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are in situ generated conpositions of precipitated
silicas and silica gels. Such conpositions exhibit
different beneficial, particularly sinultaneously high
pellicle filmcleaning properties and noderate dentin
abrasion levels. Such a result thus accords the user a
dentifrice that effectively cleans tooth surfaces
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the surfaces of the subject teeth. Furthernore, the
produced abrasi vVMATERIAIISFORSDENIRIRICESry hi gh and
desirabl e brightness properties that permt easy
i ncorporation and utilization within dentifrices for
aest heti c purposes. Enconpassed within this invention
is a uni que nethod fo%le k?:geﬁl%ﬂ ggl / precipitated
silica conposite naterla s r suc a purpose,
part Ul ar | n condi t.i ons, as
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descri bed above and dentifrices conprising such
camnastions Afipistipitatedrilicss and silisngelyr Sugheompasiioas exhihi different
been included in conventional dentifrice conpositions
beneficinl particolarlyshmeltareousy highgetiiile Slm cleahingipneperties and
pellicle film fromthe surface of teeth. Pellicle
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very high and desirable brightness properties that permit easy incorporation and
utilization within dentifrices for aesthetic purposes. Encompassed within this invention is
a unique method for making such gel/precipitated silica composite materials for such a
purpose, particularly under high shear conditions, as well as the different materials within.

the structure ranges described above and dentifrices comprising such.

Background of the Prior Art
An abrasive substance has been included in conventional dentifrice compositions
in order to remove various deposits, including pellicle film, from the surface of teeth.
Pellicle film is tightly adherent and often contains brown or .yellow pigments which
impart an unsightly appearance to the teeth. While cleaning is important, the abrasive
should not be so aggressive so as to damage the teeth. Ideally, an effective dentifrice

abrasive material maximizes pellicle film removal while causing minimal abrasion and



abrasive material maximzes pellicle filmrenova
whi | e causi ng m ni mal abrasi on anddamage to the hard
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performance of the dentifrice is highly sensitive to
the extent of abrasion caused by the abrasive
i ngredi ent. Conventionally, the abrasive cl eaning
mat eri al has been introduced in flowable dry powder
formto dentifrice conpositions, or via redispersions
of flowable dry powder fornms of the polishing agent
dpmegeao ¢k leedl doah tissuas. Chaeduentty,cimdny othérthingg, théperformance of
dentifrice. Also, and nore recently, slurry forns of
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materials that nmeet such objectives. Synthetic silicas
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need to provide a stable paste that can neet a nunber,
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limtation, the ability to be transferred out of a
prooidt aiaxémal( deatingwith ntinbgl impactpo esesharé tooth surfaces. Dental
researchers are continually concerned with identifying abrasive materials that meet such
objectives.

Synthetic silicas (of higher strﬁcture) have also been utilized as thickening agents
for dentifrices and other like paste materials in order to supplement and modify the
rheological properties for improved control, such as viscosity build, stand up, brush sag,
and the like. For toothpaste formulations, for example, there is 2 need to provide a stable
paste that can meet a2 number of consumer requirements, including, and without
limitation, the ability to be transferred out of a container (such as a tube) via pressure
(i.e., squeezing of the tube) as a diirlensionally stable paste and to return to its previous

state upon removal of such pressure, the ability to be transferred in such a manner to a

brushhead easily and without flow out of the tube during and after such transference, the



(i.e., squeezing of the tube) as a dinensionally
stable paste and to return to its previous state upon
wo eovoa ais6Df such pressure, the ability to be PCT/US2007/006835
transferred in such a manner to a brushhead easily and
wi thout flow out of the tube during and after such
transference, thepropensity to remain dinensionally
stable on the brush prior to use and when applied to
target teeth prior to brushing, and the exhibiting of
proper nout hfeel for aestheti ur goses,, at |l e fon.
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proper network of support to properly contain such
of tinpmbfemhteeth, watst.cant otlzsagtive eompenents{spchasitiigride-based

ingredients. It is thus evident that fornulating
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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
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 properties could potentially reduce formulation complexity, not to mention
potentially reducing the overall manufacturing costs.
A number of water-insoluble, abrasive polishing agents have been used or
described for dentifrice compositions. These abrasive polishing agents include natural
and synthetic abrasive particulate materials. The generally known synthetic abrasive

polishing agents include amorphous precipitated silicas and silica gels and precipitated

calcium carbonate (PCC). Other abrasive polishing agents for dentifrices have included



A nunber of water-insoluble, abrasive polishing agents
have been used or described for dentifrice
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natural and synthetic abrasive particulate material s.
The general ly known synthetic abrasive polishing
agents include anorphous precipitated silicas and
silica gels and precipitated cal cium carbonate (PCC).
Q her abrasive polishing agents for dentifrices have
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phosphate, perlite, and the I|ike.
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silicas, in particular, have been used as abrasive
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conm nuted in order to d;_irow de a suitable particle
clugiers of primacy partigles), bubwitheut agglomeration into a three-dimensional gel

structure. The resulting precipitate is separated from the aqueous fraction of the reaction
mixture by filtering, washing, and drying‘procedures, and then the dried product is
mechanically comminuted in order to provide a suitable particle size and size
distribution.

The silica drying procedures are conventionally accomplished using spray drying,
nozzle drying (e.g., tower or fountain), wheel drying, flash drying, rotary wheel drying,
oven/fluid bed drying, and the like.

As it is, such conventional abrasive materials suffer to a certain extent from
limitations associated with maximizing cleaning and minimizing dentin abrasion. The
ability to optimize such characteristics in the past has been limited generally to

controlling the structures of the individual components utilized for such purposes.



The silica drying procedures are conventionally
acconpl i shed using spray drying, nozzle drying (e.g
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wheel drying, oven/fluid bed drying, and the |ike. As
it is, such conventional abrasive materials suffer to
a certain extent fromlimtations associated with
maxi m zi ng cl eaning and m nim zi ng dentin abrasion.
The ability to optim ze such characteristics in the
past has been |imted generally to controlling the
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other like conmponents in order to effectuate different
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conbi nati ons of
different resultant levels of such cleaning and abrasion characteristics. To compensate
for such limitations, attempts have been undertaken to provide various combinations of
silicas to permit targeting of different levels. Such silica combinations involving
compositions of differing particle sizes and specific surface areas are disclosed in U.S.
Pat. No. 3,577,521. to Karlheinz Scheller et al., U.S. Pat. No. 4,618,488 to Macyarea et
al., U.S. Pat. No. 5,124,143 to Muhlemann, and U.S. Pat. No. 4,632,826 to Ploger et al.
Such resultant dentifrices, however, fail to provide desired levels of abrasion and high
pellicle cleaning simultaneously.

Another attempt has been made to provide physical mixtures of precipitated

silicas of certain structures with silica gels, notably within U.S. Pat. 5,658,553 to Rice. It

is generally accepted that silica gels exhibit edges, and thus theoretically exhibit the



silicas to permt targeting of different |evels. Such

silica conbinations involving conpositions of

waldo7arisey particle sizes and specific surfacePer/e@sm07/006835
are disclosed in U S, Pat. No. 3,577,521. to Karl heinz
Scheller et al., US. Pat. No. 4,618,488 to Macyarea
et al., US. Pat. No. 5,124,143 to Muhl emann, and U. S.

Pat. No. 4,632,826 to Ploger et al. Such resultant
dentifrices, however, fail to provide desired | evels
of abrasion and high pellicle cleaning sinultaneously.
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dentin abrasive characteristics such that fil mrenoval
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destruction, hi 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
merely a start toward desirable abrasive characteristics. Furthermore, the requirement to
produce these separate gel and precipitate materials and meter them out for proper target
levels of such characteristics adds costs and process steps to the manufacturing
procedure. A manner of providing the benefits of such combinations, but to a very high
level of pellicle film cleaning and at a relatively low to moderate degree of dentin

abrasion, with simultaneous facilitation of incorporation within dentifrice formulation are

thus unavailable to the industry at this time.



saf er abrasive that exhibits a significantly higher
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Obj ects and Summary of the Invention It has now been
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excel l ent thickening properties as well as desirable
pelligde film gleaping capalitieyvishigsientifricss of inthgtaltemative, such
i ntroduction of such a singularly produced, stored,
forrankdtions 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. Importantly, as well, is the need to incorporate a high shear
treatment step after the initial gel production process has been accomplished. Such an
extra procedure provides previously unattained PCR and RDA results, as well as
increased brightness of the materials, as described herein.

