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abrasive materials that are in situ generated

conpositions of precipitated silicas and silica gels.
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a unique method for making such gel/precipitated silica composite materials for such a
purpose, particularly under high shear conditions, as well as the different materials within

the structure ranges described above and dentifrices comprising such.

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

abrasive material maximizes pellicle film removal while causing minimal abrasion and



the dentifrice is highly sensitive to the extent of

abrasi on caused by the abrasive ingredient.
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Synthetic silicas (of higher structure) have also been utilized as thickening agents
for dentifrices and other like paste materials in order to supplement and modify the
theological properties for improved control, such as viscosity build, stand up, brush sag,
and the like. For toothpaste foﬁnulations, for example, there is a need to provide a stable
paste that can meet a number of consumer requirements, including, and without
limitation, the ability to be transferred out of a container (such as a tube) via pressure
(i.e., squeezing of the tube) as a dimensionally stable paste and to return to its previous
state upon removal of Such pressure, the ability to be transferred in such a manner to a

brushhead easily and without flow out of the tube during and after such transference, the
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wo eopaiimsdi nensi onal |y stable on the brush pri oPCT/OS208%2006881
and when applied to target teeth prior to brushing,
and the exhibiting of proper nmouthfeel for aesthetic
pur poses, at |least, for the benefit of the user.
Generally, dentifrices conprise a najority of a
hunect ant (such as sorbitol, glycerin, polyethylene

propéﬂs)t%? & reniidldinfi@isionkity sthﬁle%QEé briush PA6Moluse bAP When appllerc]l to

contact with target dental subjects, an abrasive (suc

targe?%;: (ﬁ%ﬁ)‘r % ?ﬁ%ﬁiﬂg,szh{glj tgg% I{JBftltngro?%gJ eﬂn%ﬁfﬂ ﬁrre]z%sthe ic

PrD L AL PR r et SR g e | Ly 8°."ﬁ8§??sp§8{)er

Theol ogi cal benefits to such a dentifrice is accorded

t HP 1y, dentifriegseqompsise anaiprityaf adiumectant (sysh gs sorbitol,

t hi ckeni ng agents (such as hydrated silicas,
glycehipgpalyethylene glycol, amd therlike) neordektoe petmit pooper aomactpa'th target

netvork of support to properly contain such inportant

dentall SiB€dLS) Ah abAlBiv@ {5uch. as PrétipititédCsilidad Jorl prop &bl @ity andlabrading
thus evident that fornulating proper dentifrice

ofth«aC §’c gth"%té} AR ARG cmcérﬁﬁﬂﬂeﬁé RALA Jo?iﬁb%ased

stan p0| nt as e nu anount

e .of .conpo ngf within suc
congBRfi R ST B p eIy o bl HWPﬁrgH%?glgalmeaﬁﬁts to
priority. wthin the dentifrice |ndustry the ability
such § dentiftigg is ccparded iSREohe preRst sdpqsionand tiligation QWemag
provi de certain conponents that neet at |east two of
agents (riich anbydreted silisps hyidensot oids cgysas, end thellike) toefdamen proper
formul ati on conplexity, not to nention potentially

network &f Supporito prepetiyalontaisuchdipoftamdnuetstant, abraRiveDaid afticaries
wat er -insol ubl e, abrasive polishing agents have been

ingredisfd. @is ﬁﬁx%%ici%ﬁ@ﬂnﬁpfonﬁﬁﬁhh% @f r AoTRs Edrﬁﬁ%m&{%ec%ﬁ be

abrasive poI i shing agents | e nat ura
rather éé)ﬁg)? & )c;t é{%? %}e qﬁlrg%lfln%usgagnfdgglget erl as the number, amount, and

type of components present within such formulations. As a result, although itis nota
high priority within the dentifrice industry, the ability to reduce the number of such
components, or attempt to provide certain components that meet at least two of these
needed properties could potentially reduce formulation complexity, not to mention
potentially reducing the pverall manufacturing costs.

A number of water-insoluble, abrasive polishing agents have been used or
described for dentifrice compositions. These abrasive polishing agents include natural
and synthetic abrasive particulate materials. The generally known synthetic abrasive
polishing agents include amorphous precipitated silicas and silica gels and precipitated

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



pol i shing agents include anorphous precipitated
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dentifrices have includedchal k, magnesi um car bonat e,
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structure. The resulting precipitate is separated from the aqueous fraction of the reaction
mixture by filtering, washing, and drying procedures, and then the dried prodpct is
mechanically comminuted in order to provide a suitable particle size and size
distribution.

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

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

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

i ndi vi dual conponents utilized for such

pur poses. Exanpl es of nodifications in precipitated

silica structures for such dentifrice purposes are

described in the art within such publications as U. S

Exanlajﬂés ofYRSdifidatfé iPPrcipa®l 3ilikh 2trubufed Forkshéh d8mirice purposes
, 122,161 to Wason, U. S. Pat. Nos. 4,992, 251 and

sre agliig e Bft A L fliclony ot 5 PR S92 R 0 S8 62
sa2yi% i 2Bled iellasomdd S, Perotion 4958 S S 1L apegron

as U. S Pat. Nos. 5,647,903 to MG Il et al., U.S.
et al 73S, Pajo Nog 5:998,684 to Newtaneahsl. and U.SePak Nos. 3,881 ,4Ppend
No. 4, 153,680, to Seybert, and ‘U S. Pat. No.
5,419388838, MaGill ¢tal. Piibdificationd in sBinagett sk atsorbesn tlescibed within
i mprovenent in such silica materials in order to
such ptiblations ¥y 835 Pak. MRk, 3,6472903 torMEGRREY ALY UCKIPRE NG, 45803,641, to
reductions in dentin abrasion levels for dentifrice

Dewgg’,lnll?ife% 35/13 -U.'S‘Plﬂ?tYﬁB: 44 5‘?,?@0,%{ §E%?éé~t iaHH’&f??ﬁ‘E@fN& 3,580300%

‘to deliver preferre per t evel's that

accor entifrice producer the ahil.i. i NC. orate
Pade 3" Snh APl ik PR R ERROS e 5 sBLsiliba maRERIsRE ot ro
. other |i ke components in order to effectuate, different
impart M?@%Pelﬂlél?gfﬁ@ deaning raparibn pndipdysiipnspn geqtipabrasion fevels
characteristics. To conpensate for such |limtations,

for deatifricehenefitev dldveeyer, thebe typital improvementsdeck/teiabiligy to deliver
conbi nations of silicas to permt targeting of
prefeted popeny ldvelsahst acCordh dentifrice prodiiden de ability linoopporateGuch an
conpositions of differing particle sizes and specific
indiviaiual i3 i ' ' in order to effectuat
indivigHEI AEEARY ARERER Atk ORRA olitr HicBooBbnertPin order o offecmate
e 4.618.488. t cvarea et al, ., U.S. .Pat. . 5.124.143
differgiy Hriantiek s SL Ut fieautile fha dygasigh eliiBiciertties, B Eimpetipte
al .. Such resul tant d%ntifrices, however, fai
I

for sugh lipnigdions SftFwgts haye peerpyndspaken topravide Kagops combinations of

silicas to permit targeting of different levels. Such silica combinations involving

compositions of differing particle sizes and specific surface areas are disclosed in U.S.
Pat. No. 3,577,521. to Karlheinz Scheller et al., U.S. Pat. No. 4,618,488 to Macyarea et
al., U.S. Pat. No. 5,124,143 to Muhlemann, and U.S. Pat. No. 4,632,826 to Ploger et al.
Such resultant dentifrices, however, fail to provide desired levels of abrasion and high
pellicle cleaning simultaneously.

Another attempt has been made to provide physical mixtures of precipitated
silicas of certain structures with silica gels, notably within U.S. Pat. 5,658,553 to Rice. It

is generally accepted that silica gels exhibit edges, and thus theorétically exhibit the
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notably within U S. Pat. 5,658,553 to Rice. It is

general ly accepted that silica gels exhibit edges, and

thus theoretically exhibit theability to abrade

surfaces to a greater degree, than precipitated
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previously been provided within the dental silica industry. Again, the Rice patent is

merely a start toward desirable abrasive characteristics. Furthermore, the requirement to
produce these separate gel and precipitate materials and meter them out for proper target
levels of such characteristics adds costs and process steps to the manufacturing
procedure. A manner of providing the benefits of such combinations, but to a very high
level of pellicle film cleaning and at a relatively low to moderate degree of dentin
abrasion, with simultaneous facilitation of incorporation within dentifrice formulation are

thus unavailable to the industry at this time.
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dentifrice fornulation are thus unavail able to the

industry at this tinme.The ability to provide | ow

dentin abrasive properties with sinultaneously high

pellicle filmcleaning capabilities, particularly when

the ratio of such characteristics is 1 or |ower, has
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introduced additive. Importantly, as well, is the need to incorporate a high shear
treatment step after the initial gel production process has been accomplished. Such an
extra procedure provides previously unattained PCR and RDA results, as well as
increased brightness of the materials, as described herein.

