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_Enconpassed within this invention is a unique nethod
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materials for such a purpose, as well as the
accord greater viscosity build and thickening benefits together with such desirable
abrasion and cleaning properties, albeit to a lesser extent than for the low structure types.
Thus, mid-range cleaning materials will exhibit oil' absorption levels from an excess of
100 to 150, and high thickening/low abrasion composite exhibit oil absorption properties
in excess of 150. Such an in situ, 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 described above and dentifrices comprising

such.



different materials within the structure ranges
descri bed above and dentifrices conprising
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the hard tooth surfaces. Dental
facilitate storage, transport, and introduction within target dentifrice formulations.

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

researchers are continually concerned with identifying abrasive materials that meet such

objectives.



researchers are continually concerned with identifying
abrasive materials that neet such objectives. Synthetic
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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 proi)er
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
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. abrasive polishing agents for dentifrices have
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_ phosphate and its dihydrate forms, calcium
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precipitated silicas, generally are produced by the :

used aspbegsive qomponents inydentifrice formulations due to their cleaning ability,

relative safeness, and compatibility with typical dentifrice ingredients, such as
humectants, thickening age;lts, 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
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wheel drying, oven/fluid bed drying, and the |ike. As
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precipitated silica structu suc ce
r e . SCI . {n.the art wthi uch. _
Examgltt ARG GliGng BGRPTRle] s S Bhieslor Sich d24ies pyrppses
4,420, 312, and. 4,122,161 to son, U.S. Pat. Nos.
are de%?b@fﬁ*,ﬂé@ﬁﬂfém 368 pablecatignsngsd SoPat. Nps. 31967.56383. 988162,
No. 5,098,695 to Newton et al., and U S. Pat. Nos.
4,420,312gand 4332, 46 kitosWasam, Be% Rab Nusci,092,351 and 5,041879 oz ldows
in silica gels have al so been described w thin such
et al., PSbPatcHibi 028,625 0. Mewtbakt alllasd USS. @47 N335,891 M2 Gidd et
al., US Pat. No. 4,303,641, to
5,419,888 to McGill et al. Modifications in silica gels have also been described within
such publications as U.S. Pat. Nqs. 5,647,903 to McGill et al., U.S. Pat. No. 4,303,641, to
DeWolf, I et al., U.S. Pat. No. 4,153,680, to Seybert, and U.S. Pat. No. 3,538,230, to
Pader etal. Such disclosures teach improvement in such silica materials in order to
impart increased pellicle film cleaning capacity and reductions in dentin abrasion levels
for dentifrice benefits. However, these typical improvements lack the ability to deliver
preferred property levels that accord a dentifrice producer the ability incorporate such an
individual material in different amounts with other like components in order to effectuate

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

for such limitations, attempts have been undertaken to provide various combinations of
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Sl as a

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
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precipitated silicas can result in the in sifu simultaneous production of targeted amounts
of silica gels therein, particularly those in which the final structure of the in situ generated
composite can be controlled. Such a novel method thus permits ‘the production of in situ
generated gel/precipitate silica materials that provide excellent dentin abrasion and
pellicle film cleaning capabilities within dentifrices or, in the alternative, such
formulations that exhibit excellent thickening properties as well as desirable abrasive and

cleaning properties through the introduction of such a singularly produced, stored, and

introduced additive.
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impart, at the same time, an acceptable high pellicle film cleaning level. The novel in
situ generated precipitated/gel combination silicas unexpectedly provide a higher degree
of pellicle film cleaning with a significantly lower dentin abrasion value, thus according
the dentifrice industry not only a potentially more desirable lower abrasive material for
better dental protection. It has been realized that the presence of varied amounts of such
a silica gel component permits the benefit of the sharp edges exhibited by the gel
agglomerates for abrasiveness, with the coexistence of variable levels of silica
precipitates of different structures to accord an ovérall composite exhibiting one of three

general properties: high cleaning, mid-range cleaning, or thickening/low cleaning. Such
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with dry blends of such separately produced
that impantpdantintabrasion asd palliglefilmdeaningcharrstesisipmplalbetdp adgsger
hi gh cl eaning variation, it has been found that_
degreeahdnforiglosé heted i th previdus|paragtaphhambcdesistant thickgninge
high, in fact the resultant dentin abrasion level is
properliédThiofdbr td RROADch BRAkIcid) gesalts ithal sirhé additeeni Tig ability to
material w thout also inparting too high an abrasion

controibtgi%é ?elgrgf & 4 3ficd rée'i 12 ﬂﬁzﬁr&)ﬁlpoﬁébcﬁfdﬁfttﬁe taf et BIgRatnhddRk-, or

no nea any less inportant, is the ability to
low-sn%rcggeu &the precipitate component therein through modifications in starting

material concentration and/or gel and/or precipitate reaction conditions provides the
ability to contrbl 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 contfolling such

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



materials of silica-based conponents sinultaneously
Wi thin the sanme reaction nediumthat inparts dentin
w@bsoassons and pel licle filmcleaning charact erpGL/US®05/035923

(albeit to a | esser degree than for those noted in the

previ ous paragraph) and coexistent thickening
providertbgediveese dlganangglebrasion,and/ok thiskeningdaopdriies withdu sesbiting to

wth a single additive. The ability to control the
multipl€¥&iticHs oefp%tehti&lg{ 8§kndiVe d/bBIficaR T ﬁl%bgy%réﬂ HafRialster

target high-, medium, or |lowstructure of the

Gl Ei ate conponent -therein through nodifications in
the Sa@%?r | rs1ég mat eri al concentration and/ or gel and/or

preci pitate reaction.conditions provides the abiljty
{ O ol roenhges st AliFS et DAY 2C SEPSS0 &Y Vel piess
t.hi ckeni ng characteristics of the conposite itself.
otherwiipgspecidied o iplolrcuaments isited herpig age mgoworated bykesfirenreand
reduced but effective pellicle filmcleaning
cAacadingly, #tis onambject iofitHeydesert inkattidnitg provideopieéipitatéd
silica gel and/or higher anounts of high-structure
silica &1dogel BillcAESmPOLGR nidiéHal bhmdmg rrﬁ%ﬂov&pgmaé fifin @Al Without
sufficiently high Iinseed oil absorption (greater than
. [ . ' t t i ed
o ungbPobigR) hight el Hcds? (PHANILE chiffiel BFRRn. KiRis
. .cantrolli sych .silica. gel/precipit.at rqdyct i Qn
object 3% e eseplin Bilioh S to i Gl Prabe It e ediclipanf Py
canprovi de these diverse cl eaning, abrasion, and/or
effectiye pracinstaied/ st s1her eqmalinglions sihersin sushmaterialpanepredused
additions of potentially expensive and/or difficult to
simultpeovusly end iresitia therdbal psrhting the psepee ragios pbssh nidterighatot te,
percentages and rati os used herein are expressed by
made dwrimgprodinition of dichratedisls rathecthfun dakingddntifiieprediction] At
herein are incorporated by reference. Accordingly, it

an objédt 0P s RREMEIN i9to praQideaB SR ML heneRitdd RBcipRatBd/pMistifead
precipitated silica and gel silica conposite materi al

compd¥tO ¥latlrfABwhERIHNE EinBl liIGhSorbtibMetLis @RhiBHMRERBY bre 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/ldw abrasion material.

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

a) admixing a 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,
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an unacceptably high corresponding i ncrease in dentin
or enanel abrasion. Another object of the present
WO pwe/si7e8) i S to provide a new nethod for the PCT/US2005/035923
production of such effective precipitated/gel silica
conbi nati ons wherein such materials are produced
&) rauitdansoudy yntepdcIng tassaid siliengsl epipppiitian asuifigienhamount
proper ratios of such naterials to be nade during
of an alkabdilichicand ah atidelating egdnt tesformat precipitdtedhsiticn, ithegeby
dentifrice production. Also an object of this
produch&\"de;!ﬂ'%éi?ﬁaté el Slidy Quibi@tian. | Fhedipdssg@ s Hall R thin this
precipitated/ gel silica conposite material wherein the

o 308 Bl 0 BB AL ) b ki
b d/ 100 ' J i,al,. f i gh
rom AP RRIS e 1 GF e R Bty

0Qg for a md-range high cleaning material, and in
produces eembingtion 5 fustenr eacampaspadwithin tag dniepben & thpsompnasiie
material. Accordingly, this invention enconpasses a
materiaielisted abave ipthedbek nangss nfivil absemimnymeisinecomntyedrsl dentlfrice
precipitated silicas, said nmethod conprising the
formul St RBinpaking lsedtsmeterials agdeileh 0@ fRodudh bf tegiNentin®procesf
~an alkali srilicate and an aci dul ati ng agent together
noted aqjgv{iorm a silica gel conposition; and without first
washi ng, purifying, or nodifying said fornmed silica

| tion by sirl . o i .
S5l SRRD SR BBl ARy A Q. Rl
silicategs:o@oﬁ ?vl g&gég anl,{%gl;lsalgif%?% ggfdgtpégq% &Sﬂ@'ﬁtgnst \%hérg géngr%gation

precipitate/ gel silica conbination. Enconpassed as
to the spband gl cannet ppgus, stisiesandghen Glteting out dopupreciptated, sificy, The
process wherein the silica gel anmount present therein
resultirigsprbeipitats ist rex8@ashed, driddiamd cofnntihveted ¢d ddsired size.
preci pitated/gel silica resultant sinultaneously
G t85Jasowarh)isilith igel indfudd dilida ladespena bsdrdus\géld) iasroghls sand
i nvention are the conposite
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 |listed above in the three ranges of oi

absor pti on neasurenents, and dentifrice fornul ations
w@opnsFisg such materials as well as the prodect/usfo0s/035923

the inventive process noted above. Cenerally,

synthetic precipitated silicas are prepared by

aryins costray, e smhﬁ@é fnefhbd fsratBulebld 0 mﬁueﬂoh e $ddhong

aqueous mneral acids under conditions ere

ceur tirei
materi9 BEAHE fﬁottdg?erl&?t%%e{t a%ﬁrgge%ﬁt‘gg} gﬂ{;%g shed bt an cﬂ%&%d
resultln itate i s next shed, dried and
slica COBRASHA B Ibss iR APy BPaHEGoIeNts40 Yt the lsited
el s include silica hydrogels, hydrous gels, aerogels,
level ogﬂaarse@ﬁ/@‘gwgn ﬂspuglt@ngrellscg paramglessoluring peetistion, eesigriheant
al kali silicate solutions with strong acids or
differendecfeony previnustphy$ioalsmextayed (s pdry dlshdsipd figeti ateials tirough
formed hydrosol to formthe hydrogel. The hydrogel is

separate iidrpiraiad . Badidaly, thé fo v MBHYA thils Rar %&h@ thBmBes! Jf%ﬁlca

materials. As noted above, the separate production of

gel desﬁ?& %&%@fﬂcﬁh sd188in c§¥t8¥x:r§£:u)1¥ S&iiddss o nep(?p W %%t I%fte such

se ate proper
et durin e..j ncor ratlon mnthln a

a desirg Y?‘}ﬁ?’f' g‘F]z?ﬂﬁmuﬁﬂeSW%?{?H%?fﬁ PLe 90%3 to provide the
desi.red .cl eani_ng/ abrasion |l evels thereof. To the
ddsinentive phiasive cmpositionsarnisady-to-ussiadditivaniadhe preparation
production of such materials permts the producer to

of oral cleanjeg campesifensosuchrs dantifrioés, sidtimmatesehnd drdlike, particularly
precipitated silica conponents as well as structures

suited @3fa awanatpiidldh adoathppenankisg pocessp Fatthémoreleaek sitlcd evel
of cl eani ng/ abrasion through controlled paraneters

productWah BE uBlli RUUS lapplicatidnSwEGein ﬁﬁ&t edgbd irﬁrlﬁ%xeaﬂrésq{?@fness may
previ ous physi cals m xtures .e., dry blends suc%
be desutms ﬁfch %.L,SwftﬁUu? ﬂgﬁtatlon, foam mhlbxtoxs 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
pellicle film cleaning ratios for a dentifrice composition for inventive in situ produced

composites of gel/precipitated silica and comparative physical mixtures of such materials.
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separate incorporation. Basically, the novel nethod
entails targeting the anount of silica gel desired and
waep@eiosizeml |y sel ecting certain reaction condi PEDOS2005035923
order to generate such a desired |evel during
anor phous precipitated silica production. The
ia‘g[veat,i ve aﬁraﬁi ve conpositions are ready-to-use .
- ¢ilg R grapRicphreprssentationiaf die correltian betwisp thigkening ability

conposi tions, such as dentifrices, toothpastes, and

and silidaegel stristurp fortinventise Insigpirodged somposites nhgadfpredipitatedssilica
t oot hpast e naki ng process. Furthernore, such silica

and cofppachtiot physival hxtuiels lof 2Rl aterdgdpl | cat i ons wherein sharp
edges and | ower abrasiveness nmay be desired, such as,

VPT84 a biaPhical defrdsent RN Jf Y &irlltepcﬁﬁnWeWeﬂ tl’feeﬁléé.strbf dentin

fornmul atrons, such as, without imtation, automatic

. di | .gent s, Addition tential .uses of
abrasidf 0T iaf Qe BicBr GBS P A @R ShiBpsitiatie Vs
] and carriers, cosnetic_additives, personal care
inventiyg it fif ‘(/Iéfgis“?ifi sempesitgs of sﬁ&wm@%ﬁm apdthe yafyes of the same
phar maceutical additives, without limtation. Brief
measupEeatsi fpt ¢ammpagdtivetsendmginhalglent@ abrasivéss a gr aphi cal
representation of the correl ation between dentin
abrasion and pellicle filmcleaning ratios for a
dentifrice conmposition for inventive in situ produced

conposi t es ofpdgilddp&ctiptivabe theinver@ond conparative
physi cal m xtures of such materials.FIG 2 is a

RSN 08 B Al 681 DAL S

. i nventive |n. situ pr ed conposj tes . of. . .
st g s S PR B O SRR e 3y dmgredients to
m X ér es of such materials, FIG .3 is a graphical.
Prepafer%faf EANSEBRPSHIONE favieg ai@hﬁqw&%ﬁmmfwt Galsings
of dentin abrasion and pellicle filmcleaning
undue ahrasion entoetlssurfacess The pssential ee wel ap optienab pothpenents of the

abrasive and/or thickening compositions and related methods of making same of the

present invention are described in more detail below.

