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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.
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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.
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of the subject teeth, water, and other active components (such as fluoride-based
compounds for anticaries benefits). The ability to impart proper rheological benefits to
such a dentifrice is accorded through the proper selection and utilization of thickening
agents (such as hydrated silicas, hydrocolloids, gums, and the like) to form a proper
network of support to properly contain such important humectant, abrasive, and anticaries
ingredients. It is thus evident that formulating proper dentifrice compositions can be
rather complex, both from a compounding standpoint as well as the number, amount, and

type of components present within such formulations. As a result, although it is nota
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humec_tants, thickening agents, flavoring agents, anticaries agents, and so forth. As
known, synthetic precipitated silicas generally are produced by the destabilization and
precipitation of amorphous silica from soluble alkaline silicate by the addition of a
mineral acid and/or acid gases under conditions in which primary particles initially
formed tend to associate with each other to form a plurality of aggregates (i.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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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. Nos. 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
Paderetal. Such disclosures teach improvement in such silica materials in order to
impart increased pellicle film cleaning capacity and reductions in dentin abrasion levels
for dentifrice benefits. However, these typical improvements lack the ability to deliver
preferred property levels that accord a dentifrice producer the ability incorporate such an
individual material in different amounts with other like components in order to effectuate
different resultant levels of such cleaning and abrasion characteristics. To compensate

for such limitations, attempts have been undertaken to provide various combinations of
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predipi@le LEiREIsRiah %Eﬁﬂit fcrdaS8F PERUNA RDA 1648 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 fora

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

previously been provided within the dental silica industry. Again, the Rice patent is
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of silica gels therein, particularly those in which the final structure of the in sifu generated
composite can be controlled. Such a novel method thus permits the production of in sifu
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 overall composite exhibiting one of three

general properties: high cleaning, mid-range cleaning, or thickening/low cleaning. Such
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material concentration and/or gel and/or precipitate reaction conditions provides the

ability to control the overall cleaning, abrasive, and/or thickening characteristics of the
composite itself. Thus, a composite exhibiting greater thickéning and reduced but
effective pellicle film cleaning characteristic will include either higher amounts of silica
gel and/or higher amounts of high-structure precipitate such that the overall composite
exhibits sufficiently high linseed oil absorption (greater than 150 ml/100 g material) to
provide the target desired thickening/low abrasion properties. Thus, by controlling such

silica gel/precipitate production parameters, it has been found that a single additive can
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el it to.a l.esser degree than for those noted in the
p r%?{é@ i‘:ﬂ&ﬁg ‘@‘éﬁ‘ anes ﬁﬁ%@%ﬂd@rmkﬁmng Re9pertigs without resorting to
properties in order to accord such beneficial results
myjtipie additionsi of patratially expemsive arl/oi difficut todnéorporatchaterials for
| evel of a silica gel in a final conposite and/or the
the samgepulpogh- ,. nedi um, or lowstructure of the
preci pitate conponent therein through nodifications in

st ar Al partsflefdchiiloe S MG '
precipitate reactgieon Coﬂ%sirﬁelé%&re%?%%@%@ﬁ@d}%@éﬁ@ess
abr asi ve

otﬁé?w‘?s%%hé&he&.hﬁllodﬁ%{xﬁleﬁtg I%iéegcﬁgclfrgﬁ’f%e %ﬁ%&tﬁ% g}r,l ?e/sfgqrepge.

t hi ckening characterrs
i.t e exhibiting greater thickening and

Thus, _a_conpo
{ edr SR o i ne Qe of the Jrébent Itentiaddn pryide a precipitated
.Characteristic will include either higher amunts of
siligpand gelsilicagrampasite mytesial providing inopromedypelticle fitmoleaning without
preci pitate such that the overall conposite exhibits
an ypadeeptabht high koméspbndisg étreist imdaminmirieamélHbeRic. AhsRer
150 m /100 g material) to provide the target desired
objiebi afkthé pregéntditvenlioa $9 @Hréviads héwaRethdd 5t thdYroduction of such
controlling such silica gel/precipitate productlon

effEARa 'ﬁ?&cﬁﬁﬁate&/&el@ﬁﬁ:ab:%ﬁﬂ)hfaﬁgﬂgrvé%glfnsﬁlcﬁin?zgéxgaés? %tg: p%é]ci/u%ed

canprovi de these ''diverse nj g,
. ' ! erti.es without resorfing to .
S BT BE B B R i o v
[ fficult to.ing orate materials for the same .
ma %f’%%gel.’mﬂf‘?"%‘a?f?‘ég m3terialsntaths dhanyduringrdestifripsaiodustion.n Also
&F_e expressed by wei ght unless otherw se specifi ed.
an ojgct of thisaneation isda prasids an sersé uigenenatpdrpaeapltdigd/gel silica
reference. Accordingly, it is one object of the
congposie matérial eviteram thedinseaboilsbsarmiondeails afiebltel théeBy aRtvithin -
gel silica conmposite material providing inproved
onedithriee kanges:| 40 € BEOUNDSi1 WhIoTB¥H100 g composite material for a very high
cleaning material, greater than 100 and up to 150 ml/ 100g for a mid-range high cleaning
material, and in excess of 150 for a cleaning/thickening/low abrasion material.
Accordingly, this invention encompasses a method for producing simultaneously
silica gels and precipitated silicas, said method comprising the sequential steps of
a) admixing a 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 pensizes i s to provi de a new nethod for the PCT/US2005/036173

progueti.an, of .Su f.fective preC|p|tated/geI silica
corrgﬁr%{f‘ °9§i’éf”é‘|’ ugingto said slica el %’F@Oﬁm@d@@@ﬁklem amount
si nul t.a_n.eouslg and in situ, thereby permtting the

of pn alkali siligate @sd an acidulating agerit 46 Sormon precipitated silich,rthereby
production of the materials, rather than during

prmﬂanimgfarpre(&pxmtﬂgelcsiIlcarbonﬂdlﬁzmo&ln Bijodtasdell ab el within this
invention is to provide an in situ generated

1nv|@ﬁﬁ‘6ﬁ ﬁ'tﬁ@ﬁx‘%@ﬁ&@f sdH 4 FrdcEQTPRELh $ad BT oée‘i‘ hm%@lr )}ﬁ%&xﬁ fiferein is

| inseed oil absorption levels exhibite

ol B g T RS oy s

in rraIerl reater than 100 and up to 150 m /1

ng %1 @1{8’@9 FROpeRasedvitlyn this diveation arg dhg gomposite

excess of 150 for a cleanin /thlckenlng/IOMIabraS|on
mategialsrlistad abpye isrthe Huegrangps of ¢ihshsarrition nesasaepastseanddentifrice

nmet hod for producing sinmultaneously silica gels and
forpnlatiops ¢conmising duch amtersas s well ho thegoodct of the ikv@tive process

sequential steps of a) adm xing a sufficient anmount of
notéhatgdviéal i silicate and an aci dul ati ng agent together

to forma silica gel conposition; and without first

washyi i
gor ol ‘.*%%“&%wﬁfw@?gﬂfcx% #prdt W/ {Eefitl udeﬁ%ga&ah
o il C oS ti ci unt of
sligfl &S il ol aa AR i i i ccpfifonsher ptgeation
re ted silica, thegﬁg produm ng a
to ﬂ%r gr"ﬁﬁl‘ gf‘jtcé%‘lél%‘ffr StuEing apd ithe: filisring oyt B paecipitptedssilica. The
well within this invention is the product of such a
re Wg@pm@m wiashesd, dried and toramined tordesieatt sizdier ei n
is from5 to 80% by volune of the total

pr dadnorally; awelb|silidal getsaintlade kilien hydropelh,tadesis Pels, acrogels, and
produced conbi nati on. Further enconpassed within this

xerogBMeSilice geld afe 1NLfoPMBRBFiréRting 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 désired
materials.

As noted above, the separate production of such materials has historically
required mapufacture 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 |isted above in the three ranges of oil
absor pti on neasurenents, and dentifrice fornul ations
W@ oupnsEeng such materials as well as the prodect/usfo0s/036173
gcess. not ed above. Generally,

t he,lJ nvent Lve .

synt'f %Eﬁ X EitEy eéﬂ?ﬂ‘@‘&goréﬂémﬁﬂﬂé@\mmddmnon of such

adm xi ng d| lute alkali silicate solutions with strong
maggiaksresmits Herpapduser thstargetia range ol amoonts ofikitice gel and precipitated

aggregation to the sol and gel cannot occur, stlrrlng
silieandothp@entsials twel Il 3G tratfurdsif pedcsitalid RhRnshts & ﬁnpﬂﬁle desired

resulting precipitate is next washed, ‘dried and

leve
o UM S RO ISy B
G ARy B T RS s
e-versa,. to _faq a hydrosol and agil ng the newy
sepyy e '@PB%oBa%‘BmYcaﬂ?ﬁ Ravel methed gatails targetingthe gabuntof silica
t.hen washed dried and comm nuted to formthe desired

gel desirediand specificallytsel¢ ctig castain teacti@pamition imdrdet toogenefate such
such materials has historically required manufacture

a desired feysbedismganairphomtpredipitaed silich proag@ionnet eri ng of
the two together during the incorporation within a

denThief invérive abfkiivacbApokifiofd &8 ré ¥-u§§ a&dig%sqﬁ'tg@pltet}gratwn

desired cl eaning/abrasion levels thereof.T

of ordl Aah g ¥om §1ho ﬁ&{ ésvcfenrfﬁﬁ&g qof)t?xéast% Ll d %ﬁﬁ@(gr parfjcularly

production rrat errals perm

suit FA O Pk @RS tggaaggﬁqm?g{@ é@gﬁeﬁfﬂ&@gﬁ seah sikice

precipita
preci pi.t.ated conponents to inpart the desired | evel

Pmﬂﬁlftsaaa BFH i S0P BHRIORE OGP BINED s 4ni ksenabersivencss may

duri ng production, a significant difference from
be dﬁfﬂéﬁ\sib aghyitha limitations foem ithibdors within bertaid ©rnodlatiershsuch

mat eri al s through
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 sifu 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
wepmweisizeal | y sel ecting certain reacti on condi PEDOS20051036173
ordﬁgxggwggneg,gg‘§qgh a desired | evel during . .
anorpHot s $eephisal mpisgeniationcof the ertralatiasnbetwien thickening ability
i nventive abrasive conpositions are ready-to-use
and gidica gelkstructure far ipventise &t sinnprofduced @bmpbsisssiof @el/precipitated silica
conposi tions, such as dentifrices, toothpastes, and

andl bembarktive pleysidat Hidtutes of Widhafatagals. raw material in a
t oot hpast e naki ng process. Furthernore, such silica

or oGt 31 L h . . , ‘

Cgee s Thapicdhebietifuloh AR R RAHMELTHE BIEY &t denin
s b tatiogn, .foaminhibitors wthin certai.n

abnflioh 814 plEle' | Bnind Apsuingts fodsliBice oot &

. dishmaShi&ggfet&rgents. Addi tional potential uses of

InvERRYF wetffuproduoed semperites gbgelipseaipitated sibicaand the gaiues ofcthe same
and carriers, cosnetic additives, personal care

meggigements §or qomparative gnnveptiondd identabatwasiveses, and
pharmaceutical additives, without limtation. Brief
Description of the Drawings FIG 1 is a graphica
representation of the correlation between dentin
abrasion and pepetdiled BdskAbb aPiHInvehiigs for a
dentifrice conmposition for inventive in situ produced
co j 4 pi ed s | . c rative .

R ARy Pt GRIEEE APk Wl e SRR are in-

© physical mxtures o
. iphical. resentatian of the. correlatiqQn between_.
sin Yo Rial TR B Rl om0 S8 e ehih et ofr tngredients to
i nventive in situ produced conposites of . .
Prepaae PB’& & e SOBPOSipN bavinga bg?wéﬂaamg\ﬁé’ﬁwsw@mut causing

m xtures of such materials. FIG 3 is a graphical
undpe gbrasienoattpeth suffacdseThoesseital aowelh as vpional hemparientsof the
of dentin abrasion and pellicle filmcleaning
abrasbesand@mehitkerfing camplesitiorsand gelatedBRshdds@T nhdking 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
woreasoseerent s for corrpar ative conventional dene@l/US2005/036173

ves. .. Det.al.l scription of the Invention The
P %‘gpg’i’f Ve alivigp Uy alk#i silieaie pejuiembasaum alkalssilicate conrentasion of

present i nvention are insitu forned materials that can
approxirpatdliyl 3/0 fao3 hwit%t priferably rvanaboit 819 totabeut 2gt%edind Mhcre
to prepare oral cleaning conpositions having a high

preéfeaBIy figm &bbutcHO Yo Moub P8I wt%a UgkREALIN Sl B5dafis A¥odium
tooth surfaces. The essential as well as optional

SRRSO S L it s

present invention are described in nore detail bel ow

1.5Germboad 3.#r THe quamity bRilkaldsifibste Shdreedimte HRGSadth0B8 ab& Tt 10 wi%
the present invention are prepared according to the

to s@wt%vufrﬂme {0t sRicaR8isBd REBS Batth b)gaoﬁaﬁy G &%&Pf}% B&kh as

formed in the first stage and pr |p|tate

sodi@h Wffate %oftﬁl[% ggpg g%&egﬁg ztjll}el rg%éth i %)%o f e(%@lﬁatg §°l§188? QF,fater).

aqueous 'so
into.a reactor equi ngd Wi th

Nefh %%@%ﬁ@dﬁﬁgaé B PhAGRSF B A5 SHIBHE b By drashloric Agid, nitric

t he aqueous sol ution of an al kaI i silicate in the
3013 dhesphorisrasith and o fastha (rreferbly sulfusicarcideadded as atddlute solution
40C and about 900C. Preferably, the"aqueous al kal i
thergiof (et at asaineentmtionad befweah kbt 4stol 350at %, moncPically absut 9.0
of approximately 3.0 to 35 mt % preferably from about

to 13.0wt )dbaddedad thy Sticatdd foRHh Q gol. ehieahd ¥ilikd pNidPpRIdliced and the
3.0 to about 15 wt% Preferably the alkali silicate is

pHad0RH ¥Rl desiréd vt blkhdis Beveen I&@é‘\l‘i ?ﬁd fbr’ e i({)(? H%dltioréls

about 1 to about 4.5, nore partic om a

- stoﬁlﬁ{i%?gﬁ g é gsc eali]e%l tgl@g tctf‘l}/ [fgcf:t‘}&aql)}%fa}llplera IeI gr%I"erab(iy %etgveen about
65°C to about 100°C. It is important to note that after this first stage is completed, the
produced silica gel is not modified in any way. Thus, this resultant gel is not washed,
purified, cleaned, etc., prior to commencement of the second stage.