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

optimization of cleaning while providing a larger margin of abrasion protection to the
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and the like) for the dentifrice producer to target
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abr asi veness thus providing the optim zation of
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agglomerates for abrasiveness, with the coexistence of variable levels of silica
precipitates of different structures to accord an overall composite exhibiting high
cleaning properties. When produced ir situ, such a resultant gel/precipitate material
provides unexpectedly improved properties as compared with dry blends of such
separately produced components, particularly when the production method incorporates
high shear flow subsequent to the initial gel production step. Such high shear conditions
appear to provide ultimate beneficial results in terms of the composite materials abrasive
properties and brightness characteristics. In such a manner, it has been found that

although the pellicle film cleaning level is quite high, in fact the resultant dentin abrasion
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conposite materials abrasive properties and brightness

characteristics. In such a manner, it has been found
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Accordingly, this invention encompasses a method for producing simultaneously
silica gels and precipitated silicas, said method comprising the sequential steps of

a) admixing a sufficient amount of an alkali silicate and an acidulating agent
together to form a silica gel composition;

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

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

sufficient amount of an alkali silicate and an acidulating agent to form a precipitated

silica, thereby producing a precipitate/gel silica combination. Encompassed as well



b) subsequent to silica gel conposition formation,

treating the resultant conposition under high shear
wa@oeoudittisons; c¢) sinultaneously introducing to Bai/ws2007/006881

silica gel conposition of step "b" a sufficient anmount

of an alkali silicate and an acidul ating agent to form

a precipitated silica, thereby producing a

preci pitate/gel silica conbination. Enconpassed as

wellwithin this invention is the product of such a

within Rl;,l(s) f@;;;l&h i?s:;ﬁfiggg%dggt Qs;tioqluialgrg pg}%legﬁ\g?#gl%x atﬁé Sty %elteﬁx%u%.k n

preci pitated/gel silica resultant simltanequsl
presenptherkirc isdrarm (150 18804 by volumeth die 1@ BFFS&E%%?%&? Fﬁ‘i% Tgshjtant

invention are the conposite materials made therefrom
simult&ik@uﬂ? Fﬁdéuﬁ:éd? eorhbinatibmt Farthercamepmpassed) withirnthisinaentigneare

as we as the product of the inventive process noted

the coﬁxBQQ{é-mécfagﬁﬁ ¥ theyRbRehE @emifeict frhallatibns icbmpeisingisach
prepare y adm xing dilute alkali silicate solutions

W th ] j diti
matergfian ¥ 0 BROLIN Tk RS A e ccur

stirring and then filtering out t 4. Ri L :
sOepesally, wﬂ%‘gmeﬂm@*eﬁrs&a% R %"E?%ﬂrg%’%’g@%@g‘,‘w alkali
dried and comm nuted to desired sjze. .ner%h?%:,r as, sation
silicatessolitionssi witle strong aguenaus mineral apids yndsf fopgd0RS BEEE
gel s, aerogels, and xerogels. Silica gels are alsg.
to the b6IranE gehoannepetcungtintikgind then filteing ewithe prsgipitaedisilica. The
strong acids or vice-versa, to forma hydrosol and
resulti?ﬁ Z)P%;}'faﬁfe Rk wheiededrdiyAidadaiminotetl ao dedited siwedr ogel .

rogel is then washed, dried and comm nuted to "’

f ' . . . and
m?rtgﬁg ags%éél{j gﬁllco glhcghgehmﬁ& RRkSsb12 MRS gR, acrogels, an

S mat €ri al s has historically
requi.red manufactfure,of these L al:g., .
croeps S S e B RO LA R4 RS 9ol
[ ti i t hi dentifri f | ati [ h
or vicl&rw]/g;;,ptgtfgn;n g%w\émmsgtgncf@ir?gn thle an\IN 3? fon%%glljlygrolsglntolfgmsi He

hydrogel. The hydrogel is then washed, dried and comminuted to form the desired
materials.

As noted above, the separate production of such materials has historically
required manufacture of these separate materials, and proper metering of the two together
during the incorporation within a dentifrice formulation in such a way as to provide the
desired cleaning/abrasion levels thereof.

To the contrary, the inventive method for simultaneous production of such
materials permits the producer to target a range of amounts of silica gel and precipitated
silica components as well as structures of precipitated components to impart the desired
level of cleaning/abrasion through controlled parameters during production, a significant

difference from previous physicals mixtures (i.e., dry blends) of such materials through
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desi red cl eani ng/ abrasion | evels thereof. To the

contrary, the inventive nmethod for sinultaneous
w@e@dacts7on of such materials permts the prodPCEUS1007/006881

target a range of anmpbunts of silica gel and

precipitated silica conponents as well as structures

of precipitated conponents to inpart the desired | evel

of cl eani ng/abrasion through controll ed paraneters

during production, a significant difference from

previ ous physicals nj xtur )
separatmineenparaiiony Basigalds 185 g% FPW&W;%‘ Faég tXrlgg gllignﬁﬁmtséﬁlﬂlca
the novel nethod entails targeting ¢ h
gel desirdd amdl spetifidally selerting gege <§¢3PF1@%1 Ppﬁlggm%letqrﬂa 1R BPRELT Suc
reaction conditions in order to generate such a

a desifé@3évet dutify Qinoﬁbﬂdumgreaﬁmawﬂeﬂ&amr@hlcppnat ed silica
production. The inventive abrasive conpositions are

r %ﬁg YiveREYS Sora8dé borvipssitidhstaherond prevuse adititivds im theel preparation
cl'eani ng conpositions, such as dentifrices,

of oraﬁ ot agﬁt)r%if)m 108k g‘p%o%shpa ?ﬁ@sr tt?(&%ﬁféﬁarﬁ'ﬂhbme Jrarticularly

I Ng process

IR IR T O TS

abrasi veness may be desired, such ,

produisiwan be utilized inapplieations WheLsinFharp dges raPQ'tl??"er abrasiveness may
formul ati ons, such as, without limtation, automatic

be desliea)rhhis n@ithettdimieatios, foandinhibisors wisbinaertaiay °U§‘é§“‘6¥s’ such
such materials include food carriers, rubber additives

as, w1 t fififati6h SautGiASEEdisiov atitistdeteegentp eAﬂdrmhalqmt@tlal uses of
Itives, plastic antiblocking additives, and

such %g%g?ﬁ%ﬁ«lﬁ(ﬁ)%@ g*od%%ﬂ{e{r%‘f@%er WidiR0&Y arld dlirfiérs] cosmetie bdditieds,

vent1 on The abrasive and/ or

persogq; g k“%‘*dﬂquso? tf W&s&ﬁ’%gagf‘wﬁ 408 ¢an %‘e r eaghfm BB,

formul ated on demand with other ingredients to prepare
without lunitetiemni ng conposi tions having a hi gh cl eani ng
ef fi cacy wi thout causing

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

present invention are described in more detail below.
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undue abrasion on tooth surfaces. The essential as
wel | as optional conponents of the abrasive and/ or
WO hiockers7ng conpositions and rel ated net hods oPCTVEKRI00T006881

same of the present invention are described in nore

detai |l bel ow. General Production Method The silica

conpositions of the present invention are prepared

according to the foll ow ng two-stage process with a

silica gel being forned in the first stage and

precipitated silica formed in the second stage. In
Shz@ﬂﬂﬁﬁmgﬁnmekkﬂlﬂn aqueous sol ution of an al kal

silicate, such as sodiumsilicate, is charged into a

r eghé silice cothpositibnsiof thepreseng inventen 2rd @EﬂP&f‘% acgorging foghe

a honogeneous m xture, and the aqueous sol ution of an
followrs@Wo-stdgdeift8deBs With bhslidagt béihg forateddn ek firt stage and

t eraturé of between about 400C and about 90C.

e
preci%Pi:t]aﬁf%cF ilgfpﬁ; yogn%& & AUEHR stddealth tifh broeadsCarbauebuosoliien of an

Icate concentration of approximately 3.0

£1Q.35 wt% preferahly fro )
alkalig i S PEPg Ty He o ey o § st b Withiding
Preferably the alkali silicate is sodi um sil.ica :
meansiadpa 0L TRARGTIOGER SRR 2 G0 ALY SR Of o kel
more particularly fromabout 1.5 to about 3.4, Th o
silicatgimrthe reactof pechkeatid tosa tm@u&ﬁrbggﬂemﬁbeu&%cra@éégalﬂ 90°C.
Is about 10 wt%to 80 wt% of the total silicate used
Preferdbly,iRe Bicols al@li sitioatelsylutian hes ew tlkeli yilisatesaneenirgtion of
sodium sul fate solution, may be added to the reaction

apprcgigll%%u { it 50, pRIfELAbIYTrdth aBBHELES.) to ddut 25 a%gandmose

ating agent "or acid, such as sulfuric acid,

hydrachl qri Ld 14l .6, ap} b Giliagt um
prefegiply Spp Aopf AP Sl Teoh Pt FleteraPiTie RN Gicfets o St
solution thereof (e.g., at a concentration of between
silicabith #Si0g\EOti6(F Fomestiopbi darhgat AiSpMorgpestichlasly Tpm about
W % is added to the silicate to forma gel. Once the

