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in excess of 150. Such an in situ, simultaneously produced precipitated silica/silica gel
combination provides such unexpectedly effective low abrasion and high cleaning
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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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silicas have been utilized for such a purpose due to
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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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dental subjects, an abrasive (such as precipitated silica) for proper cleaning and abrading
of the subject teeth, water, and other active components (such as fluoride-based
compounds for anticaries benefits). The ability to impart proper rheological benefits to
such a dentifrice is accorded through the proper selection and utilization of thickening
agents (such as hydrated silicas, hydrocolloids, gums, and the like) to form a proper
network of support to properly contain such important humectant, abrasive, and anticaries
ingredients. It is thus evident that formulating proper dentifrice compositions can be

rather complex, both from a compounding standpoint as well as the number, amount, and

type of components present within such formulations. As a result, although it is not a
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relativéjga?&?égé, lahd @B&Bcﬂilﬂﬁg’ with typical dentifrice ingredients, such as
humectants, thickening agents, flavoring agents, anticaries agents, and so forth, As
known, synthetic precipitated silicas generally are produced by the destabilization and
precipitation of amorphous silica from soluble alkaline silicate by the addition of a
mineral acid and/or acid gases under conditions in which primary particles initially
formed tend to associate with each other to form a plurality of aggregates (i.e., discrete
clusters of primary particles), but without agglomeration into a three-dimensional gel

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

mixture by filtering, washing, and drying procedures, and then the dried product is
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| jcations U. S. t.. Nos. 3,967 563, 3 988
TR O R A e R
4,992,251 and 5,035,879 to Aldcroft et al., U S Pat.
4,420,N3, ars] £322, 66btot Wasanwloh Pat. Nas. 4,995 Laml 5,p81,87NwAldcroft
5,891,421 and 5,419,888 to MG Il et al. Mdifications
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publications as U S. Pat Nos. 5,647,903 to MG II et
5,419,888 to M1l dPal. - MbBificstiond 3n Sifida gél®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, If et al., U.S. Pat. No. 4,153,680, to Seybert, and U.S. Pat. No. 3,538,230, to
Pader et al. Such disclosures teach improvement in such silica materials in order to
impart increased pellicle film cleaning capacity and reductions in dentin abrasion levels
for dentifrice benefits. However, these typical improvements lack the ability to deliver
preferred property levels that accord a dentifrice producer the ability incorporate such an
individual material in different amounts with other like components in order to effectuate

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

for such limitations, attempts have been undertaken to provide various combinations of
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than precipitated silicas alone. In such
precipitated silicas can permit increased PCR and RDA levels but with apparently greater
control for lower abrasive characteristics than for previously provided silicas exhibiting
very high PCR results. Unfortunately, although these results are certainly a step in the
right direction, there is still a largely unfulfilled need to provide a silica-based dental
abrasive that exhibits sufficiently high pellicle film cleaning properties with
simultaneously lower radioactive dentin abrasive characteristics such that film removal
can be accomplished without deleterious dentin destruction. In effect, the need is for a

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

previously been provided within the dental silica industry. Again, the Rice patent is
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of silica gels therein, particularly those in which the final structure of the in sifu generated
composite can be controlled. Such a novel method thus permits the production of in situ
generated gel/precipitate silica materials that provide excellent dentin abrasion and
pellicle film cleaning capabilities within dentifrices or, in the alternative, sucﬁ
formulations that exhibit excellent thickening properties as well as desirable abrasive and
cleaning properties through the introduction of such a singularly produced, stored, and

introduced additive.
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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 thickening and reduced but
effective pellicle film cleaning characteristic will include eitber 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



materials of silica-based conponents sinultaneously
Wi thin the sanme reaction nediumthat inparts dentin
wabooassm and pellicle filmcleaning charact erPGL/US®05/035924

(albeit to a | esser degree than for those noted in the
providertkssi dircrysanl eyingpbrasion] apdéex tidtleningtproperties wighout resorting to

properties in order to accord such beneficial results
multiplé adiliorssi TF@oentialty dxpessive irl/arhiifficult té ebPdt4o haatémls for

| evel of a silica gel in a final conposite and/or th

thesmhég Sgngh medi um, or |lowstructure of the
: Cipitate corrponent therein through nodifi catl ons in

rii n centr tion and/ or I an / or

o he PR Bl Cond ARG it Birsiioerd Pebreined By iy iy

to cont r th overaII cleanlng abrasi ve, and/or
otherwisg %’&%‘#ﬁ&g Aé‘rf%%ﬂ%‘?’é‘? cied hegeigfarg meoparatskhy reforengs) £

Thus, a conposite exhibiting greater thickening and

r Aeeasdinghyuit isbecattiéot of helprésehteinf¢ritiondd prnvide precipitated

characteristic will include either higher anounts of
silica aidl get siligetorapekite manirih provading thsroodd faliidle Silh @ldating without

precipitate such that the overall conposite exhibits

an una‘%e‘ ént?* %'cﬁn@éﬂ)ﬂdﬂng hseeHe M aerem% RAthQrhbtRldRat Afothdran

g material) to provide the target desire
: S
object to? h{etﬁﬁeﬂ%b@ﬂl{f é)%qg ﬁ1 ¢r801d9 ?g{ ré%tlﬁ%cll ogﬁlige %Pg%‘iﬁ‘&!‘ og r§uch
ar anet e een. fou d t hat a si ngl e addj t|ve
effectiGE RSP oL LE rindions RS g e bR P
t hi ckeni ng properties wthout resorting to nultlple
simultanequsly apd "b!ftfupgleeqw.pannwlwbe REIPEratins pHsuchinaterials to beo
i ncorporate materials for the sanme purpose. Al parts,
made gusinggmodugtion afithemadtérinds, natber thar duringadeatifricerpesdietionhy Also
wei ght unl ess ot herw se specified. Al docunents cited
an objdve bEihis iaventlordOtsroeide dn by sinSiepeRbdpreAGAEd G lca it
is one object of the present Invention to provide a

compoRit@miakkiaPivBste thé fidsead gl %ior;r%éd 1@%19 exiRpRdd tﬁex%ﬁ% t%fe' Within

provi ding i nproved pellicle I mcleaning wt
one of three ranges: 40 to 100 ml oil absorbed/100 g composite material for a very high

cleaning material, greater than 100 and up to 150 m1/100g 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,

10



an unacceptably high corresponding i ncrease in dentin
or enanel abrasion. Another object of the present

WO noensizon i s to provide a new nmet hod for the PCT/US2005/035924
productlon of such effective precipitated/gel silica

d d
i AL A
f s to b d
ot S S BSTE e e s

entlfrlce roduction. Al so an object of this
produqing & Rrcripiatelzel Bligh eAmbleation. | Fneanuppsersms pesllovithin this
precipitated/gel silica conposite material wherein the
inventionris thegroduct efbsich pipravesd wherkin the biliba peldnichar peyenditRrein is
within one of three ranges: 40 to 100 m oi

from 5ab S0volREdIGRe Bf ARTPABpetip mergepémé&@s@taxﬁrlmunar%usly
cl eaning materi al, greater than 100 and up to

produdet/céREhafion. "Fuﬁhé’r ern@&? “h ith n%@'lﬂge R? ow i F(ggﬂcgshte

excess of 150 for a anrn 1 eni ng

or t nventi on enco }

materifIEHigel Tooye i R it Tipleer Rﬁrf?shsg&&%mg?srree&n& pad dgpffice
f 1 recgﬁltaied silicas,, said nmethod conprising the
ormulationscompaisingsuclymaterigls as gyelas tlae produgtiof ghednyenting pracesst

an alkali silicate and an acidul ati ng agent together
noted a8bgve.orm a silica gel conposition; and w thout first

washi ng, purifying, or nodifying said formed silica

dédnecatlypsysithetio prdz)pimitensilicas areUstyarediby adihikinadifule ARAIT

silica gel conposition a sufficient anount of an

silicateaolitdohs Wlthlst‘raﬁgfacﬂfédusaﬂl@%l qgﬂd@hh{i’é} B8&Rbnd Whdr@ 2fEBeation

precipitated silica, thereby produci ng a

to the da[ &Sa %l %%?lﬁ){ t ﬁé S I nv t I on I S %@%l}t(@ﬁﬁrgpgﬁaﬁg%%ﬁc%me
resumd.%fﬁ%&@&%ﬂf ra;%hgé i PR RSO, el
0 e R0l S S eSS oy

i nvention are the conposite
xerogels. Silica gels are also formed by reacting alkali silicate solutions with strong acids

or vice-versa, to form a hydrosol and aging the newly formed hydrosol to form the
hydrogel. The hydrogel is then washed, dried and comminuted to form the desired
materials.

As noted above, the separate production of such materials has historically
required manufacture of these separate materials, and proper metering of the two together
during the incorporation within a dentiftice formulation in such a way as to provide the

desired cleaning/abrasion levels thereof.
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materials |listed above in the three ranges of oi
absor pti on neasurenents, and dentifrice fornul ations
w@opnsTing such materials as well as the prodect/usfo0s/035924

the inventive process noted above. Cenerally,

SSorthé edntearprtbe invetisteadethod for abnudtaneqisqpadietioh pf such

adm xing dilute alkali silicate solutions with strong
materiBIPGRHE (he pelader aSiadifet i E‘éi%& of AMBiits ONS1i¥HEEI And precipitated

aggregation to the sol and gel cannot occur, stirring
N fi . ¢ . i 1l ea .
sitiea o3 oot Wil & 0Pt ot oifllfEl Rplrhls B hf d Uired

nm.nut ed .to desired sjze. Generally, as, well, silica

level ofPRhinglkirgser Wrpretieonyal SEersony dueilt phuiuEion s St
. and_xerogels. Silica gels are also fornmed by reacting
differengeifzom prgviqus phusiedls mixtures (v tdiy blendnplsbetumatgrials through

vi ce-versa, to forma hydrosol and aging the newy
separatt dnovegbrinyar. Bxsically, thonowel methoddntagle kargdtng thy dmogst ofisdica

t hen washed, dried and comm nuted to formthe desired

gel desffed &id seSificAtly Mé&ﬂﬁ_@@@é&ﬁ redcliéh EARIAEGHs @n BfRE ULddnefatedduch
such materials has historically required manufacture

adesirﬁlew%ﬁng%%@r%ﬁaB?}Icﬁgthtt%h%ilicﬁ‘gfkdﬂ[:@cﬂﬁ r metering of

e two toget e incorporation within a

nt.ifri.ce for.nulation.in such, a wa ..to provide the

G i ielicF ol b iRionn afefbih Sor b B o AR pieBatalifin
contrary, the inventive nmethod for sinultaneous .

of oral Gleapffg cPBROBAORSw B 7a dERtiTHPES, oorhpastes. ard thsy ek pasticnlarly

. _target a range of anmpunts of silica gel and )

suited gsraggivphatatial dn gitbathpasteongiongprosesas Fugh¢rmuse, suelusilion es
of precipitated conponents to inpart the desired | evel

productsfcan lbe atilingl ialapplé¢ationd Wheremishapredped dnddowar abrediedn®ess may
during production, a significant difference from

be desiRidSMichAS, Witvdut Gislifatibh, ¥bath Sshikitors withi dertl refoetdinlafbnss wedh
materi 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 situ produced

composites of gel/precipitated silica and comparative physical mixtures of such materials.
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separate incorporation. Basically, the novel nethod
entails targeting the anount of silica gel desired and

wepmweisizeal | y sel ecting certain reacti on condi PEDOS20051035924
order to generate such a desired | evel during

0T PROH SraphRal RbfediftioH df thdcdHdidhbeBlken HiEkening ability

i nventive abrasive conpositions are ready-to-use

: R gt ation of oral .cleani . -
and G QEL ek For iR ERPYT pebfooRy B BosiGy R R blecvigyeg sitcn
the |.ike articularly suited as a raw material in a
and COPaaEaﬂﬁagbé&?im%‘gfearoéé natetialsner nore, such silica
products can be utilized in applications wherein sharp
ddfed inmgrapbisel reptssentaticnafgke ennmeldtiondebyaendhe wiluds ofidentin
without Iimtation, foaminhibitors within certain
abrasidnandipedicleofikn clsarthg arasuserhbiasiforlal dehiifice 0Bmpagitie ;i C
di shwashi ng detergents. Additional potential uses of
inventiS e FsiFPprofhRdT opobitd %ffgasgﬁe_&ai&dté@ﬁﬁca didRREVaadiifithe Ssne
and carriers, cosnetic additives, personal care
il [ i hlocki |tives, and
measuSiEhls (48 Cm A o BBl s Vo5 o B e
Description of the Drawings FIG 1 is a graphica
representation of the correl ati on between dentin
abrasion and pellicle filmcleaning ratios for a :
dentifrice cdfpwqutpmrmonioﬁm&uvveﬁm situ produced
conposites of gel/precipitated silica and conparative
dikg sibtasiveransiou thickeningsnootbimatives nsdsn He@res2ni invention are in-
graphi cal representation of the correl ati on between
situ fortfed ahterialg thabtdn Beyreadilty Sihilaed @l defiahd Ghtrothdr Yigredients to
inventive in situ produced conposites of
reparedsthl QERfhPEd iohs ! SR A ' i
prep m xt ures ggf Igéfﬁm?halthg??%?swgh%?(i ﬁﬂgyﬁygpg‘éﬁfgdé‘ﬁmg
: ' el atjan _between the val ues
undue SEREEGNICR A Bos, THE SRGH S el PR HRE St of B

&ur:rq(nts for a gentifri e .conmposition, for
c 1

. reasur . .
abrasive 3ad/0r ening compositions and related methods of making same of the

present invention are described in more detail below.

