PRECGPI TATEDSI LI CA MATERI ALSEXHI Bl TI NG H GH COVPATI BI LI TY W TH
CETYLPYRIDINI UM CHLORIDE Field of the Invention This invention relates to
preci pi t avedo@mseious silica, and processes for nmaki ngPCT/UST#G/084020
precipitated silica is especially well-adapted for use in dentifrices
contai ni ng cetyl pyridiniumchl oride Background of the Invention Mdern
dentifrices often contain an abrasive substance for controll ed nechani cal
cl eaning and polishing of teeth, and optionally a chem cal cleaning agent,
anong other conmon ingredients, such as hunectants, flavors, therapeutic

i ngr edi entpé’\ECé'lh’éTiAEEDaﬁiLM|MA?TEB§Ab§EﬁHUBﬂﬁM&§¢H:6WMTHEMT¥ bi nders,
preservatives, colors, and sudsing agents, anong others Oral care products
al so often contain t her‘éfrb’EHt(IE:T\égEHR!;DlP&MC&HJ@KEBE m crobi al agents

Cetyl pyridiniumchloride ("CPC') is an anti -mcrobial agent used for this
pur pose, such as in nouthwashes and toothpastes. There is an increased
desire anong dentifrice manufacturers to incorporate anti-mcrobial agents
in dentifrice applications for tlreldonthedhveationral odor and/ or ot her

t herapeutic action, with CPC being one of the nore favored It is cost

ef fective and pgstalio rél K608 PreeRitatesd aifi apRous Bilic QAE P@%ésses&@ﬂiﬁal@“er native
anti-mcrobial agents currently being used in dentiftrices have cone under

i ncreasi ng, ﬁférdﬂéciﬂ?%teﬁ‘éﬁnc&)g%%e@iaﬁ Q@lmaﬂdpbédtfb%eﬁxpdetnhﬁqcle&%n%ﬁ&d resistance
of sone bacterial strains to antl biotics CPCis not considered to

contri butgeg&rgﬂ ismRARLkL problenCPC is a cationic ("positively") charged
conpound antimcrobial action is generally understood to result from

its ability to bind to anionically ("negatively")-

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.



charged protein noieties on bacterial cells present in the mouth. This CPC
attachnment nechanismresults in a disruption of normal cellular function of
bact eri a wodoesoseosbut es to the prevention of plaque foroattisesn7asg2ot her
bacterial actions. A problemencountered in CPC usage in dentifrices has
been that CPC tends to indiscrimnately bind to negativel y-charged
surfaces. In particular, co-ingredients of toothpaste fornul ati ons havi ng
negativel y-charged surfaces also nay bind to CPC before it performs any
antimcrobial action. Once bound to these nontangeted surfaces, the CPCis
general | y unavah( ksl catiensc papsithrehi' hehpraes seimprynd| CRng ansni¢rebiplaactioneisi on. I n
this regard, silica is often used as an abrasive in dentifrices. For

i nst ance, geietallg ahdersignddgireselt fomiivnbility wdind t6 eriopedllyi(tiegativelyblral from t eet h.
Most conventional silicas used in dentifrices have negativel y-charged

sur f aces. ciGoged equenmojgtie SR aadsialr dells prasent s vichmawnvidus CRMatkackmentca powder s.
For reasons expl ai ned above, the adsorption of CPC upon silica or other

CO- i ngr edime¢iagisofredulieindeditruptidnad norsnahcadiinlay funoiesifibadieréa and.cBotribiates  No.

6, 355, 229 descri bes a CPC conpatible dentifrice fornulation containing guar
hydr oxy py fapy bretdniBR B plaquelfbrafatiSand Jileer Gatddriab@umphex has a higher affinity
toward binding to negativel y-charged species. It preferentially binds to

ani oni ¢ conponent s, | eavin C e 1o bingd.. corb@l  No.
5,989, 524 desc ipboi)genbens?f)ﬁ’rg%rg “héll{(??sggeclgrgﬁ@%ln%%eh%ﬁ%ﬁ?}}alt g\l;?rt%ndggot ai ned by

treating the surface.of the silica originating fromthe reacti.on of an
b kal | etdiedip BRI oS gk Rt B e TR "t he
aid of an organi ¢ conmpound .capabl e of devel gpi ng hydragen j Qni ¢ bonds
with the 9oﬂmt%f0rrawaqlor@mb%n%ﬁw%%&%ﬁ%ﬁ% %@% %@%’E{O hodpiei ca

surface. The organic agent can be added to the silica ir} t he fgré’n of
it performs any antimicrobial action. Once bound to these nontargeted surfaces, the CP

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 describes 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
components 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



slurry before or after salts are renoved, or can be sprayed on to diy
silica. A nunber of patent publications describe processes for making
conposi t eveynisnskios silica particles, including the fol lPamiusgoo7/084620 Pat .
No. 2,73 1,326 describes a process of preparing xerogels in which a silica
gel is stabilized so that the pores of the gel do not collapse upon drying.
It involves a two-stage precipitation process where in the first stage
silica gel is formed, and in the second stage a | ayer of dense anorphous
silicais fornmed over the gel particles in order to provide sufficient

r ei nf or cegienps a thetsilich arfachel hgorgasicagem oan kegiddednoghagena inlthgifergy of The gel
particles have a particle size in the range of 5 to 150 mllimcrons (nm,
and pr ef eslaby Yefbeos afigr sallsarageodéd metapbe gprayedamts diyssilsd. i | 1i mi crons. The
resulting reticulated particles can be dewatered and dried i nto powder
form The '326AB%@&%f%ﬁt@rﬁ%bﬂéﬁ@éns%&ﬂbf@{nlo_b&?esﬂéﬂﬁék@ﬂgec%ﬂb%M% a specific
surface area of greater than 200 n2/g, it is preferred to replace the water

wth an oggﬂﬁggsﬂ&éﬂ&ﬁ%kmgmgwg@?ﬂw. ?ﬁq%?te the silica particles. The ' 326

pat ent describes silica pro S W eferred specific surface areas 60

to 400 n2/g. The '3 pat indicates little advantage.is optained in
carrying the plpgc%‘ggﬁ%fz]éig%@fj?sﬁrhbqsépéﬂ?eﬁﬁﬂ’@ﬁ%r.‘“g‘l’i’?&’g l&F WhickA products of

the ' 326 patent process of accretign are |imted so that the original dense
ul ti mate tiHsagel istaphigedipghatght rosesed theae! dayas collresaupep dpting it 1ziebves he
original aggregates structure is not obscured. U S. Pat. No. 2,885, 366
descri besa Bv(tageansecipigion procese pbeein te feshstagd shycagelos fasmed.aad ovbe particl es
other than silica.U S Pat. No. 2,601,235 describes a process for producing
bui | t - up sdcbidcsagsarleyer bedenpeamuiplius siligi ik famed over healel pastidiesdn edleatoove 600C
to make nuclei of high nol ecul ar wei ght

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 5 to 50 millimicrons. The resulting reticulated particles

can be dewatered and dried 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.
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silica. The nuclei is mxed with an aqueous di spersion of active silica
made by acidulating alkali netal silicate, and the m xture is heated above
60C at a Wwbl2008/82795t 0 10, such that active silica accretres/useowssonuc| ei .
U.S. Pat. No. 5,968,470 describes a process to synthesize 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 amount of colloidal silica
added in the first step of the reaction. Silica with BET surface areas
rangi ng from 205t a3 2691 G35 depaibes perdcess orquipdugios bunlteupssilicapamtitBs t o 200
n2/ g, oil absorption (DBP) ranging from80 to 400 n2/g, pore volunes from
1to 10 crmwghichangdligasahhgsbis beal¢daboresdSCite ovake Bicten obifgnmoleoul ardvdight

synt hesi zed. The intended use of materials produced by this process is in
t he paper siacad Thahwal ey &irsixehwkietphqeaus didp&sioPaf actidosiliés maddedy277 descri bes a
process for the formation of silica particles with a double structure of a

core of dedisigatmgrrkah@iesal Silitdt€an@ihd niixteRes heattll abolelope@any pHnet® 78 | i ca. A gel
is formed in a first step. The gel is then aged, wet pulverized, and then

sodi um si |6 Galhahdtacddarda hétrdibaopeameeice of an alkali netal salt in order
to form anorphous silica particles on the surface of the mlled gel

B T TR LR R AN TR T

particle diane ace ar to 400

n2/g. The resultant material. is.said tq have inproved properties for use in
Bs o del uatrarndC Ryptrie harluionsr S enderaee SRR cplify SiE il ¢ hat
descri be use of silicas in dentifrjce or oral cleaping conpositions include
the fol | offi Wighaut 2 elgsyiolytgideds (sl The pososyy sy %@gt@r ibg%?db‘gg'l ﬁ‘&l es adopt ed

for fornmulation into ) ) . .
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.



dentifrice conpositions having a unique surface chem stry as to be at |east
50 % conpatible with zinc val ues, and have a nunber of OH functions,

expr essedva0@seR, of at nost 15 and a zero charge poiPatr/uskoo7oesm® t o
6.5. The ' 1 14 patent describes a process of preparing silica particles by
the reaction of silicate with 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. 5,6 16,3 16 descri bes
silica that is nore conpatible with customary dentifrice ingredients. In
addition to mddhyp. Bathdo. iS¢l descsbescdidaonrticlesrdnpted doreformuittiamniath.  Anot her
probl em associ ated with usage of conventional silicas in dentifrices is

t hat t heydotifrae ¢tmmvposifibesy bavimd apatquei $urfaye phabbtenss T Het ati Bastt H0e%
conventional silicas tend to interact wth flavorants included in the sane
denti f ri ceonipatible wemngic tahas, ad dateesnwofitfef bAQBIrfanctivak ieRgredsbapDAMCE | ess

pal atable. This off-flavor problem acconpanying use of sone conventional

silicas i of dlenkd fsrdn@@Zeiohirp@pbilt dMidasd 0. ah NoMpRet ABSEHB® a [Hadeksf act i on
standpoint. A need exists for silicas that can be used together with

anti - m cr ghyrepariag 8Mks psHeBs B thebactioh & dicafel \GANANLLIE RRAS Iatsugpaﬁgéuch as
dentifrices without inpairing the respective functions of eith

i ngredi engy. g Bhit 4 gms m@@&usagp%nw{@ tffeh 8YRAFa GO R Rtk \@a'ié? afd §94|tédm.n€ed I'n

general, the silica disclosed in this invention may be usef whenever it

IS de5|ra teraction of the silica particulate with
desi r abl epéa(gté)l J&%tg%gHi?Q@grrﬂonent s found in dentifrice fornul ations. The

present inventign neets these needs and others as . i
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 readily apparent from the disclosure that follows.