1 GRS R B0 BE Bkl e 10
to 80av$ti°/(2 o% (tjh%i tE)tianllliic:ie used in the batch. Optionally, an electrolyte, such as
sodium sulfate solution, may be added to the reaction medium (silicate solution or water).
Next, an aqueous acidulating agent or acid, such as sulfuric acid, hydrochloric acid, nitric
acid, phosphoric acid, and so forth (preferably sulfuric acid), added as a dilute solution
thereof (e.g., at a concentration of between about 4 to 35 wt %, more typically about 9.0
to 15.0 wt %) is added to the silicate to form a gel. Once the silica gel is produced and the
pH adjusted to the desired level, such as between about 3 and 10, the acid addition is
stopped and the gel is heated to the batch reaction temperature, preferably between about
65°C to about 100°C. It is important to note that after this first stage is completed, the

produced silica gel is subjected to high shear conditions to modify the gel from its initial

produced form. Such high shearing may be performed in any known manner, such as by
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stopped and the gel is heated to the batch reaction
tenperature, preferably between about 65C to about
wae@aa11sit is inportant to note that after thiBCT/USBN7/006881

stage is conpleted, the produced silica gel is

subj ected to high shear conditions to nodify the ge

fromits initial produced form Such high shearing may

be perforned in any known manner, such as byi ncreased

flow rate of |iquids added thereto, physical mxing in

a bl ending setting, and the |ike. The requirgnent, .of
incredsie flostraterof ignsiserde fgrate, pRvFicai g B3 BIFRMINE Sctting, and

nodi fication of the gel conponent after initial . ) '
the lile. OTtustepireméait ofhiphdhearcanditioning isrmes simply by the modification of

reduction in the average particle size of the ge

the gélRbfpoAént aftbEinitl prodic@bh. SHedmbdifiaitioarit nieasurable by a
undertaken. Preferably, the nodification via high

reductidfi i tlfé%@gtia%é B&;pi@ﬁ dize Hth@bOgHateiaafleNSuch SR Gfar treatment is
partic e of th I ¢

e si e ge nponent i s reduced at |east

' . .Jh L ant . i-Se:
unde:gﬂgpg rrl’g ,eraBlry, @e‘g‘g&?fg ?aatf]odl \gaﬁ bl%fﬁ?&%%@rﬁl ?IE gfrﬁﬁtﬁg@gmce the
commencenent of the second sta . se

e, Next. the nd
average RubiclscgAa a3 82 COMRONEIES FROuER] HIoALHBEPEPEy LR Losultant el
increased, with the sinultaneous addition to the
is otheswist vot wished|purifind) ar deancd B any PHICEMABAGIATOTAR t he
substantially the sane | evel throughout: (1) an

commaéticemunt cfaheisecomd sthge.he sanme aci dul ati ng agent
previously used and (2) additional anpunts of an

a0iNERY fheebdHd sPipetRBI iafch theldePreadith RPeiadiredd inetdasdd, with
silicate as Is In the reactor, the aqueous sol ution

the sigﬁlh@ge% %g%?itoﬁgo {h% I acttg aél?g}lﬁlg tﬁg sh@mlé{e feriinst 4 the

he rate o ating agent an

silicate addjtionps can be adjusted to control the . .
substgatialy L essnloxeldhromghowi L MirepysTuient R 1t sja® acidulating

reaction. This pH control can be used to control . .
agentpredously phedsind4R) addifenal ameunigof ep aqvspusseltipn gafaining the

average batch pH providing |ower structure silica
sameRpeclecd Salladikililiaks i ¢h vhe renetor, theeaqugensraluttoryieing preheated to

provi di ng higher structure silica products. In
a temPefiinirk QR abfut 659 & Hout 100°C. The rate of acidulating agent and silicate
additions can be adjusted to control the simultaneous addition pH during the second stage
reaction. This pH control can be used to control product physical properties, generally
with higher average batch pH providing lower structure silica products and relatively
lower average batch pH providing higher structure silica products. In addition to the high
shear conditions present already, high shear recirculation may be utilized, and the acid
solution addition continues until the reactor batch pH drops to between about 4 to about
9. For purposes of this inventive method, the term “average batch pH” is intended to

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

precipitate formation stage and averaging the total aggregate over total time elapsed.
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shear conditions present already, high shear
recirculation may be utilized, and the acid solution
wa@da7iiimn? cont i nues until the reactor batch pHdI/OR®0T/@6881

bet ween about 4 to about 9. For purposes of this

i nventive nmethod, the term "average batch pH' is

i ntended to nean the average pH obtai ned by neasuring

the pH level every 5 mnutes during the precipitate

formati on stage and averagi ng the total aggregate over

total tinme el apsed. Afiter the inflows of the

aifehried inflowagf e asidulating agentand the pikali silicate areyopnsd the

the reactor batch allowed to age or "digest"” for |
reactd?BattBaM o ellitd HEES “dipest foi brttvean 5wmiinhtes ke3¢ mimitess with the

contents being maintained at a constant pH. After the

reactdt UdRte {si Fhéggﬁmaﬂit {4t @Rondtiret pH. QA fishi@conipldtiog of digestion,
| al . an

s cur the resultant reaction batch is

the hifgb ls%?a% %ﬁé&%‘? ﬁt\gg gsh&gta%& r&n&’ﬁ{@{ef\?l?a{% EeHRMEn Batele Yiltered and

ani ¢ salts unt e wash water from

the silica filter cake results in at 9
washs WitB Rl te AN e ATt ingrReli g i e ater from
silica filter cake is slurried in water, and th%ﬂb
the sitica Blfertnakea nesults invativeash A% salibyPrRAVCEEER @8 Beadfied Oy 5
spray drying, to produce an anorphous silica
cond€ctivitgl ning fromabout 3 wt%to about 50 wt % of
moi sture. The silica may then be nmlled to obtain the
defid Sk Biiraak PR shirib®insivaier, ahd bisinvdrind tytmmytcosventional
25 mm preferably between about 3 mmto about 20 nm
g st fil-g Al ¥ AEathafphpad dilied eontdigiag from
dfymgé?@&quﬁésshgl?gs %a)gr w%ﬁ%&iuﬁéer easegﬁ)cl eani ng .
benefits as wel n addition Sl th
abouty} WGP iaBﬂ“tpﬁg R QlDWQH%LE-S'o:Igﬁ Fglga%l;h%’r}?%g?‘%f@atl né)lg ﬁ% ©
synthetic anorphous silicas, _the preparation of {he
desired tniedian pagitle sige pEbatweenhout 3 447 10,25 Lk prseTabg bebFen shout 3
it also can be generally acconplished in accordance )
pm t3hbdut LOGUAE CLAGHCAIFSE (V88 ahtrbRe: mbdian paricid size fanges may aid
prior U'S. Pat. Nos. 3,893,840, 3,988, 162,

in providing increased cleaning benefits as well.

o

In addition to the above-déscribed 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,
4,067,746, 4,340,583, and 5,891,421, all of which are incorporated herein by reference,
as long as such methods are appropriately modified to incorporate recirculation and high
shear treatments. As will be appreciated by one skilled in the art, reaction parameters
which affect the characteristics of the resultant precipitated silica include: the rate and

timing at which the various reactants are added; the levels of concentration of the various
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4,067,746, 4,340,583, and 5,891, 421, all of which are
i ncorporated herein by reference, as |long as such
woreihads7ar e appropriately nodified to i ncor porPat/@s2007/006881

recircul ation and hi gh shear treatnments. As will be

appreci ated by one skilled in the art, reaction

paraneters which affect the characteristics of the

resultant precipitated silica include: the rate and

timng at which the various reactants are added; the

| evel s of concentration of the variousreactants: the, .
ceactangeidhe TACIHM DIEHHBE FEE SRRCEHEE Mo RRat e gl paanf uring

of the reactants during production; and/or the rate at
produskibnjanaiiyr the mie atovlyickesnyaelectzalited areddednat i ve net hods

of production for this inventive material include in

s| Alépati @ iethoédofmodustivh doit this inverivieomtenil dnodutierin slurry

taught within U S. Pat. No. 6,419,174, to MG II et

i irfiftatidn, hRcedirE&S@uEhUKANinI.SCRASNG. 64$19,174, to
form e%hc?sﬁglé%avl\ﬂltm@% arl)ng tehrougho%t U.S. Published Pat.

