. The water is preferably deionized and free of impurities. The dentifrice will
usually comprise from about 20 wt% to about 35 wt% of water.

Useful silica thickeners for utilization within such a toothpaste formulation
include, as a non-limiting example, an amorphous precipitated silica such as
ZEODENT® 165 silica, Other preferred (though non-limiting) silica thickeners are
ZEGDENT® 163 and/or 167 and ZEGFREE®I153, 177, and/or 265 silicas, all available

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

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

binder, flavoring agents, and a finely powdered abrasive as the principal ingredient . . . a
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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

wioconporated herein by reference. Namely, a "dentifrice” IS "peTAIS2005/035924
substance used with a toothbrush to clean the accessible surfaces of the

dentif@edlls E2RBIEIBE S035€ AW UPAEIV.CANRASAE QMR TsnAgiR@aRbHyRestaNt,
binder, flavoring agents, and a finely powdered abrasive as the principal

caries ngeadienthe. teef0" VW ontiBAe GSAT LS04 LbABIR DR ARARAVERR HRISEYS
considered to be an abrasive-containing dosage form for delivering anti

dissobadgsiageritrdepthatimeiitd Bedefticeciofonmaiaos @opiai-heradignis
which must be dissolved prior to incorporation into the dentifrice

such foaoriatidlu¢edy. sotiwranbesphntsilsvatings gadivmcuedgehsrdjum
phosphates, flavoring agents such as saccharin). The various silica and
toothpaste (dentifrice) properties described herein were measured as

follBfvEaTptR stifadrd fentbratriisatimie mmensttns drbes raibusion
test us ﬁto me sur%ﬂge hardness, of the precipitated silicas/silica gels
meas o“ﬁéea H‘%ﬁi&@ﬁﬁ RIS OHE¥%ed in detail in U.S. Pat. No.
6,616,916, i or rein by reference, involves an Einlehner
R ) A SR o e 6 TR A wire
: i [ d _exposed 1o the.a tionn.o,fal % .aqueous silj
P T T b TR U e
Ne | i t inier _wire screen per
P e S e P R e Pt e ST

Abraddhgeneianizesasdebak QiassdaialelBes BE).abrasion vallpnl g Al

absorption values are measured using the rubout method. ThiS method is
exposbhsethoRch I sTaNlese baakdng sineeat Rihvidh Brsllce: YeHdabirg Wih A

spatula on a
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 rubout method. This method is

based on a principle of mixing Jinseed oil with a silica by rubbing with a spatula on a
smooth surface until a stiff putty-like paste is formed. By measuring the quantity of oil
required to have a paste mixture which will curl when spread out, one can caiculate the
oil absorption value of the silica--the value which represents the volume of oil required
pér unit weight of silica to saturate the silica sorptive capacity. A higher oil absorption
level indicates a higher structure of precipitated silica; similarly, a low value is indicative

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

value was done as follows:
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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

weabaeswhbie represents the volume of oil required per unit weightoh&iligaoa4
to saturate the silica sorptive capacity. A higher oil absorption level
indicates a higher structure of precipitated silica; similarly, a low value is

Oil angiptitive= of windtds gesosbddred a low-strifctif}@ precipitated silica.
Calculation of thsightafsdipti@ramsmlue was done as follows: 31 WO
2006/057719 PCT/US2005/035924 Oil absorption = ml oil absorbed X
100 weightof sttitailgfhssamisidital 00 gram silica As a first step in
measuring refractive index ("RI") and degree of light transmission, a
range of glycerin/water stock solutions (about 10) was prepared so that
théterfustveniBestiess Sitivomnstne s Béthvarhdemosadigit 46. The
exact glycerin/water ratios needed depend on the exact glycerin used and

tranSHUIABr ATERE B SHECTRCHAES Stk aRIMHORR AReusL R Hisrrepppmd amyhat
the 13 B A LS DS e O (0 LAGpel B3 88Eh stancirc
ey Ay S SR Sl T i e
e S o S e

of 70 RAYIRS FBGCYAIR Y HR BINGH NP Ailidiin O R L QGG dRYE %’?r i‘w%drops

gel/precipitate silica product and added was 18.0 +/- 0.01 ml of eac
of eadi@%ﬂﬁ@élk‘éﬁsoiution 1s separately placed on the fixed plate of a refractometer (Abbe
60 Refractometer Model 10450). The covering plate is fixed and locked into place. The
iight source and refractometer are switched on and the refractive index of each standard
solution is read.

Into separate 20-ml bottles, accurately weighéd was 2.0 +/- 0.01 m| 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 130, the
test used 1 g of inventive gel/precipitate silica product.and 19 g of the stock
glycerin/water solution). The bottles were then shaken vigorously to form silica
dispersion, the stoppers were removed from the bottles, and the bottles were placed in a

desiceator, which was then evacuated with a vacuum pump (about 24 inches Hg).



stock glycerin/water solution (for products with measured oil absorption
above 150, the test used I g of inventive gel/precipitate silica product, and
19 g of the stock glycerin/water solution). The bottles were then shaken
wOgoneustyito form silica dispersion, the stoppers were remguegfeommsiiors
bottles, and the bottles were placed in a desiccator, which was then

evERR disnerRinpsavsae them dscaenstedtionl 2mieies @ud visaally rspected for
006/057719 PCT/US2005/035924 The dispersions were then
compiielerarsafing 155 MihirinacA il )i Y80 (Spestromicd® D+) was
de-aeratign. The %Transmittance ("%T") at 590 am (Spectronic 20 D+)
measyred aer A5 Fam IR FERENSd R ST i mRsERuEs @bRHt NPV aseatatisingl 0
to theminu&(tagg according .to the manufacturer's operating instructions. The
0% Franamittanc Wash EEEHFE4™N the inventive product/glycerin/water

di ' by.placi li f each di ion, i t tt
LR s e E N e

aisperS3IS o] WA ASIANGE. A ool sock solutions used wes plotted

1 A4
on a curve. The Refractive index ot the inventive pro

%T atROPRSItER QLIRS pipttad, %%%1@9%%%4‘{&‘319@[%%%’8%3{3'“‘32 o g]e

%Transmittance vs. the Rl curve. The Y-value (or abscissa) o fhe pea

of thenEIMUMGIRS e YbAREEANCR I eI IR AIea Qi RS MIsSiRIatRd

silica/silica gel reported herein is determined by the BET nitrogen

produatisasplidind esthel misBiomathe pitied pRAR- HREMinSRke GimA%:(%938)-

The total pore volume (Hg) is measured by mercury porosimetry using a

value M therfbitoshittaperes] 1 FAapparkis Y -Tia e siame Arrakne
calculated by the Washburn equation employing a contact angle Theta

maxingyreyasiie A casmitasorface

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

The total pore volume (Hg) is measured by mercury porosimetry using a
Micromeritics Autopore Il 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 into the voids as a function
of pressure and the volume of the mercury intruded per gram of sample is calculated at
each pressure setting. Total pore volume expressed herein represents the cumulative
volume of mercury intruded at pressures from vacuum to 60,000 psi. Increments in