In particular, the specific in situ formed composites exhibit very high levels
pellicle film cleaning properties compared with lower radioactive dentin abrasion results
such that the resultant materials can be added with other abrasive materials (such as lower
structure precipitated silicas, calcium carbonates, and the like) for the dentifrice producer
to target certain high levels of cleaning with lower abrasiveness thus providing the

optimization of cleaning while providing a larger margin of abrasion protection to the



i ntroduced additive. Inportantly, as well, is the need
to incorporate a high shear treatnent step after the
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Such an extra procedure provides previously unattained
PCR and RDA results, as well as increased brightness
of the materials, as described herein. In particular,
the specific in situ fornmed conposites exhibit very
high levels pellicle filmcleaning properties conpared
with | ower radioactive dentin abrasion results such
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abrasive materials (such as |ower structure

tBEcR e, tRAtRd Ridreabdd &ASunt GRkitica BRIGAKHA AR B%al caMPodiREmaterials aids in
- like) for the dentifrice producer to target cCertain

N , ! i : 4 .

e o b a3 BN ARIARL Y BRI i of i

cFapie 458 oo Qe APean{evelb: A libfclivinied i greplr detal below,
bound, to any specific scientific theory, that the

thephysigalbymikas gambinatign fsnchymatepiatsi(i-a., batesimulancously produced
conposite materials aids in providing narrower

vpthin thelseme reaetion)lgsdebm faund eo ithpart himited beviels of such properties,
controlled result of high cleaning and reduced dentin

naREBhORedday Prévidématirials &ti@hlﬁﬂ&’%ﬁ%ﬁgj‘éﬁa@d §ifit£Eomponent) that
detai|l below, the physically m xed conbi nation of ‘such

oL et BB PSS o SOHEEH J1 P cc

the sanme reac

.level s.of such properti N Yy, the need t ide .

GG o B st e o PEGopYPLe i BE BP Il BulEsing fvEl. T Tovel in
conponent) that exhjibits an extrenely high, . )

sigpeastated procipiptedisel enmbinatian silicas magxmtq%bvmovndﬁ adhigher degree
to inpart, at the same tinme, an acceptabl e high

ofedili¢le Fibm fcldaning weitin a signi feoaelly 1oWe dentire hbriasios ivalue, thus according
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cleaning with a significantly |ower dentin abrasion
bt} Hentall JURcRGHE Oft #hBeen 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 high
cleaning properties. When produced in situ, such a resultant gel/precipitate material
provides unexpectedly improved properties as compared with dry blends of such
separately produced components, particularly when the production method incorporates
high shear flow subsequent to the initial gel production step. Such high shear conditions
appear to provide ultimate beneficial results in terms of the composite materials abrasive

properties and brightness characteristics. In such a manner, it has been found that

although the pellicle film cleaning level is quite high, in fact the resultant dentin abrasion



the dentifrice industry not only a potentially nore

desirable | ower abrasive material for better dental
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production of such effective precipitated/gel silica
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composite material wherein the brightness of the high PCR, low RDA product silica

materials are very high as well.

Accordingly, this invention encompasses a method for producing simultaneously
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;

b) subsequent to silica gel composition formation, treating the resultant
composition under high shear conditions;

c¢) simultaneously introducing to said silica gel composition of step “b” 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



simul taneously and in situ, thereby permtting the
proper ratios of such materials to be nmade during
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dentifrice production. Also an object of this
invention is to provide an in situ generated
precipitated/gel silica conposite material wherein the
bri ghtness of the high PCR |ow RDA product silica
materials are very high as well. Accordingly, this
i nventi on enconpasses a nethod for producing
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an acl dul at1 ng agen ogether to forma‘silica ge
.composi tion;, b), subsequent _tg silica gel.c 0$lh t.i .

s o Prode gt PO RAEST o Etitndh oSt FRER R bfhtion are
hi gh shear conditions; ¢) sinultaneously. introducin

the sg@a?sategmtﬁr@ds gade é}tﬁﬁiﬁ)‘%}'{l fnd densiirice Eﬁmxll?hoas Comprisiiig such
sufficient amount of an alkali silicate and an

materials hawiel @s thpqmoduas off therinventive prgsiessonaser] ghavieca,
t hereby producing a precipitate/gel silica
conbiiairkdly syrthetivpracipitated siliosy draipidparedtblyl imiringrdilucnalkali
is the product of such a process wherein the silica

siliGte SIRITAE RIHESRRE ahIESRInfinkRl Adi@ uRlel SoRRblRYwNNRE BEegation
of the total precrpitated/gel silica resultant

to J%Il Lad g@&%ﬁ({t %ﬁ:&ﬁ“ %ﬁ?@m%%ﬂ@ %tﬁlpeqmg %#F]@%?gﬁ%%i&t%de silica. The

nconpas 'Rt nvention ar
terials, nmade therefr and dentifrice formulations

regiRg Prefiptate &%Wxﬁé‘faé{‘?‘glrgge @ﬁé?mmé‘?t?‘ﬁté’ ‘%F‘G?A?tze'of

the inventive process noted above. Cenerally,

sy ntGenerallyprewelbi silicacgrlsincluda silign bydrogplss l'é(Sﬁ{W gels, aerogels, and

adm xing dilute alkali silicate solutions with strong
xesageoRicaigolagd alac fatmedriiyarcactingdiktalicilicavdslwions with strong acids

aggregati on
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.

To the contrary, the inventive method for simultaneous production of such
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 controlled parameters during production, a significant

difference from previous physicals mixtures (i.e., dry blends) of such materials through
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to the sol and gel cannot occur, stirring and then
filtering out the precipitated silica. The resulting
w@e@cilpistat e i s next washed, dried and comm nuP€mUSZN0O7/006835
desired size. Cenerally, as well, silica gels include
silica hydrogels, hydrous gels, aerogels, and
xerogels. Silica gels are also fornmed by reacting
alkali silicate solutions with strong acids or
vi ce-versa, to forma hydrosol and aging the newy
formed hydrosol to formthe hydrogel. The hydrogel is
s Q’tﬁgeril & tAigqr B%ceﬁl}%ﬂﬁ%ﬂﬂ&tﬁgd ERtaf19 taipdting tRe&hs R of silica

not ed above, the separate production of

L
B e IR S A SRS, D2

desired cl eani ng/ abrasion |evels thereof. To the ,
cont Theripyentive abrasivistcompopitionvare rerdysorise pddifsesin the preparation
production of such materials permts the producer to

oftoral gdanimgroangpositiong ncknasdentifisées; toathpestegadd the like, particularly
preci pi-tated silica conponents as well as structures

suftbd w@fdv@infa&rrﬁﬂinc@mmtp@ﬂ& nakfhg prBadsk. Fhrhédators,adcH aued

of cl eani ng/ abrasi on through controll ed paraneters

prgwcitgl&nwquﬁl&‘g{l: gf%ppzi]c%&ﬁwﬂeféﬂ khath PgéﬁQQO&/?P%B{asiveness may

previ ous physi ures (1.e., nds such

terjals throughseparate.i ncotpoyation. Basical .
beydRsigh it dre SR AR, FaamG Ay Wain gEaH e Gponifations, such
silica gel desired and specifically select] ng1 certa'i n
asy withqut dimitagiaa; auternatic diskyasbing dsterepmss o Addiipapl potential uses of
desired | evel during anorphous precipitated silica
sugh oaterialsdancludé foddroaeniers, rebbepadditives aishgrodernsi eosmetie additives,
ready-to-use additives in the preparation of oral
pefdofaANafdaddives Shlastit dntibiockimgaddilaes, dndiphagnaceutical additives,
t oot hpastes, and the like, particularly

without limitation.

Detailed Description of the Invention
The abrasive and/or thickening combinations used in the present invention are in-
situ formed materials that can be readily formulated on demand with other ingredients to
prepare oral cleaning compositions having a high cleaning efficacy without causing
undue abrasion on tooth surfaces. The essential as well as optional componehts of the
abrasive and/or thickening compositions and related methods of making same of the

present invention are described in more detail below.
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suited as a raw material in a toothpaste making

process. Furthernore, such silica products can be
waieoozitzee7 i n appl i cati ons wherein sharp edges BOMUBZINME006835

abr asi veness may be desired, such as, w thout

l[imtation, foaminhibitors within certain

formul ati ons, such as, without limtation, automatic

di shwashi ng detergents. Additional potential uses of
such materials include food carriers, rubber additives

and carriers, cosnetic additives, personal care
Ge 0 c anti bl ocking additives, and

pharmaceutical additives, without limtation. Detail ed

Des cCFhepsilicarconfpotitiend $fthe ptedent iiventibh afd ptepaedlacording to the
t hi ckeni ng conbi nati ons used in the present invention

folldkng Fed-btdgd HobBRS mta?éiiiﬁl %eltb'aﬂig el theA: tee and
t gr epar e

formul ated on demand wt her “ingredients to

I [ Ay haw ng. a_hi gh cl ' .
oo R R STBRS A G0 s Bs o B0 otution of an
The sential as. well  as optional conponents

ur.f.aces. ) LS
alkgy S‘E‘ﬁ%te’a“b‘%é? IR §iigater g RREERA IO AdRIsbR adPipREd MWl mixing
relﬁgt ed net hods of making sanme of the present
me3nspdegyalh togmsuigadwmogenedus migruse,ced Ahe advebes/solisivareflan alkali

__Production Method The silica conpositions of the
siligateinhe rdantoe pteheateditoea fenyreatert afbetrabnabontotoPQand about 90°C.
foll ow ng two-stage process with a silica gel being