VRTINS
R R T

correlative | ower abrasiveness (with low RDA .= o
The imeensivednsite genstated coropasitanalio reiteditg as [ sambipationspf silica
as | ow as about 70). The in situ process of this
gel andipeoipitate diaasdftlus high-geaingglental abiagivds with correlayelogver
of selectivity followed in terns of reaction pH,

abrasivRAEsAWitHIBHABD A AéAs B eny B imaat alsit 100 fooinstahce, hndjhs low
shear production conditions, and, as a result, overall

as abé\%trn@é.ts :‘i‘?mg irsr;%i{ﬁe El?)g%sg%? 1 dfiveRds RASRLOSIBEEnSY yidded, with

made therefrom a nethod for
produci ng.a nj.d-range product. (rekat] ' :
degrdep Bh g yivlew e Briol S ehginiPT ot ibek Blnions, poun
as. Thus, selection of differing concentrations H
of gel earapenent; highshear prefugionsonditions, a“énﬁﬁﬁfeé@ﬁ&”e{a”i Sﬁ'g‘gt,‘“e of
can produce gel/precipitate silica conposite materials

the restiltantagelptectpidieusiticat compositemateriaty wede therefiopn adnethod for
relatively high pellicle filmcleaning results,

producing a mid-range product (relatively high, cleaning levels with lower abrasion

levels) composites as. Thus, selection of differing concentrations, pH levels, ultimate gel
proportions, among other things, can produce gel/precipitate silica composite materials of
overall medium structures- in order to accord relatively high pellicle film cleaning results,
with lower abrasive properties as compared with the high cleaning materials described
above.

f‘or this cleaning material, the gel component is present in an amount between 10
and 60% by weight of the ultimately formed gel/precipitate silica composite material (and
thus the precipitated silica component is present in an amount of from 90 to 40% by

weight as a result). The overall amount of gel to be produced is preferably relatively low
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with | ower abrasive properties as conpared with the
hi gh cl eaning materi als descri bed above. For this
web@anirg’ mnat eri al, the gel conponent is presePCT/UR20M006881
anmount between 10 and 60% by wei ght of the ultinmately
formed gel/precipitate silica conposite material (and
thus the precipitated silica conponent is present in
an amount of from 90 to 40% by wei ght as a result).
The overall amount of gel to be produced is preferably
relatively lowm(fromup to 40% for instance). Such
(from pp te $0Yafps énstancglk | SW%C%‘%%P@F?W%%% 8%%‘?1‘?3’ fegresent the
vol une anount of silicate present during the i
volumeranshuat ofxiligiapreserft duripg 8t pipdyction phases %‘Pfceélchét@‘i’iﬁgls}hca
as descri bed above for the high cleaning material .
materfaf 26 Gadckibed hbovedsr hrdiigideleaiing materiahat such specific
m'd- range cl eani ng abrasives nay be produced through a

gﬁelﬁ%g%lg,fit Rl esh QeteAmiiel i sectpspedifieibidarangd ¢lading abrasives

starting material (wherein the acid

concentration, in.aqu : | | itdile dlice
ey Y BE o O PR R 3 sible a0 T scithe Sy
.to 12%_ and the concentration of the silicat L Bg oy,
startinggmaterial| (wherein Biagiq coSERFatLNSR W?‘Fﬂ%@%ﬁ‘@qﬁ Hi50 9%,
solution), toinitially forma silicajéfl. Sﬁbse uen%.
preferablydiaim 116 to28%eoand mard prefesshly &om H)tol Zyapnd thecopcgniration
added (w thout any washing, or other type of .
of thefilidafd ating material ihfrsinckto 3506 ialsoowithin an egueave sglutipn), &
the formed gel for further production of appropriately
iniﬁalri# f&&*&té)sfiﬁéia esiipieqaémtdo séll fopmativanpuifiernt siticite end dcid age
-range cleaning conposite material to be forned.

Vs f i | bér 38{caPinbaiication of the
.addeda&vgﬁg;%y&%kﬁf%?hgm%ﬁg’g%g#ﬁgﬁ%%%_ @gendi ng on the
armount o | initially formed, t [ o 1
e SR B o Bt T bR B e s
targeted in nmuch the same way as_for th i cl eanin
compnaent desited fbr a mid-rangerrleaning m%ﬁ%mﬁwag F‘lzl'é‘“rg P"P&e& ‘the'BH of
provi de a m d-range cleaning, |ow abrasive materi al .
the overall reaction may be controlled anywhere within the range of 3 to 10. Depending

on the amount of gel initially formed, the amount and structure of precipitated silica
component may be targeted in much the same way as for the high cleaning material. It
has been realized that in order to provide a mid-range cleaning, low abrasive material
through this process, the amount of gel is preferably higher (as noted above, from 10 to
60% by volume of the composite, preferably from 20 to 33%) and the amount of low
structure precipitated silica is preferably lower (from 90 to 40% by volume of the
composite, preferably from 80 to 67%).

Broadly, the inventive mid-range cleaning gel/precipitated silica combination
generally have the following properties: 10% Brass Einlehner hardness values in the

range between 2.5 and 12.0, and, within a test dentifrice formulation (as presented below
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t hrough this process, the anmount of gel is preferably
hi gher (as noted above, from 10 to 60% by vol une of
wo b@7aorsposite, preferably from 20 to 33% andPeh@s2007/006881
anmount of |low structure precipitated silica is
preferably lower (from90 to 40% by vol une of the
conposite, preferably from80 to 67% . Broadly, the
inventive md-range cleaning gel/precipitated silica
conbi nation generally have the foll ow ng properties:
10% Br ass Ei nl ehner hardness val ues i n

within dsaempiesh Rk (Nadioactih enin Arsfion) abtes BEReEH pesy 80 o
fornmul ation (as presented bel owmi thin the exanpl es)

abouRDY, aRbEWittin the/saniaastidentifiica foromilation) FER Relligde Fleapngt
80 to about 120, and (within the sanme test dentifrice

Rati %ﬁi@é &t 800) 120CRithReratio of PCRI te RID A gvifkdn the)rangs ofdl7 tf 1.0.

to 120, with a ratio of PCRto RDA within the range

of 0.7 to 1.0. Dentifrice Uses of the Inventive
Materials The inventive in situ generated

el /precipitate silj nposite materials descri bed
Qﬁ&@%ﬁm&%&%&m&)ne as the cleaning agent

conponent provided in entjfri tions

¢ T inversive s i ginestod RSUTERPRAR ST ROBPRTIS BRPRLS o

materials therein. A conbination of the inventive
descritmdphessiin maydeattilized alone Bs thersdganingaggnt compangas prayidgd in the

bl ended therewith within a suitable dentifrice .
dentifr@erdahrpbokitions 6f thix iawentinl yr graf alditbe with othies abresjue matepials

order to accord targeted dental cleaning and abrasion

therelr A LbSibation S8 &ielifvertive toRpbMR thaughls withistherabyasives
nber of other conventional types of abrasive

phys | bleX s fa% | theve ev&nﬁ} ﬁftﬁ%%t%ﬁ: il ftif Q¥ ?@rﬁlﬂﬁlcﬂﬁﬁ tpbiehtislBp

ccor is 1tnvention. O her such abrasive
parti ¢l.es includ for e t hou
prefethin it e cvssite S BRBRFLAREE Sl i‘zd&éas resultsat
ground cal ci um carbonate (g) di cal ci um ?%%e or
a desired priiteojiye devel f Thug any ppmper @thf{rwnv%lépﬁ TasHYP
structure), anorphous precipitated silica
additives may be present within inventive dentifrices in accordance with this invention.

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

desired, as well.
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(by itself, and of any structure as well), perlite,
titani um di oxi de, cal ci um pyrophosphate, hydrated
wa@bkeoriinsy7 cal ci ned al um na, insol uble sodi um PCT/US2007/006881

nmet aphosphat e, i nsol ubl e pot assi um net aphosphat e,

i nsol ubl e magnesi um carbonate, zirconiumsilicate,

alum numsilicate, and so forth, can be introduced

within the desired abrasive conpositions to tailor the

pol i shing characteristics of the target formul ation

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

weThe, pracipitste/eelsilicacembénation, desittied ABpYETHHGH TpSTRYTFigH dnto

above, when incorporated into dentifrice 'co osoi ti-ons,
dentifiiteoapesitions, ispresentat alevélrafifram ebeut 5% tobapii”e Hyoweight,

wei ght, nore preferably from about 10%to about 35% by
more\MRéfBftbly famtabsull k0% 3o aborn3 5%ebydeeight, partieuliagy svhen the

toot hpaste. Overall dentifrice or oral cleaning
denti%‘?cretr[% %1 g(;dltl?ﬁlgte' HACOLA ARt of BExl 3RaARE FEmENAS ifdoppsrating

ntron conveniently can conprise the

follown ossi hle inaredi r j :
the aluRey  Sypeit o ) e LN h ol Cofvenfily o AT Rillohing

| ngredi ent Anou: .Li qui d Vehi cl_e:.. hunect ant . (total
POSSible%Qg@éieBﬁi ai‘édelﬁ%\’ee‘g“%‘mf’bt Feod Z?lk @OW&%WZ‘?{)&%N( i cari Zas

agent 0.1-2.0 chelating agent(s) 0.4-10 silica

t hi ckener* 3-15 surfactant(s) 0.5-2.5

Dentifrice Formulation
Ingredient Amount
Liquid Vehicle:
humectant(s) (total) 5-70
deionized water 5-70
binder(s) 0.5-2.0
anticaries agent 0.1-2.0
chelating agent(s) 0.4-10
silica thickener* 3-15
surfactant(s) 0.5-2.5
abrasive 10-50
sweetening agent <1.0
coloring agents <1.0
flavoring agent <5.0
preservative <0.5