General Production Method

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

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

gel/precipitated silica and the values of the sane
woreasosEnent s for conparative conventional denpel/Us2005/035924

abrasives. Detailed Description of the Invention The

Preferatily,abé ¥queaidddiRili silicak estutich B3ruhiatiaili stlivateSberitiatioh&f
present invention are insitu fornmed materials that can

appro%a{egasib'w/ 35 %%%@%&9519 rofEABRE3 0itd ab&k &b %ﬁ H{&@t s

repare oral cleaning conmpositions aV|ng a

Prefer{bé%?fﬁ*nQ%Pfléiéif?gﬁ{%ﬁ"l SR, ARG o esl'aﬁg?ﬂ%m

_ conponents of the abrasive and/ or thickening
s1hcat¢:w$ 0Si0p:dlagO astib ofdkem eboutdtthabisutdf.5, madee partisalady dfom hleout
present invention are described in nore detail bel ow

1.5to %lﬁcﬂx?ﬁ%l TR | nvrg%?aﬁ{ﬁﬂ 00 Uf: gé& gn?@m%%%%sr'lé %@JL[? 18Wwt%

resent Ion are prep rea accor

to 80wy hEe ik ficals O i aREn rtipadig e sl S

formed in the second stage. In thls process, an

sodiung gl G solaténn, may e arlded o shaepetion mediamdsilisafe Kolggos eejater).
silicate, is charged into a reactor equipped with

Next, ari aQungumimﬂ;atmgeagemtoe atid, 2168 as sulfurivowily bpdrouklont xtidy mitric
and the aqueous solution of an alkali silicate in the

acid, ph6hbaAE agld eddabaorth (pafdrsblp Sl £iDf addet We 8 dilakeevlution
400C and about 900C. Preferably, the aqueous alkali

therequ( eld. Ca’{‘ta‘;‘coﬁéén%h&f‘omw@éﬁ Molid {o 3 Wi ‘%?fn%rt}cl n# ) od.l}%

of ‘appr oxi mat el to 35 vvt% pr ef er abl

o 15 4R 481 RS R SR e
PHadJ?tﬁs@fo'%m 3'15983 T g 5 5 S'%aq%pvbﬁﬁac{ 1Y i it adfton s 5

o about 3.4. The quantity of alkali silicate charged
stopped ﬁp@)t}\er@l digated to the batshgeaction {gnogerature, preferably between about

65°C to about 100°C. It is important to note that after this first stage is completed, the
produced silica gel is not modified in any way. Thus, this resultant gel is not washed,
purified, cleaned, etc., prior to commencement of the second stage.

Next, the second stage begins after the gel reaction temperature is increased, with
the simultaneous addition to the reactor of: (1) an aqueous solution of the same
acidulating agent previously used and (2) additional amounts of an aqueous solution
containing the same species of alkali silicate as is in the reactor, the.aqueous solution
béing preheated to a temperature of about 65°C to about 100°C. The rate of acidulating
agent and silicate additions can be adjusted to 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
waeodabsmy nmay be added to the reacti on nedi unPCT/US2005/035924
(silicate solution or water). Next, an aqueous
propertieys, dexezdllyngith gipher averauei tdtchqtH providisgilower seua@sredilica
hydrochloric acid, nitric acid, phosphoric acid, and

produ&@arfd@étahvélﬁ &b & avBlage %Hﬂcg'tﬂﬁ Fro@ind) higRddgdeR RidigréthRis.

sol ution thereof (e.qg., a concentration of between
. . Y1 ' 9.0 to 15 0.
High 8 iyl fomibaYoc WFRL Splt 8} sty bbb Bpiet il

sjlic |, is produced and th justed to_the )
the reagfor b Bffctrors BEBHRbR, ool croruimien s hisgaventive
acid addition is stopped and the gel is heated to the
methodh 4be irp Savarpgsrbatednpld’ tstinteadedtpaneandhs gvemgopdbobtainediby
65C to about 1000C. It is inportant to note that after
measutig thefpty lsvelsveryed msnutesniringehk prebipitpe dometidn Stage and gel
is not nodified in any way. Thus, this resultant ge
averaging th@totaaghegate Byér thtab metlgragd, etc., prior to
commencenent of the second stage. Next, the second

ARIELRALRS .O?E}eﬁ%:im#%ﬁgeﬁteﬁﬁRﬁé’%g&l?m@eﬁ?%}é{sﬁoépgd, the

i ncreased, wt e si aneous addition

I tor of. (1 . agueous sol ution of the sa . :
reactor (R on il Jo deblort G IRt Ber S L R 2D mBRIRE: witarhe

: anmount § of an agueous sol ution containin% t he sane .

feaC‘OFﬁe@PE}e% maiptynedat picpngtant pEL. j After the pmpleten of digestien,

agueous sol ution being preheated to a tenperature of
the reagfinn hat@dso Gliergd apd (washgbwith wakes te eaneovefexeess Bytpaedusy

agent and silicate additions can be adjusted to
inorgardo sdltsaintit the veashwaterrfeom sheasilitiat fileen caitd @sulisrig at MestSeE et

stage reaction. This pH control can be used to control

byprodpétadhiteht SnicdsakdbyeagadiRey. general Iy with hi gher
average batch pH providing | ower structure silica

oG PR CRR kI Ui PR R AITAR €5 Bfeoniope

Ica pro ear
drying {ERAHGM Alchod FBY REA b prEELe of AofiBudilida SHithind hom
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 pum to 25 pum, preferably between about 3
um 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 anensges batch pH' is intended to nean the aveCBYS20p5035924
obt ai ned by neasuring the pH level every 5 m nutes
4,067, 76y 4,340,683 apd 689bjdR htadl dforhieh areintpuyated hdrein/loy mfiiranse,
the total aggregate over total tine elapsed. After the

as longl Afshevmedbds e agpmgﬁhtaly HEdiASE R inddiflofattereSikdiMtion and high

ilicate are stopped, the reactor batch allowed to age

shear tr%%tméii&sg e/%sf) »Pnll'; I%L t‘}gnt & ylsorfgI HieSn iR régcﬂgﬁ ﬁﬁ?mﬂekh

e reac |ng mal nt al ne a Cco

which Bzt fhel e EFaf T &?&'ﬁé’bﬂ%ﬁm‘%@ﬁ#w‘a i e s

excess by-product inorganic salts until the wash water
timing pt which the ariong ecastants are addrds theleyels of poncantratipsrofihe wasious

byproduct content as measured by conductivity. The
reactangs; theaadtiohipél; theakactios tethperatuey) therngitatiar of tha deactamts during

dried by any conventional drying techniques, such as

productie; Qyid/AF JHette at WhithQey eRcablytRRfAAdg. Silica
contai ning from about 3 vvt%to about 50 wt % of

Miepddtive mellitRls SF bid P@[t)fve Inbefchidi %&\Me% 'gl
S | ze O

desired nedian p rt| c et ween about

0]
o8 A AR ARSI R P il
VR T N R RN R ——

production process nethodol ogies of precipitating the
UsS. Pwlﬁhwqt&@w‘pr?@géo@ﬂlﬁ%wum preparation of the
silica products is not necessarily limted thereto and
iThe anveotivasilitecopgositamateriatsonayphd chiamdterinedambseparace, as
w th the nethodol ogi es described, for exanple, in

discusspd hlsgveUnf th%%tdlstﬁbﬁcate}oﬁgﬁ ext, PR tHblnseedBil alfsbPption
4, 340, 583, and 5, 891 of which are
ranges LXfBitARK AR dadie rﬂe'bll%s&%fﬁﬁ € Qiscussed 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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as long as such nethods are appropriately nodified to
i ncorporate recirculation and high shear treatnents.

W@ 2006i0517190e appreci ated by one skilled in the BPEL/US2005/035924

reaction paraneters which affect the characteristics
The inventivRsk sira génapated t@ipexitesi(abdol refeared tehaftrombinations) of
and timng at which the various reactants are added,

sitica gl N5 pRYhituere GRIBERE LAHORTuRAiOhY Sncliihg uhdicRR litnkation,
he reaction pH the reaction tenperature; the

tree pif T g BRh B AR Bp LT R EORUER ARl
sbrasivenge iR o1 RBYLASES O 196 gy e RO bk (plcRh -k

limtation, procedures taught within U S, Pat. No. .
silica-bésed POodLiEts; ii) midveamge icleaning|dentababdrgayes with ﬁeﬁv‘teérmqg!? deaning
slurry processes as described within and throughout
levels (b Sompasd with ek Rgh cleAying maoial 2f@8bAG).Amt mochilewy. RDA
The inventive silica conposite materials may be
measux&ﬂéﬁté%éé Shds? S5buR S0, FePME@h&T; ardisiiiplihtckusing dvishisitgmadifying)
three di stinct categories, dependent upon the |inseed
ol AbeRr L] St Hghinlt GBraliveisS (82K Bs ard Behibitdd
pmducgﬁé%reﬁﬁ’gg%g@gtlg,‘% |scmﬁsse&b‘ilntrl1 greater Sorart *he oW, iS
eney al used to d rmne, st pact . (eTRE
PR oy than et e neREPQIRIGY B PROARGEN oFERS e iRbatd
Chem, 29, 497-521 (August, 1978), and Pi gnment. .
upon differesth daskors\Ryrly ppreactiqn; PPPéZe-%m‘iSmE‘E’@HB 'a@g?“%ﬂ‘eg‘d. :
John Wley & Sons, 1988, p. 139-159. For this .
additioh ratesf reavtartin wawent of gel cemponsst rad thetltke) gnd coppgntratipny of
a test has now been utilized to deternine the
reactan®d (e 4, sle ratfostof siliomena héidgel onp erample). afkess will be further
conposite instead. Thus, the three basic types of
ineatdV@BihNE bAbWr i al s are categorized as defined above,
delmealéndﬁgs dfyscussed in the follow ng sections. The

inventive in situ generated conposites (also referred
to as "conbi nations") of

High-Cleaning Abrasive Materials

The in situ process of this invention has surprisingly yielded, With selectivity
followed in terms of reaction pH, reactant composition, amount 6f gel component, and, as
a result, structure of the resultant gel/precipitate silica composite materials made

‘therefrom, abrasive materials that exhibit exceedingly high pellicle film cleaning
properties. Such high-cleaning materials may be adjusted to target lower radioactive .
dentin abrasion levels without compromising the cleaning benefits, again, through the
production of certain low structure gel/precipitate silica composite materials. Such

materials are exemplified below in Examples 4, 6, 7, 11, and 15, at least and show the
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silica gel and precipitate are useful for various
functions, including, without limtation, three
w@roamsy19 ypes: i) high-cl eaning, dental abrasPeEESMW0H/085924
correlative | ower abrasiveness (with an RDA | evel of
abilitylte skeat hathowtadtrithertal exaggonaed démmnbeasinq@lithin dentifrice
hi gh-cl eani ng silica-based products; ) md-range

formurah i 08 49 teRhmplRy. aﬁic}iﬁft%uctéhméﬁﬂél&ﬁﬁzeﬁ a8 theGbofANI Ng

level’s (as conpared w t hi gh cl eani ng materl al s

ve h el RDA at , nost

clemﬂa%%ﬂ&%ﬁ‘? inonphl Wil d douf ) ”?gﬁ%ergw fred

(Vi SCOSI nodi fyi n r oduct at exhi bi t cert al n
embodiggal; may ges%.q@pg%@ggtbwﬁgp h ?é‘ﬂ%‘ﬁe additiyes, for

exhi bited PCR of |ess than 90 and a neasured RDA of
targetipg poavegal) clemriog arnd aluasivg legeldhr a dedifiiee foameltiopon

different factors, such as reaction conditions (e.qg.,

t Borpkis highr deaniigy inatetiginthe lgebeomputdd is presémtie an @ount

react ants, anmount of gel conponent, and the Iike), and

betwedtONGRIN (% bl SBRINRS oftBAGIt ARy f&nﬁd ge%"eﬁpftﬁ& k{Piea %mposne
silicate to acid, as one exanpl e) ese W |

materl%b 515(‘1&1515 H%Eﬁt Q&?ﬁzﬁgi ﬁﬁ&a&%ﬁm%émqg k?e‘%m '15 hangﬂ f 33m 95 to

as ve er e In'situ process o

s} B A R0 B oS RS

conmposi tion, anount gel conponent, and, as a
mateﬂfﬂléw be ashighiay 3Pe °§¥hetcﬁ§1ppél§qm9tﬁﬂ@1 prefiorahly: sughi ananeount is
silica conposite materials nmade therefrom abrasive
much loweemamlsbedanse ibwhs friund ¢hat Gediiglggr yhednydun of gél piresedt Within
cl eani ng properties. Such high-cleaning materials may
a high braridlj usiterthl, tthe grRAtgLAMbO@WRI 10va sindudert ipyeipiRfddi sitica
abrasion | evels without conprom sing the cleaning

compolBASEYI4 (808 R0 i AOBIBIARILLETTEL, SEL B it
of gel tgtbcetbroduced is preferably relatively low (from 10 to 25%, for instance). Such
percentages of gel component actually represent the amount of silicate present during the
production phases for each different silica material. Thus, a 10% gel measurement
reflects the presence of 10% of the total silicate reactant volume within the reactor during
which the gel is initially made (as one example). Subsequent to initial gel production,

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

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

reflect such a possibility. Thus, the percentages noted above are merely best estimates,
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materials are exenplified belowin Exanples 4, 6, 7,
11, and 15, at |east and show theability to cl ean
wowdlkost7iget ri ment al exagger at ed denti n abr asi POT/US2005/035924

within dentifrice fornmulas 1, 3, and 4, for exanple).
rather hoporese detesmimatjorsedf finkl amachtsef donposente. Such an issue exists

cl eani ng/ abrasi ve conponent within a dentifrice or, in
within tRerepraingiy inalinpePpretpitite dompbath mmetial caRYoRE 4SRJ). as a

suppl enent with other |ower abrasive additives, for

t N : [ i . fQr

Gdridfdllynd hgb&m&%u{eh%@gg&gﬁg@kgg%ﬁgﬂ%{%&gw& méy

dentlf I ce formulation. . .
be progbE s fban & S8 or PRI Rl a1l 5B Ratine

.qgel [precipitate silica conposite naterial (and thus
matemtq r(&f{*g'Fg’clilg %lgtce’acegrrpﬁl% i HHseweIplution, isrfrapa %tto 28 %an
amount of from95 to 50% by volune as a result).
preferahy fierndf to R8%aamdmoregfrefpeiblypfremi Kl to 1286, fand theaohcaylration
cl eaning material may be as high as 50% of the
of the silicipostartiag waitetal & frorm dab 859 hido Sthin ana@RBW YohitfonUe h
| oner mai nly because it was found that the higher the

initiallpPOM Y siRéa G2 SEBLRGEMH: t0\dl fdrhaBioh] YFEGLRINAR MBLEG R -

the greater anount of |ow structure precipitate

e GG RRRRE: AR IS5 RSB LI B¢
M G N PR RO

actual ly represent the anmount of silicate present
Stfucfumme%iiaglﬁ 0 ibetirctyre by REsEsirichiressilien profeess may reshlti ca
~ material. Thus, a 10% gel measurenent reflects the
during mapuefapiuEng hs Iod@mas thet dveralotmbtuss isisofftotent epadcard: thy ataessary
wWithin the reactor during which the gel is initially
levels afpeliticleafiimnel eargng) ppécipitatdd fieaposiontt defirdd fal a €Rth cleaning

production, the remaining 90% silicate reactant vol une

compodi® thReshl k@ be Rirelp %@Plg%ffﬂixé &%?alpx%gaﬁﬁerﬁ%% fri]g ?ﬂxﬁ&h&@ n.