General Production Method

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

silicate in the reactor preheated to a temperature of between about 40°C and about 90°C.
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inventive in situ produced conposites of
gel/precipitated silica and the values of the sane
wor@sosement s for conparative conventional denket/us2005/035923

abrasives. Detailed Description of the Invention The

abrasive and/ or thickening conbinations used in the
Préferaplye trerqueons efkalistlicatesolyiipnthgs ap pliall sivgate congeatratipiolc an

be readily fornmul ated on demand with other ingredients
approxinRat&lyy SHROE3 SOk Bh, prtfesblynfiomabpnisl.0 tcoatmuh2i/witg, andmoge

cl eaning efficacy w thout causing undue abrasion on

preferag)g'oﬁ*c;hl SHE SRRy abdBE1 PRBENPiFbraBly (NEAlkalBSilicddé isaneddium

nponents of the abrasive and/or thickening

. conpositions_and rel ated t hods , of . maki ng..s f the
silicatepytlog SIOTNIRNTHGP! Jogh B0t 1 Aoput -5 PES MERETH, Bhmghou
Ceneral Production Method The silica conpositions of

1.5to zIb'Bﬁ Pl eIRE Luddtie Bt AlR4li Slieatd tiepaddEidtorhe adadion s dbout ewt%
foll om ng two-stage process with a silica gel being

for it [ : n jvDi el d
080 L BB pROBAPA LIS o
. agueous . sol ution of | kal i,.sili - '
sodiungsy a@a"‘t"é‘}t‘qnsméﬁ B? ag%e%:lﬂ ¢ reagtion Cr{x%cﬁlﬂé zsd}l%agé %}lgmt?(%rﬁ&%ﬂ@)
m xi ng means adequate tQ ensure a honpgeneo m xt.ure, .
Next, anraguedtis agifulatins agent of poid. Beh g S\éﬁw %Cldg ﬁY‘ffeéﬁgﬂ‘f ?F"?’HE"“C
_ reactor preheat ed to a tenperature_ of between about
acid, p46sphariclacibout! so ot Rprefesabipisylfuridrsidigadsed gs aditateisolution
silicate solution has an alkali silicate concentration

' thereom.&a,mamhmtredion & W tieen3bout 440 I &f i miokestypicelty almoti9.0
3.0 to about 25 wt% and nore preferably from about

to 15.03w0vh & A8t e sithcdk tFrahes 20 Ondde ailikakd! isplodocddantd she

a sodiumsilicate with a Sig 2Na2q ratio of from about
it sy e T OO s 6 ok b
stoppeh % ﬂ}ehgeel {s aegtteg rto %hsé b%?c%l'lrteacjtgn \(\ér?x/f)erature, preferably between about
65°C to about 100°C. It is important to note that after this first stage is completed, the
produced silica gel is not modified in any way. Thus, this rgsultant 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 agueous solution
containing the same species of alkali silicate as is in the reactor, the aqueous solution
being preheated to a temperature of about 65°C to about 100°C. The rate of acidulating

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

‘during the second stage reaction. This pH control can be used to control product physical
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to 80 wt% of the total silicate used in the batch.
Optionally, an electrolyte, such as sodiumsulfate
waeodoabsng nmay be added to the reacti on nedi unPCT/US2005/035923

(silicate solution or water). Next, an aqueous

aci dul atln%’ g}gnt or acid, such as sulfuric acid,
PTOPETHGY BGRHPYY PEALshgT aviregs ’@"%%{Pr"aﬁa%%w stragtisg siligad

so forth (preferably sulfuric acid), added as a dilute
produciy,prd fediivelydpwer avegagg batchpHeprowidinghigharistmctofe dilidapreducts.

about 4 to 35 wt % nore typically about 9.0 to 15.0
High shtardgcirailanenhyt e ithized,iand dat a2id solfittomadditgnl confes unfP

silica gel is produced and the pH adjusted to the

the read®s ibaRH éJHem bs toSbéEReckSabol 4\RaIboalP UPoﬁpt@?;&eQQf h}shﬁveﬁltiv'e

acid addition is stopped and the gel is ate
> al: b t b
me“m@"*%@t et EE B, ‘ngﬁ?eﬁ%?{‘%ﬁﬁg S Rungd by,
measufige st HhBpFo 20 3 s agre TehereCin é?gﬁﬁné%%%@?el

s not washed, purified, cleaned, etc., prior to
averaging-the iptalagstesale avektold ieetlapsedie. Next. the second

stage begins after the gel reaction tenperature is

i Aerdthe edlowsi af the dvadidating) agemtend sheoalRali siticaté aretdespped, the

reactor of: (1) an aqueous solution of the sane

reactordgiteh ] Riweddo ageot “dgesi forbdtivedtSS thimies (20 mitics] Wikthe
anounts of an aqueous sol ution containing the same

Areactoxsdéﬂfén@@oem% Rb#dlinedSdt hico At 3B | érQhé B&npig er Lotd ésﬁ?

aqueous sol ution bel ng preh ate to at

rate of acid atl
the rea@tk?(gtll{)attg?g ftlfé a e agfgtpgit% ?eé 19 relnove (ﬁx&%s? g?ﬂ
e SI Ita on pH during the second
inorga§f Rl hngl e B TR eGP GRToE ShkeSullsatat most s
product physical properties, generally w tn higher
byprodygtsontrat aninersusad by epduetivify! ower structure silica
products and rel atively | ower average batch pH
prideisdicadilter gikeris dturiedtinmates,and thenpdrixdibyt sy cbhgdntishalar
recirculation my be utilized, and the acid solution
drying sstHnigues) sechdsispri iryifg) to produce an amorphous silica containing from

about 3 wt% to about 50 wt% of moisture. The silica may then be milled to obtain the
desired median particle size of between about 3 pm to 25 pm, preferably between about 3
pm to about 20 pm. Classification of even narrower median particle size ranges may aid
in providing increased cleaning benefits as well.

In addition to the above-described production process methodologies of
precipitating the synthetic amorphous silicas, the preparation of the silica products is not
necessarily limited thereto and it atso can be generally accomplished in accordance with

the methodologies described, for example, in prior U.S. Pat. Nos. 3,893,840, 3,988,162,
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the reactor batch pH drops to between about 4 to about
9. For purposes of this inventive nethod, the term
wO amensges bat ch pH' is intended to nean the aveCByS200$54035923
obt ai ned by neasuring the pH level every 5 m nutes
~ during the precipitate formation stage and averagi ng
€ t t:] .
R S R A s L S R

e’ aci

silicate,are stopped he r.eagtor batch allowed to

as long g sugh (IELPAS 18 AP RPHAely PR omepiosh feirfiiton fiotidh
the reactor_contents being i.htai ned at a constant

shear trgpymenst dys wilebecanpptcaated by @lﬁenﬁﬁﬂéeé%mi%mtrﬁﬁétlpa Repmsters
batch is filtered and washed with water to renbve

which affeceths chyraptedstixstofitoregaltant prsaipitsted silich inchelentsiratpand r
fromthe silica filter cake results in at nost 5% salt

timing ROWHIGK telvagioé Riaktads afeakied ttle DivebwTduRdenithiioh of the various
silica filter cake is slurried in water, and then

reactangé j}l%&e%)rﬁglﬁ%{’;mx‘éﬁmd ABApedfufé;N8e %}@&lﬁﬂh QPER resttfills @Fing

t o produce an anor phous silica

cont ai, Ni fromabgut 3 %.to abo 50 w % of
pmduc?‘r%'f’?flﬂ/rgé.ﬂ%fﬁ%%i %i’cg’a% %ﬁ%esoaée #ﬁdied to obtain the
desired nedi an partjcle size of between.ahout 3. to
fétemﬂthm@damer%‘em r iy tventivematsn u{aﬁtld%%
C assification of even narrower nedian particle size
form sychragesithuy ligiiation, preesdutisngpghhwitbinsd§. BateBai 419,174, to
benefits as well. In addition to the above-descri bed
McGillpt ab ustwedhasfilas @sass sitiygaodesgys @s descripedewithint aatlithgugoeit
synt heti ¢ anorphous silicas, the preparation of the

U.S. PublishéepRr AFBICKS. 2603001918266 %Rang.| Y |im ted thereto and
it also can be generally acconplished in accordance

mh%gx}\;egﬁggﬁbgé)g&kg%& ?ég%—%ﬁ% 42189 fe clflé}ﬁct%mhg 5 laated, as

3,988, 162, 4, , 7146,
discussf:'% %@(?\iﬁg%iq glggeﬁcg?tgr?sc %%&gé&gersgéek)ﬁgéee’nmf)&nhthg fifiseed oil absorption

ranges exhibited within each. The oil absorption test, discussed in greater detail below, is

generally used to determine structures of precipitated silica materials as set forth in J.
Soc. Cosmet. Chem., 29, 497-521 (August 1978), and Pigment Handbook: Volume 1,
Propérties and Economics, 2" ed., John Wiley & Sons, 1988, p. 139-159. For this
invention, however, it is important to note that such a test has now been utilized to
determine the structure of the overall gel/precipitate silica composite instead. Thus, the
. three basic types of inventive materials are categorized as defined above, and as

discussed in the following sections.
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as long as such nethods are appropriately nodified to
i ncorporate recirculation and high shear treatnents.

wa@\006i0517190e appreci ated by one skilled in the Pe1L/1US2005035923

reaction paraneters which affect the characteristics

of the resultant precipitated silica include: the rate
giRg irlveRtiviginain \ybhdtited bemyesiteo(dso refatednts as aomtdnimas”) of
the | evels of concentration of the various reactants;

silica gél&?x[dgy?i?cgﬁi{a%g sethlor VAR IfRtORIMREIAAHE Swithdi limitation,

n of the reactants during production; and/or

the rate at, which any.elecir e I
three prmagy, YRES; \}femﬁg‘fﬁe&%‘ gbqenrgaﬁ gérl? gltL/ |>’{§o‘r’¥§st¥l %P%%ﬁgeeﬁrv Fentive
_material include in slurry formsuch as, W thout .
abrasivengss (with amRDdy kvelnddess thag 2oflt {Wehﬁg? Wﬁéﬁafﬁﬁétmmg
6,419,174, to MG Il et alL, as well as filter press |
silica-babadrprydystsy G pEdsangs cltaniog idoetal atiradives veifiuredneed iglbeieaning
U S. Published Pat. Appl. No. 20030019162 to Huang.
levels (B €orthparedivithi eheshikh cRasiogRsdrats figh abbed)sbutmyuchdower RDA
characterized and separated, as discussed above, into

measuxgﬁ'éﬁtg *gz?{' dst B6dut 486, FOPMi@Rce) IPRANTRIkeHIDG r(vﬁs&%itkim@(ﬁlg(ﬂn g)

sorption ranges exhibited within each. The oi

. N . , : :
SRR O L SRR ) P
PCR o%qlg:ﬁlgn g@gr?cil%%l_egy%sd( ‘gﬁt&éﬁ re&)gﬁg@; ‘1’5?@1%%96 %g{&tme is based

Handbook: Vol unme 1, Properties and Econonmics, .2nd ed.,
upon diffitrent jqtery, secksanicactiapgrpnditions frog. 1 tgiperagire agitation/shear,
invention, however, it is inportant to note that such
additioa ritesof reactanis)antvestofigel tommpahent ané therliieh@nd lgencentrations of
structure of the overall gel/precipitate silica
reactar@OEL ShoI8 rativslofsilicattielscid,id3@dnt branrplopsTieese wilk be dirther
inventive materials are categorized as defined above,

delined?é@seﬁ&aféi)sﬁéiﬁed in the follow ng sections. The
Invehtive 1n situ generated conposites (also referred

to as "conbi nations") of

High-Cleaning_Abrasive Materials

The in situ process of this invention has surprisingly yielded, with selectivity
followed in terms of reaction pH, reactant composition, amount of gel component, and, as
a result, structure of the resultant gel/precipitate silica composite materials made
therefrom, abrasive materials that exhibit exceedingly high pellicle film cleaning
properties. Such high-cleaning materials may be adjusted to target lower 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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silica gel and precipitate are useful for various
functions, including, without limtation, three

w@rooamsy1g ypes: i) high-cl eaning, dental abrasPeEESMW0H/6085923
correlative | ower abrasiveness (wth an RDA | evel of
| ess than 250, for instance) than typica

abilitytp Sl LERRLOR ShbliroBasatePhatiC Sl dullFadde

ani ng rasi uce eani ng

evel s s_conpare ith the high cleaning materials

formula § 1 8 defor SEBEP 1 cHURE AR RS RS . | ot
_about 150, for instance); and iii) thickening

cleanigg/abrasivs eqmpavdnt yithig e dsnbifticetos, inleae petgntidblytpreferredi n
| evel s of cleaning and abrasiveness (such as an
embodimbnt) iriag the REIY asfa dupplenichbwitd Othentbwar nimasive adtifi2g, fof

bel ow 80). Production of each type is based upon

targetifip bih 8UGEN cle@tihPhed aiHGile Rl B8RS HERTIEORRMEIAGS. (€. J. .
tenperature, agitation/shear, addition rates of

IR BB AR I
S AR T A —

Abrasive Materials The in situ process of this
material{gad thug therpaecipitatest silicmepnypapient ig presentiin an ampwtof fiomy95 to
followed in terns of reaction pH, reactant
50% by ynhwos asiagasulnddthbuglf thg@emoooingf@ebpassiblnto, foms a high cleaning
result, structure of the resultant gel/precipitate
materislirhayhe asigload $08% ﬂiﬂﬂﬁrdoﬁi@simeteﬁhﬂ,eﬁﬁfdrﬁmy S@N ASdnydunt is
materials that exhibit exceedingly high pellicle film

much WMy BEQARES it WaS fount Ghat M e hdr SRNARSLTBE gclf,li sentWithin

be adjusted to target | ower radioactive den

] . , e the . :
* atioh PRERHL AEY Sho P b SR UL I GRS |
compo%%}{}ﬁgctlulilrreg tg gfll épordggédo Autr&tgethg ollllo(v:v?ngcﬁggg S'htmes, t eto%rlaﬁlaxsﬁount

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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materials are exenplified belowin Exanples 4, 6, 7,
11, and 15, at |east and show theability to cl ean
wowdlkost7iglet ri ment al exagger at ed denti n abr asi POT/US2005/035923

(within dentifrice fornmulas 1, 3, and 4, for exanple).
Such products may be utilized as the sole

th eani n (Fraswe co& nt W|th|n a dentifrice or, in

rather °|88? elgrynalipRs freemponests. Suchge ifsusexasts

suppl ement wi th ot her Iomer abra5|ve addi tives, for

withirg the Frmainige anszm/&qvarqcmammsmmamhmtmnbewwem or a
dentifrice fornmulation. For this high cleaning

neitmarally, it liah begedetearotipmi thad sutls sppcHESHIEh-ClRafAg ABRAYRESs may
between 5 and 50% by vol ume of the ultimtely formed

be pro@&dedRhdGER b hitiifoddflalmixif L ARG EadIBES] & ?dlta()?er@héa

the precipitated silica conponent I's presen
materigfTtRlei bkl ok Aol %?éf%eg@g ORGP 2 A%
. Gle h 50% of th
R e A R M T R A—

I maji nly because it was found that the higher the
of the sifj ﬁﬁtaﬁfngg@l't%? és&om 4fot357n alsohwightin eh equeong setatian); tal |,

the greater anount of |ow structure precipitated
initially |f¢mmas1¢19mpdn eubseqaentito gel foondimnpsufticiestchiltbafd 4@ dchiare

foll owi ng phase. Thus, the overall amount of gel to be

added Owitlstiae aely a@raﬁaﬂed@g%a/ofr\eésﬁtdgvsﬂ Mhé v?é bt Q&P 0 5%

for instance). Such percentages of conponent

phymcﬂ%&ﬁhbéﬁcfn@fiﬂtﬁé tottﬁ@foﬁlﬂg&‘ g&l 11 ﬂﬂhletﬁrgh??t fon < nte g.liynrg ca

during the production pha for eac
10W el reflects the
structofEERirkAbty 1005 e, BRI AR T Hhee PRBES MovEilie
n the reactor duri which the_gel is initially

during mgﬁ( ?%waaﬁﬂpee‘)vef ﬁﬁs@aﬁ%mwﬁéﬁw ite pegord;thie necessary

duction, the remaining 90%silicate reactant volune
levels §lgpeljicle ik plepring) preeipitater] silica campaoepiotesined for adight éleaming