Next, the second stage begins after the gel reaction temperature is increased, with
the simultaneous addition to the reactor of: (1) an aqueous 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
weoloahsoes may be added to the reaction nmedi unPCT/US2005/036173
, Jsilicate solution or water). Next, an aqueous
properties, genanghayhhigher axsrage tatehtpH providing toweeratructyre silica
hydrochloric acid, nitric acid, phosphoric acid, and
praductscanidrelapivell ¢6 e ayefagh batich @ Fapiothdingkighet sasicrdldilied froducts.
solution thereof (e.g., at a concentration of between

Hi%tﬁ’ 913%& fedi&uﬁﬁoﬂ‘&na%be%‘ii%fd,%ﬁh% a\c)fcfi afeidn gd(@u&%]ok tQ‘]?]seuntil

t % is added to"the silicate to forma ge ce
b GENSR B Rl Rl SRkl s iveniv

cid addition is stopped and the gel is heated to the
mefiack % i RYeRedRR BT Sysér,ltea%# ormeAnthe yerRes PR gbtained by

65C to about 1000C. It is inportant to note that after
megsyring the pH leve genys mompisatusiang théprepipitatefeunationi stageged

is not nodified in any way. Thus, this resultant gel

avdraging thenatth eggregate bt éradtal tiineafepded.et c., prior to
commencenent of the second stage. Next, the second

St ageep8g iRHowE bethelaRIuGRIng 886 dnd Thd ARMESBEME Grd stopped, the
increased, with the sinultaneous addition to the

reab®f gﬁt‘éfl aflbwed o addbr aﬁi\’%@&” ??Pl?e!t%&!gpg %ﬁ?tg{]ﬁamuéeﬁawm the

acl dul at1 ng age previously use
an agueou ol ution ntaining the.sang. .
reaBiR 0N En bR RN af ey pE TARerhe Partidyf S gestion,
aqueous sol utjon being preheated to a tenperature of
the 5%)&99@%%& hkﬁsﬁ #nd paslred witl watgr do FrmQyE;cyaess byrRjoduct
. agent and silicate additions can be adjusted to
inogggnic wllts uptl the wash wates fromathgisilicarfiltsricakertieststin et mestditd salt

stage reaction. This pH control can be used to control

byppoditit contpityasinvaakstined bpevhdiesivitgeneral |y wi t h hi gher
average batch pH providing | ower structure silica

pr odpigd SiliedfilltéraRé ishlrvied MVRAteR U@ HARE BBy 8 conventional
provi di ng higher structure silica products.” H 'gh shear

dry I QL] idh TRYprP afid, 16 BbauBl n beiBrhchs'sifibh UiBHing 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 um to 25 um, preferably between about 3
pm to about 20 um. 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 also can be generally accomplished in accordance with

the methodologies described, for example, in prior U.S. Pat. Nos. 3,893,840, 3,988,162,
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the reactor batch pH drops to between about 4 to about
9. For purposes of this inventive nethod, the term

w0 aensges bat ch pH' is intended to nean the aveCEUS20p$5036173
every 5 mnutes

-, 0Rtai ned by neasyring the pH |evel
4;%?75741%4,3%%&3, @@3 33&9&48 1 gt pfawhish ara ingerparatedshereiadiyrgference,
the total aggregate over total tine elapsed. After the

as longlaswactoinethbds are iappiloptiatety modified amthcbiporab kavirculation and high
silicate are stopped, the reactor batch allowed to age

sheédir tretint@st "Ad Wil REIpHRRAated BY B §&11dPLin3Re B Ydb&ion aar%ftr&:ﬁketers

the reactor contents being maintained at a const
[ ' [ e.reagtion
wfch affll Bl chitfio TR S el R A G iR, U vate and
._excess, .by-product inorganic lts. unfil. the wash ter |
G WHEH Lo veEs Teprign et PbE tevelsf spripolatian pLiearious

byproduct content as neasured by conductivity. The
reagtan{sg thefreactien pHa the reaction fempergture; thgagitation pflthetrectants during
dri ed by any conventional drying techni ques, such as
prodpetion; dnd/onthe rate apwbithaay atectrotytgshaneisdded! | ca
containing fromabout 3 wt%to about 50 wt % of .
i Alltefnativd ethdts bEFrodatidn R tHeinvehthvedniterisilhdude t\urry -
desired nedian particle size of between about 3 mmto
fordsubihs, REifofl ﬁ:ﬁitﬁ(ti&t?gi’@c%ﬁm%p%gh PSAPRAUNC2E 418N 74, to
Classification of even narrower nedi an parti clesi 7e
i.deb.n provi.ding increased ¢l eani
MRS, Bt of il B Pro BB e oM amt ghrguehou
0 ti,qn pro S odol ogies of precipitating the
Uﬁ?ﬁﬁﬁé\‘*f@%%ﬁ’l’g&@@#%@i@ ?"tﬁ% eparation of the
silica products is not necessarily limted thereto and
i t Hheigventiversdicgenmpasitymaterislsmayshreeharastexized aud separated, as
wi th the nethodol ogi es descri bed, for exanple, in
disqussedraboye intbahree Niztinct:a8@8ri8s] dephdofkAipbh Zhetlin®6d ofldbsorption

ranges exhibited within each. The oil absorption test, discussed in greater detail below, is
generally used to determine structures of precipitated silica materials as set forth in J.

. Soc. Cosmet. Chem., 29, 497-521 (August 1978), and Pigment Handbook: Volume 1,
Properties and Economics, 2™ ed., John Wiley & Sons, 1988, p. 139-159. For this
invention, however, it is important to note that such a test has now been utilized to
determine the structure of the overall gel/precipitate silica composite instead. Thus, the

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

discussed in the following sections.
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"' "ao3 5 89 ,421, all of which are incorporated
herein by reference, as |long as such nethods are
wapps/opreat el y nodi fi ed to incor porat e recircubGI/Usa005/036173

and. hi gh ,shear, nts. As wl| reci at ed

oo T Y B o R Talea comppsiths (o ErlBed © an combiations”) of

affect the char acteristics of the resultant

pr e¥liapl pracéritate aredisefuh firyarous: fivactianscinghuding, mithgutdimitation,

whi ch the various reactants are added; the |evels of
thresopriearty tgpdson) bighidbeaningt dental abesbilea Mith; corfefative dwéron

pH, the reaction tenperature; the agitation of the

abri§idéHesd (vt R RVEIWIQEdsPn mdfd?rlmiﬁ}ﬁ:e?mﬁfaﬁ 1cMéf1bclemmg

any el ectrolytes are added. Alternative

SEE SO SRR S P ) et o
No. 6,41

teviff (4 ogitnd Wik s @E@Flemggla&r@?sr ora}aate@@i/ﬁgt mchiower RDA

descrl bed wi t hin and throughout U.S. Published Pat.
meagypamentifat psEwus 153 ferinplangey, amilis) thigkeninguiseosity gaodifying)

conposite materials nmay be characterized and

produntaithat exhibiticerthis baysbsed chébning and abmasiveness (slich s ag xhibited
cat egories, dependent upon the linseed oil absorption

PCR afipes thar 90hintl @tn¥dsitd RBA G belbhes M| PréfiabA bf @a[bhttﬁ% is based
di scussed in greater detail below, is generally used

upoh Aifa LA LR, %&%trUic%an)m.ﬂﬁ@ﬁé @id a‘gﬁl«ge&% %%taﬂ%shear

materials as set forth In
t
addfih e of (AR AR or B eoplg PR, adfERE TR apd §oreEgations of
9 159. . Eor thl s nvent| on, however, _if isS
feagfﬂvg%ﬁftggﬁtw Jafiex of sikicate toacil. as presexagiple), clhesewill be further
utilized to determne the structure of the overall
deh@@gtqdﬁﬁeggr,agglx belewsi | i ca conposite instead. Thus, the

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 radioaqtive
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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three basic types of inventive materials are
categori zed as defined above, and as discussed in the
wo odobosd7egy sections. The ntent ve f generated cPOPUSINEE36173
also referred to as "conbinations”) of el and ) o
aolifs i e penaneamial exaeewaied dasti aesionteithin dentifrie
including, without limtation, three primary types: i)
formyas bl and Agfor deample). abuchgiredistsiniy be otilisddadsithiesdlower
abrasi veness (with an RDA | evel of |less than 250, for
cldansigfubessive domipdnyy widthin idghtifice @R iA®ns Pbteﬁﬁalt}aﬁ%férred
products; ii) md-range cleaning dental abrasives with
d hi : . _
exrit?i%gh cl ’elg%iggeg g%r%?% rairkg él@*rggm aggbhg?, @ut‘?1 gﬁlumghlgf%l\lif\kg?s for
r St out. 15 far instance);
bRV B, Bl PG SRA oty s Feruliiee
thag ei}Ei I erfain |l evels of cleaning and
abr 28F % CE%HW matetiy, g gelamaRpnontds preseidis apgEIeuDD
and a neasured RDA of bel ow 80). Production of each
betwegr Sjand 58%eby uplomedif theultimatefnfoirmed gelipretipitstersiivatcomposite
conditions (e.g., tenperature, agitation/shear,
magaiidl (dndrthusathe prezipitatsicsilivatcompaientris prsergeh as ampaMSITirom 95 to
and the like), and concentrations of reactants (e.g.,

50%Wyevol@ht @5 a eésut).| ARBEE:hitRe AGbeht BIAILEN 2 hich cleani
These will be fu%t her lgel i neat ed ogggg?(gstsel y bel oW gh cleaning

ma{éiﬁghfn%’ B2 5984 Xﬁh%&ﬁp&ﬁ{e é/l;lgxgali rgg%gﬁ%e%ﬁ%)c&sﬁ?mount is

of this inverntion has surprtsing e
ctivity followed in t of .reaction pH .reactant . .

| eRicinbibly Belst AV e DB S e Demaodhior gl present within

result, structure of the resultant gel/precipitate
a high|ciqagingfpatstinl, thegreater amaungatilow steicaire precipitstessiilce

materials that exhibit exceedingly high pellicle film
congroaghi neguisediodret freducedduting thgfolowgi physeraTlars thevamyl amount

be adjusted to target |ower radioactive '
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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dentin abrasion |evels w thout conprom sing the

cl eaning benefits, again, through the production of
W@ eobas1123 ow structure gel/precipitate silica pONpSBNY/E36173
_ materjals. Such materials are exenplified belowin
‘rathsrdha) GoficEEte determinations & dingbameynts ahenmpongntsh Such an issue exists

theamuty to clean wi thout detrinental exaggerated
withenthenmembimig) io ity geltprecipilatn cbmpbsiee materiall @tkgdrieSas welll

4, for exanple). Such products may be utilized as the

sol Gepbly) inBdsHREAGLMANTRABRASHh Wekilichigh-HeiihE hbeSives may

or, in one potentially preferred enbodi ment, may be
be glg)ggcél?ﬂ]f’o RRh&REDbS MrhiRi g‘ﬁ[ltalbﬁvﬁfq Y PSliciBle Silicate starting

Itrves, tor targeting arr overall cleaning an
For

brasive . evel .for a dentifrice fornulation. IS

maftegh e Cacid e Rap it it Bob Talitnts am Srig 28 e

in ain amount between 5 and 50% by vol ume of the .
prefgrablyrdrom 10 ta40ve angddnors paefepblyirams § tod2 % ere dhs qancentration

material (and thus the precipitated silica conponent
of the sificats startingymateriahis firom 4fto 86%paiss withirb@vadueousialutiorgsto

a result). Al though the anpbunt of gel possible to form
initiallyi fghn alsdivaigel) Sobkajueat tongy férenation Nudificiag sHR%eetindtdeR] are

conposite material, preferably such an anmobunt is nuch

adab@wthmiaa_lé ‘éi{);%éiﬁblé @eg@w&agﬁﬂg%ﬁ&ﬁér o ﬁ'@ﬁaﬁéﬁll%r

amount of present within a cl eaning materi al,

: cl Rit at ed .

phy5f SOEH B PME kbl 8 RoRh i thenBh PR ARE S yarvine

fol | owi hase. Thus, th veral | ampunt of gel to b
strugiee (RPele oy Beinatmitige. buf oG ufuetyreno e ipads gy sut

for instance). Such percentages of_ gel_ conponent
duriggmpapuisctyrgg asdeng a&tﬁé oxgrgllsirugturesisispfietant fr acserst the necessary

duri ngi; t he production phases for each different silica
levelniolepdlligle filth ¢lcaning) poicpitatedssilicarcomgponentefebiest for tihigh cleaning

presence of 10% of the total silicate reactant vol une
compobid matefial focrdbatied] UThiayoH Wil ke oviehdl] @edtionsmaybé Eatittolled

made (as one exanple). Subsequent to initial gel

anyWh&QU#FtHiR Bhe range of 3 to 10, with a higher pH desired for low-structure
precipitated silica production. It has been realized that in order to provide a high
cleaning, moderate to low abrasive material through this process, the amount of gel is
preferably lower (as noted above, from 10 to 30% by volume of the composite) and the
amount of low structure precipitated silica is preferably relatively high (from 90 to 70%
by volume of the composite). In order to exhibit the proper PCR and RDA levels

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

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

19



the remaining 90% silicate reactant volune is used for

precipitated silica conponent production. It is
wo ppensdant to note, however, that upon the iniPCEUSDNS/036173
of &ngtge | pi.tate formati on phase, sone of the
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determ nati on of percentages of each conponent within
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reflect such a possibility. Thus, the percentages
abatSehdB0ang 1035/¢ 00B0@ ke ol ivhs,esdd, Wathesa tedt diffibeefdrmulation (as
concrete determ nations of final anounts of
preRETRP BABHyirtih Ak AnipReY RIA (Rddfodil f Dendid! Ak A58 Vailds
in situ gel/precipitate’ conposite material categories
eral it ,has, been determ ned.that such
bet@be houe 165 B7AoL Yag. o LRI sinit FE45AeA B rice Bl itiion per
hrough a thod of adm xing a, suitable acid and a .
(Peilaﬁ‘? Ciaing Ratogvalues %f? A togt &evich Rapuq ohReRite RIM withinjthe
concentration, in aqueous solution, is fromb5 to 25 %
range ef @AaeW.-F.r om 10 to 20% and nore preferably from 10
to 12% and the concentration of the silicate starting
material is from4 to 35% also within an aqueous
solution), to initially forma silica gel. Subsequent