It is inportant to no however, that u

anywher& WithfHf th@ a8t of 5% P6,861PA hdhér 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



formati on phase, sone of the silicate may actually
produce gel, but the determ nation of percentages of

weamki/osTnponent within the ultimately fornmed cepOpPUSiN&035924

mat eri al does not reflect such a possibility. Thus,
BhadBe ieantMios hiphidshnatpQet precipitardailicakembination generally
estimates, rat her than concrete determ nati ons of fi nal

* have th& OIS élfo &‘ﬁ@?qﬁ%‘ﬁfaf's PUhnRPhdr88¢48 vANESInSh¥tdnBt Betivaen
% P n sit e

remai ni ug precipitate conposite nateri al
ca ories | . neral L.y, .d. w
svou s SRRSO AP oo, P i 109 SRR LR hBR e
produced through a nethod of_ adm xing. a, sui.table acid
presenteshbelow SR B EXETPIeE R D ALRAHIORF) < AT APSTORYANR t he

acid concentration, in aqueous solution, is from5 tQ
betwee 5bodt 180 &f ahoah?240, andwitlon the 0w test dantifpice forpadatioghPGR
from10 to 12% and the concentration of the silicate
(Pelliclé CRahingRAMRY e4luéd of B thr160) with @ radisNof ROR o RDAwithiarthe
aqueous solution), toinitially forma silica gel.
t to gel formation, sufficient silicate and
range oggggelgggﬂadded (wi t hout any appreci abl e degree of
washi ng, or other type of purification, or physical
nodi fication of the gel) to the forned gel for further
) production of varying structure (preferably low in
Mid- AWASIVES her structures silica products nay
result during manufacturing as |ong as the overall .
Jhe drcsion protess efithig isverionthss alse shgr lﬁWégrﬁéﬁ‘gg‘gaY‘ﬁl yilal s
of pellicle filmcleaning) precipitated silica
degreecoinelotivity fidisived th feons af teagitongithasdctapt corqgpatians, amount
material to be forned. The pH of the overall reaction
of gel dBRpoRECAIA 594 Teplt, vemliatRctitd &f the tdseltarn geléprodipBate silica
10, with a higher pH desired for |owstructure
' compo%lﬁgttﬁétgﬁélé‘%%ge Hekdffoin BE R4 Wi higR clehling afatdiR@Nddseibddz@ave, a

I'n order to provide a hrgh cleaning, noderate to
method B¥ pRuARe Kb foplct(@URRa kLA REERIN IR BT,
cleanin:éqg/ge sy vﬁ\ﬁ? ol{vrg al &S§OQ?CV%?S%8[%%SPCS %sn\%eﬁ.h Thus, selection of
differing concentrations, pH levels, ultimate gel proportions, amoﬁg 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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anmount of |ow structure precipitated silica is

preferably relatively high (from90 to 70% by vol une
wo@booslog77eonposite). In order to exhibit the preprpUSIEHRN35924

and RDA | evel s associated with this category, the

ries thit arid-rgele/cidahinganaieigl Ok igel dvaipohésitlis pesdnt Bxdn drhdund

linseed oil absorption of between 40 and 100 m

betweea! 10/ aHA& 0% Q?Wéféh@bf 1B %ﬁ%ﬁelﬁt@ﬁn&d@éﬁgfeﬁ afdl Gta comgf)ﬁ?

cl eaning gel/precipitated silica co tlonlgﬁner
. he..f.ol ' . ies:. .109 Ei
materig 51 IS o3 AN P Risoiif sAcH B3 BT 40w oy

| oss/ 1 00, 000, revol utions, and ithin a fest . .
40% by Biiaht o7 & teHik ok oS e apbouy ebes] pasFible fotorma hieh clesing
.exanpl es) RDA (Radi oactive Dentin Abrasion) val ues
materig) gnayeherasdtighias of hezbmposikaaterialdpreftiratly sudhre apzowpt is
test dentifrice fornmulation) PCR (Pellicle C eaning
much IRt mhinkybecanseat wadfauad 1D thetigher she anount of gdPprestat vilhin
within the range of 0.45 to 0.7. Md-Range C eaning

a mid-ARgASleNfifg MR ral) iR §réattf AREERS oPfow RhRtdrd YRVIPiRRARARA
al so surprisingly yielded, with simlar degrees of

. I : : 0

compoRhFGHIAY o BB R Rl AL Pt G4 R
result. oyeral ructure of the resul t .

of gel (538 sidyefl e lorebly SENER IR o R dVERe instnse). Such
therefromas for the high cleaning materials described

percentagesf gehcompensat ackvally reprgsank the amauat ofilicatqpresent during the
(essentially reduced, but still relatively high,

productipre phaspgyfor egadl diffaienhsilicavaatetibl, asdesaribashabosy fordmgpluigh t es
as well. Thus, selection of differing concentrations,

cleaninghhdtenal]l s, ultimate gel proportions, anong ot her
t hi ngs, can produce gel/precipitate silica conposite

Tdnefallg! i# ha bed YerlhineB thdd ShchlspbGHb ﬁﬂé—r&ﬂge QUedBingtaBrasives
accord relatively high pellicle filmcleaning rgsul ts,

may be"ﬁ.rbéﬂxcleﬁ %u@pﬁ ARtneg of mé & SuifhBle acid and a suitable silicate
starting material (wherein the acid concentration, in aqueous solution, is from 5 to 25 %,
preferably from 10 to 20%, and more preferably from 10 to 12%, and the concentration
of the silicate starting material is from 4 to 35%, also within an aqueous solution), to
initially form a silica gel. Subsequent to gel formation, sufficient silicate and acid are
added (without any appreciable degree of washing, or other type of purification, or
physical modification of the gel) to the formed gel for further production of appropriately
structured precipitated silica component desired for a mid-range cleaning composite
material to be formed. The pH of the overall reaction may be controlled anywhere within

the range of 3 to 10. Depending on the amount of gel initially formed, the amount and
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conpared with the high cleaning materi als descri bed
above. Exanples 5, 10, 12, 14, 16, and 17, at | east,

whedensshow certai n met hods of produci ng such PCTUSANEE35924

abrasi ve products (and further exenplified within

structur%j ﬁf‘éﬂet;{r}&;g&%%@ E'U%)rﬂgérfé%m%n&bz ta,rgete@ﬂijmﬁal thR @b A¥Ivaly Q& for

nlng erl t he gel conponent i's

present in nt be
the higt{SIERE malEral TR e paC s Prdvile A Ehngl]
material (and thus the precipitated SI|IQ 0
cleaning, doyy abeasive materiph thipeghhisgrogess s §8mpaed 5o} a&%gﬂi‘iﬂ
a result). Al though the anobunt of gel possible to form
materials totagitaboleahé agounbEpelds prefgrably highenh(agimoted abovs,dtom hto
conposite material, preferably such an anpunt is nuch
60% bylvenBhe 6Fth8 wmp@smugefsrablmnf 201 3hatnditheahbgitef e
anmount of gel present within a m d-range cl eaning

stmcungﬁre%fﬂlﬁked s'ilg:% Ih R Mly B EroR 90 1814084 by GEMAR of the

Itate |ca conponent required to be produced

f ol
oo 8 5 Wy B U 2,
et e AR e i S g

silicate present during the production ﬁ)/hases for each
exhibit dilisesd onitabsorptiomotgreates than 1@ upées 10 mbeil/AB0 gangtesialt he
hi gh cleaning material. Generally, it has been

Bedadiyyitheddvémine nsdeingepdeninigegeliprbcipatatyd sdlcaanimbgpation
abrasi ves nmay be produced through a nethod of adm xi ng

general Kk tiRboBowiighrapiatics: $09+iBrabsEinlehherciaedifbavdlueign the
material (wherein the acid concentration, in aqueous

range bg%%&!ﬁ he d 19,0, 7 4Q éltﬁ%l af/t@?t%’enﬂﬁﬁ:te %lﬁﬁhéh(fnr(ﬁgfbégeﬂt&l below

rmre prefer rom10 to 12% and

s t.rat f
v FEBFFDE A o AT B 008 B it
ot 1 B SERE eSARETHER i
Ratio) values of 90 to 120, with a ratio of PCR to RDA within the range of 0.7 to 1.1.

Thickening Cleaners/Abrasives

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

produced via a high structure silica production method, provides an effective thickening
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added (w thout any appreci abl e degree of washing, or

ot her type of purification, or physical nodification
wmtoobhsr7gel ) to the formed gel for further proRUDUSONS/035924

of appropriately structured precipitated silica

(or othePpe Bﬁﬁi%cd%ﬁg i R dafion Pwithit-deAfiSRe %ﬁﬁﬂ&tﬂﬁf CH'RRALL €
to rall

mat eri al e fornmed.” The pH of the ove reaction
mannel4ciP8 oL dsEH AR Y&l ol RO i PRRy Frogifnig ettect,
but ash 35 ofiilepens St lanesi et Hehaceonme i abaghvadentiice

the high cleaning material. It has been realized that
compopenty, Beamples pr& O and B3, at leastaproeide lashowing, of igeneralbmetbodseof

mat eri al through this process, as conpared with the
produciriguck kHeekening abedsives el fanhactxemplificd Withiradeatificeof gel

is preferably higher (as noted above, from 10 to 60%

formullyonéd, B/Endd, belsev)conposite, preferably from 20 to 33%
and the anount of |ow structure precipitated silica is

f 90 % | ume af. the
T RS R Deos B o SR e B bbbl BBl frgoun
i bi.t.ihe proper .PCR.and RDA | eyel s associated w th,
betweeft 9Diay 85 éS% &‘“‘F‘ﬁ@fﬁ&ﬁﬁ%‘ﬁ@ apsd g P&%Fl@&%a@?% gomposite
.materjal nust exhibit a |linseed oil absorption of
mater1 aélé’ttbvs the Rrecimiatedsilics compopentds present iyarmamennit of from 80 to
Broadly, the inventive m d-range cl eaning
15% byyeolnpe @8 p pesults with sidh ceommmiontgtefeoablypresemid y hiphsauithe
follow ng properties: 10% Brass Ei nl ehner hardness
form). \Adthoagh the anfveint af\gee pbibie enfozm gl clbniflg nARdial #af BE Bs
a test dentifrice formulation (as presented bel ow

low as 20%vf thd diBnpR$AERIaRS i, ?%r@%@ﬁ‘&ﬁ hﬁﬁ@u@%‘fﬂeﬁh tﬁ%ﬁﬁﬁ?ﬁ%ﬁy

val ues between about 95 to about 150, and (w
b S L { f ' LPel licle.
coaus 51 HATHS bl ol T B L BB R Wil
abrasiv%g%&l,?%ﬁﬁ\ggttg? étggltm of 'ﬁnag?l%?ruganeoprzcitpﬁjtat:e[d %ﬂic;r I(?(I)ncl:gfnrélntn g

required to be produced during the following phase. Thus, the overall amount of gel to
be produced is preferably relatively high (from 45 to 65%, 50% more preferably, for
instance). Such percentages of gel component actually represent the amount of silicate
present during the production phases for each different silica material, as described above
for the other categories of cleaning materials.

- Generally, it has been determined that such specific thickening abrasives may be
produced through a method of admixing a suitable acid and a suitable silicate starting
material (wherein the acid concentration, in 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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Lastly, again, in nmuch the manner as the two above
types of abrasives, it has surprisingly been found

WO b@ib/0Si7h9 ca- based vi scosity-nodi fyi ng mat er i abCT/IR300HE35924

provided that also exhibit a certain degree of
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physicalynebhfratinot P 26t 1 e a5l 0 ey ReARirh PR Hyetpre
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precipitated s¥isacompprrnt desigd dox ahickening ablasiye CoMBORs TaagHa! to be
‘si nul t aneousl y present higher cl eaning and/ or abrasive
formedd @ht pt¥ ¢fake casnibreantion mEx herpintlled agywigere aritbiinthe range of 3
| east, provide a showi ng of general nethods of
to 10. DERAUMENG thelBRobA ocfgenlnngmg insrarseidy e afrudt dndrdifveture of
exenplified within dentifrice formulations 5, 6, and