wi |l becone readily apparent fromthe disclosure that follows. Sunmary of
the Invention This invention relates to a unique silica product conprising
silica pawbDi2oedsas2198at have been surface-nodified in a bengftiscéalossvanner

t hrough the inclusion of sodiumsulfate powder during different process
steps for silica production as well as the optional use of high shear

m xi ng throughout the entire process as well. This silica product is
particularly useful in dentifrice conpositions containing cetyl pyridinium
chloride ("CPC') or other therapeutic agents. CPC does not appreciably bind
to these silica products. Thdwuefmary of tiiednverdionai ned in a dentifrice
conposition, an increased anount of CPC remains available for its
anti m crobi al T ineentinhirdl geg the usique shcaprdst vampremgisiisa pafictpathated by CPC
attachnent, and it is able to provide the mechanical cleaning and poli shing
acti on debavedderf Juefacd-ihodiSedin adlendrial easndr ticaugbnidudtsiofeftotiumnal | y, the
silica product is highly conpatible with many commonpl ace dentifrice

f 1 avor ant sulfaleRwaled disiag [ANTREAE broddss euBibadi dilbdatpsodatidn s Svell I etetdpienat educes t he
possibility of off-flavors when present together with flavorants. Also, the
silica progdufhichShéd aitivg SeeTRAbI Ble@niMetphodesstaieie ThidRilisP ploags issuch as
sodium fluoride. The silica product does not adversely interact with or

i mpair thg c@ﬁn%) 8l HieARRRE SonflositiBR c.ronlfa{hﬂ%tdggf'g?ylriﬁﬁﬁgﬁ ghigedey, this

i nventi on enconpasses an abrasive preciplitate ica material with a dense

phase Coag--id?»&" <§r.ora{e?94epa[g&ﬁ$c%geef§i!dpeadow%rtrg@}ea laféiﬂi&tﬁésiegili%’at ed

precipitated silica materi al ibits a an e size of between 5.5

d 8 m f or. it i ar . 500 A of
st abaubers THEREFe WhERo R et At b L PhEB bl T2er 2

0,
for 7 day&Patren%ﬁgsog/aﬁgblgz;or !tsegnsigmicgrgb/f)al (ﬁilti%sowhi}e the 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:



enconpassed within this invention is a nethod of manufacturing an abrasive
silica material, wherein said nethod involves the follow ng sequenti al

st eps: a) Weaodsvasgrosunder hi gh shear m xing conditions, @&cfriussa7asmant of
silicate and a first anmount 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 forma first silica material; and b) reacting,
in the presence of said first silica material, a second amount of silicate
and a second anmount of acid together, optlonally in the presence of an
electrol yte ian anB@stingfunderdihsheas nisog sandijtens. adirglamopnitof sliete t he t ot al
wei ght of silicate, to forma dense phase coating on the surface of said
first silica materiahnd 4 fivsrasbgunf gragidriegethes iopfieally oethepresdnté efaannat eri al ;
wherein said electrolyte is present in either of said steps "a" or "b" or
during both steps, asldctwihge el an asauct Stfiem 3 0"250swa piitivaighit Fayiopétifeor med under
hi gh shear m xi ng conditions. The resultant silica-coated silica materials
exhi bit extrenely hi gial GREheohgiahiepiolforinya figvelia agermtlandas similarly high
flavorant conpatibility levels. Thus, the ultimate silica-coated silica

materi al of ‘endjodi mendastiff intthd ;&egenaeedﬂsmarﬁrmylcma@mdwe@@hdvdnamat dg¥r ocess
i ncl udi ng steps of provi |ng porous silica substrate particles as a

pre-formed mat erial - gficd Ok \Gednd ahfBuickYeid {QOBL IMIPHEG! feleld N act i ve

silica upon the silica substrate particles ective to satls y the pore
size distribution reggyré &%? % 185G bﬁﬁgfﬁ&B%HQZT%Rv naﬁ ypd that the
i nclusion of the sodiums te po uring such ufa turlng processes

decreases the avail ameefotEIO\[/eefglﬁ 'ofzgﬁcam, Hﬂ'flon’n 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



the ultimate silica materials even nore so than processes that may include
just a dense phase coating of silica on silica particles al one. Thereby,

t he | evelwof20@R82menpati bility has been found to increa®eTius2@7/081020
significantly above that for such previous attenptsof dense phase coating
treatnments of abrasive silica materials. Hence, in one enbodinent, a dense
silica/sulfate material is deposited on the silica substrate particles
effective to penetrate into and/or block at |east part of the pore openings
on the silica substrate particles to reduce the pores having a size greater
t han abouof &0ee phass oadng weatrenty ofgbrasivhislicaunaiprzaly. \Renpeieongr ea for t hose

si zed pores on the surface-treated silicas to | ess than approximately 6
n2/ g, as embsluned, Hdenpesilcan'sylfatatmatesiplo ndgpositediomshe sylicaBulsenicpanickel resul ts
reported herein reveal that pores sized greater than about 500 A are nore
accessi bl efféctivEid@enettatdiaiomndiohblockpanest paawf thg psreadpesingssonzbssili€@onsequent | y,
it has been discovered that the reduction of pores on the silica particles
havi ng si z@strat pgtigas ®redudame bR ham0a dvd Fead sRMtabalt 500 Al difgttiveGPC

i ntrusion and tﬁus CPC loss to pores at the surfaces of the silica

particl es|imfQke éd&ﬁﬁ@%gﬁe%&m thd3e s2Bfpcred dnGRe QirfcSibitdd sAtkad 1 |&sComMmmDN
aqueous solution, the Cis apt to intrude into silica surface pores

having si z6g agdrogﬁﬁt% mt/RaR A4 3 erbhry Bifusith bBroelly BXperi didfii cul ty

into smal l'er pore si erefore, it has been discovered that filling

pores on Hgﬁtssr'eggdrféﬁ th@fntrJe\%aPrﬁatrb%Yés @Qe %@ﬁ@r #dn ﬂ)‘b@@%@r}\ I %rﬁbom 500 A

pI’OVI des si cas at are si gnl I cant nore corrpatl ble wt

oo Pl oo bgssfe T RRRNS] RuP iR EheI50RE 1200 coR. AR MRRLECT * M o

i nvent i on?%5> oré area ores having

si zes 9 Egtéc %\Fga'iqt ev‘?[{%ég’g? 8It'eg.PL Sesélhtca %Qmg]@?ﬁac\)/%(ngrg?zteseofygreatquéa% gener al l y

have a %

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 500 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 500 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



| east 85% particularly greater than 87% and nore particularly greater
than 90% and even nore particularly greater than about 92% and it

gener al | ywoanegas219et ween about 85% to about 97% The " Y%@PT/UScong@mB40Re | ity"
value of a silica is determ ned by a testing procedure explained in the
nore detail ed descriptions provided bel ow. These%PC Conpati bility val ues
are attainable due to the treatnent of the silica substrate particles
effective to reduce the surface pores having a size greater than about 500
A such that the cunul ative pore area of those sized pores generally is |ess
t han appr @&PRdianpatibilinpyatpes amgdttpnaf edustid theltesimenteftheapivasxbstatel y 5 n2/ g,
and nore preferably | ess than approximately 4 nR/ g, as measured by nercury
i nt rusi onpaiel osiffeet veyto rddect thé surthes parbltavingatsiee greater thas apduc 500k eehbct  of f er
the benefit that CPC al so can be used which remains at an effective

ant i bact ethaiethe tiewedtiviepoichneeatd itosé sizetiepocts gpneratlytihleschar gpeoximatell 6si | i ca
abrasive. As another benefit and advantage, dentifrices containing the
silica predycindpareatsiypss ihak afprannsteldtstm¥/huh@morelfierefabiguas taanpat i bility of
the silica product of this invention is superior to current conmerci al

dent al - gr afeoxshhtelga md Q5 hdhstred bR enePiLd) inbli8NpdISsimBIRPOSi tions that can be
benefited by incorporation of thée silica product of ‘enbodi nents of this

| nvent i on 1 ncl dfiridkOhaPAATR s SRR blokilidt SiEn e BNl @Iais A pEOUL hvashes,

and the like. The term"dentifrice” neans oral care products in general

such as, W _Il_'%]rﬂ&.iﬁ{] laRQfrE @ivE Gntlbladfbd o BovelliR emam@é?es@i%momers, and

denture creans. The silica particles of embodinments o he Tnvention al so
have, W dehsEhER%s L XS TRLI B AN, S ggance oo @
herein, t Q ﬁcatpercr)mcp l?alvgguype'r'igri gv%ra at&%ﬁtteis.Cllh%?]';wcg%%xrﬂ;saatﬁ)iiIﬂ)?loy th(e::i isiYiicegj ed 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, dentifric_:es, 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.



and the term enconpasses silica primary particles, silica aggregates (i.e.,
unitary clusters of a plurality of silica primary particles), silica

aggl oner avew0(¢siose79s unitary clusters of a plurality of echiusacagsegat es),
singly or in conbinations thereof. The term "denser”, as used in herein,
refers to a lower porosity silica particul ate.Detailed Description of the

I nvention In accordance with the precedi ng sunmary, the present invention
is directed to a unique silica product, which is particularly useful in
dentifrice conpositions containing therapeutic agents, such as CPC. The
silica product of enbodinenﬂ@“@kdghswbﬂbseﬁﬂwﬂnwwnbhon limits the ability
of CPCto bind to these products. Consequently, |oss of CPC due to

i nadvertent i nineceardinonwuh the psickdi casumbnag. theprpeent inedngien isslingtted wiazed. The
silica product of an enbodi nent of this invention may be produced by a
gener al pnogesslicaphaiet, whithwpactitulaily usefdlinidenyifiade campogiivne soigaihinga parti cl es
is provided either by slurrying up a prefabricated silica material obtained
in dry finetapedicvuielrd stdraglCPar Thedili@mpidfutidlembodiments aNthopaednag product i on
run in which fresh precipitated silicais in slurry or wet cake form