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

a person of ordinary skill in the art.
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abrasi ve 10-50 sweetening agent <1.0 col oring agents
<1.0 flavoring agent <5.0 preservative <0.5 In
wa@davtimsn; as noted above, the inventive abrasPeBUSIOY/06881

be used in conjunction with other abrasive materials,
such as precipitated silica, silica gel, dicalcium
phosphat e, dical ci um phosphate di hydrate, cal ci um
net asilicate, cal ci um pyrophosphate, alunina, calcined
alum na, alumnumsilicate, precipitated and ground
cal cium carbonate, chalk, bentonite, partjiculate
t fie addition to thg abmsivesompanentyihe depfifrigeMmay a[%oi“i?é“ one or
materials known to a person of ordinary skill in the

more dfdanblepfié ehliancingtagenth.e Onganatiptic colansmigaAgents iipelude humectants,
dentifrice may al so contain one or nore organol eptic

sweetk ,%glmgtaﬁtg;eﬂ‘&v%rar@,%I&é&@hﬁ&ﬂm@cﬂd&ﬁiﬁgiag@mt@,g(ehbsometimes
ude

I nc umect ants, ‘sweeteners, surfactants,

fl t I i ckeni ts, I
o B, o Bt ceni 10 coent =, (a1
t , H { ant { dd. b " t
S i TSk BEE RO B PR e

dentifrice fromdrying out. Sujtable hunegtant

preventing thesleptfricetiraym ERENS PYe fuitehle AmpSiapis elyde By ptviene
nmol ecul ar wei ghts), propylene glycol, glycerin

glycol (it womriety)of diffsrent molscylax weights), prepylena glycolpglygsriny(glycerol),
| actitol, and hydrogenated starch hydrol yzates, as

erythMBlL xylitolTosbits1manikitdllasktok anp hydwgenateditarah hiydrodyzatest as
hunmectants are from about 20 wt % to about 30 wt % of a

om ab 2
well %sgrél{){%%gg’%f;th%%%zd&ﬁﬁﬁ TyIIGE I SBRICT hifkclagts AfiR6m dbouh20

Ste conposition t°0 inpart a pleasing taste

wt% to about 30 wt% of a toothpaste composition.

Sweeteners may be added to the toothpaste composition to impart a pleasing taste
to the product. Suitable sweeteners include saccharin (as sodium, potassium or calcium
saccharin), cyclamate (as a sodium, potassium or calcium salt), acesulfane-K, thaumatin,
neohisperidin dihydrochalcone, ammoniated glycyrrhizin, dextrose, levulose, sucrose,
mannose, and glucose.

Surfactants are used in the compositions of the present invention to make the
compositions more cosmetically acceptable. The surfactant is preferably a detersive
material which imparts to the composition detersive and foaming properties. Suitable
surfactants are safe and effective amounts of anionic, cationic, nonionic, 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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to the product. Suitable sweeteners include saccharin
(as sodium potassium or cal cium saccharin), cyclamte
W@ a®7d41801i um pot assi um or calciumsalt), PCT/US2007/006881
acesul fane- K, thaumatin, neohisperidin
di hydr ochal cone, ammoni ated gl ycyrrhi zin, dextrose,
| evul ose, sucrose, nmannose, and glucose. Surfactants
are used in the conpositions of the present invention
to make the conpositions nore cosmetically acceptable.
The surfactant is preferabl det ersi ve er.i al
sulfoavetatd; N-lqmmﬂsatcosmgéh%m}mt@ﬁl%taéf@mﬁé ¢ SR eRY-
properties. Suitable surfactants are safe and
lauroflf Ne@itiveyh e Wipsimitbylsarasine, palpethylehe oxido spustensates of alkyl
zwitterionic, anphoteric and betai ne surfactants such

phendl (?egziliﬁ@ob Ybetsib flﬁﬁ&n@@?dp#ﬂbd@ﬁ@pﬂnb@hbetame and the

onate, “alkali netal or ammonium salts of |auroyl

like. %%418[8 3} Qrgi ?ulfzﬁ%( fd aspgg%ire& Rt sd?f’a'cfﬁ!n{ i%)t&pically present in

ear sarcosi nate and ol eoyl

the ofa b eamapStigniod e st teysfioh A 4 pEPulHABLER. FicFabou
15% by Wi are e oGt 93 PR desthou o6 (N N ERs st as i about 03 %

N-pal mi t oyl sarcosine, polyethyl ene oxide condensates
to abedt 28b,kbyl weightiol s, cocoamni dopropyl bet ai ne,

| aur am dopr opyl betaine, palmtyl betaine and the

| |mv0,§%jd gefts @ﬁw&nwunfb@taadecktoaiqmﬁﬁm<rompcsmonao&mtnble

The surfactant is typically present in the oral care

Dt Send IRt to] G1Y 6MNvirRergrébnasil afipeppermint, oil
ﬂavoﬁggg ifﬁﬂgieag?)it Ii5% by wel ght, prefglérabl y about

of sp Qs O 305k Ra0 R d%ﬁb@@ﬁw a3, L ABIBLAUG), ol

avoring agents optionafl

can be added to dentlf itions.
eugendlaisplaBEPloigeieRs NS BRSO ACh LBVAOT L iddefm“ fotes,

of wintergreen, oil of pepperm nt, 0| | of spe
spiceqiotespétcs Thasafflaxoring agents ¢onsist @wmﬂ@a Yo lnirtwes 0% gfd‘g‘)’des

anet hol e, nenthol, thynol,
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. Suitabie 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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eugenol , eucal yptol, |enon, orange and ot her such
flavor conpounds to add fruit notes, spice notes, etc.
wab@saifshavori ng agents consi st chem cally of PCRUSZ0%006881
of al dehydes, ketones, esters, phenols, acids, and
aliphatic, aromatic and other al cohols. Colorants may
be added to inprove the aesthetic appearance of the
product. Suitable colorants are selected from
col orants approved by appropriate regul atory bodies
such as the FDA and those |isted iq tﬁﬁ Euf opean Foqd
such asre¢lisloae, rathonymethy] exliulase; Rpszoxysthyl seltylgse, [3?/ AEYRIEPY
such as HO2, and col ors such as FD&C and D&C dyes.
celluldde, hidrokpmethyborlmlase crydsadymethyl easboxsmrenyl eeliiose, methyl
conpositions of the present invention to provide a

cellulS, BthiyDOdI Rl e arfet sulfateti kellulose niturdlemd shmthetimelaysesych as
agai nSt phase separation. Suitable thickening agents

hectotifsSAIHAe aiWeil @ik 8P fiese SopaltdsOTypRAl leelobf tidkening
guns siich as gum karaya (sterculia gun), gum

t r agagant h um, ar abi i \s
s, SERRER P MBSO s L1 s ofd AR mposion.
ATTRREHC BREHS a5 APROTSEY b o BOTRDILERS O g Blesent
conmpoundssuch as cel | ul ose, carboxynet hyl  cell ul.0s

€, 1
inventigul topspideyfor thelpreMegtien and geatvagnt tal ganies) Bgrg),dontal disease
hydr oxynet hyl cel | ul ose, hydroxymet hyl carboxypropyl

and tep@pdratuessensinvithy ExamplesibDtherapeutiv agents, withoutenteadiag to be
sul fated cel lul ose; natural and synthetic clays such

limitifig REFLOFiEE SorrbedYsuich 28 soMthh fforidlexéddian nefnoflnemphosphate,
compounds. Typical |evels of thickening agents or

bl ndabs %Bort R, BORSKiurh Fibkide, Gbddm
potasggl&ﬂgg% eoq'gé)ﬁr?%gﬂéa?%%%ﬁgﬂ%\ﬁelr{aapeb?i C agents are

optionally used,in the conppsj.fions
s e o SRTBE et B RS e

of dental caries, periodontal disease aq% tgyaﬁﬁature
tetrasedingi pyrephgsphaieaiearoiassium mpab@@@@, digedipm difyqragh

intending to be limting, are fluoride sources, such
pyrophospsine, wrisddiun maehydrogerupymphesphats: tipebmbhsnhates,
hexametaphosphates, trimetaphosphates and pyrophosphates, such as ; antimicrobial
agents such as triclosan, bisguanides, such as alexidine, chlorhexidine and chlorhexidine
gluconate; enzymes such as papain, bromelain, glucoamylase, amylase, dextranase,
mutanase, lipases, pectinase, tannase, and proteases; quarternary ammonium compounds,
such as benzalkonium chloride (BZK), benzethonium chloride (BZT), cetylpyridinium
chloride (CPC), and domiphen bromide; metal salts, such as zinc citrate, zinc chloride,
and stannous fluoride; sanguinaria extract and sanguinarine; volatile oils, such as
eucalyptol, menthol, thymol, and methyl salicylate; amine fluorides; peroxides and the