Prefecatily,dhé aquebes dlka154ilisdta 961uabA hRs KFAIRAL ligsle shhdefiation of
formed in the second stage, hi this process, an

appRAURNLE, $OkILS %Ay,‘g’érg?é?antﬂg Rk aﬁéthiSﬁ?{oeabo%Wt zﬁ]%dtjngl@

silicat'e, is char a reactor equi

1 Xi.ng neans gyat 0 .ensur hqQnogeneous nj xt ure,
pretBiabl oA TR 1 5 R feuthus e it Shcees o s0dgim
__reactor preheated to a tenperature of between about
silicateodittan §1QpNiazO e@d@f from about 1 to 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 used in the batch. Optionally, an electrolyte, such as

‘ sodium sulfate solution, may be added to the reaction medium (silicate solution or water).
Next, an aqueous acidulating agent or acid, such as sulfuric acid, hydrochloric acid, nitric
acid, phosphoric acid, and so forth (preferably sulfuric acid), added as a dilute solution
thereof (e.g., at a concentration of between about 4 to 35 wt %, more typically about 9.0
to 15.0 wt %) is added to the silicate to form a gel. Once the silica gel is produced and the
pH adjusted to the desired level, such as between about 3 and 10, the acid addition is
stopped and the gel is heated to the batch reaction temperature, preferably between about
65°C to about 100°C. It is important to note that after this first stage is completed, the
produced silica gel is subjected to high shear conditions to modify the gel from its initial

produced form. Such high shearing may be performed in any known manner, such as by
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Preferably, the aqueous alkali silicate solution has
an al kali silicate concentration of approxinmately 3.0
wo 000351679 preferably fromabout 3.0 to aboutP@BUSLMG/006835
and nore preferably fromabout 3.0 to about 15 wt %
Preferably the alkali silicate is a sodiumsilicate
wWth a Siqg2. Na2q ratio of fromabout 1 to about 4.5,
nore particularly fromabout 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 used
intreadel dlobatacdof 1{quidsoatialet Yhereto, pHyeichlmixjgin sbiehdiag setting, and
sodi um sul fate sol ution, nay be added to the reaction

thOREE. UT'Tte( Rlglir&ARbMR oTRigH dHaRr &Vnd%}xﬁ{g}ls xﬂﬁ@é'ﬁnplﬁ By@l?élﬁ%ﬁicatlon of
aci dul ati ng agent or acid, such as sulfuric acid

fh@éﬁr&ﬁ{}ﬁﬁtﬁﬁ%e o g Pridiefof soen RAREEARL @?s%aa‘%& .
re \%615% i P IR T BTG TSIARSE S Hgh St Geament is

%9 is added to the silicate to forma gel. Once the
unsipml@a deaterablyp theguedidication vip highshaa) cegfhél@ntrtg is gfained once the

desired |l evel, such as between about 3 and 10, the
avarige panﬂidletsiimfl the gelappygonentds teddecagiadt léast H exicrds.t The tesultant gel
batch reaction tenperature, preferably between about

is 6ferige AROMshdd) PRt fielif or diednw Qh by bthePmathér privito af t er

this first stage is conplete t he produced silica gel

m;é?&?ghg,gtoq%g&pgwp% ear conditions to nodi fy the

romits initia roduced form Such high shearing
e rfor d |n such
g1 b sCimg ariekel s SREY e GBS on e Ao s inoreased, with
physical m xing in_a bl ending setting, and the llke
thers@ujtargoup additien & ﬂw. rgartenfadll while theishpanigte remains at th
sinply by the nodification of the gel conponent after
substarttially ther sachedeval throg8ghéntmibi i agueousrsolutioned dhe saptesacidulating
a reduction in the average particle size of the gel
ag&ﬁ vidls] pibidedrand 2 addiidhat A@aiintt bE&t AqRbus Solution containing the

ertaken. Preferably, the nodification via high
saﬁ@ §¥cis VT diKali RN A% AsSis 3 HRIrBREOMeGqh&s solution being preheated to
a temperature of about 65°C to about 100°C. The rate of acidulating agent and silicate
additions can be adjusted to control the simultaneous addition pH during the second stage
reaction. This pH control can be used to control product physical properties, generally
with higher average batch pH providing lower structure silica products and relatively
lower average batch pH providing higher structure silica products. In addition to the high
shear conditions present already, 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 intended to

mean the average pH obtained by measuring the pH level every 5 minutes during the

precipitate formation stage and averaging the total aggregate over total time elapsed.
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average particle size of the gel conmponent is reduced

at least 5 mcrons. The resultant gel is otherw se not
wormhadisepuri fied, or cleaned, in any other naPEEUS2007/006835

prior to comencenent of the second stage. Next, the

second stage begins after the gel reaction tenperature

is increased, with the sinultaneous addition to the

reactor of, all while the shear rate remains at the

substantially the sane | evel throughout: (1) an

aqueous solution of the same acidul ating a%ent

pr eva fershy infloed oditite {c2Julating agentadd therolkali silishtere stopped, the

aqueous sol ution containing the sane speci es of al kal

refhdr HaRdtPalRwedo iage bitRligRacfopbetwicha Sanjnates o 3Omimites) with the
bei ng preheated to a tenperature of about 65C to about

09 : i 44! 3k e diripltdh ®f digestion,
re%tg?ﬁ Vt%%e-rli‘% e%egﬁ:é @g&gadﬁé&iséigéﬁ %lég&%c}%? T ,gtﬁetf"‘ﬁg Si r?ul taneohgse son
additjon pH.durjng the.seco sta I ! [
the B bl e S P BIRAPOYS 15 A foAgig Pasg ¥ tchEd and
properties, generally w th higher average b h pH
w h@ﬁg WithrwatergRaemaYe excessky-RodRetdneneants églés ‘Hﬁ’f& the Wash water from
relatively | ower average batch pH providing higher
the titioz filterecak résnkts pr atdnast §% salt bypaoducbeontent apmeasuied by
shear conditions present already, high shear

coh@&diivity! ation may be utilized, and the acid sol ution
additi on continues until the reactor batch pH drops to

bet "’“ﬂf%iﬁ&%&ﬁé&gﬁ@h%ﬁﬁﬂ&d  witef, aRd URASRedYy dnficdnventional

i nventive net the term "average batch pH' is

e i

e‘precipitate
formati on stage and averagi ng. the. total, aggr egat.e over
sbpk BIitEbRNADSEs af TEISTiTF Th, PYigagitheip e mitled to Obtin the

acidul ating agent and the alkali silicate are stopped,
detinel mediah partivhd site of Heowesh dboutygmoto 2Tjugepreferaly between about 3
between 5 mnutes to 30 mnutes, with the reactor

prﬁ g%tftglit ?8 QP@%E‘E‘%@?@V% n@rGR&Shadihn phtticRfsiR rahges may aid
in providing increased cleaning benefits as well.

In addition to the above-described production process methodologies of
precipitating the synthetic amorphous silicas, the preparation of the silica products is not
necessarily limited thereto and it also can be generally accomplished in accordance with
the methodologfés described, for example, in prior U.S. Pat. Nos. 3,893,840, 3,988,162,
4,067,746, 4,340,583, and 5,891,421, all of which are incorporated herein by reference,
as long as such methods are appropriately modified to incorporate recirculation and high
shear treatments. As will be appreciated by one skilled in the art, reaction parameters

which affect the characteristics of the resultant precipitated silica include: the rate and

timing at which the various reactants are added; the levels of concentration of the various
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t he high shear m xing, etc., is curtailed, and the

resultant reaction batch is filtered and washed with
WORI0e111867 r enove excess by-product inorgani c sSBET/BS2007/006835

until the wash water fromthe silica filter cake

results in at nost 5% salt byproduct content as

nmeasured by conductivity. The silica filter cake is

slurried in water, and then dried by any conventi onal

dryi ng techni ques, such as spray drying, to produce an

anor phous silica containing fromabout 3 wt% to about
redetantd; theakactionglH)tke redttivrstelripesaturaytht hgitative offithe redctants during

obtain the desired nedian particle size of between

prodfetbn; anfIor HRe réfe AMhidH &iyesladalytbeireaddedabout 3 nm to
about 20 nm d assification of even narrower nedi an

01 cArri RERRAGRSTB-{RiBh for dhgBRALTS PRECHERREh stury
bove-d i bed .pr.oduct i et i
o s B R AR U RhE B g7
MG e a5 Lt anses SR DTB 1S5 JEHbat Fythin and thrdughou
acconpl i shed in accordance with the methodol ogi es

U.SicubdishetPatf AppleNanZ103001 91 G2rtodiuangS. Pat. Nos.
3, 893, 840, 3,988,162, 4,067,746, 4,340,583, and

The is@hti¢e ds sifl denéatedftofiposites (alz6 eéforedtoedt “eombinatibys™) of silica
" reference, as long as such nethods are appropriately

b &flitdt@ alefs RieR-ci&mids dbRhl Masiind vliHdb el Pe lower
gel{ﬁr?xga{{rncg t st a’llAs Q’ﬁrﬁg@gﬁappr ecglcat ed by one skilled in

the art. reacti ar anet er.s i tnt e
abiafpitet by R RED: BRESTFRENS R Alheabbiii) B insrpnogyond as tow

include: the rate and timng at which the varjous .
as gyt /Bt Ehedmeiny persgss Qffhis|ipyention bes Hin cumrisiaelyorelded, with

the variousreactants; the reaction pH the reaction
degreemfisateativity follewadiin tering o f ofactipre pHeteaetant congentratigns, amount

production; and/or the rate at which any el ectrol ytes
of géleonppdaeht, high shear production conditions, and, as a result, overall structure of
the resultant gel/precipitate silica composite materials made therefrom, a method for
producing a mid-range product (relatively high, cleaning levels with lower abrasion
levels) composites as. Thus, selection of differing concentrations, pH levels, ultimate gel
proportions, among other things, can produce gel/precipitate silica composite materials of
overall medium structures in order to accord relatively high pellicle film cleaning results,
with lower abrasive properties as compared with the high cleaning materials described
above.