It is inportant to note, however, that upon the

composite matgtialdn befforired. Jhe pHpoftthd everall 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 m! 0il/100 g material.
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formati on phase, sone of the silicate may actually

produce gel, but the determ nation of percentages of
weamig/osTnponent within the ultinmately fornmed cpoOposSi®035923

mat eri al does not reflect such a possibility. Thus,

t he percentages noted above are nerely best

eBicaiB] 88 1fainheé nighaleat RBGeBhRPRARA @i‘li@é‘&&ﬂﬂﬁa@éﬁ %érftgﬁz{lely

amount s of corrponent s. Suc an |1 ssue exists wt
hove SRR b PR ERIBRALGRRITIRNS JILEH Hyeen
shout 4 BRSO oSBTt SRS ot e Tmsindonts

ag%aﬁ suitable silicate starting material (wherein the
presented;bgloyp within: the exasmples) R4y (Redieactize Dentim Abrasidn) salugs t o
25 % preferably from10 to 20% and nore preferably
betweehrabaut1($0tto ab@eth248nahd (wathirothe smhe &dsi dontiGicet foEmSatio) FCR
starting material is from4 to 35% also within an
(Pellickqlleatisg Rafia)talies of D0 td M40, with! drafi® 6 PERSH RIFR wiin the
Subsequent to gel formation, sufficient silicate and
range G0 45 &f @7added (wi thout any appreciable degree of
washi ng, or other type of purification, or physical
nmodi fication of the gel) to the forned gel for further
production of varying structure (preferably lowin
Mid-RStr ture, put. other structures silica products may
1 ufacturing as long as the overall
structure is sufficient to accord the necessary |levels
dthe grepiry progessiof this invamtiondg)as plse ciupirisiglyyielded, oith similar
conmponent desired for a high cleaning conposite
degreesefi selectivityt folloevetl dn toptls offfeaction §H, reditar® eic@hirati R CArh At
may be controlled anywhere within the range of 3 to
of gel cbfhponérit/and, B SRl WVeBiShh itate silj
o8 pr ggi pi ’trhzfed silica pr oductel?lg){}@t}l%%@%ggWEgg‘Itﬁt%%ﬂ ca
compodi i ' j C|. I.Ng. derate . to
posfnf&%atéﬁ‘al?ﬁl‘%é tHePe fRYn? %ﬁ ft%ﬁ itk Ihglg Flﬁilixﬁ%ﬂlape%glssfg%%beg above, a

ow abrasive material throug roce
methodfy, B8l B B o h R phoq B 5edr Ay idkcad bt st relatvery high,

cleaning levels with lower abrasion levels) composites as well. Thus, selection of

differing concentrations, pH levels, ultimate gel proportions, among other things, can
produce gel/precipitate silica composite materials of overall medium sh‘ﬁchnes in order
to accord relatively high pellicle film cleaning resﬁlts, with lower abrasive propertiés as
compared with the high cleaning materials described above. Examples 5, 10, 12, 14, 16,
and 17, at least, below show certain methods of producing such mid-range abrasive

products (and further exemplified within dentifrice formulations 2, 7, 9, and 10, below).
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anmount of |ow structure precipitated silica is
preferably relatively high (from90 to 70% by vol une
w@boosls77econposite). In order to exhibit the prepepusSiEFn3s923
and RDA | evel s associated with this category, the
resultant gel/silica conposite material nust exhibit a
' ial %g{é t
oli:?}??%gmg r%lr?a erial . ur?‘gtgﬂgalf gl% %&lﬂn er??ﬁg/ il\%lgréth%anamount
I | NehoB el LPEGCI Pt ated sildca conpi nat.jon .general )
betwefi FA P BY oI P e ERp Bl iR PRl Bt Eirposte
hardness val ues, in the range between about 5 and 30
mate“?%&‘ ?"‘é G‘}EGUBC‘P'&}?H BHIFDFRINPORRHL 1S RiGSERtin gn pmepnt of from 90 to
dentifrice fornulation (as presented below within the
40% by eaight @s » rqapit). (£bvughdbs areouddiof gel paissibleito fiyrmy a highsleaning
bet ween about 180 to about 240, and (within the sane
materitbxaby beeas hifli hc60% of el cdhiposite MeRriaPpldférably sGLieahmsunt is
Rati o) values of 90 to 160, with a ratio of PCR to RDA

much WiweR irfdirll{ BedaRSOR wak fmAThdt %&ﬁé}f)er%éiaﬁé&ﬁ%fge@ﬁ%eggmwn

Abr asives The in situ process this nven

: jelded. w.th, simlar degre f..
o mi-Bird0 RURE AL kP apl oB) S Heneies r Pt et
concent.rati ons, anount . of | conponent, and, as a
compangat Fquired: e pe prodBed flrinedhe follonang Bisise Fhgs, the overall amount
el /precipitate silica conposite naterials nade
of gel forfeer rpdused isspretsrablieelativgly lewdBiomn?P t9e1386.ifat nswoedr Sbeld
above, a nmethod for producing a m d-range product
percenfages efgel abinponentiactenly roprieseit iel am@inabf sibitate piegént during the
cleaning levels with | ower abrasion | evels) conposites

produdtidn \phhdes foklueh dislte€ tilioAmateridi, b BEdcABeLABHVE Tor RE hRAAS
pH I evel s, ultimate gel proportions, anong ot her

clearﬁﬂg"ljnﬁtgﬁal. can produce gel/precipitate silica conposite
materials of overall mediumstructures in order to

ﬁ%ﬁ?ﬁl&\g Irhgga. c}f@gllsd?égegzing{ég g@:; ltsv{lc | sepgéiiﬁlc_qgﬁ 1rgggné crfgan[megsa lratls?\’/es
may be produced through a method of admixing a suitablé acid and a suitable silicate
starting material (wherein the acid concentration, in aqueous solution, is from 5 to 25 %,
preferably from 10 to 20%, and more preferably from 10 to 12%, and the concentration
of the silicate starting material is from 4 to 35%, also within an aqueous solution), to
initially form a silica gel. Subsequent to gel formation, sufficient silicate and acid are
added (without any appreciable degree of washing, or other type of purification, or
physical modification of the gel) to the formed gel for further production of appropriately
structured precipitated silica component desired for a mid-range cleaning composite

material to be formed. The pH of the overall reaction may be controlled anywhere within

the range of 3 to 10. Depending on the amount of gel initially formed, the amount and
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conpared with the high cleaning materi als descri bed
above. Exanples 5, 10, 12, 14, 16, and 17, at | east,
whedoenwswhow certai n met hods of produci ng such PETUSBNEE35923
abrasi ve products (and further exenplified within
dentifrice formulations 2, 7, 9, and 10, bel ow). For
structyngjod prricipitatadgélical compionent mayeheitarigeted fremyeh the game revgtas ifer
present in an anmount between 10 and 60% by wei ght of
the higlheleaing mateziay. Tt banbebngedlizpd drt i drdérao ?fdviidéaa aiRAget e
material (and thus the precipitated silica conmponent

cleanihg, 18WaHERtvel rAatdRal FRRBULE e n%rgﬁﬁﬁ{‘oaggafé]?arég %i?%tfxéé‘ﬁ{gg Qgeaﬁﬁxg

a result). Athough the a posSSs orm

ar i [ eri al. ma s high as .60% of. th
materfls N e e B PR Bl R aiBidapores i o o
| ower majpnly because it found that the higher the
60% by XaTe BF (g Gpmgp aice Rretaratl R fioma2 hioch 3P g s ek gf low
material, the greater amount of |ow structure
structyse peqentatadesdfioni 1p preferaldypomer{fromeiorddth byvdlempobtheced
during the follow ng phase. Thus, the overall anopunt
compasite gatietablpfopr 8iocdeh)i $n prdef erexhityit the papbvVBECH ah@RDA
(from 20 to 33% for instance). Such percentages of

levels @Sdociadpaitetis @tdgedy, e eQRaBBEMsilich €oRPOYR A ial must
silicate present during the production phases I?or each
j Cfd . ve for. the
exhlblﬂiii gfﬁﬁz‘g? 351 aBbdrbfidn rg{t%:rat&nn 0 ?/)’ ﬁlogﬁlﬂoa{ghg) e%wa?emalt.

eani ng nat er era
d LN ned that such specific njd-range,cl.eanin .
S0, B inr e B -suned Slieping s UprosiPHEEA Stico FomBRRtam

uitgble acjd and a suitable silicate starting
generaflyhays e (oI oReriesa i Rraw damiehner harnessrvahigs solbs
solution, is fromb5 to 25 %preferably from 10 to 20%
range bgtyeetb? & apd d2 &k abilywithio mtds0 densiftied/ormnkitivm éas presented below
concentration of the silicate starting material is
withinfthoerathles) BDA (Rddienctivé DientirfA bagieapydusBetivdeaboutt 93 to
' initially forma silica gel. Subsequent to gel
about 150, &Bd (ithin Shtf dahfel tefd detiftit € RirmubdnPBER (Pélficle Cleaning

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

Thickening Cleaners/Abrasives

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

produced via a high structure silica production method, provides an effective thickening
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added (w thout any appreci abl e degree of washing, or
ot her type of purification, or physical nodification
woboosls77gel ) to the formed gel for further proPCTUSDNSG035923

of appropriately structured precipitated silica

conponent desired for a md-range cleaning conposite
(or other typeiod Vispesityangdifigation) w\téupclen@?ricterfenwmmsl In eahta on

may be controlled anywhere within the range of 3 to
mannet(suckhe tleinkkinirg apent iney beradded ok oglg|for itd Vis@sity-ol iR effect,

t he anmount andstructure of precipitated silica

but alsoQoR@PiethertBIMEBNEAsBEHBSEnt RighbChednfy SRIG é:lmi\/gsdtehg{rice

the high cleaning material. I't has been reall ze

' j i f-r.a .l eanin ow apr asi ye
compdig BKimbfs 71058 3.1 IGeDONE SRl e RN

hi gh ¢l i N terial d aboye, ,the. nt of I
produgiy® e PRk s e b Ecamiied Witomiedies 6056

bé vol une of the conposite, preferably from20 to 33%
formulghigns 1,8, aneb®ibelayr)- | ow structure precipitated silica is
preferably lower (from90 to 40% by vol une of the

clinrlois lave clepmieg drvabingtefink the! tampai¥ént islplesenti@rantathount
exhi bit the proper PCR and RDA | evels associated with

betwedn' i (Sanda¥5e4 By YolubRerHasultiatdy Bfhks :gbxi/ﬁ@ciﬁﬁm_? Qitich gomposite

material nmust exhibit a linseed oil absorption o

materi&l (&4 lﬁﬁs Emﬁge&&gﬁ&f’siﬁ& IRknQk bée%gg i af RS from 80 to

Broadly, t inmventive m d-range’ cl eani ng
o ecipLtated.silica conbipati.o eneral.l y have the
15% P ShiBieE s el it et € o bapalEeisth L Rrar ind dBsdructire
val.ues in the rapge between 2.5 and 12.0, and, within
form). Altfictigh the, amauat 054l goRuIS o iy aligh clegping sntestal gy be as
w thin the exanpl es) RDA (Radi oactive Dentin Abrasion)
low as Q¥4 pfdhe)eamipasite astartal, geferabhboigh an BHounind mush higher taly
same test dentifrice formulation) PCR (Pellicle
becaus€iterasifogndhnt thy lovedr tlesarbu Of pel pte@nt withih aahickédigg Of
PCR to RDA within the range of 0.7 to 1.1. Thickening
abrasivelneérii shé\Breater WBunt 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 actually represent the amount of silicate
present during the production phases for each different silica material, as described above
for the other categories of cleaning materials.
Generally, it has been determined that such specific thickening abrasives may be
produced through a method of admixing a suitable acid and a suitable silicate starting

material (wherein the acid concentration, in équeous 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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Lastly, again, in nmuch the manner as the two above
types of abrasives, it has surprisingly been found
w0 bab/0si7his ca- based vi scosity-nodi fyi ng nat eri abGT/B3000635923
provided that also exhibit a certain degree of
abrasi veness and cl eaning through the utilization of

of the §1ﬁ@até amglrﬂﬁemn i BM %%‘?’f%lsomﬁnﬁ&ﬁﬁ&&%ﬁs iy ), to
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ilica productl n et hod, [OVId an effectlve
added %ﬂtﬂk‘&?ﬁ%@%ﬁ*ﬂf&h dares pfew erober typeplipy fication oy
within dentifrice formulations. In such a manner, such
physical médiGeasionrad thayeal) torthy fdymed gellfdr fistheppioguétiom dfthégh structure
viscosity-nodi fying effect, but also to suppl enent
precipigitéddilicnmsingntdestanfor Ritgbldning sbaayivigconiystisié nakiRaBioiR
dentifrice conponents. Exanples 3, 8, 9, and 13, at

formed. eﬂﬁt H Bf @¥109€rafl réPbh RthyVe 387GV an ?g\ﬁgl%%ﬂﬁﬁ t}}e range of 3

prod u0|ng such thlckenlng abrasi ves d furt

n I at | ons 6, .an
o 10 BRI Pl ol B A T g 208
onent resent i an anou et ween 20 and

Pfemm%%% %ﬂtﬂ?@e’&rmg be arget ye!lewm&rtﬁ% bb@%qwem Hheats and geid

S|I|ca conposite material (and thus the ci pitated
reactandy within aduers@sidie mediupy lodfenn greates amannts of Emh struefre30 t o

15% by volune as a result, wth such a conponent
precipiatef shicbdoynpomestenit hias beedﬂeglized tthiat dit owder foqprayide Althiblcauniry

t he amount of gel possible to forma high cleaning

abrasiveRi@¢éria throByh s H5cdsOth@ 8m3M o lgel ib prefeabe digifer (as noted

material, preferably such an anmount is nmuch higher

above, %h{‘i()’to%@/%? Solume/Ghd %ﬁﬁgo g@ %ﬁlﬂa%y ﬂwﬁusttt;%sgp%@&he

of gel present within a ng abrasive nat

amoun m°%a?f?étﬁ¥%ﬁ’g9 e i Sy B OB *?réveftdshe

. hase... Thus, the overyal nmount of t.o
posmble), wh(i)le the a:gount of high structure prec1p1rtatec§ m?ca is preferabiJ relatively

high (from 80 to 15% by volume of the composite, preferably from 55 to 35%). In order
to exhibit the proper PCR and RDA levels associated with this category, the resultant
gel/silica composite material must exhibit a linseed oil absorption of greater than 150,
possibly with a maximum of about 225 ml 0il/100 g material.

Broadly, the inventive thickening abrasive gel/precipitated silica combination
generally have the following properties: 10% Brass Einlehner hardness values in the
range between 1.0 and 5.0 mg loss/1 O0,000 revolutions, and, within a test dentifrice
formulation (as presented below within the examples) RDA (Radioactiife Dentin

Abrasion) values between about 20 to about 80, and (within the same test dentifrice
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be produced is preferably relatively high (from45 to

65% 50% nore preferably, for instance). Such
w@esceri7ages of gel conponent actual ly represeprdT/UB®05/035923

amount of silicate present during the production

phases for each different silica material, as
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peci.fi.,c thic i ng. abrasives may be produced through
tORngé‘befs?g%@ﬁf%ﬁ?a suitabl e acid and a suitable
silicate starting material (wherein the acid
concentration, in aqueous solution, is fromb5 to 25 %
preferably from10 to 20% and nore preferably from 10
Dentiffrige UR8% ofdhallnvestivedviateritlsat i onof the silicate starting
material is from4 to 35% also within an aqueous
SThetnvertive ik Oini Pérerabd YelfppécipitutesdiliLebrisite RlaRSRAUENT

to gel formation, suffrcient silicate and acid are
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desired for a thickening abrasive conposite materi al

materigls, the moderaisdy highRIyy l%vre?& mey bs/wragreptatie ta somme Grmyumers.
controll ed anywhere within the range of 3 to 10.

Thus, pepmhitatien ofithe nyentineurompobitgmiterialstwith otherf abrasbets phipsically
anmount and structure of precipitated silica conponent

blendedalerbeith adthai ©shitayslerdeatifrice Jornhidationds pateaniallysprefee@l én this
and acid reactants within a nore acidic nedi

iumto form

regarddf 8Rfefto REBAthigeRl dBhENCISIMEAN fHridi GifleRiits?h §esikdd ca

conmponents. It "has been realized that in order to

protecf?{;é)l\é{/&e Tﬁ%l% Ie%g hﬁ&b%kgof%l?ﬂe@ %hX\een%ﬁz}q (r;f%gelks) on% Q%ri%ggg a&{lg\zes may

process, nount of gel” Is pre glher
not ed, above.. fr.o 0 t.o 85% by volupe .of the
be preBf SilnRARYSyE HERE R 1P atiprie STH i¥raiohe Othromeh
.of low structure precipitated silica is preferably
abrasnwag@qlq;épg}uqi%\fpr(%nquﬁ”a%mﬂmut limitation, precipitated calcium

carbonate (PCC), ground calcium carbonate (GCC), dicalcium phosphate or its dihydrate
forms, silica gel (by itself, and of any structure), amorphous precipitated silica (by itself,
and of any structure as well), perlite, titanium dioxide, calcium pyrophosphate, hydrated
alumina, calcined alumina, insoluble sodium metaphosphate, insoluble potaséium
metaphosphate, 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.

