HI GH CLEANI NG SI LI CA MATERI ALS MADE VI A PRODUCT

MORPHOLOGY CONTROL UNDER HI GH SHEAR CONDI TIONS Field

of the Invention This invention relates to

uni que abrasive materials that are in situ ner

W qu‘in’o‘ns of precipitated silicas and si Iq):%g 53@1?@9‘5881 _

Such conpositions. exhibit different beneficial, , '

particularly simultaneously high pellicle film

cl eani ng properties and noderate dentin abrasion

| evel s. Such a result thus accords the user a

dentifrice that effectively cl tooth surf

i BIGEATEANNG ST A MATERETS M BR Wik B tBFET

“the surfaces of the subject teeth., Furthernore, the

pr JIVREHOLPEY, CONEROL UNDER HICHSHIBAR GANDIEIQNS

and desirabl e brightness properti-es that permt easy

i ncorporation and utilization within dentifrices for

aest hetic purposes. Enconpaqqged within this invention

is a uni que net hod Field ofatke havemtioh gel / preci pitated

silica conposite materials for such a purpose,-

parhisGtNcatiby relaebd uhiqub ablasiae matendls tha a, in afu gelctatels

the different materials within the structure ranges _
com visRE Predipaiied ailidasiamtsilichigeRS SeEH GV gokitignSesIbit different

ackground of the. Prior Art An abr asi ve
b ey i e P el e it SRA g perios and.
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ol ant,. the a i ve shoul d_not be so a SSive, ...
surtasg? b Sieiech gt BB, 5 BOAN DR FRCAR jio Sihibit
dentifrice_ abrasive materjal maximizes pellicle film
veryhighoand|degipablebrightneshpropertiehthat pesmi eayHneaTBorationgidg e
to the hard tooth tissues. Consequently, anmong other
utilizatipmgthin destifsizes for qesthaticgfumadses. dinsompassedkwithin fhig Hivgntion is
sensitive to the extent of abrasion caused by the
"a unigbe¢ asihed formmpakdal arch gelfjmevipiatedsititd gomptolite mbterials ¥ such a
cl eaning material has been introduced in flowable dry
purpPRVpeGicdltyndder Hiphishédricondidonpasiéll £rde didferont Materials within
redi spersions of flowable dry powder forns of the
the sRRtdneRHhAlEs BSERbesRNB LAY ARRIRER BfpAling BRA! | e Of
rormul ating the dentifrice. Al so, and nore recently,
slurry forms of such abrasives have been provided to
facilitate storage, -transport, and introduction
within target, dentihfrj.ce,formil ations.
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Synt hetic i‘cas have been utilized

for such a purpose due to,the.effectjvengss.such .

b Abigne bR G Fasbesn lnbuidgd i Cont o R SigH mpositions
. toxicity characteristjcs .and ¢o tihility with qther
in ordgs i Tamqve YL EARHISSInCRIGEE BE wi%@ma %om ‘i}%F‘F‘E@é? Gggee :

_one exanpl e. Wen preparing synthetic silicas, the
Pellicie filrs iy tightly adhesentiawd jofien contains brgwing ysiew pigmentswineh
cleaning with mninmal inpact to the hard tooth
impag @nfuasightly fpetmhce toshatecthe Whila cleasiog is impatitnt, the abrasive
concerned with identifying abrasive materials that
should®et bestcdpgedafioe bo ¥em. damage theSyath Hdeally, @i éffectiee danfifrice
hi gher structure) have al so been utilized as
abrast i iedt &1 RehxpERed Selficle HUEREb VAl dfle aRGinginiaimdl iaksion and
paste materials 1n order to supplenent and nodify the -
r heol ogi cal properties for inproved control, such as
viscosity build, stand.up, brush sag, and the |ike.
For toothpaste fornulationk, for exanple, there is a
need to provide a stable paste that can neet a nunber
of consuner requirenments, including, and wthout
l[imtation, the ability to be transferred out of a
contai ner (such as a tube) via pressure (i.e.,




Generally, dentifrices conprise a majority of a
humect ant (such as sorbitol, glycerin, polyethylene
glycol, and the Iike) in order-to permt proper.
contact with target dental subjects, an abrasjve
WOSMEHIEET precipitated silica) for proper cl &SA{UE0XAYEs1
abradi ng of the subject teeth, water, and ot her
active conponents (such as fluoride-based conpounds
for anticaries-benefits). The ability to inpart
proper theol ogical benefits to such a dentifiice is
accorded through the proper, selection and utilization
damgge torfhe hariterh g@‘é?ﬂ- Sopssaegnilyamong ofie fuagy fheperformance of
hydrocol l.oi ds, guns, and the |like) to form a_proper
the dentifiinelds bighlysensitive to Srextepbof aprasimcansed by dhe gbrgsbier ant
hunmect ant, abrasive, and anticaries ingredients. It
- ingredienth Monesritiveally, theabraive clehning mgteppidpe beetaintroduced
conpositions can be rather conplex, both froma
flovablepioy pokivilg fedhntodiaati fice agnpusitionaDrivivredispdodons of flowmble dry
and type of conponents present w thin such ‘
powdiey forth9bf he polishingagtt priphred defo@ogh thd tilhGof immdatiigghe
priority within the dentifrice industry, the ability
denttfRlck. SAIAE SarldHorB HiERR Ly, Rlirr§ Eohs T TN WDRdsHues RivedebEpidvided to

to provide certain conponents that neet at |east two

facil tets{afégt%, B&gg&ﬂ ol 8RR whiith thrfi ieiiial founfIgEiee
- tornulation conplexity, not to nmention potentially
re ' ik f s
nashih O bUSAUAIARGE R RE) Wit GATHE ppose ducth e
ave been -used.or descri,bed for dentifrice. ..
et e P ot e R B At s Tl b et chametepigpis
- .natural and syntheti ¢ abrasive particul.ate materials.
and eRRpaBHiLY Hith PHieh S50 RORDOREES, SRSl S0 FuoRSR s one
aqents i ncl.ude anor phous precipitated silicas and . -
exargle.j Whep prepanipgsypihetic pheas; the oblertye st olitas silices yhick) |
O her abrasive polishing agents for dentifrices have
provideahaxdwel cleanitgivithmipiosl impad e Bedardtoot seefhesisuPental
phosphate and its di hydrate forns, cal cium ‘
resegpgiecdre squitamelly ainceroed with sddntifiateabrasiteanstenals that meet such
- met aphosphat e, magnesi um ort hophosphate, tricalcium
objeqiivesphate, perlite, and the |iKke.
Synt heti cal | y- produced precipitated | owstructure
- Si d¢rfitic siltaP@IThighty s%ﬁxbﬂfk?‘fﬁv@ﬁﬁ@bébi&ﬁliﬁéi Ao agents
conmponents in dentifrice formulations due to their
for A R s B ol R Fin BN Sopl A and mdify e
hy nt t hi clkeni : [
thoolGEal 5peaiEh Aidod sdhfFir Mo SHERT oy Gy brush sac,
thef i ecjpitated silicas generally a raduce
and 5 ke s Sadetetotsiiens, o SRS Riat et ETBRER S Slobte
sjlica fromsaqgluble alkaline silicate by the addition
paste dfat gark miget auraber f CoRIBFT TEAEFTRAR ahwERqtt ons
. .in which primary particles initially formed tend to
Limitationothe abiditywothe tesasfirred enfiof e soptgings Gugh wradubelyvizpressur
aggregates (i.e., discrete clusters of primary -
(i.c., ppetding efSthe tdhe) ass dimensionajkylstable pastecmditatepura fo its previous
t hree-di nensi onal gel structure. The resulting
state {oRatmotaltof sich reparatbe dbilityto behteanafytied itssulh a atanoer tofa
the reaction mxture by filtering washing and drying
brushRéAGASYS A% wilisht HB&dut BEthe fitedlubing dhiE hftdr Such transference, the
mechanically comm nuted in order to provide a
suitable particle size and size distribution.
The silica dryi'ng procedures are conventionally
acconpl i shed using spray drying, nozzle drying (e.g.,
tower or fountain), wheel &rying, flash drying,
rotary wheel drying, oven/fluid bed drying and the
l'ike. As it is, such conventional abrasive
materials suffer to a certain extent fromlimtations