Midggg% Ct@gﬁgt};&gbiv@uffi cient silicate and acid are
added (w thout any appreci abl e degree of washing, or
ot bt Gald | cal I ifql 00 .
of T R pRoccRy o8 bl GRb o 18K 80X i Bne gk e it
Y] .Styucture referably Low in structure, but
deefion SF SIS PGS i bl o Gl miffeactiod poncgufpitps. Smount
£ rTEnufacturi n% as Iontg as the overal| structure is .
ol gelif9meroneAt and agadeyult ererall struatutsof thesesplians gelfjpreeipitate silica
filmcleaning) precipitated silica conponent desired
compgsitemygtegialsanaderthergfroomsdor the hight deardng matenialsf descnitsbd above, a
The pH of the overall reaction may be controlled

method fivgredusirighi mid-taage priglacofessentiailylRduodd; Butastini @ heivelyigh,
desired for lowstructure precipitated silica

cleafin@deedls Gith 1bwer ibsasRRERVEIEHonfREitd Btwdl PhiCselbQion of
provi de a high

differing concentrations, pH levels, ultimate gel proportions, among other things, can

produce gel/precipitate silica composite materials of overall medium structures in order

to accord relatively high pellicle film cleaning results, with lower abrasive properties as

compared with the high cleaning materials described above. Examples 5, 10, 12, 14, 16,

and 17, at least, below show certain methods of producing such mid-range abrasive

products (and further exemplified within dentifrice formulations 2, 7, 9, and 10, below).
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cl eaning, noderate to | ow abrasive material through
this process, the anount of gel is preferably | ower
w@ 2860817211 above, from 10 to 30% by vol unme of REEBUS2005/036173

conposi t.e)..and .t he. apount of |ow structure
pr edopiismedtranigeicleaning materialy thb igg! comhptrienteis présenttin an amount
(from90 to 70% by vol une of the conposite). In order

between i Diahd 60%isy weigheof RERIthansdelRBbrmhav@l prassinged dli@composite
with this category, the resultant gel/silica conposite
AlEHa® (dndl this b eeeg&'%d Alidd Heritlil iR b

mbetv\/(een 40 ang 1 d m oillllo gem;t gﬁgg‘!ﬁ tralagng\ogﬁtt(}]fefrom%to
d 4 ye' hi I ' el/precipitated. sili.ca .. .

ol MOk Cost 3y ZPM RSB RSF Bk TR R 0 i ¢ igh cleanin
10% Br ass Ei nl. ehner hardness val ues .in the range .

m ¥ b3 5 hieheAs g 8 thegompesiierarsctitloprederablytspeihan amount is
and, within a test dentifrice fornulation (as

mugh tovees reainkydiegonsgiit washfound thay thegtigher thRGan¢urd oif gelqureseet within
Dentin Abrasion) val ues between about 180 to about

a nfid-Pangarcikbafixigt thaterialh thegaenert ansdund efifovf sthveeurk pretipiatddailica
PCR (Pellicle Ceaning Ratio) values of 90 to 160,

copdridnBrefdirédPtote El?g&deﬂ diRAg e 1B116wilpepHade) SEnR tHe- FverallQmount
%?7. M g Range eani ng Abrasives The in situ procersas oun
¢ 52 d B S . > el th

of @144 X Frol R8I pRTrAGE, Blaifely WP (15 g 360 Bsalle."Such

SIm
i A by TR0 GForn B o o
ol 5 SR S SR o i

descri bed above, a nethod for producing a m d-range

cleapingimateripglessential |y reduced, but still relatively
hi gh, cleaning levels with | ower abrasion |evels)

confearrdlhs itdms beéd detdimined that ehispetifi€ nidfrdrpe olgining abrasives
concentrations, pHlevels, ultimte gel proportions,
mayPbOpnddetddahrdughAdfeth6@Bf admixing a suitable acid and a suitable silicate

starting material (wherein the acid concentration, in aqueous solution, is from § 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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produce gel/precipitate silica conposite materials of
overal | nediumstructures in order to accord

wo edoabsired y high pellicle filmcleaning resul tBCT/WA1005/036173

..l ower, .aprasi.ve properties as conpared with the high
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S i nd 60% by .wei gh
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osite terial (and th he precipjtated silica
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wei ght as, a result). Al though the anount of gel
SUWAWE; Rsedpitaied siling is prelgrabby lewsr Hsom@0de #a% byayolbme a6 the
high as 60% of the conposite material, preferably such
composiicopreferaldy fronh 80 6w67%)relinrirgerite erhibit the proper PFORASd RDA
that the higher the anbunt of gel present within a

levals dssoeingel witkalils bgegry Sthé Msultili@eDsiaas E5mpAssE Mardial it

structure precipitated silica conponent required to be
exHbiP 8 BaSEE BN dRBrptiBR of Blehi ‘o '
anmount of gel tlz)phbeopgcfg%ce ilgbgl?g?é;ggg@yml?@ag%\‘e}{gﬁﬁt
|l o r 0 %:..for instance Such r.cent ages .
of m%‘e‘%‘ gdnpolr?té’g?t%%c g ér%‘%e cﬂ%%% Pr?%%“%%ﬁﬂﬁfam 1nation
silj cate present during t production phases for each
engialy AR HONPBinetpRclss 10% B ees Einlwat basgaess valucs mthe
high cl eaniqr:l% material. Generally, it has been
rangeobelprehéd anddi2.0s and, withini 4 test dentifricarfgunalhtiom(as presented below
_abrasives may be produced through a nethod of adm xing
within ¢hg examples) RIIA §Radieactive Dentin Atirhdicw)tvalis detwedg about 95 to
material (wherein the acid concentration, in aqueous
abostol 30, and\(witlinfthosange fest dhtifdce w&&ﬁlﬁa@&gwd}( @BIEde Efeaning
20% and nore preferably from 10 to 12% and the

RatioPREIa8s 6090 120, with a ratio of PCR to RDA within the range of 0.7 to 1.1.

Thickening Cleaners/Abrasives

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

produced via a high structure silica production method, provides an effective thickening
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of the silicate starting material is from4 to 35%
al so within an aqueous solution), to initially forma
weRlososr7gel . Subsequent to gel formation, suffPCr/est005/036173

~Silicate and acid are added.(w { hout any appreciable
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preci pitated silica conmponent desired for a m d-range

butilsato supplearmosiimttaneviuelyi prbsenohighed Qe anting abHsile dentifrice
the overall reaction may be controll ed anywhere within
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initially formed, the amdunt andsui cnire
_ tral o . din H
proff R ik eTine b TR PR Ry A PEBL pentiehi

been.real jized that in order to provide a md-range
forg}uzagfﬂnﬁgzk’laé\%sagagg'b've materi al through this process,
as conpared with the high cleaning materials noted
aboler thinlewgleaning lsvelgeaterial, theefebeerhpaneht igipeeseritzis an amount
not ed above, from 10 to 60% by vol une of the
betwieeipd6 iand $5Brtof wilabt gf themitirtelyofoded gelfpdedipieatabilida tomposite
of low structure precipitated silica is preferably

mategiaband thathOPretipitdAoshica \cohipdBeritlis paSerft HBPEhbént of from 80 to
preferably from80 to 67%. In order to exhibit the

15% b9 RIurRCR ARGuIRRAH aieﬁ'ascoaf@qﬂe%.ggsé% grlegéeﬁt?rna high structure

category, the resultant gel co
fi S MoV ' oi } ,apsprpti.o f qgreater.than
orfGAUESE aoht U ER RGP SRT B a o Fgating ol R be as
i N\veRs i m d-range cl.eaning gel/precipitated silica .
tow 5,7 hat e FomERRIRH T HapEE A9k 307 RguRis ueh higher mainly
10% Brass Ei nl ehner hardness values in the range
becgse\iwas found thag thedower tha@monint of gel prasesttwithinnithickering
formul ation (as presented below within the exanples)
abraRiys rodedilo thetgreaterDemdvinh o Ahigh sirasfure/precipRatbé kilve s boapontint
95 to about 150, and (wthin the same test dentifrice
requfiidrba ipretucePEiRigRBE Ifo19d veing!phAY. Mthus, 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 th;ough a method of admixing a suitable acid and a suitable silicate starting
material (wherein the acid concentration, in aqueous solution, is from 5 to 25 %,

preferably from 10 to 20%, and more preferably from 10 to 12%, and the concentration
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Rati o) values of 90 to 120, with a ratio of PCR to RDA
within the range of 0.7 to 1.1. Thickening
w@Eb@angr7sd Abr asi ves Lastly, again, in nmuch theP@EOIS®NS/036173
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cl eaning through the utilization of the inventive in
ad@dd (Wi&bﬁﬁzﬁﬁfsa})p@&&bw SRSt ﬁshﬁlg?bln&th&ﬂg?@ UF#}Y ification, or
produced gel/precipitate appearS to surprisi d?y,
' Ve t i L hin mat erd.al
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roduct i.on net hod, pr.ovides an effectivye thickening(O
preBipdalen R spmp gt SBRGRA {GER HACkehingAbrasva oM RoHE FIatargb o be
formul ations. In such a manner, such a thickening
forgedn T heall afdhesenrsall rractiommyy be contralled anywhere within the range of 3
vi scosity-nodi fying effect, but also to suppl enent
to ). ni¢peadngusitie pmesentl ghl ipitially dbesad, tig anslin® and Bhagiré®f
dentifrice conponents. Exanples 3, 8, 9, and 13, at
pretipitated sitice Ytbxﬂﬁoxﬁan_S havibedargbtcd B ?ééi:'tin%ﬁié"s‘?l@%({ﬁfent silicate and acid
produci ng such thickeni ng abrasives (and further

R e T

, elow). For t

: i.s.pr nt, in_an appupt between 2Q and ., .
prgljmE0HER Eboorpnll, 38 fentrdfiy A Bifineiier b areviip duekenine
si.lica c 0Si Jmaterial (and thus the precipitated
abrig Y ate i) 1BONEh 7 BISFase BIFCam it ESFiipRe 4otb1y highes Grsuoted
15% by volunme as a result, with such a conponent
aboye.dramm 3 (¢ 8 Pedwaielume obtheicgmpesitay prefierebliydrarh 45Ab 66%) ghd the
the anobunt of gel possible to forma high cleaning
amavat ef loa strveturd preaipitated siica2Opoetdrabli eclathvgdp fow €as low as
material, preferably such an amount is much higher

possible))lwhilkabaaseuhtlof Wash dtRiehide Eﬁ@fpithﬂ:@ SRR plelf&rabiyTeRtively
of gel present within a thickening

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

Broadly, the inventive thickening abrasive gel/precipitated silica combination
generally have the following properties: 10% Brass Einlehner hardness values in the
range between 1.0 and 5.0 mg loss/100,000 revolutions, and, within a test dentifrice

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

Abrasion) values between about 20 to about 80, and (within the same test dentifrice
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abrasive material, the greater anount of high

structure precipitated silica conponent required to be
we@emdosees during the foll ow ng phase. Thus, theCcDUS108$/036173
~ amount of gel to be produced is preferably relatively
formglatigr) RGR @Eellicde €e4nigRativ) velups ef aoabby to $®Fwith a ratio of PCR

i nstance). Such percentages of gel conponent actually
to REXA &Gt thehengdorwg tf.5si | i cate present during the

producti on phases for each different silica material,

as descri bed above for the other categories of

cleaning materials. CGenerally, it has been determ ned

th ch eci fic.thi.ckeni ng abrasives may be
%@&%&M@&@Hﬁ@ﬁ%&éf adni xi ng a suitabl e acid
and,a suitable silicate starting material (wherein the
aci d NEAMYBHYE At Y/Bngencrtedgrbpresinigte silieacomposite gietasialso
25 % preferably from10 to 20% and nore preferably
degeribed hereinomay bg utilized dlencasribeclbamng egend tompenesit provided in the
starting material is from4 to 35% also within an
derttiftie® uempaHitidris@)this itventibs,ialthbygh, 8¢ 18as2 £61 the hisshd@aning category
Subsequent to gel formation, sufficient silicate ang

mafiath, BeSnodidadly(ih RO 18aK rﬁé&%ee&i'a_@gg#?aﬂigﬂf e onsumers.

washi ng, or other "type of purification, or physica

£ L t. ).to t.he farned.gel.for further .
T S sohBREE of e APetRickohiPa fuu i Sufforr HopesVes BRjsically
C nent . desi.red for t hi.ckeni ng abr.asive conposite, .
blepdet et vighin g soifale %‘%Wéé"ﬁ Qsmlaiengy Beténtial bgielerred i this

may. be control |l ed anywhere within the range of 3 to
regarg in [OFdRE 4QI RERPTS ﬁnng dertelrleapinggal abrastanaesultsfap a desired
the amount and structure of precipitated silica
protestipoleael Thay, &y nambgertof dthiey comantionad typee of alrasigeadditives may
silicate and acid reactants within a nore acidic
be prestint within inoeti @ duatiGiiced MaGtbElaBEe With this ikveation.€Other such
precipitated silica conponents. It has been realized

abrasiad pdrficled HefudeOfoR eRMhPIR, #hd Wikt ﬂhﬁ&ﬁ@ﬁ,ﬁﬁ%ifiisgaéfd calcium

material through this process, the anount

carwngfee(ﬁ)@@)y gljdhl%l @Qcm caﬂ'&t)r?a% (GCC), dicalcium phosphate or its dihydrate

forms, silica gel (by itself, and of any structure), amorphous precipitated silica (by itself,

and of any structure as well), perlite, titanium dioxide, calcium pyrophosphate, hydrated
alumina, calcined alumina, insoluble sodium metaphosphate, insoluble potassium
metaphosphate, insoluble magnesium carbonate, zirconium silicate, aluminum silicate,
and so forth, can be introduced within the desired abrasive compositions to tailor the
polishing characteristics of the target formulation (dentifrices, for example, etc.), if

desired, as well.
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above, from 20 to 85% by vol une of the conposite,
preferably from45 to 65% and the anount of | ow

WG Re0aosIeE preci pitated silica is preferably redBUS2064/§36173
| ow (as | ow as possible), while the anmobunt of high
st r Ukiteuprecipitate/pei sildaednbinatioa described fabo ) heheh @lcdbported into
high (from 80 to 15% by vol une of the conposite,

deRtifice E:@P sﬁn&%ﬂsgﬁeieﬁt & fevel loF T Shouk QV%%bQ{ltt 5099 By weight,

pr oper | evel s associated wth
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B e e .

gel /precipitated silica conbination generally have the
therabrasivg sranpesisises of tis inyeionreesyerienileearaontpaise thesfollowing

values in the range between 1.0 and 5.0 ng loss/1
posyihie dprediends and whative anduntsithdreof @lltaasuntdn twti%): ce

formul ation (as presented bel ow within the exanpl es)

RDA (Radi oactive Dentin Abrasion) val ues between about

20 to about 80, and (within the same test
Deﬁ*ﬂi‘fcb%hﬁﬁlfa garul ation) PCR (Pellicle Ceaning Ratio)

val ues of a out 50 to 80, wth a ratio of PCRto RDA

vvlth ange of OSF‘\WS . Dentifrice Uses of the

elrlals The ive in situ generated
gel/ s I|ca conposite materials described
here| |zed aﬁ%e as the cleaning agent
corrp WPHed in the’qentifrice conpositions of
this b i on, althougH).5-2t0 | east for the high

cl earintiganicstaggetr y mat er itl-2,0 t he noderately hi gh RDA
| evelchelmting bgent@accept all.4100 sone consuners. Thus, a
conbisilidal thickerfert he 1 nverg{y¥e conposite materials with
ot hersugfac@aiy)es physi calg g2l ended therewith within a

sui t gplRiventifrice formglgggion is potentially

Pref §iefdning dpBitS <1.0
coloring agents <1.0
flavoring agent <5.0
preservative <0.5

In addition, as noted above, the inventive abrasive could be used in conjunction
with other abrasive maferials, 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.