25



possi bl e), while the anobunt of high structure
precipitated silica is preferably relatively high

w@ ooens B t 0 15% by vol une of the conposite, prpef/esmby3s923
from55 to 35%. In order to exhibit the proper PCR
and RDA | evel s associated with this category, the
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1S PessiplpeectsBisp sOPLRRHPT Bies B ARik P adigRCosBidled o
W th a naxi mum of about 225 m oil /100 material . |
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gel/precipitated silica conbination generally have the
more pfedérablyi frgn pbayd OV te sboutB/Bby seighit, Hagioutarlyheheirtbs s
values in the range between 1.0 and 5.0 ng loss/1

dentifrid@ iVDRoftpustt LOV@Als derdifiice W driili dleanirdgefotmalatiénsiinédiporating
formul ation (as presented bel ow within the exanpl es)

the abrgig&et dIRaslsARML gYﬁﬁng%dt{btnﬁQB@éﬁ&m 4R 'czgaﬁﬁg&%mrb\ﬁhgut

o about 80, an W in the Sane tes

adentifriceformyl ation). P Licle Cl I\Ng Rati o)
possiblg ST End i B s her T anBlfts in §F9RCR 1o ron
within the range of 0.8 to 3.5. Dentifrice Uses of the
I nventive Materials The inventive in situ generated
~gel/precipitate silica conposite materials descri bed
Dentifripsrlsirmulatipnbe utilized al one as the cl eani ng agent
conmponent provided in the dentifrice conpositions of
t himgpredierent i on, al t howghounat | east for the high
cl ERpuidiVekialeegory naterials, the noderately high RDA
| eN@nsctiiyks) pBtainacceptajg e to some consuners. Thus, a
coghbhatd Qepf the inkenfive conposite materials with

ot PeleRYr asi ves physigally bl ended therewith within a
su ?c@d dentifrice fop ation is potentially
t S %% . =20

pr zrtredal n(thls regadpdlLn order to accord targeted
defifatE §§?ﬁ*ﬂg and f{ Y on results at a desired
pr ‘E%ﬁ’r‘?}‘é“‘l’revel. Thus . 2any number of ot her
coPVeH bl types ofO-afrasi ve additives may

abrasive : 10-50

sweetening agent <1.0

coloring agents <1.0

flavoring agent <5.0

preservative <0.5

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

a person of ordinary skill in the art.
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be present within inventive dentifrices in accordance
wth this invention. Qther such abrasive particles

wo p@bostes f or exanpl e, and wi thout |imtation, PCT/US2005/035923
preci pitated cal cium carbonate (PCC), ground cal ci um
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etc.), if desired, as well.The precipitate/gel silica
preventiogithiendehiifiive d@acdiyipcbiab Syieableh@nedtaitoinphika pel cthplene
dentifrice conpositions, is present at a level of from

glycol g a %ﬁ&%’o‘f QAifbhaH tmo'i&%la{?)(vél@{t@bmopméﬁ@ gﬂE&f "y@fﬁry V\S%):;cgml),

about 10%to about 35% by Wwei'g par ticul arl

cro RS NGB ARFATDOR 5 L5 LRSI 0%

ora eani ng ons I'n
conposi tions of this invention convenijently_can

well asqRRiRe of BFRE PRIPPYRGN YA P B1 0 HITE Brif S Habout 20
relati ve ampunts thereof (all anobunts Ln wt %:

wi% torgbay 30 vida of a tenthrastesampagjtemi ent Amou Li qui d Vehi cl e:

hunectant (s) (total) 5-70 deionized water 5-70
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, zwitterionic,
amphoteric and betaine surfactants such as sodium lauryl sulfate, sodium dodecyl
benzene sulfonate, alkali metal or ammonium salts of lauroyl sarcosinate, myristoyl
sarcosinate, palmitoyl sarcosinate, stearoyl sarcosinate and oleoyl sarcosinate,,

polyoxyethylene sorbitan monostearate, isostearate and laurate, sodium lauryl
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bi nder(s) 0.5-2.0 anticaries agent 0.1-2.0 chelating
agent (s) 0.4-10 silica thickener* 3-15 surfactant(s)
w@2m6@5518br asi ve 10-50 sweet eni ng agent <1.0 POI/0s200§035923
agents <1.0 flavoring agent <5.0 preservative <0.5 In
addi tion, as noted above, the inventive abrasive could

tion wth ther ive npter
sl SR HE SR B 8‘;@8&‘”@@8?{16&? Hf N
phat e, djcalicum phosphate di hydrate, cal cium
laurOYﬁE*?a@P?ﬁozépéN aaémetpzﬂfﬁ%ﬁfwr@smxﬁ%x lene exidmeandensatdsof alkql
alumna, alumnumsilicate, precipitated and ground

phenols zdogparmdepropyhbataine, dmahinjdopepybbétsise, mabmitylcietAheand the
thernosetting resins and ot her suitable abrasive

like. Soditierlaalybsuifaoss atpRefarrbd s ittt ]Qk@bﬂ?dt%lt%qy#ﬁcahy pkddént in
art.In addition to the abrasive conponent

the orall @zﬁE cbb 8§t1&?syoﬁh§%e§éhmlﬁ'eﬂtlcﬁﬂﬂ aﬂran{%{sope{b%ﬁpg heRLbSut

enhanci ng agents ganol eptic enhanci n

15% b} DELEBrEREL b2 0 B SRE R e M TR e ropghayt 03 %

i mes known as binders, guns, or stabilizing
toabmﬁggﬁk Y““ﬂﬂnectants serve to add body or "nmouth

texture" to a dentifrice as well as
Flavoring agents optionally can be added to dentifrice compositions. Suitable

flavoring agents include, but are not limited to, oil of wintergreen, oil of peppermint, oil
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 regﬁlatory 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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preventing the dentifrice fromdrying out. Suitable
hunmect ants i ncl ude pol yethyl ene glycol (at a variety

woboodios7es ent nol ecul ar wei ghts), propyl ene gl peDUS2005/035923
glycerin (glycerol), erythritol, xylitol, sorbitol,
mannitol, lactitol, and hydrogenated starch

such agyefhdbsez earbsxynaahyi/@le]lulase hydiouyatsylatlltloss dydrorpsropys .
Typi cal |evels of humectants are from about 20 vvt%to

cellul@yby Ohyd:(a@'nvdtl%}ll QElldoée By diBRFhEh FIOBRBEXYPrépy] cSRELERE

may be added to the toothpaste conposition to | npar a

ol FESOLLES, S 48 AU B BRI
h di ot ' .

hectori* 6 o Bt AR AR AP PR i P Bl
ochal cone, annonlated géycxrrh|2|n dextrose,

i hyd
agents %@mf{?&are gy dhout 0 watorie shoutd Fvigh atainethpasie tampesition.
are used in the conpositions of the present invention

t Sherapresitic hgertHarg ephivnadhynsedmghe osmpositaisiof tirecmreghabl e.
The surfactant is preferably a detersive nateri al

inventitfhi t6 prdvigefol shelpRetditiof ANPOEIthbALIUHEAT Sdriés, p’&ﬁ@d&ﬁﬂrﬁxﬁ?ﬂse
properties. Suitable surfactants are safe and

and teRbEBRIL YRsRVRY nE§aJ9 1e8BF ﬂ’i@fage ticpleRR1 G?lth(?.g gxtxtglmugg tsoubeh

zwm tterionic, arrpoerlc an i ne” sur

iy YL L i g%f%q«%g?m@ T .

sar cosi pat e, ri stoyl cosi nat e, paI m { oyl
potassiih RRpAliprehodphale siAneus e hetadassiven Brerdpy sodium

sarcosi nate,, polyoxyethyl ene sorbitan nonostearat e,
fluorosikignte, éammréwarﬁﬁlomdwate@nd Mukm@@d@%@h@@u@%tsadeas
N- | auroyl sarcosine, the sodium potassium and
teH‘aSOQilmapbeQMﬂSphats,abﬂmpoMssihhmympﬂosthmsioﬂtlmy Hihydtogen
N- pal mi toyl sarcosine, polyethyl ene oxide condensates

pyrophokplaitd yisodliuai @lohohghegaPydsiNoSphate; By pHdsphates, he

| aur am dopr opyl betaine, palmtyl betalne and
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, thyxhol, and methy]l salicylate; amine fluorides; peroxides and the
liké. Therapeutic agents may be used in dentifrice formulations singly or in combination

at a therapeutically safe and effective level.
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i ke. Sodiumlauryl sulfate is a preferred surfactant.
The surfactant is typically present in the oral care

W@ oopsi7ig ons of the present invention in an aPODNE200$/035923
about 0.1 to about 15% by wei ght, preferably about
0.3%to about 5% by wei ght, such as from about 0.3 %

M B oD R O GR
v A P S Sy e

of sassafras, and oil _ of clove, cinnanon,
Comp%ﬁ@aﬁ v asrpsthypirabem prasyylpagbge Aedl sodaire Renaeatsi may bavegded
orange and ot her such flavor conpounds to add fruit

in saferrodedfecyr woounts.es, etc. These flavoring agents
consi st chemcally of m xtures of al dehydes, ketones,

eBlicedatififides Aicfosedbidrin, mandsh vahvdy bfaddaiddiPinkfednts such
ot her al cohols. Colorants nmay be added to inprove the

as deséiﬁ;ﬁleﬂf‘é Agénépﬂéﬁﬁ REEL %ﬁep @arférs‘f)péb%htatl%‘ hdeaR) e

colorants are se ecte rom col orants approved by

o PRI R AR, BB SERE R AR
Directives. cl ude p1 gnents, such as TiO, and

calcul SegRes SREies apibie e DREYEVPESIZ)RES REIfoRoLageRtss
are useful in the dentifrice conpositions of the
oxidizigg agents, dntiguidenterand shohiksyi de a gel atinous structure
that stabilizes the toothpaste agai nst phase
sWpter atavides tiBubdlatek ef the wkpositign agadditson wahaigilitbvdsi ca
t hi ckener; starch; glycerite of starch; gurrs such as

mentiodedn KBE Gxter (sﬁﬁrefembly deiGnindd arﬁlﬁEetdf@zﬁE h The WBhtifrice will
arabic, gumghatti, gum acacia, xanthan gum guar gum

usuau%&%e'ﬂ&n@eéﬁmﬁémwtm%aal B byt aug i | cate

eegun’) Carrageenan gl nate; agar- agarI
J)%g}lﬁe%ﬁ%%{tenegfﬁ 1luza?%H ya Fﬁjﬁ)&ﬁ%ﬁs ef]t"o%gléla{J 19 S€,

h d r oX
%S 2 onih Q%g example, an amorphous precipitated silica such as

include,
ZEODENT® 165 silica. Other preferred (though non-limiting) silica thickeners are
ZEODENT® 163 and/or 167 and ZEOFREE®153, 177, and/or 265 silicas, all available

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

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

binder, flavoring agents, and a finely powdered abrasive as the principal ingredient . . . a
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cel I ul ose, hydroxynethyl cellul ose, hydroxynethyl

car boxypropyl cellul ose, nethyl cellul ose, ethyl
w@edobosse, and sul fated cel |l ul ose; natural anpCT/US2005/035923

synthetic clays such as hectorite clays; as well as

m xtures of these conpounds. Typical |evels of

._.thickening agents or binders. are fr ahout ..0 wt % t.o0
dentifrieghig gpnsiderag 6@ by WW%Y%%%%‘@“&&H%&?% E‘?r #H%?’H}?@ﬁ‘%’r c
agents are optionally used in the _conpositions of the
caries apemgs enthe iteetie h tDantifies formwlatienseontaim ngprdisptswhish mshbe
treatnment of dental caries, periodontal disease and
dissolvéEpiRTa intospdr@itai intovthe YentBiaerfilremlasion (g r aicearies agents
agents, without intending to be limting, are fluoride

such as%%’iﬁ?fﬁmor?déc Sbdddm ?)ﬁgiﬁ}hﬁiey ROHAE ag&RgiiuéMas saccharin).
nonot | uor ophosphat'e, pot assi um nonof | uor ophosphat e,
stannous fl uoride, potassiumfluoride, sodium

. uor osi | i.cat | bhd Ak dtHaGeih ek

a0 el kB SRR B HeD BB o ‘

pyr ophosphat e, .t etrapotassi um pyrophosphate, disodi um
measuré(hygvﬂ@&énmﬂsﬁsd&ﬁ%b‘ﬁ%@gmf% sodi um nmonohydr ogen

pyrophosphate; tripol yphosphates, hexanet osphat.es,

T PrassFiolchrest(BE) Abeasinpyrtey H‘é%dpi‘i’df‘%%s}’mgg% ﬁgfggesg ofihe

antim crobial agents such as triclosan, bisguanides,
precipittsilicasalliesigeismeported [im tieapdicatéorisdeadribed Hedgtail ingl)-S.

gl uconat e; enzymes such as papain, bronel ain,

Pat. N 64 8NY! MesrpoAiad lsén bslexfereabadevol nastanriislehndriATEd 660
pect | nase, t annase, and pr ot eases; quart ernary

Abrade? @%&h@&ﬂ% GHRESs: (BUCELRERENBALdORE Rk Weighed and

., benzet honi um chloride (BZT), cetyl pyridinium

e ek BT RSB St s
e b o AL S LB ARSI B i

e scatra pex 100,000 sevoons. The 3esut. measired i units BF g o Bar e
wire sar¢gm per 100,000 revolutions. , g
characterized as the 10% brass Einlehner (BE) abrasion value.

The oil absorption values are measured using thevxvfubout method. This method is

based on a principle of mixing linseed oil with a silica by rubbing with a spatula on a
smooth surface until a stiff putty-like paste is formed. By measuring the quantity of oil
required to have a paste mixture which will curl when spread out, one can calculate the
oil absorption value of the silica--the value which represents the volume of oil required
per unit weight of silica to saturate the silica sori)tive 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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i ke. Therapeutic agents may be used in dentifrice
formul ations singly or in conbination at a
wo b@capewt i cal |y safe and effective | evel . Preseecmab1009635923
may al so be optionally added to the conpositions of
the present invention to prevent bacterial growh.
Sui tabl e preservatives approved for use in ora
Oil absepipas* t i omsl dilutRombed net hyl par #bdAY propyl par aben and
: sodlun1ben&aggﬁ(mgumbqgaﬁ§ed in safe and effective
anmounts. The dentifrices disclosed herein may al so a
vari ety of addi/tde Gingredi ents such as
desensitizing agents, healing agents, other caries
preventatlve agent s, chelatlng/sequestering agent s,

V|ta , @amno aci r ot o v
sl ey o e ExTasE BT CRIDpANE deprse of lieht
anthIOtICS anti-enzynes, enzy control agen
transmissioul Ziange alglyeerin/ waiet m«mwsongﬁa}@ Fﬁb Wﬂsu’ée%?cg%o thi
provi des the bal ance of the conposition in addition to
the refiabtiveiedéx ofthasersehittioonbies beTheenwad 28 aridsl .4r. eTlea eugrly
dei oni zed and free of inpurities. The dentifrice wll
glyceriAbtRdr it G:HBRAES e eh @ Bh ROtk Fycstifiusal @tidy detBiminedbpthe
water. Useful silica thickeners for utilization within

techmc?]%lﬁz_nﬁllaxr}é pRt Jl%ﬁ{e?nefnﬁj riad r%gﬂlebéqﬁbél%lutﬁﬁls @vill cover the range

ting exanple, an anorphous precipitated silica

of 70 @gﬁ% fonyéﬁog)%d 0 b waRE, Pt hinSRBEA RSy sge L8R Bps
167 ZECJ: EE(r) 153,, 1
st SIS 30y 0 ZECTEE o0 40 SO0 208 e

G ace Ml., U S A For purposes of this |nvent|o
60 RefrateomaténModel 19450 Hehereouprinapletens fead and lesks Wgﬂaé’ﬁe The

Products and Practice, Mrton Pader, Consuner Science
light sauice diriclefractomiteBarel sa\stched on and the refractive index of each standard

solution is read.