Anot her attenpt has been made to provide physical
m xtures of precipitated silicas of certain
structures with silica gels, notably within U S. Pat.
5,658,553 to Rice. It is generally accepted that
W) 100TH1%8| s exhi bit edges, and thus theor et iRAYSF007/006881
exhibit the ability to abrade surfaces to a greater
degree, than precipitated silicas, even | ow
structured types. Thus, the blend of such materials
- together within this patent provided, at that tine,
an inprovenent in ternms of controlled but hjgher
propeasity to reain Finensipaplbs siatie op frebrush PROLiP atse and yhasn gppligd to
filmcleaning ability than precipitated silicas
targed| toatle pridnto bushing, aiddbe exhibitng ofiproper miebibieel futacsthetic
separately produced and co-incorporated silica gels
purppses, pirlest, fortithe behefit 0f thassecan pernit increased PCR and
RDA |l evel s but with apparently greater control for '
I omheragy, dehivfeice wngrise b ingforitg of diamdctint Guevasuagiyl,
provi ded silicas exhibiting very high PCR results.
elyctih, Yolysieak ¥lycal, hPMa likt) 1n oRiek RSpeithi piiper 6dtitdchivith Yargiet

step-i'n the right direction, there is still a largely

dentdf Yubjebds! do r&ﬁ%@ﬁcgla‘??%iﬁﬁteﬂ siticd) f6PprOp@ ka8 lafd abrading

abrasive that ex sutficiently "high pellicle

"abrastve that S sufficre e
of RS R e R Ry oo R S S te bW

filmremyval. can acconpl.i sh ith I '
compids 7 L FIGR DPSTIE AHERTERD Toue! Ao rhieliaF it o
saf er. abrasi ve that exhibits a significant] i.gher.
suchiienl G e Fs Srevded Hpneh o Bropgr kit B Psiotdf fGhine
provided within the dental silica indystry. Again,
agenix{auct wdyeaicdmilices, hydrasploids, spmpand irdike) BorH ApFiper
abrasive characteristics. Furthernore, the. . o
netwodqefl suppashto rropaslycwntsin such impertapblumastagh abrgpidre, and anticaries
: precipitate materials and neter them out for proper
ingréddente tTt isanedl esridefit thacformblatigrpropérsipntifsicaclospas®ns camize
process steps to the manufacturing procedure. A
rathérebimplex Both from £éorgbouiging ensdpoid aivel USthe number, amount, and
conbi nations, but to -a very high level of pellicle

type gi’ LimsdeaRiphSe gt sethlehadihieaky Ak 0 ¥eshiR, JMEeEH & not a

egree of dentin abrasion, wth simultaneous
high pAGIY i B s S A RED P Ay I Rp S hghbtsuch
comgghedte 4 eppat ArPade Tl et SRl B s Pt
st B SRR S B Sl A o

her et of ore been unattajned within the dental
potentially seduging ths verall mapniagtieg soskt t he Di scl osure
I't has_now been found that nodifications in the
pr& susberofiwaterinsal wble aprasivediolishieg agentsihayebeenuged or
result in the in situ sinultaneous production of
descrited dot dentifineicompositioss. Mhese aheistve phishaigngepta indlwlginatursl
those in which the final structure of the in situ -
and sg@heticilessivopapailite niatdrialse The pénenillly dowSenithaticrabiesive
nmet hod thus permts the production of in situ
polisKISR 85 EHlcRIgs GRbAMoLE prabipitatbd bifidasHRd Qﬂibﬁ%as hitBprecipitated
provi de excellent dentin abrasion and pellicle film
i bftfle GARAP Ohdr! e pBlidhi hik B atiflces hdveiftfuded
cﬂc‘a ?gﬁggg?ve, sE%%ﬁﬁgéﬁﬁ?g?ions t g%mgﬁﬁ?%?%m%xcellent
t hi ckening properties as well as desirabl e abrasive
and cl eaning properties through the introduction of
such a. singularly produced, stored, and introduced
additive. Inportantly, asiﬁell, is the need to
i ncorporate a high shear treatnment step after the
initial gel production process has been acconpli shed.
Such an extra procedure provides previously




al though the pellicle filmcleaning level is quite

high, in fact the resultant dentin abrasion Ilevel is

limted, thereby inparting an excellent cleaning

material w thout also inparting the high an g&r '
WORE187 t he target dental substrate. Al p: g@?&ﬂﬂmmm

percentages and ratios used herein are expressed by

wei ght unl ess ot herw se specified. Al docunents

cited herein are incorporated by reference.

Accordingly, it is one object of the present

di scl osure to provide a precipitat iliga and, gel
~ challs mfageesiuseaslrsiatee divalcay %FPOSB‘?‘*B‘WD&PWE%}Y 1% Sp‘é‘f‘ig‘i‘-“&!l e
filmcleaning without an unacceptably high . i
pyrogtesplatep ginchinhyge Filicate.potassinmaesanhasriateeMEgARSIMY  asi on.
Anot her object of the present disclosure is to
orthaphexphste, trcalsummbbbgiuite perlitthandghobitfet i on of such
ef fective precipitated/gel silica conbinations :
\M‘%hﬁieﬂcfﬂlycﬂ}odi&k& preiptaed dowpsoaiwe dlishsin patiadushaye been
and in situ, thereby permtting the proper ratios of
used 34 7adFR @hipdhéntt § RALFRE Soretuldtiogs drectd tindit cleanidg dbiility,

materials, rather than during dentifrice production.

relativh Seels, 9 S&Iaopé%ifbiﬁt? bsth @6l QastifRcd ingledicRtspsticas an i n

-Situ generated precipitated/ gel silica conposite

_ : . . ‘ ( -
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I'da mat s are very high as well.
known, synthetic precipitated silicas generally are produced by the destabilization and

_precipitation of amorphous silica from soluble alkaline silicate by the addition of a
mineral acid and/or acid gases ﬁnder conditions in which primary particles iqitiaily
formed tend to as'socriate'with each other to form a plurality of aggregafcs (e, discrete
clusters of pritnary particles)l, but withou.t agglomeration into a three-dimensional gel
structure. The resulting precipitate is separated from the aqueous fraction of the reaction
mixture by filtering, washing, and drying procedures, and then tﬁe dried product is
mechanically comminuted in order to provide a suitablé. particle size and size |
distribution.

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

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

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



In a first aspect, there is provided a dentifrice
conprising an in situ produced gel/precipitate
combi nation produced by the steps of : - a) adm xing
a sufficient amount of an alkali silicate a

WPt 81 ng agent together to forma sili capgg?&ommGGSSI
conposition; b) subsequent to silica gel conposition
formation, treating the resultant conposition under
hi gh shear conditions; and c¢) sinultaneously :
introducing to said silica gel conposition of step

e T

. thereby producing a precipitate/gel siligc

are desribidict thontt WiRHEREh publisationsies -§ar ?‘fc?ﬁu%ﬁﬁ"ﬁpﬁ%%@%m
therein is from5 to 85% by vol une of the tot%;

4,420,012, pné 6j1p216}  Wabing H.S BabNeart. 399,251 and 5,058 %) 0lderght
aspect, there is provided a dentifrice conprising an

et all, U.SsiPht) Not 6,098,695 paidwiom f gbi, anst €.5s Pati Hes. é%‘éd"’rﬁbﬁl‘b n
produced by the steps of: a) adm xing a sufficient

5,410.82¢ 8 Mebilba b Malificatidnk irdiBcargets e alsd Hednalesaiped géthin
together to forma silica gel conposition,; b)

suchSHBEEHUENs 1.8, Bitl N6 @Y, 90D EUsGl @l fOSIRat No, 4,303,641, to

reating the resultant conposition .under high-.shear

Dewsdf i di PG 5. PRINo. 4,153,680, to Seybert, and U.S. Pat. No. 3,538,230, to

Pader et al. Such disclosures teach improvement in such silica materials in order to

impart increased pellicle film cleaning capacity and reductioné. in dentin abrasion levels
for dentifrice benefits. However, these tjpical improvements lack the ability to déliver
preferred proﬁerw Jevels that accord a dentifrice prodﬁcer the ability incorporate such an
individual material in different amounts with other like components in order to effectuate
different resultant levels of such cleaning and abrasion characteristics. To compensate
for such linﬁtaﬁons; attempts have been undertaken to provide various combinations of
sificas to permit targeting of different levels. Such silica combinations involving
compositions of differing particle sizes and specific surface areas are disclosed in U.S.
Pat. No. 3,577,521. to Karlheinz Schéller et al., U.S. Pat. No. 4,618,488 1o Macyarea ¢t
~ al, U.S. Pat. No. 5,124,143 to Muhlemann, and U.S. Pat. No. 4,632,826 to Ploger et al.
Such resultant dentifrices, however, fail to provide desired levels of abrasion and high
pellicle cleaning simultaneously.