For this cleaning material, the gel component is present in an amount between 10 -

and 60% by weight of the ultimately formed gel/precipitate silica composite material (and

thus the precipitated silica component is present in an amount of from 90 to 40% by

" weight as a result). The overall amount of gel to be produced is preferably relatively low

15



Al ternative nmethods of production for this inventive
material include in slurry formsuch as, wthout

wo Rovwtiatsson, procedures taught within U S. Pat PC™MOS2007/006835
6,419,174, to MG Il et al., as well as filter press
slurry processes as described within and throughout
U.S. Published Pat. Appl. No. 20030019162 to Huang.
The inventive in situ generated conposites (al so
referred to as "conbinations”) of silica gel and
preci pitate are useful as high-cleaning, dental

(fRR @pio\ddYs, ot Thsemes)e Saich perckmugss ofigehaimpporeasadtwdllyirepresent the
| ow RDA neasurenents of at nost about 110, for

vdg@ﬁ% ARGt oeflicak r#r@é@n@éﬁ‘?&%é pi&hct_imﬁ\dses_ for lelcPdiffeRpBsilica

I's 1nvention has thus surprisingly yielded, with

eqgr,ees. of ..sel ect i it I i nms of reaction

m%ﬁqalr %sa%efgme%cag)ﬁggx rrtﬁ? f"%hs? ?é/égﬂl uIHn%t&g%l' gel conponent,

hi gh_she roduction caondjtions, and, as.a result, .

ovaraneraly, s beenfetemunedbet 2h sPe9 PR EHge Elianing abrasives

silica conposite materials made therefrom a nethod |
maybe producedithrpugh aindethod gfadmisings suitable gcidasndya switgble silicate

cleaning levels with | ower abrasion | evels) conposites
stédfing Matesial Gellceihitheadid condeheationg icapeend selutian s fram S to 25 %,

| evel s, ultimate gel proportions, anong other things,

préRAbES REHAD 8905088 niirk Bicfertblyi fidin 10T 234, BndBle@bh@ntration
of overall nmediumstructures in order to accord

" hi Li . ool . .
o Bt IRBL B B AR M b .
bove. t hi s..cl gani

. cl eani ng terials,descrjbed Fo n
inifaflz form 2 siifeg)ciSbsrAvERA €Sl Brmadin sptticient Silany dcid are
between 10 and 60% by wei ght of the ultimately formed
added (without st weshing,|dr ethes typs S ippe fipetion, paphxsmé mogification of the
the precipitated silica conponent is present in an .
geBno thet fonfied gelrfofurther gfutiyon 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 structure of precipitated silica
component may be targeted in much the same way as for the high cleaning material. It
has been realized that in order to provide a mid-range cleaning, low abrasive material
through this process, the amount of gel is preferably higher (as noted above, from 10 to
60% by volume of the composite, preferably from 20 to 33%) and the amount of low
structure precipitated silica is preferably lower (from 90 to 40% by volume of the
composite, preferably from 80 to 67%).
Broadly, the inventive mid-range cleaning gel/precipitated silica combination

generally have the following properties: 10% Brass Einlehner hardness values in the

range between 2.5 and 12.0, and, within a test dentifrice formulation (as presented below
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wei ght as a result). The overall amount of gel to be
produced is preferably relatively lowfromup to 40%
wo evo7itnssance) . Such percentages of gel conpone@t/US2007/006835
actually represent the volune anobunt of silicate
present during the production phases for each
different silica material, as described above for the
high cleaning material. Generally, it has been
determ ned that such specific md-range cl eaning
abrasi ves may be produced through a nethod of adm xing
withia thd edagpla) RD Aa(Rhdioastiveé Blehtin gibirasiat) eakiesibétiveen about 80 to
mat erial (wherein the acid concentration, in agueous

ab8@ 190, A4 (Withih (R Sameltst dentifrice &"&fnﬁn@ching PbRoaPeané Oleaning

20% and fore preferably from 10 to 12% and the

R nﬁg&ﬁg«%{gﬁ%@@@ 1%b &rﬁﬁa?%tk d 6PPERTH RDA '&ﬂth ht irég%e,df?)g to 1.0.

al SO wi thin ‘an aqueous SO
initially forma silica gel. Subsequent to gel
formation, sufficient silicate and acid are added
(W _thout any vvashl ng or other type of purification,
entifiige \dses of the tivgatarigls the gel) to the forned gel
for further product| on of appropriately structured
pr edihgiibetnticte 1 $itucgenernquiogabipreciisitite siticd composite dratariade
cl eaning conposite nmaterial to be forned. The pH of

deidfibe@Wiefeith hmay Baatiligdd d1Ge £2ahé @réhmglag&@emwﬂm yéviilddin the
the range of 3 to 10. Dependi ng on the anount o gel

denhtifrick 8bin oglg&gﬁ‘ﬁﬁt}u‘é S eRH0Y 'Hr 2834 aﬂgﬂl% WhifhGottd oy al abraswe %atenals

preC| pi t ca conponrent targete

ane_wa r.the.hi th anin It .nas
el 2 BN of B ey BV oo B e i aﬁm‘a Ve
cl eani |.ow abra3| ve material through thi.s process
phmea"a(r@enﬁe ddhergith within 2 puitabla de ?fet%npa@h%twtemally
above, from 10 to 60% by vol urre of t he conposite,
prefereddeinghisyregardin @det to 8864 tangetedrientabroleaning find ghvasion results at
structure precipitated silica is preferably | ower
a dedifedProfective KOS Thuy,GinyMinfer bhethepsmBShfichal 8ipesé 6f #rhsive
from80 to 67%.

additives may be present within inventive dentifrices in accordance with this invention.

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

the polishing characteristics of the target formulation (dentifrices, for example, etc.), if

desired, as well.
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Broadl y, the inventive m d-range cl eaning
gel /precipitated silica conbination generally have the

wo edozawnisey properties: 10% Brass Ei nl ehner har BOiEES2007/006835
values in the range between 2.5 and 12.0, and, within
a test dentifrice fornmulation (as presented
bel own t hi n t he exanpl es) RDA (Radi oactive Dentin
Abr asi on) val ues between about 80 to about 120, and
(wWwthin the sane test dentifrice formulation) PCR
(Pellicle Ceaning Ratio) values of 80 to 120, with a
r at The pfecip@tRe{gs] siiva wombinatiom describerbatisfveOwhiert imcarporated into
Dentifrice Uses of the Inventive Materials The

dernitifii @donysitions, it pregemteai atl@adl gEfromrdou%ad abait!508aby weight,
conposite materials described herein maybe utilized

mo?é $BRrably Hofh HoBI0NGo %98@35%’3? Weesht, pRfRMIAER Awhéh thee

dentifrice conposli tions of thl S I nventl on, oOr as an

den"{’i‘ﬂfii 15\5?06%13% kﬂe allagern% ce or' bF léaﬂtng itonﬁuﬁho s iﬁcox?ﬂratmg

|nat|on |nven i Ve conp
her abrasi.ves si.cal bl ended therewith w
‘heéﬁﬁaﬁ%(s |°8m88ﬂt'??sr$)th Sy amvpmeglﬂa&e% mmapﬁ%/the%ﬁ]o‘mg

preferred in this regard in order to accord targeted
pOSéFblfﬂ inpredicatsrand gelative ampurts thereaf{all emounts in we$6)k ed
protective |level. Thus, any nunber of other
conventional types of abrasi ve additives may be
present within inventive dentifrices in accordance

Dentiffibe Féinfulatipaent i on. Ot her such abrasive particles
include, for exanple, and w thout limtation,

pr ecigp cal ci um car ggnat e (PCC), ground cal ci um
carb g; ‘zd di cal ci um phgsphat e or its dihydrate

for g (by it If, and of any structure),
ampﬁgﬂ'\?t‘:g c(?oz l?ated sg lca (by itself, and of any
st r uCfnE II) per | 'tQ tltanlumd|OX|de cal ci um

pyr oPHE$HBht e, hydr at ed Oa} 3# na, cal ci ned al unina,

i nsoknttasies agnim net aphdsbB4d e, insol ubl e potassi um
met aghdsiipagent(Ensol ubl é)mgne3| um car bonat e,

zi r ceilicathiskdnectat e, al urg-Paim

surfactant(s) 0.5-2.5
abrasive 10-50
sweetening agent <1.0
coloring agents <1.0
flavoring agent <5.0
preservative <0.5

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

a person of ordinary skill in the art.