.. g | i ; t .
prec1p1§§d%§%:%p‘@é%&g§?&qts g?)gs efell $3 Rédefing BIQubsBRLEt sicateldnd acid

ent 1 n"an anbunt between 20 and

85% .y vol une ,of the ulti RiGGiRi tate
reactants ‘T"iﬂt‘é a 5B 8%‘1‘1{°emﬁ‘§}“8?{? tg?xﬁf‘%r%g&i %ﬁé&?ﬂ%ﬁg eci pi ‘%lrgt ed
. Ssilica conponent | resent. i n,an. amunt of .from. 80 t
precipitpsshojiearompmpcnts 4 pLbmraliged RALITATOS R aRpifbh Rickenind
preferably present in a high structure form. Althou%h
abrasive eteriab througlf thisqirogess shaxaoung of gelis prefargly blghgn{as gote
material nay be as | ow as 20% of the conposite
above, IE20 @l §5% b veluatel of tsuampusite poefetablysfromdh th6§%e and the
mai nly because it was found that the | ower the anpunt

amoun®df 186! strRE@RSSecipititbd §ilida isiprefisablynglatibelgdow €astetvansi al |,
the greater anount of high structure precipitated

posF BRI gy AR gl
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
geV/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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be produced is preferably relatively high (from45 to
65% 50% nore preferably, for instance). Such

weeoocost7ages of gel component actual ly represertT/UR®05/035924
anount of silicate present during the production
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it has been determ ned that such
tOIUDQS%gﬁé ?9é§ﬂfﬁ} ng abra5|ves may be produced through
a nethod of admi xing a suitable acid and a suitable
silicate starting material (wherein the acid
_concentration, in aqueous solution, is from5 to 25 %
Denti t teri?l9% and nore preferably from 10
to 12% and the concentrationof the silicate starting
IEteciniaitive $n Sinogendratedl gébrecipinte silidaiompasiteafiiRHbIS
solution), to initially forma silica gel. Subsequent

descritle@ h8Rlin frﬂ? BButiffed Ao dsctheBkaihd h&At fo eﬁﬁ’ﬁl viie& in the

added (w thout any appreciable degree 0 ng, or

dentlfrﬂz%: Qg{?ggylﬁﬁsxs ({f tR{éﬁﬁJ fi8h 'aglﬂo%g%  ptis k‘or I,c eéﬁ%ltgico gory

or rfe ur t
h,st itated silic co onent
mate“%%%ﬁ"r@' d?fs{ev-‘/a‘t“ﬁﬁm‘@ VR T bRRASCep g’é@@ﬁaameaf

to be formed. The pH of the overall reaction may be
Thus, .eambiaatioaet Abg/ipmenteye\sompiopite materiala yathsithes abrasives physically
Dependi ng on the anmount of gel initially forned, the
blended, ﬁmmmtlawdhmtarsmablc dentifripe Garinpildtiah édpatentiaty peefopedizrthis
may be targeted by reacting the subsequent silicate
regard anetdeciodicesrd edrgeted dwithlhileunhgandabasiodiresulB ai a'esiredf or m
greater amounts of high structure precipitated silica

protectRRTRRINEThSs, ahy nddABerdFSfher EGIVehBhAl %Ef bf'?] ac{dﬁllvses may

provi de a thickeni ng abr asive materia

be presgﬁt%gﬁﬁ %%Jvcgﬁv?&%%g 9%’136}*851 é’w&e‘ﬁ%}g %n? ?{g I'ks{he ‘( as,
o R oo S, T R A SR

relatively |low (as | ow
carbonate (PCC), ground calcium carbonate (GCC), dicalcium phosphate or its dihydrate

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

desired, as well.
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possi bl e), while the anobunt of high structure
precipitated silica is preferably relatively high
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100, 000 revolutions, and, within a test dentifrice
the abrfagivergpmpositior(sad tins 'eslemimdcdmbm'mw tani contpinise thedoilowsy
RDA (Radi oactive Dentin Abrasion) val ues between about
possibROngredithBuind 3€lati e dindqubitd thereof (a8l asdRtstif Sit %):
dentifriceformulation) PCR (Pellicle O eaning Ratio)
val ues of about 50 to 80, with a ratio of PCR to RDA
within the range of 0.8 to 3.5. Dentifrice Uses of the
ol terials The inventive in situ generated
Dennﬂl‘&%/?&rrrdec??p:}{taat e silica conposite materials descri bed
her ei n may be utilized al one as the cleaning agent
ﬂ)@%‘ provi ded i n A& Yentifrice conposi tions of
t hirddit é {9%n, al t hou at | east for the high
cl &Hmepgniés i} v matee 7&I's, the noderately high RDA
| edleionizad yatns unaccept5ame to sone consuners. Thus, a
coider(s) on of the i n0SHR.0ve conposite materials Wit h
ot lasticanies agdnves physi 04l2.¢ bl ended therewith within a
suichelbiigy sfenf(s)f ri ce foumg ation is potentially
pr eflRh kigekenBr*t hi s regang in order to accord targeted
derAhciplt@fni ng and afrasson results at a desired
prapasktve | evel. Thu%éany nunber of ot her

cog%gagdlgggéenftypes of<f\ rasive additives may

coloring agents <1.0
flavoring agent <5.0
preservative <0.5

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

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

wo pbisiz19 f or exanpl e, and without |imtation, PCT/US2005/035924
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wi% torabpuatt 30t nba tiothpaktercenipositibh. anounts in w 9% :
Dentifrice Formul ation Ingredient Amoui Liquid

‘gal;g@hﬁ's ntayrBecidded (oSthe (dotipabte compBsifleh RNinfaet MALKing taste
to the pr(;duct. Suitable sweeteners include saccharin (as sodium, potassium or calcium
saccharin), cyclamate (as a sodium, potassium or calcium salt), acesulfane-K, thaumatin,
neohisperidin dihydrochalcone, ammoniated glycyrrhizin, dextrose, levulose, sucrése,
mannose, and glucose.

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

sarcosinate, palmitoyl sarcosinate, stearoyl sarcosinate and oleoyl sarcosinate,,

polyoxyethylene sorbitan monostearate, isostearate and laurate, sodium lauryl
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bi nders) 0.5-2.0 anticaries agent 0.1-2.0 chel ating
agent(s) 0.4-10 silica thickener* 3-15 surfactant(s)

w@2m6@5510br asi ve 10-50 sweet eni ng agent <1. 0 POI/0s200§035924

agents <1.0 flavoring agent <5.0 preservative <0.5 In

sulfoacggéi, Ni-lgiﬁzory]ﬁs%ré&hﬁgﬂﬁ RediGm, pérassivny,emtlicthanelamiss sakts oBNH- d
e used i nh conjunction with other abrasive material s,

ot YRR SENBA LG SR e e rac
met asi |1 te, i A i ) i
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cal ci um carbonate, chal k, bentonite articul .

like. Sadinen sdtsulfalg is @ proferedriuriaetanty TB%?‘F%‘B&@‘ i&ﬁnﬁgﬁfrgpfesem mn
materials known to a person of ordinary skill in the

the oraBdare tdmpabitidnis of teqpredent inberdivn iwar ampur@iaboutifel to about
dentifrice may also contain one or nore organol eptic

15% byPRBRRAE ipRde@BB Hbout (B3Ba0 aba 5Chewbiht istch agfeah about 0.3 %
i ncl-lude humectants, sweeteners, surfactants,

fhav : col orants and thickeni
to ab Y QL 3 St . i ckeni ng agents, (also
ca ouégrﬁéf%&rres&&nom as binders, guns, or stabilizing

i ge(\{%b?x)g .’ag?rﬁsnggtt M 1? ]c%x}e \égdgtgﬁ’ &(g?ﬁ%tigxg&yco%péé%%.@ﬁmble

flavoring agents include, but are not limited to, oil of wintergreen, oil of pepperminf, oil
. of spearmint, oil of sassafras, and oil of clove, cinnamon, anethole, menthol, thymol,
eugenol, eucalyptol, lemon, orange and other such flavor compounds to add fruit notes,
spice notes, etc. These flavoring agents consist chemically of mixtures of aldehydes,
ketones, esters, phenols, acids, and aliphatic, aromatic and other alcohols.

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

Thickening agents are useful in the dentifrice compositions of the present
invention to provide a gelatinous structure that stabilizes the toothpaste against phase
separation. Suitable thickening agents include silica thickener; starch; glycerite of starch;
gums such as gum karaya (sterculia gum), gum tragacanth, gum arabic, gum ghatti, gum
acacia, xanthan gum, guar gum and cellulose gum; magnesium aluminum silicate

(Veegum); carrageenan; sodium alginate; agar-agar; pectin, gelatin; cellulose compounds
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preventing the dentifrice fromdrying out. Suitable
hunmect ants i ncl ude pol yethyl ene glycol (at a variety
woboodios7ey ent nol ecul ar wei ghts), propyl ene gl BCDU$S2005/035924
glycerin (glycerol), erythritol, xylitol, sorbitol,
such asmeHulpsd, cabagyrhéthy], ceﬂﬂﬁ)s@,ﬂﬂrﬂﬂﬂ?&ﬁ??&llﬁk@é q:gdrox 10 _
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lluld$ePhydb [ bout, 20 wt %t
O el P A3 R bR RGN e ores ety
y t t oot hpaste conpgsition to inpart a
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ectory S Srasnyell asyixtires of thess campewndsmT ypisablewilsiof thickening

calciumsalt), acesul fane-K, thaumatin, neohisperidin
~ agentsqribinglescara fiognaboutthva?i tatabdutgllSyetys ofa wiothpaste xbmBsStion.
| evul ose, sucrose, mannose, and glucose. Surfactants

afkerapradiciaperithisre optipaaiytised i @6 c&nhﬁos_‘i’t'i(ﬁl%%ﬂhé;:ﬂ}gs%ﬂ{ i on
to make the conpositions nore cosnetically acceptable.
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inventibngo ﬁhtf\fi@é?foﬂme préveRfish ﬁﬁ@gééfm.@ntqﬁglgétﬁi é’a?iega;}gﬁéhq%%}rﬁi%ase

which inparts to the conposition ersive
and teBpOREHELE LSitivipy| actants are safe and

e?f ecti v?lgr‘fgg’n%sgg%ﬁ legﬁf ﬁfag?‘ﬂl?aﬂgf:%tﬁ’i ”(‘f‘%h% Hitengling to be
. ' ri.oni c, anphoterig and hetaine surfactants such
limiting et SOt ?"é‘b‘%"*g?’lng?%ﬁ pf %ﬁ‘ﬁ‘}mg]é’ﬁflﬁ‘?nsﬂ@a@dypﬂ%@thSphate,

tas sul fonate, alkali netal or ammonium salts of |auroyl

potassiugy guoiiporephophate; stgpnousdhwnde, mmtassiupaflutirideydodium

sarcosi nate, stearoyl sarcosinate and ol eoyl
fluorosyigates ammeninm flpotoyidicgtetany terikes corldiehsad p aleS AR,

i sostearate and | aurate, sodium | auryl sul foacet at e,

tetrasodiutrepyroptospiaute; actiapastitin ;@%ﬁhluﬁﬁha&%ﬁéauﬁ;qihﬁdgggen

et hanol am ne salts of N auroyl,” Nnyristo
oSS ALl
hexmét@ﬂo@ﬁﬂa@&?ﬁﬁ%ph%%ﬁit&%hd ppaylr(r)r;i)htogéha?eesf glicg Gs ?ngtixgilgsobial
agents such as triclosan, bisguanides, such as alexidine, chlorhexidine and chlorhexidine
gluconate; enzymes such as papain, bromelain, glucoamylase, amylase, dextranase,
mutanase, lipases, pectinase, tannase, and proteases; quarternary ammonium compounds,
such as benzalkonium chloride (BZK), benzethonium chloride (BZT), cetylpyridinium
chloride (CPC), and domiphen bromide; metal salts, sucﬁ as zinc citréte, 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.

29



i ke. Sodiumlauryl sulfate is a preferred surfactant.
The surfactant is typically present in the oral care

W@ oopsi7ie ons of the present invention in an aPODNE200$/035924
about 0.1 to about 15% by wei ght, preferably about
oPBgs1vetivds oty A5 beyopaienaihyt added wﬂmscompomlabmﬂthé) pidséfit
to about 2% by weight. Flavoring agents optionally

inventiantolpeevadtipgidrial gonith.fSuiBle GReRARLIVECHPro H'f(}ﬁﬂlﬁ%
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chelatiogisequestesingagenss virahing, drigaciak Qiraeing, R éi)‘t’leﬂa(ﬁl)é/ann-
appropriate regul atory bodi es such as the FDA and

lculdshi@ests) b u pg@nf
eae II§|hi‘rgectS [ v";”gﬂgﬁ% arllt?‘lﬂgl&ll,l%e&gl gment s, %BES Eﬁa‘[ﬁ’:ﬁg’ggﬁ%‘ﬁd

D&C dyes Thi ckeni ng agents
OdeIZﬁggg%g%’%H tE%Lgentl rice corrposi tions of the

ent n to.provide ,a . nous structure
ﬁ?% Bl ket Of Bsipiop Bod Gamidifonmabeaddiives
aration. Suitable thickening a ents i nclude silica
memwt’ -c K water isipaplereblydeyenizqdianddreent ampuritiegu The sientifriae will
gum karaya (sterculia gum, gumtragacanth, gum
usuallygogiprise frpamalyiva 20 wvt%gmabamadnu,% sfwhiean gum guar gum
and cel | ul ose gum nagnesi um al um num silicate

(Uéehdsilicn tidekenegaonatilizatiofl withirtdugh B%&h}ﬁ@ﬂﬂbﬁﬁ%ﬁon
pectin; gelatin; cellul ose conpoundssuch as cell ul ose,

include; a§ BasN IRty ea@ip1s! A% Foeiitied s

a8 Dau MR p orphéRls Breti sHRa'sHLPRE
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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STianvanioss §ilivoiandieothpadta tdentifiick) popedies dsRetbetherein were
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measufeQRE FARAA, DMRSINALAR difefwiRe t et rasodi um N
pyrophospﬁat e, tetrapotassium pyrophosphate, disodi um

S 2 ri i um nonehydr.ogen
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preciplgied SRR A e et b LS BePlean et Belsserthoh et oY S-
- such as al exi di ne, chl orhexidine and chl or hexi di ne
Pat. Noy 6, §siH beincatppiatecdsheseia foy aefepsapaiinvol pesameliniehner AT-1000
gl ucoanyl ase, anyl ase, dextranase, nutanase, |ipases,
- Abradgregenéralls vsedtaa fioldes: (BredF qurdrirdesslrass winasdresnniameighed and
amoni um conpounds, such as benzal koni um chl ori de

exposefl i the, achiemafi NO%iaquraiiIsiich d8speReddn forGefNedMAIEbNiHE (2)
chloride (CPC), and dom phen brom de; netal salts,

the am&tHi/df 36radibR & hid BAkEninéd Ekcmﬂﬁéﬁmé%?ass 35 £rohARE PYGrdrinier

| uori de; sangul nari a extract "and sangul nari ne;

f
v s 100 S 2 TP s TS B
charactteplged as the 10% brass Einlehner (BE) abrasion value. ‘

The oil absorption values are measured using the rubout method. This method is
based on a principle of mixing linseed oil with a silica by rubbing with a spatula on a
smooth surface until a stiff 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
pér unit weight of silica to saturate the silica sorptive capacity. A higher oil absorption
level indicates a higher structure of precipitated silica; similarly, a low value is indicative

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

value was done as follows:
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i ke. Therapeutic agents may be used in dentifrice
formul ations singly or in conbination at a
wo bevapews i cal |y safe and effective | evel . Preseemasi00ee35924
may al so be optionally added to the conpositions of
the present invention to prevent bacterial growh.