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

is generally accepted that silica gels exhibit ed;ges, and thus theoretically exhibit the



c) simultaneously introducing to said silica ge
conposition of step "b" a sufficient anount of an
al kali silicate and an acidulating agent to forma
precipitated silica, thereby producing a
W0 HOTHI$Et e/ gel silica conbi nation, wherein &a/{F2o07/006881
conbination is in the formof particles exhibiting a
nmedi an particle size range of from3 to 20 m crons.
In a third aspect, there is provided a dentifrice
conprising an in situ produced gel/precipitate silica
conbi nation produced by the steps of:. .. a%-

abiligyotioi abiadeg surfasesitp iagrestar degwertharopregipitaied siiqes.ven Lot e
and an acidul ati ng agent together to forma silica ,

strudyered ¢xpam B, thmblend of such materisdsdogather wilinsthisipateapatovided,
-conposition formation, treating the resultant .

at thGCHNE ah ihmoventaein thinghofdoatllaind higherievelsofdbrasivenesg )

' si nul taneously introducing to said silica ge

couplWills ifehter paliiclStilpclehning abitityf tharcprecipitaerioulicas afonanIn such
al kali-silicate and an acidul ati ng agent- to forma

a disBlo8fre 3t is3h&eh fhi depiratelPiroaloedRnE SeHiricofporated silica gels and

precipitate/gel silica conbination, wherein step "a"

pnecixﬁgfr%g G g?hﬁn&ﬁwrﬁﬁm bR RDAVIBRI: W with GpPatenthygreater

I'n-the I ca gel anount present ‘therein is from

coﬁngoll St I(?\geofpag%asi\{rg %%t&kg’%%%ﬁ%ﬁmﬁ&lﬁﬂr@ﬁﬁm $iBER exhibiting

I ca conpbl na ngly, thi's disclosure
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right dhreotion tmas 15 611 8 BOSE b AlaiRdiGREa R provide a silica-based dental

abrasive that cxlﬁbifs sufficiently high pellicle film cleaning properties with
simultanecusly lower radioactive dentin abrasive characteristics such that film removal
~can be accomplished without deleterious dentin destruction. In effect, the need is fora
safer abrasive that exhibits a significantly higher PCR ievel versus RDA level thé.n has
previousiy beeﬂ provided within the dental silica industry. Again, the Rice patent is
merely a start toward desirable abrasive characteristics. Furthermore, the requirem@nt to
produce these separate gel and precipitate materials and meter them out for prop&r_targeft
levels of such characteristics adds costs and procéss steps to the manufacturing
procedure. A manner of providing the benefits of such combinﬁtions, but to a very high
level of pellicle ﬁhﬁ cleaning and. ata relaﬁvely low to modefate degree of dentin
abrasion, with simultaneous facilitaﬁbﬁ of incorporation within dentifrice formulation are

thus unavailable to the industry at this time,



a) adm xing-a sufficient anmount of an alkali silicate
and an aci dul ati ng agent together to forma silica
gel - conposition; b) subsequent to silica gel
conposition formation, treating the resultant

conposi tion under hlgh shear conditions; )

si mul taneously introducing to said S|I|ca ge
conmposition of step "b" a sufficient anpbunt of an

al kali silicate and an acidul ating agent to forma
precipitated silica, thereby producing a

e FOE 1 0 B &%@%@ﬁm&%@ Rt
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recipitated/gel silica resultant si mJI t aneously
orngea@e@@r%ﬁqtﬂ £ ppgitained ity the dent sEY within this
~disclosure are the the conposite materials nmade
therefromand dentifrice fornulations conprising such
materials as well as the product of the inventive
process not ed Glijesteand Summ@evedr thi Disclogyaiét het i c
preci.pitated silicas are prepared by adnixing .dilute
al keahas ot beeh fetind ahat modiBcatibdshin ﬁielpmtgsmfm@miunmger al
aci ds under conditions where aggregation to the sol -

preaﬁﬂate@ém&a BiiPfeslERUhe inSstiulsTohi)@nébAs pioBadtioh If k2 fdtedaBotints
e precinpi tated silica. The resulting precipitate is

of sggt?ég W c%’mcﬂ WeSthal GridRé éﬁﬂe # 8 generated

mell l'ica gels include silica
| cou@éﬁﬂes%ﬁg% ol ;su@ae SoveB G s pARL YS! BRI chon o i
 eenirglen GRSk § B il B 6O s%a'sd@fg%e%ﬁéba&%f%d
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materi al s.
formulations that exhibit excellent thickening properties as well as desirable abrasive and

cleaning properties through the introduction of such aéingularly produced, stored, and
introduced additive. Importantly, as well, is the need to incorporate a high shear
treatment step afier the initial gel production process has been accomplished. Such an
extra procedure provides previoﬁsly unattained PCR and RDA results, as well as
mcreased brightness of the materials, as described herein. |

In parﬁcular, the specific irn situ formed composii&s exhibit very high levels
pellicle film cleaning properties compared with lower radjoactive dentin abrasion results
such that the resultant materials can be added with other abrasive materials {such as lower
structure precipitated silicas, calciwm carbonates, and thé like) for the dentiftice producer
to target certain high levels of cleaning with lower abrasiveness thus providing the

optimization of cleaning while providing a larger margin of abrasion protectibn to the



As noted above, the separate production of such
materials has historically required manufacture of
these separate material's, and proper netering of the
two together during the incorporation within a
wienbifigzee fornul ation in such a way as to Proyyxyer/006ssl
- the desired cl eani ng/abrasion |evels thereof. To the
contrary, the inventive nmethod for simultaneous
- production of such nmaterials permts thhe producer to
target a range of anmpbunts of silica gel and
preci pitated silica conponents as well as structures
m%%g&i&%%&g :ink LRL BdichedRane il istchding fytes Houhd® abgspecifib scientific

cl eani ng/ abrasi on through controll ed :

thetg'? rtﬁ&%ee&%m L5 2R Quf FUHEES £ Rvithin i GabT dofibiite materials aids in
rf From previ ous physicals mxtures (i.e.,

erence .
b o il ot ot
oo e A S et s,
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‘the preparation of oral cleaning conpositjons, such._.
naniedy ttle need ip iprnide maatifiprartisylarly dPprecipitafedjsilica component) that

particularly suited as a rawmaterial in a toothpaste .
exhibitk ki gxtpsrast ehigh, potertially deeterionsuiehtinsabirasion lpvebnda @ an

be utilized in applications wherein sharp edges and
imphe@ 8 theARRR TS BE 8 cpiable hizhpelictectiim dleaningdevel. viThetnotiel in
‘ [imtation, foaminhibitors within certain ' :
situ' eeg,ﬁa ted/d6TboRbinatibh KBS drekfecRillyQrovideut Ioghe degree
Sm&lg%%%/\%/g@% ng detergents. Additional potential uses of
' ' L4 D5 ipeiGic & denfth SbragistDRde, thus according
 of pRielh AR GldnfleSorda e Ll ich owa

rtrves an 8rs, cosnetic additives, personal
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: resent invention are in-situ-fornmed erial s, that
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ingredients to prepare oral_ cleaning _conposifions

agglometatey far Mirgtivaricsmmithghagoexistsace ofi verehle levds gf%&‘g‘?au ndue
abrasion on tooth surfaces. The essential as wel] as

precififates od Ui fftoem swactomes &f acbérd anloversilvemponife sxhibiing Righi ng
~conpositions and rel ated nethods of .naki ng sane of .

cleahiff properties. When produced in situ, such a resultant gel/precipitate material

provides unexpectediy improved properties as compared with dry blends of such
separately produced components, particularly when the production methed incorporates
high shear flow suﬁsequent to- the initial gel prbductioﬁ step. Such high shear conditions
appear to 'prpvidé ultimate beneficial results in terms of the composite materials abrasive'
properties and brighiness .characteﬁsﬁcs. In such a manner, it has been found that

although the pelticle film cleaning level is quite high, in fact the resultant dentin abrasion



present invention are described in nore detail bel ow

WO 2007/ 111877PCT/ US2007/ 006881 Gener al Producti on

Met hod The silica conpositions of the.present

i nvention are prepared. according-to the follow ng
.. two-stage process with a silica gel being fornmed in