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

desiccator, which was then evacuated with a vacuum pump (about 24 inches Hg).
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Vol . 6, Marcel Dekker, Ny 1988, p. 200, which is

i ncorporated herein by reference. Nanely, a
w0 deasfmg ce” is " . . . a substance used w t hp@r/US2005/035923

toot hbrush to cl ean the accessible surfaces of the
_teeth. Dentifrices are primarily conposed of water

dehSaigsRiond WER thAde-adh B8 €41 12t)|n§i\ﬂﬁ{ek 984 Qﬁﬁﬂ dﬁn%&%gfi%or

finely powdered abrasive as the pr|n0|pa

comnis s GRSt ST A A 2B B et 2009 v

antlcarlesaentstatheteeth Dentifrice .
measufed afier dieiBmeles setiaicn 1o ATLtempsEATRHfkamt A stinwes), according

di ssol ved prior to incorporation into the dentifrice
to theﬁ@nhﬁactatqr@mp@@nggmcumn es agents such as sodi um
fluoride, sodium phosphates, flavoring agents such as

SHocharinsnittahoe was hicasiged bh tHednamntve PEIINBIARY €erin/water
(dentifrice) properties described hereln wer e measur ed

dispergénd ) p1ovis aﬂlﬁl'l of %h‘?ﬂ'%)sgld?xtlﬁ%r aS cuvdtfs aﬁ{i %ﬁmg the

Ei nl ehner ({BE) raS| on t used o measur e
o t d .
%T at @9(5 qulq; g{hhl g Qé{:glcﬁagxg aonea Qb ac e rﬁ& éﬁ?ﬂgagﬁ%cp Vs. FBI
) 916, dh
of the %*géaoéﬁbo@s Uk, BRSO h»'x‘x%% " 3fe Refragbs imdsead dhe inventive

enerally used as follows: (1) a Fourdrinier brass
produchiag deféneda thespasttiagrfdhaplgtted prak aueimunrhthewdinate wiX-a
10% aqueous silica suspension for a fixed | ength of

value) oh it %[ Binsiitaneeresi tbe RI curbe. aBhol-vatud (oe BbsdBsyrofitheskars
mlligrams brass |lost fromthe Fourdrinier wire screen

maxima&f widBie OPQatisevi@hidel ONS. The result, nmeasured in units
of nmg | oss, can be characterized as the 10% brass

B ARR& art P the ?gﬁﬁhﬁ&d\éﬁ 1110-5[%1 &%ﬂ?{ﬁﬁéj@iﬂ% 8&ermined

val ues are nmeasu usl ng t e ru

o e Bk O, S A

(1938)surface untll a stiff putty- like paste is formed. By
nmeasuring the quantity of oil

The total pore volume (Hg) is measured by mercury porosimetry using a
Micromeritics Autopore II 9220 apparatus. The pore diameters can be calculated by the
Washburn equation employing a contact angle Theta (8) equal to 140° and a surface
tension gamma equal to 485 dynes/cm. This instrument measures the void volume and
pore size distribution of various materials. Mercury is forced into the voidsasa function
of pressure and the volume of the mercury intruded per gram of sample is calculated at
each pressure setting. Total pore volume expressed herein represents the cumulative
volume of mercury intruded at pressures from vacuum to 60,000 psi. Increments in

volume (cm3/g) at each pressure setting are plotted against the pore radius or diameter
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required to have a paste m xture which will curl when
spread out, one can calculate the oil absorption val ue

w@booslog77$8 | | ca-t he val ue which represents the pOl/URBID(35923

oi | required per unit weight of silica to saturate the
silica sorptive capacity A higher oil absorption

| evel indicates her tur

correspapding & the PRSP F m%\ e dhe Pl 8}35??@ ‘%%'ﬁg "?’S“S
is considered a lowstructure precjpitated silica.

pore radin$ oudiamietsn CeIve COREESPR Sateéhﬁrlapﬁieow thePere sizg disahtiogan
follows: G| absorption = m oil absorbed X 100 wei ght

identified th imdst eom@ba perersizedn e sboPlaySpenifi¢allycsampde siz¢ isragjusted
step in nmeasuring refractive index ("RI") and degree

to achiVe 2 Gt ohbRTTSSBPh a fowdR Gendifongheraath N5 wabelb atdack
sol ut| ons (about 10) was prepared so that the

stem vogﬁlfa%?) l'%o\{x?.} HNAE%af E}leg RESE a8 é&t’o%rb?eés{n%%f @@tp\i‘@ 6f‘Hé afid8

he "éxac ycerin vvat er ratios needed

N T

: t hese stock solutions w|| cover the r e o 0
equilibtiomgineetgagh gtanproximatelinl By datargpligetion PH? Re1t r Zlgt :Nf/e{o

i ndex, one or two drops of each standard solution is
Matismpativie plza detbtamitdicusiigaeiogeldA-930 (er LA-300 or an
refractometer (Abbe 60 Refractoneter Mdel 10450). The

equwal%ﬁﬁ} ¢dseNBgtitlsadtRring idsirsAlneddilhsie keth Hoditm Jpbtawmenthe
i ght source and refractonmeter are swi tched on and the

Boothv{')ex{, gﬁﬁ% Weniandex of each standard solution is read.
se arate 20-n bottles, accurately weighed was

i‘wo cgéer&,fg& stcngi?lf thd '8 O%Jéﬂéég of ‘fé %Bﬂfcy(! s@iee(ﬁbtﬂbﬁt%r?arg ggrﬁlcle
size sperme fartJlgcatnld\l/)gta values as measured using a Horiba laser light scattering
instrument. By “particle size span ratio” it is meant the cumulative diameter of the
particles in the tenth percentile (Dld) minus the ccmulative volume at the ninetieth
volume percentile (D90) divided by the diameter of the particles in the fifiieth volume
percentile (D50), i.e. (D10-D90)/D50. 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
pémicles in the seventy-fifth volume percentile (D75), i.e. D25/D75. A higher beta value
indicates a narrower particle size distribution.

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

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

centrifugation and determined by titration with sodium laury! sulfate using a surfactant
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stock glycerin/water solution (for products with

nmeasured oil absorption above 150, the test used 1 g
wo@bkooknsEmt | ve gel /precipitate silica product apdr/tS2095/035923

of the stock glycerin/water solution). The bottles

were then shaken vigorously to formsilica di spersion,

eleétrddaerﬁé aaa%aps&ﬁwommleg i defAiRR RAL meQﬁmnwaS AHbrAAB

bottles were placed in a desiccator, t hen

t o 24 he
adsori TGRS ?%%fé%&?%?éﬁ%‘%&égﬁaﬂi@t st et s k7
ally iLnsp ted for | ete de-aeration. The
slica rpTafad i & PRGN DEARAE W 00RBOmHT DBOBRPD S 6 200, Diyedansen
measured after the sanples returned to room
electrig gtipplatgtfor & hembtmn carifriged fers)0 minmtesratii $,§0Q pm.Hne ml of
manufacturer's operating instructions. The
10% TretoraXs MOt ik added tadanhafakelicleat supernt@ni in\ael00HEbeaker. The pH is
product/ gl ycerin/water dispersions by placing an

adjustéd 103108 PHitR AN @I@%ﬂ%@@ebﬁheﬁ iS4 aattea mﬁ\(ﬁém mgdmm
reading the % at 590 nm wavel engt h each sanple on

taury! e a8 6 Sudhong R E1e O AL ?afééﬂem% o Fubiee
i ndex of the i nventive product was defined as the

endpo %SI t| on of the plotted peak maxi num (the ordi nate or
Xval u on the %ransm ttance vs. the R curve. The
YThf’a‘f/ 5(meshapsidyesefthe venthve silicads mersuredwtilizing HU.S.
%ransm ttance. The surface area of the precipitated

Standagd SiayaNsi. BR &avigle#t4 méqron bed.00 ET iich openinigst (stainilese dteblywirhie
BET nitrogen adsorption nethod of Brunaur et al., J.

cloth) Byweidléng a $0.0,gr&0 sardPl8 t4 #RIBhrestTNE gadl ko MOIcHp Uﬂﬂié"l&;uart
(Hg) 1s measured by nercury porosinetry using a

HamildnGhREEMoldb S0 Adt &Rﬁﬁ@aﬂg’mﬂ&%@:l)a E‘gﬁﬁ@&%mﬂﬂﬁ%r%fo%ized

di aneters can be’ cal cul

water and stirring the slurry for at least 7 min. Transfer the mixture onto the 325 mesh
screen; wash out the cup and add washings onto the screen. Adjﬁst water spray to 20 psi
and spray directly on screen for two minutes.. (Spray head should be held about four to
six inches above the screen cloth. Wash the residue to one side of the screen and transfer
by washing into an evaporating dish using distilled or deionized water from a washing
bottle. Let stand for two to three minutes and decant the clear water. Dry (convection
oven @ 150°C or under infrared oven for approx. 15 min.) cool and weigh residue on
analytical balance.

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

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

35



Washburn equati on enpl oying a contact angle Theta (q)
equal to 140 and a surface tension ganma equal to 485

walyovemsTns This instrunment neasures the voi d vedTOB2085085923
pore size distribution of various materials. Mercury
is forced into the voids as a function of pressure and
t e pidivalies of the heactiBh Giixtyrds TS Weda vPahrrgy éﬁb@xﬁteﬁ:@ iR
is calculated at each pressure settl ng. Total pore

presenvm‘»eaﬁo@emrb%slﬁmt&smg}gre%%@a @é‘mﬁ hAode

vol unme of nercury Intru resk ures romvacuiumto
60, 000 psi. Increnents in volune (cm/g) at each
e plotted agai nst t ore rad
oF° ﬂﬁﬁrﬂ TR B TPl g3, Rl kBB pfyenifition
rements, in the intruded volune ver sus
of il a’gﬁeﬁgﬁcauxc‘ﬂ’% fcarveteaky sapplerveasyomghedintorareryae
in the pore size distribution and identifies the nost

mixer ggprabnHpoiltonsBeach Mixeh erodehimberSifeaind 140kl 9f deanipidewater
size is adjusted to achieve a stemvolune of 25-75%in

was addlegoTteslupe vedsmared &r SWo 7mikutes Nthebthe BhaROwas 8dBftrred to a
vol une of about 1.1 m . Sanples are evacuated to a

250-mPiRaaME®cAndePadhe tyliktep Rle B He £90-1m Mk %ﬁxsdemmﬁ:d
rcury fills the pores from1.5 to 60,000 psi

vaier g8 SR E L T, 18R PRRGGEL PR e
el 930 LA- 300 0
gl“dd"agf‘qﬂey@l?fine 9Vqr%f§§rwﬁr?“f3n?es L EER Y ek GH@HS e Palmer
| abl e from Hori ba I nstrunents, Boothwy

CON ﬁ@rmg%l\#éﬂ?-w 065 \wnssed tordeterméne the §@rrdusnwg/ @frfbe slurry.

tightness of the particle size distribution are
Sodiup sulfite bentsitreassistanmirztliby canpabsineofithe saasplacomimagvityedtith a

using a Horiba |aser light scattering instrument. By
standafdoatrié gdnerassédz@omapwhandtRod-of-additidiesddiunt Raftersutat i ve

di ameter of the particles in the tenth percentile
compobfofsluffiéus the cunul ative volune at the ninetieth

Further tests followed below were utilized to analyze the structure of initially

produced silica gel during the overall in situ gel/precipitate production method. Included
within these analyses was porosity. Such a property of accessible porosity was obtained
using nitrogen adsorption-desorption isotherm measurements. The BJH (Barrett-Joiner-
Halender) model average pore diameter was determined based on the desorption branch
utilizing an Accelerated Surface Area and Porosimetry System (ASAP 2010) available
form Micromeritics Instrument Corporation, Norcross, Georgia. Samples were out-
gassed at 150-200°C until the vacuum pressure was about 5 pm 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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vol une percentile (D90) divided by the dianeter of the
particles in the fiftieth volune percentile (D50),

WO 2@6/0§D1O- DO0) / D50. A | ower span rati o i ndi cap@yUS2005/035923
narrower particle size distribution. By "particle size
beta value" it is nmeant cunul ative di anmeter of the

assumg dyilpieeal pores.hEotevseretdistfibitidn (AVM/ADE wae calewlhiell @sinPR) BIH
di vided by the dianeter of the particles in the
methodewhich yrdvides the/sdre WBIURRY Widhih lalréndeldf Pbre diafetefL K Hzgey A
hi gher beta val ue indicates a narrower particle size
i ' | | ] r of .siljca is
thJCkngt*gt%rél{r:\} rmé d&%kyusgg's%gtr@i{rg %ﬁgbngkf_ fo.%%o 3068 nfii dizmeles Avith
etyldrinethyl ni ym brom de) on the silica
zero ﬁéﬁ??’%%é’?“?h@%%ﬁ‘é%eg arated by centrifugation and
determ ned by titration with sodiumlauryl sulfate
u]a]}iéen‘g) %Ipsurf ct,gptel,ect[ode. The external surface of
t pipaste {denifrice) Wisersity iy BRasurrd wiilizingia Brookfidd AB
. adsorbed (analysis of CTAB before and after
ViscorgetsuModeldhy T egpipped withlalHelipathdi:F spin8legandfsetstol 5 ipen bys
placed in a 250-m beaker with 100.00 m CTAB sol ution

measu(ibg thegfidcpsitynd fekel toathpasteat 2SO dtchigt diffepbit & eflsQis te dittle
then centrifuged for 30 m nutes at 10,000 rpm One m

descendb tHEOIEhTthe i0dfhpstt §&t ssnAe gﬁ(ﬁ g&r&ag?ﬁghgaéﬁug@.?dﬁ%hgﬁég ‘o

supernatant in a 100-nl" bea

ViSCOSi\?\ny §ﬁ§8§8%8};kﬁgé&lgﬁzq@) and the specinen is titrated

. lYauryl sul fate using a surfactant
egl rode,.( Bri nk n SUR1501-DL) tgQ determ ne the
?%&%ﬁﬁ%ﬂlﬁ%@%@&rm?@@éivé?bss 8t denifnces gaptaining the
i silicag is neasured utilizing a U S. Standard Sieve No.
sthica cgmposifipnysgd inhihis igxensionaredeterminedhacepririgtg thg methiod isets s
steel wire cloth) by weighing a 10.0 gram sanple to
forth by lefiareas fsinad of DgntahRen; July-Aegastip 976, S5t(4), pp.oi63r373, and
_Ham I ton m xer Mbdel No. 30, adding approximtely 170
describetl imWadorsUiS. IPat Nus. 4184M58% @d20,312 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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water and stirring the slurry for at least 7 mn.
Transfer the m xture onto the 325 nesh screen; wash
wonochkE1cup and add washi ngs onto the screen. PAOUSBINS/035923
water spray to 20 psi and spray directly on screen for
two m nutes. (Spray head should be held about four to
si x inches fbut he residue to
.one side of§hﬂgﬁggp§g§8gn t§5ﬁ§? V%ﬁ washi ng into an
evaporatlng di sh using distilled or delonlzed wat er

A %r“%ﬁan%%%a?\%%“%e‘fpéeéf% LB ifé?er‘t%'“fesﬁf%% Gy
sitca ) fryeeLbr Al ng Ao isaeo aH TSR JOPERF ObEhEARL to orm

Mbi sture or Loss on Drying (LOD) is the neasured

a precigitated silicanpinponeat pleserit siseulaneausbovith thednitielly produosdsgad ifor
ignition (LA) is the neasured silica sanple wei ght

gel-likt asteril). IMHIGnicunt @f ged i Snld Hapbe therquntity oF yeaptaatirih €k first
for 2 hours at 1050C). The pH val ues of the reaction

stage Wil tHE 8ol IFPr&biitalodSdiliva iy LoRRARHM g%@&hdnﬂt}l $&eactants in
present invention can be nonitored by any conventiona

the secBEld §&E :jﬂll)é/ ﬁrtﬁzklgg E:)f &g?naﬁgrgd%p S &'Axrtx%ﬁlgd Bi“ﬁ eﬁl{nou\g{ﬁﬁif gel

con knomn conc
sl.urr

Speci f i i ca wet cake sanple
first P%%C@@éﬁ aetat o o Srsst pieateahon, af Vol 5 Fion ¢ on
Beach leer nodel Nunber 30, and_140 ml of deionized
paramefgis eyuchias teanesureTINe SseQnceirations.mbcand 5o forth, ppdipcussed in
m nutes, then the slurry was transferred to a 250-m
greatelgkmihdioe’d. cylinder and the cylinder filled to the
250-m mark with deionized water, using the water to
rinse out the m xer cup. The sanple was m xed by
... .lnverting the graduated cylinder (covered) several
Initial GehBarmafoponduct i vity neter, such as a Col e Pal mer CON
500 Mbdel #19950-00, was used to determ ne the
conductivity of the HXAMPLE 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 prder 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 the samples was utilized in the further
ﬁroduction of gel/precipitate products below without any washing, purifying, etc.