Oil abSdpli@b=e pr @561l WBdorbes appr ovedxfpyg use in oral

composi ti onv%ei?Hﬁ;fs‘?ﬁca | par aben, propyl paraben and
sodi um benzoate may bé~added in safe and effective

amounts._ The hfrices disclosed herein my also a
variety of dgﬁ/{ipg%mflﬁ&} edi ents such as
desensitizing agents, healing agents, other caries
preventative agents, chelating/sequestering agents,
viré akirst stepapmeasusinigdsiragsive inden £ Rlo) prd degree of light
anti - pl aque/ anti cal cul us agents, opacifiers,
transmassianh a odrige ©f ghnerin/matey steck sdntionsegshoup HOxwad preparad emthat
oxi di zi ng agents, antioxidants, and the |ike Water
the refRiceivé Bdex bhthefadohitims Giks bdiGe&PIMDShkd PAGT Thadgidii on to
the additives nentioned. The water is preferably
o i - ) Ciri "
glycerﬁll%ﬁlgli éﬁgs Alded H@;f%ngfon outal:ttz%ﬁ\%tnnm@d fs Jege?%&e&ﬂgfthe

usua con‘prls_e _rom a_ %to a _OUt \ _ _
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non-1jimting exanple, a nor phous precipitated silica

of 70 e p Stk i) walss T 3?%59%&@?%%&%% ene Pt WsUgRPs
non-limting) silica thickeners are ZECDENT(r) 163

of eaclystandsrd 3@utiamid soROREFMiaced 58 thelfived platd pbr rfeBtandtpr(dbe
all available fromJ .M Huber Corporation, Havre de

60 RefaacanpetétModd). 19450). Adie coverpnpgdste of fixdd andilockedtintorplace. The
"dentifrice" has the nmeaning defined in Oral Hygi ene

light sRiresiiet e fraftomble aiel shitchddérd 1 R dftacti CORILRBE eaehi MR d
and Technol ogy Seri es,

solution is read.

Into separate 20-ml bottles, accurately weighéd 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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Vol . 6, Marcel Dekker, Ny 1988, p. 200, which is
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as follows, unless indicated otherw se. The Brass
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ol ' = 0 rader
produdt U as e Pol R A b B Bk et PO RpElor x-
Wi T, een.is wei ghed,and exposed.to the acti of a
value) Yyifie B kel ¥ AR e o iRy 3valietok alipeRi of fhegreak
. tinme; &é)o 1Lhe amount of abrasion is then determ ned as
maximym yag, Igpspaigtanesst from the Fourdrinier wire screen
per 100, 000 revol utions. The result, neasured in units
ofherfyriaessarea ehihe ipeecipitateslcstilénalstlicd gebrepbredlbyeibisdaermined
Ei nl ehner (BE) abrasion value. The oil absorption
by the BRTussogamedserption etbthol ofBrivherr etd1QUt AR Chad. SIi6, 309
met hod i s based on a principle of mxing |linseed oil
(193w th a silica by rubbing with a spatula on a snooth
surface until a stiff putty-like paste is forned. By

MBRYYMal Péte VBRNIUEY) if el lJy mercury porosimetry using a
Micromeritics Autopore I1 9220 apparatus. The pore diameters can be calculated by the
Washburn equation employing a contact angle Theta (8) equal to 140° and a surface
tension gamma equal to 485 dynes/cm. This instrument measures the void volume and
pore size distribution of various materials. Mercury is forced into the voids as a function
of pressure and the volume of the mercury intruded per gram of sample is calculated at
eabh pressure setting. Total pore volume expressed herein represents the cumulative
volume of mercury intruded at pressures from vacuum to 60,000 psi. Increments in

3 . .
volume (cm’/g) at each pressure setting are plotted against the pore radius or diameter
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required to have a paste m xture which will curl when
spread out, one can calculate the oil absorption val ue
w®Roobhgr7sd | | ca-the val ue which represents the RO/USE®0OD635924
oiI requi red per unit weight of silica to saturate the
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to achisvep siem vodarse of 25 75%fin apoivder pendeaméteRivith ao skl Belpraae a
of light transm ssion, a range of glycerin/water stock

stem veRIm# ¢faBsut(I2bailt SaMBlesVﬁé ePIcARRE ¢a pRs$rEbS S8 Bm of Hg and
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held f(ﬁ@%fh @ MIﬁﬁrff{ﬁsC&:e 2 Foh{ 485 56 obé‘bléigﬁigé ? %cﬁ)g% by

epen on t e “exact ycerin use

ethb%h%ﬁé“h e HRe To s S0 TERn PO of 70 w o

0 wt%lg ycerin in water. To determ ne Refractive
i Ma an parkgle sizedsdetermyped wringa Model BARI0( 08 bAL1000T ans

separately placed on the fixed plate of a
equivaleat)rlasst bglétseatte(ma inst@meRedvaiablo fmeHoNbal bistrifb®) . The
covering plate is fixed and | ocked into place. The
Boothwymg Penssyivaam. and refractoneter are switched on and the
refractive index of each standard solution is read.

W%Qrﬁ&&%ﬂﬂé%cﬁ@m hdXBHheRS of ﬁl@é}%ﬁeﬁ@élﬂe AErBlEsh ¥R Darticle
2.0 +/- 0.01 m of the inventiv /precipitate

size spith Hio%Anf W%e?%@%%% ity alﬁogba faserfight scitetly €2CN

respectiv
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 percentile (D90) divided by the diameter of the particles in the fiftieth volume
percentile (D50), i.e. (D10-D90YD50. A lower span ratio indicates a narrower particle
size distribution. By “particle size beta value™ it is meant cumulative diameter of the
particles in the twenty-fifth volume percentile (D25) divided by the diameter of the
particles in the seventy-fifth volume percentile (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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stock glycerin/water solution (for products with

nmeasured oil absorption above 150, the test used 1 g
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of the stock glycerin/water solution). The bottles
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silica i5iplsed fy 7Bl deeker math K109 ot € TAB. sobitioni(6:5 g/ enixed on an
Yransm ttance ("% M) at 590 nm (Spectronic 20 D+) was
- electriggtisplatedormf heur, thep ceatnifilged fore3(umitextkstan 10,000pm. One m! of
tenperature (about 10 m nutes), according to the

10% TirionXakel0us eddes! to[5anbéf the cleiSfupbifibiaii®-a 100€m! beaker. The pH is
%lransm ttance was neasured on the inventive

adjustélf @BUEB/50) e 61 AL thH SREMRNID feri¥d Wlﬁcd@l?)gekg Sqdium

al i quot of each dispersion In a quartz cuve

aury! S8R Rt €8Tl b2l TR BRI B etk

d iﬁlutions used was plotted on a curve. The Refractive
endpoifidex of the inventive product was defined as the
position of the plotted peak maxi rum (the ordinate or
Xihg 6y areshimesidapr efitharinventivessilica.is trieasuRtd wtilizite a Uise
Y-val ue (or abscissa) of the peak nmaxi num was the

Stand29drSimme Mot 32 oxth Fhmicson H60.00 BY @sh oﬁexﬁn(hjg@ (BtaRgdsPhieatveic
silical/silica gel reported herein Is determ ned by the

loth hingQOEN0 ERhplO R H8 i i :
0 )?Em%%lqﬁgﬁ] Soc,gﬁ%g, 09 (19%%3“?5%25{&{3{@%8%?%‘?% Sieq“a“

Hami Gl AN 9, ST B PEITFL Bl B
water £l Q{[H{n%"tﬁe gﬁpryk}gr gt%a%y l7 ?&ig.drrg}{sfgrhtﬁe 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 the residue to one side of the screen and transfer
by washing into an evaporating dish using distilled or deionized water from a washing
bottle. Let stand for two to three minutes and decant the clear water. Dry (convection
oven @ 150°C or under infrared oven for approx. 15 min.) cool and weigh residue on
-analytical balance.

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

900°C for 2 hours (sample previously predried for 2 hours at 105°C).
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Washburn equati on enpl oying a contact angle Theta (q)

equal to 140 and a surface tension ganma equal to 485
walyovemsme Thi s instrument measures the void vedT/IOBR2085085924

pore size distribution of various materials. Mercur

| Bhefpdt ealdes ofitiee tehetionomtksuras (Sawéightceisbnry) fenpruntesed in tgﬂ d

the volune of the nercury intruded per gram of sanple

present BiveloaltaA be thodlitoRAVY Ay RFwNEosAPH R@isitivotRbred €
vol ume expressed herein represents the cunul ative

vol ume of nercury intruded at pressures fromvacuumto

S$hA0R sPRte ARG IR '?ﬁ%fﬁt@d ¥ LHBRIC GitVED a RlovP&dhcentration

pressure setting are otted agai nst” the pore radi us

of sﬂlcaﬁgg{a'a %gﬁ%%bé‘%ggg@% \r}v% €s ! heprlg gg%%[ ed ‘i:"nta a'?)ge guart

versu

pore. radi Us or ter r rresponds to

mixer Pip giigniion Heath BSer meé%il%qan O SR S e
common pore size in the sanple. Specifically, sanple

was added.eThesslaaty was adxedofoné o & yanetes tleam the blurry vefs tepsfeged tna
a powder penetroneter with a 5 nl bulb and a stem

250-mV glathige déyliabieruind khél cytindeiShibga] tesha2 -V amdatvitt denized
pressure of 50 mm of Hg and held for 5 m nutes.

water, N?lhg Wewitbd th Finkd8utiBE BExdric@p? ThSsdnipl® Wal Hix&Bby ivEMing the

Second equilibriumtinme at each of approxi mately

8 5 S By P EAR B ok P
yi, val I atterjng i.nstr. '

con SORALds0uRE R Yo R Lo BER TR the stusry.
Pennsyl vania. Two criteria for descri bi n?

Sodiurp syfath eqriens iwas detegained by sompatasogiof the By %?Pnéif‘%t“’lty with a
particle size span ratio and beta val ues as neasured

standauismmge generatdddofzorh kgewn lmezglmd-csfcaidttm sedivmsitlfatarsiliea By
"particle size span ratio" it is meant the cumnul ative

compofitienslugriesof the particles in the tenth percentile
(DO mnus the cunul ative volune at the ninetieth

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

pressure P/Py=0.99. Average pore diameter is derived from pore volume and surface area
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vol une percentile (D90) divided by the dianeter of the
particles in the fiftieth volune percentile (D50),

WO 206/0§D190- D90) / D50. A | ower span rati o i ndi cap@BUS2005/035924
narrower particle size distribution. By "particle size

s BTk P TR P Tl ey
v ol B2 SRRt b ey

. hi gher beta value indicates a narrower particle size

thicknegs &irve e iveas useiwith eieasizearnganftlatto ¥0dhnm diamdtere withs
deternmi ned by absorption of CTAB

zero fractien pf poresrepdnydtdotirandsi um brom de) on the silica
surface, the excess separated by centrifugati on and
determ ned by titration with sodiumlauryl sulfate
The t@tﬁpa@tér(ﬂaﬁtméﬁ)eﬁ&@&iqu eneadired aulifingaBrédkifehre of
the silica is determined fromthe quantity of CTAB

Viscomfefls Mk RW@%%%J@ wath SFHERLARE TOF §piRdl€ akd %eft’ go S rpr by

adsor ption). cifically, about 0.5 g o ITica

| aced. 1n. 0- ker,wit h..100,. CIAB sal uti,on
measurfig 8 §ist e oF e {BOBER G20 ke AL By B8 oy
hen centrifyged for 30 m nutes at 10,000 rpm_ One m
descendsrtirmygh e topfiPae ts6! PSR EEreRiE e fsmulis, Eroaidisld
. .supernatant in a 100-nm beaker. The pHis adjusted to
viscosity ipexpressed ithceptipoise (€). and the specinen is titrated
with 0.0100 M sodiumlauryl sulfate using a surfactant
#he Badiodeti eBDéminnebrasiGURBA) vidugs éfaledifrieesicontaihing the
endpoi nt. The % 325 nesh residue of the inventive

silica cérhpdsitdors WsEERSHIs@hventibh bl determidddAccord MBI i nRbtBYEsNO.
325, with 44 mcron or 0.0017 inch openings (stainless

forth bytsﬂgﬁéreﬁ\,’i Jofirrfal 8f BéntRYR AL} g@j—ﬁggtﬁt 1676058 Lﬁ,nﬁﬁ‘ g%—h@ 3 fhd

e nearest 0.1 graminto"the cup of 't

describdd 11 Whth X By MBI 3 0054330 4,895 s AP 99, WAk&1 Y 170
publications and patents are ipcorporated herein by reference.

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

depending upon the nature and concentration of the components of the dentifrice

composition. PCR and RDA values are unitless.
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water and stirring the slurry for at least 7 mn.

Transfer the mxture onto the 325 nesh screen; wash
wonochbkE1zup and add washi ngs onto the screen. PAOUSBINS/035924
water spray to 20 psi and spray directly on screen for
two m nut es PréfepredyEfbadinsditsibOithednheadtibrabout four to
si X inches above the screen cloth. Wash the residue to
one side of the screen and transfer by washing into an
CYRORIaitivednlbridls WeleBesir&d by $ctleRiallTb@MNng €6 ¥R £first

froma washing bottle. Let stand for two to three

s G 5 BB 5 S5 R0 Pl P APLGELAER o
N I N L

.Silica sanple weight |oss at 105C for 2 hours. Loss on
gel-like gteriably Theamountof ged isreagotediby thejquantity o reactgsisgn the first
| oss at 900C for 2 hours (sanple previously predried
stage winite the hmonst aftpreclii @, siliva ip tbntailied dy dhe quratityeafotaatants in

m xtures (5 weight %slurry) encountered in the

the sedoh@s@pé. THY a@Rich@® of &8 ﬂ@l@lsﬁiﬁ_ﬂildt Q¢ &shtfdYled By tIEOMNARM bPHA|
pH sensitive el ectrode. Sodi um sul fate content was

Dt " . ¢
first pﬂgiﬁé&}dra@ ‘i'TlQééd P Ihe Yol Jr‘)ablr?c;};’n?ast,éggﬁlgﬁ QONERRL FALLAD ©

[1tca slurry. Specitic I ca wet cake sanpl e
art .m xen

s weighed into a _one-qgu cCup o Hami | t on, .
param 8%, A% e R st O P 38 of g, o sis S
ter was added. The slurry was mxed for 5to 7
greate;rlﬁ%[ V€t hen the slurry was transferred to a 250-ni
graduated cylinder and the cylinder filled to the
250-m mark with deionized water, using the water to

Initial ﬁepﬁﬁg&%nt he mi xer cup. The sanple was m xed by

g the graduated cylinder (covered) several
times. A conductivit t ch as a Cole Pal ner CON
500 Mbdel #19950- 00, m@gdﬁ#o determ ne the
conductivity of the slurry. . . .