~ the first stage and precipitated silica formed in the
- second stage. In this process, an aqueous solution of
~an alkali silicate, such as sodiumsilicate,.is

charged into a reactor equipped with mxing neans

o adequate to ensure. a_h : tdgf@pvﬁtmalsmhnparﬁng
' Iemwm@ééﬁs?xwa%ﬁgﬁﬁ%g‘%%ai i Sl I?(Ii%gt e in the reactor
" preheated to a tenperatur en about 40C and
tocliguan gosiorHew & %Faijée‘#ﬁ‘g‘ﬂgfﬁq’ﬂgg‘hégeal kali silicate -

~solution has analkali_ sili.cate conce ' unl

" appadbpansetopnt3s and rajis Wﬁ%%ebﬁ“é?rgr%g‘gr%- {r’%?h&gﬁékm T
3.0 to about 25 wt% and nore preferab fr ut
st Sncalfint Alisomnsgateviied bpieH) e Fyrarraric i AR

" is asodiumsilicate with a Si02: Na20 rati o of fr%gkd

- aboyt 1.t ' Resildigldsat yprvidarp assiptaied «

1.5 %QY%‘B%‘Hﬁpgf&&?%bﬁg‘?%ﬁ’tri'ty of al kal i, si {I@BCate. ot
-ﬁﬂ g,gc?gg'siuaa Gorhitssite Biaiel prosidiigdmproved pltisle § elegiins Bt

'_mi_e tal sili‘cate used in the batch. CEE&@;@IL%&wggr;
el ectr.ol ind Bfbkddse Mildehtin or enai ion

mé‘&%"é’ﬁ"‘%ﬁ%‘%a _t°i§%'ﬁ§n9di um (silicate solution or .
wat er). Next .. ACk datr Beitidd fagrfproductiag bfisuch

d&ﬂﬁéﬁ%%p%TW#%%ﬁgmgggggﬁﬁygg%chIoric acid, nitric i

" acid, phaqsphorj c..aci d.x. hbreint sacK Ratefisls atelpyodu

_--ef@gnwmrﬁ%plg%%ﬂt SUHE balllgﬂaén%ia’l ute solwution thereof

© (e.g., at a concentration. : ' fhstedds totbe -
oyl o o e fle AE RS TSk et e

the silicate to forma.gel . .Once L 5Re S8Hudton. Also

magedtiring grodnetiontod ﬂpﬂ!‘—"é‘&?%%tr@ %g‘% %‘gﬁ’é??#t?ﬂéd ?‘g{i/el ,

. such as between about 3 and 10, the geid %%gé/gél%ﬁicﬁs

nSbjePRAdhiaaidcibvee b pioyideentedeSTRE" BEL Ch™redct on
tenperature, preferably between abg 65 about ..z

coffyite thitetial vitiemsin ttnightnessonfha high ?.é_iﬂ lef”%f? gticn.
stage is conpleted, the produced silica gel is ,

Lbj Q,gntlg hPRelphear conditions to nodify the gel
_m‘ﬁ‘%gdr]ng%s I'ni'Ti al produced form Such high sheari ng
By 108 8 LERENRER R paevldédrodemtifiasremprigng o #ss1/ pro tgsd
- 2007/111877PCT/ US2007/ 006881 i ncreased flow rate of
b gui BlifcedMNBE &abs ofi:xi ng in a bl endi ng
B R S

g, an i ke. The requirenent of high shear

c O”da'é tg}'ﬂ}ﬁﬁ%@%? ngqﬁ?ge%t ShORloB e BY alkhie sifad dddoatacinlachg advet

gel rnrtral production. Such ,
nmodi ficati onl'ii S Ereasur atEcI)-e by a reduction in the
togethgr 4 TP ¥R 2 EPIROF ™ he gel material after such

- high shear treatpgent is undertaken. P
~ modit)i ehsdasentye silint §H CSRREY RS ﬁ“d’.“??%“ﬁf‘%ﬁ@ma‘%é?“é’%%gd

~ once the average particle size of the gel conponent

 cnsposieicn oadbr htghisbeartcondiipe: A4, - The resul tant gel is
ot herwi se not washed, purified, or:cleaned, i.n any,

~ ot hey) gimnh@kcopdy antrodgcing to said silica gel composttion of step “b” a

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

sﬂica, thereby producing a precipitate/gel silica combination,



commencenent of the second stage. Next, the
second stage begins after the gel reaction
tenperature is increased, with the sinultaneous
addition to the reactor of, all while the shear rate
remai ns at the substantially the sane | evel ‘
t hroughout: (1) an aqueous sol ution of the sane
aci dul ating agent previously used and (2) additiona
anounts of an aqueous sol ution containing the sane
species of alkali silicate as is in the reactor, the
aqueous sol ution being preheated to a tenperature of
The. r-at e- of i [
i hnedte b8 AR p oS E TR B .8 b bk o o
,Qontfﬁg tgg si nul t aneous addi tion pH during the
BRI P U Y RN, This pH control can be used to
- control product physical, properties, generally wth
hi ghe? S0 agectoheierds piavised o dertHyca CRaFsdgAgdt sproduced
silica products and relatively | ower average batch pH
gelirresipidtaglivd epmetrinaiion peadyeed By %P stapytodduedmixingrp sufficient
addition to the high shear conditions present
amalinteddy alkhali ghicsth@ad ar sgdulgtingagewiogether efounialsilcegel
and the acid solution addition continues until the
compaitficar batch pH drops .to between about 4 to about 9.
For purposes of this inventive nethod, the term
" av ey 3gRefahtd spida deBcdnifoSiieR ok Matiiahavatrge PH
obt al ned by measuring the pH level every 5 mnutes
coflpédiih dfde: IREP SR LauRiohQrml | on stage and averaging
the total aggregate over total tine el apsed. WO
2007 11187 7P JS2007 68841, -1 ‘ter.-the d nflo
o PhaRBARHD il RO Edtice eol MAbRdsiddibraBpL AT
.t opped, the r tor batch allowed to e. or "digest"
sutf pREgR b e TF s Aisets w90 acRiRas st o fha phes it
.contents being maintained at a constant.pH After the
siligg psirelty BRdUSHIEH @f@@?ﬁt%?{gdﬁﬁ@aﬁp@hmg%r ni xi ng, etc.,
is curtailed, and the resultant reaction batch is
- whetejnt sspdeeprzhientipn dhiadhevorm ofaerdicles exllahpg @ mediap perticle size
by- product inorganic salts until the wash water from
ranigh ef &oinicta 20inkitems.cake results in at nost 5% salt
byproduct content as neasured by conductivity. The
si | Icathir labpest, dakeisipsovadodra deadfiics compiding anst sidhroduced
- dried by any conventional drying techniques, such as
gelFRERYit8 MHAGonibnapoa PeducadbRiRsRPOYS silica
containing fromabout 3 wt%to about 50 wt % of -
oi st o S ‘ p .
et o B R e BpaT i dep
togfficlo BREL STAPLY BEbUagR, about '3 pm Lo about 20 pm
8ssiticationcof even narrower medi an particle size
L:E@? glfbggélgg{@ |sillh_rc]:a %Eloc\élm%ogl%o}l ?o%rn%t?osne, %‘egtkneg%ﬁflz pegultant

composition under high shear conditions; and

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

9a



In addition to the above-descri bed production process
nmet hodol ogi es of precipitating the synthetic
anor phous silicas, the preparation of the silica
products is not necessarily limted thereto and it
al so can .be generally acconplished in accordance with
- The net hodol ogi es described, for exanple, in prior

U S. Pat. Nos. 3,893,840, 3,988,162, 4,067, 746,
4,340,583, and 5,891,421, all of which are ‘
i ncor porated herein by reference, as |long as such
nmet hods are appropriately nodified to incorporate _
~ suffviigne bthaunit ofaraaibalhiilidutesindam atidelativpeagest to Agrmad priecipgated
appreciated by one skilled in the art, reaction
PHANBLEY Srodtia gbipRite/ptiailhas@bingionst i cs of. the
resul tant precipitated silica include: the rate and. -

| &b ‘ hBLS SRR @AUD a8l ©0aIgRd; the
%%%%?gq%figggﬁgﬁﬁggﬁvﬁﬁ gf the various WO

007/ 11187 / 1 - tantesg : '
e e b RO RE € BRI R

react.ants .during.production; and/or:-the rate at which

el SRR sl R added. T |

Accordingly, this disclosure encomp

said method comprising the sequential steps of

asses a method for producing simultaneously

" gilica gels and precipitated silicas,

' a) admixing a sufficient amount of an alkali silicate and an acidulating agent

 together to form a silica gel composition;

b) sub sequent to silica gel composition foméﬁon,— treating fhg resultant

mm@mﬁﬁonﬁﬂkﬁh@hShmuammﬁmxm;
) simultaﬁeously introducing to said silica gel qomp‘osiﬁon of step ‘%’,.a
| sufficient amc;unt of an alkali silicate and an acidulating agent to form a precipitated