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

(heated to 30°C) was added at a specified rate and for a specified time and the resultant
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Sodi um sul fate content was determ ned by conpari son of
the sanple conductivity with a standard curve

w@eoenst7egl from known net hod- of - addi ti on sodi UPET/US2005/035923
sulfate/silica conposition slurries. Further tests
foll owed bel ow were utilized to anal yze the structure

producifwasthén Aldwedrb FscREb & pbliiage Makrisu ma@ww&&a&d filkdted
situ gel/precipitate production nethod. Included

O 30 R 6, S

accessi ogen

t|o tion i.sot ern1neasure BJH
dried '?% eS8 Fon i of Bieies 39 b Bty e fests for
ter s determ ned based on the desorption branch
Whlchmrﬁ %li"ﬁ-‘ﬁ\ggﬁb%’fb el herfatleving fableckinsludas epneticpapasmetens and
System (ASAP 2010) available form M croneritics
conditignst Tahle A pravidgs anayzaipropiaties os thesCmitiadlygproBrep kelproducts.
wer e outgassed at 150-200C until the vacuum pressure
It was waileattant, uporaiabisisMekitivd el nFiiiial 3vhs FMahNY RIrmb@S ABMn, the
automatic volunetric type at 77 K Pore vol une was

ﬁlteru%lbegﬁ'\ﬁé%ﬁm@tst@s ocl-gjté?%ﬁ%f EarSig? heé\()? 5@% f Egcessary to

meter I's de rom pore VO une an

drlcal S V ote size tri t

ﬁ{s%ﬂ%éﬁ%ﬁgzé egalwpgﬁaeg%wg BT gh Tahs Srpelon

S h%‘]gjdesthe 0|UHE in a range_ of pore

uch Rplys LR gener g é‘!&ﬁ%& e&ﬁﬂl@bmfvyrpiéfe\mg"m@duwmf

pore size range of 1.7 to 300.0 nmdianeter, with zero

the target gel/prspipispte ;sgtcegombmanam I oals naanels an Titerestdtotdepasine if a

_ (dentifrice) viscosity is neasured utilizing a

silica gat bakbéenlprlodriced omitkdllyrankihepropaffice theidoP €6t cliskification
Hel i path T-F spindle and set to 5 rpm by neasuring the

purposes. SE@dherior{ fdrfikis tabid HpREL & BoudRSutdhis UcRuM! {dyadatthat

| evel s as the spindle descends through the toot paste

was urla®ailabkAdMntnea e AI6GERBE A AL RAY Adtitidel aflY) ki s%mportant to

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

entire inventive gel/precipitate silica combination.

TABLE 1 Reaction Parameters

Example No. 1 2
Silicate Conc. % 13 6
Silicate Volume, 1 60 60
Acid Addition Rate, lprﬁ 047 047
Acid Addition Time, min 414 2435
Final Reaction pH 9.0 5.28
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viscosity is expressed in centipoise (cP). The

Radi oactive Dentin Abrasion (RDA) val ues of
waleobiofT7iLes contai ning the silica conpositi ONBCTIESM05/085923

this invention are determ ned according to the nethod

set forth by Hefferen, Journal of Dental Res.,

Jul y- August 1976, 55 (4), pp. 563-573, and descri bed

in Wason U.S. Pat. l\los.aﬁA]?Igﬁ , 583, 4,420,312 and

4,421,527, which publi <,I and patents are

i ncor por at &¥amelediar by reference. L The cl eadi ng

property of tifrice conpositi is typigally

expressed ié}e;t%grrrs of Pellicle C]?Q(Zni ng Rgbﬁo ("PCR")

val ue. The, est measures the.ability a

dentifri ce/gg?éjositi on to rermvesglel licl e%'fll mfrom a
t oot h undes, f yxed brushi ng condi iggns. Th CR test is
descri bed i/(hf“bifn Vitro Renoval o%' tai n V\?Pﬁ

Dentifricepy , et al 5,,J. Den Res., 61,
1236-9, 19 Eﬁ%geﬁ%%ﬁ&g%d RDA r&5ul t's va{@ dependi ng

upon the nas and concentrati f the onents of
t he denti frglﬁ’g%ﬁcorrposi tion. PCROQ%%I) RDA vé‘?ggs are

uni tless. Psgieeped Enbodi ments °§9th I nng%i on The
i nventive matérrals were prepared by sequentially

form ng {iNIP?' a first silica I (or -l ke
material) an gkﬂjl ng thereto suf]f(?%i ent a%tnts of
reactants pgutRIdRasHeCi pitated silica onent
present si rrullt aneous‘Pd)E/l with the initiall ;Q'g@oduced gel
(or gel -1 pgtieRiSsd Bdt)- The anoypig of gely ] :
controll ed byl the quantity of reé%:gt ant s i%h?he first

stage whi | eTiale ntfpount of preci pjgated sipica is
controlled by the quantity of reactants in the second

stage. TheBgfTméfgure of the finajpypr oduct‘ébs
controlled_by the anmount of gel first produced as
rel at ed toBﬂ%P?ﬁ%Hﬁ'?Adﬁfasﬁeci pi jgf ed silkga, as well
as react i opore Diameter (A)

Oil Absorption, ml/100g 120 81

Pore Volume, cc/g 2.1 1.29
BE, mgloss/100,000 rev.  12.73 6.65
RI 1.457 1.451

%T 11 10
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paraneters, such as tenperature, rates,
concentrations, pH, and so forth, as discussed in
wa@e@aner7iglet ai | above. Initial Gel Formation BEXAVBEI605/035923
1-2 The first two exanples show the initial production
of silica gel within the overall gel/precipitate f
. -] nitial production, sonme o
In Sinf QR Ecipitie OB GQteﬁ%g_\g{%ah hed ang purified in order
to analyze the resultant material to determne if ?n
actual gel is first as for other ge
propert iges exhi bi tedﬁ%ﬁ%{g%ﬁg Vfarrpl e. It is inportant
to note that the remmi nder of the sanples was utilized
i axanmples 3 chtaingd dgarc athast 19 1o ghout Pi%diypiolwhegg rod thotsdrom
bel ow wi t hout any washi ng, purifying, etc. In each

about 20% nphlout 37%Mywvahuné pegiptated slivh(as @iedin tBe acddRpanying
ratio sodiumsilicate of specified concentration was

tables)C N@eGRcHWMstoTithesd ei@fgn_r%@é h%lﬁ@ﬁﬁﬁl@fm@fé%l‘?g gteﬁom low

therein at 60 rpm e reactor contents

s O O AR 50 (ot

S ified ti an esu tant r oduct vvas t hen
a‘g%‘:%@pt”lﬁasffnﬁ?ﬂ"?cﬂ?’ Wa ’rgéwo umEPLagheaus gplutigm pksodium
rial was then filtered and subsequently washed
Slhcatwstﬂw%‘vehun\ea%) ofisperified cyncapientiop(SilicateiGuhcersration A) and a
collected and dried material was then tested for a
S10,:Na@yatio off 3. pmap ehargebwitbinrotadoheidagjtatet ¢herein {depending upon
whi ch were delineated above. The followi ng Table 1

the sizé BEihd @eRt0TEE hidtionapedh & SodAow@db hbansp r@bm&gh
provi des anal yzed properties for these initia

‘any sp%&ﬁé’g‘?ﬁ‘@uﬂﬁed F?&%Hﬁﬁémc'ehux’é? eH&BE el Tv%?ﬁated t

anal YSI S, a sil |cag material was initia

50°C i b 11432 sk Ak &&aﬁ@éjdeﬁB?h' nq gieggg% (REid ﬁatg'iss a4 er

ect 10 were o

specified time (Acid Addition Time A). (For Example 5, for instance, the agitator speed
was set to 60 rpm, except it was increased briefly for 1 minute to 120 RPM during Acid
Addition Time 4 -5 minutes.) At this point, a specified Water Volume, if indicated, was
added to the formed silica gel. A silica gel was then visually recognized and the pH of the
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 prcéfpitation was started), and such a temperature was then maintained
for the duration of the batch production. Subsequently, simultaneous addition began of a
second amount of an aqueous solution of sodium silicate pre-heated to 85°C at specified

concentration (Silicate Concentration B) at a specified rate (Silicate Rate B) and the same
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further analyze the fornmed gel for certain properties
in accordance with Table 2, below Such analysis is
waoiocgertes al |y performed during the actual i nveet/Uymos/es5923
situ production of the target gel/precipitate silica
onbi nat i It was nerely an interest to determne if
: Sulﬁlrfﬁ aéludl gt éé’ 'WCM@ (BekhRyge @%u Beeirduiitionaifithe mactot dvmtents at a
properties thereof for classification purposes. _
rate of Arl I rbepareafte simultaneousaldtiion of weill kn@silitste eorahRHEed 4HdS
di scl osure, any data that was unavail abl e or
continbdBasigh AibesGor. © ARG @Hﬁ@d’tlﬂ@%ﬁﬁéateé\%t fonChfe By of' ¢

IS |rrportant to note that the oil absorp I on

sodiur SHBRE hiiRuBESHE HE BB s dhdliped! TheBHIEInEONS: dofedhl wl!

I'cation of nor |s | ) con

det rn1n t of sorpti n for the entire
contingiisl FpOT e L RriiesBr siac b pidHoR s, nEe s akiGRE 1

Reactj on Paraneters Exa le No. 1 2 Silicate Cone. %
continyes! yntisthe cairebajeh mhlréroppe@e) #Ount0d Ondeltitis pid vRatagainkdrthe

0.47 0.47 Acid Addition Tinme, mn 41.4 24.35 Fina
acid flge aets istowegd b 9bdlt 3. 72BFARE Emn Ex anddontidoed 4 sdcla fed uiGhe
» 100 % LOD 5.1 10.7 % LA 5.8 8.00

overall pH of the resultant batch was dropped to 4.6. The finished batch was then heated

at 93°C for 10 minutés (digestion), while maintaining the batch pH at 4.6. The resultant
slurry was then recovered by filtration, washed to a sodium sulfate concentration of less
than about 5% (preferably less than 4%, and most preferably below 2%) as determined by
monitoring the filtrate conductivity and then spray dried to a level of about 5% water
utilizing an inlet temperature of ~480°C. The dried product was then milled to uniform

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

some of the examples were adjusted during the reaction, as noted below.
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% 325 Mesh Residue 3.3 0.53 5% pH 9.76 6.90 %Na2SO4
3.97 3.18 WS, mm 16.3 10.1 Particle Size Span - 2.10
w@2006i0817¢8 Si ze Beta 0.39 0.43 CTAB, n2/g 207 28QT1/BENN5/035923
n2/ g 232 433 BJH Desorption Average 196 37 Pore
D aneter (A) Ol Absorption, m /100y 120 8 1 Pore
Vol une, cc/g 2. , oss/1 00,000 rev. 12.73
6.65 R 1.457 1%4%‘3@9%%&%@%@& Gel / Precipitate
Conposi te Producti on EXAMPLES 3-7 Exanples 3-7
Ned from about 10 30 abodt 23%%Dy vol éne gel7 and
thus from about 90%to about 77% by vol une
Splicate Goricatde®s si |l i ca (as doted in thejacconpanyi ngi3
tabl es).. The products of these exanples had silica
SHidaltCVbiuthel £Mel s varyi ngggf romgpw  gq 60 60

Acid Addition Rate A, Ipm 5 4.7 5 4.7 4.7
Acid Addition Time A, min 5 5 5 5 5
Water Volume, liters 0 -0 150.5 0 0
Reaction pH adjusted to 5.0 Yes No Yes No No
Silicate Conc. B, % 14.95 | 13 17.35 13 13
Silicate Rate B, Ipm 9.6 12.8 8.1 12.8 12.8
Acid Rate B, Ipm 4648 47 47-51 4.7 4.7
Silicate Addition Time B, min 48 42 48 42 42

Average Simultaneous

Addition pH 49 8l 64 857 8.0

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

" described above and the results are summarized in Table 4.
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structure (LS) to nmedium structure (M5) to high
structure (HS). Afirst step was followed in which a
wo odogne77e8 aqueous sol ution of sodi um sil i cat ePCT/US2005/035923
(Silicate Volunme A) of specified concentration
(Silicate Concentration A) and a Si Q2: Na20O rati o of
3.3 was charged within BABEB4@tor and agitated therein
(dependi ng upon the size of the reactor, the agitation
Examplgdel was fromdabout 66 to abdut 92 rpm al t hdugh any
peed may be Ll 1 zed for su a procedure). The
%Gefeactor contezé' wer e 1IQeat ed-clgé1 50C ard t hen 191. 4%
sul furic acid s add at a ecifi rate cid Rate
Struct)156for a speci#\?ed ti ES (Aci ddi ti Ti me . (For
anple 5, for,lnstan t he Itator. speed was set to
%LO% rpm except6'7t vvasai%'ncreas briefty for #7minute
o 120 RPM durj ng Aci dditign Tinme 4 -5 mputes.) At
%Loﬁhis poi nt, ads ecifig Wat er Vol ums,4'qf i ndPcat ed,
% 325\Bfesladded to t formed sili gel. A silica gel was
Residudren vi sual | yﬂ:}Ecogni z@d and%?Pre pH Qrf"§t he slurry was
o }Elest ed and opti 3nal |y maintained at pH 5.0, as
S% PHndi cated, by®&dj ustihy’the &9 addi®Pon r£& The
sultant slurry was then heated to as_high as 93C
%Na2%§/r‘th ot hers ﬁégt

ed t9°7 over 0i¥nper atdfes, 598 ow as
800C, but all o heat_up to 93C after

dto nti nue
MPS. . “second st gg@ prec?%itati o%gwas staft ed) ,4bhd such
. .enperature s thep mai ntained fo he duration of
Pmm?’f#ézn‘g?a@h pr ool\lﬁti on. E'§ubseq3cs95t ly, éil | t anedls

_addi tion began of a second anount of an aqueous
Particleglizg Beta of s@d7um siO.2€cat e Prdé- heat 63 t o 85CtGt
speci fied concentration (Silicate Concentration B) at
CTAB;ns?ggecifi ed rage (Sil kgate Raye B) amd the
samesul furic'acid at 'a "e'cfied ra'te"(Ac'id Rate B).
BET, Réfi r cul ation4sf the geactor 2gpntent ggat a rgje of 75
PM pegan after sinultaneous addition of acid and

o oAb
Oil Absorptiogr e commegged angyconti nyed thr gygh di ggsti on.
ml/100g ¢ or a specified tine (Silicate Addition Tine B) of

Pore Volume, cc/g 232 1.66 2.18 1.59 1.59
BE, mg loss/

100,000 rev. 3.98 18.37 11.4 25.16 7.92
RI 1.457 -- 1.451 1.438 1.441
%T 47 -- 30 4 10

44



sodiumsilicate introduction, its flow was stopped.
The pH of the reactor contents was continuously
woeshsT7egsl during the sinultaneous addition stRgERUSIN®035923
acid addition continued until the entire batch pH
dropped to about 7.0. Once this pH was attained, the
acid fl ow was sl owe t 7 liters per mnute
and continued at SUWE{% {ﬁigil the overall pH of
the resultant batch was dropped to 4.6. The finished
bExamplescts 12 pemainedaleant 26-39%Chy volume gal angdtabout 75-65 % by
(digestion), while maintaining the batch pH at 4.6.
volumd peecipitatet! sdieh. SIherprydub@softthese ek anpleehadisitiya ftidcturaldveRn,
washed to a sodium sul fate concentration of |ess than

varyin% Ipor v&%&v@ stedcRirald HighQBRcthan Thike %ﬁlp‘i@%s\%elrf’i)fégtﬁfeeﬂbl y

el ow 2% as determ ned by nonitoring the

A ri t | evel .of about ..
accord i IGHE AL A e RPN 7 LBl A P Bfing@ B0 n
i.ed product was. then mlled taq uniform size.
Table PG Fap i Exipis Qeywpé%ceéwﬂaﬁl 8 VeYdanee peagtqrpabout
Table 3. The Acid rate levels for sone of the exanples
40,000{¢tets i MelusieeWith an ingidptionespeaskaftabowt 92apmandehigh shear
bel ow. TABLE 3 Reacti on Paraneters Exanple No. 3 4 5 6
recircufat®n|flovatate @abeout FS0%t&Es/hdnidts). 13 13 Silicate Vol une A
1 138 60 60 60 60 Acid Addition Rate A, Ipm5 4.7 5
4.7 4.7 Acid Addition Time A, min 55 5 5 5 Water
Volune, liters 0 O 150.5 0 0 Reaction pH adjusted to
5.0 Yes No Yes NABUE SReptiwndagupedersB, 9% 14. 95 13

17.35 13 13

Example No. 8 9 10 11 12
Silicate Conc. A, % 6 13 6.0 325 13
Silicate Volume A, 1 200 200 200 603 6105
Acid Additic;n Rate A, Ipm 4.7 4.7 4.7 4.7 191.3
Acid Addition Time A, min 8 16 8 141 1175
Water Volume, liters 0 0 0 '1 20 0
Reaction pH Adjusted to 5.0 No No No No No
Silicate Conc. B, % 16.21 13 16.21 13 13
Silicate Rate B, Ipm 8.33 12.8 8.33 12.8 521
Acid Rate B, Ipm 45-47 47 4720 47 191.3
Silicate Addition Time B, min 48 31 48 329 353

