WO 2008/ 082795 PCT/ US2007/ 08- 1020 PRECI PI TATED SI LI CA MATERI ALS EXHI Bl TI NG
H GH COVPATI BI LI TY WTH CETYLPYRIDINI UM CHLORIDE Field of the Invention
This invention relates to precipitated anorphous silica, and processes for
making it. The precipitated silica is especially well-adapted for use in
dentifricegoenvbgdssi ng cetyl pyridinium chloride. Backgs@uid,efosihe

I nvention Modern dentifrices often contain an abrasive substance for
controll ed mechanical cleanig and polishing of teeth, and optionally a
chem cal cleaning agent, anong other comon ingredients, such as
hunectants, flavors, therapeutic ingredients, such as an anticaries agent,
rheol ogy control agents, binders, preservatives, colors, and sudsing

agent s, anBRECOPITARED SXAICACHAT BRI AHS EXSIBI BN OHIGH CoMmPaMBitheyapeuti c
agents, such as anti-mcrobial agents. Cetylpyridiniumchloride ("CPC') is
an anti-m crobial agent WISeHCETVLPYRIBINAIUMPOHEORIDEN as i n nout hwashes and
t oot hpastes. There is an increased desire anong dentifrice manufacturers
to incorporate anti-mcrobial agents in dentifrice applications for the
control of mal odor and/or other therapeutic action, with CPC being one of
the nore favored. It is cost effagghyyemanded@erally recogni zed as safe. By
contrast, some alternative anti-mcrobial agents currently being used in

dentifrices hayg;¢oRBion4BFes 1o pp&r ?t?t@c'.l ﬂ‘gocr?}%ru%l' &yar]cdgﬁ; roddQestPlgigoNt ri buti on

to the increased resistance of erial strdins to anti1 bfotics. CPC

s not Cogfdgggggp&agﬁg%ﬂméagegg@yg&eﬁ DeBsDoRDBERRE &Rl M0, 2008/ 082795

PCT/ US200 I's a ni c onpound CPC s

antimcr Obcle%/llpyrlgmlum cHItide.

Background of the Invention

Modern dentifrices often contain an abrasive substance for controlled mechanical
cleaning and polishing of teeth, and optionally a chemical cleaning agent, among other
common ingredients, such as humectants, flavors, therapeutic ingredients, such as an
anticaries agent, rheology control agents, binders, preservatives, colors, and sudsing
agents, among others. Oral care products also often contain therapeutic agents, such as
anti-microbial agents. Cetylpyridinium chloride (“CPC”) is an anti-microbial agent used
for this purpose, such as in mouthwashes and toothpastes. There is an increased desire
among dentifrice manufacturers to incorporate anti-microbial agents in dentifrice
applications for the control of malodor and/or other therapeutic action, with CPC being
one of the more favored. It is cost effective and generally recognized as safe. By contrast,
some alternative anti-microbial agents currently being used in dentifrices have come
under increasing scrutiny for possible contribution to the increased resistance of some

bacterial strains to antibiotics. CPC is not considered to contribute to this health problem.



generally understood to result fromits ability to bind to anionically
("negatively")- charged protein noieties on bacterial cells present in the
nmout h. This CPC attachnent nechanismresults in a disruption of nornal
cellular function of bacteria and contributes to the prevention of plaque
formation wodo@ogesns bacterial actions. A probl em encoun g%' ( usage
in dentifrices has been that CPC tends to |nd|scr|n1na%@p§ O?ﬂﬁgﬁg
negativel y-charged surfaces. In particular, co-ingredients of toothpaste
formul ati ons havi ng negati vel y-charged surfaces also may bind to CPC before
it perfoms any antimcrobial action. Once bound to these nontargeted
surfaces, the CPC is generally unavail able to perform any neani ngful

antim crobi al &d iea catlonict(Miositivegatidyges icbiygand. € PafstagimidsBthl &siorny abr asi ve
in dentifrices. For instance, silica's abrasive action is used for

pel l'icle regmenty ufdearoot eetebult fMasits DOIMVERBINdeaAliosdally Casgativged in dentifrices
have negativel y-charged surfaces. Consequently, CPC adsorbs onto such
convent i onglar@il biotsh REMEGICH badr@lal EBRpRAT iR rduRe dhRRPYawadiign@dsor ption of
CPC wupon silica or other co-ingredients of the dentifrice is highly

undesi r abl gechkhiSn rddatts in MRisrBii §OSTndRthl BESGF fulﬁéﬁ)n%fgagnﬁgﬁm@%{nl%@s dentifrice

formul ation containing guar hydroxypyropyl-trinonium chloride. The guar

conpl ex hag g HEGREH of%fat]!xenfto!:ryatltap\ﬂﬁir&lhepb&@ngl%cﬁ&snegat i vel y-charged
species, It preferentl y |nds to anionic conponents |eaving CPC free to

bi nd to pl aque. i %?9 524 describes a silica that is
conmpatible wt K TP 9’8?@0065?59 Hbg bﬂ?é‘i In dSIRGS PROQUPHLES B195the silica
originating fron1tne reaction of an alkali metal silicate wth an

i nor gani ¢ BAISEIYE & DReingatgRhaRd HrRtee 1aPRTBrer eie-ibgTEdRI T conpound
capabl e of devel oping hydrogen or ionic bonds with the Si-CH silanol
groups or CREPasiedormyfilens avire pesap rhisrioaRd 98T AR Eise J82 007 06RO before

it performs any antimicrobial action. Once bound to these nontargeted surfaces, the CPC

is generally unavailable to perform any meaningful antimicrobial action.

In this regard, silica is often used as an abrasive in dentifrices. For instance,
silica's abrasive action is used for pellicle removal from teeth. Most conventional silicas
used in dentifrices have negatively-charged surfaces. Consequently, CPC adsorbs onto
such conventional silica powders. For reasons explained above, the adsorption of CPC

upon silica or other co-ingredients of the dentifrice is highly undesirable.

U.S. Pat. No. 6,355,229 descnbes a CPC compatible dentifrice formulation
containing guar hydroxypyropyl-trimonium chloride. The guar complex has a higher
affinity toward binding to negatively-charged species. It preferentially binds to anionic
componeﬁts leaving CPC free to bind to plaque.

U.S. Pat. No. 5,989,524 describes a silica that is compatible with flavors obtained
by treating the surface of the silica originating from the reaction of an alkali metal silicate
with an inorganic or organic acidic agent with the aid of an organic compound capable of

developing hydrogen or ionic bonds with the Si-OH silanol groups or the SiO” anionic



groups at the silica surface. The organic agent can be added to the silica
in the formof slurry before or after salts are renoved, or can be sprayed
on to dry silica. A nunber of patent publications describe processes for

maki ng conposite synthetic silica particles, including the follow ng. U S

Pat, No. %Wg§&w§g%9describes a process of preparing XegQﬁﬁhﬁth?ngCh a
abi ap

silica gel 15 st Jized so that the pores of the gel do not co se upon
drying. It involves a two-stage precipitation process where in the first
stage silica gel is forned, and in the second stage a | ayer of dense

anor phous silica is forned over the gel particles in order to provide
sufficient reinforcenent such that the pores do not collapse upon drying.

The gel  pasigs @l tﬁ@sih@\é@rf@cepﬂ{etd@ln@ a%én?@anib@ ad 38 1 AOYBcAh 1R bk KO0
mllimcrons (nnj, and preferably ave an average dianmeter of from5 to 50

mllimcropg [ j i v Gan be dewatered and
Ofsiry bERRe S0Pl stathﬂge f@%&@dﬂh%ﬁge Bidyed 6 R%iry S0

dried into powder form 6 patent states that n silica particles

have a specificg surface area of greater than 200 n¥/g, it is preferred to
repl ace the wé‘t'}é‘f”b\?ﬁ ‘chﬁ’a%t PaPlgng&e%FﬁcaQﬁ 'H‘?Ce%?ﬁﬁf%f Wgﬁ“g%‘ﬁ*ﬂ}’d’?%ﬁ e the silica
particles. The '326 patent describes silica products with preferred

speci fic sUPHEE ”&F@ggdGU“FUdWQ@wﬁ@F@W@The '.326 patent indicates little
advantage is obtained in carrying the process of accretion to an extrene.
The preferred prodacis. HT3 1146 desBis patoeest ofpremessxadgerccweichen are |inited
so that the original dense ultimate units of the aggregates do not |ose
thei r i dendlichgelandatiilived s@haghagdresad gie ggjalb@st dtlfpde tippnheiryisg. Mokvodblescur ed. U. S.
Pat. No. 2,885,166 describes a process used to deposit a dense |ayer of

silica oveiopakt petipisatioh pekess haere §i the £@: stage Wika2eeDR t8MRB, add Whe

PCT/ 13S20071084020 U.S. Pat. No. 2,601, 235 descri bes a process for

produci ng daetnkiktabiPa 184 driof denb@drbdrlloBSsilica is formed over the gel particles in order to
provide sufficient reinforcement such that the pores do not collapse upon drying. The gel
particles have a particle size in the range of 5 to 150 millimicrons (nm), and preferably
have an average diameter of from S to 50 millimicrons. The resulting reticulated particles
can be dewatered and dred into powder form. The '326 patent states that when silica
particles have a specific surface area of greater than 200 m*/g, it is preferred to replace
the water with an organic liquid, and then dehydrate the silica particles. The ‘326 patent
describes silica products with preferred specific surface areas 60 to 400 m¥/g, The 326
patent indicates little advantage is obtained in carrying the process of accretion to an
extreme. The preferred products of the '326 patent process of accretion are limited so that
the original dense ultimate units of the aggregates do not lose their identity and the
original aggregates structure is not obscured.

U.S. Pat. No. 2,885,366 describes a process used to deposit a dense layer of silica

over particles other than silica.

(OS]



in which a silica sol heel is heated above 60C to nmake nucl ei of high

nol ecul ar weight silica. The nuclei is mxed with an aqueous di spersion of
active silica nade by acidulating alkali metal silicate, and the m xture
is heated above 60C at a pHof 8.7 to 10, such that active silica accretes
to the nuckeihgosldsHes Pat. No. 5,968,470 describes a procgssué@osnkhesi ze
silica having controlled porosity. It involves the addition of silicate
and acid to a solution of colloidal silica with or without an electrolyte
added (salt). The porosity can be controll ed based upon the anmount of
colloidal silica added in the First step of the reaction, Silica with BET
surface areas ranging from20 to 300 nY/ g, CTAB specific surface areas
from10 to 200 WhR/Ryt. Noi 2,60 lai3Saeptiban p(dBRYormparigeimgb fiit-apsiBh faeic0 M / g,
pore volunes froml to 10 cm'/g, and nean pore dianeters from 10 to 50
rimcoul d hevhsgntshies ka deel isTeeted aiceanclE®d tomekeafuclenm@thgghinadisular eddieed by this
process is in the paper and catal ysis marketplace. U S. Pat. No. 6,159, 277

descri bes aliqar Deass eff iomitedevithan ARleb@ispérsish bi RAvedArhintliesy Wi th a doubl e
structure of a core of dense anorphous silica and a shell of bulky

anor phous gidula6Ag alkelDREtall sRich@l N8 thelnfixi@rehid Hegled B3RP0 TR 2 GRIoFBS 14 hen aged,
wet pul verized, and then sodiumsilicate is added in the presence of an

al kal'i et g s&ahifat bdhvOLiHEN acti@ief B11K8 nu@RDr phous silica particles on the
surface of the mlled gel particles. The resultant double structure silica

rater a1 has an, avar e, BRT kel e AL oL 2 40 5 M TRt er and
cont i ngs. PAPURt fBUBIFEE FORER T euSaPT B b et SGM pERSTER et 11 ce or
grc-?-: UglzSg%rggaj@%%ggl%gtlrélfytg ralgdeld ?s%llt)ggﬁe gorr]oesit;f galnlbce)vcwonrgrg(])'lIed4 ba\é\gi u%%g?h/6082795

amount of colloidal silica added in the first step of the reaction. Silica with BET surface

areas ranging from 20 to 300 m%g, CTAB specific surface areas from 10 to 200 m%/g, oil

absorption (DBP) ranging from 80 to 400 m%/g, pore volumes from 1 to 10 cm*/g, and

mean pore diameters from 10 to 50 nm could be synthesized. The intended use of

materials produced by this process is in the paper and catalysis marketplace.

U.S. Pat. No. 6,159,277 describes a process for the formation of silica particles
with a double structure of a core of dense amorphous silica and a shell of bulky
amorphous silica. A gel is formed in a first step. The gel is then aged, wet pulverized, and
then sodium silicate is added in the presence of an alkali metal salt in order to form
amorphous silica particles on the surface of the milled gel particles. The resultant double
structure silica material has an average particle diameter of 2 to 5 micrometers and a
surface area of 150 to 400 m*/g. The resultant material is said to have improved

properties for use in as a delustering agent in paint and coatings.

Patent publications that describe use of silicas in dentifrice or oral cleaning

compositions include the following.



U S Pat. No. 5,744,114 describes silica particles adopted For fornul ation
into dentifrice conpositions having a uni que surface chemstry as to be at

| east 50 % conpatible with zinc val ues, and have a number of OH functions,
expressed as OH/ nn2, of at nost 15 and a zero charge point of from3 to
6.5 The ' \Q‘O%&OSB%%{“ describes a process of preparingsidd6fRaps1 cl es by
the reaction of silicate wwth an acid to forma suspension or gel of
silica. The gel/suspension is then separated, washed with water and treated
with acid to adjust the pH below 7 U.S. Pat. No. 5,616,316 descri bes
silicathat is nore conpatible with customary dentifrice ingredients. In
addition to many other ingredients, cationic amnes are nentioned. Another
probl em associ at&drani X YsEge4 QkscabRVERth ipanidles Sddpteda®r ifrmdrAéd fiid ces s
that they often have flavor conpatibility problens. That is, the

convent i on@htifict ic6@positng hatify IantifiRCiurfabe Bhefdi sy ofsant 5e lan¢dattdgded n t he sanme
dentifrice in a manner that creates off- flavors, making the product |ess

pal at abl e. colphol O/fth Lin@VAlesPERIOM AGRRIBROY it st Cexlessed QIBHARTVeNt i onal
silicas in dentifrices is highly undesirable froma consuner satisfaction

st andpoi nt oA NERds &d SieSo fifgePbin} Gt NBY sCL PRy ARG QBEL DEbcd th
anti-mcrobial agents such Tas CPC in oral cleaning conpositions such as

dentifrices pvsép}ld?@u&néa AlctdsBY uxeh@acp@ﬁ&%%&\é%nmfaH NEHI O Rm fsugaelaﬁr?]&r

. . i
ingredient. Si'licas that are nore avor conpatible are als need. In

It re-l-i. -e i- 1S - -a | 1Y water .rf wWith” . it
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desirabl e &Qﬂ%%@g&ﬁwggpmgonponents found in dentifrice formul ati ons. The
i

present inven n e ese needs and others as w |l becone readily

apparent fromthe disclosure that follows. 5 _ _
U.S. Pat. No. 5,616,316 describes silica that is more compatible with customary

dentifrice ingredients. In addition to many other ingredients, cationic amines are

mentioned.