26



regard in order to accord targeted dental cleaning and

abrasion results at a desired protective |evel. Thus,
wampensntker of ot her conventional types of abresi/ug005/036173
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i nsSlumsictanssensdd add hedynphonputh texturel ot deitdrionamwell asn
carbonate, zirconiumsilicate, alumnumsilicate, and
presenting thb detifricéd fromndnyingm e d Suitdatie hurhéatanie imicheid polyethylene
abrasi ve conpositions to tailor the polishing
gly6blahes Vaidtp bf &iFfeRint hitfedudr SRS gHtO), ng)?leh@ Blycol, glycerin (glycerol),
(dentifrices, for exanple, etc.), if desired, as
rylflebt, IPRoP BB, nbinfd | 6 AR Tl
“a ové,plmﬁgérﬁgl%ntgdrporgtgggac?iml’o ent i eﬁ%éag%rnc%o it(ji’1 nsf,:s’as
hs. pr.esent .at a | evel of. . from,about. 5%t bout. 50% b
well & Biytires of esf eoipainds Tyrie 15T ot teumer Bt Frodeaany 20
wei ght, .partjcularly when the dentifrice is a
W@é%?&%ﬁéﬁ&tvméwmpagﬁwmw%%r oral cleaning
fornul ations incorporating the abrasive conpositions
of Swpeenansymay ibe addeshtpghe tnothpastegamposition teinpiaet a pleasing taste
foll owi ng possible ingredients and rel ative anobunts
to thdprodoét. (Salithblaswedtesers inolide’§acchaeint(ad sodiven itasgiuai oo¢alcium
I ngredi ent Anou Liquid Vehicle:
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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humectant (s) (total) 5-70 deionized water 5-70
bi nders) 0.5-2.0 anticaries agent 0.1-2.0 chel ating
w@ewenss3 0. 4- 10 silica thickener* 3-15 surface@nu§®ps/036173
0.5-2.5 abrasive 10-50 sweetening agent <1.0 col oring
" sifganetase, Niladrdyll aaroosing tixgexdiuns polaspiues end athiavelaminesaltnof N-
addi tion, as noted above, the inventive abrasive could

lalbeyluslexﬂyhﬁoﬂoﬂn‘ NOsala ROy WaicBsifit, I"tﬁ)llyeﬂbﬂékﬁal &ﬁd%@*%h@k@d alkyl

such as precipitated silica, silica gel al ci um
pheifs RBEd nid 66 1I Hethihd) hzﬂﬁﬁm Eroﬂghyg{uﬁf: ¢ and the
nmet asi |1 cat al ci um’pyropho m na, cl ned

TN P E G S taa&sqts@aﬁ -

the nosetting.resins and ot her suitable abrasive
G FMpQsHigRs of the preseabinvention igian ampusk pf aboup 04 e about
art In addition to the abrasive conponent, the
15%ehnt weight praferablyl aboutchd¥ectd mbouts Yo by mgltmlghras frept atout 0.3 %
enhanci ng agents. Organol eptic enhanci ng agents

to abont DUebhweht.ant s, sweet eners, surfactants,
flavorants, colorants and thickening agents, (also

SONeldvBRRg 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 appropriaté regulatory bodies
such as the FDA and those listed in the European Food and Pharmaceutical Directives
and include pigments, such as TiO;, and colors such as FD&C and D&C dyes.

Thickening agents are useful in the dentifrice compositions of the present
invention to provide a gelatinous structure that stabilizes the toothpaste against phase
separation. Suitable tthkening 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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known as binders, guns, or stabilizing agents),
Humect ants serve to add body or "nouth texture" to a
walenwbiof7exe as well as preventing the dentifrieer/ismng/036173
drying out. Suitable hunectants include polyethylene
sugh gedllujase, carbanyinetlyl célhdodef bydrokyethyleellise, Wy @RYSppyl
propyl ene glycol, glycerin (glycerol), erythritol,

ceHidobd, Blydrox§Rityd bellulBs) hydbxyrhéthyl tabox@REpyl cellulose, methyl
hydr ogenat ed starch hydrol yzates, as well ‘ds m xtures

kDS OB ot RSl 5B BT AL P o
BB G R TPt B8, 5ph i IEb DR

Sui t abl e sweegeners include saccharin (as sodium ..
agenss askinders gre Famabgm QuEeraabont 15wieh ahmtasthpaste gomposition.

sodi um potassiumor calciumsalt), acesulfane-K,

t hadfetapeytinagenissaye ppaonallgiusgdiindbé edmpositiorsrafinin et

gl ycyrrhizin, dextrose, |evul ose, sucrose, mannose,
inventlogtaisrosile fotithe pedventicn @idardafinenti of dehRl €18 SribUSMA] disease

of the present invention to make the conpositions nore

and RAPRAt6R! deMsiBCREPERR Ses ﬂﬁerﬁg&ﬁﬁ%@% \i)vﬁhtﬂft%flt@ﬁd@?%ﬁ) be

a detersive material which inparts to the conposi
. .S ' opertiyes..;Sui t,abl e surfactants,
lim§{EE a5 HorRA S ATt B BRI K85 oy PRy BrRRp e,

noni oni c witterionic, a teric and, befaine )
PorBiii R ol SRR RGeS ARy R Tadsggs sphum

dodecyl benzene sul fonate, alkali netal or ammoni um
flurgsifigates ammoniwm fluerosidisata and therdike; eonsignsed-nhosptiatestsuch as

pal mtoyl sarcosinate, stearoyl sarcosinate and ol eoyl
tetrgsadiwn ipyephosphatd, yeirapetaksiimepyrapdobphiate) disodnmi dibyddogen

i sostearate and laurate, sodium laurylslfdacetate,
pyrdphasphaty) trisediafsmosohydhsges polidphbsphated &fpolyphodpithtes,

et hanol am ne salts of N auroyl,
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 benialkonium chloride (BZK), benzethonium chloride (BZT), cetylpyridinium
chloride (CPC), and domiphen bromide; metal salts, such as zinc citrate, zinc chloride,
and stannous fluoride; sanguinaria extract and sanguinarine; volatile oils, such as
eucalyptol, menthol, thymol, and methyl salicylate; amine fluorides; peroxides and the
like. Therapeutic agents may be used in dentifrice formulations singly or in combination

at a therapeutically safe and effective level.
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N-nyristoyl, or N-pal mtoyl sarcosine, polyethylene

oxi de condensates of al kyl phenols, cocoam dopropyl
whedoaiosm23 | aur am dopropyl betaine, pal mtyl bepai/ns20as636173

the like. Sodiumlauryl sulfate is a preferred

sur fPeedevativesiigy 896 B@@b@dﬁallz%dﬂé’d)toc‘tﬁé bOmPESEGHRIofithE préSent

oral care COﬂDOSItIOﬂS of the present I nvention In an

iR o Sroy R By ufg“%&“%?&“ﬁ%".‘%‘ﬁ@* {62k 40broy B FL B2 Bl O
°°‘88?§‘€ﬂ‘iﬁoﬁ“§f %ﬁc@ﬁpﬁ%sﬁrﬂ PP RSB Gorotsifuay be added

Sui tabl e flavoring agents include, but are not limted

in safe arsl effestivapmounigr een, oil of peppernmint, oil of
spearmnt, oil of sassafras, and oil of clove,
cin ﬂ":hﬂdmtiﬁinest disdlesed irereithplay al doyararietyeefyelditional ingredients such
eucal yptol, |enon, orange and ot her such flavor

as GERSILIAHS ag@tﬁﬁsalfﬂgwgbmﬁ odther cabieh pRVERhEo agRhs, These
flavoring agents consist chemcally of m xtures of

che"l‘z{t q&ecsterﬁ'l Ly Qlﬂ§ vifantifed, §.Hu Q(f]géo %ocit@iﬁg,glfler%ﬂg placwg/antl-

at'l c, tIC an or ant

rove, i he aesthetic appeara
°ﬂ3?%%‘%%%ﬂ S0 ARG ot
olorants a roved by ropriate regul atory bodies
oxi l&e}%%nﬁh@f)@&éaaﬁomdrfgg@kﬁ sted in the European Food
and Pharmaceutical Directives and include pignents,
sucWater proddes the Halgugenrfghe Q@np@&tlmddﬁwnm@m@c@ywes
Thi ckeni ng agents are useful in the dentifrice
memtioneds iThe ovaterdd prefeeatyly deionizeid mné fiiee ofiirhpurjifesv THe dentifrice will
gel ati nous structure that stabilizes the toothpaste
usudlREOBprif RGA abERDVAA% B abiit B8NS dthakeni ng agent s
i nclude silica thickener; st arch; glycerite of starch;

gurﬁséfupah@ém&u&éf@{ﬁm nhasuaymoome formulation

t ragacant gum ar a gum ghatti, gum
include, as a non-limiting example, an amorphous precipitated silica such as

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

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

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

binder, flavoring agents, and a finely powdered abrasive as the principal ingredient . . . a
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acaci a, xanthan gum guar gum and cel | ul ose gum

magnesi um al um num si | i cate (Veegun); carrageenan;
weombasn7ad gi nat e; agar-agar; pectin; gelatin; »et/Usdooses6173

conmpoundssuch as cel | ul ose, carboxynethyl cell ul ose,

demﬁwzsvc%hmrea % by b9 86rasihy. AbR% RS rg@ﬁégégﬁo?aaavenn anti-

hy roxynethy cel I ul ose, hydroxy OXYypr opy
I t h l. ul
i N R D N N
as hectorite clays; as ‘JG a&ﬁm xtures of these
prRrdo inappperation e the dsptitnice furapilafipngen anti-garies agents

blnders_are fromabout 0 wt% to about 15 w % of a
sudhgstshiiant Buarslepsadininghosphiates afavering agents sechaasssaccharin).

optionally used in the conpositions of the present

invention to provide for the prevention and treatnent

of WThavatiowailicasandpesthpaonidantifiicermepertnsldéseripad bdreinevere

sensitivity. Exanples of therapeutic agents, w thout

mehdr&NEY fAfows, iffess iMditdt8Pothdrsd.| uori de sources, such
as sodium fluoride, sodium nonofl uorophosphate,

POt RRS BILL ﬁ’xggﬁrle? EBEgﬁgﬁa@fb‘ﬁt fist uSSPRRR nfd tHQ 'hhx%ess of the

pot assi um um f uor05| 't cate,

s BT B s SEETER LRI D
hosphat e, di sodi um,di hydrogen pyrophos hat e,
Patt Ps alé, @Wp@séﬁr%@,pbﬁ{ggg%pyolves an Einlehner AT-1000

tri pol yphosphat es, hexanet aphosphat es,
Abtadcrrmnamﬂasphhaseﬁ)ﬂam Oy rdiohobishertbeass varcserean is weighed and

anti m crobial agents such as triclosan, bisguanides,
expesgihtoale adtioniofiart®% aileond sikicalsuspemsich foln ladixediergitinef time; (2)
gl uconat e; enrymes such as papain, bronel ain,

the @inéaREIPALARRON 18 rERfermfod £s3AAPEamI BERE /538 frohl B8 $B8rdrinier
pectinase, tannase, and proteases;, quarternary

i R A OO Ton B T AL Ll Ui o o
Cha%%%{zg(gasz&ﬁcpggPandgm?%%aﬁﬂl%?q@&glevﬂnet aI salts,

The oil absorption values are measured using the rubout method. This method is

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

value was done as follows:
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and stannous fluoride; sanguinaria extract and

sangui narine; volatile oils, such as eucal yptol,
worenvbhs1723 t hynol , and net hyl salicyl ate; am nePCT/US2005/036173

fluorides; peroxides and the |like. Therapeutic agents

may be used in dentifrice formulations singly or in

OiFayEbipidhi N atmPoil iRbARAUt i cal |y safgeand effective

| evel'. Preser ve@éim%fgﬂ% be optionally added to
the conpositions of t e&g?égént i nvention to prevent

bacterial growh.. | tabl e.preservati ves approved for

use in oral cdﬂg%gm%rﬁglsilﬂfg’h as net hyl par aben,

propyl paraben and sodi um benzoate may be added in safe

and effective anmounts. The dentifrices disclosed

her éisrit firat/step someasueing eafiactive imdex ( IRIRhand degrestifdighs

such as desensitizing agents, healing agents, other
tragsmiis@en, @ raugand Hgly serindgstat sockcdobltiving iabome §0peaeprepaed so that

agents, vitam ns, am no acids, proteins, other

the@Bfractive ALY GFthése 3bRbASAIRRGen 10PBFAdd B4E, The exact
anti biotics, anti-enzynes, enzynes, pH control agents,

o A R T ) iSOG W v

he. additi ves nentioned.. The er is.preferabl.
techiliEiaR AN S rORUeBES ypaly clbeie Sk Ao el cqyrthe range
sual | 3/ onpr ise fromabout 20 w % to_about 35 wt % of
of Yhy8% 16 DU a¥tth elyparinin Waiere Heristesming Refraqlivg dndcanong e drops
such a toothpaste fornulation include, as a
of qagh standard isplyution angsiparatelinplanast ghibe Sixed elite of ardhctinmdter Abbe
such as ZEODENT(r) 165 silica. O her preferred (though
60 Refradtometer Mpdebi 04502 The cdseriag plate 8 fBEAaAWT¢dkEd 13 place. The
and/ or 167 and ZECFREE(r) 153, 177, and/or 265 sili cas,

lightsburad ahd AHRIIMAER ale sWitcHal BB an PP RAALH ANindERYF Ercltandard
Grace M., U S A

solution is read.