Average Simultaneous Addition pH 434  8.02 7.1 7.9
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Silicate Rate B, Ipm9.6 12.8 8.1 12.8 12.8 Acid Rate

B, lpm4.6-4.8 4.7 4.7-5.1 4.7 4.7 Silicate Addition
wqaos/0B;7181i n 48 42 48 42 42 Average Sinul t aneoPST/ASH05/035923

8.1 6.4 8.57 8.0 Addition pH Several properties of

Exanpl es 3-7 were determ ned according to the nethods

dsewdrallpropeaticsve rachpidies- rpweiet&teﬁhﬁlealémainﬁg tHé]nethods
Tabl e 4. TABLE 4 Exanple No. 3 456 7 % Gel

: 0 LOD 6.7 4.9 1.9
descriel] fboVB o (e U e Euitmirteellih KBl O L 0. 40 0. 02

O. 48 0 Residue 5% pH 6.61 7.47 6.79 7.09 6.53 %Na2SO4
0.35 <.350.74 <.35 0.98 MPS, nm11.3 7.9 9.5 12.2 4.1
1 Particle Size Span 1.5 2.2 1.95 2.12 1.90 Particle
Size Beta 0.47 0.26 _0.45 0.3 0.46

TABLE 6 Properties
Example 8 9 10 11 12
% Gel 33 33 33 30 25
Structure HS HS MS LS MS
% LOD 5.7 5.0 2.0 4.4 7
% LOI 5 3.8 3.3 4.8 4.1
% 325 Mesh Residue 0 105 002 011 2
5% pH 6.14  6.96 6.15 8.03 7.52
% Na,SO4 224 043 397 <035  0.82
MPS, pm 102 155 103 12.4 12.6
Particle Size Span 1.13 1.96 1.26 -- 2.28
Particle Size Beta 0.56 037 0.53 0.48 0.3
CTAB, m*/g 318 191 164 50 77
BET, m%/g 522 242 194 84 118
Oil Absorption, ml/100g 185 167 142 58/53 122
Pore Volume, cc/g 297 3.05 29 2.64 2.12

BE, mg loss/100,000 rev. 1.96 4.27 6.79 18.76 2.94
RI 1.457  1.457 1.448 1.438 1.448

%T 57 67 25 6 65.6
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CTAB, nR/g 248 54 147 7 1 76 BET, n2/g 453 8 1 252 102

8 1 Gl Absorption, 168 82 117 75 8 1 m/1 0Qg Pore
wyodoaner71ec/ g 2.32 1.66 2.18 1.59 1.59 BE, ng POBES2005/035923

3.98 18.37 11.4 25.16 7.92 100,000 rev. PJ 1.457 -

1.451 1.438 1.441 % T 47 30 4 10EXAVPLES 8-12 Exanpl es

8-12 contai ned aboulEXAMBEESH3-1hI une gel and about

75-65 % by vol unme precipitated silica. The products of

t Hearnplex k3nph esnthined sbduit 56%sgel tied abicit 56%4aireciMigdtdd Hica. The

fromvery low structure to high structure. These

produdx effhe&SexdRipfes Ma& BRCE tr GG rlévelbgvaw % BONPIOFERMSe to very
th H p ers

given in Exanple 3-7, except w ar ane
lﬁh@ﬁf‘c‘i@‘éib | w_ tnote.that  Exanple 12 was
s Spr oduce S\néet %}%B iaeg\‘fgfé;&jle e}ra((qaacrcé)é%{’%ﬁ), thﬁlBB‘lingd‘lfﬁ B o
L, s.in volume, wth agitation speed of about 92
Examl)rl%?ﬁ affeeRt mtbﬁ‘%ﬁ?é%et?régg? din Sable 7dglavat e of about
3050 liters/mnute). TABLE 5 Reaction Paraneters
Exanple No. 8 9 10 11 12

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 47 4.7
VAcid Addition Time A, min 235 235
Water Volume, liters 0 209
Reaction pH adjusted to 5.0 No No
Silicate Conc. B, % 13 13
Silicate Rate B, Ipm 128 128
Acid Rate B, Ipm 4.71 4.7
Silicate Addition Time B, min 235 235

Average Simultaneous Addition pH 792 729

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

described above and the results are summarized in Table 8.
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Silicate Cone. A, %6 13 6.0 32.5 13 Silicate Vol une
A, 1 200 200 200 60.3 6105 Acid Addition Rate A, |pm
W@ 20064577181, 7 4.7 191.3 Acid Addition Tinme A nPaT/8SH65/835923
14.1 11.75 Water Volune, liters 0 0 O 120 O Reaction
pH Adjusted to 5.0 No No No No No Silicate Cone. B, %
16.21 13 16.21 13 13 Si'IL/lBﬁEfS Rate B, I pm 8.33 12.8
8.33 12.8 521 Acid Rate B, §m4.5-4.7 4.7 4.7-2.0 4.7
191.3 Silicate Addition Time B, min 48 3 1 48 32.9
35. 3 Aver ag¥amplalNe.aneous Additiod Dt 4.348.02 7.1
7.9Sever al oPLR erties or bxanpl ezs 3-12 werge determ ned
according to the methods describ (9 above d the
results ar gﬂ,% rized in Table TABLE roperties

Exanpl e 8 1 12 % Gel 33 33 30 25™%ructure HS
BV LS MBIEED ST 5.0 20,449 1 4555
6.14 6.96 §15;8.03 7.52 3.7 41

% 325 Mesh Residue 0.08 0.07

5% pH 6.75 7.83

%Na,SO4 0.59 1.61

MPS, um 154 10.4

Particle Size Span 1.69 -

Particle Size Beta 0.44 0.42

CTAB, m%/g 251 90

BET, m%/g 377 127

Oil Absorption, ml/100g 210 111

Pore Volume, cc/g 4.39 1.98

BE, mg loss/100,000 rev. 1.46 6.47

RI 1.457 1.441

%T 84 14

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

prepared according to the procedure given in Examples 3-12, except with the parameters
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% Na2SO4 2.24 0.43 3.97 <0.35 0.82 MPS, mm 10.2 15.5
10.3 12.4 12.6 Particle Size Span 1.13 1.96 1.26 -
wWQ@2@8/0FPang i cl e Size Beta 0.56 0.37 0.53 0.48 OpGr/C32B5/035923
n2/g 318 191 164 50 77 BET, nR/g 522 242 194 84 118
Ol Absorption, m /100y 185 167 142 58/ 53 122 Pore
Molune, cc/g 2.97 3,05 2.9 2.64 2.12 BE, ng loss/ 1~
descritgg indeblecbelop apsl within the san tsacter %?C'é%dsa the same agitaiop
1.448 1.438 1.448 % T 57 67 25 6 65. 6EXAVMPLES 13- 14
conditigraaphaed o3 Examplenk2anbext. dxemplesd9age (17 had na bight shedv%
precipitated silica. The products of these exanples
recircul@idns hdwer, Siteres Bxamphyv e wtilizad Yhewgmkerhogh shewe ietireiudatione
to very high structure. These exanpl es were prepared
flow rAC SOELINGe 49 the procedure given in Exanple 3-7,
except th the paraneters described in Table 7 bel ow.
TABLE 7 Reaction Paraneters Exanple No. 13 14 Silicate
Cone. A, %13 35 Silicate Volume A, 1 300 91.2 Acid

Addition Rate A, lpm4.7 4.7
TABDLE 9 Reaction Parameters

Example No. 15 16 17
Silicate Conc. A, % 13.0 6.0 13.0
Silicate Volume A, | 2442 8140 4884
Acid Addition Rate A, Ipm 191.3 1913 1913
Acid Addition Time A, min 5 8 11.5
Water Volume, liters 0 0 0
Reaction pH Adjusted to 5.0 No No No
Silicate Conc. B, % 13.0 16.21 13.0
Silicate Rate B, Ipm 521 339 521
Acid Rate B, Ipm 191.3 1913 231.7
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.

49



Acid Addition Time A, mn 23.5 23.5 Water Vol une,
liters 0 209 Reaction pH adjusted to 5.0 No No
wadososires Cone. B, % 13 13 Silicate Rate B, | ppC/BSB05/035923
12.8 Acid Rate B, Ipm4.71 4.7 Silicate Addition Tine
B, mn 23.5 23.5 Average Simul taneous Addition pH 7.92
7.29 Several proper+j f es 13-14 were
det er mi ned acgorgi nEAP%E?We%nQ{Fﬁ%SdS descri bed above
and e results are sunmarized in Table 8. TABLE 8
Exa > 13 14 % Gel 50180 strd@cturelPs M5 % LOD
u?go. 08 0.07 5%

oi 6. 58). 65 ona2s01 0.5 1061 B3, m 8. 4 10. 4

Par t isgh€rri z€ Span 1.69 - ;¢ MS MS
% LOD 5 29 4.1
% LOI 43 3.2 4.5
% 325 Mesh Residue 2.6 4.2 0.43
5% pH 7.2 6.69 7.17
% Na,S0, _ 0.59 0.82 0.51
MPS, pm 12.4 13.21 10.35
Particle Size Span 2.83 2.79 2.52
Particle Size Beta 0.29 0.34 0.41
CTAB, m%/g 92 151 185
BET, m%g 91 166 265
Oil Absorption, ml/100g 79 115 150
Pore Volume, cc/g 1.39 2.08 2.64

BE, mgloss/100;000 rev.  22.47  5.79 3.83
RI 1432 1454 1454
%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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Particle Size Beta 0.44 0.42 CTAB 5n2/g 251 90 BET,

nm2/g 377 127 G| Absorption, m /100y 210 111 Pore
wyodogner71ec/ g 4.39 1.98 BE, ng loss/1 00,000 ree1/U$204§035923

6.47 Rl 1.457 1.441 % T 84 14 Exanpl es 15-17 Exanpl es

15-17 reflected the ability to adjust the gel I|evel

d the siljca.strugcture through nodi fi cati ons of
?ﬂbpfﬁP%f el ‘i%’f‘@?fe%it F& C%‘&hﬁaﬁgﬁ‘téoag{tﬂxb'ﬂ\gthyl cellulose,
gel /precipitate production as well as through changes
polyethyleneegiycah and swhitelrveramivedstogathersmdestitmg uekl the ingredients
prepared according to the procedure given in Exanpl es
were dBsdlRed myfoafta firsttddntikiare) Tha deiorized eatet, sadthin fludratl € 9
bel ow and within the sanme reactor and under the sane

tetraso@ngH ﬁ,&b&{bsgﬂasi hbd %u@%a&ﬁ&ﬁﬁw@%al@‘nﬁm&hﬁo%er aPUred

anpl es 15 and 17 had no high shear recirtculation,
st Rl O BRF B S T ST e
were UGB Fomtpedog aSNaTiaE o TS CgTas F Gaeha Erlgntapedded Dy ptiing
to obta?n:l-:fr ‘(‘)prg-sn?ii”. The pre-mix was placed in a Ross mixer (Model 130 LDM) and
silica thickener, abraéive silica and titanium dioxide were mixed in without vacuum. A
30-inch vacuum was drawn and the resultant admixture wés stirred for approximately 15
minutes. Lastly, sodium lauryl sulfate and flavor were added and the admixture was
stirred for approximately S minutes at a reduced mixing speed. The resultant dentifrice
was transferred to plastic laminate toothpaste tubes and stored for future testing. The
dentifrice formulations are given in Table 11 below. The dentifrice formulation utilized
was considered a suitable test dentifrice formulation for the purposes of determining PCR
and RDA (as well as viscosity) measurements for the inventive and comparative cleaning
abrasives. Changes in the amount of carboxymethylcellulose to permit proper formation
of the dentifrice from physical and aesthetic perspectives were made in certain situations

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

formulation remained essentially static for the tests followed as noted above.
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Acid Addition Rate A, Ipm191.3 191.3 191.3 Acid
Addition Time A, mn 5 8 11.5 Water Volune, liters O

0

w@20east7ion pH Adjusted to 5.0 No No No Sili caper/Csmves/035923

B, %13.0 16.21 13.0 Silicate Rate B, | pm 521 339 521

Acid Rate B, | pm 191.3 191. 3 231.7 Silicate Addition
Time B, mn 42 48 37.6 A 1 i mul t aneous Addi tion

wetre—t

above

1n r)v'

pH 9.7 7.2 5.4 Several proper I es of Exarrpl es 15-17
t-er
O

H-o<

TS |_Aa||pr LU O

0 !
LT P TRE XL,

TSR T LT 7 T I B

%1

o
Yo-e
Glyce
4 1l
Rahci dis 2 6- /I_QJ:A//U Ll 2 a8 160 747 (}{T
2

7
(3;53';0 2501 0059 G083 G051 MeS,| mo 1p. 40 13. 20 10.485 | 40

40

Deionized 20

o 204 20 20.2 | 20.7 20 20.4 20 202
water, %

20.7

gg(;?O;: ax 3 3 3 3 3 | 3 3 3 3

CMC-TMXF%, | 12

% 0.8 1.2 1.0 0.5 1.2 0.8 1.2 1.0

0.5

Tetrasodium 0.5

pyrophosphate 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

0.5

Sodium 02

Saccharin. % 0.2 0.2 0.2 0.2 02 0.2 0.2 02

0.2

Sodium 0.243

Fluoride. % 0.243 1 0.243 | 0.243 | 0.243 | 0.243 | 0.243 | 0.243 | 0.243
, /0

0.243

Silica 1.5
thickener
Zeodent®
165, %

1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

1.5

Example 4 20
silica, %

Example 5

silica, % 20

Example 6

silica, % 20

Example 7
Silica, % 20

Example 8

Silica, % 20

Example 9
silica, % 20

Example 10 ‘
silica, % : 20

Example 13 -
silica, % 20

Example 16
Silica, % 20

Example 17
Silica, %

20

TiO,, % 05 1 o5 L 05 1 05| 05 ] 05| 05 1| 05| o5

0.5

Sodium lauryl 1.2

sulfate. % 1.2 1.2 12 12 1.2 1.2 1.2 1.2

1.2

0.65

Flavor, % 065 { 065 | 065 | 0.65 | 065 § 0.65 | 0.65 | 0.65

0.65
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Particle Size Span 2.83 2.79 2.52 Particle Size Beta

0.29 0.34 0.41 CTAB, n2/g 92 151 185 BET, nR/g 9 1 166
WQ@0ewe@b171Absor ption, m/100g 79 115 150 Pore VedTOB2005/035923

cc/g 1.39 2.08 2.64 BE, ng |loss/1 00,000 rev. 22.47

5.79 3.83 Rl 1.432 1.454 1.454 99 5 61 57 Dentifrice

. F s I
o ok RUERAE ENAD! RPERLE 8% (U ANbA LR OoBLRREE Bhnbyr

silica exanples to denDnstrate the ready-t o-use on

ox§hd ée‘il\l?s ai NfAYe, CoRpos ti
ot itk D %:t‘%zom

Noviatfent j fri ces, the gl ycerin, sodi um carboxynet hyl
cel | ul ose, poI yet hyl ene gI ycol and sorbitol were m xed
together and stirred until the ingredients were
di ssolved to forma first adm xture. The dei oni zed
weiteedentifiisg ifompulptiersi pieparedeaboxe vereevapiatesiioo BoRand RIwy
sodi um saccharin were al so m xed together and stirred
properties, a¢corhns ® thaguatbbdsrdescribed aboes Hevaehstnenfeatsiaswealbathd
adm xture. These two adm xtures were then conbi ned

PCR:RDA Fativk ifér dably dentiteit € &riv@latioh e govided @l TANE O7 b¥B&. The
added with stirring to obtain a "pre-m x". The pre-m x

PCR d¥@Fot #mafitiols & Rog sWere bbfalRa®ont $0uthidMer@Bintal Research

Corporation of Port Allen, Lousiana, and the remaining PCR data from Oral Health

Research Institute of Indiahapolis, Indiana.

TABLE 12
Form Form Form Form Form Form Form Form Form Form
1 2 3 4 5 6 7 8 9 10
PCR 123 100 153 95 76 64 98 74 97 91
RDA . 204 143 233 182 66 73 134 23 117 107
PCR/ 0.60 _
RDA 0.7 065 052 1.15 088 073 322 083 093

The results show varied performance with highly effective cleaning capabilities

with relatively low dentin abrasion properties.