Another problem associated with usage of conventional silicas in dentifrices is
that they often have flavor compatibility problems. That is, the conventional silicas tend
to interact with flavorants included in the same dentifrice in a manner that creates off-
flavors, making the product less palatable. This oft-flavor problem accompanying use of
some conventional silicas in dentifrices is highly undesirable from a consumer
satisfaction standpoint.

A need exists for silicas that can be used together with anti-microbial agents such
as CPC in oral cleaning compositions such as dentifrices without impairing the respective
functions of either ingredient. Silicas that are more flavor compatible are also in need. In
general, the silica disclosed in this invention may be useful whenever it is desirable to
limit the interaction of the silica particulate with desirable additives and components
found in dentifrice formulations. The present invention meets these needs and others as

will become rcadily apparent from the disclosure that follows.



WD 2008/ 052795 PCT/ US2007/ 084020 Summary of the Invention This invention
relates to a unique silica product conprising silica particles that have
been surface-nodified in a beneficial nmanner through the inclusion of

sodi um sul fate powder during different process steps for silica production
as well asyphgpsppihonal use of high shear m xing throqugy$m&ﬂ@“ﬁ@tire
process as well. This silica product is particularly useful 1 n dentifrice
conpositions containing cetylpyridiniumchloride ("CPC') or other

t herapeutic agents. CPC does not appreciably bind to these silica

products. Therefore, when contained in a dentifrice conposition, an

i ncreased anmobunt of CPC remains available for its antimcrobial duties
while the silica abrasive rengimaarywftinglaidngidn by CPC attachnment, and it is
able to provide the nechanical cleaning and polishing action desired from
it as an abrasithe isvehiiGreRre@ tcinidddiitd Podld dsmplibieg §iida Raiclepraduct is

hi ghly conpatible with many conmonpl ace dentifrice flavorants. The silica

product of heebedisimdemdaftict i ShdnBy@M Hadir HRAUE 8% iddNBicReBSddinl 1 ty of
off-flavors when present together with flavorants. Al so, the silica

product i ssula@Bbyd&AURAL di BLieno W debss stepsUor dilflg plROctRAYE &8P asSHEEbtiBSal SOdi UM
fluoride. The silica product does not adversely interact with or inpair

t hose anti garFgs; NS @ bib i ool I, id nvention
enconpassegégn ﬁﬁgggive”%J%%@%F?é%gﬁgéfﬁ?ggéﬁggLrngémﬁﬂﬁﬂhil%ense phase

coating of pa%c%ﬁirlz%ﬁ?fgémitiihir%ggoMB‘%‘ﬁi‘Sﬁ’s’Eont‘rﬁ‘(*Hﬁ(’%i%tglpzx?ﬂi@ur%%%ﬁg%pr eci pi t at ed

silica materia Ian particle Si etween 5.5 and 8
o %5 A ol PO Tl A IR S 00,200 A o
o 7 Sy b B SRS 4808 SRR A e, T "
met hod i nve}’a?esmagnrg%v;iBLlle(?gyiitggnnsn% %ﬁglt(iugelzs »\%ﬁtﬂ%%% silica abrasive remains

unimpaired by CPC attachment, and it is able to provide the mechanical cleaning and

polishing action desired from it as an abrasive silica product. Additionally, the silica

product is highly compatible with many commonplace dentifrice flavorants. The silica

product of embodiments of this invention reduces the possibility of off-flavors when

present together with flavorants. Also, the silica product is highly compatible with

fluoride ion sources such as sodium fluoride. The silica product does not adversely

interact with or impair those anticaries agents or their function.

Accordingly, this invention encompasses an abrasive precipitated silica material

with a dense phase coating of precipitated silica thereon, wherein said coated precipitated

silica material exhibits a median particle size of between 5.5 and 8 microns, a pore area

for pores with a diameter greater than 500 A of at most about 2.4 m%g, and a %CPC

Compatability after aging said material for 7 days at 140°F of at least 90%. Also

encompassed within this invention is a method of manufacturing an abrasive silica

material, wherein said method involves the following sequential steps:



6 WD 2008/ 082795 PCT/ US2007/ 084020 a) Reacting, under high shear m xing
conditions, a first anount of silicate and a first amount of acid together,
optionally in the presence of an electrolyte in an amount of from5 to 25%
wei ght/weight ratio of the total weight of silicate, to forma First
silica matwoizadsiosane b) reacting, in the presence of sapdr/tktostossizbi ca
material, a second anount of silicate and a second anount of acid

together, optionally in the presence of an electrolyte in an anount of
from5 to 25% wei ght/wei ght ratio of the total weight of silicate, to form
a dense phase coating on the surface of said first silica materi al

thereby formng a silica-coated silica material; wherein said electrolyte
is present in edther Bfacseg, dndst biplssheermining thrditions, ddirst agodyotfsilsreps, and
wherein said step "b" is optionally perfornmed under high shear m xing
conditions. The resutndartrstaimbirdaf sobbgahesiobii@allyattes predesceat i bit extrenel y
hi gh CPC conpatibility levels as well as simlarly high flavorant
compatibility | evel s dewslytdihen sthdunnefifenss o 26%-eoatvedighi daiical theat eri al  of
enbodi nents of this invention may be produced via a process including
steps of providi ng pofauseighddf sificsd) bsformat Brst Pladatriatdrial ads a pre-forned
material or formng it in-situ, followed by precipitating active silica

upon the silica)substiradiegpatieiptds@se 6ff shi@eirdt vieicd i0atead | aSkdontl BRoPOBE Si Ze
di stribution requirenments described herein. It has been found that the

inclusion of the sodigiaghl 8@onPAVRET of d4I8 tRBth&USH IR YA BEHHELRY Processes
decreases the available pore sizes within the uitimaté silica materials

even nore so than progessesuditain dMholNel HERlsUS 52 WwdghS8eiRRAseF coat i ng of
silica on silica particles alone. Thereby, the |evel "of dbc conpatibility
the total weight of silicate, to form a dense phase coating on the surface
of said first silica material, thereby forming a silica-coated silica
material;
wherein said electrolyte is present in either of said steps “a” or “b” or during both steps,
and wherein said step “b” is optionally performed under high shear mixing conditions.
The resultant silica-coated silica materials exhibit extremely high CPC compatibility
levels as well as similarly high flavorant compatibility levels,
Thus, the ultimate silica-coated silica material of embodiments of this invention
may be produced via a process including steps of providing porous silica substrate
particles as a pre-formed material or forming it in-situ, followed by precipitating active
silica upon the silica substrate particles effective to satisfy the pore size distribution
requirements described herein. It has been found that the inclusion of the sodium sulfate
powder during such manufacturing processes decreases the available pore sizes within
the ultimate silica materials even more so than processes that may include just a dense

phase coating of silica on silica particles alone. Thereby, the level of CPC compatibility

has been found to increase to a level significantly above that for such previous attempts



has been found to increase to a level significantly above that for such
previous attenpts 7 WO 2008/ 082795 PCT/ US2007/ 084020 of dense phase
coating treatnments of abrasive silica nmaterials. Hence, in one enbodi nent,
a dense silica/sulfate material is deposited on the silica substrate
particl es wehhgotiye to penetrate into and/ or bl ock at peasdhopPaglpef the
pore openings on the silica substrate particles to reduce the pores having
a size greater than about 500 A effective to imt the cumnulative pore area
for those sized pores on the surface-treated silicas to |l ess than
approximately 6 n2/g, as neasured by nercury intrusion porosinetry.
Experinental results reported herein reveal that pores sized greater than
about 500 # dane phoeeoatiagcessebb o sbasiGPOidamatausisofetdeain oper es havi ng snal | er
sizes. Consequently, it has been discovered that the reduction of pores on
t he sili caepaxdinent, esleavilingsudtazantent] igdeatied ot hanilicafubutat@icksi s essenti al
tolimt CPCintrusion and thus CPC | oss to pores at the surfaces of the
silica partffeeleso péerrate N8d &ttt blodhanastGrRE o p&t bpantngabethskiles i ed in a
common aqueous solution, the CPCis apt to intrude into silica surface
pores havi fgstSitezR%ictd to @HeRtRIpofdd ARV ALNHe «RARr Man Mislt SUOtAefFAGR 50T €
difficulty into smaller pore sizes. Therefore, it has been discovered that

Fi | 1ing porasteRuhiie sl JoCaedrar hbelsBsd fhaiontheSL#Rs-1Rhted ghQaIAEsst han about
500 A provides silicas that are significantly nore conpatible with CPC

Preci pi t at @gh ptd<GRatdY BMIGE & RLERENEInREFPIILAG fRosERRQIEMRALSAT this
invention so as to reduce the cumulative pore area of "all pores having

si zes greaeqlits tdyaRe ARAUN 1RO thathot® stzE&FSed: ¥ ain 3DRE 900 ABteghote 6 ni Z/ g,
generally have a %CPC Conpatibility value ofat |east 85% particularly

greater {88, 8pe TR, RAF bhEUORL I AIPALEICHANA0 1AM, even more

particularly greater than about 92% and it genera anges between about
discovered that the reduction of pores on the silica particles having sizes of greater than

about 500 A is essential to limit CPC intrusion and thus CPC loss to pores at the surfaces
of the silica particles. For instance, where CPC and silica are slurried in a common
aqueous solution, the CPC is apt to intrude into silica surface pores having sizes of
greater than about SO0 A, but with much more difficulty into smaller pore sizes.
Therefore, it has been discovered that filling pores on the silica particles having sizes of
greater than about SO0 A provides silicas that are significantly more compatible with
CPC.

Precipitated silica products prepared according to embodiments of this invention
so as to reduce the cumulative pore area of all pores having sizes greater than about 500
A to less than approximately 6 m*/g, generally have a %CPC Compatibility value of at
least 85%, particularly greater than 87%, and more particularly greater than 90%, and
even more particularly greater than about 92%, and it generally ranges between about
85% to about 97%. The "%CPC Compatibility" value of a silica is determined by a

testing procedure explained in the more detailed descriptions provided below. These



85% to about 97% The "% CPC Conpatibility" value of a silica is determ ned
by a testing procedure explained in the nore detail ed descriptions

provi ded bel ow. These 8 WD 2008/ 082795 PCT/ US2007/ 084020 %CPC
Conmpatibility values are attainable due to the treatnment of the silica
substrat e woants/msbt®ms effective to reduce the surface poresuURavI/IBg028 Si ze
greater than about 500 A such that the cunul ative pore area of those sized
pores generally is less than approximately 6 nR/g, and preferably | ess
than approximately 5 n2/g, and nore preferably | ess than approxinmately 4
n2/ g, as neasured by mercury intrusion porosinetry. Dentifrices that
contain this silica product offer the benefit that CPC al so can be used
whi ch renaf/nr?s"%oném“gf'fye@&ureweéﬁquablaéveetpitfe@nrepweqofitfnf stlita sehstit$ fri ce despite
the co- presence of silica abrasive. As another benefit and advantage,
denti fri cegubelpalienti edo tedece thg Juifacs PpTeb bRYEE astes Bresigp@pd douf J08viociat t ri but es.
The flavor conpatibility of the silica product of this invention is

superi or t gwaciie pumitlatyo monsracsa af thdesrstzed pagesaecralylis ees thante@pioainztelythe or al

cl eani ng conpositions that can be benefited by incorporation of the silica
product of mégbodiprderaldy tebs thim appionineretyi om’/g,rod ude, préferbleampire, dentifri ces,
chewi ng guns, and nout hwashes, and the |ike. The term"dentifrice" neans
oral care pw;m@l(wmtslyi4rm2/g.geneeead1red;b|>cxlnera;syinzviutibxopnrosiimttandi ng to be limted,

t oot hpastes, tooth powders, and denture creans. The silica particles of
enbodi nents of Ddnafricaynatdootainahis olidagveluwiotfer the bevafid thg CPAtaldoickiybeand
application, including, for instance, as a netal, ceram c or porcelain

cl eani ng oged sticibénaig @geeffectiFeoantifpdrepas@s! ihateaiemnifritddespirrning caol ogy "silica
particles"” nmeans Finely divided silica, and the term enconpasses silica
primary papicheabessilish hirgdveadghegat Bfefitian@advastiilel @i frickiksohRimeng thd A
plurality of silica primary particles), silica agglonerates (i.e., unitary
clusters ofiliga product have superior flavor attributes. The flavor compatibility of the silica

product of this invention is superior to current commercial dental-grade silica materials.

The oral cleaning compositions that can be benefited by incorporation of the silica
product of embodiments of this invention include, for example, dentifrices, chewing
gums, and mouthwashes, and the like. The term “dentifrice” means oral care products in
general such as, without intending to be limited, toothpastes, tooth powders, and denture
creams. The silica particles of embodiments of the invention also have wider cleaning
utility and application, including, for instance, as a metal, ceramic or porcelain cleaning
or scrubbing agent.