3 . .
volume (cm”/g) at each pressure setting are plotted against the pore radius or diameter
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tension gamma equal to 485 dynes/cm. This instrument measures the
void volume and pore size distribution of various materials. Mercury is
forced into the voids as a function of pressure and the volume of the

wipenaunginiguded per gram of sample is calculated at each prasswsis/nasozs
setting. Total pore volume expressed herein represents the cumulative

corre¥ShaHRaab eV IRIARE RlRIGSTI G POVRACHE BAA RS ?91%8@ lversus

Increments in volume (cma3/g) at each pressure setting are plotted against

pore tadipaiediagitter Guflia ReERIp3RdMO (RORRIESIH thE Rt Tio 4 0RNan 2A

corresponding to the pressure setting increments. The peak In the

identifitrutthe chivel woienve $oge slesen adusaneispelacal varaiesRonda;iadhe
mode in the pore size distribution and identifies the most common pore

to aclgize msthm salmplieoSITetilical v, ravdpleaizgdmadiusiackts Athiguaistem
volume of 25-75% in a powder penetrometer with a 5 ml bulb and a stem

stert yolumrcobrbdisUt LmlnShSes plesweuated coatpctdoee PSSR G50 anof
Hg and held for 5 minutes. Mercury fills the pores from 1.5 to 60,000 psi

held {pfth minptese Mprauridfilisshie nenemioas dddle 6090 mstiwittiely 1 62 atata
collection points. Median particle size is determined using a Model LA-930

equilipsiunntiserbeash of qoRiaramarehs tPligrie selgetiemppistument available
frg\gp i;i—,‘%?ﬁr:ba Jgstrum_ents, Boothwyn, Pennsylvania. Two criteria for
deSEPBTBRTHE igRes determinedasinge Madd L Mue ke piereansize
._span ratio .and beta valyes as measured using a Horiba laser light
e e R e T G L PP R PR
Booth ' jameter of the particles in the tenth percentile (D10) minus
°° w&%%&%OIume at the ninetieth volume percentile (D90) divided by

e o e e E VRSG5 i
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
| particies in the tenth percentile (D10) minus the cumulative volume at the ninetieth
volume percentile (D90) divided by the diameter of the particles in the fiftieth volume
percentile (D50), i.e. (D10-D9GYD50. A lower span ratio indicates a narrower particle
size distribution. By “particle size beta value” it is meant cumulative diameter of the
particles in the twenty-fifth volume percentile (D25) divided by the diameter of the
particles in the seventy-fifth volume percentile (D73), 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
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size distribution. By "particle size beta value" it is meant cumulative
diameter of the particles in the twenty-fifth volume percentile (D25)
divided by the diameter of the particles in the seventy-fifth volume
wWasteaHe (D 75), i.e. D25/D75. A higher beta value indicates@-Rand/Bisozs
particle size distribution. CTAB external surface area of silica is

electélRie M -AbSaBE QR ML Qii@aﬁs_ﬁé‘?é}éﬁf;i@@ﬁ’éﬂ?ﬂlg‘@%kl %g;t;g’ﬂ%? on

the silica surface, the excess separated by centrifugation an rmined

adsotbydiEatinRIVGNCDAR B farnh S Rl 4Rt ch s WiREIARIRA
2006/057719 PCT1US2005/035924 electrode. %Ee extgyr’n%@ﬁpfgcgeogf

silicatepbilied iis a @SB mdibeddramihesoanity PAS TAB:adspsho(anakvsis ok
CTAB before and after adsorption). Specifically, about 0.5 g of silica is

- clectyifsstisdlateaf @50 b bek eentitfu daA0ESIGB NGTAB SO0 5D Gemmixed

on an electric stir plate for 1 hour, then centrifuged for 30 minutes at

10% Toio0Xrpi. ioaided tofs 10%f ThitoleaX si@bnistadded 10GmNbesithe TRIH is
. Supernatant in a 100-ml beaker. The pH is adjusted to 3.0-3.5 with 0.1 N
adjusige forhf-thd wjih Srh BhHS Titrad sbewirr 0nd GOtMagalivith 08000 SLdtd@am
using a surfactant electrode (Brinkmann SURI501-DL) to determine the
laury LSt R a Sras b ekentredsd Baiwtmaer RISRIARE-Bilid toidamenserde
utilizing a U.S. Standard Sieve No. 325, with 44 micron or 0.0017 inch

p%‘B}énings (stainless steel wire cloth) by weighing a 10.0 gram sample to
of the | quart Hamilton mixer Model No.

e A ee e B sl el i lemiion e Vet
sl B ORI Se e e e
cloth VAN BIET Dl Qa0 SAENAIGS e) BRISRD LY BRI i
Hamilton mixer Model No. 30, adding approximately 170 rmal 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. Adjust water spray o 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 o 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. ILoss 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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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

vaneholpeanidhe clear water. Dry (convection oven @ 150C Qicyid8hos/n350724
infrared oven for approx. 15 min.) cool and weigh residue on analytical

balaapél Wabistofdhsriadpomixiyieg (L @ihis*hdumphswathtsitiebis dmple

weight loss at 105C for 2 hours. Loss on ignition (LOI) is the measured
presesf|isyestifnsianeigiopityshbygoocomyentinsal P sngitivp rdetadty predried

for 2 hours at 105C). 35 WO 2006/057719 PCT/US2005/035924 The pH

values of the reaction mixtures (5 weight % slurry) encountered in the
o R LR ST B SR S CAHL AL Kp B aeehiion
.electrode ., Sodium sylfate,content was measured by,canductivity of a
SR et e A G e e
. ' into. - ' milton Beach
mixe B LR 2 O TR R Ry
was 2 VRSIHXEA ORI FoMinUteshiiRn R S MENUNAS JANSIRISTI0:5 4

250-m1 graduated cylinder and the cylinder filled to the 250-m1 mark with
250-HeieRizads WalRleLsinaHbeyRler 11N SHSTNEk G JhSsaraple

was mixed by inverting the graduated cylinder (covered) several times. A

waterC QsielH ek i iretalinSeI6ht AscanbRiec Ba mRE sGrai 500 Mrdehy 189580 he

was used to determine the conductivity of the slurry. Sodium sulfate
gradvaGdteyiimias(ceiertjred:by tompatisondativinsamplesconduatiily Pither
standard curve generated from known method-of-addition sodium
CONSRavErdli ¢l 98 i sitio sl tri dsteFniticahi¢estslfolivwe d itbtostumere
utilized to analyze the structure of initially
Sedium sulfate content was detennined by comparison of the sample conductivity with a
standard corve generated from known method-of-addition sodium sulfate/silica

compeosition shurries,

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

pressure P/P=0.99. Average pore diameter is derived from pore volume and surface area
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produced silica gel during the overall in situ gel/precipitate production
method. Included within these analyses was porosity. Such a property of
accessible porosity was obtained using nitrogen adsorption-desorption

weoiheymmeasurements. The BJH (Barrett-Joiner- Halendery&a@bhosozsors
average pore diameter was determined based on the desorption branch

assurmitii EY1Eh @Al rapRek I IEQMRR RNV LIPS Rikalg %ml H

2010) available form Micromeritics Instrument Corporation, Norcross,

metho@E0KHA STaMRIe thw B5e AluBidSHRRAE Fa2 00 Ml N8 HACKH UMIsey

pressure was about 5 s m of Mercury. Such an analyzer was an
thicknassonradicypeluwasaisial tyjitk poré Gille RAge yOIUMe oD Atainatkat avith

pressure P/P0=0.99. Average pore diameter is derived from pore volume
zero faoticurfgrecange36t Wit 20061057719 PCTIUS2005/035924 assuming

cylindrical pores. Pore size distribution (AV/AD) was calculated using the

BJH method, which provides the pore volume within a range of pore

diif defupasteidemifrisni kiteesi bupegmved atilizrn Bmokdiaddize range

of 1.7 to 500.0 nm diameter, with zero fraction of pores open at both ends.

Viscomgien MR umRRsEayict akpat e srindie aafArig e BRseRNeld
\liscometer Model RVT equipped_with a Helipath T-F spindle and set to 5
measu A RO LBy e SoAD Ul SE S cS AP Reeirent
t indle descends,through the toathpaste test s e and
descertf B0 R T R W o hnls Fredhliiee (om)
viscosiHJ?s @?ﬁ&@éﬁ%ﬁ@ﬁﬁ@s@?xf@?ion (RDA) values of dentifrices containing
|

the silica compositions used in this invention are determined according to

st sl 0Dl BB
silica cbibpOsihs hbdQrdths a0 AidR hre AhieRisdY according to the method set
forth by Heffereq, 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 ipcorporateci herein by reference.