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

%b



Al ternative nmethods of production for this inventive
~material include in slurry formsuch as, w thout
limtation, procedures taught within U S. Pat No.
6,419,174, to MG Il et al., as well as.filter press
slurry processes as described wi thin and throughout
‘U.S.. Published Pat. Appl. No. 20030019162 to Huang.
The inventive in‘Situ generated,conposites (al so
,referred to as "conbinations") of silica gel and
-precipitate are useful as high-cleaning, dental ¢
willlh, #34 f8 UL R (GOPLoBh ALK Y Opecesa ity edica ol amppun
ow neasurenents of at nost about 110 Isdpanﬁuﬁmﬁ
p,%g DSLRAGR s @5 86 sbRWyasuaieohthe IOy prepipitafeq/ge
rocess of this invention has thus surprisingly

Ltgultaneousq pl\gldlgclg? 9&9{11%%&1 plireebieibassddywitiol thisiselogufy are the
}’ reacti on- pH r eact ant- concent rati ons, anount .

of gel ent . R hgaHeditaet fotnubations natiprisisngsuch
m%??&‘“%‘?‘ﬁg{g%@ degl\?%?raﬁ structure of the resultant

gel / preci p| tat e sili gg%g,@ KcliRbRA uBb®. made
materilses st % %%? ?.I[né a m d-range product

(refati veI y h| cl.eani,n by havRinsaituRalkel
| ev Elenyrally, Apsas %lce@e%%‘ agag%rgk&gtl on of differing
- concentrations, pH I eveI s I t.i, mat Lh fion
amsgutvieri wongemesmepb i B, APk ?%?t%%fe i
si.lica conposite materi aI S of ever al | The
o Be'sHAndIpeBcahfivt@rociey stirngenddh P\’i‘éﬂépﬁa fated silice.
el IicIe filmcleaning results vvlth | ower .apr asi ve _

 reiRH 265 nGaRALEL drsddnd commrrind te dedied 1
i

Is descr| bed above. = Forg;lhls cl eaél gels and
el Gosansinde silicarhydrogels, hiydroyh & ﬁﬁ%ﬁ » :
bet\?;/eeegllaq% ang BO%by wei ght of ‘the -ultimately formed . -
gel{ ‘ECI 1tat b mﬁ@ﬁlﬁﬂiﬁﬁ&t&w&uﬁp&mﬂﬂ#ﬂi@gmms_
p$ % a conponent is present in an

- anmount of fro tforafed ryti@sollto JarmThe
OIG’WTVWF"“SW”%‘%& 3?“‘?5@(0&%%&%%‘8%0(& is preferably

. relatively |low 0Q7 Woldekfadom
hydregelo Thobydregsl is t ﬂﬂﬂg’@%ﬁ%ytfpercent ag‘ég’ggf gel
. .conponent actually represent the volume anmount of
mdaeéridlcat e present during the production phases for
each different silica material descri ‘
for Adptddiaybve Hessepargtepsaduption of sich mate’&%lﬁer gPﬁyB, R
has been deternined that such specific md-rapge o together
a@iﬁamﬂﬁﬁfawtme semaratbmasripkh AEPTARRF BEBHRE OhEF RO
adm xi ng a suitable acid and-a suitable silicate
&; ing, géﬁ}&ﬁ{d FlhinWienstice fvmutativalinusic 2 ey a3 1ogRovidefhe
eous utton, is from5 to 25 % preferably from

Ot 209% eeberably from10 to 12% and
def‘F%lcg '“g?ﬂ] o o?‘ﬁ

the silicate starting materi al

is fr om4 to 3 i ToPamatsesitpredulction efishch
to ieithe pEh gi‘%'i“g Si F?a%egﬂygel Subsequent to gel

formati on, suffl cient sili ERbuAS bf sifit£ga dbstecipitated
materialsprrmits fie IFRAERE 5 & %eeo type gfspurtgfl cation,

or physi cal nDdlflcatlon f th ﬁﬂﬁﬁﬂag ired
siligalcomponehtsras tesll a5SHYEFRES BF?PQ?F‘P ot 0613;1;0 ‘Fﬁ’ des
. structured precipitated silica conpo ent de [ t
Ievél mdedhﬁmrﬁmWG@h@WP@ran 8 °£‘§‘6a§n’§%’ﬁm
The pH of the overall reactlon be co troII throu
BT o Pievibus physicalemiperes (18- ok )E%%Bﬂh t%gals gh
the anmount of gel initially formed, the anount and
structure of precipitated silica conmponent may be
targeted i-n nuch the sane as for .the high
cleaning material: It has béén realized that in order
to provide a md-range cl eaning, |ow abrasive
mat eri al through this process, the amount of gel is
preferably higher (as noted above, from 10 to 60% by
vol une of the conposite, preferably from20 to 33%




Broadly, the inventive md-range cleaning

gel /precipitated sil i ca conbi nation generally have

the follow ng properties: 10% Brass Ei nl ehner
hardness val ues in the range between 2.5 and 12.0,
vaerWighi n a test dentifrice fornul ation (BET/US2007/006881
presented bel ow WO 2007/111877PCT/ US2007/ 006881

wi thin the exanpl es) RDA (Radi oactive Dentin :

Abr asi on) val ues between about 80 to about 120, and
(within the sanme test dentifrice formulation) PCR
(Pellicle deaning Ratio) values of 80 to 120, with a

- ratio of PCR to RDA W thi BN Barfdiin® 1 dnfbuit oF silica
sepalBenitdofparaitony F8icgly: W@W‘%ven ?\?& Mat e%f a The

: -inventive in situ enera.t ed | / | Br 10 Igeefdte such
- gel dedep asd specifigeldy § ﬁ’@gg gr%?ﬁdlﬁ%/&tge utgFI i zed
al one as the. cl eani ng a ent conp @g@ ‘provided in the
o desiteDlciElrducing eoopbhons PreviRl SRS NERY i on, or as an
additive with other abrasive malterlalaéd i%l

u
C oYl iRAdrkio8 aRbsivhenposidngs apereayifs ey er |t&1'ps i T
ot her abrasives physically bl ended t her '
ofor3t ol Oiiibss, h b SPOTRSS o the e ypﬁ@é“'“‘“@
preferred in this regard in order }%o acc{g_reg%targeted
nG termmro@sssl usthgrm
_ S““‘%E‘Q{‘ec‘:’%.ve Imevel any nunber of other

convent| ﬁbﬁ@&nvmddgqs m@@%?"fﬁ%"mms may

' Pmdﬂ?t%‘éaé’n %Hd{rl]lyl ﬁ@%aggrllve dentifrices in ac%dggce 'ucﬁ
i s i nyent inhititorebithisiceraip formuahess, S

,'bedFﬁ"FS‘FﬁHg]a%g? & am e,0 afﬁﬁﬁwl thout |initation,

pr eci pl tat aI g u alt R CAYditigna poentizh bess afn
as, v “P(ﬁé? |ca phie;rgghate or its dihydrate

forrrs silica gel Plardéty, cobmhetivtadditiyes,
_ suclamtﬁ[!ﬂiﬁ)u@l“ﬂﬁ %ﬁapﬁ%&l@gﬁd@l& sﬁl tself, and of any
structure as 1), [ t6h81 additives,
 persowdl cm@@yw@ppbwﬁdﬂ%m%fgg#d na, &é‘gl gi ned v

al um na, insol uble sodi um net aphosphate, insoluble
witHet laasatlom met aphosphat e, i nsol ubl e magnesi um
‘carbonate, zirconiumsilicate, alumnumsilicate, and
so forth, can be introduced within the desired
~abrasi ve conp03|t|ons totailor the palishing
char act eri st i cpepfiled Desdriptigatof the Myeationn
(dentifrices, for exanple, etc.), if ?fS' regﬂg\?esnuonarem
el A AR EERET boUSARAINO08EEa the prese -
gJ@I p&ﬁ@%@% silica conbi nation descri bed abov;11 tsto
en,i ne oRLi1¢l Riafatéden demmnd svithi ofies ingredien
situjormed ma ﬁsa&*?{ veH- Jf. f?om about 5%to about 50% by

h DR ittt cR50E
pren\g;é %éfgﬁﬁ”ﬁé%g%fogﬁoﬁ%%%en tﬁleébkgg%tefﬁf? ‘lcyce IS {;

~ toothpaste, er n sleampoegnts of the
undboabragien P’bﬁ%‘%’ﬁx‘}%lcﬁo?g? égﬁ%&aﬁ% ‘gf)nr %;@\? gﬁc onpgsn tions

of .this invention convenie inSEnk Séne of the
abrésivlel andion thighesineAoBPesY ?‘é"‘(ﬁ“g ﬁ?lgt Eg afl Ve Zrount s

‘thereof (all amounts in \Ma.l{?)l Dentlfrl ce Fornul ation
present invention are described in more det

U...
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| ngr edi ent Amount Liquid Vehicle: hunmectant(s)
(total) 5-70 deionized water 5-70 binder(s) 0.5-2.0
~anticaries agent .