For purposes herein, the terminology "silica particles”" means finely divided silica,
and the term encompasses silica primary particles, silica aggregates (i.e., unitary clusters
of a plurality of silica primary particles), silica agglomerates (i.e., unitary clusters of a
plurality of silica aggregates), singly or in combinations thereof. The term "denser", as

used in herein, refers to a lower porosity silica particulate.



plurality of silica aggregates), singly or in conbinations thereof The term
"denser", as used in herein, refers to a |lower porosity silica
particulate. 9 WD 2008/ 082795 PCT/ US2007/ 084020 Detail ed Description of
the Invention In accordance with the preceding summary, the present

i nvention we 20isreeted to a unique silica product, whichcisspendsieul arly
useful in dentifrice conpositions containing therapeutic agents, such as
CPC. The silica product of enbodinents of the present invention limts the
ability of CPCto bind to these products. Consequently, loss of CPC due to
i nadvertent interaction with silica abrasive particles is mnimzed. The
silica product of an enbodi nent of this invention may be produced by a
general process schene, in wRgtaied Bescription9f the Infentinwr phous silica panicl es
is provided either by slurrying up a prefabricated silica nmateri al

obt ai ned i n drylinfageeedaycedivith eprefedmmsuromary ahe preseatineslign is flirgadama  ongoi ng
production run in which fresh precipitated silicais in slurry or wet cake
form w t houtuesven phavétnghibieie pardel&ly usefulon powdier cbopasiticandndiniigng whi ch at

| east one electrolyte is optionally included during said alternative
ongoi ng pr oduetutiongmunsiahds €M@ Themtita poditegh emSoddeftosfiedpregetti onal | y under
hi gh shear m xi ng conditions, followed by, 2) precipitating active silica,
opti onal | yinventiché&mjts eésabitiey @fCPELto bine &stheso pod@dte Chiisalyehey, I@andf er ei n t he
entire step is perforned optionally under high shear m xing conditions,
upon the supstimtershliheactantithcliRs aehdeohitves sonifiatide the cunul ative pore
area of all pores having sizes greater than about 500 A to |less than

appr oxi mat el y 6rusiiga pagkt pf &f @iballngnt df @SSintdiash ABPrbdiBéddyys 5 n2/ g, and
nore preferably |less than approximately 4 mi-/g, as neasured by nmercury

intrusion poAshRLEL Ehemd REWHEPC Conpatibility val ues of such

1) a slurry of amorphous silica particles is provided either by slurrying up a
prefabricated silica matenal obtained in dry finely divided form, or, alternatively, from an
ongoing production run in which fresh precipitated silica is in slurry or wet cake form
without ever having been dried into powder form, and during which at least one
electrolyte is optionally included during said alternative ongoing production run and the
entire step is performed optionally under high shear mixing conditions, followed by;

2) precipitating active silica, optionally in the presence of at least one electrolyte
and wherein the entire step is performed optionally under high shear mixing conditions, -
upon the substrate silica particles effective to reduce the cumulative pore area of all pores
having sizes greater than about 500 A to less than approximately 6 m%/g, and preferably
less than approximately 5 m¥g, and more preferably less than approximately 4 m’/g, as
measured by mercury intrusion porosimetry. The %CPC Compatibility values of such
surface-modified silica products is at least 85%, particularly greater than 87%, and more
particularly greater than 90%, and even more particularly greater than 92%, and generally

ranges between about 85% to 97%.



surface-nodified silica products is at |east 85% particularly greater than
87% and nore particularly greater than 90% and even nore particularly
greater than 92% and generally ranges between about 85%to 97% 10 WO
2008/ 082795 PCT/ US2007/ 084020 The el ectrolyte that nust be utilized in
this i nverwovespsoeess nmay be any typical type of salt mompseosrdsioat

di ssoci ates easily in an aqueous environnment. The alkali netal salts and
al kaline earth netal salts are potentially preferred in this respect. Mre
particularly, such conpounds may be sodiumsalts, calciumsalts, magnesi um
salts, potassiumsalts, and the like. Still nore particularly, such
conpounds may be sodium sulfate, sodium chloride, calciumchloride, and
the |ike. Mst Tpe elbdratydelhasmesoel uieesiih flagiaventi vaprpeess mayrtsdog ediceli t her in
powder formw thin the reaction or dissolved within the acid conponent
prior to rigpctfisghcanipohnd that dessddatesteasily it antiggecbeenyirdirsaovBreatkat hat CPC
conpatibility, as neasured according to the technique set forth herein, is
not r el at edettlgaltstred elkelialchrtipoetel saltssae pitentillly Befbirglan tHhutespectndfoead, it is
directly related to the cumnul ati ve pore area of the pores having sizes
great er thaniculapprsosti cuatpelinds 5@Q bésodlum genedlalm siiBemgmedtekaltshe reducti on of
pores having sizes greater than approximately 500 Ain a silica product,

t he bett erpahguElE adnpsaikebslili ingreghittian i such Bedpiuhdomiyhe spdi@sence of pore
sizes |l ess than about 500 A does not significantly influence the CPC
conpat i bi I duttyte activ@\cedridd, kalbias chlohse, beiahe (et 81031 prefdrrédiatodsunt nthei ngly  the
i nclusion of a certain anmount of electrolyte (such as sodiumsulfate

powder, asio@8trofRd kitHEt {ni pagde@Xeplietin M6 et ofdigdoRal Qlithialihd dctdy t 0 reduce
the cunul ative pore area attributable to such 500 A pore sizes. Likew se,

it has beepnfiet@r padieshchdiab wiH@fR shese area reductions may be enhanced
t hrough a high shear mxing (defined as a 100 L/mn
It has been discovered that CPC compatibility, as measured according to the

technique set forth herein, is not related to the overall pore area of the silica, but, instead,
itis directly related to the cumulative pore area of the pores having sizes greater than
approximately 500 A In general, the greater the reduction of pores having sizes greater
than approximately 500 A in a silica product, the better the %CPC compatibility attained.
Reducing the presence of pore sizes less than about 500 A does not significantly
influence the CPC compatibility achieved. It has thus been determined that surprisingly
the inclusion of a certain amount of electrolyte (such as sodium sulfate powder, as one
non-limiting example) accords a greater ability to reduce the cumulative pore area
attributable to such 500 A pore sizes. Likewise, it has been determined that such pore
area reductions may be enhanced through a high shear mixing (defined as a 100 L/min
flow rate and 5800 rpm, through the use of a mixer apparatus, such as, as one non-
limiting example a Silverson® L8450 model mixer) reaction condition as well. Itis

believed, without intending to being limited to any scientific theory, that such high shear

conditions reduces co-agglomeration of particles and permits greater amounts of

11



flowrate and 5800 rpm through the use of a m xer apparatus, such as, as
one non- limting exanple a Silverson(r) LS450 nodel m xer) reaction
condition as well. It is believed, without intending to being limted to
any scientific theory, that such high shear conditions reduces

co- aggl onewati@msHbs particl es and permts greater anmungSredrodlsWR
2008/ 082795 PCT/ US2007/ 084020 precipitated silica coating material and

el ectrolyte (such as sodium sulfate powder) to be forced into the pores of
the prior produced silica material and al so possibly reducing the
abrasiveness of the ultimte product through reduced the sharp edges

t hereon. For purposes of neasuring BET surface area, N2 physisorption is
comonl y usedpitatedioey evafindmetatis enddl ectrhigteg sk andodimint suidge povgizs),to bher e ar e
pores contributing to the overall surface area on silica particles that
ar e accessiolee int@tht hp@egesieousr phBduesedlidamaoinieidtalsopadsiblyBeducmgalsur enent s,
but which are not readily accessible to CPC. That is, surface area

resul ting fi@MeidsCofQPOEeSaBBodie ttasugk salldd ehelshargadiRoOtheredh .t r ogen (as
measured by N2 physisorption), but is not readily accessible to an aqueous

slurry of CPC irgr futgostd dfencd@dg BED sirRRSMES NCPSy sEopRa isRbhibyy agddescri bed
her ei n. Cbnsequently it is not possible to use ET surface area

nmeasur enenliswer b&audedr 18Rt b Mirdeh gé‘sama@a,‘telperlegrgonhao\ahrggrotnkkeovfef_avpr able pore
size distributions described herein for obtaini ng %CPC Conpati bility val ues

of  great efhLaRadRRNRXpIBEI&! tat 8o Yo el BAD caTBLENT Ysed Mldobh@halPOr OSi Met ery
is used in enbodinents of the present invention as the nethod for

measur i ng gmle?st,se}ﬁ%mp%ewﬁmre n&freatdh)‘eac%e§S1'bfe% PREUTIGI SSuithcelalg 1 dentified
critical pore size val'ues. As general known, the mercury porosinetry

techni que r'e§ultp Sff%% I%roltpﬁ{%ls lnﬁ{v Béjﬁ,jcggble% g,aggd(') %ngﬁ%énr&s%@aslﬂ% }US, structure

under stri ngen y cont pressures. pressure ‘ver sus i ntrusion

data, the ISLIMTRNG.AERG ALAF KOkHIR AN uIE Aud SF EPOIHORRe used

to measure CPC compatibility as described herein. Consequently, it is not possible to use
BET surface area measurements per se to identify silica particles having the favorable
pore size distributions described herein for obtaining %CPC Compatibility values of
greater than approximately 85%. Instead, mercury intrusion porosimetery is used in
embodiments of the present invention as the method for measuring cumulative pore area
of the silica particles at the identified critical pore size values.

As generally known, the mercury porosimetry technique is based on the intrusion
of mercury into a porous structure under stringently controlled pressures. From the
pressure versus intrusion data, the instrument generates volume and size distributions
using the Washburn equation. Since mercury does not wet most substances and will not
spontaneously penetrate pores by capillary action, it must be forced into the pores by the
application of external pressure. The required pressure is inversely proportional to the
size of the pores, and only slight pressure is required to intrude mercury into large

macropores whereas much greater pressures are required to force mercury into
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usi ng the Washburn equation. Since nmercury does not wet nobst substances and
w Il not spontaneously penetrate pores by capillary action, it nust be
forced into the pores by the application of external pressure. The
required pressure is inversely proportional to the size of the pores, and
only slightvomessure is required to intrude mercury intect@asger0sI®er opor es
whereas much greater pressures are required to force nmercury into 12 WO
2(108/ 082795 PCT/ US2007/ 084020 mi cropores. Higher pressures are required
to measure the pore sizes and surface areas of the mcropores present on
the surfaces of silica products of the present invention. Suitable
instrunents for neasuring mcropore sizes and surface areas using nercury
i ntrusion "PUPRPsISNBIZRS PrRsBUrERLIrpIOsEEd tof meahie e parenizes and svrfacomreisofa

M croneritics(r) Autopore 119220 series automated nmercury porosineters,
and the |i kemigoperes mepenfonSid sudaceSoflsstcr atodud@anftiiegiressntRegaradi figtablhe si | i ca
particles provision of above general step 1), anorphous silica particles
are provi dedtruhéntyfooveadeichg micohpyre Sioesnmd sunacdnesdsicg meeugiihtivs@anused as t he
"particles"” to be surface-nodified according to this invention includes
comer ci al lpyrosiobinafonalhesepsfabd pedeatiedntinl is € Mcroserahs@aAubpoderd2o) 113,
Zeodent (r) 1 15, Zeodent(r) 1533, Zeodent(r) 165, Zeodent(r) 623,

Zeodent ( c) sé&iR4asohitehsercan@osimkberst ind twhikeh are available fromJ. M Huber
Corporation. These commercially available silicas typically are in
aggregate form The dry finely divided silica particles also may be
obtained froma supply of premanufactured naterial nade earlier at the

sane or di Khacaitor Bilies8Gkshake Pagtikd ty where procedures used for the
surface area reduction step can be perforned at a later tine. As noted

above, at | eastrQARiRlRCHrQlpykigled pBRtioPsabeRerR.IpT), 3RdipHIsSHL] at e
powder) may

particles are provided. If provided in dry form, the dried crude silica used as the

"particles” to be surface-modified according to this invention includes commercially
obtainable precipitated silicas, such as Zeodent® | 13, Zeodent® 1 15, Zeodent® 153,
Zeodent® 165, Zeodent® 623, Zeodent® 124 silicas, and so forth, which are available
from J.M. Huber Corporation. These commercially available silicas typically are in
aggregate form.

The dry finely divided silica particles also may be obtained from a supply of
premanufactured material made earlier at the same or different production facility where
procedures used for the surface area reduction step can be performed at a later time. As
noted above, at least one electrolyte (most preferred being sodium sulfate powder) may
be utilized as a reactant during silica manufacture for this initial step. If so, the amount is
generally about 5 to 25% weight to weight basis in comparison with the dry weight of the

silicate, more preferably from 6 to 21%.



be utilized as a reactant during silica manufacture for this initial step.
If so, the anbunt is generally about 5 to 25% wei ght to weight basis in
conparison with the dry weight of the silicate, nore preferably from6 to
21 % 13 WD 2008/ 082795 PCT/ US20071084020 The dry precipitated silicas to
be used aswblhossigbetrate particles for the surface areaprgdynbi@meperation
general ly should have a nedian particle size of | to 100 pin, a BET
specific surface area value of approximately 30 to 100 n2/g, and a |inseed
oil absorption of approximtely 40 to 250 m/100g. Zeodent(r) 113, for
exanple, typically has a nedian particle size of approximtely 10 pm BET
surface area value of approximately 80 nR/g, and a linseed oil absorption
of approxi mat el §he8fy medipib@@dgilicAhebe sied hsabe phsttateglagsleys@dheasrfidee substrate
material for the coating operation, described below preferably are

const i t ut edrenfedgitibn ogerp@n geicekabls shald nge amadah @rticth staeet ero 0 uwm, o 100

m cronmeters. Substrate materials, such as high structure precipitated
silica, siBETapg#icsudnd arcpyilogeibgrosinkielya0 tov dohmBEAnsalifsaaieilar ea , eat er
than 100 nR/g, such as about 100 to 800 nR/g, or linseed oil absorption

greater thagodbaéh ¢lapdioighatesumdho as) @bmol. 4edQedt® 148 0or shihdOQehical@an be used in
the present invention, although |onger surface area reduction tines

(active si hiscanddRp@siitic@ie bf 4Ppfokinitdiyl | daan BEIWLHRE at@ vhigwer the BET surface
area to desired levels. The dry precipitated silicas nust be slurried in

an aqueousaipesliHirIPed AR, 4108 Yinse@bil RRoPHE Fabftkikately®s nHB08E el i ca coating
application procedure described herein. Generally, the dry silicas are

slurried t Qi@ mRlcied8se@Q0heREbst-NahaGfi 83 % @atpg,%@fgtli&_, BlsXitdE Gelowgeneral Iy of
fromabout | to about 50% Alternatively, crude undried Iiquid phase silica

material s Br@f%ra@?y AL &Bﬁrtﬁgd Bﬂil?c%ﬁa%icles having a median diameter of 1 to 100

micrometers. Substrate materials, such as high structure precipitated silica, silica gels and
pyrogenic silica, with BET surface area greater than 100 m*/g, such as about 100 to 800
m?%/g, or linseed oil absorption greater than 120 m1/100g, such as about 120 to 400
ml/100g, can be used in the present invention, although longer surface area reduction
times (active silica deposition times) will be required to lower the BET surface area to
desired levels.

The dry precipitated silicas must be slurried in an aqueous medium before they
can be subjected to the dense silica coating application procedure described herein.
Generally, the dry silicas are slurried to a solids content that creates a pumpable mixture,
generally of from about | to about 50%.