Wit hout  eugentfdaViniiG tReMNitf bf €RC tdYifd RANKGE proldQdtiNConftdudhl i 186 oMaipch at | east
one electrolyte is optionally included during said alternative ongoi ng

producti of,d HMAa0&enliGieRitlibf &itf Lifila dbPasRRPAFLABHE MRitigk@l | y under hi gh shear
m xing conditions, followed by; 2) precipitating active silica, optionally

in the prese”?ﬁqeosﬁlicﬁtprdog&%faﬁ’@u‘ﬁb&ﬁrﬁ&%@lh}’sﬁﬁvﬁﬂ% :‘gf?ﬁ%{a@d&c@&bﬁ@“ re step is

performed optionally under high shear m xing con uponh the substrate
silica particles effective to reduce the cunulative pore area of all pores
havi ng si%%?”%P%ﬁ?%Fggﬁgﬂngg%ﬁt 500 A to less than approximately 6 ng/g,

and pr ef er abl yl) a slurry of amorphous silica particles is provided either by slurrying up a
prefabricated silica material 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%.
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| ess than approximately 5 nR2/g, and nore preferably | ess than approxi mately
4 n2/g, as neasured by nercury intrusion porosinetry. The %PC

Conpat i biwotzgosumb19es of such surface-nodified silica preduassonrssato | 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% The el ectrolyte that nust be utilized in this inventive
process may be any typical type of salt conpound that dissociates easily in
an aqueous environnment. The alkali netal salts and al kaline earth netal

sal ts are pot erteiekcirglyortieht enustant utihzedhn shix iesgeet prodss eapae biyctypiaall y, such
conpounds nmay be sodiumsalts, calciumsalts, nmagnesium salts, potassium
sal ts, antgp¢ bissaltickrepouBtlithak dinwciatep aastly oudnaaghigqus smdtonmenpdliadgalimay be sodi um
sul fate, sodiumchloride, calciumchloride, and the like. Mdst preferred is
sodi um suméral salté sndagkaiing eptiucesl salistahepoténtialpopvdrred Brthis wWshédt NMoke react i on
or dissolved within the acid conponent prior to reaction with the silicate.

It has begini i F1508RA €6 pdialis FRDCRMRA daltd, Lhlkdim safs, FRasd@fsaggcor ding to the
techni que set forth herein, is not related to the overal | pore area of the

silica, DbpfiassiuShR@dnd iht ik SHiF R&kIpXritahdy, Fs‘&jchtc‘amb%dg\’lwlb@%a‘{lﬁn pore area of
the pores having sizes greater than approxi mately 500 A" In general, the

greater tu@fa{eeéwﬁhi Oiforffe, & mcmar\raengnoerhé Conpa%l%ger{eb?&oaﬁmsgﬁﬁt ately 500

Ain a silica product, the etter the %P Ity attalned. Reducing

the presepge; rﬂgaggeerd%nﬁm B 5 Sorh VAthi AR B0 965 (o GBI T | cant Iy

i nfl uence the corrpatl Tty achieve een eterm ned t hat
sur pri si ngl One nrctl lflgal on nhﬁ\ lcﬁrtal n amount of electrolyte (such as
sodi um su BURP AU WERTFH % t i ng exanpl ) accords a greater

ability tor equge bteer:]nedlscovere(?th 8P88c§n$patn[n%ty as measured according to the

technique set forth herein, is not related to the overall pore area of the silica, but, instead,
it is 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
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attributable to such 500 A pore sizes. Likewi se, it has been determ ned
that such pore area reductions may be enhanced through a high shear m xing
(defined we 20081080796/ mi n fl ow rate and 5800 rpm t hr oughprChasame/ oefo2@ m xer
apparatus, such as, as one nonlimting 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 oneration of particles and permts greater anounts

of precipitated silica coating material and el ectrolyte (such as sodi um

sul f at e ppedpitdted lidosoftogawderiahang ddstrolyter(eushef sadhan prifatsrpoprdetitecteed si | i ca
mat eri al and al so possibly reducing the abrasiveness of the ultimte
product t forcedghio tregoes df thherishaoqucetigles niaratand alfeqrosphlf raleeisg dfe neasuri ng
BET surface area, N2 physisorption is conmmonly used. However, because of

the size ghrashichésogeihe YRnatd frodit AF@gh esdasedamddhaipedizésnertan. t he overal |
surface area on silica particles that are accessible to the gaseous N used

i n convent i onator Bipodte 3B MEATBRY BET BbFac¥hes TN, Phesi (83tioh @aehnl iorREGRESi bl e to
CPC. That is, surface area resulting fromm cropores nay be accessible to

gaseous NLROLE BefASe HRRSHEES ndoghh %Jéym@er%qreogoiréar&)mmbwn 16 theQberaigadi | y
accessi ble to an aqueous slurry of Cin the tinme used to neasure CPC

conpati bi | jifYe £8: ESHE AR I BFLB acc@?srﬂﬁ@ﬁﬂgﬂ%dls ousil\leuge?l iReinveRRAkP! € to use

BET surface area neasurenents per se to | y silica particles having

t he favorﬁﬂ'ﬁwgg{r&ne%itszEurq‘iflﬁéhrd-rph'(ﬁtk&'aﬁy 9&%&%@1&%‘%1{&?&@@%% ac@ QR NI NG YCPC

Conpati bi ues of greater an -approxi nate nstead, nercury
i ntrusi on. quo,s' mat]errx irsS Mselige iCQ e]gpgdi,argenut S itpf,et {ﬁ%e n%eu%eedrg l\IJ nvent i on as
the net ho™1 81 HERSUFTPRYCURUTETTR 5of 88 ed" 6Pt He "ST Ca par ti cl es at
EREETHARE RN AR ST A R I LT

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%. I[nstead, 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

12



of mercury into a porous structure under stringently controlled pressures.
From the pressure versus intrusion data, the instrunent generates vol une
and si ze wowesdsetosons usi ng the Washbum equati on. Si ncecmarsean7psaoes not
wet nost substances and will not spontaneously penetrate pores by capillary
action, it nmust 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 nercury into

| ar ge macropores whereas nmuch greater pressures are required to force
mercury i micehosssodigherspressiirghare rqgrisgktamessuae e pegyizeeandisorfasasas of t he pore
sizes and surface areas of the m cropores present on the surfaces of silica
product s tk ntitreppeggesent onthentrfaces.of Slicd prollets af sherpresemtisvehton. $edable i ng

m cropore sizes and surface areas using nercury intrusion porosinetry for
pur poses pitrdrentlioesessur hdimendpgotdsies add rfacediesiuking sercunAdirageor e || 9220
series automated nercury porosineters, and the like. Soiircing of Silica
Subst r at epdfagilb@y RS plRpeak A g pfdiént Hivkhta i PaMi dréh&icB®MUIt§Io 11 0520above
general step 1), anorphous silica particles are provided. If provided in
dry form sdiReadorhfed meldds poidsitaersl 9pd@sikEhe "particles” to be
surface-nodi fied according to this invention includes commercially
obt ai nabl e precipitated silicas, such as Zeodent(r) 113, Zeodent(r) 115,
Zeodent (r) 153, Zeodent(r) 165, Zeodent(r) 623, Zeodent(r) 124 silicas, and

0SSP R 0 rhoer Corporation These
el 90 SR PP LSO B LSS AT L o
facility \;,)\'zbr%glgs 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® 113, Zeodent® 115, 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%.



procedures used for the surface area reduction step can be perforned at a
| ater tinme. As noted above, at |east one electrolyte (nost preferred being
sodi um suwbaves/gsexader) nay be utilized as a reactant dulPCmgisgeo7ios420

manuf acture for this initial step. If so, the anmount is generally about 5
to 25% wei ght to weight basis in conparison with the dry wei ght of the
silicate, nore preferably from6 to 21% The dry precipitated silicas to be
used as the substrate particles for the surface area reducti on operation
general ly should have a nedian particle size of 1to 100 nm a BET specific
surface area VEleuey pfeciapgpedsiliqratagieyus@Dastthe sbbgranppagticlesridr the buirfaseed oi |
absorption of approximately 40 to 250 ml /1 OQg. Zeodent(r) 113, for exanple,
t ypi cal | yareasedective dpaatignagenerallyeshoilddawd a mpharopartnae 8teofl0oid§ wBET surf ace
area val ue of approximately 80 nR/g, and a |inseed oil absorption of

appr oxi maBefr ¥peiidBulfdddQgea vhe of hppréxdmpralyt30ed eco m¥gdnds lindved sillbst r at e
material for the coating operation, described below, preferably are

const i t ut gglo@lios b dpproxRadtly ab es290ami 0Qg az Eeaeit@n 16 fan@agiplepfypitallyp 100
m cronmeters. Substrate materials, such as high structure precipitated

silica, sjsiaGRedtl paraNdkiROFapRDtimatlyl I0Gan, BET fuBkelarsdNdRcE area greater
than 100 tnVg, such as about 100 to 800 m/g, or linseed oil absorption

greater tWo%gemS/O%gfl?ﬁyﬁxﬁe@cﬁoimg%tim abprofi?fidl lmiPeh a@p be used in

t he present I nvention, ough | onger surface area reduction tinmes (active

silica depps i;;airt? Sl TBR ) N bLerPEm S B kG0 doBrinPRRFaribl Qe BRESipidiace area to
MRS Y e ﬁﬁ%? b