18



silicate, and so forth, can be introduced wthin the

desired abrasive conpositions to tailor the polishing
w@b@ractser i stics of the target formul ation PCT/US2007/006835

(dentifrices, for exanple, etc.), if desired, as

wel | . The precipitate/gel silica conbination described

above, when incorporated into dentifrice conpositions,

is present at a |evel of from about 5% to about 50% by

wei ght, nore preferably from about 10%to about 35% by

wei ght, particularly when the dentifrice is a

t oot hpadktiton ©Ovhe abiasiste npmponene the dartidticeinay nlsogontain one or

formul ations incorporating the abrasive conmpositions

mke bighgolepticedihafting @peHes)| Gitlahdeptid e HANBINE 2Beritd frclude humectants,
foll owi ng possi bl e i ngredi ents and rel ative anounts

s RESRE s b anls oo A fing Bpontf, Qb dgiimes
ahkes GhaEs G gl Sevifgagen 35(8) 10 sitica oS

t hi ckener* 3-15 surfactant(s) -2.5 abrasive 10-50
sweetEmeRgntsserie teadgbody or “mouth texture” to a dentifrice as well as

preventing the dentifrice from drying out. Suitable humectants include polyethylene
glycol (at a variety of different molecular weights), propylene glycol, glycerin (glycerol),
erythritol, xylitol, sorbitol, mannitol, lactitol, and hydrogenated starch hydrolyzates, as
well as mixtures of these compounds. Typical levels of humectants are from about 20
wt% to about 30 wt% of a toothpaste composition.

Sweeteners may be added to the toothpaste composition to impart a pleasing taste
to the product. Suitable sweeteners include saccharin (as sodium, potassium or calcium
saccharin), cyclamate (as a sodium, potassium or calcium salt), acesulfane-K, 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, zﬁitterionic,
amphoteric and betaine surfactants such as sodium lauryl sulfate, sodium dodecyl
benzene sulfonate, alkali metal or ammonium salts of lauroy! sarcosinate, myristoyl
sarcosinate, palmitoyl sarcosinate, stearoyl sarcosinate and oleoyl sarcosinate,,

polyoxyethylene sorbitan monostearate, isostearate and laurate, sodium lauryl
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coloring agents <1.0 flavoring agent <5.0 preservative

<0.5 In addition, as noted above, the inventive
w@booaginse7 coul d be used in conjunction wth otP€r/US2007/006835

abrasive materials, such as precipitated silica,

silica gel, dicalcium phosphate, dicalcium phosphate

di hydrate, calciumnetasilicate, calcium

pyr ophosphat e, al um na, cal ci ned al um na, al um num

silicate, precipitated and ground cal ci um carbonat e,

chal k, bentonite, particulate thernosetting resins and

su%g@é’taté,%-tl%ﬂ)ﬁ saRb&Re (Re Sk gtlérﬁsshﬁﬂ,%dteﬁlaﬁoﬁﬁﬁﬁ@m&fof N-

Inary s Inthe art.In addition to the abrasive

2GR RGaE1obh B ARG et e RS g B Rhadt Fraky
PR foshneidsgereot e T e Selngc RS B and e
sonet i nes known as Dbi nders,w%;gs, or stabilizing

likggSediyin lapyhew fasgis @ preferred 5 antp bl susfactapbigtypically present in

texture" to a dentifrice as well as preventing the
theleral cireicompbsitomgofithepresettt inGntidaln an sroedtofiabeut 0.1 to about
i ncl ude pol yethyl ene glycol (at a variety of different

1599b¢ el git, prefetiblBabouP ) SPY tEaUEE YY) weighty 668 43 from about 0.3 %

(glycerol), erythritol, xylitol, sorbitol, mannitol,

I inool ydrogenat ed starch hydrol yzates, as
to ae tj;}g’brﬁ\g%]glrlgs of these conpounds. Typical |evels of

hu tants are from about .20 .wt 9t out 20 of,

{ ootfipieing 4ebfs b0y e BediitlotplRE combatliohs suftavi

t oot hpast e conpasition to inpart_ a_ pleasing tﬁ(zé e to . .
flaypring pgenivinclude; hus Brecnos ligtted e il ohwntargresRihel Rerpergaint, oil

sodi um potassi um or cal ci um
of spearmint, oil of sassafras, and oil of clove, cinnamon, anethole, menthol, thymol,
eugenol, eucalyptol, lemon, orange and other such flavor compounds to add fruit notes,
spice notes, etc. These flavoring agents consist chemically of mixtures of aldehydes,
ketones, esters, phenols, acids, and aliphatic, aromatic and other alcohols.

Colorants may be added to improve the aesthetic appearance of the product.
Suitable colorants are selected from colorants approved by 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 useful in the dentifrice compositions of the present
invention to provide a gelatinous structure that stabilizes the toothpaste against phase
separation. Suitable thickening agents include silica thickener; starch; glycerite of starch;
gums such as gum karaya (sterculia gum), gum tragacanth, gum arabic, gum ghatti, gum

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

(Veegum); carrageenan; sodium alginate; agar-agar; pectin; gelatin; cellulose compounds
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saccharin), cyclamte (as a sodium potassium or
calciumsalt), acesul fane-K, thaumatin, neohisperidin
walkdwydisehal cone, arnrnoni ated gl ycyrrhizin, JBXI/USRET/006835
| evul ose, sucrose, mannose, and glucose. Surfactants
are used in the conpositions of the present invention
to make the conpositions nore cosnetically acceptable.
The surfactant is preferably a detersive nateri al
which inparts to the conposition detersive and foam ng
roperties. Suitable surfactants saf £ and
such ey GRIHase, CARRRTPLEA CSLIIBN by roaYe B U 0S TBHFeyPropyl
zwi tterionic, anphoteric and betai ne surfactants such
cellabose, dyidvoxymethyy celbulpseahpdroxyraethyd garberynropd pelplose, methyl
sul fonate, alkali nmetal or ammonium salts of | auroyl
cellalse, @stiyd aéltulosey and tudfitedsatloose;mmteral gual synthetit clays such as
sarcosi nate, stearoyl sarcosinate and ol eoyl

hecRAIE RN AL Frell 2R PhiXRUIAIEI L REMPORRIs! ATYpigal R BT dikening
I sostearate and | aurate, sodium | aurylsul foacetat e,

| o : . "
el R R RE BSR40 0 WL S RBL s PEL BP A el compositon.
N- pal mi t oyl sarcosine, | yet hyl ene oxi.de copdensat es
o " TheRReo B e STRBETASER GLPE SBEPATHanS of the pretet
| aur am dopr opyl betaine, palmtyl betaine and the .
invéritios to Bratidenfor theriyrevention apd iTpaimgnhelkdenial canesy, prragdogil disease
The surfactant is typically present in the oral care
andaemperatutd sensitivityt Eaagples efitherapeetic agents, withoutintendinggp be
about 0.1 to about 15% by weight, preferably about
limfling Yart Auahas SouRdesD¥uchitls §dinmsadti dessddiamnidivfluofbphoSphate,

to about 2% by weight. Flavoring agents optionally

ro o RREEoARHRALL e, AR b dion et

ng ag mted to, oil
e S R s RO B O B
tetr?srcl)gituqur? {;ﬁbpﬁ%g‘tgl t’eu*talp?gtar\rs%li\irn pyrophosphate, disodium dihydrogen
pyrophosphate, trisodium monohydrogen pyrophosphate; tripolyphosphates,
hexametaphosphates, trimetaphosphates and. pyrophosphates, such as ; antimicrobial
agents such as triclosan, bisguanides, such as alexidine, chlorhexidine and chlorhexidine
gluconate; enzymes such as papain, bromelain, glucoamylase, amylase, dextranase,
mutanase, lipases, pectinase, tannase, and proteases; quarternary ammonium compounds,
such as benzalkonium chloride (BZK), benzethonium chloride (BZT), cetylpyridinium
chloride (CPC), and domiphen bromide; metal salts, such as zinc citrate, zinc chloride,
and stannous fluoride; sanguinaria extract and sanguinarine; volatile oils, such as
eucalyptol, menthol, thymol, and methyl salicylate; amine fluorides; peroxides and the

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

at a therapeutically safe and effective level.
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eugenol , eucal yptol, |enon, orange and ot her such
flavor conpounds to add fruit notes, spice notes, etc.
wab@saifsbavori ng agents consi st chem cally of PERUSI08%006835
of al dehydes, ketones, esters, phenols, acids, and
aliphatic, aromatic and other al cohols. Colorants may
be added to inprove the aesthetic appearance of the
product. Suitable colorants are selected from
col orants approved by appropriate regul atory bodies
such as the FDA and those listed in the European Food
and Pheservatizes inaphlsdbe eptionally addel! forthk eamppsigonsmifihe present
such as Ti C% and col ors such as FD&C and D&C dyes.
inMehtidietd frovéersdadteridrgtowheStitabldplebvaeWdsiabpioved for use in oral
conpositions of the present invention to provide a

-0 ¢ g '
AR R ke prdpAPiab 6P ind ARl BERRAR fiay be added
starch; glycerite of starch