WO 2007/111877 o PCT/US2007/006831

General Production Meﬁ:lod.

The silica compositions of the present invention are prepared according to the
following tv«}o-stoge pfooess w:th a eiﬁea gel being formed ,iu the first stage and
precipitated silica formed in the second stage. In this process, an aqueous solution of an
alkali sahcate such as sodlum sﬂ1cate is charged into a reactor equipped with n:uxmg
means adequate to enstre a homogeneous mixture, and the aqueous solution of an alkali
silicate in the reactor preheated to a temperature of between about 40°C and about 90°C.
Preferably, the aqueous alkali silicate solution has an alkali silicate concentration of
approi:imately 3.0 to 35 wi%, preferably from about 3.0 to about 25 wi%, and more

preferably from about 3.0t0 about 15 wi%. Preferably the alkah silicate is a sodium

- silicate with a 8i0»:NayO ratio of from about 1 to about 4.5, more particularly from about

1.5 to about 3.4. The quantity of alkali silicate charged into the reactor is about 10 wt%
to 80 wi% of the fotal silicate used in the batéh. Optionally, an elecirolyte, such as
sodium sulfate solution, may be edded to the reaction medium (silicate solution or water).
Next, an agueous acidulating agent or acid, such as sulfuric acid, hydrochloric acid, nitrie
acid, phosphoric acid, and so forth (preferably sulfuric acid), added as a dilute solution
thereof (e.g., at a concentration of betweeu about 4 to 35 wt %, more typically about 9.0
to 15.0 wt %) is added to the silicate to form a gel. Once the silica gel is produced and the
pH adjueted to the desired level, such as between about 3 and 10, the acid addition is
stopped and the gel is heated to the batch reaction temperature preferably between about
65°C to about 100°C. It is important to note that after this first stage is completed the
produced silica gel is subjected to high shear conditions to modify the gel from its initial

produced form. Such high shearing may be performed in any known mapner, such as by

12



0.1-2.0 chel ating agent(s) 0.4-10 silica thi '
t hi ckener*
3-15 surfactant(s) 0.5-2.5 abrasive 10-50
swe
agent <1.0 coloring agents stening

WO 2007/111877 PCTAUS2007/006881

1increased flow rate of liquids added thereto, physical mixing in a blending setting, and
_the like. The requirement of high shear coaditioning is met simply by the modification of
‘the gel component after 1n1t1al productmn. Such modification is measurable by a | |
reductlon in the average particle size of the gel matenal after such hzgh shear treatmentis
undertaken. Preferably, the modlﬁcatlon via high shear conditioning is gittamed once the -
- .average partlcle size of the gel component is reduced at least 5 microns. The resuitant gél
is otherwme not washed, punﬁed, or cleaned in any other manner prior {0 |
commencement of the second stage. |

Next, the second stage begins after the gel reaction temperature is incr_eased, with
the s:muitaneous addition to the reactor of, all while the shear rate remains at the
substantially the same level throughout (1) an aqueous solut:on of the same acldulatmg
agent previously used and (2) additional amounts of an aqueous solution containing the
same species of alkali sﬂicate as is in the re#ctor, the aqueous solution being preheated to
a temperature (wa about 65°C to about 100°C. The rate of acidulating agent and silicate
additions can be adjusted to control the Silnlﬁtaneoué addition pH during the second stage
_reactmn This pH control can be used to conirol product physical properties, generally
with higher average batch pH providing lower structure s1hca products and relatwcly
lower average batch pH providing higher structure silica products. In addition to the high
shear conditions present already, high shear recirculation may be utilized, and the acid
solution addition continues until the reacto-r batch pH drops to between about 4 to about
9. For purposes of this inventive rﬁethod, the term “average batch pF” is intended to '
mean the average pH obtained by measuring the pH level every 5 minutes during the

precipitate formation stage and averaging the total aggregate over total time elapsed.
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<1.0 flavoring agent <5.0 preservative <0.5
In addition, as noted above, the inventive abrasive
ﬁggé?igﬁ used Ln conjunction with other abrasive

: s, such as precipitated sili il

Wi 06110 phosphat e, dicglciun1phospﬁgiesa!h%%ﬂ%%@WMMWI
palc!un1netasilicate, cal ci um pyrophosphat e aluniha

cal cined al umina, alum numsilicate, precipitated and
ground cal ci um carbonate, chalk, bentonite

particul ate thernosetting resins and ot her suitabl e
abrasive materials known to a person of ordinary o

fﬁg&'ﬁr&bg i8S B e aci\ﬁ@é&é)ié&%&?@@@&u&m@m @@BBAd, the

e "abraslve conmponent, the dentifrice

may al sp cqontain Qne. ok ' i
reactgg%aﬁq all ARBERYt El(gesceen %ﬁ%ﬁ%ﬁ gg@%%@@%dn% rﬁﬁdigﬁﬁl%ﬂghe

- hunectants, sweeten - ' . N

oo SO AR Ao e

* the high shear mixing, etc., is curtailed, and the reamtﬁtelldt ZL080ARRALS Kitered and
washed with water to remove excess by-product inorgan_ic salts until the wésh“vi-laie-r from
tﬁe silica ﬁitér cake results in at most 5% salt byproduct content as measured by
cqndﬁctivity. | | | |

. The silica filter cake is sturried in water, and then driod by any conventional

drying techniques, such as spray drying, to produce an amorphous silica containingfrom-
about 3 wt% to about 50 wt% of moisture. The silica may thg:n be milled to obtain the
desired median particle size of between about 3 pm to 25 um, preferably betwe_aén about 3
pm to about 20 pum. Classiﬁcatioﬁ of even narrower median particle size ranges may aid
in providing increased cleaning benefits as well.

In addition to the above-déscn“bcd production process methodologies of
precipitating the syﬁtﬁetic amorphons silicas;, the prepération of the silicar products is not
necessarily Jimited thereto and it also can be generally accomplished in accordance with
‘the methodologies described, for example, in prior US Pat. Nos. 3,893,840, 3,988,162,
4,067,746, 4,340,583, and 5,891,421, all of which are incorporated herein by reference,
as long as such methods are appropriately modified to incorporate recirm;lation and high

 shear treatments. As will be appreciated by one skilled in the art, reaction parameters
which affect the characteristics of the resultant precipitated silica inclade: the rate and

timing at which the various reactants are added; the levels of concentration of the various
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Hunectants serve to add body or "nouth texture" to a
dentifrice as well as preventing the dentifrice from
dryi ng out. Suitable hunectants include polyethylene
glycol (at a variety of different nolecul ar \wei ght
Wor20pyiLexie gl ycol, glycerin (glycerol), eryt I?Fi’rfl%?(f“%}mss}
xylitol, sorbitol, mannitol, lactdtol, and
hydr ogenat ed starch hydrol yzates, as well as m xtures
of these conpounds. Typical |evels of hunectants are
from about 20 wt % to about 30 wt % of a toothpaste
conposi tion. Sweet ens may be added to the dusi
)i SRIRAS ehitRA téRpdrames; theagjihtioaif iy reactanes dusing
nmc%ﬁgJ%?%%&%%. Suitabl e sweeteners include saccharin '
SJele i ng cleeablted Msaidedar i n)
prod, qnaﬁ%[i/%rg(l%%%aaml um9 pot al?;i um or cal ciumsalt),
acesul f ane- K, {h £ M 2RETHveinthterial include in sharry
dig@ﬁ?@@ﬁﬁ?&ﬁﬁﬁéﬁﬂﬁéﬁﬁéﬁ%% gl ycyrrhizin, dextrose

levul ose, sucrose, mannos : . 6,419,174, t
formeshch a6 VOR P A DEOT oR S B P e - G119