Alternatively, crude undried liquid phase silica materials can be prepared in situ
during a common production run scheme as the surface area reduction operation.
Alternatively, a crude silica wet cake can be stored for later slurrying, or stored as a
sturry thereof, until the surface area reduction procedure is performed at a subsequent

time, without ever drying the silica solids to powder form. The solids content of the



during a common production run schene as the surface area reduction
operation. Alternatively, a crude silica wet cake can be stored for |ater
slurrying, or stored as a slurry thereof, until the surface area reduction
procedure is perfornmed at a subsequent |inme, w thout ever drying the
silica solwdsoismsposwder form The solids content of thepd@udhZB308)082795
PCT/ 0S2007/ 084020 slurry provided before the surface area reduction
operation is perforned will be the sanme as that described above in
connection with the dry silicas. The liquid phase source of precipitated
silicas generally should have constituent particle sizes, overall particle
size, BET specific surface area value, and |inseed oil absorptlon

properti essleanparides kefarpthe sose pres sdestioy epetatipuisperderared Wbkt thbswe i n
connection with the dry source formof the silica. To the extent they neet
t hose physisohit dessribadebpe, in toraedtionmitl thshlaswliss.| i cas can i ncl ude anor phous
precipitated silicas, silica gels or hydrogels, pyrogenic silica and

col | oi dal si |l i Cldsliqbid pbase sas@et precipiteedsilichc@ngalht shoblé favepoovituded in situ
are in aggregate or agglonerate form The silicas can be produced by

aci dul at i ngaréaie atdsalveralipbatkle izt iBEAtspeai dshrface mtenedlad, andldiseled sluch as sul furic
acid, or organic acid, with heating. Synthetic anorphous precipitated
silicas aresgenar@bpeytieprcepparade toyhoadrpetinvg vallidsalebdii@edsibloi€iat € sol utions with
acids with heating, stirring, and then filtering or centrifuging to isolate
the preci ptdnaédion with theGiay Satck dFmas tha sived. T6 deexfeartiRythes @efe phydal cake of
silica generally contains about 40 w%to about 60 wt% water, and the

remai nder ke, ihaG@aphte Si0kds@sn indib@ AT 1blwﬁrékﬁﬁ@ted kot diya gpess general Iy
is filtered and washed with water to reduce the Na2SO4 ievels to tolerable

level s. Waghi-qg sogyrégaﬁcrsm@@m%x RELGHEL 1h %n%ﬁ&f @Ielsu.cg?MM@st ed after
fllterlng The he washed wet cake can be adjuste i f necessary,

prior to pEr@Gn@&)dlln 130 5r@m aggregate or agglomerate form.

The silicas can be produced by acidulating an alkali metal silicate with a mineral
acid, such as sulfuric acid, or organic acid, with heating. Synthetic amorphous
precipitated silicas are generally prepared by admixing alkaline silicate solutions with
acids with heating, stirring, and then filtering or centrifuging to isolate the precipitaled
silica solids as a wet cake form thereof. Wet cake of silica generally contains about 40
wt% to about 60 wi% water, and the remainder is principally solids. The precipitated
reaction mass generally is filtered and washed with water to reduce the Na; SOy levels to
tolerable levels. Washing of the reaction product is generally conducted after filtening.
The pH of the washed wet cake can be adjusted, if necessary, prior to proceeding to
subsequent steps described herein. If necessary, the washed wet cake is slurried to a
solids content of between | to S0% before the surface area reduction procedure is
performed on it. As previously noted, if the silica is dried, or dried and comminuted to a
desired size, it must be reslurried before the surface area reduction procedure can be

conducted on the crude silica.



subsequent steps described herein. |If necessary, the washed wet cake is
slurried to a solids content of between | to 50% before the surface area
reduction procedure is performed on it. As previously noted, if the silica
is dried, or dried and comm nuted to a desired size, it nmust be reslurried
bef ore t hewpundsageroar ea reducti on procedure can be conpaguefdogmisiie crude
silica. 15 WD 20 08/082 79 5 PCT/ US2007/ 084020 To the extent they neet

ot her requirenents discussed herein, the crude silica to be used as a
source of the substrate particles for particular type of surface area
reduction described herein can be, for exanple, precipitated silicas nade
as described in U S Pat. Nos. 4,122,161, 5,279,8 15 and 5,676,932 to
Wason et al" antp W sterpgicy "Neisthebre@ BB diseusebd Heig@l tha 2ide sliddsehe | et al .,
whi ch teachings are incorporated herein by reference. Surface Area
Reduct i on ofed 8 & paiaceSii s tswblztrate Patti¢lesdbepartRegay pi ofgutiive agarddagenar ea
reducti on of above general step 2) for pore sizes larger than about 500 A
af t er sl ur dgscmgdthbreinconode foiekamgge, peacipi tatkds|idanmade adeseobis] el @i  acti ve
silicais generated in the sane nediumfor a tinme period and under

condi ti ons Neuf4fiR2l €INt5,279,81 pand\bicdé Ot Seasan@drphadis SSiPhi Nas. d8pnsist s on t he
substrate panicles sufficient to reduce the pore area and CPC s potenti al
for bi ndi ngnd Q9811421 By it @itiadokly, whidh@eachi gtaredhyok @ rd i IRFeX Rbfeferencd, hough not
necessarily, sodium sulfate powder) conponent is introduced during this
step as greater CPC conpatibility |levels have been achieved in such a
manner. Again, ifthe electrolyte is included during such a step, the
anount shogh@dake ks RenaRielbr Silit0sdataeWai @i t o wei ght basis in conparison
with the dry weight of the silicate (preferably front 6 to 21%. In
general , the slIpukiied (6 deiBeeShdal ERCRAIT hifhv € gdnbla LHEEHir Rrd N RAMEL: | S

di spersed in an aqueous nedi umin which ac%lve silicais generated by

aci dul ati ngpapRbRl ¥l A, 2B Rlrrying the crude silica particles in an aqueous medium, active

silica is gencrated in the same medium for a time period and under conditions sufficient
to provide dense amorphous silica deposits on the substrate particles sufficient to reduce
the pore area and CPC's potential for binding toit. Preferably, the electrolyte (preferably,
though not necessarily, sodium sulfate powder) component is introduced during this step
as greater CPC compatibility levels have been achieved in such a manner. Again, if the
electrolyte is included during such a step, the amount should be from about 5 to 25%
weight to weight basis in comparison with the dry weight of the silicate (preferably from
61021%). In general, the slurried crude silica particle intermediate product is dispersed
in an aqueous medium in which active silica is generated by acidulating an alkali metal
silicate with a mineral acid therein. The resulting mixture is gently agitated or mixed,
such as with a paddle mixer, for a sufficient period of time to ensure that the active silica
and substrate silica particles are substantially uniformly dispersed. The resulting silica

product is filtered or otherwise dewatered, washed, and dried as needed.



silicate wwth a mneral acid therein, The resulting m xture is gently
agitated or m xed, such as with a paddle m xer, for a sufficient period of
tine to ensure that the active silica and substrate silica particles are
substantially uniformy dispersed. The resulting silica product is
filtered se dewatered, washed, and dried as

2008/08279 g%?/%%%2007/084020 In this regard, the net ?%%@ﬁﬂggh to
provide the active silica in the mediumthat is deposited as an anor phous
silica material on the surfaces of the substrate particles generally
involves simlar chem stries and conditions applied to make the crude or
substrate particles, except that the addition rates of the silicate and
acid used for li tisregard)mhedhetid@ibioyusst to gevideusd achee slidafin thie @retiluyy Sl owed i n
order to insure the active silica deposits on the existing substrate
silica parhhtG$ @posed adoesn oishoud O dnReipal Atie FfeRs pi thatudstratmrides| es. The
addition of active silica too rapidly will result in the formation of

separate pheeiPint @l &Ainsla bikehiPddstahetRAginandphidilo Rte thesUldori N the desired
decrease in surface area of the substrate silica lt is desirable to use

t enper at ur @$sifaa@iRes fdk e B8t thOadiRFrardir frk GMtatd adi@ciliQsedddd an active
silica deposition rate such that the specific surface area of the of the

silica parfol&di@s ofRties {ifda it lsees(éﬁrceeqﬂy &médqmaﬂdkrymu@m%@l elacfUGli &S Na2SO4 can
be added in an amount such that the desired decrease in surface area is

still obt a&%@ﬁm oﬁﬁ@(‘eh'st‘?u{}; sub&fARSIIR b’d’r@&es%fud 8de ?%t%rmtéaﬁ’z{?at@g eSipfiigh PH greater

than 9 are preferred f use during t surtace area re |on portion of

the process dn oRE,ARES! rei bS) &Q&?raﬁ‘i'aﬁ%u]ﬂ?%HF%'tMo%a?%?%ﬁsePﬁa{gam pul at ed

appropriately to ensuret fat t e exten eposition o lve silicais

at a rate &n%%l a%d%ﬁﬁc?ﬂ?‘ﬁ'ﬂgs a%ﬁ(w?l%dt\[e%u] &QlleDJe? ed%@crgasg%rsggbcgra?e%’o as measured

by mercury I zes o | ess t han
about 8 SApgLs strrTaFT\g Sh&. degra%le% us%rgwp%ralures mngmg, 1omh<>ad~|toé}8(9’l(jit pf~7[ fomiare

7to 10, and an active silica deposition rate such that the specific surface area of the of the
silica particles material is reduced. Optionally, a salt such as Na,SOy can be added in an
amount such that the desired decrease in surface area is still obtained. Reaction
temperatures of greater than 90 °C and pH greater than 9 are preferred for use during the
surface area reduction portion of the process.

In one aspect, the pore area reduction process is manipulated appropriately to
ensure that the extent of deposition of active silica is at a rate and in an amount effective
to provide a pores area, as measured by mercury intrusion, for pore sizes large than about
500 A of less than aboul 8 square melers per gram, preferably less than aboul 7 square
meters per gram, more preferably less than about 6 squarve meters per gram. [t also should
be in amount effective to reduce binding of CPC thereto as compared to the silica

particles that has not been exposed to a pore area reduction process.



nmeters per gram nore preferably |ess than about 6 square neters per gram
It also should be in anobunt effective to reduce binding of CPC thereto as
conpared to the silica particles that has not been exposed to a pore area
reduction process. 17 WD 2008/ 082795 PCT/ US2007/ 084020 The precipitated
silica proHOesHsE 9% UCPC Conpatibility val ue general | yP@HUS0070882¢ about
85% particularly greater than 87% nore particularly greater than 90% and
can be even greater than 92% The %CPC Conpatibility val ue generally can
range between about 85%to about 97% The "% CPC Conpatibility"
characteristic of the silica is determned by a testing pr ocedure

explained int exanpl e that fo silica-coated silica
material al so ﬁB?&nﬁvﬁﬁagma“Wﬁﬁﬁ§H‘68&?%8W&“@ﬂ ‘ﬁﬁ@?ﬂg”ﬁ@tmeen about |
to about 1PO %}cr refergp é(;n one enbodi ment rang% bet ween
about 5 and*h#6tt pr?E 8reaigy aB ]@,@@@pgﬁg ariyereaes thap PPeeddi s neasur ed
using a I-Iorlba Particle Analy A-9 10 manufactured by Hori ba

| nst rumrent € B@ﬁ?hﬂ?ﬁr”@%ﬂ%@ywvdﬂpg;cqﬁé“?BQO@WFH@W§WVF@§?ﬁFOduct can be
spray dried in a simlar manner he treatment performed on the crude

freshly prRepuieaabat P1% sxabopy Ve ﬁ‘é‘t o/t’/%ﬁcycmt’%éb'w@/ C’&aé*l@ée”stb‘b?fé'i‘effé&acan be
reslurried, and handled and supplied in slurry formor supplied as a filter
cake, direégstgrmingddy a testiys prgoedresrnlsipaddn hegxamnirsdhahfallevn can be effected by
any conventi onal qU|pnent used for drying silica, e.g., spray drying,
nozzl e drying (T&¢gesultinpsakga-copted filearmasara a|50fgeaﬁgﬁ|>’dtﬁ§/ii mge oy prredlysizgheel  dryi ng
or oven/fluid bed drying. The dried silica product generally should have a
J to 15 wtraggimpbesvien @bgueV ed aboThl@0 matronseand prefdiablisinlone ambadgnat rangespr oduct and
the drying process both are known to affect the bulk density and

between about 5 and about 20 microns. The particle size of the silicas is measured using a

Horiba Particle Analyzer. Model LA-910 manufactured by Horiba Instruments,

Boothwyn, Pennsylvania.

The resulting silica product can be spray dried in a similar manner as the

treatment performed on the crude freshly prepared silicas. Alternatively, the wet cake

obtained can be reslurried, and handled and supplied in slurry form or supplied as a filter

cake, directly.

Also, drying of silicas described herein can be effected by any conventional

equipment used for drying silica, e.g., spray drying, nozzle drying (e.g., lower or

fountain), flash drying, rotary wheel drying or oven/fluid bed drying. The dried silica

product generally should have a | to 15 wt.% moisture level. The nature of the silica

reaction product and the drying process both are known to affect the bulk density and

liquid carrying capacity. Further, care must be taken that the drying operation and

subsequent operations do not detrimentally affect the structure of the silica obtained in

the precipitation stage. The dried silica product is in a finely divided form. In one

particular embodiment, the water content of the precipitated silica-containing fractions is



liquid carrying capacity. Further, care nust be taken that the drying
operation and subsequent operations do not detrinentally affect the
structure of the silica obtained in the precipitation stage. The dried
silica product is in a finely divided form In one particular enbodi nent,
t he wat er wontmnsg27ef t he precipitated silica-containi ngedmes2vioss2i s 18 WO
2008/ 082795 PCT/ US2007/ 084020 about 25% by wei ght or nore for all tines
until the drying procedure is perfornmed on the silica product. To decrease
the size of the dried silica particles further, if desired, conventional
grinding and m|ling equi pment can be used. A hammer or pendulumml| may
be used in one or nmultiple passes for comm nuting and fine grinding can be
per f or med YU Y weaghe pyyorgiorai! timjeguntivihedryimypsergetrs isgiedomed vo thehe desi r ed
size may be separated fromother sizes by conventional separation
t echni quessili@@ pgpductcycl ones, classifiers or vibrating screens of
appropriate nmesh sizing, and so forth, There are al so ways to reduce the
particle size db detrease thsyizt phige diddisdiaa pariodhsderthebefdssieedi @oveatipreh and/ or
during the synthesis of the silica product that affect the size of the
dri ed prodgrotingenpmddurdquipmest car beustd AnhaniTitesepentidtrude!l may bewsed mot |imited
to media mlling, the use of high shear equi pnent (e.g. high shear punp or
r ot or - st at @ onimxkipk)passes for eantmiastogrnod fevgriodsy cdraretpecbrered by Buideduct i on
carried out on the wet silica product can be done at anytinme before
dryi ng, budnergpoeaipjeefal. &ldyctdlgroumigo therdesied cive i0dy Yehepcaekcirandhar t he
deposition of the active silica onto the core. Any particle size reduction
done on t hezes by yonOéntiordl s§iatati carepinages; & g S balohes, bessdRRer vibrasingay not to
significantly reduce the CPC conpatibility of the final product. The
r_ef:_overy Odcrebiveofdpirstiatd hésh 8izinG, dnb&o RRESENt i nvention does not require
silica

There are also ways to reduce the particle size of the resulting silica product

before 1solation and/or during the synthesis of the silica product that affect the size of the
dried product or product in slurry form. These include but are not limited to media
milling, the use of high shear equipment (e.g. high shear pump or rotor-stator mixers), or
ultrasound devices. Particle size reduction carried out on the wet silica product can be
done at anytime before drying, but more preferably during formation of the core and/or
the deposition of the active silica onto the core. Any particle size reduction done on the
dry or wet silica product should be done in a way not to significantly reduce the CPC
compatibility of the final product.