desired | eve precipita st licas e slurrired 1n an agueous

e e b L SR DR TR S DS B G gP, l 1, eopl oo on
sol 1 ds CO%C?Q[’tnetterrs]. $ ub(s:trra(:f‘éJl ntngtseriaals,%lﬁlap a%%g% s%é(tar%rp?écipitated silica, silica gels and
pyrogenic silica, with BET surface area greater than 100 m?/g, such as about 100 to 800
mz/g, or linseed oil absorption greater than 120 ml/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 1 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
slurry 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
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generally of fromabout 1 to about 50% Alternatively, crude undried |iquid
phase silica materials can be prepared in situ during a conmon production
run schemeoasosidse7osur f ace area reducti on operation. AltecmatsSeaelog402@ crude
silica wet cake can be stored for later slurrying, or stored as a slurry
thereof, until the surface area reduction procedure is perforned at a
subsequent tinme, wthout ever drying the silica solids to powder form The
solids content of theslurry provided before the surface area reduction
operation is performed will be the same as that described above in

connect i oHutAY pievidaébefprp th yurfacesareamrductipmenesatih srsrfomuadoe! bF thsrset pi t at ed
silicas generally should have constituent particle sizes, overall particle
si ze, BETassth#aiesaribedsaboraimecoarastion aitiyuthe dgnsilidas.nseed oi | absor ption
properties conparable to those respective val ues descri bed above in
connecti on w tThetliyeiddihysesource ef fredipitacdd stlives genkralbasholidl Habecexidteait t hey neet
t hose physical criteria, the |iquid phase silicas can include anorphous
preci pi t apatcls kikéscaserallspat s 42 BET @pecifiedt g2l asea vale agemingee8 bl i ca and
colloidal silicas. In one aspect, the silica particles provided in situ are
i n aggr eg@serpbn Fc@gémémdoatp@raﬁl@rtmhoi&@spwiueexames:@aacmd veduced by
acidulating an alkali metal silicate with a mneral acid, such as sulfuric

aci d, or g4 gadofi wiitkk dijisblicd¥@fth bP@e sxﬁk’d”'ff@‘?lﬁé é%te%méypl?\@éﬁhd%é BysRiat at ed
S|I|cas are generally prepared by adm xi ng al kaline silicate solutions with

aci ds i tBi0eabicGuiarhle $1Ns AN AL ek 08 R HRAL LikYGIDg 10 TS0l ate

the precipitate ca solids as wet ‘ca m t hereod cake of

silica geﬁ')( r&pHSYPfrggpenﬁ ﬂ?ca%Pa)g&Iloﬁ%hwlc/os 0 oﬁ??ﬁ%ct 39&3 X*'ﬁ VzYﬂ s and the

remai nder r'ecipl f eacthon mess general ly

is filter S%v%néjm sl uare in aggrega\{vaor agglgx%erreﬁ%qloj&e the Na SO levels to

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 precipitated
silica solids as a wet cake form thereof. Wet cake of silica generally contains about 40
wt% to about 60 wt% water, and the remainder is principally solids. The precipitated
reaction mass generally is filtered and washed with water to reduce the Na,SO, levels to
tolerable levels. Washing of the reaction product is generally conducted after filtering.
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 50% 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.
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tolerable | evels. Washing of the reaction product is generally conducted
after filtering. The pH of the washed wet cake can be adjusted, if

necessar yWopnesms2198 proceedi ng to subsequent steps desciPClhas2dvgnsiono | f
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 commnuted to a
desired size, it nmust be reslurried before the surface area reduction
procedure can be conducted on the crude silica.To the extent they neet

ot her requi r enBhths egliertdieysnest pdeidiequiremiets diseuseeddierain shetcpudgesiligs ebeas a
source of the substrate particles for particular type of surface area

r educt i onugtdsep sheck diehesubstatapabe)es fforpagicalaptyes ofrudedepir¢aatddtion | i cas made
as described in U S Pat. Nos. 4, 122, 16 1, 5,279,8 15 and 5,676,932 to
Wason et déscribedaiackilbab.be Hat exalp, placiBitled:2BanmddbasBdcribedintOSNRG || et al .,
whi ch teachings are incorporated herein by reference. Surface Area

Reduct i onNet. 43i2bj168 st 5 ahds, PRI 332¢h Basdiegar dind @S IPat. Nek f5859 038 ea
reduction of above general step 2) for pore sizes |arger than about 500 A,
after sl ugkys of 42080 Modeersil | Whidh RACH NG laRSnédipRite MRLIERYS rdTBdhdem acti ve
silicais generated in the same mediumfor a time peri od and under
conditions sufficient to provide dense anorphous silica deposits on the
substrate particles sufficient to reduce the pore area and CPCs potenti al

for bindi gﬂrﬁl& élte"\ @ctﬁ@ﬂ?&'@mca §I;B§t?kt@?>R{t€U|é§te (preferably, though not
necessari is introduced during this

step as great g OB, RIRALDL eageﬁuét%x%kéqobggg 7ol 270 FYEd-Llaabey 2

manner. Again, ron e 1s inc uri a steﬁ

\c';lmrr?ﬁnt hZh bgg\ﬁﬁééé RN EFI%HS]% the W2 C{2U5doe€l a Q%rl%l‘% \5\? %@%usbnqédlum activ corrpar I son
silica is generated 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 to it. 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
610 21%). 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.



6 to 2 19%9. In general, the slurried crude silica particle internedi ate
product is dispersed in an aqueous nediumin which active silica is

gener at edwbyoasoiseissat i ng an al kali nmetal silicate wth &cmiusesalosaee d
therein. The resulting mxture is gently agitated or m xed, such as with a
paddl e m xer, for a sufficient period of tine to ensure that the active
silica and substrate silica particles are substantially uniformy

di spersed. The resulting silica product is filtered or otherw se dewatered,
washed, and dried as needed.In this regard, the nethodol ogy used to prOV|de
the active si [lndhs resardhibe metiogetpgyised fororddarbe acsiye aidcain teemedwdus silica
material on the surfaces of the substrate particles generally involves
simlar cthetts depobiessl aapel amombiousisdies mapphli adhe sirfaedsof thesubstradganiclesubst r at e
particles, except that the addition rates of the silicate and acid used for
f or mat i ongepkrabg invelyessiilarachemstrieb endsavhditionseappligd 16 Inaake cheicrudeder to i nsure
the active silica deposits on the existing substrate silica particles and
does not fubstmatSepadi sl excpptabit fetadtigtn pagsiof egBicatd el atltised 6 of acti ve
silicatoo rapidly will result in the formati on of separate precipitated
silica pafdigldofantiewlich mngxtbers@ﬂﬁuiehﬂ Do &t n ekt fod sutkeBE 8 siliBa sur f ace
area of the substrate silica. esirable to use tenperatures ranging

from 60 t@kpéaf%%@thdoésdlsmhgmbznat@s.m@a paamlesand 66‘és'n¥$ﬁfoﬁ11 képﬁﬁtaﬁm&t&édon rate

such that the specific surface area of the of the silica particles material

i's reduceghq G iTRAkdiNon &F RN siIRY G xﬁ@dWﬁ%ﬂltWﬂe b&m@m skfargf amount

such that the desired decrease Iin surface area i s stil obt ai ned. Reacti on

tenper at Ugr%ﬁ R?Jtecgsrn gﬁncfe%‘fh \%gl RFreNFinRkd Qseal cf‘eErehJ%%' sﬁfa@é ?rezp{)iEf erred for

use durin e SUI’ area reduction pOI’tI on O € process n one

aspect, Q e anea r guct cess mani p (gl o] ately to
enour e’ t nit sERETERUER S Ganl B SRR PSR oY BREEHEPERE A0’ n
an anount _effectjve = | . .

7 to 10, and an active silica deposition rate such that the specific surface area of the of the

silica particles matenial is reduced. Optionally, a salt such as Na;SO4 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 about 8 square meters per gram, preferably less than about 7 square

meters per gram, more preferably less than about 6 squaré meters per gram. It 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.
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to provide a pores area, as neasured by nmercury intrusion, for pore sizes

| arge than about 500 A of | ess than about 8 square neters per gram

pr ef er ablwol2eeszsetvyan about 7 square nmeters per gram noPETAISed08dbky | ess

t han about 6 square neters per gram It also should be in anpbunt effective
to reduce binding of CPC thereto as conpared to the silica particles that
has not been exposed to a pore area reduction process. The precipitated
silica product has a %PC Conpatibility value generally of at |east about
85% particularly greater than 87% nore partlcularly greater than 90% and
can be even grewtssciitaigd sbigaprofyes hasaPcCRe qeawrtthility vplug gensaallyofiar al |y can
range between about 85%to about 97% The "%CPC Conpatibility"

char act er lesst Rlgoud 85°% hargiularly grdater then 7% mexs poxticalate greptagthpr Yedude expl ai ned
in the exanples that follow. The resulting silica-coated silica materi al

al so genecalbeyevérageaerioh Rbo. Jae ViGPICCanmabiligngiluegebabyesn radgeut 1 t o about
100 mcrons, and preferably in one enbodi nent ranges between about 5 and
about 20 peteedEdout BI tpabdut OV%. Thez @ CHC Chiapaibllitg'aharasteridasfithediligsi ng a

Hori ba Particle Analyzer. Mdel LA-910 manufactured by Horiba I nstrunents,
Boot hwyn, iskHeRAsid/ANd RstinkipRode@sitlbtplgedsh kieGRapplegtigtfoten be spray dried in
a simlar manner as the treatnent perforned on the crude freshly prepared

silicas. A terﬂ%"rb%ﬁh nm.fclst%oa&s‘ésu&amt&tat Abdede @M hAG hafdnWaktcRizeand
handl ed and supplied in slurry formor supplied as a filter cake, directly.