~ present inventjon to ke the cq kot .
Mo shevise 9P GOSEBNEY PRt F GEPAE | LU Rer Sl gt

a detersive material which ipparts to the conpaosition
U.S dhabtisheid\Pat. Al Msa APKRGO 18449 H%‘é%g Suit abl e o
~surfactants are safe and effectjve anmoynts.of. -1

The aiveativecin stra peremited commepigasi(also pefpareddpio ﬁ‘?"@i’“&?ﬁﬁﬂ%? gf silica
and betaine surfactants such as sodiumlauryl . lower '

gl ddiphavisitatend ussfulchs tighydleaping: dersalatirasiyABYED ot lowe
nmetal or ammonium salts of |auroyl sarcosinate,

ibraSEcSS O¥ith oA RDAI mieikmremppats 0f atonbst sbevt 640, fer igstance, and as low
stearoyl sarcosinate and ol eoyl sarcosinate" . .

asd ékiﬁff Ve ¥ 58 Brosess bF iy invenion dhethus swrprisiegly yiekded: with

: an aurate, sodiumlauryl WD o .
2007, BILPE : Sixlion ] racaita@brcenihtions,rapydunt

dqy??ﬁgé%%%&ﬁéﬁgﬁé%éfﬁﬁ?%ggggssiun?Hgnd et hanol am ne

of gél}#)%%gﬁ%};mi%g the\é% o d%h icﬁﬁ%ﬁbns, S, b Padshlt, lovyall structure of

ene oxl de condénsat es of al kyl

o BeoR gAY PR oy e e o
|fate js- f factant. T A5 f i
odpasamoee (Y i i B At

the present invention in_an amount of .aboui,,0. Ny
Jevels) oompdsins by Tisisgirlectipn @@ﬁm@%iﬂ“@%%ﬂ‘%@b‘dﬁ%‘m el
5% by wei ght, such as fromabout 0.3 %fto abOUtt%%%adﬂsof
 proytion] ghong other thisswen proguegeehprechifpie SHIGR CHURIUH®
added to dentifrice conpositions. Suitable flavoning;ul
oveAlHddiurh RELttdes irbertlerdn acoved relativelschigh pellige filrg pleaning Tesults,
wi ntergreen, oil of peppermnt, oil of spearmnt, oil
withlowsR ey @ssopaitids & donmphrediwittethe highndeing msterialpdescribed
ment hol, thynol, eugenol, eucal yptol, |enon, orange
zﬁc@?d ot her such flavor conpounds to add fruit notes,
Spi.ce notes, etc. These flavoring agents consi st 0
cheni | % WER Presk@tin o amowes betvesen
pnds i8S oiufihe Ml B &] chaaioCh

phatic, aromatic and ot her

al cohol s. |_or an liCa édiifoRiEmbtesial d
and 30% %WF@B%%%&%%*‘E&@ &Phgg)égl?%gﬂ t gsslgieatl abl'e oo
col orants are.selected,from 00

thusige pEaied Siisg PRI B Tat toah ARioln AT S8love by

those listed in the European F nd Ph Ldiaflely low
weighiiaorPoi TheioveRl BT PLERAY 8o PRRbiraie PARggY KRty

col ors such as FD&C and D&C dyes. Thi ckeni ng

agents are useful in the dentifrice conpositions of

the present invention to pﬁﬁvide a gel ati nous
e toot hpaste agai nst

structure that stabilizes t
phase separation. Suitable thickening agents include
silica thickener; starch; glycerite of starch; guns
such as gum karaya (sterculia gun), gumtragacanth,



WD 20071111877PCT/ US2007/ 006881 such as cel | ul ose,
car boxynet hyl cel |l ul ose, hydroxyethyl cellul ose,
- hydr oxypropyl cellul ose, hydroxynethyl cellul ose, -
hydr oxynet hyl car boxypropyl .cel | ul ose, nethyl .
WRINUIAFE, ethyl cellul ose, and sul fated celfUfGER7/006851
natural and synthetic clays such as hectodte clays;
as well as mxtures of these conpounds. Typi cal _
| evel s of thickening agents or binders are from about
0O wWw%to about 15 wt% of a toothpaste conposition.
Ther apeutic agents are optionally used in the &
CONNOSL i RalithedsdY gfl tcompotent petaaliydeprespnt the
(ﬁor?ﬁ%ngp@gé?gﬁplﬁ%%kg%ﬁﬁﬂggﬁﬁen% of ggen?gl caries, -
, er i odgntal. dj : atonn i datly diffgrent silica
voluBg it Sy fhBRIRE e AERRALAIGRRSE

rapeutic agents, w thout intending to
matefily g oo S RO e 2 ot um
11 Gereralg,  ERBR PTG ap oA o) bl Torasives
‘may bR BPRE B S) PUBROY BRIl P P aaDleest
e eSO G o RRDR P BB to 25 %,

tripol yphosphat es, . hexanet aphosphat es, ' "
profécablyBbmpitce BA%, esd mot Py A9 1 T2%; o thgconcentration
‘ “antimcrobial agents such as triclosan,- bi sguani.des,
of the ¥itiBata Starting vhatérint is Trovdrth 38V plseWHRE 28 RARONE X9 BRI
gl uconate; enzymes such as papain, bronel ain, .
initidllyS5RARIBS gel. Suldeanent telgol fommtion suffisieahsilieate andpeid are
ases, pectinase, tannage, and prof esses; q]?‘{al;tﬁgr 'n_aryfth
Bh QaRtRAE @F othet'§e fpibifieatidnk onphysice gasion of the
‘adde?gg ,Iﬂgg%zet honi um chﬁ}gri de (BZT), cetyl pyridinium -
, i GRO) furBPpd@niRR OF appireiiatity strtirbd pratipiated silica
gel)gﬂ%g%oé%%%%nb mtra?%, zi nc ch gfﬂlﬂde, and st annous
fluoride: . sanguinari Cinpaid nSAGSHI \d 8 fofrBed. The pH of
{aceeq fof M B TPl

compey as euc€al yptol, menthol, thynol,

and hyl Licyl ; i IO _- :
the Q%E@urr%{gg%n ﬂsérgrblg %éﬁt?(%l gglgﬁgegre &Jla%thgfaﬁé%% 11 §FepRiding

e us
, dentifrice fornulatio si ngl- o oL Nat:d a
on theenaptot s DL ATBe i B a o PP sflca

2007/ 111877PCTI1 11S20071006881 reseryative

compbmsot ipay betargstes ingnuchdhe sany ‘f’%ﬂsée‘h‘gﬁ E’fggicgeﬁ%mgf‘%"}t@' It
present invention to prevent bacteri al rO\i\;t h, terial

has Sih redized fhasnerdeato pwwwml%iw GRSEYe e
conposi tions such as nethyl paraben, pr op)[/l par ab%r;) aﬂ?lm

throB@CthiéPriwss, dat oy obgel dcpteterably ighas (aneteaba¥e g

anounts. The dentifiices disclosed herein may

60%3;35\%1&11&’ 8f 1h8 bympbsiryipiefarabipfromrfrie 33 %) tad the gmonat oflow

esensitizing agents, healing agents, other caries

stru&ﬁr%gﬁ&‘ir@{aitéd%ilﬁﬂ%%&feﬁm I dr 62 8Q e §0% biyrvglumerestits
vitamns,

am no acids, proteins, other :
comie P B S 0o yee, pH cont Fo
varepady. 31 @R TSR L RO Ruad ol (Erpindion
pongRlb brvahe Ol oiR ERERG 1Py el PEAEE hjoctin e
oLl (e L1 Usual Ly conny g1 A RN (& $retbed Bolow
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Useful silica thickeners for utilization within such

a toothpaste fornulation include, as a non-limting
exanpl e, an anorphous precipitated silica such as
ZEODENT(r) 165 silica. O her preferred (though
WRMOTIM$T | ng) silica thickeners are ZE(I)EI\I'I’(1?‘3T”flsﬁz‘éloW006881
and/or 167 and ZEOFREE0153, 177, and/or 265 silicas,

all available fromJ. M Huber Corporation, Havre .de
Grace Ml., U S A For purposes of this ‘

i nvention, a "dentifrice" has the nmeaning defined in
Oral Hygiene Products and. Practice, Mrton Pader,

e i erRANGCH B rOArasien) values Wethweerbabout 80 to
mﬁ%é@%gﬁﬂgw 1%5(3%;6@13 200, vvhi)ch i-s incorporated.
hergi N by 4 8f AR 0 IHOR @Rllid$Cleanin