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

desiccator, which was then evacuated with a vacuum pump (about 24 inches Hg).
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For purposes of this invention, a "dentifrice" has the
meani ng defined in Oral Hygi ene Products and Practi ce,
wovoobos77BRder, Consumer Sci ence and Technol ogyPSEUS®S85/036173
Vol . 6, Marcel Dekker, NY 1988, p. 200, which is
| NCOrHRQfigfeRGodaN&b theYdel REREE Q20 NAABEY andPvisually inspected for
"dentifrice" is " . . . a substance used Mﬁtﬁ a
i : t he. Sy ks fac of t
cobBRAQBE HRLP, PHERTARURERTT P80 nBE R R0 D) wes
det er,gent , humectant, binder, flavori agents, and a .
e SRR e AR e 4 15 T EIPRIAHE CEhght T e Drficcording
adentifrice is considered to be an

to hgrmanufectyrsris aperatieg wetugionsor m f or del i vering
anticaries agents to the teeth.” Dentifrice

f or rfile& Transmittanteawas mogruedi @nths indeintive prodictfidycerin/water
di ssol ved prior to incorporation into the dentifrice

dispersiouls %S'ipll{éirg%%ihli B bf Saoh URPeBIRATHh S qhbiEN cdtis AHd Fiding the

| uori de, sodium phosphates, flavoring agents such as

o M@al’!ﬂl ' ot 1 hRRsd, .

/l?denti r%gglgp g\gg‘%"?gga‘g lgc?r ?*’b@gg?é%gé.n mrgr%rgétaarnga vs- RI

ok | unl ess i ndj cat ed ot herw se. The.Bras . .

of & sit sl Fpmte s oA, B TP RFarlf et the inventive
Bardnes of the precipitated si|icas/silica gels,

produgiwastefingd s the pasiion of thegrlotted prak maxgapm; (Hhepadigate qrX-
US. Pat. No. 6,616,916, incorporated herein by

valpeyrasy tha del ransmyganeesvsa the R Irdueym eFheAY-vabeonahsaider) of the peak
generally used as follows: (1) a Fourdrinier brass

maanien sas elenYdlsansmittdneel and exposed to the action of a
10% aqueous silica suspension for a fixed | ength of

ti NPhe fidFack RAaTMEPrebibitaied alicaRilica gbePort&t IRiréih 1€ 8et8Smined
mlligranms brass lost fromthe Fourdrinier wire screen

by B PR A R BB R, FERTL R 8000, 0
| ehner (BE) abrasion value. The oil absorption

(19 ;,ja'f‘ ! :
val ues are neasured using the rubout nethod. This

met hod i
e totzﬁ 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 (6) equal to 140° and a surface
tension gamma equal to 485 dynes/cm. This instrument measures the void volume and
pore size distribution of various materials. Mercury is forced into the voids as a function
of pressure and the volume of the mercury intruded per gram of sample is calculated at
each pressure setting. Total pore volume expressed herein represents the cumulative
volume of mercury intruded at pressures from vacuum to 60,000 psi. Increments in

volume (cm®/g) at each pressure setting are plotted against the pore radius or diameter
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based on a principle of mxing linseed oil wth a

silica by rubbing with a spatula on a snooth surface
waindoshsa2sti ff putty-1ike paste is formed. By PEERESIN0HE6173

the quantity of oil required to have a paste m xture

contbspohding td the pidssiveaettimpis@ements. TIRRak aithedheudedtwldheversus

oi | absorption value of the silica-the value which

pofeGRliBs BPATAmER e UBFreGondl fo the THiide &8l GHord! Bt qitlHRbN and
of silica to saturate the silica sorptive capacity. A

.. hi.gher oil_ absorption.leyv i.ndi,cates. igher, . . ..

ideffi ARt Fost ORRBR phfkirci by 1S SRRy Japl sigg s adjusted
value is indjcatiyv f what is considered a

to JNEE R StReR yplimsaf 2Ppl Ya g PewAsTRenetremeter with g Bl bylhand a
oi | absorption value was done as follows: G|

stembepdupe pbHabout il rol. Samipesrabeevarudtedtomprgsruredf ¥ juncef Hg and
grans = m o0il/100 gramsilica As a first step in

helddasiimimges. Maraay ifitls thaperes froml 1.5 ta6000kpsi edthod 10 selohd
transm ssion, a range of glycerin/water stock

equilbritirh @R 4t RRASS apProximateRf RBAdRAcARCENRpoihfke

refractive i ndex of these 'solutions |ies between 1.428

an dwﬂegfagwaﬁkze s‘%é@&tdeﬁl[ﬁéﬁx?éd 0y e odélg%-;b% 83??1‘3'&9300 Prap

depen exact glycerin an ermmne

the technician Kin he neasuyr nt. Typically,
cayhients B e el ste R otasty Bon e troenisos
to 90 mﬁ@bqugerin in water. To determ ne Refractive
Boothwyn, Pesagylsniawo drops of each standard solution is
separately placed on the fixed plate of a
r efivecertana for degdsibing theRightiess ofitbe partibledige digtdib0dion Fieegarticle
covering plate is fixed and | ocked into place. The
sizd spgh tratioatiddRtavidudsedsmedsared ueing A lgorshy Thed dighostaatdting he

refractive index of each standard solution is read.

instrument. By “particle size span ratio” it is meant the cumulative diameter of the
particles in the tenth percentile (D10) minus the cumulative volume at the ninetieth
volume pércentile (D90) divided by the diameter of the particles in the fiftieth volume
percentile (D50), i.e. (D10-D90)/D50. A lower span ratio indicates a narrower particle
size distribution. By “particle size befa value” it is meant cumulative diameter of the
particles in the twenty-fifth volume percentile (D25) divided by the diameter of the
particles in the seventy-fifth volume percentile (D75), i.e. D25/D75. A higher beta value
indicates a narrower particle size distribution.

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

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

centrifugation and determined by titration with sodium lauryl sulfate using a surfactant
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Into separate 20-nm bottles, accurately wei ghed was
2.0 +/- 0.01 m of the inventive gel/precipitate

WG 00s0577ps oduct and added was 18.0 +/- 0.01 m pof/usmo$036173
respective stock glycerin/water solution (for products

eleatrbde. Mha 2utetsh] Sintfachsah@siiienisaley@inkdGrorh AR iRatityWTTTAB
1 g of inventive gel/precipitate silica product and 19

adébrbéd qaﬂﬁyﬁﬁ BF CTH W bt UnBifRY a@s%g[?i%ng{‘?qeg?%ug%btolfﬁs g of |

wer e theh shaken vigorously to f ersi on, :

. [ [ £ [ enoV t tt d the.

sty FAGRIE 52 R EbRFTVR 400 Bl REr A8 ik B 83 ik frixed on an
evacuated with a vacuum punp. (about, 24 inches Hg). The

clegirE bt Bl Aor OB heH Cap a8 DRtz 6t 14.H00 ah-omg ml of
visual |y inspected for conplete de-aeration. The

10%g¥ritas M-19Qisadded oarS nl of tieadean sugespatantrin ai 10020] Rakedbe pH is
neasured after the sanples returned to room

adjuste & 21043 ewithioLN HOI anditheepdciman ixttitghitod with 0LdI00 M sodium
manuf acturer's operating i-nstructions. The

lauPd It usiha AGArMEEn T BaS a8 B ARKhAS SURBIVIIYE) to determine the
product/ gl ycerin/water dispersions by placing an

emﬁkhﬂPOt of each dispersion in a quartz cuvette and
eadi ng the 9% at 590 nm wavel ength for each sanple on

a 0+10 le, The %ransmttance vs. R of the.sto

ol TN Gt fogsh adus phEaivesliva B Fumemiranlpinas U8

[ dgé'OfP%Pe inventive product was defined as the .
S‘%‘?ﬂé 15YR Do 3ehewith 46 twigrogeosi0.00d X itnghnerenings stainiess stegywire

Xval ue) on the %ransmttance vs. the Rl curve. The
clotly) bnwseghing a 10 H@ramapmple toithe pmadst felxgramrinteethe thyeof the 1 quart

%ransm ttance. The surface area of the precipitated
Hamiltonamikei Modal el 30, agding approgingitélyi 19006l s didtiRd opYeibhRzed

BET nitrogen adsorption nethod of Brunaur et al., J .
watéand@fiefing BeGlurBPfor 30RadttOR38). Transfer the mixture onto the 325 mesh
screen; wash out the cup and add washings onto the screen. Adjust water spray to 20 psi
- and spray directly on screen for two minutes. (Spray head should be held about four to
six inches above the screen cloth. Wash thf: residue to one side of the screen and transfer
by washing into an evaporating dish using distilled or deionized water from a washing
bottle. Let stand for two to three minutes and decant the clear water. Dry (convection
oven @ 150°C or under infrared oven for approx. 15 min.) cool and weigh residue on
analytical balance.

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

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

900°C for 2 hours (sample previously predried for 2 hours at 105°C).
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The total pore volune (Hg) is neasured by mercury

porosinetry using a Mcroneritics Autopore Il 9220
w@ppansites. The pore di aneters can be cal cul atsd/bg20031€36173

Washburn equati on enpl oying a contact angle Theta (q)

qUathoghl 40T AHIdARRIEOE A8igHRRLONBloohiRedE t the

dynes/cm This instrunment neasures the vol une and
' [ ' ' f ' .t ekl al §. r
bl ol b itihbRA o an R TOREAE sl SO,
the volunme of the nmercury intruded per gram of sanple
i s gal,cul ated at each pressu setting. Total pore .
vol et iEle Senid s Ficrara By fpadichginy gha Rag Vi goncentration
vol une of nencuré i ntruded at pressures fromvacuumto
of ghcogormysiSpesifiea! b dg silichwolspkmeamplasyag weigheddute a one-quart
pressure setting are plotted agai nst the pore radius

miger ctp aiffe tHancidton epadniiixey, hodd] Nungree SOuael B4 il ofjdeionized water
increments. The peak in the intruded vol unme versus

waPpadded adieUsdurdy wié RFRIAGOr § W ¥ thif@es, eRGOME Sluk WakardiBfiered to a
in the pore size distribution and identifies the nost

25¢: Jhuﬁ&gi%yﬁhgﬁ ah G 1n AR Ifed é@ﬁ&%d&ﬂkﬁ K %@%%i%ed

I'z€ 1s adj ust to achieve a stemvolune o
powde enetroneter, wWith a 5 ni. bul b .and a .st . .
walSpEHHE e ST TS i e P ol " Kbl SannlE Wap ByjRo g nverting the

ressure of 50 of .and hel d for .5 m nutes.
erafuated, pylinder (covered) ifdﬁ%f timed nf\ Cogducively mefer: 5%‘?11 4ia Golg Palmer
10 second equilibriumtime at each of approxi mately
COMNIQYtogdelibl 99881000 wapused te detkpmaing thereanduetivdtysofAbe plyrry.
determ ned using a Mbdel LA-930 (or LA-300 or an

Sodigmi sutfherniontentsas déteghihedsibyatdmparisgniof shier samgddt conductivity with a
avai | abl e from Hori ba I nstruments, Boot hwyn,

stafitRADSYWVY @Bhctated WONTkndvi mathb@ofGaaRTInNolBEIm f\Rfate/silica
tightness of the particle size distribution are

ol i.z€ span ratio and beta val ues as neasured
con&ﬁfs tion €. : .
sing a riba |aser light scattering

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 um of Mercury. Such an
analyzer was an automatic volumetric type at 77 K. Pore volume was obtained at a

pressure P/Py=0.99. Average pore diameter is derived from pore volume and surface area
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instrument. By "particle size span ratio" it is meant

the cunul ative dianeter of the particles in the tenth
w@eooesitsed e (DI O mnus the cunul ative vol ume BET/UR®05/036173

ninetieth volume percentile (D90) divided by the

e @%E?“rﬁ’?“é;%s@ ot ﬁk?%%é‘%%?%&'oﬁwﬁs S i ysing the B
dlca.tesanarr rticle S|zedstr|but|
meiid, S Rep @Sy 08 e Ve B » Frope BB i A, Bllsey
di ameter of the particles in the twenty-fifth vol une
thiggiesenrve b/pe [92’5)“3%11 Vith #arassjze magephhd t@ 3009 noydiameter, with
particles in the seventy-fifth volune percentile
zerprg)ion of pore£apnDt Bothieridsgher bet a val ue i ndicates a
narrower particle size distribution. CTAB external
surface area of silica is determ ned by absorption of
CTABh¢ eaithypdstel (d@itifyitrisuoiityrisanesued utitiving B s bkficld
surface, the excess separated by centrifugati on and

VistBhRITIVIGSE RW Tt dduifel Gt H&nﬁrh f MUMshialfeYand $&4 tb %tlﬁm by

usi ng a surfactantel ectrode external surface of

;
BB R S ARG Ry Wl i
ads tion),. cifica a a |
de %@@éﬁf uph bicseis e feSkaainif B AxscremRt e reshle Kogpkiis'dn
( 5.9/L), mxed on an electric stir plate for 1 hour,
Vls?%!iﬁ‘%@fﬁr?ﬁsﬁ%kj‘é‘@nﬂmls@a@ P nutes at 10,000 rpm One m
of 10% Triton X-100 is added to 5 m of the clear
sup&he Radinactive Rentio A brasibe fRBA) values pilengi frives nentethingthe
3.0-3.5 with 0.1 N HCI and the specinen is titrated

silivd ¢dinbsRione ubddsiadhiy ihveRtiby laresddtdratifedurbotding t5 thd methatiset
el ectrode (Brinkmann SUR1501-DL) to determ ne the

forlﬁrlﬂ'méﬂférell,-ﬁaﬁmﬂ’ &%eﬂ{ﬁ%tbsf %1;0)91 LF'% 1976 55 '@4’)9 Bg 363- 573 and

Iica is measured utilizing St anda i eve

desé{ftgeéil thil!?kgﬁ‘b.g‘. BLtORo87a PaPssh7 4,436,'3 19080 4,%%?,55?}@&@11655

publications and patents are incorporated herein by reference.