Al'so, dryj,p ngt)etﬁjeéﬂ £Hdat ﬂ@?ﬁ?dtqggm@&ﬁ' Q]dﬁﬁaerlaﬁyﬁ bR ditYenPfNges

convent i onaf Bqui pnent use drying silica, e.g., spray dry|ng nozzl e

gi/gln/nfgl fj?%&g%%ltag}s\@{Snagﬁ aﬁ.ﬁgag?‘h%}é ‘1@&%&‘& Q{%.'(chers%d%g % mg‘lﬁgd ﬁjsrrw 19 Or
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., tower 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



product generally should have a | to 15 wt.% noi sture |evel. The nature of
the silica reaction product and the drying process both are known to affect
t he bul k wenséstog2mad | i quid carrying capacity. Further, pcanis20nae840be t aken
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 particul ar

enbodi ment, the water content of the precipitated silica-containing
fractions isabout 25% by weight or nore for all tines until the drying

pr ocedur eatiogt 33&p by pasht rnare for gll Hmeguipi dwdering meceesrie agéormpéosihge of t he
dried silica particles further, if desired, conventional grinding and
mlling egyligypreduct.can be used. A hammer or pendulummill nmay be used in one
or nultiple passes for conm nuting and fine grinding can be performed by
fluid energy dFo decreageghe sizd df theRired witics pagtidesfdrtbe, if Hesirdésomedtigiaze may be
separated from ot her sizes by conventional separation techniques, e.g.,

cycl ones, gixidagsdntiinglliag @quiphétt ain begussd rAclansm@for pendulapr midlt reayieakedinzi ng, and
so forth. There are al so ways to reduce the particle size of the resulting
silica pretusmdglopasdssel aiintiuiagdidfingiimdng chinbe serfdkhestysfled the silica
product that affect the size of the dried product or product in slurry

form ThegRrdylakida nlqutPr@a&tsrg%uddltmhte@@lsﬁea sTYB fai b8kdphiaftd frohéhdtse of hi gh
shear equi pment (e.g. high shear punp or rotor-stator m xers), or

ul t r asound,deyicsRRniSar oGB! bilofalcidsale bt visipdie wet sili ca

product can be done at anytine before drying, but nore preferably during

fornmati Onscpéen%l qué%éﬁat@ﬂ%’sﬂnzlb?%ngjg Q)ﬁhtl on of the active silica onto the

core. Any par I'ze reduc one on the dry or wet silica pr oduct

shoul d be doneThere fe Y WQ)(’)SttO re%uge ¢ 'paMn&Q smL S th€ %E'Lﬁ{an shﬁca%PCduct

before isolation 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.
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conpatibility of the final product. The recovery of the dried silica in the
present invention does not require silica dewatering and dehydration to be
per f or medwoi2b#s/@e796r gani ¢ sol vent repl acenent procedur e PCThES200808400 on of
the silica product can be perforned from an aqueous nedi um w t hout
occurrence of product degradation.Dentifrice Conpositions Dentifrices that
contain the above-described silica product offer the benefit that

t herapeutic agents, such as CPC al so can be used which remains at an
effective antibacterial level in the dentifrice despite the presence of

si li ca abPagfifyige Chhwositibixa particl es show decreased interaction with CPC
and as a result there remains an increase in the free CPCin the dentifrice
avai | abl e to i Dpnifvees dnt cdaan teiabdvealefdribed silicahoduet @RCtliedensfethaher ei n as
representative of dentifrice therapeutic agents, other antim crobial

agents, ( eRtapeuticaigeras)isaohias CGRAchisdaan boie) which randihenph affedivby t he inventi on.
O her suitable antim crobial agents include bisguanides, such as al exidine,

chl or hexi dhtactaisl 1681 iarhedenifride dghiie @B Bietsncelbyili AlaBRIYe. aM@Bilicslm conpounds,
such as benzal koni um chl ori de (BZK), benzethonium chl oride (BZT),

cetyl pyri difiiefRHoM REdesRd (fedbdtion Al APEANRNE R rRLIOTHeGemiME & ingRAsesn such as
zinc citrate zinc chloride, and stannous fluoride; sanguinaria extract and

SaANgUI N i) AR et o RISl RAnBHER bR Bbra TBTLGRI , Thyrol, and

met hyl salicylate; amne fluorides; peroxides and the 1ike. Therapeutic

yl sal e ke. Therapeutic
anothor benet 1 1RRGPG G LSS oo REioP B PRl Rl RN et

Pﬁ\e/es?I Isg %B{J@%ﬁﬂ (a’j‘é{ag{s, (%5&0%?5‘&8& an n%tnioferB &% oS QB&%&E lo)(l) the i}.n%%%npor ating
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 5 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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described herein generally contain the silica in an effective anount for
abrasi ve and polishing action. This anmobunt can vary, dependi ng on ot her

i ngredi erwe 20d8/a8ksf or mul ati on, for exanple, but generalpcy/useéozos@rge from
about 5 to about 60 W% Dentifrice conpositions incorporating the silica
product described herein preferably also contain CPC in an antim crobi al
effective anount. This anount can vary, dependi ng on other ingredients of
the forrmulation and limtations placed upon its use byregul ating
authorities (e.g. FDA), for exanple, but generally will range from about
0.01 to atsgupting fwthwme%iﬁgfﬁlﬁéblfgf ekprppie.divoganeliy wilbraapoliom@bals OWH . % nost
preferably fromabout 0.25 to 0.50 wt.% O her additives commonly used or
ot her wi setolnboeflivetPal préfarablyritanf atioge® 1 &l aboutdpls wirfal hyst peeferitdy frowl uded i n t he
formul ati on. A pharnaceutically acceptable carrier for the conponents of
denti fri cabooodpO®ij0oms’ocont ai ni ng the silica product of the present
invention is optional and can be any dentifrice vehicle suitable for use in

the oral cavi tQtherSd@ifivesdorin®ngy isBeE buslgeriviie berenaikl i ABRIAERLRKOf t oot hpast es,
toot h powders, prophylaxis pastes, |ozenges, guns, and the |like and are

nore ful | ydesprhBbesk ihhiedeah iR Tornful AYRIA PhrASR0E &I REJeprRRk k¥ricadr be added
to dentifrice conpositions. Suitable flavoring agents i1 nclude oil of

W nt er gr e@R cofpdnetk op@é?llﬂﬁfc@ceﬁwposmdns esmam dgfhmsma pﬁHLctgFthgﬁ%&ftras and oi |
of clove, cinnanon, anethole, nenthol ot her such flavor conpounds to

add frui t5,00085 is HRbLSE aﬁ&féa‘?ﬁ%ge Gentxrrﬂ%%@hlglle%i%ler}gr @9%@ oﬁxf&@h

chem cally of m xtures ket ones, esters eno acids, and

al i phat I ¢ uc CQH%];S 18 |9&th9 M&gl coﬁ\PSﬁ)emgl of tooﬁ@gﬁssemoﬁ)gpo%gm ;?rOph\Waszh can be
used, inc ane, acesul ffanme,” saccharin,
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 bral compositions in an amount sufficient to give a fluoride 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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dextrose, |evul ose and sodi um cycl amate. Flavoring and sweetening agents
are generally used in dentifrices at |evels of fromabout 0.005%to about
2% by weiwbt2008/082t9er - sol ubl e fl uori de conpound opti onal lPgTasrodiesadded and
present in dentifrices and other oral conpositions in an anount sufficient
to give a fluoride ion concentration in the conposition at 250C, and/or
when it is used of fromabout 0.0025%to about 5.0% by wei ght, preferably
from about 0.005%to about 2.0% by weight, to provide additional anticaries
effectiveness. A wide variety of fluoride ion-yieldingmaterials can be

enpl oyed agtesdscaels efpleysH absourdes ofcolulite fueridhia the present coomepbsist i ons.
Exanpl es of suitable fluoride ion-yielding materials are found in U S Pat.
No. 3, 535FEAiplesanfduitdbB. flueatle o-yicddiay @ateBds afedoundhe Uy Pamtor ho¥5at2éd herein
by reference. Representative fluoride ion sources include: stannous

fl uori de, asiddiSuPatNoud,678 €34, path asigg ingoipbracdihdein tyoeietancerBrpletanatiophosphat e
and many ot hers. Stannous fluoride and sodiumfluoride are particularly
pref er r edflu@idewsd dourSs iciti¢l sRBndub Buedde, sddhinefludriiegotBsipmarofide,i N t he

t oot hpastes and dentifrices according to another embodi ment of this

i nvent i oNgsodiéh BlonSTTRFiBEphkte ahdhBaly SRS BtdnAbusAluofité irAlb&uhdnbhgast es shoul d
preferably be deionized and free of organic inpurities. Water generally

conpr i ses,fnamc@RPY breferbel s 3Mas B QA8 MBeYyr f rom about 5% to 20% by weight,
of the toothpaste conpositions. These anobunts of water include the free

water. uhi ch | SwadiRdBl Sk Bt IRl Sl BLAAALE SOl hioGhbREy 20 tives and

materials, suc ctant preparing toothpastes, it often is

necessar yetgoﬂggqt%ﬂt% hOLGbE e e%pttgi @ﬂ? ERbEEAH of s Bl desi T abl e

conS|stency hi Xot r opy efre ng agents are car boxyvi nyl

polymers, shoald pr eragﬁ/rﬁ’e dg O(I;lilrzg Xn%tfh e\é of org,amc m?psu%tt%p Vtvgtg%nérag/ clil)lt)np%sessal ts

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 carboxyvinyl 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%.
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of cellulose ethers such as sodi um carboxymnmet hyl cellul ose and sodi um

car boxynet hyl hydroxyethyl cellul ose. Natural gunms such as gum karaya,
xant han gwo,2oegunse®sabi c, and gum tragacanth can al so berprusam200Thswizeni ng
agents in an anount from about 0.5%to about 5.0% by wei ght of the total
conposition generally can be used. Silica thickeners can also be used to
nodi fy toothpaste rheology. Precipitated silica, silica gels and funed
silica can be used. Silica thickeners can be added generally at a |evel of
about 5% to about 15% It is also often desirable to include sone hunectant
materi al in a lt seisopést desirablk @apclide someinmestate maregial iBuitoahpastehanect ant s

i nclude glycerin (glycerol), sorbitol, polyalkylene glycols such as

pol yet hyl ksee itfrone bdrdes:. Saitapjrr fopekiame inglude glycermy(dlyogrelabebitost ar ch

hydrol yzates, xylitol, lactitol, hydrogenated corn syrup, and other edible
pol yhydr i polgdliedérelghycolssech sipoykyiylene ggcarhnd pol gsogyhee @ikol, Sui t abl e

hunmect ants can be added generally at a | evel of from about 15%to about

70% Chel mfdrei@nagesthish Bydrblonads ¥yliedNaditolakldieshehed dben %fmrﬁ, bhd bth@s of the
i nvention, such as alkali netal salts of tartaric acid and citric acid, or

al kal i megdble pallyhydrRfal RYEIQRBQSPNN Gi%as AixBRL YRR PHAGLEIS hufkdisfs @Rt i onal
i ngredi ents and adjuvants of dentifrices, such as those described in U S