.1 nel ud i lica thickener;
ﬂg%g%a%(ﬁ CAYE AN RSy aya (sterculia gum), gum
tragacant h, gum arabi c, gumghatti, gum acacia, _ . )
xant hBf dguisfricgs discleserhharein may alsogsvarigtngt addifinna] ingredients such
al um num silicate (Veegum; carrageenan; sodium
apdegennitizing agents, igaling agents; othergmrias preventativedgents,
conpoundssuch as cel | ul ose, carboxynethyl cellul ose,

chiejading/seqhdnydringedgents Of Bumily dimdny 8164 Yroteink, oth&S@ti-plaque/anti-
hydr oxynet hyl cel | ul ose, hydroxynethyl carboxypropy

cal @it ARy, op RS, dnfiblot uéﬁ%ﬁ% ' :
sul fatgézill cg?ﬁﬁ%fsea?lﬁngt hga tlan s%/sﬁt'cJ ﬁke‘vtdli %:s?éflacygﬁgluag&ents,
hectarjt I .. as t as m xtures of these

0’@%‘%}@1 a#%éi.s’ %t%)lx?éaﬁtsr %‘\ﬁe&gh%? t hi ckeni ng agents or
bi n s are fro bout O wt% to about 15 wt% of a _ .

t oo?ﬁ[ tFEOY:IQFFp'g]E 3?-1@699 ofthe Fapeeaition inplditiondp dhe additives
optionally used in the conpositions of the present

menticagsd dhevatgrippictratily deionized ad dret iof impuriticsr %t dentifrice will
of dental caries, periodontal disease and tenperature

ustallys cdrpride/frotadom 2wih td fueRS Wit Cowast. s, W t hout

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

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

For purposes of ﬁn‘s 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, l;umectant,

‘binder, flavoring agents, and a finely powdered abrasive as the f)ﬂncipal ingredient ... a
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limting, are fluoride sources, such as sodium

fluoride, sodi um nonofl uorophosphate, potassium
wWoeafliiser ophosphat e, stannous fl uori de, pot asBCT/IGE2007/006835

fluoride, sodiumfluorosilicate, ammoni um

fluorosilicate and the |like; condensed phosphates such

as tetrasodi um pyrophosphate, tetrapotassi um

pyr ophosphat e, di sodi um di hydrogen pyrophosphat e,
tri sodi um nonohydr ogen pyrophosphat e;

tri pol yphosphat es, hexanet aphosphat es,

denii it ADERSIIAKILE ba e abRYFERBAGANAS 85a g& fthh % delivering anti-
anti m crobi al agents such as tricl osan bi sguani des,

cﬁﬁ&hag%ﬁts% & e, D&m%i OBt Aond @g?t&h' ﬁ%@,&fébg'vﬁﬁch must be

[ uconat e; enzyrres sSucn as papal n,

d%@;w@gég% A RS AR o o5

such as benzal kom um chl ori de

sve%so ’d’@h . g‘iﬂﬂl@lﬂhﬁﬁmﬁ’éﬁs( Bovoringagents pyah asi saceherin).

chloride (CPC), and dom phen brom de; netal salts,

such _as zinc citrate, zinc chloride, and stannous

f | uolhe ¥arieussilicaranditactbrastaientifigelprogertinndésesibed herein were
vol atile oils, such as eucal yptol, nenthol, thynol,

measireccahfollosa) unigds andicatedrotherfikelor i des; peroxi des and
the |ike. Therapeutic agents may be used in dentifrice

f or myhaBrg §1ﬁbﬁ§€r¥BE§ A'thsﬁ?ﬁ@ét'?@éd fmn@afsm% the hardness of the

therapeutically safe and ef ctlve Preservatives

ns ,of
PSRN R L 40T AR B s,
servatiyv oved for in qral
Pa?uﬁso@lﬁf? 81 iasntporated ety P selatsare, ibrobysyiep drinshrerE- 1000
sodi um benzoat e OX be added in safe ano[ effective
Abrdemgeneratlyaisedas followsed ) a@iFourdsinger tressovire seagendls weeighed and
variety of additional ingredients such as
exposeiivithe activn fQldVs aqieas siliga agpshsion i Adixed dngth of time; (2)
preventati ve agents,
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 linseed oil with a silica by rubbing with a spatula on a
smooth surface until a stiff puity-like paste is formed. By measuring the quantity of oil
required to have a paste mixture which will curl when spread out, one can calculate the
oil absorption value of the silica--the value which represents the volume of oil required
per unit weight of silica to saturate the silica sorptive capacity. A higher oil absorption
level indicates a higher structure of precipitated silica; similarly, a low value is indicative

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

value was done as follows:
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chel ati ng/ sequesteri ng agents, vitam ns, am no acids,
proteins, other anti-plaque/antical culus agents,
wepaciliiser s, antibiotics, anti-enzynes, enzyneBCT/pkE007/006835
control agents, oxidizing agents, antioxidants, and
the |ike Water provides the balance of the conposition
in addition to the additives nentioned. The water is
preferably deionized and free of inpurities. The
dentifrice will usually conprise fromabout 20 wt% to
about 35 wt% of water. Useful silica thickeners for
utilization within such a toothpaste fornul ation
Oxldb@bx&b@i@n =8S anﬂQﬁtstHﬂbfedng exanpl & 1@0 anor phous

precipitated sidisfarsiieh gemgEODENT(r) 165 silica.
O her preferred %mhough non-limting) silica

t hi ckeners_ ar 3 and/or 167 and

ZEOFREE( ) 153%1%5%;%&}1)&1 65 silicas, all available

fromJ.M Huber Corporation, Havre de Grace M.

U. S. A For purposes of this inventio a )

has Medéannagicla 5izads deteranined wsing a Qké ?ﬁﬂo@aiﬁsg & an

Practice, Mrton Pader, Consuner SC| ence and
eqﬁieaibtrt))lasgyliw sémﬁnydﬂstrumenwaﬂeble stk Bloribanstiyg@ntsy

200, which is incorporated herein by reference.

BobWBhyPersyldamal frice” is " . . . a substance used
with a toothbrush to clean the accessi bl e surfaces of

t hgpt 88855 e tdsfdue TR thnGedtive ¥RIck iy nethapaslifhg a U.S.

wat er, detergent, hunmectant, binder, flavoring agents

SRS SRV D S oA s g v
clog}g{bg%glggg gtdgwérr;%bsdos g{% g hgrgq%[g,}? g?rlfahverg; i cup of the 1 quart

formul ati ons contain ingredi ents which nust be
Hanhilgerohixed MirdebNot 30, addimgppeeinoatelynk 79 mhef distifledoridgionized
formul ation (e.g. anti-caries agents such as sodi um

wafel BRd téilging SQOi1uy BOOR PEE P in.fTravgded the ndgtmnt ente ulhd132fmesh

saccharin%.
screen; wash out the cup and add washings onto the screen. Adjust water spray to 20 psi
and spray directly on screen for two minutes. (Spray head should be held about four to
six inches above the screen cloth. Wash the residue to one side of the screen and transfer
by washing into an evaporating dish using distilled or deionized water from a washing
bottle. Let stand for two to three minutes and decant the clear water. Dry (convection
oven @ 150°C or under infrared oven for approx. 15 min.) cool and weigh residue on
analytical balance.

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

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

900°C for 2 hours (sample previously predried for 2 hours at 105°C).

The pH values of the reaction mixtures (5 weight % slurry) encountered in the

present invention can be monitored by any conventional pH sensitive electrode.
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The various silica and toothpaste (dentifrice)

properties described herein were neasured as foll ows,
wantoedasissndi cat ed ot herwi se. The Brass Ei nl ehneeT/(RE)7/006835

Abrasion test used to neasure the hardness of the

precipitated silicas/silica gels reported in this

application is described in detail in US. Pat. No.

6,616,916, incorporated herein by reference, involves

an Ei nl ehner AT-1000 Abrader generally used as

follows: (1) a Fourdrinier brass wire screen is

vei gTecnéddrecbrihafas, fine PR dBE inafitiaRipréssdD it 8 YR8 Y surfaced

silica suspension for a fixed length of time; (2) the
p&ll&R Wgr? g\‘;a%lﬁ‘é?é@ﬁéif? alT clﬁﬁ%edﬁlig{ﬂe{é?g—%cmm e@E@\ﬂ’ﬁent has a

brass fromthe Four ner wre screen p
000 revolutions. The result. . neasured in units, of
gl Bt opt Gl 3o Yors e hpmleis oA oH Y e BIE OF 457, Bnd the

e\l;_f'&nl ggrégr ,%BE) abrasi on val ue. The oil absorfti on
reperige S1ght wiewed et e dt cningng el ARGt methedsdl452and T646, and
net hod i s based on a principle of mxing |linseed oil

ApIMh Standpid; 1228 %o P awdsiedateiials aze pressed t@abbout a 1samp pelhet with -
surface until a stiff putty-like paste is forned. By

enomgh présagrettd givguapdllet sirfake tHak is' EBoth 864 WihH@6ose paRsdl&s or
m xture which will curl when spread out, one can _
gleg. cul ate the oil absorption value of the silica-the
val ue which represents the volune of oil required per

uni t | bl . h Wl orptive
capashERA8ibadveDen S S GiGTIRDA) Tabidfof honies Rl the
i gher structurge of. precipitated silica; simlarly, .a

s ppTLIGRS bl Hpentbn ffeetorgrines S aringo dhe fethod se

| ow-structure precipitated silica. Calculation of the
fogh by diefésren,iJonmabe Rasgdulyadugust 197 56i(#), pp. 563-573, and

absorption = m oil absorbed X 100 wei ght of silica,
degerébesl in Wason U.S. Pat. Nos. 4,340,583, 4,420,312 and 4,421,527, which
publications and patents are incorporated herein by reference.