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

The dentifrice formulations were prepared according to the method provided above and
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silica thickener, abrasive silica and titani um di oxi de

were mxed in wthout vacuum A 30-inch vacuum was
waleadnsangl t he resul tant adm xture was stirredpdDUS2005/035923

approximately 15 mnutes. Lastly, sodiumlauryl

sul fate and flavor were added and the adm xture was

with m%&ﬂ {He%QmE %e%gcﬁ%géé &@%&%éﬂ ot MULB%e Bf. Phd RMUGATL Table 13

e resultant dentifrice was transferred

I ast 0 r
providp R P e a R Parp RS A iRl
in Table 11 bel ow T e den ({ frice formulation utilized
abrasivga én tedptionde thednyensign %F‘g ié"srfmdent ifrice formulation
for the purposes of determ ning PCR and RDA (as wel |
as viscosity) neasurenents for the inventive and
conmpar ati ve cl eani ng abfBtEVSs. Changes in the amunt
of carboxynethyl cellul ose to permt proper formation
of the dentifrice fromphysical and aesthetic
per gpectives were mafl€ommilackFermula [sFarmalai [dfesmulatih an
of fget in the anount|of 1dei pni Red watlér adddeld, Qut the

overal,l ba q ifrice,forpulgti gn rgnailne
eSSE#I¥C§P?@§'S/§%C for %{‘le_ Psﬁq follﬁv\p ag”nni ed
aboy %DMQL(EWLI%A pol yet iyl epe g ycpl gvai| ablge firom

t he {Uni on Carfi de Cofporatibn—Danbury—G-TF2-A

et

carkq;gydmm%teped | ul psepaval | abke fromst he 2@ualjon

. 1 g i
di vitsi-on—o—f l"‘:""""IC @i"]u“‘ul atton W

al s¢ caﬂmezp:tam & i s CEKO3(r)| 2000, @ CMC avai Bablle from
Noviraprt—Fhe—denti+fri¢efornplations prepared abdve

wer ¢ @M&lTBEfel f or PCR BAd RDA-br o#peroc‘? es| dctor|ding
t o tgIBhEIRdS described _abpve; the neasurenents, as
wel | 35 EhenRCR RDA fat f-8s or%ach dehtifrie
formufatTolr are prowoed in Ia%| ;Lzﬂoilovv. The |PCR
dat g Si"é’t“'“Fsé‘F%T“at/P ong 1923 | dhd 8 wete obtairhed from
Sout e S oride % 2 RS Ch 0243 | 0243 | 0243

Silica thickener

. 1.5 1.5

Zeodent® 165, % 15 L3 |

Example 5 silica, % 15 0 0 0

Example 7 silica, % 0 5 0 0

Example 8 silica, % 0 15 10 6

Example 10 silica, % 0 0 10 14

ZI?ODENT@ 115 silica, 5 0 0 0

%

TiO,, % 0.5 0.5 0.5 0.5

Sodium lauryl sulfate, % 1.2 .12 1.2 12

Flavor, % 0.65 0.65 0.65 0.65

! A low structure precipitated silica available from J.M. Huber Corporation, Havre
de Grace, Maryland. '
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Corporation of Port Allen, Lousiana, and the remaining
PCR data from Oral Health Research Institute of

wo paoaseEp®l i s, |1 ndi ana. TABLE 12 For m For m For PCFORIM5/035923
Form Form Form Form FormForm1 2 3 4 5 6 7 8 9 10 PCR
112233 110000 115533 95 7 6 6 4 9 8 74 9 7 9 1 RDA

%%ﬂ%éé%%*%&ﬁ»%ﬁ%%@ IR g T s S BER s
d f
e Wt Bt AL B PR, K
| ow dentin abrasjqn properties ever al
PCR:REM£atios fareaedentifaes &ﬁ@um@% asﬁrpéﬁ‘af‘@{f'\j’éﬁ 14abf=10W-

conmbi nation of 2 inventive silicas for Formul ations
12-14 and a conbination o f an inventive silica and a
commercial silica (ZECOENABHE1415 from J. M Huber
Corporation) for Formulation 1 1. The dentifrice
formul ati ons were pr Epanudad Horowiadi Fgroiuda t higormetahod
provi ded above andwi thlhuch th® saneldngredildnts as
descEréd‘@ed above in Tabbe 11. dJde fol bpwi ng T@ble 13
provi des the fornmulas for these toothpastes

i ncokPdr ating bl ends of8di ffePent siPica abdhsives in

rel agpd@RDIO t he i nvento.sgn deseui bed dwsr ei n. 0 FABLE 13
1A low structure precipitated silica available from
J.M Huber Corporation, Havre:

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

much lower abrasion levels.

Detailed Descriptidh of the Drawings

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

greater cleaning ability without simultaneously unacceptably high dentin abrasion.

55



de Grace, Maryl and. The dentifrice fornmul ations

prepared above were eval uated for PCR and RDA
w@r@pestries, according to the nmethods descri bepPcBDS2085/035923

t he neasurenents, as well as the PCR RDA ratios for

each dentifrice fornmulation are provided in Table 14

bell avatiffiéBLdzhibitelFatdepladlenasdauity fluoridel henikaBN A aad bicelnt
13 14 PCR 97 90 92 95 RDA 168 96 97 113 PCR/ RDA 0. 58

aesthetgcos 4-9p, Ex@rk, Eﬂgergiloﬁfn Fglgicgfg%lk%if'x%&:s gf E)‘%%?ap%c&] 14,

I nattons, n particu as 1

eyince .g.hi.ghly.surprisi nd effectiye d al
repres RGN KR $it e rE AR Gt ermectic bR AN g6 such
.abrasion | evels. Detailed Description of the Draw ngs
materiqgy dp net eyhahikthe sarge desired ancreasp ispdhigle film leaningreffi¢ipacyorith
RDA and PCR available within sonme of the dentifrice
lower RDAnvdlegsias st bE thedr sirogencraisl invergmnedmbiddiophysi cal
m xtures of silica gel and precipitated silica,
produced in nmuch the sane way as those disclosed
ViLikéwise,Un BIG PatherdNe prdvidddth wnihatigorb e thibleensd goaakifities
each line indicates the general results accorded by

of the ®@&Mivaiih 584 Glka EQRBTHARINS QBrsBOGoSOONRichMAERdSUT gels and

simul taneously formed conbination of this invention

ar tS. W t orrel at ed.l ower RDA
eSS T A Gl s St Pl i e
as listed gggpet).l Ytels g\%ﬁ?ﬁtq gt Itl?erlle Psear srlngrgii’?icant difference in overall structure and

resultant function of these different types of materials as the in situ generated composite
materials exhibit differing degrees of thickening over the spectrum of amounts of
gel/precipitate present therein than the Rice patent blends. Clearly, then, there is a

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

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

gels and precipitated silica materials provides improved pellicle film cleaning benefits
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greater cleaning ability w thout sinultaneously

unacceptably high dentin abrasion.AJl dentifrices
wezdvclost7egl acceptabl e viscosity, fluoride avaiPebiUb2005035923

and excell ent aesthetics (stand-up, texture,

di spersion). Particularly, in view of the graphica

o epresentati pn.w t hi IG ,1,..it is evident that the .
while SERIESSING ity milyfoagagéiin msiprsadinesaiorshy migviding
exhibit the same desired increase_in pellicle film
a morq-¢iiectve, gleanipg magssial wishtaloweuRiopesty Y fleletsriassly alrade wbth
the in situ generated invention conbinations.

surfaces dugingse. in FIG 2 there is provided a conparison of
t he thickening capabilities of the inventive in situ
silica conbinations versus those physical blends of
gels and precipitates described within the R ce patent
(within the sane test dentifrice fornmulation as |listed

aWaue the ihVerton Vi1 R MesdritRl ahd8fsElobat ift cShiakibs Leertain

. ti
difference in overall structure and resultan unction
ifLar . es.of materi as the in situ
preferr@d b BEHhcle sl pEtich BTl S8 fiorRed Efmindfc gemonto
degrees, of. t hi ckeni ng over, the spectrum of anmounts of
those Sag‘ﬁf‘ﬁ F‘@B?%P}eatse%‘?eé i {ntenlef do foYoR sanivalentiruetursstipitural
. blends. Cearly, then, there is a distinction in form
equivalents and all aftemative ¢rabodimentsisnd enadifications asrmeayt be Jgfaed biy the
dentifrice additives. Furthernore, FIG 3 shows in
scope qfrthpappeaded dpinessmdteghivalkentdwherseasur ement s of the PCR
vs. RDA readings for the inventive gel/precipitate
conposite materials over a wide range as conpared with
the same neasurenents for the conventiona
precipitated silica abrasives (again as neasured
within the sane test dentifrice fornulation as
presented above). It is evident fromthis
representation that the inventive gel/precipitate
silica conmposite materials accord nuch hi gher PCR
results with correlative | ower RDA properties than the
conventional abrasive materials, show ng the
significant differences
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bet ween the conparative abrasives and the inventive in

situ produced types. In this manner, surprisingly, it
whameherms real i zed that the in situ producti onPOf/US2005/035923

bl ends of silica gels and precipitated silica

materials provides inproved pellicle filmcleaning

benefitswhile sinmultane@IgAmsexhi biting nuch | ower

denti n abrasi on readi ngs, thereby providing a nore

1. Aelfif % producddarlbripiBle&iliclcolbilat |‘gﬂ§r- Rrapensity to
deIeteriousl3§agra£gﬁtoothcgﬁ$P§g§% ur?ﬂ§m§§@?’ B
comphif& frd 0k | seribed and disclosed in
P Connect i on(5 g\ﬁ@%‘#yc\@ }ﬁ? ﬁﬁsﬁﬁ?f%ir‘%}&rgﬂﬁ%icﬁmf@tlaﬁ @xhibits a
. ractice it is in ng way intended to limt the
linseed i absbighon 81' Fﬁi’}gfe“’%ﬁg@? pp to EYfynli 0Ren ard wherelesaid t i s
bj nt.ended to cover e%gliﬂval ent structures structural
com ’é’&ﬂ?‘%/%ﬁ 'I’I‘fssa Hite Baass Einlelmen dniduesseahedi tvasg@bdween about
nodi fications as nmay be defined by the scope of the
2.5 andggang bxds/d 0@ DO reanbiitienssi val ence thereto. CLAIMS 1. An
in situ produced gel/precipitate silica conbination,
wherei n said conbi nation conprises from10 to 60% by
vol une of silica gel, wherein said conbination
2. TRX&dbihstidh I dA1S: e rption.of greater than 100
R e A A L P R
a 10% Brass Ei nt ehner hardness value in the

: |
“”“mgégggcég?meen about 2.5 and 12 ng | oss/1 00, 000
revolutions. 2. The conbination of Caim1 wherein
sai d conbi nati on conprises from20 to 33% by vol une of
T,gi lica gel. 3. The in situ produced gel/precipitate
3. The {1 v Rredused seliwecipiatShiicavdmbinsti@i of Claingl 1 GaEkRiA A ON
s in the formof particles exhibiting a nmedi an
combipgioniiginghs fare ofgagicl@fexhitMng inedidh pliel s range of from 3

to 20 microns.

4. The in situ produced gel/precipitate silica combination of Claim 2 wherein said
combination is in the form of ‘particles exhibiting a median particle size range of from 3
to 20. microns.

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

6. A dentifrice formulation comprising the combination as defined in Claim 2.
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4 The in situ produced gel/precipitate silica
conbi nation of Claim2 wherein said conbination is in

wo bweOsr7ms of particles exhibiting a nmedi an paredTU£2005/035923
size range of from3 to 20 microns. 5. A dentifrice
formul ati on conprising the conbination as defined in

- coMidice orofARR oot Bf SinbAGH £ Bhe ke

formul ati on conprising the conbination as defined in
Caim3. 8. The dentifrice fornmulation of Caimb5
further conprising an abrasive material other than
8. Taadentfgpofaraulation o6 Claime fuether doniprisingemmabtastvieamatefial other
Claim6 further conprising an abrasive material other
than sdithaombmiatdorconbi nati on. 10. The dentifrice fornul ati on
of Caim?7 further conprising an abrasive materi al
ot her than said conbination. 11. A nmethod of producing
t he conbination as defined in Claim1, said nethod

C i u i s of a). admxing a . .
O SO ARRIARIE G TUIRR oo lief At pige faerial
other th2NceNt r t.ion of from4 to 35% within an aqueous
40 [ Y A¥%®of and an aci dul ati ng agent having an
acid concentration within an aqueous solution fromb5
to 25% together at a tenperature from about 40 to
about 900C and under agitation to forma silica gel
10.  cldwptsstifricedformanationvifiClaint 7 firttet covaphidingan i6a4ive/ina@riaD’
purifying said forned silica gel conposition, b)

other tlsanbarigoaiihationnt r oduci ng to said silica gel
conposition a sufficient amount of an alkali silicate

and an acidul ating agent to forma precipitated silica
wi t hout affecting

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

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

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

the overall reaction is within the range of from 3 to 10.
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the silica gel, thereby producing a gel/precipitate
silica conbination, wherein the pH of the overal
wo eaehsTm i s wWithin the range of from 3 to 10.8Cr/UIives/035923
nmet hod of Claim 11 wherein the acid concentration in
step "a" is from1l0 to 20% 13. An in situ produced
12.  gdhemetioidniftGltien $1 wheirchetatidabohehtrabbeiritd ‘Sﬁiigifmm 10 to
conbi nation conprises from 10 to 60% by vol'une o
20%.sSilica gel, wherein when said conbination is
i ntroduced as the sol e abrasive conponent within a
test dentifrice conposition said dentifrice
conposition exhibits a PCRrRDA ratio of from about 0.7
to about 1.1, a PCR.val ue between about 90 and 110,
13 A R T BB B P s N paRberatfomid abintion
The conbi nati on of Caim 13 wherein said conbination
comprssiions B tof ¢0abp gotumeadmiliop geb mhereeinivhen kiid aombinatiddis
] A dentifrice formulation conprising the conbination as
introduestdi asethi ot fBradive ddnpohént Witkiamttdt HeRERitOE bR ti@ said
conprising the conbination as defined in Caim114. 17.

dentiffbecatgisitionieBibite b PURR DANraAh oFEBhAbbat .91 Q&{u& 1.1, aPCR

conprising an abrasive material other than sa

lue BAVREDAJ N} | f.0 formul ati on of al
value GRAPLDRILPTl a1 101380 8 RBA L6 el B Shoaetborh 3.
said conbi nation.19. A nethod of producing the
conmbi nation as defined in Caim13, said nethod

onprising the sequential steps of a) adm xing a

14, Tiprcombinston shbimm lor whreiaiskig dombiinsitioncempeisesrfgpra 20 to 33%
concentration of from4 to 35%w thin an aqueous

by volyme ef piliea gtler eof and an aci dul ati ng agent having an
acid concentration within an aqueous solution fromb5
to 25% together at a tenperature from

15. A dentifrice formulation compriéing the combination as defined in Claim 13.
16. A dentifrice formulation comprising the combination as defined in Claim 14.

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

other than said combination.

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

other than said combination.
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about 40 to about 9C0C and under agitation to forma
silica gel conposition; and, w thout first washing,
worasOyi7ng, or purifying said formed silica gePCT/US2005/035923
conposi tion, b) subsequently introducing to said
silica gel conposition a sufficient amount of an
19.  alAmethodiof ipoatueingrtbe eombiaatitul atdefigedizeOhinh 93 f QfdMathod
precipitated silica without affecting the silica gel,

comptifiag eieysefuatidCitegs 6f gel / precipitate silica _ _
pCOﬂ%I nat Pon V\hgl(rjhel n the pH of the overall reaction is

WIa’a :agnﬁi}%n E?@?gen? e aC| lc’:tgﬁ(g ér? 1ca€) lggpqegﬁ%g%\%ag@n 28
from 4 {o*§89% Qw{hm %9 gqueous solution thereof and an acidulating agent having an acid
concentration within an aqueous solution from 5 to 25% together at a temperature from
about 40 to about 90°C and under agitation to form a silica gel composition; and, without
first washing, modifying, dr purifying said formed silica gel composition,

b) subsequently introducing to said silica gel composition a sufficient amount of
an alkali silicate and an acidulating agent to form a precipitated silica without affecting

the silica gel, thereby producing a gel/precipitate silica combination, wherein the pH of

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

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

20%.
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