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

at a therapeutically safe and effective level.
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pot assi um nonof | uor ophosphat e, stannous fl uori de,
pot assi um fl uoride, sodiumfluorosilicate, ammonium
wo bmanosit i cate and the |i ke; condensed phosphp¢EESBOTMGSS1
as tetrasodi um pyrophosphate, tetrapotassi um
pyr ophosphat e, di sodi um di hydrogen pyrophosphat e,
tri sodi um nonohydr ogen pyrophosphat e;
tri pol yphosphat es, hexanet aphosphat es,
tri met aphosphat es and pyrophosphates, such as ;

antim crobi al agents such,as,{riclos ' '
o besEa s ey ARG eonti LRl oS R 3o SioR Bk BEH Bhesent
. gluconate; enzynes such_ as ﬁapai n, .bronel ai % . 1
invengionde arAyeaihectesial grovah. Syitable prescevatives appayed for psednora
pecti nase, tannase, and proteases; quarternary
compasitions suches mueshylgataben; propydpasehencind sodium kanzeste gy be added
(BZK), benzet honi um chloride (BZT), cetyl pyridinium

in safeindleffdetivieGtguntand dom phen brom de; netal salts,
such as zinc citrate, zinc chloride, and stannous

f '*Fl?e; A BFiR Ak 38 héreBdhhslso aNdrisH T dtldibhaldngredients such
VOl a

Ile oll's, such as eucal yptol, menthol, thynol,
and. et hyl | | eyl , ' . ' : i des and
as de?ﬂgltﬁ%ggeﬁgl?éaagléét% %g“‘%g"?ﬁ‘{}? aﬁng%{égﬁ%levé |Enﬂt§’e ntifrice
forpul atiqons singly or. in conbination at .a . .
chelafiRglSSIEETR AESLS AHEmiRi SRfocRaS, Broreiy oty autismlaguelant
may al so be optionally added to the conpositions of
calculsengents sensrifions; entibigtics, eniieavanes, Barmss; Bl cgpisgh agents,
Sui tabl e preservatives approved for use in oral
oxidiginggsnts, antioxiclants, @kl theliky| par.aben, propyl paraben and
sodi um benzoate nmay be added in safe and effective
anwakd provid® tRebilahdd SRbe omposds@tinadRion tohe alditives

variety of additional ingredients such as

mentfliRg" mlé Watdd % gtgféﬂﬂﬁy élﬁﬁiﬂﬁeﬁ% 9RBLBimARG. afkideatifrice will

preventati ve agents, el at1 ng/ sequesteri ng agents,
i tam ns,. an po id r,ot eL,ns t her

usualfy, bR pRS o AR Wi LA D SRR e o1 o

antibiotics, anti-enzynes, en_ztxirres, pH contr o} aglent S,

Useful silica thickeners for utilization within such a toothpaste formtilation

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

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

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

binder, flavoring agents, and a finely powdered abrasive as the principal ingredient . . . a
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oxi di zi ng agents, antioxidants, and the |ike Water
provi des the bal ance of the conposition in addition to
w0 b@7add7ti ves nentioned. The water is preferabtTus2007/006881
dei oni zed and free of inpurities. The dentifrice wll
usual ly conprise fromabout 20 wt%to about 35 wt % of
water. Useful silica thickeners for utilization within
such a toothpaste fornulation include, as a
non-limting exanple, an anorphous precipitated silica
such as ZEODENT(r) 165 silica. OQher preferred (_though
dentiffieaid donsitlered to be hn abrasive-chataiming dosegy fomeiar deljveripg anti-
and/or 167 and ZEOFREE(r) 153, 177, and/or 265 silicas,
caries?tgent@ Y@ iHeabdtR."f Dowt Ficd/FortrwhaionSosmaindn gredientsavirich thast be
Gace Ml., U S. A For purposes of this invention, a
dissole;rgcg gntibxf t{)'iﬁ&)ép&aéoﬁ o BRARLARAGbinh@dtibi (<. ahtikdygeeaents

ucts and Practice, Mrton Pader, Consuner Sci ence

s 5 R R e B S b9

Nanely, a "dentifrice" a substance used

i's Co
with a toothbrush to cle .pe accessi bl r
{ Hbeoagot Siber P DEE e PO PRy B e g Be flre
wat er, detergent, . humectant, binder, flavoring agents,
measuped ag flioms) yoleenigdicalgd sE1ea%ISGe as the princi pal
ingredient . . . adentifrice is considered to be an
alTieBrue-EialehaemBE) Alussigetesossed tomedsirg the hagdpess of the
anticaries agents to the teeth.” Dentifrice

precipihsBiRdds RNl fcaGRIY @portdd g hid iapplicativhiicdesotibed inaletail in U.S.
di ssolved prior to incorporation into the dentifrice

OrIpleag; 0 : iR o 1veY & Eaflelfifed AT 000
Pat. ]\?93@ i6§}el,5’ @Séﬁﬁ%tﬁ@é%ﬁﬂﬂgﬁ?@%ﬁng agentg such as
acchar

o SoRa T by BGFE15e BbLFMSIIRL R et g
expodsit B o 5 e S Bl 00 o mes )

hardness of the .
the amount of abrasion is then determined as milligrams brass lost from the Fourdrinier
wire screen per 100,000 revolutions. The result, measured in units of mg loss, can be
characterized as the 10% brass Einlehner (BE) abrasion value.

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

based on a principle of mixing linseed oil with a silica by rubbing with a spatula on a
smooth surface until a stiff 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 requiyed
per unit weight of silica to saturate the-silica sorptive capacity. A higher oil absorption
level indicates a higher structure of precipitated silica; similarly, a low value is indicative

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

value was done as follows:
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precipitated silicas/silica gels reported in this
application is described in detail in US. Pat. No.
WO 20181816, i ncorporated herein by reference, POTOB28%006881

an Ei nl ehner AT-1000 Abrader generally used as

follows: (1) a Fourdrinier brass wire screenis

wei ghed and exposed to the action of a 10% aqueous

silica suspension for a fixed length of time; (2) the

amount of abrasion is then determined as mlligrans

brass lost fromthe Fourdrinier wire screen per

100, 000 revol utions. The result 8ured in units of
Ollab@wm— carinbeil abserhedt or | 7ed as){nlig 10% br ass

Ei nl ehner ( BBighinfadicengsamisue. The oil absorption

val ues are neasured using the rubout nethod. This

met hod i & baakeil/000 gragt silicapl e of m xing |inseed oil

with a silica by rubbing with a spatula on a snooth

surface until a stiff putty-like paste is forned. By

%\QAﬂfclbesliéb@ HEﬂehMuﬁH Wing 4 PRYLITEALIBO (feve-380peahe
m Xt ure

Ich wll curl when spread out, one can

canr G b b GRPES P Dy ol b Subasansre

unit wei ght of silica to saturate the silica sorptive
Boothwpadianpsylyaid-gher oi| absorption |evel indicates a

hi gher structure of precipitated silica; sim l arlt\j

| Dhe Vb Liemish residioof tho dovsntiv silicn 3 mewdfedatiliging a U'S.

| ow-structure precipitated silica. Calculation of the
Stand¥rdl Seve N 828 witaddimisves od 6109 1dsnchodeoings Catamless steel wire

absorptl on = nl oil absorbed X 100 wei ght of silica,

6.0/, SP10 t5ithé fdardde Oi lagtamdntoithe euppdftheilsquart
Clomg{)? n%%aum r%ggsl\/bgel LA- 930 (oragEA- 300 or an

Hamxj@)u' vaI F R/fo?def 1@8 %&Hg 2 'ichﬁﬁtb Tonatt Jﬂﬂ?ﬁﬂfed or deionized

rom urrent Boot hwyn,

waterp aerllqdnsstlrnnél ﬂle slurry for at least 7 min. Transfer the mixture onto the 325 mesh

screen; wash out the cup and add washings onto the screen. Adjust water spray 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 resid;le to one side of the screen z;nd transfer
by washing into an evaporating dish using distilled or deionized water from a washing
bottle. Let stand for two to three minutes and decant the clear water. Dry (convection
oven @ 150°C or under infrared oven for approx. 15 min.) cool and weigh residue on
analytical balance.