Pat. No. Be Rififd ?&%raﬁ?%te ﬁ%@é?%ffr%abé&ﬁ?%wg&&??o@ oducts and Practice,

Mar cel be ier, nc., w Yor k, 1988, for instance, also can be added as

needed or desi délgegatitnmgﬁ]gs o&fg&“r‘aﬁlf/%k?ﬂi bORAL t%%é%’eﬂﬁ?r&e% @fﬁﬁée i%%)é’n%%n, fod materials

that can be ad entifrice conpositions o resent 1 nvention
N N N G e )
' 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
compositions. 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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titani um di oxi de, FD&C dyes), preservatives (e.g., sodium benzoate, nethyl
paraben), chel ating agents, antimcrobial agents, and other materials that
can be usw0 2008/8e1965i fri ce conpositions. The optional adaectrivsea7/o8f02¢resent,
generally are present in snmall anounts, such as no greater than about 6% by
wei ght each. In all cases, the ingredients used in dentifrice fornulations,
such as thickening guns, foam ng agents, etc., are selected to be
conpatible with the therapeutic agents and flavors. Additionally, while the
useful ness of the abrasive cleaning material of this invention is

speci fical |y iAddiganally.edhiliethenrseffulngsscod ierpgragivarplogriing marsrialiof thiss wi | | be
appreciated that the silica of this invention has w der useful ness. For

i nst ance, inventoarns $pecifisaly iilustrated al qralcbzaning coropospong & iaivill d aarecngdor
scrubbing and as a CWP (Chem cal Mechanical Planarization) polishing agent.
For pur pogesthetilithefahis imvemidndias waler' ckefuleks. IFoehsthvas, it bem bemagti ingnetf | ned i n
Oral Hygi ene Products and Practice, Mrton Pader, Consuner Science and

Technol ogyer@ficioe gorcd@h cleanind/br albbing kk®is a OMP1OREmicg) Me2Bfhicaihi ch i s
i ncorporated herein by reference. Nanely, a "dentifrice" is " . a

subst anceppagstaibd) BokshiRebhhr ush to clean the accessible surfaces of the
teeth. Dentifrices are primarily conposed of water, detergent, hunectant,

bi nder , flavormguﬁbggeato§ hi@RGkrRof. la n@&%fﬂ?&“ﬂ@sﬁﬁéjm@zﬁ\r@%eﬁﬁeoﬁﬁ drae princi pal

|ngred|ent entl rrceis conS|dered to be an abrasive-containing

dosage f pé{gélfe}?é Prgg&clts a%ﬁ PP @@Mo% Q%eh%%ﬁ tSQl L&%nﬁ%dﬂpr Iggggrtlésf rice

hip
formul ati contalrn 1ngre |én s mhl I ssol ve

i ncorporayéfgwﬁc [??W‘S‘é QH&JS whml%I 9 cgnjﬁ?lg%d%are% a/ref'efeﬁgé es agents

such as s hat es avor s such as

sacchar| n?\"amely, 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 saccharin).

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 various silica and toothpaste (dentifrice) properties described herein
were neasured as follows, unless indicated otherw se. The Brass Ei nl ehner
(BE) Abr aspanosimszt9sused t o neasure the hardness of the preEaispirassdo
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

Ei nl ehner AT-1000 Abrader generally used as follows: (1) a Fourdrinier
brass wire screen is wei ghed and exposed to the action of a 10% aqueous
silica suspension for a fixed length of tinme; (2) the amount of abrasion is
t hen det e peeenasr hO.900gevohusions. 488 rasels tmepsused inlvsitFefumgiiosscarbei re screen
per 100, 000 revolutions. The result, neasured in units of ng | oss, can be
char act er thaeagteaiged dsahel 1% brasssisnlghner EBinebragiBEYalabr asi on val ue. The oi l
absorption values are neasured using the rubout nethod. This nmethod is
based on a priTeiql absaption valuegarkinreaged Bing thd fibowa neetHod c @hibynethokdls ng with a
spatula on a snooth surface until a stiff putty-like paste is forned. By
measur i ngbdsbeoalpmidigly oforhixirigl linked il vath ot 01idadY eubdingasithea dPadilabng Whi ch wi | |
curl when spread out, one can calculate the oil absorption value of the

si | i ca-t hemyoih Sefa880ine a sEPHEGENkepabid & FSRhedMByIhea@idng tRIYlahY 0P8l UNi t
wei ght of silica to saturate the silica sorptive capacity. hi gher oi l

absor pt i opqlifaab hhA 3k Sfx@re WIFOPKilISLAIYHH 5 e R ouRIRE LR daRLREL e | T Ca;
simlarly, a low value is indicative of what is considered a | owstructure

For | ovs: - Cr P SBEST B oR e She STt n-SRS BRbRE SPVER e “oram -
moil/ 109er%1ﬂmeﬁghl &fcsﬁica 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 = ml oil absorbed X 100
weight of silica, grams

= ml oil/100 gram silica .

Median particle size is determined using a Model LA-930 (or LA-300 or an
equivalent) laser light scattering 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 | quart
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
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Medi an particle size is determ ned using a Mddel LA-930 (or LA-300 or an
equi valent) laser light scattering instrunent avail able from Hori ba

| nst rumernwe,20Baseyswyn, Pennsyl vani a. The % 325 mesh r eeCaus2ai7/084ve0
inventive silica is neasured utilizing a U S. Standard Sieve No. 325, wth
44 mcron or 0.00 17 inch openings (stainless steel wire cloth) by weighing
a 10.0 gramsanple to the nearest 0 . 1 graminto the cup of the 1 quart
Ham [ ton m xer Model No. 30, adding approximately 170 m of distilled or
dei oni zed water and stirring the slurry for at least 7 min. Transfer the
m xt ure omdsprayaliBly enessieen eardeeminuges(Spiay heddeshewlg baheld abtuit faas 9 ngs ont o
the screen. Adjust water spray to 20 psiand spray directly on screen for

t wo ni nut gs inchSmbaye the adesitubath. Vi theelesidezo one fidawf thaoscsier andicinefsr above t he
screen cloth. Wash the residue to one side of the screen and transfer by
washi ng i by evashingavi@pareaiporgingidish usisg digtiltbid ot déibegkdovatadiooma wedhingat er from a
washi ng bottle. Let stand for two to three m nutes and decant the clear
wat er. Dr Yotfl€ aRv &&id fontwame thré@ rhiQRCat dedii e cleaf waee Drpyeivectisn appr ox. 15
mn.) cool and wei gh residue on anal ytical bal ance. Misture or LosSs on
Drying (L&l @3 sttteormasundedbleh ot appioR! 18 i) 93l ah@e8ightesildogf for 2
hours. Loss on ignition (LA) is the nmeasured silica sanple weight |oss at
9000C for , 21 hRulldns@npl e previously predried for 2 hours at 1050C). The pH
val ues of the reaction mxtures (5 weight % slurry) encountered in the
present inventjy [y elg L itive

el ectrode. To &r/rlggtsuﬁgl‘gr [%I’%IS gﬁ?h@@s&@wﬁ%‘ﬂ%‘\%&gw&g%% a lgag‘rggggis(fqi nto a
STOOLH Sul{AERE PRLIEL | MRIR i EVRIELHs Wi Red A YR Sueflint RS T2t €7

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
pellet 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°. It conforms to TAPPI test methods T452 and T646, and
ASTM Standard D985. 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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dual beam optical systemwhere the sanple is illumnated at an angle of 45,
and the reflected light viewed at 0. It confornms to TAPPI test nethods T452
and T646,weandisA8TvE St andar d D985. Powdered materi al s ar ecpriss@ems4000 about a
1 cmpellet with enough pressure to give a pellet surface that is snooth
and wi thout | oose particles or gloss.Preferred Enbodi nents of the Invention
The followi ng exanples are presented to illustrate the invention, but the
invention is not to be considered as limted thereto. In the foll ow ng
exanpl es, parts are by weight unless indicated otherwise. In the follow ng
exanpl es, a series of silfvetearedrigabedimentepbthodeyratied with varied surface
treatnents to investigate possible relationships between cunul ative pore
areas provi dededpllardng exaspirsaee meseeted tl illesragnik inhantioRGutbapeentionl i ty
attained for the silica products. Preparation of Conparative and |nventive
Sanpl es Asaontorbelcosalepldes Wasteg thecttoe &dthe follaetigretamples, parttdaré bewkighd owi ng
procedures: Control Exanple 50 liters of sodiumsilicate solution (13%