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 ié first férmed as well as for other gel properties exhibited by such a sample. It
is important to note that the remainder of the samples was utilized in the further
production of gel/precipitate products below without any Washjng, purifying, etc.

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

(heated to 30°C) was added at a specified rate and for a specified time and the resultant
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Sodi um sul fate content was determ ned by conpari son of
the sanple conductivity with a standard curve
w@eovenst7ed from known met hod- of - addi ti on sodi UPET/US2005/035924
sulfate/silica conposition slurries. Further tests
till alyze the. struct
product Y SRFLIBFLEN, HEhSnt Lk RS gl T o St i e
itu | / preci pitate praqduct i t hod.. Included
and sufeapertiv, ashed Wity Wl ot ghout 6009 apg sprayidried Sedifealiestedand
. , accessible porosity was obtained using nitrogen
dried maferi jyeas shendesied frriagwniben ofpnopertieniznatedbrlew, thitesBafbr
(Barrett-Joi ner- Hal ender) nodel average pore di aneter
which wese dbdineatad kb eb d3he dolbowinp T ablleddnpludesreiutivn Parameters and
utilizing an Accel erated Surface Area and Porosinetry

condition$; [RBle( A0V de0 ARly RdPrdBti& thomBIdVhATaATrddued Feel groducts.

I nstrunment Corporation, Norcross, Georgia. Sanmp
. .20 i .
e was B0 AT el (O EPRI Rl bk B RCHNILE! RG5H e
fterin A S Oh B B sl e rmp B v to

diameter is derived from pore volunme and surface

further analyze; the fpmredgel forrertainipronsities. in pegosdasice avithi Eabld 2beloon
(DV/ DD) was ‘cal cul ated using the BJH net hod, which

Such apalysis et gtrerghy perfovinedrduning the actaakiangivefin gier production of
di aneters. A Hal sey thickness curve type was used with

the targeo pel/sédipitatapigiea 6mBindtidr) 189As ﬁlefd-lﬂ afl iereites detdirhite ifa -
zero fraction of pores open at both ends. The

silica gePRIdRES bRodu&Ninid iy Rl 1y ﬁrﬁﬁé&i&ythlﬁ}b%ggﬁ?%\%ﬁgaa&}ogpe g

utilizing a Brookfiéld Visconeter
purpost, Mhrehfine 1Bt Tid isBLR M8 RURREH S uReloBe i cafa oo
was unp e 3 ppeFe L FRsEiepied DA o A4 RN Al 7 dEp R fo
note tha;Btrtge? (l)<ifl ial?slogption 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, | 60 60
Acid Addition Rate, Ipm 047 047
Acid Addition Time, min 414 2435
Final Reaction pH 9.0 5.28
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viscosity is expressed in centipoise (cP). The
Radi oactive Dentin Abrasion (RDA) val ues of
walenwbiof17ices containing the silica conpositi ONBCTESD05/085924
this invention are determ ned according to the nethod
set forth by Hefferen, Journal of Dental Res.,
Jul'y- August 1976, 55 ( 563-573, and descri bed
in Wason U_S. Pat. %)A@Igﬁé 583', 4,420, 312 and
4,421, 527, EWBHI)BUbI i cations andlpatents are

I ncor por at erein by reference he cl e
property o?gggntlfrlce conp05|t| @-IS tygﬁéally

expressed gy s of Pellicle Ctganing o ("PCR")
val ue. The% test measures thesglbr [ tng(w

dentifriceqc osition to renove [licle Imfroma
t oot h under ]f%l}ged brushi ng condi tsl%gns h%BQCR test is

d bed I St
pent 1 111 coto ) ReARERUET U P35 D08 res.

1236-9, 1982 poth PCR and RDA rEsyl Its vaég dependr ng
upon the natl})re and concentratl on of t he onents of
the denti fg @orrposml on. RDA 1z lrl1 es are
uni tless. Pr erred Enbodi nents he I nvention The

inventive gpise grhf" S were pr eparel%:py sequ&pfr ally

formng (in sr afirst silica gel (or gel-like
material) piRfcR&YGhahhereto sufficient aypynts of
reactants to forma precipitated silica conponent
present sipaitRReRAUSy W th the gggtiallyy @goduced gel
(or gel-like material). The anount of gel

control | edchupt he/gauantity of reggtants |?11the first

stage while the anpunt of precipitated siTica is
control | edBRY, hhg quantity of regptants i g3t he second
stage. The ructure of the final product is
controlle %Q"ﬁ‘gpﬁ%ﬁﬂ?méﬁ gel fdg st progeced as

rel ated t PUBidRENA)f preci pi t at ed silica, as well

as reacti ofjl 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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paraneters, such as tenperature, rates,

concentrations, pH, and so forth, as discussed in
w@emaneridet ai | above. Initial Gel Formati on BXAVPEA05/035924

1-2 The first two exanples show the initial production

: b6 L i verall gel/precipitate
InSztu@jel/f’Hci ﬁthGJ)m Stl Jaam?niti al [ngodECti oﬁ, some of
these sanples were then washed and purified in o][ der
to analyze the resultant material to determine if an
act ual éel is first ¥SAMIdES3el 1 as for other gel
properties exhibited by such a sanple. It is inportant
thixamples 3+heentgined fremeabnuicl tofaboltd 3&abypvelsmeas! ad thig fdm
in the further production of gel/precipitate products
about 90&4 vabout 7734 by aolunvesretipatedsilicd §as Roted 8 the acborf ing
exanpl e, a volune of aqueous solution of 3.3 no

tables).! Thé Prodacts ¥mikd é)&aﬁhﬁesq{ad%ﬂfcﬁ 's{rh&ﬁ!req na!r%nﬂ% 'flgﬁh R

charged within a 3 [ on reactor a

ts were then
Stmcm{]tmﬁzwg&g%ét gﬁﬂ] ){ﬁuég/&-uﬁﬁg tﬁ%‘) acid (heat ed to
vvasa t. a.specified rate andfor
?p’g@l FiFR aVﬂ? dn el axalyme Af pusatIolYoR qfsadium
allowed to forminto a gel-like material. This
silicate g§licate Y olype A)10€ ﬁpercqu@oe@pmaors (fikieate/Condeptrotinshajiand a
with water (at about 600C) and spray-dried. Such
8i0,:Nez) tatiotod 3. 3awas charged witttie n redctonasd agieted thafed(dbpending upon
nunber of properties as noted bel ow, the tests for
the sizedtithdireabtog, thehdifa€iah Ssted M Fromlddut 60 kPMONH9 Bizh, Qiltixo%gh
i ncl udes reaction paraneters and conditions; Tabl

any speBfl My dRtARE ¥r SEcHS &B‘é‘é&u‘r% The freagw% %smﬁﬁkk we?é i.ésted to

produced gel products S FVI ent t
o N |
50°C a'ié“%e%ﬁ e ﬂhc@??nvg B 2008 S P %%?ka?eréhfoaet er

spec1ﬁe% tlme &{mg IAdthleOril 1me:WE‘)r e(F grnljigamp?g g Sf%? {ngtaglge the agitator speed

was set to 60 rpm, except it was increased briefly for 1 minute to 120 RPM during Acid
Addition Time 4 -5 minutes.) At this point, a specified Water Volume, if indicated, was
added to the formed silica gel. A silica gel was then visually recognized and the pH of the
slurry was tested and optionally maintained at pH 5.0, as indicated, by adjusting the acid
addition rate. The resultant slurry was then heated to as high as 93°C (with others heated
to lower temperatures, as low as 80°C, but allowed to continue to heat up to 93°C after
the second stage precipitation was started), and such a temperature waé then maintained
for the duration of the batch production. Subsequently, simultaneous addition began of a
second amount of an aqueous solution of sodium silicate pre-heated to 85°C at specified

concentration (Silicate Concentration B) at a specified rate (Silicate Rate B) and the same
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further analyze the fornmed gel for certain properties

in accordance with Table 2, below Such analysis is
wmoedocgertey al |y perforned during the actual i nvea/US®05/085924

situ production of the target gel/precipitate silica

_ . ( I . | : .
sulfuri€ QﬂB:af‘QEﬂéefﬁed H‘étg‘(%%ldrﬁ‘zﬁg RQ%;} ! 'ia.qfoﬁ%ltf lt@&g%@&xte{]og'téﬁ?s dtha

a Silica gel een produced Initia

rties thereof, for classiflcation .npurposes.
rate of RS TRRA bl A ianes 345k oF 3 pR8 s BEHP B Risneed s
. disclosure, any data that _was unavail able or _ :
Contmw?rf@f&é'&h étﬁeﬁ@ﬁ\r/ epHls @ spesifies) timg Spibigate AdditiansFime B) of; ¢
is inmportant to note that the oil absorption
sodiunpsibigate introductioms its Bdwiwas stdppedi ThepHgé theaearter ¢antantt wamn
indication of nor is it to be confused with the
contimebekgrmbritirédduritig the binfiafdods additibe stagd eTR4did &ddition
i nventive gel/precipitate silica conbination. TABLE 1

onin 08 RIS oA Oy i B o

SR ORI R
overalllp%ot(y ﬁl% (r%guﬁanlt balltc():hZV;é) d%(%peg 'to8 4%1 q%e ﬁnisﬁed batch was then heated
at 93°C for 10 minutes (digestion), while maintainihg the batch pH at 4.6. The resultant
slurry was then recovered by filtration, washed to a sodium sulfate concentration of less
than about 5% (preferably less than 4%, and most preferably below 2%) as determined by
monitoring the filtrate conductivity and then spray dried to a level of about 5% water
utilizing an inlet temperature of ~480°C. The dried product was then milled to uniform
size. Parameters used for Examples 3-7 are described in Table 3. The Acid rate levels for

some of the examples were adjusted during the reaction, as noted below.
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% 325 Mesh Residue 3.3 0.53 5% pH 9.76 6.90 %Na2SO4

3.97 3.18 WS, mm 16.3 10.1 Particle Size Span -- 2.10
w@2006/0817€0 Si ze Beta 0.39 0.43 CTAB, nR/g 207 2pdn/uRe5/035924

n2/ g 232 433 BJH Desorption Average 196 37 Pore

Di ameter (A) O | TABSBrPRéRfon Phrahfeféss 120 8 1 Pore
Vol ume, cc/g 2.1 1.29 BE, ng loss/1 00,000 rev. 12.73

Bl 1.457 1.451 % T 41 10l Situ el /Pr cipita}e

BCéi(oaﬁmﬁa)oés::likl?e Producti on EXAMPLES 3-7 gz(anpl esI §_7 I ;
ned frpom about 10 o abo 23% hy vol une gel an

Sﬁﬁ%éea ?%cnf‘\aﬁut 90%to about 77% by Véi une 13 13

cecipitated silica (as noted in the acconpanying
S?‘E\‘B’lteeg?l.“m%’ lhr oduct s 0f3% heseb®xanmpb8s hadsGsi | i c&0

structure levels varying froml ow

Acid Addition Rate A, Ipm 5 4.7 5 4.7 4.7
Acid Addition Time A, min 5 5 5 5 5
Water Volume, liters 0 0 150.5 0 0
Reaction pH adjusted to 5.0 Yes No Yes No No
Silicate Conc. B, % 14.95 13 17.35 13 | 13
Silicate Rate B, Ipm 9.6 12.8 8.1 12.8 12.8
Acid Rate B, Ipm 4648 47 4751 4.7 4.7
Silicate Addition Time B, min 48 42 48 42 42
vorage iil‘{““lme"“s 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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structure (LS) to nmedium structure (M5) to high
structure (HS). Afirst step was followed in which a
wo odoane77ed aqueous sol uti on of sodi um sil i cat ePCT/US2005/035924
(Silicate Volunme A) of specified concentration
(Silicate Concentrati onTABI®Y a SiOa Oratio of 3.3
s_charged within a reactor and agitated therein
Exa”evﬁéb@ndi ng upor® the sife of the reactd, the &gitation
0 peed was fro out 60 to ab 92 rpm al though any
A)Gépeed may be %ﬁjl zed Poor sucﬁﬁ% proc Qlure). the
ctor conte wer e ated 500C and then 11.4%
Stmcglg furic aci dnl%/\lgs addelgseat a &E;ecifi e grate A&¥id Rate
) for a specifhed ti (Acid Addition Time A). (For
/(’Ldl?%(an'pl e 5 for (lg'lr71$t ance%,igthe aéi%t at or gﬁeed vvé%5 set to
% L0 rpm except4.jlt was j.ncreased bri ef&g for 1 mnute
to 120 RPM duri'ng ACIé'AddItIO Ti me -5 mri"tﬁes.) At
% 32% Meshpoi nt, a specified Water. Volune, if indicated,
Residnas added to t formed silid%gel. B4ilica Qel was

o hen visual ly recogni zed and the pH of the slurry was
5/(’plt_lest ed and op?i@nallyiﬁﬁi ntai&l at pA95. 0, @43

) iepdi cated, by.adjusting_the acid addition rate. The
/()Nazlrsggul tant sl upgg was f'%fén hed:®d to a35nhi gh &88930C
MPS. (s th others 51 ted tg | ower tenperatures, as |ow as
'$0C, but all owed to céritinue 39 heat 148 to 9BdL after
was started), and such

. d st Lpitati
Partlcger?éec‘§ A0 Stgge pr eC%B' a Ig:béed fot-1Zhe dur¥ i on of

rature Was thefir“mai nt

p &gsei bat ch producti on. Subsequently, sinultaneous
articke 76 PR begahddf a Bond afdont of 081 aqueds

solution of sodiumsilicate pre-heated to 85C at
CTA&p&g‘fi ed conggtratienp (Silijgate Copygentrat i7@n B) at
a_specified rate (Silicate Rate B) and the
BET, mégesul furic 463 d at 81 speci bsed rat gy Acid Rate B).
Oil A %-rgul ation of the reactor contents at a rate of 75
ml/10 t1Be’gan af t g8 si mul ganeous jggidi tiopsof acig and
i cate commenced and continued through digestion.