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

composition. PCR and RDA values are unitless.
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cloth) by weighing a 10.0 gram sanple to the nearest

0.1 graminto the cup of the 1 quart Ham |ton m xer
wobaehs™es 30, addi ng approximately 170 m of PEBUSIbEMB6173

or deioni zed mater and stirring the slurry for at

| east 7 min. {] lﬂ]ﬁo tﬁ'tﬁggﬂv&{}ﬁ) 325 mesh

screen; wash out the cup an add washi ngs oht o t he

screen. Adjust water spray to 20 psi and spray

d|r screen, for two n1 hea
ﬁ@ﬁﬁ BBt PR Bhe piEbeRal et iy fimDER L shf% frt
sh the residue to gne si of the screen
51110? gﬁ’s@é ge d&evva%tﬁn ang, ?‘!ﬂ‘%g’@(ﬁéﬁb%‘% FERLABPYHS agteﬁgtants to form
distilled or deionized water froma washing bottle.
a presipitatedrsilidaorompomentopresentsimultangoasly avith thedaitially produced gel (or
clear water. Dry (convection oven @ 1500C or under
gel-liker matedaly.v Fhe hmountafigekis cobtrotiad. by the qharititg ofedagtants in the first
resi due on anal ytical bal ance. Misture or Loss on

tab¥ Whild tHeldehdunt Sf pfe@ipBRAYNRE isddntrofied WRHEISS teatiants i
saé@t 105C for uél ho,lrslpmlioss onll ng11| ti gn W&P{; | s%e o

B AT Sy e o

the eactlon m xt ur ht % slurry)
firg ﬁ&%@mfﬁ?sera o BithS Bl b PresipdlR stifenss BEN s e
by any conventional pH sensitive el ectrode. Sodi um .
paraipetesy, sudiasttenperaiye. falgs feaeeniptiensn Blle and se fordy agdiscussed in
known concentration of silica slurry. Specifically,
grea@ydethil abevenet cake sanpl e was wei ghed into a one-quart
m xer cup of a Hamilton Beach M xer, nodel Nunber 30,
and 140 m of deionized water was added. The slurry
,&s mxed for 5 to 7 mnutes, then the slurry was
Ini 0 a 250-m graduated cylinder and the
cylinder filled to the 250-m mark wi th dei oni zed
wat er, using the water EEANMIGElcut the mixer cup. The

sanpl e was m xed by inverting the
The first two examples show the initial production of silica gel within the overall

gel/precipitate production method. After initial production, some of these samples were
then washed and purified in order to analyze the resultant material to determine if an
actual gel is first 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
production of gel/precipitate products below without any washing, purifying, etc.

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

(heated to 30°C) was added at a specified rate and for a specified time and the resultant
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graduated cylinder (covered) several tines. A

conductivity neter, such as a Cole Pal mer CON 500
wobaehs7#19950- 00, was used to determi ne the  PCT/US2005/036173

conductivity of the slurry. Sodiumsulfate content was

profiRiewss mef allywe® FPRinSA el 1ike nfAdd1© TRRMAMEAIWrds Yhen filtered
wWith a standard curve generated from known

i, S 5 S B Y S S5 o
ook 55 DR S0B B iy LB BRSO O 8 o

production nethod. |ncluded within these anal yses was
whishrwere dplinegiedabover dpefellpwang Aabledsinpludesysactinntparameters and
obt ai ned usi ng nitrogen adsorption-desorption isotherm
condetionst Falla2provides 8l zeBarapetties Jor these inkipllgpratucedpel groducts.
average pore di aneter was determ ned based on the
It vt 20fdeht that, wpan ahalydis,|d stlidadeRafeiat ek atigsl 1y Sorhad €A gain, the
Area and Porosinetry System (ASAP 2010) avail able form
r
R A e el BBty poceisary o
r about. 5 mm.of .Mercury. Su
FurthBE WD ' ROt a 18P 6 B8t B B fidies ST able 2, betow.
Suddle vol.ume was obt ai ned a pressure P/ Po=0Q 99. .
uch\ ADaly§is 15 Beteeheraliype Offgefﬁélm e ACYAL igyenivg ér siepraduction of
surface areaassum ng cylindrical pores. Pore size
the gargetrgelprecimtaterilicagombinationl duwas mgraly an énteress t@dpiermine if a
nmet hod, which provides the pore volune within a range
silicf geb bad belinoprotieced. initiaHip had thetpinopdetiesthereof fe claggificaiag
used with pore size range of 1.7 to 300.0 run

purpbseseFrtheritiokd) féEthes thble Gk well a8thidagksut oS diselosie] dhy data that
ends. The toothpaste (dentifrice) viscosity is

RATMIBE U dujrhédsDdd | g 0 Fﬁ{go
waﬂequi pped wth a GI—%I [ %Eﬁyg&gﬁtéég id%g%g gﬁgﬁgoéltw ghg v mrtant to
notdMhat 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, Ipm 047 047
Acid Addition Time, min 41.4 2435
Final Reaction pH 9.0 5.28
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measuring the viscosity of the toothpaste at 25C at
three different levels as the spindle descends through
wo bwehsoehpast e test sanpl e and averagi ng t he reBUE1085/036173
Brookfield viscosity is expressed in centipoise (cP).
The Radi oactive Dentin Abrasion (RDA) val ues of
dentifrices containing thgagilEga conpositions used in
this inventio f erm ned according to theg nethod
set forth by %&P@Fgﬁ} Jour nal of Delr11t al Res. %
Jul y- August 1%/Gel 55 (4), pp. 563-5760 and dggQri bed
in Wason U.S. Pat. Nos. 4,340,583, 4,420,312 and
4,421,527, wh¥chOpublications and patents ar ¢.7
i ncorporated herein by reference. The cl eaning
property of d#LOfrice conpositionsS5i& typi calooy
expressed in terns of Pellicle Cleaning Ratio ("PCR'")
val ue. The PCR i2¥MestResidues t he abiBlity of .53
dentifrice conposition to renove pellicle filmfroma
tooth under f5%e# brushi ng conditi ch36 The P&ROtest is
described in "hi Vitro Renoval of Stain Wth
Dentifrice" (3N4SGt ookey, et al., 397Dental 3R8s., 61,
1236-9, 1982. Both PCR and RDA results vary dependi ng
upon the nat uM®Sapuh concentration of6.3he conp@dihents of
the dentifrice conposition. PCR and RDA val ues are
uni t | ess. Pr ef Rartidd Sizetipdnment s of the Invent2d8 The
inventive materials were prepared by sequentially
forming (in sharigle§izkiBeta silica gel-39or gel O¥Bke
material) and adding thereto sufficient anpunts of
reactants to $bAB B /8reci pi tated si20%ta conmpdhknt
present simultaneoysly with the initially produced gel
(or gel-1ike BREgnr/&al). The anount 332 gel is433
controlled b at i reactants in the first
stage while %’g}gﬁgﬁ Erlﬁiggy%@ Ci pital¥ silica7 s
control |l ed by The quantity of reactants in

Oil Absorption, ml/100g 120 81
Pore Volume, cc/g 2.1 1.29
BE, mg loss/100,000 rev. 12.73 6.65
RI 1.457 1.451
%T 11 10
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the second stage. The structure of the final product
is controlled by the anobunt of gel first produced as

wo gloangd2d o t he anount of precipitated silica, PeBUS®DI036173
as reaction paraneters, such as tenperature, rates,

In Sinn GeliPregipitateCompbsite Poduetiber t h, as di scussed in
greater detail above. Initial Gel Formation EXAVPLE

1-2 The first two exanples show the initial production

of silica gel withint $3gellprepipitate
production nethod. After i1nitial production, some of

t hese_sa r.e en sh and jfied in order .

o BRAOES 3T ottt Famethdt O oaPorEr sk by hlume §4 o thus from

actual gel is first formed as wel| as for other gel .
abqyt §Pér teiabauickiith By el precipiiated siligp(as noted in ¢he sgsompanting

to note that the remainder of the sanples was utilized
tables).t Hee produdieof thesedexatnipdes hafl sijish spueaturedeveds eangingdioarh $ow

bel ow wi t hout any washi ng, purifying, etc. In each
stnexasPL.$) toansdil Ferublurea @S higostHichae (196). 3. 3 nol e

rati o sodiumsilicate of specified concentration was

chap e ség WhdfolodRd IR Wheh 4 FREhEbf oa@w@ﬁfnﬁ%fnsodium

therein at 60 rpm The reactor contents were
s QBRI VARG A3 Br Sk oAb o LRSS A oo
SICRRERLHES ot T etdod 050 e AP efeb Cepending upon

material was then_ filtered and subsequently washed
the gjze Bf thstregctoratheAgiationamey was drogpabopt 69 tezhousy2 ppm, although
collected and dried material was then tested for a
anyspedsbmnaybe ptiligedrfor sschasproaidade)bdlheweactdreohtestssvdre heated to
whi ch were del i neated above. The follow ng Table 1
50°Crantl yites] In£achifonc peid 3B agded auckpesified tt® (Beid Tl &) for a
provi des anal yzed properties for these initially

spedifiedtfR¢ AR AMiAEHAiBe 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 (w1;th others heated
to lower temperatures, as low as 80°C, but allowed to continue to heat up to 93°C after
the second stage precipitation was started), and such a temperature was then maintained
for the duration of the batch production. Subsequently, simultaneous addition began of a
second amount of an aqueous solution of sodium silicate pre-heated to 85°C at specified

concentration (Silicate Concentration B) at a specified rate (Silicate Rate B) and the same
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It was evident that, upon analysis, a silica ge

material was initially formed. Again, the filtering
w@anaesks Nng steps perfornmed after coll ecti on pABUSDHNS/036173

were only necessary to further analyze the forned ge

sulfigdc 454 bed pebite 4tk (A8idI htéBY. ORESARGPati¥inldt J@&hgoﬁcomems ata

bel ow. Such analysis is not generally perfornmed during

rath Hf;élﬁwftegaavaﬁm %lth%oﬁ%@g{;&%&& 48R4 Blickd he egasd and

preci pitate SI Ica co

co rﬁ?n&%é?gauélﬁﬂ%?éﬁ%" Afer p aee<iiad e ?i@c%‘t%‘ivﬁafowme B) of

classification purposes. Furthernmore, for this table
sodiwm,gilj qatesigtrofvasioghistflow ias stopped. oEhe pH of thye r¢acter eamtants was
was unavail abl e or unneasured is represented by

cordambedy mAddiotdédohaink yhe sitnultandonpaddition stage. nBheadidh additidwe
oi | absorption properties nmeasured for the silica gel

cortindB@ uhl Hekntie Ua&ﬂlpppam?ﬁeda&) abeht 7.6. Onct thi®gHGRRAuaREd, the
with the determ nation of oil absorption for the

Wad JYREI 1o/bodfd T Ri&S | \d dei &1:@[ Lo
aClT g ig gg?eact ltoon 0gar arret ePBj @fu&: @ (lﬁgl n§ §|H?£ cat %untll the
%.13 6 une 1 0 Ci d ¢ 1 0

overgll B of s 5 s b5 e ok 1o ﬁ FPRE BaiEh oS Thepdheated
Fi na} Reactl on pH 9.0 5, 28TABLE 2 Exanpl e No. 1 2 %

at 3¢ 19l mugptes (dlgestlon), 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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%LOD 5.1 10.7 % LA 5.8 8.00 % 325 Mesh Residue 3.3

0.53 5% pH 9.76 6.90 9MNa2SO4 3.97 3.18 MPS, nm 16. 3
wdBuod/oPaesi cl e Size Span - 2.10 Particle Size Bet/asDo3®6173

0.43 CTAB, nR/g 207r 11 BET, .nmt/g 232 433 BJH

Desor ption Average B 7 Resetiony &pmetsrs (A) O |

Absorption, m/1 00y 120 8 1 Pore Volune, cc/g 2.1

1.Bgumsle Neg | 0ss/1 00,000 dev. 12473 6.65 Rl 16457 7

1.451 % T 11 10In Situ Gel/Precipitate Conposite

Prsilitat iCGonc EXAPLES 3- 7 Exgpl es 13- 7 copai nedsfrom 3
about 10 to about 23% by vol une gel and thus from

Silicate Volume A, 1 138 60 60 60 60
Acid Addition Rate A, Ipm 5 4.7 h) 4.7 4.7
Acid Addition Time A, min 5 5 S 5 5

Water Volume, liters 0 0 150.5 0 0

Reaction pH adjusted to 5.0 Yes No Yes No No
Silicate Conc. B, % 14.95 13 17.35 13 13
Silicate Rate B, Ipm 9.6 12.8 8.1 12.8 12.8
Acid Rate B, Ipm 46-48 47 4751 4.7 4.7
Silicate Addition Time B, min 48 42 48 42 42
fverage ii}‘{“““a“e"us 49 81 64 857 80

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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about 90% to about 77% by volune precipitated silica

(as noted in the acconpanying tables). The products of
wo bwsesexanpl es had silica structure | evel s vapgi/ng005/036173

fromlow structure (LS) to medium structure (M5) to

hi gh structure (HS). A fiTaBILE4£p was followed in

whi ch a vol une of aqueous solution of sodiumsilicate
Exagifil¢ Nat e Vol une 3A) of sdecifiedSconcent@ation 7

%S o char ged ki n alt eact o *And agiiDated tBr o n
SUERE was t om At 60 kb abouMS2 1 pSalt houl any
%88 or Content S-here okl ed 1o 1500C ant o hen 1549%

%0 or' & Speci 114 i me Chol d Addi i on Home &) PFor

%B2aMse 5, for ipstance, .the agjfator d was set to
ReBldue pm except i(ﬁvvas in9reased6'b2i efljj?‘i3 r 1 mnute

0. 120 RPM duri Aci d ition ITime 45 mnutes.) At
SOE,HHS point, a sg%éi fi edé&gt er \/é)l;grre i’/f“g? ndi céti}bl,
added to the forned silica gel. A silica gel_ was
%I\fyai‘?gﬁ)“vi sual 'y r83dgni zeﬁ'%gnd th‘g%H of Tt sl ufrP was
sted and opti [y i t ai ne t pHZL..0, as
M#ﬁd’rrﬁat ed, by agngti ngalltsﬂe aci g addi t ilg_nzor at e 4Hhe
Pait S SHET s hedkbd to Eoher t cinbbrat afel ae 1ol as
800C, but allowed to continue to heat up to 930C after
Particde Sige Batd st ag@.4@r eci pP2ati on WS star¥.8d), adHbuch

a tenperature was then maintained for the duration of

CTAB, g ch produgigon. Sugasequeni4ry, sinmltaneouse
addi ti on began of a second anobunt of an aqueous
B}ﬁqhﬁtg' on of sodism siligate prezgpeat ed 12 85C agi
.Specified concentration (Silicate Concentration B) at
O“aggﬁﬁ’él?,‘ﬂni’ ed ratgeg Silicape RatejB) and the 1
mIdfgsul furic acid at a specified rate (Acid Rate B).