3. 32 M R Inlwv@sndidebddtieowige. st ai nl ess steel reactor and was heated to 950C
with stirring at 50 rpm Thereafter, a Silverson in |ine shear m xer was

then started VY'ntﬁlinfBIl&\bl %ﬁ}l&r ?e?ig {iﬂé{&) %RQILHMM t%ngeﬂ V\(l&'l‘?{/{?led?’ 320 ol ar

ratio (M R)) suI I’IC aci d neously added to the

reactor a / / ctlvely for 47 m nut es.
At the 15§“r?|fa?1%‘?§eat'%‘r‘i<r°§?%e"r%&p%sgb‘% Ee?‘%}\}lgsgﬂ‘# ) us’?“"é‘i“veé’oiecféearspm After 47
m nut es har%vndgéa{:c')r &GS pbretsgg vg?ues 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 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 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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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

sul furi c woi2dosais2msrate of 2.9 L/min. Upon attaining thectrasger/08402 pH

| evel, the acid addition rate was then adjusted to 1 L/m n for another 197
m nutes, at which tine the silicate flow rate was stopped and the acid
rateconti nued until the pH of the mxture was 5.0. The reaction m xture was
then digested at that pH level at 930C. Silica wet cake was recovered from
the reaction mxture. |Inventive Exanples were then produced with sodi um

sul f at e aeeidiguet undi the@Hei thesniztyes wandl. hTigrreachemmixtirgiwag thengdigestediati n cert ai n
situations. Inventive Exanple 1 50 liters of sodiumsilicate solution (13%
3.32 M R )hangld lexelche @310 Silictvedt ndleses séceoedred fears therreation wasuheat ed t o 95C
with stirring at 50 rpm Thereafter, a Silverson in |ine shear m xer was
then started within the reactor and nore sodiumsilicate (13% 3.320 nol ar
ratio (MR )) and sulfuric acid ( 11.49% were sinultaneously added to the

reactor at ratggefive Ex8mblefiwdrheh frodudddWifh sddRmP 8@t/ fdd¥d af @fffefehr M nNut es.
At the 15 mnute mark, the stir rate was then adjusted to 100 rpm After 47

m nut es hg\é(,etsQﬁ@hipﬁﬁﬁggggi{;%e,gﬁwimaq; Sengaged and the flow of silicate

to the reactor was s /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
attaining the target 9.5 pH level, the acid addition rate was then adj usted
to 1 L/m'F and 10 kifrqurams of sodium sulfate was added slowy to the
reactor s 'U’F?S'/V.e APYTRYE 't he passage of 197 mnutes thereafter, the silicate
flowrate was stopped and the acid rate continued until the pH of the

m xture was 5. lifisef saslion sibeateriokution élifas 2R Hiviseddedyogstaimiess pH | evel at
93C. Silica wet cake was recovered fromthe reaction m xture.lnventive
Exanpl e 2steel 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 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 tflow 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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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

Ther eaf t ewQ 20088i8k198r son in |ine shear m xer was then stactras2ei7iokionot he
reactor and nore sodiumsilicate (13% 3.320 nolar ratio (M R)) and
sulfuric acid ( 1 1.4% were simultaneously 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 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 sl onelvenivoEgamplen and the pH 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 Il evel , Sohigeracf @dredkilida@olutibe( 188 3 BheNRYjay a8Rd & Ostdinlekgri N and 20
kil ograns of sodium sulfate was added slowy to the reactor slurry. After

the passagg factdPahd W3 %eRsd &3@35@@% & rnn{;_PteSOSrPlln' PRr&artbt Q‘S"lCé}Ecﬁl 1}4"35 St opped

and the acid rate conti nued unti | he m xture was

reaction r’ﬂexs é’%’% Y& Syab 'ﬂ%ﬁ' sgttgda\%tﬂ%gtl%trez;[cr@%mcprlﬁ'o e%xghng)% hcg%ngl “ a WEt cake

was recovered fromthe reac Ventive |ters of
sodi um si | icat ion 2 t ai nl ess st eel
eactor - anberlo PR DanT sheREar (o ot f e REE b Bt Barte
Silverson in | shear er was th rted w n the reactor and nor e
So um oreh gt &0 TR ng 2 D i [ pech i o s AT LIS Bkt o (11 d0%
were simultaneously added to the reactor _at. rates of 9.8 L/mn and 2.9

L/ m n, re@ﬁé’&trf“\?é‘lagthef’é jusied (i Q0 R Afkgr 47Hpinyiss has thanPassgd.khe YT stir rate
was then adjusted to 100 rpm After 47 m nutes has then passed, the

m xer was Wisshieggaged anhie flpw of piligptolo thy repcertvesslowen i 3 & himinandubs PEl oned t o

2.8 L/mn and the pH was adjusted to 9.5 with the continued addition of
sul furic wesadjusted 20 9. Amathdlie coninyed gildition 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 20 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.

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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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 sulfate was added slowy to
t he reactwo 2808un82795 After the passage of 197 m nut es theceafStaer/jos4obe
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

| evel at 93C. Silica wet cake was recovered fromthe reaction m xture.

I nventive Exanple 4 50 liters of sodiumsilicate solution (13% 3.32 MR)
was added to a stainless steel reactor and was heated to 950C with stirring
at 50 r pnmwasteangaded end tha flgiv of eilisaertal the fepcter wisskoweritx2B8 Livaim anthéhe pbt ar t ed
within the reactor and nore sodiumsilicate (13% 3.320 nolar ratio (M

R )) and wad ddisted taBisdvi(h thd cotlhuededditien ofldutfaneaidsity raddez2i9tLémimnhe react or at
rates of 9.8 L/mn and 2.9 L/mn, respectively, for 47 mnutes. At the 15
m nut e maUlsen dthénisd the targed @ Syiisletdhahe @ty addited rito wadben pdjustedftberL/dih m nut es
has then passed, the m xer was allowed to continue and the flow of silicate
to the reagtdorkivaanslooyrRilint SuIfiteBrds/aBldd sty tdRe RabtdBSurad] Asdreit to 9.5 with
the continued addition of sulfuric acid at a rate of 2.9 L/m n. Upon

attainingp ﬁst'eg,etoﬁ'i@ehn%tétHékéah@rV@E &llE:h@ﬂé‘\Q'rQe additb el afiPthg ad@fard hen adj usted
to 1L/ mn and 40 kil ograns of sodium sulfate was added slowy to the

reactor skiih¥ed dilif GE pHNE tRATRAGEWRTs d Hh TeRULE Rikile waémeﬁ Eirg,e&&p%ts' licate

flow rate was stopped and the acid rate continued until the ™pH

T XUUTe S, B Bt O8I CAGHL Ol TIXLHG FecliSed PSRl BERLRM AL AL DH level at

93C. Sil was recover e reacton mxture. | nventive
Exanpl e 5 50 liters of sodiumsilicate solution (13% 3.32 MR ) was added
to a stainless steel reactor and was heated to 950C with stirring at 50 rpm
and then 10 kil ogramnms of

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 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 (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
1 L/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.



sodi um sul fate powder were then slowy added to the reactor. Thereafter, a
Silverson in line shear mxer was then started within the reactor and nore
sodi um siwpcaisas¢®3% 3.320 nmolar ratio (MR )) and sul fPamius2@aioskofo 1 1. 4%
were sinmultaneously 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 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 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 , thbavertivd Exaibleison rate was then adjusted to | L/min. After the
passage of 197 minutes thereafter, the silicate flow rate was stopped and
the acid rate Smnéﬂ'sBﬂﬁdidﬂfﬂiiiiéatdJ@ﬁuil@lﬁ(l@f’/o,BBQ MRt wes@didiSo 2 s@inlekie reaction
m xture was then digested at that pH level at 930C. Silica wet cake was

recover edgtd %ﬁ‘cioh%mcf @é%ht@&'torﬁs"é Wnﬁ smlrmg%nﬁd ool ﬁa%\h@ kdogfmb b ers of
sodiumsilicate solution (13% 3. R”) was added to a Stainless steel

reactor apg, d’r‘??ﬁulﬂ o%elt\?ﬁrgﬁl%n\éfo zﬁitdlra]cf {otﬁ'égregt% ?%&@‘t‘e{ %@ﬂ@&?&n i, @

Si | ver son I n | he ear start er eact Or and nore
di ) 13‘V 32 MR | 1 1.49
nor e b i s s SRy hRhipefe g b P%%e Sgglafns RACVE AR

L/ t f t th the st t
was then A a‘égalnéﬁ%)ha%%sﬁém <A Bt e R b e iBoP e er

was allowed to continue and the flow of silicate to the reactor was sl owed
to 2.8 L/F#SschRd lYme qm2v9algmaray?ﬁg%%elt/dogﬂsmmeﬁ phbedontinwe®akaddi ti on of
sulfuric acid at a rate of 2.9 L/mn. Upon attaining the target 9.5 pH

| evel , thdhicaei @eadithdngdivstad 0 \0R$Pm h AR cat] migriss hasghen 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. 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 (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,

31



| L/mn and 40 kilograns of sodiumsulfate was added slowy to the reactor
slurry. After the passage of 197 mnutes thereafter, the silicate flow rate
was stoppwo 2aeshsetye acid rate continued until the pH of PChaSE0Z084020 Was
5.0. The reaction m xture was then digested at that pH level at 93C. Silica
wet cake was recovered fromthe reaction mxture. Inventive Exanple 7 50
liters of sodiumsilicate solution (13% 3 32 MR ) was added to a
stainless steel reactor and was heated to 950C with stirring at 50 rpm

Si mul t aneousl y, 10 kllograns of sodium sul fate powder was added to 420
liters of theglifratejveas shenddiusted to WoypmnAfar ‘b?cmmuwaﬁe!é.thenmsseé,fth@mixea Si | verson
in-line shear m xer was then started within the reactor and nore sodi um
silicate pagghowsdBo@ntimbezand itizetflagv ¢fsilicRe)) thamehctohwasdoivedto 28 i/mirecont ai ni ng
sulfuric acid ( 1 1.4% were simultaneously added to the reactor at rates
of 9.8 L/ aidthapHd was adjLéted 10,9.5 esipie contimligd adioion 4F sufuriched at dAtatetdfi@ 915 m nut e
mark, the stir rate was then adjusted to 100 rpm After 47 m nutes has then
passed, theniAl Kpon Nvesnivgd tho gkt DG ptoiBldl Nhieacknsditioa ritk GMs Okn adjhdtqiabe to the
reactor was slowed to 2.8 L/mn and the pH was adjusted to 9.5 with the

cont i nued; adgiht:h@a0 Qflogi%hhsfwsbaau@csuwat@tva@acrded foRly 181 rbs(cmr BluriPAReat t ai ni ng
the target 9.5 pH | eve the acid addition rate was then adjusted to |

L/mn. Affy raésggs‘e RSP 1t&fth et ErfreMRUHRS gtetnfaevrﬁ@ua@emﬂséa%néheae.atrﬁef low rate

was stoppe e acl rate continued until the P the m xture was

5.0. The peacti QMg Hro?xﬁ’é!‘?}ﬁn Lrend Q@S’h?eqcéﬂloﬁ F‘u% ek ﬁ]‘éﬁld tec%’fc 5' ' ' ca
Tix o

wet cake was recovered fromthe reaction m xture. nven lve arrp e

I 0,
ls![ ;?Llseg];th%ﬂﬂ-l[ er\Tl]elSalt bl“;@tsehcsaov!/e E:zllk%r\lzva(s re%c{(\)/ered tsom Me ree)ctlon mlx?dded to a