Pore VAlurae, ca/gspecifdzd tinge(Siligage Addidon Ting B) of

BE, mg loss/
g 3.98 18.37 11.4 25.16 7.92

100,000 rev.
RI 1.457 -- 1.451 1.438 '1.441
%T 47 -- 30 4 10
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sodiumsilicate introduction, its flow was stopped.
The pH of the reactor contents was continuously
wososr7ed during the sinultaneous addition steQRUSIHNS035924
acid addition continued until the entire batch pH
dropped to about 7. LS~,PH was attained, the
acid fl ow was sl owe Whé% liters per mnute
aﬂd cont{;qged at such a rate until the overall pH of
t FrRARIES 1l 4 fonigined RbOW S St S p b yokumegebandratwut 765 ety
batch was then heated at 93C for 10 mi nutes
volume gregipitatedrs)licawhTheeprodiiats of thesecexaimples dbd kilipirstadctdte fevels
The resultant slurry was then recovered by filtration,
varyingdine derly dow se0ctine o hifdhf stiuBtue® N CEHbE atantilesOere ??e':paféaan
about 5% (preferably less than 4% and nost preferably
accordf) t8Whep ' R Wi LLtrate . q:
kel ewWhePhocafurdeiveh I B pél)é 3@%&5&%{ Wit atlltu%1 zggex%)etg{;s &aeg%rmed in

conductivity and then spray dried to

I /d.Zln i nlet t rature of ~480C. The
rabe B0 b b Pl ST 5l s, a0
Paraneters used for. Exanples 3-7 are described in
40,0005 08 yShuSieo VG 2 Seishon Boe of 200 Formen 1d 4 hgh ke e

were adj usted duri n% t he reaction, as noted

recircujptiog\flopnpteotabrutids0ditersaniame).er s Exanple No. 3 4 5 6
7 Silicate Cone. A, %6 13 13 13 13 Silicate Vol une A,

1 138 - 60 60 60 60 Acid Addition Rate A, Ipm5 4.7 5

4.7 4.7 Acid Additi Tinme, A, mMin55555 Wter
?@@@R@a@l% RagatBeteisn pH adj usted to

Vol ume, liters

5.0 Yes No Yes No No Silicate Cone. B, % 14.95 13
ExampledNoj3 13 8 9 10 11 12
Silicate Conc. A, % 6 13 6.0 325 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 8 141 11.75
Water Volume, liters 0 0 0 120 0
Reaction pH Adjusted to 5.0 No No No i\lo 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 45-477 47 4720 47 191.3
Silicate Addition Time B, min 48 31 48 32.9 35.3

Average Simultaneous Addition pH 434 802 7.1 7.9
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Silicate Rate B, Ipm9.6 12.8 8.1 12.8 12.8 Acid Rate

B, lpm4.6-4.8 4 7 4.7-5.1 4.7 4.7 Silicate Addition
wqaRos/0B;719vi n 48 42 48 42 42 Average Sinul t aneoPST/ASH05/035924

8.1 6.4 8.57 8.0 Addition pH Several properties of

ESeveril gﬁopgrti%s WEERaffle €8T Rde deeahidied Gcdofdih) & e nteatelsis

descri bed above and the results are summari zed in

- 4 : 7 % Gel 22.9 10
descnb}g.%s ‘ieomiﬁgﬁéﬁsﬁlé%‘?eg%%em fasb?eLg %LOD 6.7 4.9 1.9
5.5 4.5 %10 4.4 4.3 4 4.6 3.6 % 325 Mesh Resi due 0. 4
0 0.02 0.48 0 5% pH 6.61 7.47 6.79 7.09 6.53 %Na2SO4
0.35 <.35 0.74 <.35 0.98 MPS, mm 11.3 7.9 9.5 12.2

4.11 Particle Size Span 1.5 2.2 1.95 2.12 1.90
Particle Size Beta DABLE® Pepertigs 0.3 0. 46

Example: 8 9 10 11 12
% Gel 33 33 33 30 25
Structure HS HS MS LS MS
% LOD 5.7 5.0 2.0 4.4 7
% LOI 5 3.8 3.3 48 4.1
% 325 Mesh Residue 0 1.05 0.02 - 0.11 2
5% pH 6.14 696 6.15 8.03 7.52
% NaSO4 . 224 043 3.97 <035 0.2
MPS, pm | 102 155 103. 124 12.6
Particle Size Span 113 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, m/100g 185 167 142 58/53 122
Pore Volume, cc/g 297  3.05 2.9 264 212

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

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

8 1 Gl Absorption, m/1 00y 168 82 117 75 8 1 Pore
wW/edoans771¢c/ g 2. 32 1.66 2.18 1.59 1.59 BE, ng POEES2005/035924

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

1.451 1.438 L441 %’F&a }*'I L LOEXAMPLES 8- 12 Exanpl es
8-12 contai ned abou Ei'gmsg‘;?‘g’m unme gel and about

75- 65.% ol ume precipitated silic The products of
(pies L Sootied ot S0dedaefencaont B aresimtisi sidga. “The
fromvery |low structure to high structure. These
producgsofiihese sxgmples padplieasirustire leyelsganing fremdowcstiutues to very
] given in Exanple 3-7, except with the paraneters
high stosture.i bEese examplee wordprtmited aebalitdtthEprtphee LR enas
produced within a very large reactor, about 40,000
Exampllé 3-97 éxcept With Hieearathdiérs ABscaiBed ff T4tk FBeRG, of about 92
rpmand a high shear recirculation flow rate of about
3050 liters/mnute). TABLE 5 Reaction Paraneters
Exanple No. 8 9 10 11 12 Silicate Cone. A, %6 13 6.0

52:5 13 S 11 cat g, YAR ik A28, 90 200 60-3 6105

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, ﬁlin 23.5 235

Average Simultaneous Addition pH 792 729

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

described above and the results are summarized in Table 8.
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Acid Addition Rate A, Ipm4.7 4.7 4.7 4.7 191.3 Acid
Addition Tine A, mn 8 16 8 14.1 11.75 Water Vol une,
wo 2doens770 0 0 120 0 Reaction pH Adjusted to 5.P8c™MOSNO5/035924
No No No Silicate Cone. B, % 16.21 13 16.21 13 13
Silicate Rate B, IpmS%]E’ZSS 8.33 12.8 521 Acid Rate
B,Ipm45474747 477 191.3 Silicate Addition
Time B, mp 48 3 1 48 32.9 35.3 Averaee Sinultaneous
Addi tion oExampleN@g 02 7.1 7.9Sevédral propérties of
Exanpl es 8qld.were deternined acggrding tg,the methods
descri bed dbove and the results are sunmarized in
Tabl e 6. Tgt%‘g“‘% Properties Exa e 891 1 12 % Cel

33 33 33 3 tructureHSHS LS M8 % 5.7 5.0
i 8540405 ¥ 12 E%Spﬁ g 1148649é9? %58 h7R§§i &ue °
?8250112242‘%2,9%143 3.97 <0.35 0.82;4PS, nm 4Q.2 15.5

% 325 Mesh Residue 0.08 0.07

5% pH 6.75 7.83

%Na;SO04 0.59 161

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/precipitate
production as well as through changes in reactant concentrations. These examples were

prepared according to the procedure given in Examples 3-12, except with the parameters
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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, nR/g 318 191 164 50
W@ 200883771972/ g 522 242 194 84 118 O | Absor pti OPGCT/US2005/035924

m /100y 185 167 142 58/53 122 Pore Volune, cc/g 2.97

e Bl e AR oo
condm%éoég (g%t?/?od %@L§Bé‘? g% lguapé?i&]ﬂ”aé I%Sn IST]

ducts of these exanpl es had silica structure Ievels
fec‘rc‘-ﬁa&o ﬁ%w?‘f%rwllleéws aukteutilized ghoysamiedtighssheacteoiranlation
These exanpl es were prepared according to the
flow rqt¢ seExampled2ven in Exanple 3-7, except with the
paraneters described in Table 7 bel ow. TABLE 7
Reacti on Paraneters Exanple No. 13 14 Silicate Cone.
A %13 35 Silicate Volune A, 1 300 91.2 Acid Addition

Rate A, | pm 4. 714&B7[[Eq9i1{@a&gﬂ?&gﬂﬂet&jsne A, mn 23.5

23.5 Water Volune, liters

Example No. 15 16 17
Silicate Conc. A, % 130 60 130
Silicate Volume A,1 2442 8140 4884
Acid Addition Rate A, Ipm 191.3 1913 1913
Acid Addition Time A, min 5 8 11.5
Water Volume, liters 0 0 0
Reaction pH Adjusted to 5.0 No No No -
Silicate Conc. B, % 13.0 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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Reaction pH adjusted to 5.0 No No Silicate Cone. B, %
13 13 Silicate Rate B, Ipm12.8 12.8 Acid Rate B, | pm
W@ 2008087779 Si | i cate Addition Tine B, mn 23.5 2BCHUS2005/035924
Average Sinultaneous Addition pH 7.92 7.29 Several §
properties of Exanpf ;& determi ned according
to the nethods descrliﬂglégelgééo almd the results are I
su i zed in Table 8. TABLE_8 Ex le No. 13 14 % Ge
20 SEX&P(Sct ure HS VB % LOBS 4. 0 494 % L& 3.7 4.1 %
325 Resi due 0.08 0.071§% pH38. 75 7983 %Na2SO4
0. 59%;@311 MPS, mm 15.4 10. héPart?cl e Si zg Span 1.69 -

Part Kghé&ure ze Beta 0.44 0.Ag CTAgg n2/ g,<51 90

% LOD 5 2.9 4.1
% LOI 43 .32 4.5
% 325 Mesh Residue 2.6 4.2 0.43
5% pH 72 6.69 7.17
% NaySOq4 0.59 082 051
MPS, um 124 1321 1035
Particle Size Span 2.83 2.79 2.52
Particle Size Beta 029  0.34 0.41
CTAB, m%/g 92 151 185
BET, m%/g 91 166 265
Oil Absorption, ml/100g 79 115 150
Pore Volume, cc/g 1.39 2.08 2.64

BE, mg loss/100,000 rev. 2247 579 3.83
RI _ 1432  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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BET, n2/g 377 127 G| Absorption, m /100y 210 1 11

Pore Volune, cc/g 4.39 1.98 BE, ng loss/1 00,000 rev.
wa2006/08774% Rl 1.457 1.441 % T 84 14 Exanpl es 1Be1/¥S2005/035924

Exanpl es 15-17 reflected the ability to adjust the gel

E.‘?’Z?%ﬁ’%%?‘.%‘%@% B YEtF, oy iR B ellosey
polyettifne e %ogﬁwﬁh%e?%ﬁw i ppharghd %?w%wxzﬁeaﬁg{ et

wer e re ared according to the procedure given in
were dissod o a firstadmigurenl hedeinrizethvaien sedivtieuaridsed i n
Tabl e 9 bel ow and within the sanme reactor and under
tetrasodihm yaophoaphatasndsodamn siicchariiswers atsotraicted aygethepaml Rired,
above. Exanples 15 and 17 had no hi gh shear

until the®RGhgetientsi 06 disSIVEMB TornH 96288 aBmpimite ThEseltivo! auéﬁﬁures
the sane high shear recirculation flow rate as Exanpl e

were the o B TR S TSR A L BT i ul g
to obta%@‘lk%ées%g%a ﬁg‘%ﬁ’ ?ﬁlla% “Aﬁ%dl i 8? R%togs @ix:ﬁag]oc]fe%]ﬁg L])% 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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Wat er Vol une,
No No No Silicate Cone.

81

wRad06/087719 pm 521 339 521 Acid Rate B,
231.7 Silicate Addition Time B, mn 42 48 37.6 Average

Si nul t aneous Addition pH

propertie

s of Exanples 15

PABLES
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~

liters 0 0 O Reaction pH Adjusted to 5.0
% 13.0 16.21 13.0 Silicate
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water, %

e
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20.4

“
|
2
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)

0.

T

20

204

20

20.2

20.7

Carbowax
600, %

3

3

3

3

3

CMC-TMXF’,
%

0.8

1.0

1.2

0.8

1.2

1.0

0.5

Tetrasodium
yrophosphate

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

02

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

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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CTAB, nR/g 92 151 185 BET, n2/g 9 1 166 265 Q|

Absorption, m/100g 79 115 150 Pore Vol une, cc/g 1.39
WQ@208/0277690 BE, ng | oss/1 00,000 rev. 22.47 5. 78CBUSB0FN35924

1.432 1.454 1.454 % T 5 67 57 Dentifrice Fornul ations

T BSOS K65 RRA R B Pl

to denonstrate the ready-to-use on denmand capabilities

of ' i.v&; conposi tiops w thout fuyrtherin
con BRS04
r*?ggus’ﬂe HFReaNEE; #1s0 acsepiaplsds B ¢R00, pGMEsvailade from
Noviagli ycerin, sodi um carboxynet hyl cellul ose, pol yethyl ene
gl ycol and sorbitol were m xed together and stirred
until the ingredients were dissolved to forma first
adm xture. The deioni zed water, sodiumfluoride,
t EQ% dentidricafopnrlspiprsprapared abnye svee¢ evaliswetioa PCR andrRDA
al so m xed together and stirred until these
properiting Reclirding o theemethedsadesartbed abbve; theomeBaRtEn&d A3 WeN bethe
These two adm xtures were then conbined with stirring.

PCR:RID& iretidfstfor each entdpict Bstedul fRnQke PrRsided 4 datit 15 baibl, 'THad
to obtain a "pre-m x". The pre-m x was placed In a

PCR dBASSr FdrkRflatfdMedes ,nag?ﬁ% \IVQMOB%Q%FSHA& ggut‘xgés?eﬁﬁ? géta} Research

abrasive silica a titani oxl de were A
i - A. 30- i dt
CorpoifibBY bont AJHHAT el 2 B Yo B R i B i gt

Research Institute of Indianapolis, Indiana.

CT

TABLE 12
Form Form Form Form Form Form Form Form Form Form
1 2 3 4 5 6 7 8 9 10
PCR 123 00 153 95 76 64 98 74 97 91
RDA 204 143 233 182 66 . 73 134 23 117 107
PCR/ 0.60
RDA 0.7 065 052 115 088 073 322 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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m nut es.