The cleaning property of dentifrice composition; is typically expressed in terms
of Pellicie Cleaning Ratio ("PCR") value. The PCR test measures the ability of a
dentifrice composition to remove pellicle film from a tooth under fixed brushing
conditions. The PCR test is described in "In Vitro 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 components of the dentifrice

composition. PCR and RDA values are unitless.
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publications and patents are incorporated herein by reference. The
cleaning property of dentifrice compositions is typically expressed in terms
of Pellicle Cleaning Ratio ("PCR") value. The PCR test measures the

wabilily @k grislentifrice composition to remove pellicle film frong @rieethhs/n35924
under fixed brushing conditions. The PCR test is described in "In Vitro

Removal of StaiRréfeirdddinibiolinentio Stackeyentioal., J. Dental Res.,
61, 1236-9, 1982. Both PCR and RDA results vary depending upon the
nature and concentration of the components of the dentifrice composition.
PAREARYFRIYA BaltIEdsHETt RIFESS I ey o8 Sorming (in sit) a first

PC #82005/0359,24 Preferred Embodiments of the Invention The

. T g i )
silica;gob (RS Tk FmAir R AR b rapRE ey e SH BRI RIBIRT RS traciauts offsm
sili eqfl.for %el-like material{ and adding thereto sufficient amounts of
A PTG S FRL by Freanessest v
it .Injti d l -li terial),.Th t of gel |
et e B o S Bon e P il B e e
o Py t i of tants in t .
soeeARIEGE RIS RRS UL U R U EREIOS

the s RS 9ele HESTRIRAGRE AR RIRIRR LS 05 ATRH R A PISCIRIALR e

silica, as well as reaction parameters, such as tempetature, rates,

first frOBGEA SRS ﬂ%@ﬁ%%@&@ﬁ%ﬁﬁé&%%ﬁ@ RAstadabove.

Initial Gel Formation EXAMPLE 1-2 The first two examples show the initial

paranRei sticin0ftatica aaley\iiliy) HacerenabngslRreatpiae N odULtiARsed in
method. After initial production, some of these samples were

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 samples were
then washed and purified in order to analyze the resultant material to determine if an
actual gel i;s first férmed as well as for other gel properties exhibited by such a sample. It
is important to note that the remainder of the samples was utilized in the further
production of gel/precipitate products below without any ﬁashing, purifying, etc.

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

(heated to 30°C) was added at a specified rate and for a specified time and the resultant
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then washed and purified in order 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. It is important to note that the remainder of
wibemamptas was utilized in the further production of gel/pregipit@eos/ozsord
products below without any washing, purifying, etc. In each example, a

produé@ WS GHeh aEHRRN S-SRI AN 3.8 e e Jatiseding,silis t%ragftgegﬁﬁlﬁe‘%gd

concentration was charged within a 30 gallon reactor and agitat erein

and s@bs@RERHT- TRRIE AR LB IEN IR B S Rlead.-10i00 Csand dhandd 4%

sulfuric acid (heated to 30C) was added at a specified rate and for a
dried speeifit aviisiBeanesibe e aUllante3 %B’{Qp%ﬁﬂ;@/ 0ordtdd below, the tests for
PCT/US2005/035924 product was then allowed to form into a gel-like
whichvedeeridlifidie dndtevial THaSdhenifiltarase anRulbs eanaBHpWASBRE Wilh
water (at about 60C) and spray-dried. Such collected and dried material
conditicas:tiebl¢cspeovidescanaljzbé pafperipeftiethas hotatljbalenictaarteptados:s.
which were delineated above. The following Table I includes reaction
It wassarigdamb that anon eorldiinnsilicatiel Zproidtivssinitiyie dopissde rtigsifothe
‘these initially produced gel products. It was evident that, upon analysis, a
filtering;and yrashinestapnrssimmedyiorerdtechemihentnd Vidterimly aedessashing
steps performed after collection thereof were only necessary to further
furthep gnalyze the teimmrdBeldoresaiRaFPprBiRsriteachomaner deiftc Eaie T,
below. .Such analysis is not generally performed during the actual

Such JEAYSIR S O8RS %m@m@ﬁm&& Y reite ity Rosshierieh.
was, merely an interest to determine if a silica gel had been produced
e S L Py Mmoo  deermine 1

yan € properties

silica iy WGl B froughout thy rdc.all : dat
e B o B e

measured for the silica gel alone is not an
was unavailable or unmeasured is represented by dashes. Additionally, it is important to

purpodditiafalivnddSPaRLaREsa: RelP@ie ol ARRURIRIPIORSIUES that

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 vil absorption for the |

entire inventive gel/precipitate silica combination,

TABLE 1 Reaction Parameters

Example No. 1 2
Silicate Conc. % 13 6
Silicate Volume, | 60 60
Acid Addition Rate, Ipm 047 047
Acid Addition Time, min 414 2435
Final Reaction pH 9.0 5.28
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indication of nor is it to be confused with the determination of oll

absorption for the entire inventive gel/precipitate silica combination.

TABLE 1 Reaction Parameters Example No. 1 2 Silicate Conc. % 13 6
wiilwaiaafelume, 1 60 60 Acid Addition Rate, Ipm 0.47 0.47 pp¢igl AAKIN 24

Time, min 41.4 24.35 Final Reaction pH 9.0 5.28 39 WO 2006/057719

PCT/US2005/035924 TABLE 2 Example No. 12 % Gel 100 100 % LOD

5.110.7 % LOI 5.8 8.00 % 335 Megh Residue 3.3 0.53 5% pH 9.76 6.90

%Na2S04 3.9¢ eMBS, pm 16.3 10.1 Particle Size §pan --2.10

Particle Size Beta 0.39 0.43 CTAB, m2/g 207 211 BET, m2/g 232 433

% Gel 100 100
% LOD 5.1 10.7
% LOI 58 8.00
% 325 Mesh Residue 33 0.53
5% pH 9.76 6.90
YalNap SOy 3.97 3.18
MPS, um 16.3 10.1
Particle Size Span ~- 2.10
Particle Size Beta 0.39 0.43
CTAB, m%/g 207 211
BET, m’/g 232 433
ik T
0il Absorption, ml/100g 120 gl
Pore Volume, cc/g 2.1 1.29
BE, mg loss/100,000 rev. 12,73 6.65 |
RI 1.457 1.451
% T 11 10
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BSH Desorption Average 196 37 Pore Diameter (A) Oil Absorption,
ml/100g 120 81 Pore Volume, cc/g 2.1 1,29 BE, mg loss/100,000 rev.
12.73 6.65 Rl 1.457 1.451 %T 11 10 40 WO 2006/057719

wWRZH6I§26@5/035924 In Situ Gel/Precinitate Composite ProgligtiQbhos/ozsos
EXAMPLES 3-7 Examples 3-7 contained from about 10 to about 23% by

In Sitd Beea8)i 2RO EBHD SR P AR AP Y0 to about 77% by volume

precipitated silica (as noted in thé accompanying tables). The products of
these examples had silica structure levels varying from low structure (LS)

to medium structure (MS) tgRigheietire (HS). A first step was followed
in which a volume of aqueous solution of sodium silicate (Silicate Volume

AEeispieifetlonniratrRianbSiicatit QeentabeRN AN SRR ARNA3R

ratio of 3.3 was charged within a reactor and agitated therein (depending
about 3thtcthbosiz@76$ tiyevrdaatoprdtipingitatincagpenctstan fhemahestithto
about 92 rpm, although any speed may be utilized for such a procedure).
tablesy hEheprodrctooints:wermpleated $iicsGEuamekthenld $40ingWHbmitoacid
was added at a specified rate (Acid Rate A) for a specified time (Acid
structyrg dlyidrioTmeding (FetERAMBldGhiftrsimatture€HBe agitator speed was
set to 60 rpm, except it was increased briefly for 1 minute to 120 RPM
devifitiALER eadaisn vt whichminltes phaahesyoipiutionpésifiiunwater

e V?éulme, if indicated, was . . .
silicate (Silicate Volume A) of specified concentration (Silicate Concentration A)and a