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

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

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

present invention can be monitored by any conventional pH sensitive electrode.
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The % 325 nesh residue of the inventive silicais
nmeasured utilizing a U S. Standard Sieve No. 325, wth
wddooriierson or 0. 0017 i nch openi ngs (stainless BCE®52007/006881

wire cloth) by weighing a 10.0 gram sanple to the
nearest 0.1 graminto the cup of the 1 quart Ham | ton
m xer Model No. 30, adding approximately 170 m of
distilled or deionized water and stirring the slurry
for at least 7 min. Transfer the m xture onto the 325
mesh screen; wash out the cup %Ed add

shi ngs ,,ont
t ko mepssemboghiasstiingaayydes maisn %Pfiﬁeﬂvé\‘?% s O %“ﬁaced

directly on screen for two minutes. (Spray head shogl d
pelletoeereelaluatod using erch@dgns(Bngbmera%ééé-tms dpstrugyent has a

cloth. Wash the residue to one side of the screen and
dual Ed‘aﬁﬂéﬁﬁtﬁial Sxtenphereghé sdraplaiis #oapnated atrey aigkhofidi’ nand the

distilled or deionized water froma washi ng bottle.

il R ddOft 00 WR coRfdrRfs @S TP ks mathdds Fa52 tnd 1646, and
reﬂeééﬁaé@ water. Dry (convection oven @1500C or under

rave n i t with
ASTURGRE DRYE, bR R R e Brfd EbouBl ¢ chEpaler
Drying (LOD) is the asured silj.ca .sanpl ' .
enough Drepe CrYe 2 PRl g et B amioglt PR RLEl Sk Bicla e
nmeasured silica sanple weight [ oss at 9000C for 2
glosshours (sanple previously predried for 2 hours at
1050C). The pH values of the reaction mxtures (5,
WeTlghR adiosdtive Deptir Abrasiore(RIDA) malnesofidestifives containingie
can be nonitored by any conventional pH sensitive

silicaSdoRfokRidfs IsedTR AFY ifvehfibf bietetdmidduecordingeto thamethiod|sst

pressed into a snooth surfaced pellet were eval uated

forth b3 Fik %xgﬁ&%galdaﬁ?enﬁ‘&l' t TRleAugsed 86, sl gg{l?{-gvrﬁ; ahd

am opti cal system where the sa

i) .um pat ed. at an : rah laet ed: hi ght
descriped i P aiongSy RACNRR o FATRS FaRiitp ol 1420 527 st

and T646, and ASTM St andayrd D985. Powdered material s
publigatéonsrand peignts aradssorpozated herephy teferghden

The cleaning property of dentifrice compositions is typically expressed in terms

of Pellicle Cleaning Ratio ("PCR") value. The PCR test measures the ability ofa
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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enough pressure to give a pellet surface that is
snmooth and without | oose particles or gloss. The
w@adaasyi ve Dentin Abrasi on (RDA) val ues of  PCT/US2007/006881

dentifrices containing the silica conpositions used in

this invention are determ ned according to the nethod

set forth by Hefferen, Journal of Dental Res.,

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

in Wason U.S. Pat. Nos. 4,340,583, 4,420,312 and

4,421,527, which publications and patents are

i ncor por at e®riefareedhEmpodunents of the InyeéntipR anj ng

property of dentifrice conpositions is typically

expressed in terns of Pellicle Cleaning Ratio ("PCR!

vZheventiee RERHabswerepeasparedbyt fequeriallytfornaing &in situ) a first

dentifrice conposition to renove pellicle filmfroma
silica AQbPeHNEH&S mbiciiel) ahd Bdihg et Gifficitns ambtts BERatasts to form

escribed in "In Vitro Renoval of Stain Wth

Dentif & cen ith teSRitalL e® &el (or

ap recﬁ%@ilg%@%g?@%k%él 1%%&Jr81e>’sﬁ#{ls vary gll ?g?h“g [ nge (
Jupon t, ture and. concentrati f

sl G TRAgEAD: e GO 1 GO RREPLNE iy T FRRRER f B firt
uni tl ess. Preferred Enbodi nents of_ the |nventjon.The .

stage while the areownitef proginitajfd dliGeis 5‘&?@1"6‘3’3’5‘%& QUi pf feactants in
formng (in situ) a first silica gel (or gel-Ilike

the setmidestagsl. ) Thenstrustinie nfthe Himabproduetfis centealled yhe amopnt of gel
reactants to forma precipitated silica conponent

first pRYGRISEA s Fdlated tthe @iyt of précipiteted silica,zsiwellasadantion gel
(or gel-like material). The anount of gel is

g { ofoitheasfdiscatsed i
paran%?é%% esﬁ\%\l}gl Iﬁ?te ! ratErelbidd! Ednteati DBCHIR N sorfo igcagsed in

e anount of precipitated silicais

caonttoll ed by the quantity of reactants in the second
greateg%ﬁéél_alb?ﬁg. structure of the final product is

controlled by the anmount of gel first produced as

related to the anount of precipitated silica, as well

as reaction EXAMPLE

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

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

step. The sodium silicate of 16.21% concentration (at a temperature of 85°C) was added

at 339 liters/minute and dilute sulfuric acid (11.4% concentration) was introduced at
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paraneters, such as tenperature, rates,

concentrations, pH, and so forth, as discussed in
w@e@atiers7tet ai | above. EXAMPLE The inventive eRE@pEm07/006881

initially involved the provision of 8140 liters of

6. 0% sodiumsilicate to which was added 11.4% sul furic

acid at a rate of 191.3 liters/mnute for 8 m nutes at

a tenperature of 5Q0C within a reactor. The resultant

silica gel-containing slurry was then heated up to

930C for 53 mnutes thereafter. Subsequently, 13 )

191 3rlitexstreButan t Thet silicateowey adged fonn dyrption efEmimites,, The asishyas
liters/mnute of reactor slurry (gel) was started and
added@milithelgH dfftlicoregilemt sluire wasriropredrto G10. tAtshanpuing) te acid flow

production. After the 53 m nutes conpl eted, 30 :
was rFﬁIh%c%ﬂ rt? 7%0 fterdinhE LA thOpHSHsBektweends:d dnd 843atBvhich point

_ elrs was theln added to the gel slurry. Thereafter,
oo G SRR TR AL ML G dges o
anothst 19 ERpweOR 4 Co e aENEE Y Be Lieh e R AR Rt

85C) was added at 339 liters/mnute and dil ut

washed tf aisacdiumesnitfate concentiatiomellgss than abgut R ?nfﬁﬁgfagébﬁ’&é%ithan 4%,
at191.3 liters/mnute. The silicate was added for a_ .

and nlbst paferablyfbel@v 2%4)as deterrined by intbnitesing dlercfiltiate: qanduetévity and
pH of the resultant slurry was dropped to 7.0. At that

then §RhPliried ftfa RGEICL{TbON 598 Sndigtikec Elheldried Phoduct eas threnmuilled to
untll the pH was between 5.3 and 5.5, at which point
unifoﬂ%is eadditi on was stopped. The resultant conposition
was then allowed to digest for another 10 m nutes at
93C. The resultant slurry was then recovered by
filtration, washed to a sodium sul fate concentration
of Iess than about 5% (preferably less than 4% and
nost preferably bel ow 2% as determ ned by nonitoring
the filtrate conductivity and then spray dried to a

| evel of about 5%.pMi f | product was then
CORIPARASTVE X Ak

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

conditions after gel formation were utilized.

Certain properties of the resultant materials from the Example and Comparative

Example were then measured. The following table shows those results:
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uni form si ze. COVWPARATI VE EXAMPLE The sane basic
nmet hod as above was foll owed, except that no high
wab@aniwsondi ti ons after gel formation were utiPCrEd2007/006881
Certain properties of the resultant materials fromthe
Exanpl e and Conparative Exanpl e were then neasured.
The followi ng table shows those results: TABLE |
Mat erial Properties Exanple Ex. Conp % noisture 3.4
4.1 % LA 2.9 2.8 % 325 Mesh Residue 0 0 5% pH 7.0
7.21 Brightness (techni ¥ 96 94 6 Average Particle
Si ze, nm Medi an Particl el4B Q (Hopba) Mean
Particle Size (Horiba) 10.95 10 64 Ei nl ehner Abrasion
(ng , ., 1 _loss/1 Mategiol0Propesfies' L / G| Absof tion
(cc/ 100g) 105 99 A brightness of at least 95.5 is a

si gni Ek&xﬂﬂfe | mprovenent ovegxtheCegparative

% moisture 34 4.1
% LOI 2.9 2.8
% 325 Mesh Residue 0 0
5% pH 7.0 7.21
Brightness (technidyne) 96 94.6
Average Particle Size, pm

?I/I{f(:)drii%I;)Particle Size 9.64 935
Mean Particle Size (Horiba) 1095 10.64
Fggﬁ%’iﬁgg’;ﬁ‘;ﬂ (mg 353 6.17
Oil Absorption (cc/100g) 105 99