The cleaning property of dentifrice compositions is typically expressed in terms

of Pellicle Cleaning Ratio ("PCR") value. The PCR test measures the ability of a
dentifrice composition to remove pellicle film from a tooth under fixed brushing
conditions. The PCR test is described in "In Vitro 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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=m o0il/100 gramsilica Median particle size is
determ ned using a Mddel LA-930 (or LA-300 or an
wequraadsent ) | aser |ight scattering instrunmentPCT/US2007/006835
avai | abl e from Hori ba I nstruments, Boot hwyn,
Pennsyl vani a. The %325 nmesh residue of the inventive
silicais nmeasured utilizing a U S. Standard Si eve No.
325, with 44 mcron or 0.0017 inch openings (stainless
steel wire cloth) by weighing a 10.0 gram sanple to
the nearest 0.1 gram.into the cup of the 1 quart
Hani | ton mi xePrefpered ﬁ!@boé‘@?@n&%@%ﬁﬁ Inpention mately 170
m of distilled or deionized water and stirring the
slurry for at least 7 min. Transfer the m xture onto
t heTlB2iBvensisie redserialn werppliepagd by seguenpalbnforaing G sipragirst
onto the screen. Adjust water spray to 20 psi and
sili&Pge Yordiel-HRé hiatertnl paidesidirfgaheretomsufificietemoupSpofayadigasito form
shoul d be held about four to six inches above the

a pls%gilrpﬁ%d thgﬁ Bom é&t%eﬁ%ﬁh‘ﬁmb@s@ REthhé igdlly freduced gel (or

een and transt by washing into an evaporati ng

s BRSSP o o

the clear water, Dry. (conyeciion oye 15Q0C. or .under. .
stagwhlﬁer tga agpEnt qﬂﬂre%tamtscf st 11%*Srﬁ°ﬁ?f?1\f%‘%rc%“ﬁ rﬁ’b‘a&é%ﬁ réhctints in
resi due. on anal ytical bal ance. Mdisture or Loss on
the Beopind gtage.CDhe stsuathis ofhes finad presuet is sonEplndbxibe grmounpeksel
at 1050C for 2 hours. Loss on ignition (LO) is the
firstprodudedds s¢lhied 30 geegrheuntef piecipitated siicadBoRE!l doreagtion
hours (sanple previously predried for 2 hours at

parérQét@x@% such RS tdtpf Mk Fated, chR@nir8a@6s PH, addoifotth, 4sdiscussed in

wei ght % slurry) encountered in the
greater detail above.

EXAMPLE
The inventive example initially involved the provision of 8140 liters of 6.0%

sodium silicate to which was added 11.4% sulfuric acid at a rate of 191.3 liters/minute for
8 minutes at a temperature of 50°C within a reactor. The resultant silica gel-containing
slurry was then heated up to 93°C for 53 minutes thereafter. Subsequently, 13 minutes
into the heating step, high shear flow of 3000 liters/minute of reactor slurry (gel) was
started and continued throughout the remainder of the example production. After the 53
minutes completed, 30 kilograms of dry weight of sulfuric acid (243.8 liters) was then
added to the gel slurry. Thereafter, simultaneous sulfuric acid and sodium silicate
'addition was started with introduction of both to the reactor to initiate the precipitation
step. The sodium silicate of 16.21% concentration (at a temperature of 85°C) was added

at 339 liters/minute and dilute sulfuric acid (11.4% concentration) was introduced at
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present invention can be nonitored by any conventi onal

pH sensitive el ectrode. To neasure brightness, fine
w@owdanisant eri al s pressed i nto a snoot h surfacedr/pstoo®oossss

wer e eval uated using a Techni dyne Brightneter S-5/BC.

This instrunment has a dual beam optical system where

the sanple is illumnated at an angle of 45, and the

reflected light viewed at 0. It conforns to TAPPI test

met hods T452 and T646, and ASTM St andard D985.

Powdered materials are pressed to about a 1 cm pell et

194 BHiternmeightep (s silicatetwasgidded formalurationsefi48anmutdsaflhe acid was

snoot h and wi thout | oose particles or gloss. The

alkéedll it the/sH OF tel resulfantestingy waSBoppeéd ka9, @t that point, the acid flow
dentifrices contalnlng the silica conpositions used in

wWabl 'rédu'c@d’EdWL rrﬁmqretlﬁr% %g%ggréaﬂ staoames TR W point

set fort fer en nt al” "Res.

i %@@%ﬁ%&%ﬁr P e BB s ) AR\ Bt
421,527, which catlons and patents are

o 1o 35 2 T FemlaN aiva, W ook FeayfeAgby filtation,
property of dentifrice conposrtlons is typically

waspdde seddium sulfatscapicemetionolf desSitlemrdboygt Fat(prefaratigiRisy than 4%,
val ue. The PCR test neasures the ability of a

antbimbst prefeeabtp belowi 2%)0a3 deterimiisaVsy ohitoridgetht ifiltraté comduativity and
tooth under fixed brushing conditions. The PCR test is

tHéR %?{a;v laeidd itd 2 ié\fél yfébrom E%fm&@huff Tﬁé &icH ;}:%Hﬁbt was then milled to
Dentifrice" K. Stookey, et a Res., 61

u $ e1982. Bot h PCR and RDA results vary dependlng
upon %é nature and concentrati on of the conponents of
the dentifrice conposition. PCR and RDA val ues are
unitl ess. Preferred Enbodi nents of the Invention The
inventive materials were prepared by sequentially
formng (in situ) a first

COMPARATIVE EXAMPLE

The same basic method as above was followed, except that no high shear

conditions after gel formation were utilized.

Certain properties of the resultant materials from the Example and Comparative

Example were then measured. The follor;ving table shows those results:
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silica gel (or gel-like material) and adding thereto
sufficient anmounts of reactants to forma precipitated
wa@Rdozassepmponent present simnultaneously w th PEEUS2007/006835
initially produced gel (or gel-like material). The
amount of gel is controlled by the quantity of
reactants in the first stage while the anount of
precipitated silica is controlled by the quantity of
reactants in the second stage. The structure of the
final product is controlled by the anmount of gel first
produced as related to th’EABlr\él}nt of precipitated
silica, as well as reaction paraneters, such as
tenperature, rates, cdviatenarBropetiss pH, and so forth,
as discussed in greater detail above. EXAMPLE The
i nvent Ex&n?éarrpl e initially gvol gggpt he provision of
8140 liters of 6.0% sodiumsilicate to which was added
11. 4% %umbistuire acid at a ratd4of 191 3 liters/minute
for 8 mnutes at a tenperature of 500C within a
react o%a LOhe resultant silic29el-@hntaining slurry
was then heated up to 930C for 53 minutes thereafter.
Subseq¥edtd Mesh Residwrut es i nt & t he h@ating step, high
shear "flow of 3000 liters/mnute of reactor slurry
(gel) 9apHtarted and contind€d th7-8lughout the
remai nder of the exanple production. After the 53
m nut eBrightnpdsdtestinidgge)ki | ogr 8fs of 946y wei ght of
sulfuric acid (243.8 liters) was then added to the gel
sl ur r yAvaiage BatickerSizeipml t aneous sul furic acid and
sodi u ) i ition was started with introduction
of bo?ﬁiﬁf‘@?&&@gc Por to i M.64 at e98fe preci pitation
st ep. B di um silicate of 16.21% concentration (at
a t enp®feah RPagichd SiBodrivs 4096d d10.6439 |iters/ m nute
and di E&%mgul gurj c acid ( 11.4% concentration) was
i ntrod 5 ABESON (M& s/ niysg . ghe silicate was
added 18180890 BV on of 48 minutes. The acid was

0il Absorption (cc/100g) 105 99

~ A brightness of at least 95.5 is a significant improvement over the comparative

type and is thus tﬁe low end of the brightness level of the inventive materials.