8§i07:Na,0 ratio of 3.3 was charged within a reactor and agitated therein (depending upon
the size of the reactor, the agitation speed was from about 60 to about 92 rpm, although
any speed may be utilized for such a procedure). The reactor contents were heated to
30°C and then 11.4% sulfuric acid was added at a specified rate (Acid Rate A)fora
specified time (Acid Addition Time A). (For Example 5, for instance, the agitator Spéed
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 pl of the
slurry was tested and optionally maintained at pH 5.0, as indicated, by adjusting the acid
addition rate. The resultant slurry was then heated to as high as 93°C (with others heated
to lower temperatures, as low as 80°C, but allowed to continue to heat up to 93°C after
the second stage precipitation was started), and such a temperature wa;s 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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added to the formed silica gel. A silica gel was then visually recognized
and the pH of the slurry was tested and optionally maintained at pH 5.0,
as indicated, by adjusting the acid addition rate. The resultant slurry was
wibenopesied to as high as 93C (with others heated to lower {@HpRIBILRS 4
as low as 80C, but allowed to continue to heat up to 93C after the second
sulfustagid precipiistien WY AtadRMe BNIRUSR A8 AN S WGSBS at a
maintained for the duration of the batch production. Subsequently,
rate ofIMSUlRIVctRgsroalthti b RgaNG, RAlERSPOChaM AN LITaR SSHBRHSaQHHION
of sodium silicate pre-heated to 85C at specified concentration (Silicate
contir@ehdenigtidizB)iet.a spaitisgsared SieatiiRate Bdnchtitaramer41
WO 2006/057719 PCT/US2005/035924 sulfuric acid at a specified rate
sodiup\sidcRe iotB)luRévisdtd dtionwist eppaitdhe piarftthatadatecohiéh WA
_began after simultaneous addition of acid and silicate commenced and
continyspihy ieaniredghuinpebioimulfaseeus pddifienl singe. (SHicatal Addifion Time
. B) of sodium silicate introduction, its flow was stopped. The pH of the
continyed-vstit thsrenfise hashadhdrrmadiie sisritaréd Quemiisel Bime ttmoedishe
ddition stage. The acid addition continued until the entire batch pH

acid fig as 055 dRiboy! DhBEHREDMINME iR abwiehfrowtovnil the
| bout 2.7 it inute and continued at such a rate until th
overa] B B el R CROPPRLE A SB0 BEPa64 PHETTT BEPUMERC
Jwas then heated..at for 10 minutes (digestion), whil intaining th
ot 93038, T AR e, B S i IS B By MR don e
slun'y%gﬂﬁg) tx%c%\%}gm ﬁ%&n?%gﬁégrt%tm&)%ﬁss g}gn at%g{llj ! St%n ofleesa

(preferably less than 4%, and most pretera elow 2%) as determin

than aBYuBOD{REREHE fills %%C@%%&ii}ﬂbét%&}gfé?ﬁﬁysﬁ’é%dﬁ%ﬂ%?g%é V%'mog by

about 5% water utilizing an inlet temperature of -480C. T ried pro
monitYfas the M mile ddRiunifar ardi 28e DA Eiens Y e et L EXGURPISS Gafelre
described in Table 3. The Acid rate levels for
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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some of the examples were adjusted during the reaction, as noted below.
42 WO 2006/057719 PCT/US2005/035924 TABLE 3 Reaction
Parameters Example No. 3456 7 Silicate Conc. A, % 6 13 1313 13

wHilmaiafelume A, 1 138 . 60 60 60 60 Acid Addition Rate AwdpiikSufs632924
4.7 4.7 Acid Addition Time A, min55555 Water Volume, liters 0 0
150.5 0 0 Reaction pHAR B EReRTof Mesmdgerées No No Silicate Conc.
B, % 14.95 13 17.35 13 13 Silicate Rate B, I[pm 9,6 12.8 8.1 12.8 12.8
ASRIRIEN®, Ipm 4.6-4.8 4.7 4.7%.1 4.7 4.7 Silicate Addigon TimeyB, min
48 42 48 42 42 Average Simultaneous Addition pH 4.9 8.1 6.4 8.57 8.0
Siirstaorsparties of Examples 8-7 weréXdetermled accpyding tq the
methods described above and the results are summarized in Table 4. 43
Witr300msrAd PCT/US2009/8859246F ABLEG) Example No. 364 5 6 7
% Gel 22.9 10 13.4 10 10

Acid Addition Rate A, ipm 5 4.7 5 4.7 4,7
Acid Addition Time A, min 5 5 5 5 5
Water Volume, liters 0 0 150.5 0 0
Reaction pH adjusted to 5.0 Yes No Yes No No
Silicate Conc. B, % 14.95 13 17.35 I3 | i3
Silicate Rate B, Ipm 9.6 12.8 8.1 12.8 12.8
Acid Rate B, Ipm 4.6-48 4.7 4.7-51 4.7 4.7
Silicate Addition Time B, min 48 42 48 42 42

Average Simultaneous
Addition pH 49 8.1 6.4 8.57 8.0

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

described above and the results are sumnarized in Table 4.
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Structure HSLSMS LS LS % LOD6.74.91.95545 % LO14.4434

4.6 3.6 % 325 Mesh Residue 0.4 0 0.02 0.48 0 5% PH 6.61 7.47 6.79

7.09 6.53 %Nra2s04 0.35 <.35 0.74 <.350.98 MPS, m11.37.99.512.2
whlbodattigle Size Span 1.52.2 1.95 2.12 1.90 Particle Size;Bgia Qdt/i3s024

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, ml//IOOFAB883 117 75 81 Pore Volume, cc/g
g loss! 100,000 rev. 3.98 18.37 11.4 25.16

Exagng% 1466 2.18 1.59 1.59 BE,
7792 RI'1.457 - 1.451 1.438 £.441 % 1247 - 30 £10 44 WO
% GRb06/057719 PCTAIS2005/038924 EXAMPLES 8612 Exampjes 8-12

Siru(:ngntained about 25-35% by volume gel and about 75-65 % by volume
Stecipitated silica. THe produdt§ of thesSxamplesShad siliceSstructure

% 1leyels 6.7 4.9 1.9 5.5 4.5
% LOI 4.4 4.3 4 4.6 3.6
% 325 Mesh :

Residue 0.4 0 0.02 0.48 0
5% pH 6.61 7.47 6.79 7.09 6.53
%Na; S04 0.35 <35 0.74 <35 0.98
MPS, um 11.3 7.9 95 12.2 4.11
Parficle 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
CTARB, m%/g 248 54 147 71 76
BET, m%/g 453 81 252 102 81
©il Absorption,

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

100,000 roy. 3.98 18.37 11.4 25.16 7.92
RI 1.457 - 1.451 1438 1.441
%T 47 - 30 4 10
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varying from very low structure to high structure. These examples were
prepared according to the procedure given in Example 3-7, except with
the parameters described in Table 5 below (note that Example 12 was

vaiodugeskwathin a very large reactor, about 40,000 liters in e dikksozs
an agitation speed of about 92 rpm and a high shear recirculation flow

rate of about 3050 liters/mi Reaction Parameters Example
No.89 10 11 12 Silicate %ﬁ/@%ﬁ[ 6.0 32.5 13 Silicate Volume A,
1 200200289069, 3810b1A¢IKhAGIH) A lpm 4.7.4.74.7.4.7 191.3
Acid Addition Time A, m|ﬁ@%%§%)ﬁ§%§%r O?Bﬁ?é?ﬁfégsy@ %YO
voluhe @cipacdanipH Adli -Silicate Conc. B, %
16%161% 16.2113 13 S icate%%ﬁt%?%r%%%%%%gs '.%%S?rﬂ.“é”éfzqf"%éid
varyiR@feoB, Vo b sttcthré b Tighhthbh @l 3TRilicaie Addition Time B, min 48
3148 32.9 35.3 Average Simultaneous Addition pH 4.34 80T T
accord OO TSR i UR2APR/ 035824 pDRVE AN ARRINES Bscribed in