PoRREVIILAK! &g ON 0f 3phe repggor confgnts ats@ 159

BE, mg loss/

100,000 rev. 3.98 18.37 114 25.16 7.92
RI © 1.457 -- 1.451 1.438 1.441
% T 47 . 30 4 10
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rate of 75 LPM began after sinultaneous addition of

acid and silicate comenced and conti nued through
wolc@essizen. After a specified tinme (Silicate Apdi/USDNS/036173

Time B) of sodiumsilicate introduction, its flow was

stopped. The pH of the EeaMPYESEINE ents was
conti nuously nonitored during the simnultaneous

Sl A L o L A e
T e T

overall pH of the resultant batch was dropped to 4.6.
varyHig fromveneleworushuraégshigh stiuetume: e dhate examplesrwerg prepared
m nutes (digestion), while maintaining the batch pH at
acobrding Ththe pesaedtizngivel inrExampdes3-Thexrceptewith dregehrinyeters described in
filtration, washed to a sodium sul fate concentration

Tablt 5ltR$Ew gﬂlﬂ@t}ﬁb EnhmpRO10pr A Rodiell WigsiBa VagNarg¥restst, about
nost preferably bel ow 2% as determ ned by nonitoring

4o,b6@1ifeiré y\%ﬁ&n&%ﬂ%ﬁ Lgeﬁ'tafti}{m f's‘PéiadFdT%Boﬁ%fﬂl-}Snﬁ{ddeﬁhigH sRear

' evel of about” 5% water utifizing an inlet tenp€rature
of ~480&. The drie ct, was fhen mlled to uniform

recglcl%l%t.lo a?vé'ﬁ%r}?ég?b%%gggﬁglre%?)es 3-7 are described
in Table 3. The Acid rate |levels for sonme of the
exanpl es were adjusted during the reaction, as noted
bel ow. TABLE 3 Reacijh®pFaRaEbLA" le No. 3456
7 Silicate Cone. A, %6 13 13 13 13 Silicate Vol ume A,

60 60 60 Acid Additipon Rate A, | 54,74 5

Aki"%é‘i’.legg&ci d Addition Time Amin &5 5 st warbl ~ 12

[une Ilte% 0 0 150.5 0 O6

W eond. W 13 60 325 13

Silicate Volume A, 1 200 200 200 60.3 6105
Acid Addition Rate A, Ipm 4.7 4.7 4.7 4.7 191.3
Acid Addition Time A, min 8 16 8 14.1 11.75
Water Volume, liters 0 0 0 120 0
Reaction pH Adjusted to 5.0 No No No No No
Silicate Conc. B, % 16.21 13 16.21 13 13
Silicate Rate B, Ipm 8.33 12.8 8.33 12.8 521
Acid Rate B, Ipm 45-47 47 4720 47 191.3
Silicate Addition Time B, min 48 31 48 32.9 35.3

Average Simultaneous Addition pH  4.34 8.02 7.1 7.9 ——--
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Reaction pH adjusted to 5.0 Yes No Yes No No Silicate

Cone. B, % 14.95 13 17.35 13 13 Silicate Rate B, | pm
wW®20622778 8.1 12.8 12.8 Acid Rate B, | pm 4. 6- 4p@r/4s2005/036173

4.7-5.1 4.7 4.7 Silicate Addition Tine B, mn 48 42 48

42 S2véndepropertics SLEtaniiRed 6 13 wEréddtefinihed achrdin to the methods

Addi tion pH Several properties of Exanples 3-7 were

' i et scri bed above

L e A

Exanple No. 3 456 7 %Gel 22.9 10 13.4 10 10

Structure HS LS M5 LS LS % LOD 6.7 4.9 1.9 5.5 4.5 %

LO 4.4 4.3 4 4.6 3.6 %325 Mesh 0.4 0 0.02 0.48 0

Resi due 5% pH 6.61 7.47 6.79 7.09 6.53 0/ oNa2S0 4 0. 35
<.35 0.74 <.35 0.98 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 44 7
% LOI 5 3.8 3.3 4.8 4.1
% 325 Mesh Residue 0 1.05 0.02 0.11 2
5% pH 6.14  6.96 6.15 8.03 7.52
% Na;SO4 224 043 397 <035  0.82
MPS, um 102 155 10.3 12.4 12.6
Particle Size Span 1.13 1.96 1.26 -- 2.28
Particle Size Beta 0.56  0.37 0.53 0.48 0.3
CTAB, m%g 318 191 164 50 77
BET, m%g 522 242 194 84 118
Oil Absorption, ml/100g 185 167 142 58/53 122
Pore Volume, cc/g 2.97 3.05 29 2.64 2.12
BE, mg loss/100,000 rev. 1.96 427 679 1876  2.94
RI 1457 1457 1448 1438  1.448
% T 57 67 25 6 65.6
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MPS, mMm 11.3 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

W@2®6057483 CTAB, n2/g 248 54 147 7 1 76 BET, nR2pQr/aSR08036173
1 252 102 8 1 G| Absorption, 168 82 117 75 8 1 m/1

0Qg Pore Vol une, cc/g Ex3MpLES 13-148 1.59 1.59 BE, ny
| oss/ 3.98 18.37 11.4 25.16 7.92 100,000 rev. R 1.457

xabaigeis 133 drohfihalfebol{sohd el anlaboh{ Sk prreipuad sfgp. The
prodpc oE st Pran el A Bvehish P van ug Fomilaveaneve  very

varying fromvery |l ow structure to high structure.
hightstryetugs: anifless examplespwvers prepiredasserdingtotthe pioeedure given in

procedure given in Exanple 3-7, except with the
ExqapleBeT axseptesdr thb pdrantetekadeseribedl Tabld Tbélewt hat

Exanpl e 12 was produced within a very |large reactor,

about 40,000 liters in volune, with an agitation speed

of about 92 rpm and a high shear

TABLE 7 Reaction Parameters

Example No. 13 14

Silicate Conc. A, % 13 35

Silicate Volume A, 1 300 91.2
Acid Addition Rate A, Ipm 4.7 4.7
Acid Addition Time A, min 23.5 235
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 7.29

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

described above and the results are summarized in Table 8.
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recirculation flow rate of about 3050 liters/ mnute).
TABLE 5 Reaction Paraneters Exanple No. 8 9 10 11 12
wRdosost7es Cone. A, % 6 13 6.0 32.5 13 Silicat er0/DUS208S5/036173
A, 1 200 200 200 60.3 6105 Acid Addition Rate A, |pm
474747471913Aciq~wgionTirreA, mn 8 16 8
e

14.1 11.75 Water Vol une rs 0 0 0 120 0 Reaction
pHAdJustedt §mmmm8|llcate Cone. B, %
16.21 13 16. li %j|jcate Rate B3 Ipms8.3812.8

8.33 12.8 SZJ%A@éd Rate B, | pm4.5-4437 4.7 4.4 2 O 4.7
191.3 Silicate Addition Tims B, mn 28 3 148

35. 3 Averaee §ifpphdaneous Addition gig 4.34 8(%\??
7.9Several properties of Exanples 8- 12 wer e erm ned
according to ghgypet hods described glyove and 4he
results are sunmarized in Table 6. TABLE 6 Properties
Example 8 9 B i3y 12 % CGel 33 33 33330 25 Strgygcture HS
HS M5 LS M5 % LOD 5.7 5.0 2.0 4.4 7

% 325 Mesh Residue 0.08 0.07
5% pH 6.75 7.83
%Na,SO4 0.59 1.61
MPS, um 15.4 10.4
Particle Size Span 1.69 --
Particle Size Beta 0;44 0.42
' CTAB, m¥g 251 90
BET, m%/g 377 127
Oil Absorption, ml/100g 210 111
Pore Volume, cc/g 4.39 1.98
BE, mg loss/100,000 rev. 1.46 6.47
RI 1.457 1.441
% T 84 14

Examples 15-17
Examples 15-17 reflected the ability to adjust the gel level and the silica structure
through pH modifications of the precipitated silica component during gel/precipitéte
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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%LO 5 3.8 3.3 4.8 4.1 %325 Mesh Residue 0 1.05 0.02

0.11 2 5% pH 6.14 6.96 6.15 8.03 7.52 % Na2SO4 2. 24
W@20®3/0377937 <0.35 0.82 MPS, nm 10.2 15.5 10. 3 1PCHUSDISH036173
coparticl S|ze pan. 1.13 1.96 1.26 - 2.28 Particle Size
dé%@b%A ’E@le%v  ayl withig the meTARsion@idurgtegtheSame egitsmn

77 BET, nR/g 522 242 194 84 118 G| Absorption,
conditir3@y nb&sl o6 Fxdmpled2] Ave2 Exiaples V6 laudd 7 hag hg highShear

3.05 2.9 2.64 2.12 BE, ng loss/1 00,000 rev. 1.96 4.27
rechrcultid - h6eve Whtead Eddplt - 14ufilized 4 s&nﬂiﬁ%fﬂsh‘éélsredft&latlon

57 67 25 6 65. 6EXAMPLES RS 14 Exanpl es 13-14 contai ned
ﬂo@q 4ﬂ3% And about 50% precipitated silica. The

pro ucts hese exanpl es had silica structure |evels

varying fromlow structure to very high structure.

These exanpl es were prepared according to the

procedure given in Exanple 3-7, except with the

paranet ers descri bbABLE SfReacson Paeamsiers TABLE 7
Reaction Paranmeters Exanple No. 13 14

Example No. | 15 16 17
Silicate Conc. A, % '13.0 6.0 13.0
Silicate Volume A, | 2442 8140 .4884
Acid Addition Rate A, Ipm 1913 1913 1913
Acid Addition Time A, min 5 8 11.5
Water Volume, liters 0 0 0
Reaction pH Adjusted to 5.0 No No No
Silicate Conc. B, % 13.0 1621 13.0
Silicate Rate B, Ipm 521 | 339 521
Acid Rate B, Ipm 1913 1913 2317
Silicate Addition Time B, min 42 48 37.6

Average Simultaneous Addition pH 9.7 7.2 54

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

described above and the results are summarized in Table 10.
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Silicate Cone. A, %13 35 Silicate Volunme A, 1 300 9
1.2 Acid Addition Rate A, Ipm4.7 4.7 Acid Addition
wdanome/0gy723ni n 23.5 23.5 Water Volune, liters O ROPUS2005/036173
Reaction pH adjusted to 5.0 No No Silicate Cone. B, %
13 13 Silicate Rate BTABIE 1@PdopeRtidd Acid Rate B, | pm
4.71 4.7 Silicate Addition Tine B, mn 23.5 23.5
Aver aggugl taneous AdditiongH 7.9g 7.29,peveral
properties of Exanples 13-14 were determ ned according
to the %®idhods descri bed above and Bhe rests are
sunmari zed in Table 8. TABLE 8 Exanple No. 13 14 % Cel
50 50 Strgtwreire HS M5 % LOD 4.9 4. M% LA MS7 4.1 %
325 Mesh Residue 0.08 0.07 5% pH 6.75 7.83

% LOD 5 2.9 4.1
% LOI 43 32 4.5
% 325 Mesh Residue 2.6 42 043
5% pH 72 669 717
% NaySO,4 059 082 051
MPS, pm 124 1321 1035
Particle Size Span 283 279 252
Particle Size Beta 029 034 041
CTAB, m¥g 92 151 185
BET, m%/g 91 166 265
Oil Absorption, ml/100g 79 115 150
Pore Volume, cc/g 1.39 2.08 2.64

BE, mg loss/100,000 rev. 22.47 5.79 3.83
RI 1.432 1.454 1.454

%T 5 67 57

Dentifrice Formulations

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

optimum dental protection benefits.
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%Na2SO4 0.59 1.61 MPS, mm 15.4 10.4 Particle Size Span

1.69 - Particle Size Beta 0.44 0.42 CTAB, nR/g 251 90
W®Bhe/0sRe%y 377 127 Q| Absorption, m/1 00y 210C1/142005/036173

Pore Vol ume, cc/g 4.39 1.98 BE, ng |loss/1 00,000 rev.

1. 46l Graaratheidentfrices At ghierdn, sodiubxearitasmethylcéllulose,

Exanpl es 15-17 reflected the ability to adjust the gel
polyettsilenerglydohandsdrbital wére wiiketd ®gttheOadhstipfdd until the ingredients

nodi fications of the precipitated silica conponent

wegd s SlveaBlo/fBF R & iRkt B x RFO S HE ‘dhi%ﬁxz@& r soqu BHEY

changes in reactant concentrations. se exanpl e
eSO RRGESpSE B el 5@56 i k‘vtégﬁbg ap] stirred
and under

J ow an th he sane reactor
“n?ﬁge%edﬂﬁfe P 9 g‘ﬁ 8%%%39%3 sgeond gduxtug: Fhesepyeadmixtures
above. Exanples 15 and 17 had no hi gh shear
wereslbipp eoinbined with-roirpng r Therpaftesdbe priéonal colobwas addededth stirring
t he same high shear recirculation flow rate as Exanple
to diftain BABkd=mix ReHet promiRawasmiced $n a Ross mixer (Model 130 LDM) and

silica thickener, abrasive silica and titanium dioxide were mixed in without vacuum. A
30-inch vacuum was drawn and the resultant admixture was stirred for approximately 15
minutes. Lastly, sodium lauryl sulfate and flavor were added and the admixture was
stirred for approximately 5 minutes at a reduced mixing speed. The resultant dentifrice
was 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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Exanpl e No. 15 16 17 Silicate Cone.
Silicate Volume A, 1 2442 8140 4884 Acid Addition Rate

WE20060517401. 3 191. 3 191.3 Acid Addition Tine ApCTUS2085/@36173

11.5 Water Vol ung,

A %13.0 6.0 13.0

to 5.0 No No No Silicate CorkABEE 1% 13.0 16.21 13.0

Silicate Rate B,

| pm 521 339 521 Acid Rate B,

| pm

liters-0 0 0 Reacti on pH Adj usted

37.6 Avef

191. 3 19[lFeme]

age 9$i

Forin.S
nul tjangou

bl Horfi At RorMd IFéia i FOHAE Form
s Add| tison|pH9.{7

7. 2

Forfh?
5. gl

form.