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 sodium 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 1 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



steel reactor and was heated to 95C with stirring at 50 rpm Thereafter, a
Silverson in line shear mxer was then started within the reactor and nore
sodi um siwocatsas¢®3% 3.320 nmolar ratio (M R )) and sulptunisecoraosa2¢ 11. 4%
were sinmultaneously 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 rate
was then adjusted to 100 rpm After 47 m nutes has then passed, the m xer
was allowed to continue and the flow of silicate to the reactor was sl owed
to 2.8 L/mn and the pH was adjusted to 9.5 with the continued addition of
sul furic digestedat that platevelaft 9220 lilicuiwet cakie vals adcovdrexkfrord thekibdcogm ans of sodi um
sul fate powder were added to 250 liters of 11.4%sulfuric acid in an acid
tank. Upomixatireai ning the target 9.5 pH |l evel, the sodi um sul
fate-containing acid was then introduced at an addition rate of I L/mn to
the reactor slurry. After the passage of 197 mnutes 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
|l evel at buertive&pmplgSnet cake was recovered fromthe reaction nixture."%
CPC Conpatibility" Test 27.00 g of a 0.3 % solution of CPC was added to a
3.00 g sanpl e sflitebef sidluncéilidate dotutibe SI3€6].3 .32 RS) wiseddedas apragvdsousl y dri ed
at 105C to 15Q0C to a noisture content of 2% or less, and the pH of the
sanpl e Wagedreasior &t WA RRSH PO Nith KRl Weso BRL TREERr 2 SANEsdh - The
m xture was shaken for a period of 10 mnutes. Accel erated aging testing
requires gl bakBeQlastiil slARE wiRE HdTERiGARd Mokl s IARA o S
agitation was conplete, the sanple was centrifuged and 5 m of the
super nat a - a 0. P 1 i s I nd

H%!&ﬁ’?azl glglts‘?g)n 3%1 ?@Rxgu% QSQ é?l .f‘?%%)\%?e sxﬁﬁﬁ?ﬁ@@g@ alRi% {h% Letagtror g

di scar ded. supernat a
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. 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 1 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,



t hen passed through the same 0.45 nm PTFE mlli-pore filter and then added
to a vial containing 38.00g of distilled water. After m xing, an aliquot of
t he sanplwowaes/qsbmsed in a cuvette (nethyl nethacryl at epcani$2eoiosddd

absor bance was neasured in a range from250 to 270 nm Wter was used as a
bl ank. The %CPC Conpatibility was determ ned by expressing as a percentage
t he absorbance of the sanple to that of a CPC standard sol uti on prepared by
this procedure with the exception that no silica was added. Table 1 bel ow
is a summary of the CPC conpatibility as well as other properties of each
sanpl e ab&eLPEAGomayhtliéy'i kst Properties Inv. Inv. Inv. Inv. Inv. Inv. I|nv.
Inv. Exanple Control Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7 Ex. 8 %

noi sture 5.7 32700g 6f #0.8% sobutidn 3f GPE whs bdded To §6.00% salnge df the 8lilat0 5.7 5.3
5.6 6.8 %325 Mesh 1.2 0.39 1.1 1.7 0.42 0.35 0.47 1.97 1.43 Residue 5% pH

7.55 7. 136 testéd. The szh?cazvag rleo%sl?dﬁ@deﬁl@?CﬁoQS@@@@n\Bﬁt@r‘é'c&ﬂérﬁ of b% <0.35
0.51 0.59 0.35 0.35 0. .

or 1ess, and the p.H, of the sample was measured 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 S 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 percentage the absorbance of the sample to that of a CPC standard

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

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

of each sample above.



conductivity) Brightness 9 7 9 9(S Q97. 1 96.8 96.9 97.1 96.8 96.8 96.7
(technidyne) Cumul ative Pore Area for pores with a 2.35 2 . 13 2.20 1.54
1.89 2 . W6 28084B2B509 2. 24 di aneter greater than 500 A eaR/uppooviesioan
Particle Size 7.43 8.33 6.83 7.32 5.71 11.34 7.52 7.5 6.78 (Horiba) Mean
Particle 7.24 7.76 6.33 11.6 7.99 8.09 7.32 7.85 8.57 Size (Horiba) BET S/A
DEGASS 2 1 14 2 1 3 7 1 9 15 240C Ei nl ehner

TABLE

Material Properties

Inv. Inv. Inv. Inv. Inv. Inv. Inv. Inv.
Example Control £ 1 Ex2 Ex3 Exd4 Ex5 Ex6 Ex7 Ex8
% moisture 5.7 3.4 3.6 4.8 - 3.3 33 44 5
% LOI 4 57 55 4.8 5.6 5.7 53 5.6 6.8
% 325 Mesh {97 | 43 1.2 0.39 1.1 1.7 042 0.35 0.47
Residue ) ’
5% pH 755 713 7.21 7.12 7.33 7.3 5.92 6.34 6.9

% sodium

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

Bnghtpess 979  96.9 97.1 96.8 96.9 97.1 96.8 96.8 96.7
(technidyne)

Cumulative

Pore Area for

pores with a | 235 2.13 2.20 1.54 1.89 2.16 242
diameter '

greater  than

500 A (m¥g)

Median

Particle Size 7.43 8.33 6.83 732 5.71 1134 752 7.5 6.78
(Horiba)

Mean Partlcle 785 857 724 7.76 6.33 11.6 7.99 8.09 7.32
Size (Horiba)

BET S/A

DEGASS 21 14 2 1 3 7 1 9 15
240C
Einlehner
Abrasion (mg
loss/100,000
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 0.51 081 0.74 0.81
Volume

% CPC

Compatability 78 28 96 90 90 87 92 86 88
140°F aged 7

days

20.88 213 2144 2241 1861 3025 2032 2209 1939



21.44 22.41 18.6! 30.25 20.32 22.09 19.3S i 11 . J1 rev) O Absorption 55
45 44 39 46 33 40 4 1 40 (cc/100g) Hg Total Intruded 1.037 0.82 0.83 0.82
0.79 0.51w0.28/082794 0. 81 Vol une % CPC Conpatability 7 Qreé/ 3000908820 92 86
88 / O OO0 1400F aged 7 daysThe total pore volune (Hg) for these silica
sanpl es was neasured at a series of different pore dianeter ranges by
mercury porosinmetry using a Mcroneritics Autopore | | 9220 apparatus. The
pore diameters can be cal cul ated by the Washburn equation enpl oying a
contact angle Theta (q) equal to 130 and a surface tension gama equal to
484 dynes/ cm Tigitetal pese yahwna (Harderdgse silishamplsis avag oieepecdand spigs ef si ze
di stribution of various materials. Mercury is forced into the voids as a
functi on dffepsnepsediematatiranges by olenewey prirosi hetnmesingur Midromeriige dutgpere gk am of
sanple is calculated at each pressure setting. Total pore volunme expressed
her ei n r eP22Wspparstus. de pomedi aateterecav bk vateul attd bgethe Washburn equation

employing a contact angle Theta (6) equal to 130° and a surface tension gamma equal to

484 dynes/cm. This instrument measures the void volume and pore size distribution of

various materials. Mercury is forced into the voids as a function of pressure and the

volume of the mercury intruded per gram of sample is calculated at each pressure setting,

Total pore volume expressed herein represents the cumulative volume of mercury

intruded at pressures from vacuum to 60,000 psi. Increments in volume (cm*/g) at each

pressure setting are plotted against the pore radius or diameter 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 ym 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 porosimetry gave information about porces from approximately 100
A to those over | pm 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.



intruded at pressures fromvacuumto 60,000 psi. Increnents in vol une
(cnB/g) at each pressure setting are plotted against the pore radius or

di anet er worzn@saserdi ng to the pressure setting increnmensT/USh@7pe®o i n t he
i ntruded vol unme versus pore radius or dianmeter curve corresponds to the
node in the pore size distribution and identifies the nbst conmon pore size
in the sanple. Specifically, sanple size is adjusted to achieve a stem

vol une of 30-50%in a powder penetroneter with a 5 m bulb and a stem
volune of about 1. 1 ml. Sanples are evacuated to a pressure of 50 nmm of Hg
and hel d for 3t Hilhbgundersiopd thar yariopg ¢hgngen én he desailss meterialsendo 60, 000 psi with
a 10 second equilibriumtine at each of approximately 150 data col |l ection
poi nts. Hyrangemenss Griheparie sihimbthaye kegaw descrifedrandillustmaterbloantin posrde tb r om
approximately 100 A to those over 1 nmin size. In conparison, N2

physi sor pé&iptain (hBRAregif vie sinvearftion mal ibe mafle oymhpserskdled ppihoxit mixhedty 5 to 1000 A
in size. The data show that the % CPC Conpatability increases significantly
when the sgditiagifion thapendised anglsetpedr W idviertidnhae exprevdEaia i fon@vig 0cess

wi t hout changi ng the other properties of the produced silica nmateri al
appreci abglyinlst Wi Il be understood that various changes in the details,

mat eri als, and arrangenents of the parts which have been described and
illustrated herein in order to explain the nature of this invention may be
made by those skilled in the art without departing fromthe principles and
scope of the invention as expressed in the followng clains.Cains Wat is
claimed is: 1. An abrasive precipitated silica material with a dense phase
coating of precipitated



silica thereon, wherein said coated precipitated silica material exhibits a
medi an particle size of between 5.5 and 8 mcrons, a pore area for pores
wi th a diwoebevosgreat er than 500 A of at nost about 2. 4poR/us200anssoar ¥CPC
Conmpatability after aging said material for 7 days at 1400F of at | east
90% 2 . 2 . The abrasive precipitated silica material of Caiml| wherein
said material exhibits a UPC Conpatibility of at |least 92% 3 . The
abrasive precipitated silica material of Caim2 wherein said nmateri al
exhibits a %PC Conpatibility of at |least 96% 4 . A dentifrice conprising
the silica material of Caiml1l. 5 A dentifrice conprising the silica
material of Claim2 . 6 . A dentifrice conprising the silica material of
Claim3 . Claims

What is claimed is:

I 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%. 2.

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

a %CPC Compatibility of at least 96%.

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.