The recovery of the dried silica in the present invention does not require silica
dewatering and dehydration to be performed with an organic solvent replacement
procedure. The isolation of the silica product can be performed from an aqueous medium

without occurrence of product degradation,



dewat eri ng and dehydration to be perfornmed with an organi c sol vent

repl acement procedure. The isolation of the silica product can be
performed from an aqueous medi um wi thout occurrence of product

degradation. 19 WD 2008/082795 PCT/ 11S2007/08/ 020 Dentifrice Conpositions
Denti fri cewotznastosgont ai n t he above-described silica progggisabf&uthe
benefit that therapeutic agents, such as CPC al so can be used which
remai ns at an effective antibacterial level in the dentifrice despite the
presence of silica abrasive. The silica particles show decreased
interaction with CPC and as a result there remains an increase in the free
CPCin the dentifrice available to inprove anti bacterial efficacy. Wile
CPC i s usedehefree Gonpositgrsesent ati ve of dentifrice therapeutic agents,

other antim crobial agents, (cationic, anionic and nonionic) are

cont enpl at ed byD¢i&identhendonaim. the Bohedessibed dldagranti affecthebélit iagent s i ncl ude
bi sguani des, such as al exi di ne, chl orhexi dine and chl orhexidi ne gl uconat e;
quart er nar yheaupemioiagentsc QP asIOPG alss thnlbe ased bans adnkaomiau i efeliar i de (BZK) ,
benzetlioniumchloride (BZT), cetyl pyridiniumchloride (CPC), and Dom phen
brom de; nehidhctsdd tesel i theRle@iFridel dagpite tHe k@ cZbMadice RbaGidehe and St annous
fluoride; sanguinaria extract and sanguinarine; volatile oils, such as

eucal ypt ol parTeed e dedrbiéePhserac@tdyilBE Y dndesth M BE® rentiMsne fckedqri des:
peroxi des and the |ike. Therapeutic agents may be used in dentifrice

f or nul ati opg ek ogbyn Eh%dbxﬂxfﬁ&"ﬁbhnrbﬁlte't@n e aRNALDR effRR§f i t and advant age,
dentifrices containing the silica proguct have a superior flavor

attributes. Denfhfid €6€iGRIPA:L ssq@ps—es'emweQpaé\tlraegtlmg?uﬁm a%&@s grgduct
described herein generally contain the silica in an i ve anount for

abr asi ve aQrQnmlpr%]hlsa@Etﬂg (&ﬁBﬁlg%moﬂ-Q'aﬁd %%HQS arg%}téﬁ?pﬂ%ed &%Rgmdénﬂgn on ot her

i ngredi ents of
Other suitable antimicrobial agents include bisguanides, such as alexidine, chlorhexidine

and chlorhexidine gluconate; 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.

As another benefit and advantage, dentifrices containing the silica product have a
superior flavor attributes. Dentifrice compositions incorporating the silica product
described herein generally contain the silica in an effective amount for abrasive and
polishing action. This amount can vary, depending on other ingredients of the
formulation, for example, but generally will range from about S to about 60 wt%.

Dentifrice compositions incorporating the silica product described herein
preferably also contain CPC in an antimicrobial effective amount. This amount can vary,

depending on other ingredients of the formulation and limitations placed upon its use by
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formul ation, for exanple, but generally wll range fromabout 5 to about 60
wt% Dentifrice conpositions incorporating the silica product described
herein preferably also contain CPC in an antimnm crobial effective anount.
Thi s anount can vary, depending on other ingredients of the fornulation
and |imtavoans/opi7aced upon its use by 20 WO 2008/ 082785r/839¢44$2307/ 084020
regul ating authorities (e.g. FDA), for exanple, but generally wll range
fromabout 0.01 to about ] WM%, preferably fromabout 0.1 to about 0.75
w.% nost preferably from about 0.25 to 0.50 wt.% O her additives
commonly used or otherw se beneficial in dentifrices also optionally may
be included in the fornmulation. A pharmaceutically acceptable carrier for

t he conpon&atgingrugetss{¢g E&Addrpoenplednsscooniaivii ratgetftaem kil pr oduct of
the present invention is optional and can be any dentifrice vehicle

sui t abl e f@rbeusé Wit preéerdialronabaut §.) to Baa. 7Gart . erost irefetablddrorhe usual
conponents of toothpastes, tooth powders, prophylaxis pastes, |ozenges,
guns, and tbeet 03KeOaAdvtés.e nore fully described thereafter. Flavoring
agents optionally can be added to dentifrice conpositions. Suitable

Fl avori ng agentXhdr addiungs conihody udsd nt @qgweebenefididl iiodenp&jepedisni nt, oi | of
spearmnt, oil of sassafras, and oil of clove, cinnanon, anethol e,

ment hol , asdiondllgeray deohlddbdivalie focaigpion dshatimecaddalfy dtcdptadt@sier ®pi ce not es,
etc. These flavoring agents consist chemcally of mxtures of al dehydes,
ket ones, est esmspongitedta@lkest; fridcdoiposi@unel cahdiphadhé 6ilicaprediat dfehepneentot her

al cohol s. Sweet eni ng agents, which can be used, include aspartane,

acesul f ameinv&aechabiidhal and@¥i bem@ dediificdvaise amabls agtivtym enecrarat®. Fl avoring
and sweetening agents are generally wused in dentifrices at levels of from

about 0. 00§%n taviab Hetude WeR¥uadngdhents of toothpastes, tooth powders, prophylaxis
pastes, lozenges, gums, and the like and are more fully described thereafter.

Flavoring agents optionally can be added to dentifrice compositions. Suitable
flavoring agents include oil of Wintergreen, oil of peppermint, oil of spearmint, oil of
sassafras, and oil of clove, cinnamon, anethole, menthol, 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.

Sweetening agents, which can be used, include aspartame, acesulfame, saccharin,
dextrose, levulose and sodium cyclamate. Flavoring and sweetening agents are generally
used in dentifrices at levels of from about 0.005% to about 2% by weight

A water-soluble fluoride compound optionally can be added and present in
dentifrices and other 6ra| compositions in an amount sufficient to give a fluorde ion
concentration in the composition at 25°C, and/or when it is used of from about 0.0025%
to about 5.0% by weight, preferably from about 0.005% to about 2.0% by weight, to

provide additional anticaries effectiveness. A wide variety of fluoride ion-yielding
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A wat er-sol ubl e fluoride conmpound optionally can be added and present in
dentifrices and other oral conpositions in an anount sufficient to give a
fluoride on concentration in the conposition at 25C, and/or when it is
used of from about 0.0025% to about 5.0% by wei ght, preferably from about
0. 005% t 0 wbQauss/ng2/0% by weight, to provide additional pRdi&a6740RS020
effectiveness. . A wide variety of fluoride ion-yielding 21 WD 2008/ 082795
PCT/ US2007/ 084020 materials can be enpl oyed as sources of soluble fluoride
in the present conpositions. Exanples of suitable fluoride ion-yielding
materials are found in U S. Pat. No, 3,535,421, and U S. Pat No.
3,678,154, both being incorporated herein by reference. Representative
fluoride | ontesgducands emplolyerds'soursds afsohubse fflotide in de, prasedicompdsitivos. i de,

pot assi um fl uori de, sodi um nonofl uor ophosphate and nany ot hers. Stannous
fluori de aBghngodiofimitblediuoidke iorayieldipantaieasib sk lfyunpired &r PedNo. as30d1l as

m xtures thereof. Water is also present in the toothpastes and dentifrices
accordi ng tal ABotdnsb. 3,61800d] vEerdein@fincbbsited R¥ERbly GdfereMB! Répr&ePitiayed in the
preparation of suitable toothpastes should preferably be deionized and
free of' or gadgtide idnnputcdstih@sde: éHn6ds MOAGY dluyh FRABE ipsRSiunt idhdabout 2% to
50% preferably fromabout S%to 20% by weight, of the toothpaste

conmposi t i Okium xh&&ﬁﬂu@f@@hﬁ!blﬁat@%d\ﬁﬁhﬁéthér?@ka&lﬂ&;smh@ncferaﬁ@sd@ﬁln?ﬂud&\ﬁabCh i s added
plus that which is introduced with other additives and materials, such as

humect ant . ;&R REQRAS B8O DRBR LG Burel fhe@bt €N IS necessary to add sone
t hi ckening or binder natérial to provide a desirable consistency and

thi xotropy. Prejgerieds %Eﬂe&lﬁ?ﬂ'tﬂgo@gﬁg%ﬁnd bkt %@gaawgw %moan yners,

carrageenan, hydroxyet wat er - so le“salts of'cellul ose

ethers suenasinAfh i GRLRRSY TRkIMIGEL UL o58,ARd, SPAl U arDaRY ™™t hy!

hydr oxyet hy ose suc gun1 araya, xanthan gun, gum

arabi c, angnould preferably be deionized and free of organic impurities. Water generally comprises

from about 2% to 50%, preferably from about 5% to 20%, by weight, of the toothpaste
compositions. These amounts of water include the free water which is added plus that
which is introduced with other additives and materials, such as humectant.

In preparing toothpastes, it often is necessary to add some thickening or binder
material to provide a desirable consistency and thixotropy. Preferred thickening agents
are carboxyviny! polymers, carrageenan, hydroxyethyl cellulose and water-soluble salts
of cellulose ethers such as sodium carboxymethyl cellulose and sodium carboxymethyl
hydroxyethyl cellulose. Natural gums such as gum karaya, xanthan gun, gum arabic, and
gum tragacanth can also be used. Thickening agents in an amount from about 0.5% to
about 5.0% by weight of the total composition generally can be used.

Silica thickeners can also be used to modify toothpaste rheology. Precipitated
silica, silica gels and fumed silica can be used. Silica thickeners can be added generally at

a level of about 5% to about 15%.



gum tragacanth can al so be used. Thickening agents in an amount from about
0,5%to about 5.0% by weight of the total conposition generally can be
used. Silica thickeners can also be used to nodi fy toothpaste rheol ogy.
Precipitated silica, silica gels and funed silica can be used. Silica

t hi ckener sygamslhgadded generally at a | evel of about i%tRo@beito 15% 22
WD 2008/ 082795 PCT/ US2007/08-1020 It is also often desirable to include
some hunmectant material in a toothpaste to keep it from hardeni ng. Suitable

hunectants include glycerin (glycerol), sorbitol, polyalkylene glycols
such as pol yet hyl ene gl ycol and pol ypropyl ene glycol, hydrogenated starch
hydrol yzates, xylitol, lactitol, hydrogenated corn syrup, and other edible

pol yhydri c al cdhekisq ofteaeldsisblrgd yiclode same uxéctinesattt freofoothBuiettabl e
hunectants can be added generally at a | evel of from about 15%to about
70% Chel ateemg fragdntdsnioptiuanad hiynecams beluadgedr it zlidaml)entitof,ri ces of the

i nvention, such as alkali nmetal salts of tartaric acid and citric acid, or

al kal i et gllyatiglens glotol pyuco phpsehalasgly@r afd@byphpgphad gsi, Ot her opti onal
i ngredi ents and adjuvants of dentifrices, such as those described it U S

Pat. No. O54/@rReRdd sandh lWadBizatedVkylitd ladtitdiygtpearet a6l 6y sp andloReract i ce,
Mar cel Dekker, |nc. New Yor k, 1988, for instance, also can be added as

needed or gesé ﬁ&ﬂ}ydﬂéﬂh@&%lsms@@fm%)%ﬂa@'ﬂﬁ‘yltur@ijﬂhé’%@m@ﬁliabeed{ﬂlh{ebtyrﬁ%anand
materials that can be added to t dentifrice conpositions of the present

invention jaabstdRnerhiB a8 XAEIRIE Erom! BT B 1ALBOE B (€. 9., sodium | auryl
sul fate), detergents or surfactants, coloring or whitening agents (e.g.