9

Form.
10

GlyRMRT al  proper
(9RSEREI N to

ti es
hdl

of EX
mdt Hdds

anpl 66 15- 17 Were
gg‘scri bbd |addve

det

abd | hél

T Ne

d

11

11

Soft@sU! LS Ar gy ST
(70%a9p! e L5 16

hnmar |
17004

zed |

GA0 1

n labjJe 10[1

0 43 p0o4&t fudfurle

ABLE

10

40s VsAVB

oper

(RS
40

o .~

40

wafbr, 45 0. 43

45 17% LO

20.4

4.3
20

202 | 20.7

372 415 9% 825 VHsS

20

T—Re
204

rdue
20

Z. 0

20.2

20.7

Carbowax
600", %

3

3

3

3 3

3

3

3

3

CMC-TMXF’,
%

1.2

0.8

1.2

1.0 0.5

1.2

0.8

1.2

1.0

0.5

Tetrasodium
 pyrophosphate

0.5

0.5

0.5

0.5 0.5

0.5

0.5

0.5

0.5

0.5

Sodium
Saccharin, %

0.2

0.2

0.2

0.2 0.2

0.2

0.2

0.2

0.2

0.2

Sodium
Fluoride, %

0.243

0.243

0.243

0.243 | 0.243 | 0.243

0.243

0.243

0.243

0.243

Silica
thickener
Zeodent®
165, %

1.5

1.5

1.5

1.5 1.5

1.5

1.5

1.5

1.5

1.5

Example 4
silica, %

20

Example 5
silica, %

20

Example 6
silica, %

20

Example 7
Silica, %

20

Example 8
Silica, %

20

Example 9
silica, %

20

Example 10
silica, %

20

Example 13
silica, %

20

Example 16
Silica, %

20

Example 17
Silica, %

20

TiO,, %

0.5

0.5

0.5

0.5 0.5

0.5

0.5

0.5

0.5

0.5

Sodium lauryl
sulfate, %

1.2

1.2

1.2

1.2 1.2

1.2

1.2

1.2

1.2

1.2

Flavor, %

0.65

0.65

0.65

0.65 | 0.65

0.65

0.65

0.65

0.65

0.65
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5% pH 7.2 6.69 7.17 % Na2SO4 0.59 0.82 0.51 MPS, mm

12.4 13.21 10.35 Particle Size Span 2.83 2.79 2.52
w@2006/081723 Si ze Beta 0.29 0.34 0.41 CTAB, nR/g BRr/tSh05/036173

185 BET, n2/g 9 1 166 265 Q| Absorption, nml/100g 79

115 "1&A@oRetsleve lglytel available Froad the. Blion Cﬁﬂ)i&,ECo@ré Dlmbury,
CP0,000 rev. 22.47 5.79 3.83 Rl 1.432 1.454 1 %T

67 57 Dentifrice Formul ati ons Toot hpaste formnul ati ons

wer ,Z A QP&Y; d%ﬁul%‘é‘é’%a@l'abf&ffrérﬂ%@R&Nzﬂotﬁjﬁﬁr?s%rp ercules
Sﬁ%%lqg&t? gwgse (?E rmn%aag g{}ﬁ%@{a 1t egdifmﬁ&j nvent Velable from

conmposi tions V\/lthout furthering netering of the two
conmponents for optinmm dental protection benefits.To
prepare the dentifrices, the gI yceri n, sodi um

car hoxynet. cel .yl ose oly ene

Car ORI oA GRS Bhki o7 Bl ana RA

i ngredi ents we dlssolved to forn1a first adm xture,
PropRRlieseGAIDARIOhe giethods deseribed abavesthe measureasatsuag well as the

yrophosphat e and sodi um saccharin were al so m xed
PC&,@M@moafm‘ egeli dengifirice formulation are provided in Table 12 below. The

PCR data for Formulations 1, 3, and 8 were obtained from Southeastern Dental Research
Corporation of Port Allen, Lousiana, and the remaining PCR data from Oral Health

Research Institute of Indianapolis, Indiana.

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

RDA 0.7 0.65 052 115 088 073 322 08 093

The results show varied performance with highly effective cleaning capabilities

with relatively low dentin abrasion properties.

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

The dentifrice formulations were prepared according to the method provided above and
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until these ingredients are dissolved to forma second
adm xture. These two adm xtures were then conbi ned
WOWwak/0st7e3 ri ng. Thereafter, the optional col orP@EES2005/036173
added with stirring to obtain a "pre-m x". The pre-m x
withaaugl e esiné hgredrarits agidleseribédiidet inl Bable PV) TRE ¢olidwihg Table 13
t hi ckener, abrasive silica and titani um di oxi de were

PTR80S o ol IR SR AEE A o
[ OXi .el 5.m nutes. Las . sodi um | auryl

abl%gl ?gsaltnéenghan ?‘1 é%b?ve\ﬂﬁ?%agﬁfggaé 5%‘8“& he adm xture was
stirred for approximately 5 m nutes at a reduced
m xi ng speed. The result ggntifri ce was transferred
to plastic | am nate tootﬁg‘é@ Bubes and stored for
future testing. The dentifrice fornulations are given
in TablLe 11 bhelow The dentifrice formulation utilized
was cdnsi dered a suit abj Borpalst | Bsmulaf| FormuladrFammakei jon
for the purposes of detlermilni ng AGR gnd IRDA |( asl4vell
as Vi Samgéeink99as s ement sy if orj thg invenyi vg ang
conparfative-—clean-ng—abrasi-ves.—Chandes in tihe anmount
of car|lsoxitobt7oye),cel | ul gse 400 ger mot groper flor mati gn
of theg—dentt+i+riece—fromiphystegt—and—-aesthetie

per spgdidioniged wetes %rade [i Nn2€¢2r tjai 20.6i tjua2zd.®ong WA h an

of f set[Tm the amount of] deronijzed—watrer—added,—but—t he

|
over al|[CaRevex 6¥ht4 fri cq fodmullatidn rfemed ned 3
essent|i al {yCc for [the Tegts follfowed ag noted
above. é&éﬂ?{% pol ygt hy'IOene glo)ﬁcol addi | 4bl &5 rdm
t he UniTetrasGdinti de Cor pdr a ison, D% bury, gT 2 A
car box ppephospleatd | ul ose |avail all e“fromt A’ Aqualon

di vi sijQn ..of rcul es Carpqr,atijon, WIm pgton, ; also

accep § '8mi§é€°8%’?r) 208& 4 e ayai p‘gbl ) fﬁgm

Novi a ‘Soa_iti{ﬁF‘i{SH Lfpi ce |f graayl 4t igons prepagsed bgye
e ar A ) )

wer e eéval uat PCR!anc DA
Silica thickener

Zeodent® 165, % L5 L5 15 13
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
oZ/:?ODENT@ 115 silica, 5 0 0 0
TiO,, % 0.5 0.5 0.5 0.5
Sodium lauryl sulfate, % 1.2 1.2 1.2 1.2
Flavor, % 0.65 0.65 0.65 0.65

! A low structure precipitated silica available from J.M. Huber Corporation, Havre
de Grace, Maryland.
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properties, according to the nethods described above,;

the neasurenents, as well as the PCRrRDA ratios for
weamb/osiees i frice forrmul ation are provided in Tedi/eshbas/36173

bel ow. The PCR data for Formulations 1, 3, and 8 were

obt ghadentifriecefGomutlstims pesparedeibbod wers@alieitedddf PORANdRDA

of Port Allen, Lousiana, and the remi ning PCR data

propefids Q'c@brdﬁﬁiot the BRARAE ABschiBed hbdvee tlﬁfméeﬁi%e%ge?l&o 4 ?/ﬁl]l as the

I'ndi ana. TABLE 12 Form Form For m Form For m

PCROE AR [l g Ry dgio L Fablg 4 el
182 6 6 73 134 2 3 117 107 PCR/ 00..6600 RDA 00..77

0.65 0.52 1.15 0.88 0.73 3. ﬁ%rﬁqglﬁ? 0.93 The results
show vari ed performance wt effective cl eani ng
capabilities with relatively | ow dentin abrasion
properties. Several othE ?"“&g‘nt Ferpulae gl at Famslaner e

prepared using a conbi nattlon of B inventdve sill4as
for FoP@Rl ations 12-14 andy a condli nati og2of an 95

i nvent pyp silica and a cq rci silic (ZE (r)
115 fromJ. M Huber Cor po?g‘tal onf%for Forarrul aﬂjgragll

The deRERMBDAe fornul ati 848 wer 8.9%r epar0$ accofdiing to
t he nmet hod provi ded above andwi th nuch the sane
i ngredi ents as descri bed above in Table 11. The

f ol Thw\¢legnhid@ BbititylSf the@Wodtendtiogs, fif ?Htticﬁﬁu%ﬁnﬁlﬁ@l@ 13, and 14,
toot hpastes incorporating blends of different silica
evince a highly surprising and effective dental polishing and film removal material with

much lower abrasion levels.

Detailed Description of the Drawings

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

greater cleaning ability without simultaneously unacceptably high dentin abrasion.
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abrasives in relation to the invention described

herein. TABLE 13 A low structure precipitated silica
w@ayashsioke from J. M Huber Corporation, Havre Per/Gemo®036173

Maryl and. THe dentifrice formnul ati ons prepared above

ver eAlbdedtifrtesctxhibite®ai eptathlRAAc ity pRudride v aidabilety drdeexcellent

to the nethods described above; the neasurenents, as

aciidticsqstahdrap,RERORD A spérkiony fpaftic%%%ﬂﬁﬂéw uggz%ﬁ%hiﬁ

ormul ation are provided 1 n Table bel ow.

f
SRR A B b S A
R AR AR il B USR5 SOTRBL LTS g epiocs v

surprising and effective dental chI ishing and film

loves ) Al vales @ these of the iniehginsimed iyeatsorotonbinatioss.
Det ai | ed Description of the Drawings FIG 1 shows in
graphi cal representation the ratios of RDA and PCR
availlikewiee,wn FH5.r2 thereds pfovided adenmpdrisor ef thethivkeningcrpabilities
i sted above, as conpared with physical m xtures of

of thielihwsmtige in Snosilideaoinibifaiond veisus thdse phiyaital Bendgofigeddand
the.sane way as those disclosed within U S. Pat. No.

pre?ig@ﬁ&s destribed Ritheh thEREcSPARR (RithGARE shihP st AitiFAER mulation
e

as listed above). It is evident that there is a significant difference in overall structure and
resultant function of these different types of materials as the in situ generated composite
- materials exhibit differing degrees of thickening over the spectrum of amounts of
gel/precipitate present therein than the Rice patent blends. Clearly, then, there is a

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

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

gels and precipitated silica materials provides improved pellicle film cleaning benefits
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general results accorded by each different formul ation

and shows that the sinultaneously forned conbination
wo@bRoobhs23 nvention i nparts greater PCR resul t sSpea/UB2005/036173

correlated | ower RDA. Thus, it has been unexpectedly
whitkisiohultareously ekhibitinigmrecht lower dentin abedsicnrepdingd, tereby providing

greater cleaning ability w thout sinultaneously

a HORCTRRIAOL ¥adih@Matkeial With albaes 151? sity o Sélu'eripgﬂf iall)rade tooth

exhi bited acceptabl e viscosity, uori de aval ty,

Qicink gt aesthetics (stand-up, texture,

Suglggsjeger SI g# e Particularly, in view of the graphical
representation within FIG 1, it is evident that the
conpar ati ve physical blends of such nmaterials do not
exhibit the same desired increase in pellicle film

cl e%qg efficiency with | ower RDA val ues as those of

t he WHilgtheinysatien »ilk e descaibed and diselpsadinicoprection with certain
Likewise, in FIG 2 there is provided a conparison of

prafersed embedimienty aod pedoticst itésinofo whyinitendedito limitithe &iviention to
silica conbi nati ons versus those physical blends of

thoye kpecificlerpbatimpnts atater ités ntérded to\edver Bauibdemt sG@ciadsStuctural
(wthin the sane test dentifrice fornu?ation as listed

equD4I¥Rts and bl aRerBNiReMbIdiabnts ARA ﬁloidﬁicﬁti%s?d%i xﬁéf%&eﬁned by the

difference in overall structure and resultant ncti on

j f jals as the in situ

s°°§§ r?grma:etag’gg‘lé%efﬁ%ag‘?‘% shd S Aen e ° 3° {07 ng
degrees of thickening over the spectrum of anmounts of
gel /precipitate present therein than the Rice patent
blends. Cearly, then, there is a distinction in form
and characteristics for these two different types of
dentifrice additives. Furthernore, FIG 3 shows in
graphi cal representation the neasurenents 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 same test dentifrice fornmulation as
present ed
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above). It is evident fromthis representation that
the inventive gel/precipitate silica conposite
woradoensaks accord nmuch hi gher PCR results w t hPCT/US2005/036173
correlative | ower RDA properties than the conventi onal
abrasive materials, show fgl.ARMSsi gnifi cant
di fferences between the conparative abrasives and the
L i nvehn inssitui prodriced gplfmrecipitate tsiljea sombimatibn, Salgedvneination produced
surprisingly, it has been realized that the in situ
by phethettod @onmptisialk eheiseq@énthl kiepfogel s and precipitated
silica materials provides inproved pellicle film
cl egni ; fdl j ' : i biti TUC
v “QEFARG SR ahoBh R AN B A Boent
effecti.ve cleaning.material, w a | ower . )
togBBiSE S or it ik e EPBPPOHRT i ket il s Biheros pusitying seid
f dur,i rlgcgusF. VWhile the invention will be described and
orgied stifre sl campQsHSeti on with certain preferred
enbodi ments and practices, it is in no way intended to
|i nPbl subsequenglarinirediicing torseiksikigaegs] toropesitiorda sefficent amount of
rather it is intended to cover equival ent structures
an glknlisilicatalané gu avidulatihg agerd téfdrmad pxeéigﬂ&t'b& silRARAMOUEAScting
and nodifications as may be defined by the scope of
thetsliRaqiepemsies) sro@hdiBy 2 BEl/MBLbMAL STHeS cbMBalifn CLA M5 1.
An in situ produced gel /'precipitate silica
conbi nati on, said conbination produced by the nethod
conprising the sequential steps of a) adm xing a
S i.ci.ent agmount,,of an alkali silicate d an . i
2. 3 S A g RO e By codtpetionof Rty pwherein said
anposi.tion; and, wthout first washing or purifying
co"i‘%\%“’r"d? Hetre dpmm eEpagticles evhibiting panedian pastiels stpgaangeyof from 3
i ntroducing to said silica gel conposition a
to 20ynicrasisent anmount of an alkali silicate and an
acidulating agent to forma precipitated silica

wi t hout affecting

3. A dentifrice formulation comprising the in situ produced gel/precipitate silica

combination of Claim 1.

4. The dentifrice formulation of Claim 3 wherein said formulation comprises an
abrasive component different from said in situ produced gel/precipitate silica

combination.

5. A dentifrice formulation comprising the in situ produced gel/precipitate silica

combination of Claim 2.
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the silica gel, thereby producing a gel/precipitate
silica conbination. 2. The in situ produced
w@edobpsmees pitate silica conbination of C ai m lp@hEs®0$036173
said conmbination is in the formof particles
exhi biting a nedian particle size range of from3 to
20 mcrons. 3. Adentifrice formulation conprising the
6.i n dihedeptilsige dermulationnfddaim 6 arterain kaid forenndtionadontprised an
Caim1l. 4. The dentifrice formulation of Caim3
abwaive @ompsadnd different ifiin 641d 0 5i pioEEcaAbelPFedibitdf silica
conponent different fromsaid in situ produced
coBlnafbeci pitate silica conbination. 5. A dentifrice
formul ati on conprising the in situ produced
gel/precipitate silica conbination of Claim2.6. The
dentifrice fornulation of daimb5 wherein said
formul ati on conprises an abrasive conmponent different
fromsaid in situ produced gel/precipitate silica
conbi nati on.
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