Dentifrice Formulations

Toothpaste formulations were prepared using the above-described gel/precipitated
silica example and comparative example 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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added until the pH of the resultant slurry was dropped
to 7.0. At that point, the acid flow was reduced to
wat@7hitser s/ m nute until the pH was between 5.BCENS2007/006835

5.5, at which point acid addition was stopped. The

resul tant conposition was then allowed to digest for

another 10 m nutes at 930C. The resultant slurry was

then recovered by filtration, washed to a sodi um

sul fate concentration of |ess than about 5%

(preferably I ess than 4% and nost preferably bel ow

29 do mepace therdedtifricesthe ghycenn sbdians éarbaamneethyl cellulose,

conductivity and then spray dried to a | evel of about
pbBettpient glyeol dibsoibitsldvare adied togétﬁext didrstiteli W€l & ingredients

uni form si ze. COVPARATI VE EXAMPLE The sane basic

Wi §ioghies BWa aﬁml*tﬁr@?'gc Q&GRREd WAk, & ‘Em]thh gllaande,

shear con It ons rmati on were’

' [ Ly 0 heresltant terial,s .
R R aREhE stﬁ sput i fart i e AR agf By and Stirred
“ﬂﬁg‘t follow ng table shows those results TABLE |

tBF%eapgfﬁhsb@ RF¢ digsatyedhieifarnen seqondadrxyres t These Bvaiadmixtures
4.1 % LA 2.9 2.8 % 325 Mesh Residue 0 O5%pH 7.0
weretheBeombined w4th(stiedig i Therefteg@h@dptbonal color was added with stirring

to obtain a “pre-mix”. The pre-mix was placed in a Ross mixer (Model 130 LDM) and
silica thickener, abrasive silica and titanium dioxide were mixed in without vacuum. A
30-inch vacuum was drawn and the resultant admixture was stirred for approximately 15
minutes. Lastly, sodium lauryl sulfate and flavor were added and the admixture was
stirred for approximately 5 minutes at a reduced mixing speed. The resultant dentifrice
was transfetred to plastic laminate toothpaste tubes and stored for future testing. The
dentifrice formulations are given in Table 2 below. The dentifrice formulation utilized
was considered a suitable test dentifrice formulation for the purposes of determining PCR

and RDA measurements for the inventive and comparative cleaning abrasives.
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Average Particle Size,

mm Medi an Particle Size QL o

(Honba) Mean Particle Size (Horiba) 10.95 10.64

waenowalser Abrasion (ng ,
Absorption (cc/ 100Qg) 105 99 A brightness of at

95.5 is a significant inprovenent over the conparative

1h 1 oss/ 100, 000 re@)/US2007/006835

| east

type and is thus the | ow end of the brightness |evel
of the inventive materials.
Toot hpaste formnul ati ons were prepared using the

above-descri bed gel/precipitated silica exanple and

conpar ative exanple to demoAd&BEEE

Dentifrice Formul ati ons

the ready-to-use on

demand capabiliti of the inventive conpositions
wi t hout flurExdampleng Crmtparativg ) of the two conponents for
opt i num defermblagnngt Enmiletiotbeénefits. To prepare the
Glycsiai i fri qes, Ilhe gl ycey,n, ondi um car boxymnet hyl
996%)) %l osg, pol yet hyl ene gl y¢ol and sorbitol were m xed
Sorbi@Q €106y [and 4tirrjed upgtil the ingredients were
% di ssolved to formla fitst_adm xture. The dei oni zed
Deivdk®y , sddi umof | ugri de,, t et fasodi um pyrophosphat e and
wateQeli um sgccharin re A so i xed toget her and stirred
CARBOWAX®Bese 1 pgredientg areldi ssolved to forma second
6008dg1 xturg. These ﬂwo adm xt yres were then conbi ned
CEROL® svorr|ri ng.2 Thereafter, the optional col or was
cv@ddgd witih stirring tol'%e)btai na"pre-mx". The pre-m x
Tetoheziiih acqd 1 @A Ross n6§<er Model 130 LDV and
pyrophosphate :
Sodium 0.2 0.2
Saccharin, % )
Sodium 0.243
Fluoride, % 0243
Silica thickener 1.5
Zeodent® 165°, 1.5
%
Example 20
abrasive, %
Comp. Example 20
abrasive, %
TiOy, % 05 05
Sodium lauryl 1.2 12
sulfate, % )
Flavor, % 0.65 0.65

' A polyethylene glycol available from Dow Chemicﬁl Company, Midland, M1

2 A carboxymethylcellulose available from CPKelco Oy, Amnhem, The

Netherlands

3 An amorphous, precipitated high structure silica thickening available from J.M.

Huber Corporation, Havre de Grace, MD

The dentifrice 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 3 below.
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silica thickener, abrasive silica and titanium di oxide
were mxed in wthout vacuum A 30-inch vacuum was
waoe@vnimed t he resultant adm xture was stirredP€DUS2007/006835
approximately 15 mnutes. Lastly, sodiumlauryl
sul fate and flavor were added and the adm xture was
stirred for approximately 5 mnutes at a reduced
m xi ng speed. The resultant dentifrice was transferred
to plastic | am nate toothpaste tubes and stored for
future testing. The dentifrice fornulations are given
in Table 2 bel ow. The dentifTAB&EDrnul ation utilized
was considered a suitable test dentifrice formulation
for the plixpwsles of deargimi.ng PCR and RDA
neasur engfomsulition t he pgyentiye and conparative
cl eani ng abrasi ves. TABLE 2 A pol yet hyl ene gl ycol
pgrai | abl e f 8m Dow Cheni @al Conpany, Mdland, M 2 A
R&ﬁ;boxynet hylgcel | ul ose ayai | abl e from CPKel co Oy,
hem The Net herl ands An anor phous, precipitated
PERGh struct@P? silica thjgkening available fromJ. M
er Corporation, Havre de Grace, MD The dentifrice
formul ati ons prepared above were eval uated for PCR and
RDA properties, according to the nethods descri b‘feei){ )
abovidie resudts sl highly pffectivgslaaging capabilidespyith retptively loggdentin
for each dentifrice formulation are provided in Table
abhsionlppopefAdBL{Er Bothoexamiptes Joutpaurchtpromulioedimprovement in the
Formul ation
inventive example in terms of lowered RDA with very low ratio of PCR/RDA. A ratio of

as close to 1.0 is preferred; thus, above 0.8 is desired, with above 0.85 more preferred,

above 0.90 still more preferred, and above 0.95 most preferred.

While the invention will be described and disclosed in connection with certain
preferred embodiments and practices, it is in no way intended to limit the invention to
those specific embodiments, rather it is intended to cover equivalent structures structural
equivalents and all alternative embodiments and modifications as may be defined by the

scope of the appended claims and equivalence thereto.

31



PCR 85 87 RDA 88 113 PCR/ 0.97 0.77 RDA The results
show highly effective cleaning capabilities with

WO edoatiinget y | ow dentin abrasion properties forP@DURB2007/006835
exanpl es, but nuch pronounced inprovenent in the
i nventive exanple in ternms of |owered RDA with very
low ratio of PCRRRDA. Aratio of as close to 1.0 is
preferred; thus, above 0.8 is desired, with above 0.85
nore preferred, above 0.90 still nore preferred, and
above 0.95 nost preferred. Wile the invention will be
descri bed and di scl osed i rIClcAIVI&cti on with certain
preferred enbodi nents and practices, it is in no way

1.1 nt engarhrb@pitatdisilich bembiNMAsA, iviHeréif shidadmbimeion fekhibits a
enmbodinments, rather it is intended to cover equival ent

o I » . . e
tecZﬁxn{)dé/ﬁ% ﬁ%ﬁ?tn@gs cg%'i f%?t]f%%;éliﬂ,a\bﬁm Ricopdradd ind) 4 §éiidtibe/

s and no ons as nay be defined by the

coRfR B8 e nABRT 155} B, S8 BBV SR om DA ofat most

conmbi nati on, wherein said conbination exhibits a
120t RGRR DAl abfem®7 ta 1-Deast 95.5, and, when
incorporated into a dentifrice conposition in an
amount of 20% by weight, said dentifrice exhibits an
RDA of at nost 120, and a PCR RDA ratio of fromO0.7 to

2. 1AQ@en@fricd coiptisingithe gelpradipititeigombimatien 6PChrndi t at e
conmbination of Caiml. 3. The gel/precipitate silica
conmbi nation of Caim1l wherein said dentifrice
exhibits

3. The gel/precipitate silica combination of Claim 1 wherein said dentifrice exhibits

a PCR:RDA ratio of from 0.8 to 1.0.
4, A dentifrice comprising the gel/precipitate combination of Claim 3.

5. The gel/precipitate silica combination of Claim 3 wherein said dentifrice exhibits

a PCR:RDA ratio of from 0.85 to 1.0.
6. A dentifrice comprising the gel/precipitate combination of Claim 3.

7. The gel/precipitate silica combination of Claim 5 wherein said dentifrice exhibits

a PCR:RDA ratio of from 0.9 to 1.0.

8. A dentifrice comprising the gel/precipitate combination of Claim 7.
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a PCRRDA ratio of fromO0.8 to 1.0. 4. A dentifrice
conprising the gel/precipitate conbination of CaimS3.
w6 200Thelsgel / preci pitate silica conbinati on of EtBUA2087/006835
wherein said dentifrice exhibits a PCRrRDA rati o of
from0.85 to 1.0. 6. A dentifrice conprising the
gel /precipitate conbination of Claim5. 7. The
gel /precipitate silica conbination of Claimb5 wherein
said dentifrice exhibits a PCRrRDA ratio of fromO0.9
to 1.0. 8. A dentifrice conprising the gel/precipitate
9. contyipRalkl/precipitatelsiticicémbinative of©ldipr 2wheeinedaitl dentifrice exhibits
conbi nation of Claim?7 wherein said dentifrice
a@ﬂ@}%&ﬁ%ﬁ@&ﬂ@tﬂ@ of from0.95 to 1.0. 10. A
entifr

Ice conprising the gel/precipitate conbi nation
of Caim?9.

10. A dentifrice comprising the gel/precipitate combination of Claim 9.
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