titani um di oxi %mf@&%ﬂy@@onm SR6L AL AR defitees oPACIRANGOA e, et hyl
paraben), chelating ent's timcrobial agents, and other materials that
can be usezg ah(@ln %%m ga i bptgnarlc acid and citric acid, or alkali metal salts of pyrophosphates
or polyphosphates.
Other optional ingredients and adjuvants of dentifrices, such as those described in
U.S. Pat. No. 5,676,932 and Pader, M., Oral Hygiene Products and Practice, Marcel
Dekker, Inc., New York, 1988, for instance, also can be added as needed or desired.
These other optional adjuvants, additives, and materials that can be added to the
dentifrice compositions of the present invention include, for example, foaming agents
(e.g., sodium lauryl sulfate), detergents or surfactants, coloring or whitening agents (e.g.,
titanium dioxide, FD&C dyes), preservatives (e.g., sodium benzoate, methyl paraben),
chelating agents, antimicrobial agents, and other materials that can be used in dentifrice
composttions. The optional additives, if present, generally are present in small amounts,
such as no greater than about 6% by weight each.
In all cases, the ingredients used in dentifrice formulations, such as thickening

gums, foaming agents, etc., are selected to be compatible with the therapeutic agents and

flavors.
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conpositions. The optional additives, if present, generally are present in
smal | anmpunts, such as no greater than about 6% by wei ght each. In al
cases, the ingredients used in dentifrice fornulations, such as thickening
grns, foam ng agents, etc., are selected to be conpatible with the

t her apeut iwoagsnssosand flavors. 23 WD 2008/ 082795 PCT/ kS206 66281026020
Additionally, while the useful ness of the abrasive cleaning material of

this invention is specifically illustrated in oral cleaning conpositions,
it is will be appreciated that the silica of this invention has w der
useful ness. For instance, it can be used in netal, ceramc or porcelain

cl eaning or scrubbing and as a CMP (Chem cal Mechani cal Planarization)
pol i shi ng agentAddrignalpyrpidsibsussfultess of tiermbpasivé derning niatkenat offtis ce” has t he
meani ng defined in Oral Hygiene Products and Practice, Mrton Pader,
Consuner SeiveniceisanetiMadhnloftotd iSerl deping UohposiGensMarsosl! bBejkeratedNY 1988, p.
200, which is incorporated herein by reference. Nanely, a "dentifrice" is
" ... a sulbsttanslecaws éds widnhorahds eddehbeetiddess Borchsempe, ithen Beoesminbdia,  surf aces
of the teeth. Dentifrices are primarily conposed of water, detergent,
humect ant , cerdmindegarcefdiras eaning@r egebiding andazd @GP (TCehycaporagianiesd abrasi ve as the
principal ingredient . . a dentifrice is considered to be an

abr asi ve- cPiaizntionPpdiokiagaehor m for delivering anti- caries agents to the
teeth.” Dentifrice fornulations contain ingredients which nust be

di ssol ved pri orfot furbS¥eOSMRE Al eddiBn Iatiéhitie" B8 Melrfdahifg dérmed @i on (e. g.
anti-caries agents such as sodiumfluoride, sodium phosphates, flavoring

agents SUCHy@&ePA6HbabhdDracti ERMIRN IPAYS, (ThidnfeRs@bde LAPTRRARS sehant i frice)
properties described herein were neasured as follows, unleSs indicated
ot herwi se. vq 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

dentifrice is considered to be an abrasive-containing dosage form for delivering anti-

caries agents to the teeth." Dentifrice formulations contain ingredients which must be

dissolved prior to incorporation into the dentifrice formulation (e.g. anti-caries agents

such as sodium fluoride, sodium phosphates, flavoring agents such as saccharn).

The various silica and toothpaste (dentifrice) properties described herein were
measured as follows, unless indicated otherwise,

The Brass Einlehner (BE) Abrasion test used to measure the hardness of the
precipitated silicas/silica gels reported in this application is described in detail in U.S.
Pat. No. 6,616,916, incorporated herein by reference, involves an Einlehner AT-1000
Abrader generally used as follows: (1) a Fourdrinier brass wire screen is weighed 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 milligrams brass lost from the Fourdrinier
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The Brass Einlehner (BE) Abrasion test used to neasure the hardness of the
precipitated silicas/silica gels reported in this application is described
in detail in US  Pat. No. 6,616,916, incorporated herein by reference,

i nvol ves an Ei nl ehner AT-1000 Abrader generally used as follows: (I) a
Fourdri ni ewohoidss:7va re screen i s wei ghed and exposed tmrtsoe@osioon of a
10% aqueous silica suspension for a fixed length of tine; (2) the anount
of abrasion is then deternmined as mlligranms brass |lost fromthe
Fourdrinier 24 W 2008/ 082795 PCT/ US2007/ 084020 w re screen per 100, 000
revolutions. The result, neasured in units of ng | oss, can be
characterized as the 10% brass Ei nl enner (BE) abrasion value. The oil

absor pt i onWViasctres Perl@0.Adrsue! eepngidiba st haepyisdin ums thod losTishsbaret hod i s

based on a principle of mxing linseed oil with a silica by rubbing with a
spat ul a oncharacisiasdtahths up¥oderss bintehier éBBtabfasiopvaiuey- 1 i ke paste is forned. By
measuring the quantity of oil required to have a paste m xture which wll

curl when spr edte olithsoprien eaues ealneaduaddassinp ehe ndiout radibar pithisometivalisie of t he
silica--the value which represents the volune of oil required per unit

wei ght of isisdd ma grocipktofinatig: lihedsillwita s8os pt nveng apaekpayula e Hi gher oi |
absorption level indicates a higher structure of precipitated silica;

sim | arly, sneoottosarfyaludel 4 Siffl pady-tied pavie is fofmedh 8l niessuciog i dedneig) dollOW- struct ure
precipitated silica. Calculation of the oil absorption value was done as

foll ows Q leqaks e ik @Paste MixturdihicaRiSIQNR SGhents ptdd@ outBiedah cAdulsd the ca, granms n
0il /100 gramsilica Median particle size is determ ned using a Mddel LA-930

(or LA- 3000ipdbs@prioned i balhe Bilita-iasarue Whthreps@afid @€ La1GmE BSJirequRRd avai | abl e
from Horiba Instrunments,

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:

Oil absorption = mi oil absorbed X 100
weight of silica, grams

= ml 0il/100 gram silica

Median particle size is determined using a Model LA-930 (or LA-300 or an
equivalent) laser light scattenng instrument available from Horiba Instruments,
Boothwyn, Pennsylvania.

The % 325 mesh residue of the inventive silica is measured utilizing a U.S.
Standard Sieve No. 325, with 44 micron or 0.0017 inch openings (stainless steel wire
cloth) by weighing a 10.0 gram sample to the nearest 0.1 gram into the cup of the | quarnt
Hamilton mixer Model No. 30, adding approximately 170 ml of distilled or deionized
water and stirring the slurry for at least 7 min. Transfer the mixture onto the 325 mesh

screen; wash out the cup and add washings onto the screen. Adjust water spray to 20 psi



Boot hwyn, Pennsyl vani a. The % 325 nmesh residue of the inventive silica is
nmeasured utilizing a U S. Standard Sieve No. 325, with 44 mcron or 0.0017
i nch openings (stainless steel wire cloth) by weighing a 10.0 grain sanple
to the nearest 0.1 graminto the cup of the | quart Hamlton m xer Mde
No. 30, adw@iongosmepooxi mately 170 ml of distilled or deipgrigedorsaher and
stirring the slurry for at least 7 mn. Transfer the m xture onto the 325
mesh screen; wash out the cup and add washi ngs onto the screen. Adjust
water spray to 20 psi 25 WD 2008/ 082795 PCT/ US2007/08402U and spray
directly on screen for two in inutes. (Spray head should be held about four
to six inches above the screen cloth. Wash the residue to one side of the
screen andatdarigfdeectlyloy seragstfonigy cinritwesa($pry agedrshtul hige i sdvourdpurgo di sti | | ed or
dei oni zed water froma washing bottle. Let stand for two to three m nutes
and decant si lveheslabave thiasceren cibrhy Wagahees tiedn oneiderf the 3606 ad tramdeer i nf r ar ed
oven for approx. 15 mn.) cool and weigh residue on analytical bal ance.
Mbi st ur e oby ashsrgdmo B snapgraflgC@d)h usiag kel edeasdisneadd Siater fam savsphieg wei ght | oss
at 105C for 2 hours. Loss on ignition (LO) is the neasured silica sanple
wei ght | ossotad. LeQBOErawo B thes rénufes ampdeeanp rhe iearugdtyr. Prygebonveddioh or 2 hours at
105C). The pH values of the reaction mxtures (5 weight %slurry)

encount er edvdni@ 1 5EC op uedkeintraiet vesntfbipprean Shein egdl hrainedleHogsi@rynconvent i onal
pH sensitive el ectrode. To neasure brightness, fine powder materials
pressed i nkydicgmeieid surfaced pellet were eval uated using a Techni dyne
Brightneter S-5/BC. This instrunment has a dual beam optical system where

the sanple is ihbigmicrated oﬂtD_Il:ﬂﬁv?ﬂm)ﬁ?s @E ndBuredificd ARplenaidiected |1 ght
viewed at 0. It conforns to API% test net hods T452 and 117646, and

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.

To measure brightness, fine powder materials pressed into a smooth surfaced
peliet were evaluated using a Technidyne Brightmeter S-5/BC. This instrument has a
dual beam optical system where the sample is illuminated at an angle of 45°, and the
reflected light viewed at 0°. 1t conforms to TAPP] test methods T452 and T646, and
ASTM Standard D98S. Powdered materials are pressed to about a 1 cm pellet with
enough pressure to give a pellet surface that is smooth and without loose particles or

gloss.
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ASTM St andard D985. Powdered materials are pressed to about a 1 cm pell et
with enough pressure to give a pellet surface that is snooth and w t hout

| oose particles or gloss. 26 WO 2008/ 082795 PCT/ ES2007/ 084020 Preferred
Enbodi ments of the Invention The followi ng exanples are presented to

i I Tustrat ayphgsiopention, but the invention is not to ReeRAREERsed as
limted thereto. In the foll ow ng exanpl es, pans are by weight unless

i ndicated otherwise. In the foll ow ng exanples, a series of silica products
were prepared with varied surface treatnents to investigate possible

rel ati onshi ps between cunul ative pore areas provided for various pore size
val ues and the CPC conpatibility attained for the silica products.
Preparati on of Conparati Pefand EmbetinheveoShapivestioh control sanpl e was
produced in accordance with the foll ow ng procedures: Control Exanple 50
liters of sodi Uitk &lloivaateearspésiié eseftdBoilIBird2 thliReptionasut dddedntd a
stainless steel reactor and was heated to 95C with stirring at 50 rpm
Ther eaf t eris nat t5bé 688 hsnimilel firesd) Gathe 16l ¥@Ihg s plRERRrS k@Y edignd t hi n the
reactor and nore sodiumsilicate (13% 3.320 nolar ratio MR )) and

sul furic agiigs (ndikaddPihweie si mul t aneously added to the reactor at rates of
9.8 L/'mn and 2.9 L/mn, respectively, for 47 mnutes. At the 15 mnute
mark, the stir ' 1 . nut es has

t hen passed, tﬁ% ]%tfglommﬁ@fa g%éégggg‘c:fl”'Cgar%?%tsr‘?%rpwe&ré@{“lﬂ caeral?a e to the
react or wasr,[slowed to 9.5 wth the

conti nued addi t|re(5“tr‘ine(r)1 %WIV?S&?&% poss'ﬁaretla?m%f% 'pép 8?“ k@%b?ﬁoﬁ?areas

provided for various pore size values and the CPC compatibility attained for the silica

products.

Preparation of Comparative and Inventive Samples

A control sample was produced in accordance with the following procedures:

Control Example

50 liters of sodium silicate solution (13%, 3.32 M.R.) was added to a stainless
steel reactor and was heated to 95°C with stirring at 50 rpm. Thereafter, a Silverson in-
line shear mixer was then started within the reactor and more sodium silicate (13%, 3.320
molar ratio (M.R.)) and sulfuric acid (11.4%) were simultaneously added to the reactor at
rates 0of 9.8 L/min and 2.9 L/min, respectively, for 47 minutes. At the 1S minute mark,
the stir rate was then adjusted to 100 rpm. After 47 minutes has then passed, the mixer
was disengaged and the flow of silicate to the reactor was slowed to 2.8 L/min and the pH
was adjusted to 9.5 with the continued addition of sulfuric acid at a rate of 2.9 L/min.
Upon attaining the target 9.5 pH level, the acid addition rate was then adjusted to 1 L/min

for another 197 minutes, at which time the silicate flow rate was stopped and the acid rate
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Upon attaining the target 9.5 pH level, the acid addition rate was then
adjusted to 1 L/mn for another 197 mnutes, at which tinme the silicate
flowrate was stopped and the acid rate 27 WD 20081082795 PCT/ US2007/ 084020
continued until the pH of the m xture was 5.0. The reaction m xture was
then di gesygdo@loszbhat pH | evel at 93C. Silica wet cakgvagsh@ausesed from
the reaction m xture. Inventive Exanples were then producedsmnth sodi um
sul fate added at different stages and hi gh-shear m xi ng enployed in
certain situations. Inventive Exanple 1 50 liters of sodiumsilicate
solution (13% 332 MR ) was added to a stainless steel reactor and was
heated to 95C with stirring at 50 rpm Thereafter, a Silverson in- line
shear ni xeronviagduh@nhsptapt teelmnintriivas b eTheeaet @rmianed wirteensOgtktagmisi | i cat e
(13% 3.320 molar ratio (MR )) and sulfuric acid (1 1.4% were

si mul t aneousi pH laddl@d3PO. tiea waasitearas ddcoveraitfm @€ reetnladigiuR. and 2.9 L/ m n,
respectively, for 47 mnutes. At the 15 minute mark, the stir rate: was
then adjusted to 100 rpm After 47 m nutes has then passed, the m xer was
di sengaged and the flow of silicate to the reactor was slowed to 2.8 L/mn

and the pH Vﬁs{n@ﬂh@@ﬁ%pﬁég whre théh %d&é&@ \mr&B&EME‘s%fﬁg%éég%g dmﬁereﬁpl furic

acid at a rate of 2. hnin. Upon attaining t tar get pH T evel, the

act d_addi t Qs kaliey V@%rlmﬁlnsaﬂ@ugm din'sibdifln and 10 kil ograms of ' sod: um

sul fate was sactor sl urry. After the passage of 197
m nut es thereafter the silicate flow rate was stopped and the acid rate
continued until the pH of the m xture was 5.0. The reaction m xture was

t hen dlgesfeg]tI \ahet pH | evel at 93C. Silica wet cake was recovered from
the reaction nleu 58 WO 2008/ 082795 PCT/ US2007/ 084020