Examples 8-12 were determined according to the methods described

Tableahbele wr{tothaive fixitmate KLwmprizeddd ialie by et ABLE S, BiRpasties
Example 8 9 10 11 12
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 6.0 325 13
Silicate Volume A, ] 200 200 200 | 603 6105
Acid Addition Rate A, Ipm 4.7 4.7 4.7 4.7 i91.3
Acid Addition Time A, min 8 16 3 141 1L75
Water Volume, liters 0 ] U 120 ]
Reaction pH Adjusted to 5.0 No No No ﬁo No
Silicate Conc. B, % 16.21 i3 16.21 13 13
Silicate Rate B, ipm 8.33 12.8 8.33 12.8 521
Acid Rate B, Ipm 45-4.7 47 4720 47 191.3
Silicate Addition Time B, min 48 31 48 32.9 35.3

Average Simultaneous Addition pH =~ 434  8.02 7.1 7.9 —
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%Gel 33 333330 25 Structure HS HS MSLS MS % LOD 5.75.02.04.4
7 %LOI53.83.34.84.1 % 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,
wonehewa 35 10.3. 12.4 12.6 Particle Size Span 1.13 1.96 }@BusRHsse24
Particle Size Beta 0.56 0.37 0.53 0.48 0.3 CTAB, m2/g 318 191 164 50
7 BeB&dl, prop/gtd 2 PBRa AR 88- 11 Svetdildblenntptid e oS00 185042
58/53 122 Pore Volume, cc/g 2.97 3.05 2.9 2.64 2.12 BE, mg loss/]
describgdDgiveand 98 reailtEa7OstRMArZQNinRlabld 67 1.457 1.448 1.438 1.448
T 57 67 256 65.6 46 WO 2006/057719 PCT/US2005/035924
EXAMPLES 13-14 Examples 13-14 contained about 50% gel and about
50% precipitated silica. The products of these examples had silica
structure levels varying from low structure to very high structure. These
examples were prepared 28&8rHiAdtePEIEYSrocedure given in Example

3-7, e@&ﬂ{ﬁj\gth the parameters dgscribed ig Table 716)elow. 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 ) 3.8 33 4.3 4.1
% 325 Mesh Residue 0 1.05 0.02 - 0.1% 2
5% pH 6.14 6.96 6.15 8.03 7.52
% Nay804 : 2.24 0.43 3.97 <(.35 0.82
MPS, pm 10.2 15.5 10.3. 12.4 12.6
Particle Size Span 1.13 1.96 1.26 - 2.28
Particle Size Beta 0.56 0.37 0.53 0.48 0.3
CTAB, m%/g 318 191 164 50 77
BET, m%g 522 242 194 84 118
Oil Absorption, mi/100g 185 167 142 58/53 122
Pore Volume, cc/g 2.97 3.05 29 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

46



TABLE 7 Reaction Parameters Example No. 13 14 Silicate Conc. A, % 13
35 Silicate Volume A,1 300 91.2 Acid Addition Rate A, Ipm 4.7 4.7 Acid
Addition Time A, min 23.5 23.5 Water Volume, liters 0 209 Reaction pH
warusiedtad.0 No No Silicate Conc. B, % 13 13 Silicate R@L@;ﬁ]_,shgmlg35924
12.8 12.8 Acid Rate B, Ipm 4.71 4.7 Silicate Addition Time B, min _23.5
23.5 Average Simultaneops ARgHfiR Pkl 1492 7.29 Several properties of
Examples 13-14 were determined according to the methods described
alitxeenpied 1Dl dasilisiRie SOMPEHIZR indTABI8 S04 N EA08 OR% 194
PCT/US2005/035924 TABLE 8 Example No, 13 14 "% e_I 50 50
produBiy o€ theseld SaMfds @Y 4iGcd drlcRiSidvdislvazidiesh Resided08 047

high structure. These examples were prepared according to the procedure given in

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

TABLE 7 Reaction Parameters

Example No. 13 14
Silicate Conc. A, % 13 35
Silicate Volume A, | 300 91.2
Acid Addition Rate A, lpm 4.7 4.7
Acid Addition Time A, min 235 235
Water Volume, liters 0 209
Reaction pH adjusted to 5.0 No No
Siii_;:ate Cone. B, % _ , 13 13
Silicate Rate B, Ipm | 128 128
Acid Rate B, Ipm 47 4.7
Silicate Addition Time B, ﬁin 235 235

Average Simultaneous Addition pH 792 7.29

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

described above and the results are summarized in Table 8.
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5% pH 6.75 7.83 %Na2S04 0.59 1.61 MPS, m 15.4 10.4 Particle Size
Span 1.69 -- Particle Size Beta 0.44 0.42 CTAB, m2/g 251 90 BET, m2/g
377 127 Oil Absorption, ml/100g 210 111 Pore Volume, cc/g 429 1.98

wBE000@9989/100,000 rev. 1.46 6.47 Rl 1.457 1.441 %T 84 ddr/exaimiilesr,
15-17 Examples 15-17 reflected the ability to adjust the gel level and the
silica structure through pH magifigagigns of the precipitated silica
component during gel/precipitate production as well as through changes
in reactant corg;@g{ R3S These examples yvere prep%ed according to
the procedure given in Examples 3-12, except with the parameters 48 WO
2006/057719 %USZOOS/OSSQ% descrif§éd in Table3® below and within
the same reacéD gmg&under the same aglta}ggn conditions as noted for
Example 12, a xamples 15 and 17 had no high Mzar recirculation,
however, whesgapBxample 16 utilized the ggme high shgar recirculation
flow rate as Example 12. TABLE 9 Reaction Parameters

% LOI 3.7 4.1
% 325 Mesh Residue 0.08 0.07
5% pH 6.75 7.83
%Na; S0, 0.59 161
MPS, pm 15.4 10.4
Particle Size Span 1.69 -
Particle Size Beta 0.44 0.42
CTAB, m*/g 251 90
BET, m%g 377 127
Qil Absorption, ml/100g 210 111
Pore Volume, cc/g 4.39 1.98
BE, mg loss/100,000 rev. 1.46 6.47
f RI 1.457 1.441
% T 84 14

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

prepared according to the procedure given in Examples 3-12, except with the parameters
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Example No. 15 16 17 Silicate Conc. A, % 13.0 6.0 13.0 Silicate Volur_ne
A, 12442 8140 4884 Acid Addition Rate A, Ipm 191.3 191.3 191.3 Acid
Addition Time A, min 58 11.5 Water Volume, liters 0 0 0 Reactiqn pH
wAjusgesh t@95.0 No No No Silicate Conc. B, % 13.0 16.21 138r/gii6adR35924
Rate B, fpm 521 339 521 Acid Rate B, Ipm 191.3 191.3 231._7_ Silicate
descrigditioTaBis®u3lowiBnd 24813 (e sAueraqos s iARsoMs AdrlitionRELS-7

7.2 5.4 Several properties of Examples 15-17 were determined according

conditivtiseasnethdds: Besnpiert alvove. aehiiRsesUSRIe BUTITRIASHdR Table
10. 49 WO 2006/057719 PCT/US2005/035924 TABLE 10 Properties

recircEleion bob& &b, LhcteaS Bk 43S R0t Hire thsadnSe WSS Y4 d PRI 2i0:9
4.1 % LOI 4.33.2 4.5 % 325 Mesh Residue 2.6 4.2 0.43 5% pH 7.2 6.69

flow mitgas Example 12.