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

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

Dentifrice Formulations

Toothpaste formulations were prepared using the above-described gel/precipitated
silica example and comparative example to demonstrate the ready-to-use on demand
capabilities of the inventive compositions without furthering metering of the two

components for optimum dental protection benefits.
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type and is thus the | ow end of the brightness |evel
of the inventive materials. Dentifrice Formul ations
waoeoavhpmst e fornul ati ons were prepared usi ng tPET/US2007/006881

above-descri bed gel/precipitated silica exanple and

conparative exanple to denonstrate the ready-to-use on

demand capabilities of the inventive conpositions

wi t hout furthering netering of the two conponents for

opti mum dental protection benefits.To prepare the

dentifrices, the glycerin, sodium carboxynethyl

ceTrb prepaes thodleptfrieys, dheeglyterinosodiva csshaxymsthyheelbilogey ed

together and stirred until the ingredients were
polyéth§Rat ¥BQol nd Wibital werd silxeddogetherrand stired detilothe egredients

wat er, sodium fluoride, tetrasodi um pyrophosphate and

wereﬁdé?%owptdsté GEAR h st WRMExtileS Phal¢iBRizE® Gatdredodams flidrided, ed

hese 1 ngredients are dissolved to forma second
adm xt ur e ﬁ?m {Pzﬁ[&d L A&Hd stirred
teuawd‘{}q‘f{“?tyfqpﬂjf’ %‘%ﬁﬁ@@g er&#@%ﬁﬁ%ﬁ% coﬁgg%v\égs SHIT
.added with stirrjng to tain a "pre-mx"..The pre:m
untijse ghafedignie e digucdlo Jam o Resad St Riuty ThRGOe] Rirfigtures
thi ckener, abrasive silica and.titanium di oxig(fﬁdwe.re .
werethsrecombingil with gtirjeg uThereaftesghe apHona color VRS addedih stirring
and the resultant adm xture was stirred for
to otagipaGprevatie?. yTHSpreimixt vess. placed tih 9 Rase diisen (Magel/ 130 LDM) and
sul fate and flavor were added and the adm xture was

silicthidkefétr, hbrasivb RIliRY afi@ tifindun® divixidd wereahixad irewith@d vacuum. A
m xi ng speed. The resultant dentifrice was transferred

3 O'i‘ﬁ"g‘t‘@%@ﬁ“ iéé‘c}s! BRR %ﬁcg ﬂ%gﬁﬁﬁ@%i%ﬂﬁ@ a8 RFrréd R 8fproRimately 15

i ng. titrice formulations are given

. N bl.e 2 below .The. dentifrice for '
mingighy 31 9P P o ftaf e abor fels i B S alitehteas
. for the purposes of deternjning PCR and A o
stirredefas apremsimajely oY miTes;ahg & qc%"%‘&%ﬂﬁ%ﬁ’a&ﬁ? resultant dentifrice
cl eani ng abrasi ves. TABLE 2 A pol yet hyl ene gl ycol

was framsféradal t© plastin IBnina@toothpaite Qixep ang stordddforn Adurengsting. The

dentifrice formulations are given in Table 2 below. The dentifrice formulation utilized
was considered a suitable test dentifrice formulation for the purposes of determining PCR

and RDA measurements for the inventive and comparative cleaning abrasives.
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A car boxynet hyl cel | mM ose avail abl e from CPKel co Oy,

Arnhem The Net herl ands 3 An anor phous,

precipitated

woe@h/istsruct ure silica thickening avail abl e frpoT/iSM07/006881

Huber

RDA properties,
t he nmeasurenents,

above;

Cor por at i on,
formul ati ons prepared above were eval uated for
according to the nethods descri bed

Havre de

as

MD The dentifrice
PCR and

G ace,

well as the PCR RDA ratios

for each dentifrice fornmulation are provided in Table

3 bel ow. TABLE 3 Exanp
For mul ati on PCR 85, 87 RDA

le Co

ggzratrve For mul ati on

BL¥ PCrR 0.97 RDA 0.77

The results show highly effective cleaning

capabi | i | i Esampl¢ hi Ceparativglly | ow dentin abrasi on

pr oper t i pEorfuiatibmt Homwdatiohds, but nmuch pronounced
Glyceripr ovenent ih the inyentive exanple in terns of
(99.9% N ed RDA with very Tow rlatio of PCRTRDA. A ratio of
Sorbitsl (G0%xefto 400 i prg@erred; t hus, above 0.8 is
% desired,|w th abo) nmare preferred, above 0.90
Deiogfzed | nof e peefer nd above 0. 95 nost preferred.
wate¥Wb |l e the i nventi leﬁ descri bed and di sclosed in
CARBOWAX® pn w3t h cFrtar preferred enbodi nents and
600'pY.acticep, it is nn intended to limt the
CEKON&esg0Toh to1.2hose f.él f| g enbodi nents, rather it is
cMaXndsended| t o cover | equival ent structures structural
Tetrasodium 0.5
pyrophosphate
Sodium 0.2 0.2
Saccharin, % ’
Sodium 0.243
Fluoride, % 0.243
Silica thickener 1.5
Zeodent® 165°, 1.5
%
Example 20
abrasive, %
Comp. Example 20
abrasive, %
TiOs, % 0.5 0.5
Sodium lauryl 1.2 12
sulfate, % ’
Flavor, % 0.65 0.65

" A polyethylene glycol available from Dow Chemical Company, Midland, MI

2 A carboxymethylcellulose available from CPKelco Oy, Arnhem, The

Netherlands

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

Huber Corporation, Havre de Grace, MD

The dentifrice formulations prepared above were evaluated for PCR and RDA

properties, according to the methods described above; the measurements, as well as the

PCR:RDA ratios for each dentifrice formulation are provided in Table 3 below.
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equi valents and all alternative enbodi nents and
nodi fi cati ons as may be defined by the scope of the
wappendsdr cl ai ns and equi val ence t her et 0. CLAl MBCT/ISZA07/006881
met hod for producing sinultaneously silica gels and
precipitated silicas, said nmethod conprising the
sequential steps of a) adm xing a sufficient anmount of
an alkali silicate and an acidul ati ng agent together
to forma silica gel conposition; b) subsequent to
silica gel conposition formation, treating the
resul tant conposition undeﬂyﬂ3bﬁ3shear condi ti ons; and
c) sinultaneously introducing to said silica ge
conposi t EWRi? st ep Coparti®s!f fi ci ent anount of an
al kal i Epmjuagien and @yamaefisiul ati ng agent to forma
precipitated silica, thereby producing a
PCRor eci pitat & gel silica &onbination. 2. The in situ
roduced ges/ precipitatgssilica conbination made by
t he net ho Caim1 wherein the silica gel anount
Pcﬁgresent t einis from7’ to 85% by vol unme of the
otal gel/precipitate silica conbination. 3. The in
situ produced gel/precipitate silica conbination nade

Y Thes Hhoot gt eBee SERpBE ERRD L SOR DOl entn

size range of from3 to 20 microns. 4. A dentifrjc
abrasiemprapertieg ferrhoth pxamples, babenusk aropepnssdduppvesest in the

conbination of Claim2. 5. The dentifrice of Claimi4 )
invertive dxamptoiniteinss ofdowered RIA iwith earmbow eatio of FGRMARIMA. A ratio

fromsaid in situ produced gel/precipitate silica

of asc@6HRItH a0 R Préferrdd) ke hb@ 08 isderirsd, WitleatRive 0B Saporepreferred,
is perforned at a tenperature between about 40 and

abova 890 still more preferred, and above 0.95 most preferred.

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

scope of the appended claims and equivalence thereto.
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7. The in situ produced gel/precipitate silica

conbi nation of Claim3 wherein the silica gel anount
w@e@sants7t herein is fromb5 to 85% by vol une of PCHes2007/006881

total gel/precipitate silica conbination. 8. A

dentifrice conprising the in situ produced

gel/precipitate silica conbination of Caim3. 9. The

dentifrice of Claim8 further conprising an abrasive

conmponent different fromsaid in situ produced

gel/precipitate silica c g%rﬁ,gélon 10. The in situ
produced gel /precipitate a corrbl natl on made by

the nethod of Cl ai m 6 wherein hes a R
1. prégeethod faspapducing simpltansopsly § %69 i %a?%ihcas said

total gel/precipitate silica conbination. 11. A
methdd comprising tiosegpemdiahstepsef i n situ produced
gel /precipitate silica conbination of Caim10. 12.

The) a@nixidg 4 seffiofenCiradunt bf ah aikkli silicateraudiapiaciglulating agent
abrasive conponent different fromsaid in situ

togetREORUERA a3l caebednipdsitidn; S | 1 ca conbi nati on.

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

¢) simultaneously introducing to said silica gel composition of step “b” a
sufficient amount of an alkali silicate and an acidulating agent to form a precipitated

silica, thereby producing a precipitate/gel silica combination.

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

gel/precipitate silica combination.

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

range of from 3 to 20 microns.
4. A dentifrice comprising the in situ produced gel/precipitate combination of Claim 2.

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

said in situ produced gel/precipitate silica combination.
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6. The method of Claim 1 wherein step “a” is performed at a temperature between

about 40 and 90°C.

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

combination.

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

Claim 3.

9. The dentifrice of Claim 8 further comprising an abrasive component different from

said in situ produced gel/precipitate silica combination.

10. 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.

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

Claim 10.

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

said in situ produced gel/precipitate silica combination.
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