50 liters of sodium silicate solution (13%, 3.32 M.R.) was added to a stainless
steel reactor and was heated to 95°C with stirring at SO rpm. Thereafter, a Silverson in-
line shear mixer was then started within the reactor and more sodium silicate (13%, 3.320
molar ratio (M.R.)) and sulfuric acid (1 1.4%) were simultaneously added to the reactor at
rates of 9.8 L/min and 2.9 L/min, respectively, for 47 minutes. At the 15 minute mark,
the stir ratc was then adjusted to 100 rpm. After 47 minutes has then passed, the mixer
was disengaged and the flow of silicate to the reactor was slowed to 2.8 L/min and the pH
was adjusted to 9.5 with the continued addition of sulfuric acid at a rate of 2.9 L/min.
Upon attaining the target 9.5 pH level, the acid addition rate was then adjusted to 1 L/min
and 10 kilograms of sodium sulfate was added slowly to the reactor slurry. After the
passage of 197 minutes thereafter, the silicate tlow rate was stopped and the acid rate
continued until the pH of the mixture was 5.0. The reaction mixture was then digested at

that pH level at 93°C. Silica wet cake was recovered from the reaction mixture.
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I nventive Exanple 2 50 liters of sodiumsilicate solution (13% 332 MR)
was added to a stainless steel reactor and was heated to 95C with stirring
at 50 rpm Thereafter, a Silverson in- |line shear m xer was then started
within the reactor and nore sodiumsilicate (13% 3,320 nolar ratio
(MR)) a@qjgmg&geyc acid (11.49 were simultaneously gaggad,§@0koe reactor
at rates of 9.8 L/mn and 2.9 L/mn, respectively, for 47 mnutes. At the
15 minute mark’. the stir rate was then adjusted to 100 rpm After 47

m nut es has then passed, the m xer was di sengaged and the flow of silicate
to the reactor was slowed to 2.8 L/mn and the pH was adjusted to 9.5 with
the continued addition of sulfuric acid at a rate of 2.9 L/mn. Upon

at t ai ni ng Ib\etivedixgeble2. 5 pH | evel, the acid addition rate was then adj usted
tol L/mn and 20 kil ograns of sodiumsulfate was added slowy to the

reactor slurrysy At sddign sm&%@g@o@mz%%mw}@é ae&%n@@fsttaﬁrcss the silicate
flow rate was stopped and the acid rate continued until the pH of the

i xt ur e w%feeﬁea%mrlboewgﬁ%m RS KNS s b han il 3eat syl Lhat pH | evel

at 93C. was recove reactron mx | nventive
Exanmple 35 3%,. 33 R was added
Fooa st at dregi Sudaris SRR ik IReSadindi Phobse W%ﬁﬁ% bR ot 50
rpm Thereafter nin i ne shear m xer n started within
he. r eact it B BB FIRNEF 6l B Y8 os B ¢ G (BN R ) and
sulfuric acid (11.4% wer.e si mul t aneousl y_added to the reactor at rates of
9.8 L/ nin AP 2:39/1)TAM 2O @il caspagiy ey fqré? mppptes; ALY MG RER15 i nut e
mark, the stlr rate was. t hen adjusted to 100 rpm After 47 m nutes has

t hen passé%F if R RS K 3§19“9@02'@@89"708‘?f?°9§7 P@W%Q@OW/R?SS&@W mix8s di sengaged

and the ","low of silicate to the reactor was slowed to 2.8 L/m n and the
pH 'was disengaged and the flow of silicate to the reactor was slowed to 2.8 L/min and the pH

was adjusted to 9.5 with the continued addition of sulfuric acid at a rate of 2.9 L/min.
Upon attaining the target 9.5 pH level, the acid addition rate was then adjusted to | L/min
and 20 kilograms of sochum sulfate was added slowly to the reactor slurry. After the
passage of 197 minutes thereafter, the silicate flow rate was stopped and the acid rate
continued until the pH of the mixture was 5.0. The reaction mixture was then digested at

that pH level at 93°C. Silica wet cake was recovered from the reaction mixture.

Inventive Example 3

50 liters of sodium silicate solution (13%, 3.32 M.R.) was added to a stainless
steel reactor and was heated to 95°C with stirring at 50 rpm. Thereafter, a Silverson in-
line shear mixer was then started within the reactor and more sodium silicate (13%, 3.320
molar ratio (M.R.)) and sulfuric acid (11.4%) were simultaneously added to the reactor at
rates of 9.8 L/min and 2.9 L/min, respectively, for 47 minutes. At the 15 minute mark,

the stir rate was then adjusted to 100 rpm. After 47 minutes has then passed, the mixer
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was adjusted to 9.5 with the continued addition of sulfuric acid at a rate
of 2.9 L/mn. Upon attaining the target 9.5 pH level, the acid addition rate
was then adjusted to 1 L/mn and 40 kil ograns of sodium sul fate was added
slowy to the reactor slurry. After the passage of 197 mnutes thereafter,

the silicayebdsovivate was stopped and the acid rate citiduedsipii! the
pH of the m xture was 5.0. The reaction m xture was then digested at that

pH | evel at 93C. Silica wet cake was recovered fromthe reaction m xture.
inventive Exanple 4 50 liters of sodiumsilicate solution (13% 3.32 MR)
was added to a stainless steel reactor and was heated to 95C with stirring
at 50 rpm Thereafter, a Si lverson in- line shear m xer was then started
wi t hi n t hewssebebmgedamd tinoteev gadicatertesthd degadrevaé 13%ed 3 2320mimmkd alre pHat | o
(MR)) and sulfuric acid (11.4% were sinultaneously added to the reactor
at rates ofs@jused forti hwalnthe ZoBinkddtaddirion sfesifeiztatidal aratefadr 947mm nutes. At the
15 mnute mark, the stir rate was then adjusted to 100 rpm After 47

m nut es haspdnhaninpaseastgetotepHriexd the MaSadakibOwadyds thed @BuEEUL 1a0gint he fl ow of
silicate to the reactor was slowed to 2.8 L/mn and the pH was adjusted to

9.5 with tia0anddramiest sadlgh bhiaRe Ofs a8dbdfslaiv \Cro Al rEhc Y slarry ahRer@fie 2.9 L/ mn
Upon attaining the target 9.5 pH level, the acid addition rate was then

adj ust ed tgussabe b omMnaddned@ ki {h@gﬁlé‘iﬁ@ﬂm ra%éldals@@b;%dlaﬁ@-gh% a¥@sa@dded slowy
to the reactor slurry After the passage of 197 mnutes thereafter, the

silicate fJOQWJe@-LﬂllY@Pﬁé@lp&ﬁgtﬁ@\gastﬁr@ Tfh@'ré%ct(o%tnﬁxtu{%%'ﬂ%‘rl%g,eé{@&zit the pH of

the m xture was he reaction m xture was then digeste t hat pH

w0 20081 06378 BEH AT00 BRGsSe e ek BTl BB e Uor & o St um

silicate solution (13% 3.32M R ) was added to a stainless
Inventive Example 4

50 liters of sodium silicate solution (13%, 3.32 M.R.) was added to a stainless
steel reactor and was heated to 95°C with stirring at 50 rpm. Thereafter, a Silverson in-
line shear mixer was then started within the reactor and more sodium silicate (13%, 3.320
molar ratio (M.R.)) and sulfuric acid (11.4%) were simultaneously added to the reactor at
rates of 9.8 L/min and 2.9 L/min, respectively, for 47 minutes. At the 15 minute mark,
the stir rate was then adjusted to 100 rpm. After 47 minutes has then passed, the mixer
was allowed to continue and the flow of silicate to the reactor was slowed to 2.8 L/min
and the pH was adjusted to 9.5 with the continued addition of sulfuric acid at a rate of 2.9
L/min. Upon attaining the target 9.5 pH level, the acid addition rate was then adjusted to
I 1./min and 40 kilograms of sodium sulfate was added slowly to the reactor slurry  After
the passage of 197 minutes thereafter, the silicate flow rate was stopped and the acid rate
continued until the pH of the mixture was 5.0. The reaction mixture was then digested at

that pH level at 93°C. Silica wet cake was recovered from the reaction mixture.



steel reactor and was heated to 95C with stirring at 50 rpmand then 10

kil ogranms of sodiumsulfate powder were then slowy added to the reactor.
Thereafter, a Silverson in- line shear m xer was then started within the
reactor and nore sodiumsilicate (13% 3.320 nolar ratio (MR )) and

sul furic awiodo¢sld274%9 were sinultaneously added to the peagias7®hoor ates of
9.8 L/'mn and 2.9 L/ntin, respectively, for 47 mnutes. At the 15 mnute
mark, the stir rate was then adiustcd to 100 rpm After 47 m nutes has

t hen passed, the m xer was disengaged and the flow of silicate to the
reactor was slowed to 2.8 L/mn and the pH was adjusted to 9.5 with the
continued addition of sulfuric acid at a rate of 2.9 L/ntin. Upon
attaining the target 9.5 pH level, the acid addition rate was then adjusted
to | L/ntimenagEsgmilhe passage of 197 minutes thereafter, the silicate
flowrate was stopped and the acid rate continued until the pH of the

m xture was S. B liTfeoffaiahisDRaEotilon @1 AS 320NN vil GRS ek @dinikhat p. H | evel
at 93C. Silica wet cake was recovered fromthe reaction mxture. Inventive

Exanpl e 6 §Qe1|éaEt@rrzﬁldeasﬁ&@édng?'cldnﬁmas‘hﬁmﬁgl %trbrqrzlné 43740 RiodanMoR ) was added
to a stainless steel reactor and was heated to 95C with”stirring at 50

rpm There?gdﬁu% sulf@te?bw W%Perlhé ]owl gﬁgqgwrg%%efhe%ﬁexte{]gﬂeﬁgrﬁa{nt ed w thin

the reactor and nore sodiumsilica ratio (MR )) and

sul furic aFnedshéq gn }&va\s’\ﬁen startequ 1glnanFé)rlélascftc¥rlﬁn n?orﬁ]scr),' 1851%0%% ag ﬁe i rates of

9.8 L/nin a , respective m nut e
mar k, 31 V\QO ag &%{ 5l JDSJT/I%JSZCMO(ZLg%MZO l na . 1 d ctt was ren adj ust ed
to 100 rpm Af P LFEET Y #) BgE SOy RS Q% O\}Eﬁeaﬁﬁ dwed to
conti nue andt |OWBJ Ilcatetotg eactor was slowed tg 2.8 L/rnin
and the pHY& pi%ﬁﬁ‘é’f‘é %'gté‘”g SHPEHIVE e O H‘E“l“ﬁtﬁ%dé“ég“df%'P‘BH‘eBTa ul furic acid
at a rate of

the stir' ratc was then adjusted to 100 rpm. After 47 minutes has then passed, the mixer

was disengaged and the flow of silicate to the reactor was slowed to 2.8 L/min and the pH

was adjusted to 9.5 with the continued addition of sulfuric acid art a rate of 2.9 L/min.

Upon attaining the target 9.5 pH level, the acid addition rate was then adjusted to |

L/min. After the passage of 197 minutes thereafter, the silicate flow rate was stopped and

the acid rate continued until the pH of the mixture was 5.0. The reaction mixture was

then digested at that pH level at 93°C. Silica wet cake was recovered from the reaction

mixture,

Inventive Example 6

50 liters of sodium silicate solution (13%, 3.32 M.R.) was added to a stainless
steel reactor and was heated to 95°C with stirring at 50 rpm. Thereafter, a Silverson in-
line shear mixer was then started within the reactor and more sodium silicate (13%, 3.320
molar ratio (M.R.)) and sulfuric acid (1 1.4%) were simultaneously added to the reactor at

rates of 9.8 L/min and 2.9 L/min, respectively, for 47 minutes. At the 15 minute mark,

~
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L/mn, Upon attaining the target 9.5 pH level, the acid addition rate was
then adjusted to | L/mn and 40 kil ograns of sodium sulfate was added
slowy to the reactor slurry. After the passage of 197 m nutes thereafter,
the silicate flow rate was stopped and the acid rate continued until the

pH of the\gbgggg 25Z@@ts 5.0. The reaction mxture was theg.digester,at that

pH | evel at lica wet cake was recovered fromthe reaction m xtu

I nventive Exanple 7 50 liters of sodiumsilicate solution (13% 3.32 M.R.)
was added to a stainless steel reactor and was heated to 95C with stirring
at 50 rpm Sinultaneously, 10 kilograns of sodium sul fate powder was added
to 420 liters of sulfuric acid (11.4% in an acid tank. Thereafter, a

Si |l verson ihBstirirte wahi@at adjisxeriio Wilsphhanesd7asih@ek hak thah Pasdeegaet or  and nore
sodiumsilicate (1 3% 3 320 nolar ratio (MR )) and the sodium sul f at e-

cont ai ni NgwadHIbied © cBsirde badlhdBBw BENIRaS itd b fangaMssionagieleds Lenit he reactor
at rates of 9.8 L/mn and 2.9 L/mn, respectively, for 47 mnutes. At the

15 m nute fRMk pr BEs Rfsted (iR & wihas cErhﬁUedaathHéﬁ Sk @il ot PPk fbtoer 47
m nut es has then passed, the m xer was allowed to continue and the flow of

silicate tQ/nmeug;m‘awngmsm@ws% et ZnFhchd/ Mhiflo f dm@é \I/Jé‘?heQHd;W@éd 1oad] ust ed to

9.5 with the conti nued ditron of sulfuric ac arate 2.9 L/m

Upon att a1 D}nﬂﬁlax chﬁ) l&l%;:?%g ops[oamm_éuffﬁg@hs’ adp&esécsxﬁ%g) tﬁ%@a& I sﬂ.m \‘?teyvas t hen

adj usted t € passage o her ter t he

silicate f l W Eaagtgng@?s.lrﬂmutgPthreaf%r Crihe. st]icate?l ‘tg )?‘v%]sestcg:pgg& \R%l%%oﬁgi?%)%lz?t he pH of

t he mxture‘L/)vaS 1 on re

PCTI US2007/ 0840 at_t hat gvel .at 93C cake was
recover ed ? r gnue gilgllle fﬁpe mxxtu(re was ‘pd_il 'h]\cla er? tllo\? mlét)%xre wzfs t’\@ dagevyeé at

that pH level at 93°C. Silica wet cake was recovered from the reaction mixture.