TABLE 9 Reaction Parameters

Example No. 15 16 17
Silicate Conc. A, % 13.0 60 130
Silicate Volume A,1 2442 8140 4884
Acid Addition Rate A, Ipm 191.3 1913 1913
Acid Addition Time A, min 5 g 11.5
Water Volume, liters 0 ¢ 0
Reaction pH Adjusted to 5.0 No No No -
Silicate Conc. B, % 13.0 1621 130
‘Silicate Rate B, lpm 521 339 521
Acid Rate B, Ipm 1913 1913 2317
Silicate Addition Time B, min 42 48 37.6

Average Simultaneous Addition pH 9.7 7.2 54

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

described above and the results are summarized in Table 10,
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% Na2S04 0.59 0.82 0.51 MPS, Pro 12.4 13.21 10.35 Particle Size
Span 2.83 2.79 2.52 Particle Size Beta 0.29 0.34 0.41 CTAB, m2/g 92
151 185 BET, m2/g 91 166 265 Oil Absorption, mUIOOg 79 115 150
wiptend/@iume, cc/g 1.39 2.08 2.64 BE, mg l0ss/100,000 rev péd4¢€296€ 935924
- 3.83 RI11.432 1.454 1.454 %T 5 67 57 Dentifrice Formulations
Toothpaste formulations vyaigitapasrgiaing several of the
above-described gel/precipitated silica examples to demonstrate the
ready-texaegien demand capabilitiegs of thejigiventive gompositions
without furthering metering of the two components for optimum dental
protectid¥Henefits. 50 WO 2006/058719 PE¥/US2088/035924 To
prepar ntifrices, the glycerin, sodium, garboxymethyl cellulose,
polyethgﬁgﬁégglycol and sorbitol W&g mixe@I ogether“and stirred until the
ingredigtewere dissolved to form & first a@mixtureﬁhe deionized water,
sodium fluoride, tetrasodium pyrophosphate and sodium saccharin were
also miké@logether and stirred undiBtheselngredients are dissolved to
form a‘,@rﬁ?gn %gmixture. These two admixtures were then combined

with st &4 %he optiondi&olor #as add@eith stirring
5% pH 72 669 717
% Na; S04 .59 (.82 0.51
MPS, pm 12.4 13.21 10.35
Particle Size Span 2.83 2.79 2.52
Particle Size Beta 0.29 0.34 0.41
CTAB, m%g 92 151 185
BET, m%/g 91 166 265
Oil Absorption, ml/100g 79 115 150
Pore Volume, co/g 1.39 2.08 2.64

BE, mg loss/100,000 rev. 22.47 5.79 3.83
R 1432 1454 [.454
% T .5 67 57

Dentifrice Formulations

Toothpaste formulations were prepared using 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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to obtain a "pre-mix". The pre-mix was placed in a Ross mixer (Model 130
LDM) and silica thickener, abrasive silica and titanium dioxide were mixed
in without vacuum. A 30-inch vacuum was drawn and the resultant
waslmoistoser was stirred for approximately 15 minutes. Lastly, goghitiandalésgba4
sulfate and flavor were added and the admixture was stirred for
afrpripantely BeRinstes Mea FRdnresoli e} danHlant
dentifrice was transferred to plastlc laminate toothpasté tubes and stored

polyefloyléutugh iobing srbRolwai RO TARuIRIGDE aereiveninnt alledi helow.

The dentifrice formulation utilized was considered a suitable test

were diesuifedeoGsmuiafinn ddmikepuldeskionl-da waminingine Rusnd RDA (as
well as viscosity) measurements for the inventive and comparative

tetrasqsun ipgophosivessadiges sacthermmennilob cssedxypreaibysealltese to
permit proper formation of the dentifrice from physical and aesthetic

until thesespestilientyvasealisraliecinicfotain sitmidonisninttnearThéteatio dhaiamnmeunt
of deionized water added, but the overall base dentifrice formulation

were thepchmbingd s slitrisgtiE ereaRenidbesonsinwbentes wasteddedovish SUrive
2006/057719 PCT/US2005/035924 TABLE 11 Form. Form. Form. Form.

to °b‘%’6ﬁnp’f§o??ﬁ FJﬁﬁ PGP Bashlasesdin.a Rosg mixep (MadelG0doh b 11

i %‘(‘f ji}r@é] 11 1 Sorbitol 40 (70%1% 40 40 40 40 40 40 40 40
silica eI WAOR 8?e3r“ bSiogiym giogids Hsre Bxed in vithyuoveenym. A

30-i,ucg%cu MR a?\irg a% tﬁe resultant admixture was stirred for approximately 15

minutes. Lastly, sodium laury! sulfate and flavor were added and the admixture was
stirred for approximately 5 minutes at a reduced mixing speed. The resultant dentifrice
was transferred to plastic laminate toothpaste tubes and stored for future testing. The
dentifrice formulations are given in Table 11 below. The dentifrice formulation utilized
was considered a suitable test dentifrice formulation for the purposes of determining PCR
and RDA (as well as viscosity) measurements for the inventive and comparative cleaning
abrasives. Changes in the amount of carboxymethylcellulose to permit proper formation
of the dentifrice from physical and aesthetic perspectives were made in certain situations
with an offset in the amount of deionized water added, but the overall base dentifice

formulation remained essentially static for the tests followed as noted above.
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600',/0333 CMC-71vIXF,LZ20.81.21.0051.20.81.21.00.5 %

Tetrasodium 0.5 pyrophosphate 0.50.50.50.50.50.50.50.50.5

Sodium 0.2 0.20.20.20.20.2 0.2 0.2 0.2 Saccharin % ,, Sodium 0.243
WiH243:0:243 0.243 0.243 0.243 0.243 0.243 0.243 0.243 % Ppadkidenssidizns

1.5 thickener ZeodentQ 1.51.51.5151.51.51.51.51.5 165, Example

4 20 silica, % Example 5 silica, %281 Exgmple 6 silica, % 20 Example 7

Silica, % 20 Example 8 Silica, % 20 Example 9

Form.
I

Form.
2

Form.

3

Form.
4

Form.

5

Form.
6

Form.
7

Form.
8

Form.
9

Form.
10

Glycerin
{99.5%), %

11

11

11

11

1!

i}

1

11

11

11

Sorbitol
(70%), %

40

40

40

46

40

40

40

40

40

40

Detonized
water, %

20

20.4

20

20.2

20.7

20

20.4

20

20.2

20.7

Carbowax
600", %

3

3

3

3

CMC-TMXF’,
%

1.2

0.8

1.2

1.0

0.5

1.2

0.8

1.2

1.0

0.5

Tetrasodium
pyrophosphate

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

Sodium
Sacchanin, %

6.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

Sodium
Fluoride, %

0.243

0.243

0.243

0.243

0.243

0.243

0.243

0.243

0.243

(.243

Silica
thickener
Zeodent®
1635, %

1.5

1.5

1.5

1.5

1.5

£S5

1.5

1.5

1.5

1.5

Example 4
silica, %

20

Example 5
silica, %

20

Example 6
silica, %

20

Example 7
- Silica, %

20

Example §
Silica, %

20

Example 9
silica, %

- 20

Example 10
silica, %

20

Example 13
silica, %

20

Example 16
Silica, %

20

Example 17
Silica, %

20

TiO,, %

0.5

0.5

0.5

-85

0.5

0.5

0.5

0.5

0.5

0.5

Sodium Iauryi
suifate, %

1.2

1.2

1.2

1.2

12

1.2

1.2

1.2

Flavor, %

0.65

0.65

0.65

6.65

0.65

0.65

0.65

0.65

0.65

0.65
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silica, % 20 Example 10 silica % 20 Example 13 silica, % 20 Example
16 Silica, % 20 Example 17 Silica, % 20 TiO2,% 0'50.50.50.50.50.5
0.50.50.50.5 Sodium fauryl 1.2 sulfate% ,1.21.21.21.21.21.21.21.2
w ORI 7%990.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 O.%Tﬁgsy_}g{@msgm
2006/057719 PCT/US2005/035924 CT I A polyethylene glycol available
frohntpelidighGarkice Senaslation Ravky. Gudige 9985%2&'8483%6
CT available from the Aqualon division of Hercules Corporation, Wllml_ngto ;
DE; also acceptable is CEKOL(r) 2000, a CMC available from Noviant
The dcatiasroistlsellidns: prepabbofain ve Weralevalliairg faReERand
Corppuations Wiisringtom doBralmyacehabiethCEK Ob R 500, alone:; 4bilable from
NCWiﬁ'ﬂé\asurements, 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

RefgAiERitrice formulations prepared above were evaluated for PCR and RDA
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 Indianapolis, Indiana.