Lastly,

sodi um | auryl

sul fate and fl avor were

added and the adm xture was stirred for approxi mately
wo200sn0sM7es at a reduced m xi ng speed. The resuPeEIE2005/035924
dentifrice was transferred to plastic |am nate

with

entifrice

provid i SR Babiorip

of .det erm ni ng

Qﬂiﬂm&k%ér%’i%ﬁtls

or mu

ation utili.ze ) e
Astes inenrpefatng Blendsef differeptisiliens es
PCR and RDA (as wel |

SO T A B T 1

was consi dered a

abrasives i relation te thefigyention desoribed hereinand conpar at i ve
Changes in the anount of

car boxynet hyl cel l ul ose to permt proper formation of
the dentifrice from phYABt&l13and aesthetic
perspectives were nade in certain situations with an

cl eani ng abr asi ves.

as viscosity)

of fset in the anmount of deionized water added, but the
overal | base dentifr|E@mu@ MEJrbladNFIr@0R! |FHmula
essentially static fpr the tesfs fjol ligwed as4notied
abov TABL@%%% A polyefhyTlene glycol, avgirapteifrom
t he %ch%rﬁ’ rBPdd Cof potlati on, Uparjbury, ¢ T12 A
car pexyaBtwical | ul ose gvaill abl.e firom the Agualon
di vl.sion & ¥ cul ek Corooratil on, W'%rri ngt %ﬁ DE;
al sppaiekigRivirer S TEKGRLr)| 28Pp. 1a 4 avay ,fabl e from
Novj-ant—The dentifrijce fornulatiogs prepdared above
wer eCavavaxadoedsf or HCR and |RDA3 praperiieg, agcornding
t o pHhe—rnethods—deseri-bed—ajove—thHe neasyrenents, a s
wel | CHE-TMEF,PeR: RDA [r atlitos |f ow.6each dentijfrpse
f or MRL AL, ar e provirded—-—Tabtei2—bel-gw—Fhe{ PCR
dat &{hop%@“' ations 0,5 3|, &3d § weise ¢btasned from
. » ft " 1 D, e b OChavr e ot ~Anl~ f [ )a
Sou Neastermr LTt ar [ReESCar g SOt potrati—on0—F—90 t
Al | |e¥pdiumpBasehanis, %oand t 9€ r emaPAi ng PER dat a02r o O al
Heall §0|2i Relg,ea[cn Instjitare f—diramapotis;,—tnd{ ana.
tum Fluoride, % 0.243 0.243 0.243 0.243

Silica thickener 1

Zeodent® 165, % S 1.5 1.5 1.5

Example 5 silica, % 15 0 0

Example 7 silica, % 0 5 0 0

Example 8 silica, % 0 15 10 6

Example 10 silica, % 0 0 10 14

ZEODENT® 115 sili

” 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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TABLE 12 Form For m Form For m For m For m For m For m Form
Forml1l 2 34567 89 10 PCR\1253 110000 153 9 5 76
W®2009/087779% 9 7 9 1 RDA 220044 114433 233 182 6GPCT/BSH8035924
2 3 117 107 PCR/ 00..6600 00..77 0.65 0.52 1.15 0.88
e Hertifie ool prarcA Bl Rl SRR HACIRtnd RDA
capabiljties,wth relatiye | ow,denti n abrasi on
properi3E &bttt &t ichetdS gPiibed el 1P Erap B Remanasorell anche
repared using a conbination of 2 inventive silicas
PCR:RPyy 126igs farieach dmbifrice fomplationaieaneyisie mhabls 14 beiow.
inventive silica and a comrercial silica (ZEODENT(r) 1
15 fromJ. M Huber Corporation) for Fornulation 1 1.
The dentifrice fornul ati ddd8Mel4 prepared according to
t he nmet hod provi ded above andwi th nuch the sane
i ngredi ents as descr FoemlabBaaulan Fadlula 1IEormtdie
follow ng Table 13 provi des tize formd as for4t hese
t ootdgpast es i ncor poratyng bl egds of ghfferent silica
abrasives in relation to the 1 nvention descri bed
her &3 TABLE 13 A | oWb8truct¥Pre preipitat&d silica

avaipcriskeafrom J. M Hglgr Coppgrati g Havrgggde G ace,
Maryl and. The dentifrice formul ati ons prepared above

wer e eval uated for PCR and RDA properties, according

e Lo T LBARS P S AR ARRY T phRRAPASHISARTS 3, 49 14,
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 correlatéd lower
RDA. Thus, it has been unexpectedly found that such an inventive combination permits

greater cleaning ability without simultaneously unacceptably high dentin abrasion.
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PCR RDA ratios for each dentifrice fornulation are
provided in Table 14 bel ow. TABLE 14 Fornula Fornul a

wao-oooosaE1For mul a 11 12 13 14 PCR 97 90 92 95 REAI/LSB0DE5924
97 113 PCR/ RDA 0.58 0.94 0.95 0.84 The cl eaning

aRijl 4l . ket - e | rtic r. For,mul
Blrahicts uhtifed SOBAAR 1100y, Mokt egwk%?gwnd e_xce?‘fem
ef fective dental,. pol i shi and fi)Jmremyval materia
aesthefiiq G EERES GsBrsionbn PReGRRgy, otiey pEthemsapicapt | on
of the Drawings FIG 1 shows in graphical _
represgrasioaditin f 16l tihis evidentgbatdhe qumppasatey epbRsigaidiléradsiof such
within sone of the dentifrice fornulations |isted

materigl do apt axhitibihip aaree deditell ipdiyast dapeltiche filiheteaaingsdflitiescy with
gel and precipitated silica, produced in nuch the sane

lower RDW afludsag Sifosél o8 the 0 Sl Yerehitdd ieventioR@ombititions. 658, 553
' to Rice. The sl ope of each line indicates the general

results accorded by each different fornulation and
IR¥Rist, NAFIG et l})‘(ﬁﬂ@éa%séo\/nrgagwgf iy ﬁ%l& ocrellpgllacilities
this invention inpafts greate h Lesu S W N
. DA... Thus, i as been .unexpect edl.y
of the 36 fYeh S S Coniinbl VB bogfiomnarRLHERS: iae& and
. . ..cl.eani.n bility wthout sinultaneously )
Prec‘“%ﬁ%?‘%gé}b%ﬂmaw ﬁﬁ%ﬁ&m@%ﬂtémt&gﬁ the soup¢ tegledantifriqefenulation
exhi bited acceptabl e viscosity, fluoride availability,
as listed ghovoy.c Hlis evidentdhat Heer¢ s fetificant differ¢rer inipesrall structure and

di spersion). Particularly, in view of the graphical
resultant function of these different types of materials as the in sifu generated composite

materials exhibit differing degrees of thickening over the spectrum of amounts of
gel/precipitate present therein than the Rice patent blends. Clearly, then, there is a

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

Furthcrmore, 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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representation wwthin FIG 1, it is evident that the
conparative physical blends of such materials do not
wezxdshs1719 he same desired increase in pellicl epdT/82005/035924

cleaning efficiency with | ower RDA val ues as t hose of
t.he.in u generated inventi.on, conbin

while giglsgreonsly ExBREE i amer pe B ABOSBBAC R srsby aHovding
the thickening capabilities of the inventive in situ

a moresgffectiye eloping matesigk with adowen nropansithissdeleteridistsnabads tooth
gel s and precipitates described within the R ce patent

surfacgswluringus¢.he sane test dentifrice formulation as |listed
above). It is evident that there is a significant
difference in overall structure and resultant function
of these different types of materials as the in situ
generated conposite materials exhibit differing

CRBNERS Blorkibh SHABE UG AIEN ahd BeBRAE Eﬁhr%&nce pat 3

preC|p|tate present thereint
nen, .there is cti n.in form
Pfefe"gé’ %‘ﬁ@ﬁ?ﬂnaefs ey it Pt e IR iy aicgred
den ifri S addi tives. Furthernore, FIG 3 shows in
those specitig, FE%P imepiserather itris yrended toenusTip@HEalend strcturgs srarural
vs. RDA readings for the inventive gel/precipitate
equivalegtsandiallaltamativé ehbodiments andinwdificatioes assnayolmpdatioed iy tthe
the same neasurenents for the conventiona
scope ¢fitbe appichdéded ainisl and @qatvakacedsre(c@gai N as neasur ed
within the same test dentifrice fornulation as
presented above). It is evident fromthis
representation that the inventive gel/precipitate
silica conmposite materials accord nuch hi gher PCR
results wth correlative | ower RDA properties than the
conventional abrasive materials, show ng the
significant differences between the conparative
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
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gels and precipitated silica materials provides
i nmproved pellicle filmcleaning benefitswhile
wa@ omlosEmeous! y exhi biting nmuch | ower dentin abeCBESDNS/035924
readi ngs, thereby providing a nore effective cl eaning
material with a |lower RrPRERRity to deleteriously
abrade tooth surfaces during use. Wiile the invention

. i ri bed and di sclosed in connection with
Fums%%kbﬁ?%”%§%§érred enbodi nents and practices, it is in

1 n mqg iptended,to limt the invention to those
s%é’&? PE10% PERSUCIRG 30 47 siyrpreducedi gel/prepipiiatedilivatcombination,
.. equivalent structures structural equivalents and al
said mgthod camprigiag dhersduentiat stepsrad modi fi cati ons as nay be
defined by the scope of the appended cl ai ns and
equadmixemnpcesifiiciettanothfd D dTk41B$iliaté alPaPReRatilORenr
1. A nethod for producing an in situ produced

togeth&lQtb/fone & sibich l%oﬁiﬂogiﬁ@n%ﬂpmﬁ&ﬁtg?staviﬁggﬁnﬁbaﬂ?ing, or

conprising the sequential Steps Xi'ng” a

e SuffdiG ] .al kali silicate and an
pmfylggisg‘gﬁg‘?gﬁg&%ﬁi cc?r%%ogsﬂho& to forma silica gel
ﬁﬁﬁ? sition;.and, .wthout f.irst washing, nodifying, or
ot RS 4sPUs iop i 1 69 il Bl cORBARIEGH @ Pelcieny amount of
subsequently introducing to said silica gel
an alkalipyicats ando acidilatingaigentito feroum pregipitaied silicawithout affatieg
and an acidul ating agent to forma precipitated silica
the silipa g¢lothierehy pewtucing atdel/peeicipitate sijéda, cohfbiraiby. pr oduci ng a
gel/precipitate silica conbination. 2. The in situ
produced gel /precipitate silica conbination nade by
the method of Claim1l wherein the silica gel anmount

2. ThOESRNProdltel SblprbSpitdt® HMie M2 B -
t ot a?r%gl / pr gcliybpri t%lt e g? 1I ?g(gnglgﬁ/%ﬁlgtg?éo . e%etﬁ(;}ﬁ)fc}mm
1 wherein the silica gel amount present therein is from 5 to 85% by volume of the total

gel/precipitate silica combination.

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

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

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

said in situ produced gel/precipitate silica combination.
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3. The in situ produced gel/precipitate silica
conbi nati on made by the nethod of Caiml wherein said
W@ oovbiosEe on is in the formof particles exhi bPeT/m§2085/035924
medi an particle size range of from3 to 20 mcrons. 4.
6. TH iHehbd bf CREmAONRErinl s6 “tah @5 potfodmediat © ﬁ@ne between
gel / precipitate conbination of Caim?2. he
aboum@%glgbb@ce of Claim4 further conprising an abr asi ve
conponent different fromsaid in situ produced
gel /precipitate silica conbination.6. The nmethod of
Caiml wherein step "a" is perforned at a terrperature
betV\'.E gbout 40 and 90(‘3‘ L1 EW& thod of daiml .
Thgee Elagm lawhergingsispr o7 AeRETIDRRES undsr egitation and gtept B is
"b" is performed under high shear conditions. 8. The
performuest unddr bigh Ghear woiditibies: ei n step "a" is perforned at a
t enperature between about 40 and 9OC 9. The in situ
produced gel/precipitate silica conbination of Claim3
wherein the silica gel anpbunt present therein is from

8. The h&h8PYr é}élﬁ’loﬁ Wﬁ@'eﬁfstetph%” {08 orded AR RRpBiahAL Bettickh Ca

conbi nat i on. . dentifrice conprising the in situ

r gel/preC|p|tate silica combination of Claim
about4§_a9§%_6€($_he dentifrice of Claim10 further conprising

an abrasive conponent different fromsaid in situ
produced gel /precipitate silica combination. 12. The
In situ produced gel/precipitate silica conbination

9. Thadesiyypredusereelidcipitatesdicarempination of ¢laian 3ivheeein et silica
anount present therein is from5 to 85% by vol une of

gel amdung ptes¢rditherein is from 5 to 85% by volume of the total gel/precipitate silica

combination.

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

Claim 3.

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

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

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

gel/precipitate silica combination.
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gel/precipitate silica conbination.13. A dentifrice
conprising the in situ produced gel/precipitate silica
wa@ooveiosEie on of Claim 12. 14. The dentifrice oPCTASI005/035924
13 further conprising an abrasive conponent different
13. A dentaliaes compiisgigtthe prvivrreducgd igelprecipisate atliza sbibimtion of
conbi nation. 15. The in situ produced gel/precipitate
Claimdi2l i ca conbi nati on made by the method of Claim?7
wherein the silica gel anount present therein is from
5 to 85% Dby volune of the total gel/precipitate silica
combi nation. 16. A dentifrice conprising the in situ

of C aim.l4. .

14 THRRA L EPLERERE Aot B Smpriyf ifbrent from
said i ; %ﬁ onen Lferent fromsaid in situ

"orEdie @15"? JRSeCARigle ilicacambingion onhi nat i on. 18. The

in situ produced gel/precipitate silica conbination

made by the nethod of Claim8 wherein the silica gel

amount present thereinis from5 to 85% by vol unme of
15. Theén sibtprbduged pplfmedipitatesitics combmationhiadaby ¢k mdtBod 8¢ Claim

dentifrice conprising the in situ generated

7 whergil thpkitica péltanicung prébend @ierdif i9frofl PloBSIBby 001\13&:%1? the total
dentifrice of Claim19 further conprising an abrasive

gel/pre@gﬁm@rggmacgh,fbﬁr%rhgﬂt fromsaid in situ produced
gel /precipitate silica conbination.

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

14.

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

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

gel/precipitate silica combination.

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

18.
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20 The dentifrice of Claim 19 further comprising an abrasive component different from

said in situ produced gel/precipitate silica combination.
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