Inventive Example 7

50 liters of sodium silicate solution (13%, 3.32 M.R.) was added to a stainless
steel reactor and was heated to 95°C with stirring at 50 rpm. Simultaneously, 10
kilograms of sodiur sulfate powder was added to 420 liters of sulfuric acid (11.4%) in an
acid tank. Thereafter, a Silverson in-line shear mixer was then started within the reactor
and more sodium silicate (13%, 3 320 molar ratio (M.R.}) and the sodium sulfate-
containing sulfuric acid (11.4%) were simultaneously added to the reactor at rates of 9.8
L/min and 2.9 L/min, respectively, for 47 minutes. At the 15 minute mark, the stir rate
was then adjusted to 100 rpm. After 47 minutes has then passed, the mixer was allowed
to continue and the flow of silicate to the reactor was slowed to 2.8 L/min and the pH was
adjusted to 9.5 with the continued addition of sulfuric acid at a rate of 2.9 L/min. Upon
attaining the target 9.5 pH level, the acid addition rate was then adjusted to I L/min.
After the passage of 197 minutes thereafter, the silicate flow rate was stopped and the

acid rate continued until the pH of the mixture was 5.0. The reaction mixture was then



50 liters of sodiumsilicate solution (13% 3.32 MR ) was added to a
stainless steel reactor and was heated to 95 C with stirring at 50 rpm
Thereafter, a Silverson in- line shear m xer was then started within the
reactor and nore sodiumsilicate (13% 3.320 nolar ratio (MR )) and

sul furic 4/@ were sinultaneously added to thg, 1%)52 rates
of 9.8 1- %)googﬁ L/mn, respectively, for 47 mnute N {)(9{0%&5015 m nut e
mark, the stir rate was then adjusted to 100 rpm After 47 m nutes has

t hen passed, the mxer was allowed to continue and the flow of silicate to
the reactor was slowed to 2.8 LImn and the pH was adjusted to 9 5 with
the continued addition of sulfuric acid at a rate of 2.9 L/mn. At that
tinme, tO0 kiibQ@hanbapH 18Qfhwire udifiatee PRWIES reVikRd Adfafe fefcidp0 |iters of

11. 4% sul furic acid in an acid tank. Upon attaining the target 9.5 pH

| evel , the,spgium sul fate-containing acid was then introduced at an
addition rate of | L/mn to the reactor slurry. After the passage of 197
m nutes thereafter, the silicate flow rate was stopped and the acid rate
continued until the pH of the m xture was 5.0. The reaction m xture was
then digested at that pH level at 93C. Silica wet cake was recovered from
t he reactiloventing ktampée 8 33 WD 2008/ 082795 PCT/ US2007/ 084020 "% CPC
Conpatibility" Test 27.00 g of a 0.3 % solution of CPC was added to a 3.00

g sanpl e of thegsiekd Gaodi@n sinBard @ﬁln@ﬁipﬁmzw R §dadRRePloQVstAHSEY dried at
105C to 150C to a noisture content of 2% or |less, and the pH of the sanple

was nmeasurgd, Fe@ct@r%%&'%s ﬁ&@d%ﬁ@v&(@%aﬁ%%@@pxﬁ ﬁeé'&'ﬁer {SiRersdl@- M Xture was
shaken for a period of 10 m nutes. Accelerated aging testl ng requires

agi tation lt esBJﬁ?mFﬁﬁxt)vassthlcgtJ%@v\%tm) tlt r\éﬁg#%n%t %49%%%%6 su (gr ntggjoon was

conpl et e, e was cen atant was

passed t hrn%&g]r Lafo (M.R.)) and sulfuric acid (11.4%) were simultaneously added to the reactor at

rates of 9.8 L./min and 2.9 L/min, respectively, for 47 minutes. At the |'S minute mark,
the stir rate was then adjusted to 100 rpm. Afler 47 minutes has then passed, the mixer
was allowed to continue and the tlow of silicate to the reactor was slowed to 2.8 L/min
and the pH was adjusted to 9.5 with the continued addition of sulfuric acid at a rate of 2.9
L/min. At that time, 10 kilograms of sodium sulfate powder were added to 250 liters of
11.4% sulfuric acid in an acid tank. Upon attaining the target 9.5 pH level, the sodium
sulfate-containing acid was then introduced at an addition rate of | L/min to the reactor
slurry. After the passage of 197 minutes thereafter, the silicate flow rate was stopped and
the acid rate continued until the pH of the mixture was 5.0. The reaction mixture was
then digested at that pH level at 93°C. Silica wet cake was recovered from the reaction

mixture.
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0.45 pm PTFE m | li-pore filter and discarded. An additional 2.00 g of
supernatant was then passed through the sane 0.45 pm PTFE m | li-pore
filter and then added to a vial containing 38.00y of distilled water.
After m xing, an aliquot of the sanple was placed in a cuvette (nethyl

met hacr yl awe)oeand2tohe UV absor bance was neasured in a rpagesfoioisueze50 to
270 nm Water was used as a bl ank. The %CPC Conpatibility was determ ned by
expressing as a percentrge the absorbance of the sanple to that of a CPC
standard solution prepared by this procedure with the exception that no
silica was added. Table 1 belowis a summary of the CPC conpatibility as

wel | as other Bropertigs“ of each sanpl e above. 34 WO 20081082795
PCT/ US2007 m ! terial Properties Exanple Control Inv. Inv. Inv.
Inv. Inv. Inv. Inv. Inv. Ex.| Ex. 2 Ex. 3 Ex.4 Ex. 5 Ex. 6 Ex. 7 Ex. 8

nmoi sture 5.7 3.27.8.40f4.08 %-solutidh & CPC3vad added to 4330 gsample &1 HicBtb. 6 5.7 5.3
5.6 6,8 %325 Mesh 1.97 1.43 1.2 0.39 1 1 1,7 0.42 0.35 0.47 Residue 5%

PH 7.55 7. b3tedte@ 1Thé silika $aSpreviod]yiri3 atb 08¢ 16.190°C% & afdi st sdakehedrey( by <0. 35
0.51 0.59 0.35 0.35 0.35 0.43 0.35 0.35 conductivity) Brightness 97.9 96.9

97.1 96.8 9bleR, fhd-tHe @ﬁoﬁh@ﬁmﬁl%sﬁ]easured to ensure the 5% pH was between 5.5 and

7.5. The mixture was shaken for a period of 10 minutes. Accelerated aging testing
requires agitation of the test specimen for 1 week at 140°C. After agitation was
complete, the sample was centrifuged and 5 ml of the supernatant was passed through a
0.45 um PTFE milli-pore filter and discarded. An additional 2.00 g of supernatant was
then passed through the same 0.45 um PTFE milli-pore filter and then added to a vial
containing 38.00g of distilled water. After mixing, an aliquot of the sample was placed in
a cuvette (methyl methacrylate) and the UV absorbance was measured in a range from
250 to 270 nm. Water was used as a blank. The %CPC Compatibility was determined by
expressing as a percent:ge the absorbance of the sample to that of a CPC standard

solution prepared by this procedure with the exception that no stlica was added.

Table 1 below is a summary of the CPC compatibility as well as other properties

of each sample above.



(technidyne) Cumul ative Pore Area for pores with a 3 09 224 2.35 2.13 220
154 1.89 2.16 2 42 dianmeter greater than 500 A (m/g) Median Particle
Size 7.43 8.33 6.83 7.32 5.71 11.34 7.52 7.5 6.78 (Horiba) Mean Particle
7.85 8.57 7.24 7.76 6.33 11.6 7.99 8.09 7.32 Size (Horiba) BET S/ A DEGASS
21 14 2 | 3o Bookn$h7dd 240C Einl ehner Abrasion (ng 20. §&rakadAdddd 22. 41
18.61 30.25 20.32 22.09 19.39 loss/ 100,000 rev) GO Absorption 55 45 44
39 46 33 40 41 40 (cc/1008) Hg Total Intruded 1.037 0.82 0.83 0.82 0.79
0.51 0.81 0.74 0.81

TABLE

Material Properties

Example Control Inv. Inv. Inv. Inv. Inv. Inv. Inv. (nv,
xamp Ex 1 Ex2 Ex3 Ex4 Ex.S Ex6 Ex7 ExS8
% moisture 3.7 3.4 3.6 4.8 e 33 33 44 5

% LO] 4 57 55 48 5.6 57 53 56 68
% 325 Mesh o .2 0.39 11 1.7 042 0.35 047

. 1.97 1.43
Residue
5% pH 755 713 7.21 7.12 7.33 73 592 6.34 6.9

Yo sodium

sulfate (by <0.35 0.51 0.59 0.35 0.35 0.35 0.43 0.35 0.35
conductivity)

Bnghmess 979 969 97.1 96.8 96.9 97.1 96.8 96.8 96.7
(technidyne)

Cumulative

Pore Area for
pores with a
diameter '
greater  than
500 A (m%g)
Median

Particle Size 7.43 8.33 6.83 732 5.71 1134 752 75 6.78
(Horiba)

Mean Parncle 785 357 724 7.76 6.33 11.6 7.99 8.09 732
Size (Horiba)

BET S/A

DEGASS 21 14 2 3 7 ! 9 1S
240C

Einlehner

Abrasion (mg 2144 2241 1861 302§
Joss/100,000 20.88 213

rev)

Oil

Absorption 55 45 44 39 46 33 40 41 40
{cc/100g)

Hg Total

Intruded 1.037 0.82 0.83 0.82 0.79 0.51 0.81 0.74 0.81
Volume

% CPC

Compatability 73 %8 96 90 90 87 92 86 88
140°F aged 7

days
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Vol une CPC Conpatability 78 88 96 90 90 87 92 86 88 140F aged 7 days 35
WO 2008/ 082795 PCT/ US20071084020 The total pore volune (Hg) for these

silica sanples was neasured at a series of different pore dianeter ranges
by nmercury porosinetry using a Mcroneritics Autopore Il 9220 appar at us.

The pore dygnmisgksecan be cal cul ated by the Washburn eouati@m7,08%R Oyi ng a
contact angle Theta (0) equal to 130 and a surface tension ganma equal to

484 dynes/cm This instrunment neasures the void volune and pore size
distribution of wvarious materials. Mercury is forced into the voids as a
function of pressure and the volunme of the nmercury intruded per gram of
sanple is calculated at each pressure setting. Total pore volune expressed
her ei n r epr esents tdtfi o wynvhatlHy)donmbdse Bcashmpies wasryeasurnd stadettsaf pressur es
fromvacuumto 60,000 psi. Increnents in volune (cnB/g) at each pressure
setting ar@ffpeatpoediagadrnsizettyengpareparath ¢ty weihg diviioeteritic arutopspoindi ng t o
the pressure setting increnents. The peak in the intruded vol une versus

por e radi uR20&appacit@NElegforcdiiivgers Qihibe spandsa tyahd Weshbbaeqidiod he pore size
di stribution and identifies the nost commobn pore size in the sanple.

Speci fi cal dnyplo APl tast d?agle'ﬁetfi‘@l) U@I«lﬁt@ I@@’ AhLawe. @nsléﬂtﬁxmrﬁé@cﬁm of 30.50%
in a powder penetroneter with a b and a stein volune of about I.

nil. SaW'@S%Cdgﬁé%/cﬁuV%kﬁﬁﬁﬂmteH n?eam&%wfﬁd&zsunéoan%%swdlmml}ﬁ'oﬁ for 5

m nut es ry til e pores ron1 a 10 second

equi L briumiotd fReds RRNAL (ARBEASWTBEE! % 100 0R5 é%?drl: GRlhon points.

volume of the mercury intruded per gram of sample is calculated at each pressure setting.
Total pore volume expressed herein represents the cumulative volume of mercury
intruded at pressures from vacuum to 60,000 psi. Increments in volume (cm’/g) at each
pressure setting are plotted against the pore radius or diameter corresponding to
the pressure setting increments. The peak in the intruded volume versus pore radius or
diameter curve corresponds to the mode in the pore size distribution and identifies the
most common pore size in the sample. Specifically, sample size is adjusted to achieve a
stem volume of 30-50% in a powder penetrometer with a 5 ml bulb and a stem volume of
about 1.1 ml. Samples are evacuated to a pressure of 50 pm of Hg and held for 5
minutes. Mercury fills the pores from 1.5 to 60,000 psi with a 10 second equilibrium
time at each of approximately 150 data collection points.

Hg intrusion porosimctry gave information about pores from approximatcly 100
A to those over | yim in size. In comparison, N, physisorption (BET) gives information
from pores approximately 5 to 1000 A in size.

The data show that the % CPC Compatability increases significantly when the
sodium sulfate is included within the manufacturing process without changing the other

properties of the produced silica material appreciably.



Hg intrusion porosinctry gave information about pores from approxi mately
100 A to those over t }imin size. In conparison, N2 physisorption (BET)
gives information from pores approximtely 5 to 1000 A in size. The data
show that the % CPC Conpatability increases significantly when the sodium
sul fate igydnpkidesd Wi thin the manufacturing process “ﬁ%ﬁﬂg%mﬁﬁﬁgﬂfng t he
ot her propertles of the produced silica material apprecia

2008/ 082795 PCT/ US2007/ 084020 It will be understood that various changes
in the details, materials, and arrangenents of the parts which have been
described and illustrated herein in order to explain the nature of this

i nvention may be nmade by those skilled in the art without departing from
the princi pl esiantbscaRe b tHaharbv@MeOn tRsictiphassied, dnd t he fol | ow ng
clainms, 37 CLAIMS: | An abrasive precipitated silica material with a

coating ofarfak@Glepts both € Par&iviiidhahal NRECQRCDANBIRI1I bR HerGiO @t bra& 1OF
precipitated silica is denser than the material to which it is applied,

and “herekﬂlﬁﬁm%rﬁQﬁé&QmQhﬁ&h%hBﬁ%%@m%&hﬁQ@mgﬁémﬁh@%e%ﬁhﬁ@b&s a nedian
particle size of between 5. mcrons, a pore area for pores with a

di amret er 1g

cetylpyrlgﬁﬁﬁﬁﬁﬁhhb%@ Eﬁﬁwfﬁfﬁsg’?g?ﬁéﬁ?ﬁgHi?%ﬁﬁﬁggégﬁh€%?8§”% days at 140
F of at leash,90% 2. The abrasive precipitated silica material of claiml
wherein said rmaterial exhibits a % CPC Conmpatibility of at |east 92% 3.
The abrasive precipitated silica material of claim2 wherein said materi al
exhibits



a % CPC Conpatibility of at |least 96% 4. A dentifrice conprising the
silica material of claiml. 5. Adentifrice conprising the silica materi al
of claim2. 6. Adentifrice conprising the silica material of claim3. 38

CLAIMS:

I An abrasive precipitated silica material with a coating of precipitated silica
thereon, wherein said coating of precipitated silica is denser than the material to
which it is applied, and wherein said coated precipitated silica material exhibits a
median particle size of between 5.5 and 8 microns, a pore area for pores with a
diameter greater than 500 A of at most about 2.4 m*/g, and a % cetylpyridinium
Compatibility after aging said material for 7 days at 140° F of at least 90%.

2. The abrasive precipitated silica material of claim 1 wherein said material exhibits
a % CPC Compatibility of at least 92%.

The abrasive precipitated silica material of claim 2 wherein said material exhibits
a % CPC Compatibility of at least 96%.

|9

4, A dentifrice comprising the silica material of claim 1.
5. A dentifrice comprising the silica material of claim 2.
6. A dentifrice comprising the silica material of claim 3.