TABLE 12
Form Form Foom Form Form Form Form Form Form Form
1 2 3 4 5 6 7 8 g i0
PCR 123 106 153 95 76 64 98 74 97 91
RDA 204 143 233 182 66 . T3 34 23 117 187
PCR/ 0.60
RDA 0.7 065 052 115 088 073 322 083 0093

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. Hubet Corporation) for Formulation 11.

The dentifrice formulations were prepared according to the method provided above and
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Corporation of Port Allen, Lousiana, and the remaining PCR data from
Oral Health Research Institute of Indianapolis, Indiana. TABLE 12 Form
Form Form Form Form Form Form Form Form Form 123456789 10
WeCRIA@371400 153 95 76 64 98 74 97 91 RDA 204 143 233 48216H0635h34k4
23117 107 PCR/0.60 0.7 0.650.52 1.150.88 0.73 3.22 0.83 0.93 RDA
with Fiiehreeusime igweuriiad.PaciRHBAN S YT gkl ﬁffeﬁlé"%@!)%‘ﬂ'“?a%e 13
capabilities with relatively low dentin abrasion properties. Several other
providertigiferinln tatines %@%@i@@%@&lﬁﬁiﬁ&glﬁ%ﬂ@&?&ﬁ‘ff&%ﬂ%ﬁm}’f“tive
silicas for Formulations 12-14 and a combination of an inventive silica and
abrasiyves anrebgticipicsitic (@ RQP BNIHR:d 45-8gm J.M. Huber Corporation) for
Formulation 11. The dentifrice formulations were prepared according to
- the method provided above and 53 WO 2006/057719
PCT/US2005/035924 with miiéBikke Same ingredients as described

above in Table 11. The following Table 13 provides the formulas for these
toothpastes-incorporating-blends of different silica abrasives in relation to

ASTC o M TCUT

the invention described herefr‘f.rlmf’}ﬁE Lﬁ?‘?i?orﬁ?wlﬁ rﬁ‘i’[{l{?’?c rmula

FormUla T 12 13-14~Glydetin-t99-5%), %+ H

Glycerin (99.5%), % 13 11 [ 1t
Sorbitol {70%), % 40 40 40 40
Deionized water, % 202 20.6 20.6 20.7
Carbowax 600, % 3 3 3 3
CMC-TMXF, % 1.0 0.6 0.6 0.5
Tetrasodium

pyrophosphate 0.5 0.5 0.5 0.5
Sodivm Saccharin, % 0.2 0.2 0.2 0.2
Sodium Fluoride, % 0243 0.243 0.243 0.243
Silica thickener

Zeodent® 165, % 1.5 1.5 is 1.5
Example 5 silica, % 15 0 0 0
Example 7 silica, % 0 5 ] 0
Example 8 silica, % 0 i5 10 6
Example 10 silica, % 0 ] 10 14
ZEODENT® 115 sili

vl fiea, 5 0 0 0
TiO,, % 0.5 0.5 0.5 8.5
Sodium lauryl sulfate, % i.2 1.2 1.2 i2
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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Sorbitol (70%), % 40 40 40 40 Deionized water, % 20.2 20.6 20.6 20.7
Carbowax 600, % 33 33 CMC-7MXF, % 1.0 0.6 0.6 0.5 Tetrasodium o
phosphate 0.5 0.5 0.5 0.5 Sodium Saccharin, % 0.2 0.2 0.2 0.2 Sodium
weluosints960.243 0.243 0.243 0.243 Silica thickener Zeodantedafs/io24
15151515 Example 5 silica, % 1500 0 Example 7 silica, % 0500

Exaeyyeifabcamaifibasiidafaamie wek s et Pl Fok4ind RDA
ZEODENT(r) 115 silica, /05000 TiO2, % 0.5 0.5 0.5 0.5 Sodium lauryl

propesitfapecofdih th.Bd rReth3dddav@ibde HGH AERQRTMhERLIOWBHIGHE

precipitated silica available from I.M. Huber Corporation, Havre de Grace,

PCR:RM2hytatives. 54 06D ROOEAE Tk R0k bkS pRREA3HO T4bithe detatifrice
formulations prepared above were evaluated for PCR and RDA

TABLE 14
Formula Formula Formula  Formula
1 12 i3 14
PCR 67 90 92 g5
RDA 168 96 97 13
PCR/RDA 0.58 0.94 0.95 0.84

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

much lower abrasion levels.

Detziled Description of the Drawings

FIG. 1 shows in graphical representation the ratios of RDA and PCR available
within some of the dentifrice formulations listed above, as compared with physical
mixtures of silica gel and precipitated silica, produced in much the same way as those
disclosed within U.S. Pat. No. 5,638,533 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 conelatéd lower
RDA. Thus, it has been unexpectedly found that such an inventive combination permits

greater cleaning ability without simultaneously unacceptably high dentin abrasion.
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properties, according to the methods described above; the

measurements, as well as the PCR:RDA ratios for each dentifrice

formulation are provided in Table 14 below. TABLE 14 Formula Formula
weptmersFormula 11 12 13 14 PCR 97 90 92 95 RDA 168 26ra% k43035024

PCR/RDA 0.58 0.94 0.95 0.84 The cleaning ability of these combinations,

in@ﬂr@@ﬁﬂfc@mﬁm&z@&ﬁwr&dﬁsﬂmﬁyjmédeigbénééfmgis??g&%%m
C

effective dental polishing and film removal material with m ower

aestheiraginndeyelexfaiadispeRRsyriptigRRIihe, Bravwings &%@h@%’s in
laple

graphical representation the ratios of RDA and PCR ava within
repregomationl Wikhid i Giricatfirevidationst ibéedabaveva HISRTRRASRAWILR such

physical mixtures of silica gel and precipitated silica, produced in much
matenigls S exjbiishh swee distlabastwithiin PeRicRafilh eldaAh8 GHdARIEEN

The slope of each line indicates the general results accorded by each

lowerdifideriyer rikaisrobihg ghotwehetathe isientioneaublyaformed
combination of this invention imparts greater PCR results with correlated

lo &tr) RDA. &L’JS it has been unexpectedly found that such an invgp@ive
cOmBIEToR BErnfiegrdsREr ERe A TGaBHISP I AR et tbinksnineceopalylities
f thedhacsce tably high denti .abraglqn. 55 WO 2006/057719
o e TR oL AT B e st b ek lsde ofasbind
reci i&%&%s%}éﬁl!é% A gl cellent aesthetics ﬁ%séand-u , texture )
P I{Jlispersion). Part%gﬂ ,lglil)’lée 5‘3‘3%?% grétbeh ¢ test déntifrice formulation
as listed above). It is evident that there is a significant difference in overall structure and
resultant function of these different types of materials as the in sifu generated composite
materials exhibit differing degrees of thickening over the spectrum of amounts of

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

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

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

gels and precipitated silica materials provides improved pellicle film cleaning benefits
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representation within FIG. 1, it is evident that the comparative physical
blends of such materials do not exhibit the same desired increase in
pellicle film cleaning efficiency with lower RDA values as those of the in

watpogemaraied invention combinations. Likewise, in FIG. 2 thergnis2005/035924

provided a comparison of the thickening capabilities of the inventive in
e Siiga Batien h hysical-blends.of gels and . .,
Whﬂe;grﬂglcipitatgis{g e%cribed%vﬁ%y%gﬁ?&%'gt%% (&%’i’tﬁ?ﬁ‘%ﬁ&%ﬁfﬁ*ﬁé%’t’ oviding
a mod@PiGR EmatiARAR l@fﬁdamgﬁﬁrdﬁéﬁﬁwqgﬂéﬂla&m%{fa rgfi tooth
significant difference in overall structure and Tesultant function o fhase
surfag&jg‘f@ﬁgﬁgty@es of materials as the in situ generated composite materials
exhibit differing degrees of thickening over the spectrum of amounts of
gel/precipitate present therein than the Rice patent blends. Clearly, then,
there is a distinction in form and characteristics for these two different
types of dentifrice additives. Furthermore, FIG. 3 shows in graphical
readetaiiventienvel badaveivis] ehthdsPG RIS . cRbActizadingscietahe
inventive gel/precipitate composite materials over a wide range as
prefergeemhedimants i saratcatetidare menay fotarded omtientitindhpeetipitated
silica_abrasives (again as measured within the same test dentifrice
those Rpecific priRodimmuiserber Kbbinigndersie pryshensneienssiajstass el
. that the jnyentive gel/precipitate silica composite materials accord much
equiv Fd‘ﬁse?‘}-‘iéﬁ f‘gé?ﬂﬁ NRiE RO HIH G168 RS HRBRIoBs Gis apa derishingd by the
ceonventional abrasive materjals, showing the significant differences
ggt%‘v% ngcgocé%%?ﬁ@eeg rvfi‘ia%%%ﬁr&?ﬂﬁe inventive in situ produced
types. In this manner, surprisingly, it has been realized that the in situ
production of blends of silica gels and precipitated silica materials
provides improved pellicle film cleaning benefits 56 WO 2006/057719
PCT/US2005/035924 while simultaneously exhibiting much lower dentin
abrasion readings, thereby providing

scope
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a more effective cleaning material with a lower propensity to deleteriously
abrade tooth surfaces during use. While the invention will be described
and disclosed in connection with certain preferred embodiments and
woashioes7iis in no way intended to limit the invention to thesg sReRi&635924
embodiments, rather it is intended to cover equivalent structures structural
equivalents and all alternative emAggiments and modifications as may be
defined by the scope of the appended claims and equivalence thereto. 57
First we'Q20664080%)0 PCT/US2005/035924 CLAIMS First set (process
alone) 1. A method for producing an in situ produced gel/precipitate silica
L cofpiethtiddior sepduriethatizompisinghgelgmueptiakesitios &fmbiashaiing
. asufficient amount of an alkali silicate and an acidulating agent together
said metndrampisingshe seawpatitbstepaaf, without first washing, modifying, or
purifying said formed silica gel composition, b) subsequently introducing to
saftdl flimicigeicniiiisirntionasiof erenlikainglicato Ardreakaitdiinategnd an
acidulating agent to form a _precipitated silica without affecting the silica
*"ge%eéﬁ‘%ﬁ%’@tﬂﬁ IeRRirrmpgativreendiithencrsowashingionodifiiihg, o situ
..produc el/precipitate silica_.combination made by the method of Claim
it LAl

WhEp S F51 SPRMESesent therein is from 5 to 85% by volume
bination. 3. The in situ produced

of t? tal /precipitate silica co [ )

ge p%%p Ié%glgi) |C%O§3%ﬁ8ﬁ8‘rﬁfﬁ’1 G2 SHTRARREIG S SeBcisR amemateh
an alléggiﬁﬁ’mg@tﬂg Qéﬁiﬁ@a&ﬁ:eg LOgrerHt ?(]; Poa:{n“%l%?egff:ri]tlgtggj gl?ca{n \E’i%ll%[]lt%?fgé%ltelg
 the silica gel, thereby producing a gel/precipitate silica combination.

2. The in situ produced gel/precipitate silica combination made by the method of Claim
1 wherein the silica gel amount present therein is from 5 to 85% by volume of the total
gel/precipitate silica combination.

3. The in situ produced gel/precipitate silica combination made by the method of Claim
1 wherein said combination is in the form of particles exhibiting a median particle size
range of from 3 to 20 microns.

4. A dentifrice comprising the in situ produced gel/precipitate combination of Claim 2.

5. The dentifrice of Claim 4 further comprising an abrasive component different from

said in situ produced gel/precipitate silica combination.
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range of from 3 to 20 microns. 4. A dentifrice corhprising the in situ
produced gel/precipitate combination of Claim 2. 5. The dentifrice of
Claim 4 further comprising an abrasive component different from said in

waitnopsosaed gel/precipitate silica combination. 58 WO 200005 ¥dak8s/635024

PCT/US2005/035924 6. The method of Claim | wherein step "a" is

6.  TberfortebodtCaienipehataie datWakis pdrturid sinuit@operahikiremwethod of
Claim | wherein step "a" is performed under agitation and step "b" is

about ABodR@H under high shear conditions. 8. The method of Claim 7 wherein
step "a" is performed at a temperature between about 40 and 90C. 9. The
in situ produced gel/precipitate silica combination of Claim 3 wherein the
S|I|ca Eggl amount present therein is from 5 to 85% by volume of the total

Theprhapiedfelameh vesrsshsisiore 16 PA RERsw rderoisaiongad otpp Shi is

él eI/preC|p|tate silica combination of Claim 3. 11. The dentifrice

perfor&e f%rl e EBRYHR an abrasive component different from said
in situ produced gel/precipitate silica combination. 12. The in situ

produced gel/precipitate silica combination made by the method of Claim

h L|IC Iamo nt pr,esent ere |sfom5t08
8. T@gvl\tnﬁ%é%d’f Eglf%{rél g§ f)erlé}cslpel até Silica com J:na ion. %‘3’1}\‘}855 3’(%%157719
about F§-HHspa05/035924

9.  The in situ-produced gel/precipitate silica combination of Claim 3 wherein the silica
gel amount present therein is from 5 to 85% by volume of the total gel/precipitate silica

combination.

13. A dentifrice comprising the in situ produced gel/precipitate silica combination of

Claim 3,

11. The dentifrice of Ciaim 10 further comprising an abrasive component different from

said in situ produced gel/precipitate silica combination.
12. The in situ produced gel/precipitate silica combination made by the method of Claim

6 wherein the silica gel amount present therein is from 5 to 85% by volume of the total

gel/precipitate silica combination.
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13. A dentifrice comprising the in situ produced gel/precipitate silica
combination of Claim 12. 14. The dentifrice of Claim 13 further comprising
an abrasive component different from said in situ produced gel/precipitate
waillisageenhination. 15. The in situ produced gel/precipitate sfiefusrons/035924
combination made by the method of Claim 7 wherein the silica gel

13- A e R R e B npsody et sk prestitatesiline consbination of

Clairgzh)precipitate silica combination. 16. A dentifrice comprising the in situ
gefierated gel/precipitate combination of Claim 14. 17. The dentifrice of
Claim 15 further comprising an abrasive component different from said in
situ produced get/precipitate silica combination. 18. The in situ produced

D S Clte R R S o SRR R SR

the silica gel amount presen rein’

said AP BRIRISE PiRleSlicacombination. 19. A dentifrice comprising the in
situ ggneratedESEZf?prea%ipitatei%%%otg?né?%lr?%f Claim 18. 60 WO

2006/057719 PCT/US2005/035924 20: The dentifrice of Claim 19 further
comprising an abrasive component different from said in situ produced

15. Ded/presippaiesHic pRRRIHAIONIEA combination made by the method of Claim
7 wherein the silica gel amount present therein is from 5 to 5% by volume of the total

gel/precipitate silica combination.

16. A dentifrice comprising the in situ generated gel/precipitate combination of Claim

14.

17. The dentifrice of Claim 15 further comprising an abrasive component different from

said in situ produced gel/précipitate silica combination.
18. The in situ produced gel/precipitate silica combination made by the method of Cla&m
8 wherein the silica gel amount present therein is from 5 to 85% by volume of the total

gel/precipitate silica combination.

19. A dentifrice comprising the in situ generated gel/precipitate combination of Claim

i8.
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20. The dentifrice of Claim 19 further comprising an abrasive component different from

said in situ produced gel/precipitate silica combination.
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