abm.‘_te% Sﬂ?gg%zﬁ@ﬁ %J%@%et\ﬁtt h a ?%%?ﬁ%@ﬁés}% to gl%ean t he s
_Accessi S aces of -the e ths oA Eto 1.0.
Rahas y: ‘?Sl"%& E%%%%@ aorg &(\)l\lé{kgcrﬁ get ‘é‘r@gﬂ{’ &ﬂe{] u nectfgft,
. binder, flavoring agents, and a finely-powdered
abrasive as the principal ingredient .. . a WO
2007/ 111877PCT/ US2007/ 006881 dentifrice is considered
ifrigga sgholiRe JNENAVEAHER| ng dosage form for '
delivering anti-caries agents . to the teeth, " .
, Dot frieniavel g s penardede itate;sihsESamBRTHE M Fals
must "be di ssolved prior to incorporation into the ..
desciibiod héreinmenyf terutilizad lone gsethg cleaning ageat ?%%D%ﬁ%ﬁﬁf%ﬂg‘if’dﬂ the
- as sodium fluoride, sodium phosphates, “flavoring )
den@fR8 tEmpdsitona of thisinserionyr.as an additivewitly afhenahsasiyq metgrials
and toot hpaste (dentifrice) properties described
therBR! @l dm¥kdioNBE S iRventive tahpasits matenilsswith oftierolrastyes
ot herw se. ~The Brass Einlehner (BE) Abrasion
phy}iEsily HSREA HRreiREPwitinMaitikle datiftootbmhilstionis potentialyed
sili'cas/'silica gels.reported in this applicationis
prefaﬁ‘gf {n'R§ gﬁéeag:‘l %grﬁéxj to hfeokdl fargeR@ldentiDelednifl sndhbeasion resuits at
i'ncor por a erein by reference, involves an

E h T- 10 .
adeflf?d &0%%%%@?}'%«, 2@“@%@%?2’@%‘%@? s wei ghed flgﬁb(flﬁl Ve

dtoth ti f 9 Ll LG8 qo s :
SRt o35 Bl W AR Vi st
e e L B S 3 B S
| uti . Th ul t, d.i ] “of ' .
IREERIES SN AU T S e

(BE) abrasion val ue. The oi I absorption val ugf -
dihyalrate fems,silén geb (bygitsefeand S apy, strupiirplo goorppes PREEIRKRIC] Wlica

based on a principle of mxing linseed oil with a ‘
(by Risdli, @i Sanisbrbbtns asi wéll)apesiiies tithaivoniickidesaleivospirpphosphate,

until a stiff putty-like paste is forned. By
hydPER&SAih#, daltSndlldihiriayinedluble kodiem wictghosphateainsolgble

paste m xture which wll curl when spread out, one

! itlc ARsRERE Qfbonalelfir@bivnhslicate, aluminum

ROt%%’%%%g%}%t%mﬂé%ﬁr%g&esents thgﬁf/ol unme of oil
silicafc: 2hd e calid intiBlngah wilhirink i6del AbHak bainBoditihs to tailor
C%i"Casor pt rve capacity. A higher oil absorption

, | evel indicates achigher. struct . R ), if
te neiing BigpeiBidfs pr UGl Shptibil Qb R AN o)
Is considered a |l owstructure precipitated silica.

desigggh, 83wl on of the oil absor ption val ue was done as
follows: WO 2007/111877PCT/ US2007/ 006881 QO |
absorption =m oil absorbed X 100
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wei ght of silica, grams ml oil/100 gramsilica

Medi an particle size is determ ned using a Model

LA-930 (or LA-300 or an equivalent) laser |ight
scattering instrument available from Hori ba .
WOWETUARAt s, Boot hwyn, Pennsyl vani a. Fd G5 506881
mesh resi due of the inventive silica is neasured o
utilizing a U S. "Standard Si eve No. 325, with 44

m cron or 0.0017 inch openings (stainless steel wire
cloth) by weighing a 10.0 gram sanple to the nearest
0.1 graminto the cup of the 1 quart Ham | ton m xer

Mo . j L6 HERtieddyabdvel) whitn inforporated into
di gﬁ%?ﬁ%‘&)l&gﬁg el gdﬁ?glgggﬁ/ater and sti rér)i ng the slurry

d@ar at least < I 5w 8F fbRGbSIrsLAabeNIS0% biewaiht,
dentyf gﬁcwoggﬁ?'s’\}\saépﬁ&%%a?he cup and add washi ngs onto

oGS5 iy S5 S SR trghaony

."shoul d be hel d aboyt, four to .six i - :
 dentigeing toptbpaienal Herbts it et My BB kb porating
' screen and transfer:by washing.inte an _ev i+ 00:
the drasive pomGSIEP IS BRI BTN 2k G B ool 6Wing

washing bottle. Let stand for tw to threg ynnutes
possibid inpeatients andgeletiveamapatssherepf @l pGPRIREW TR oven @

150C or under infrared oven for approx. 15 min.) cool
and wei gh residue on anal ytical bal ance.

Moi sture or Loss on Drying (LOD) is the neasured
Denfifride@rgalatde Wwei ght 1 0ss at 105C for 2 hours. 'Loss

on ignition (LAO) is the neasured silica sanple

wei gﬂltgrédp&s at 900C f orA@otmatur s (sanpl e previously

pr_edgq%ﬂpf;gﬁdg; hours at 105C). The pH val ues

of t‘,?ﬁn&ﬁﬁﬁ(ts' I xtures765 wei ght % sl urry)

encoqnler ef. il t he preseny invention can be nonitored:

by ai;. %ggventlonal pHosepai tive el ectrode. 24 WO

2007 7PCT/ US2007/ (06831 To measure

brig & agpy ? povvdero'lﬂ?'éeri als pressed into a

smoof® g pel | et ;.were eval uated using a

Tech#'& Fght met er [.lBC. This instrunent has a

dual SH&% i cal syst ere the sanple is .

i || uAbmEY®d at an angl 45, and the reflected

| i ghsweateniggpesat 0. |t cGriforns to TAPPI test nethods

T452celodngeessts and ASTNISt andard D985. Powder ed

mat efleedringagentpr essed t9-bout a 1 cmpellet with

enouglespvaideure to gi velab pel l et surface that i$

snmoot h and wi thout | oose particles or gloss.

Tn addition, as noted above, the inventive abrasive could be used m conjunc;tion
with oﬁle;r abrasive materjals, such as precipitated silica, silica gel, dtcalcmm phosphate,
dicalcium phosphate dihydrate, calcium metasilicate, calcium pyrophosphate, alumina,
calcined alumina, alununum silicate, precipitated and ground calcium carbonate, chalk,
Benionite, particulate thermosetting resins and other suitable abrasive materials known to

a person of ordinary'skill in the art.
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The Radi oactive Dentin Abrasion (RDA) val ues of
dentifrices containing the silica conpositions used
in this invention are determ ned according to the
met hod set forth by Hefferen, Journal of De
WOYIAIRUst 1976, 55 (4), pp. 563-573, and HosHimoss
in Wason U.S. Pat Nos. 4, 340,583, 4,420,312 and
4,421,527, which publications and patents are
incorporated herein by reference. - The cleaning
property of dentifrice conpositions is typically -
expressed in terns of Pellicle Ceaning Ratio ("PCR")
val U85l EBhIagsé cstRAsHent theldeatifiios hiay glsofoontain one oF
dentlprlce conposition to renove pellicle fllmglroma
t oot h. under, fi. Ishigagblegiidih iricipagenkh mchRORhumsetants,
morﬁ?%é?ﬁ?%%hﬁklﬁg%n itro Renoval .of.Stain Wth N
- Dentifrice" a,K Sto &lhd Yickenihe aBB, ghlsdasnetingd,
S‘i’eei%@@}rkaf@%??ﬂ%’é’fvﬁﬁspﬁséﬁﬁ ROA T 6SuUrt S vary dependi ng
upon the nature . CcO ation of the conponents
knovgy a&m@%ﬁt@?’ﬂréég’g%oggg@%%n. PCR and RDA val ues are

unitless. WD 2007/ 11187/PCT o : el hed
EnHuueptanfs seryt toradd DPRY Bht %‘ﬁ“ %%991‘% %%?ﬁ%ﬁg ot

: materi al s were prepared by nt.i al i [
preveithng)theddnitifiice fafmp fryingAyt- %ai%“ﬁwc%é%%{h%ﬁ%ﬁ%ﬂé’ﬂﬁ”
addi ng thereto sufficient anounts qf reactants .
glycbidana ear@t;eoﬁqiiferameuolgwlare&el&le}%pswe _ n%@%%"irnﬁriyée"’mgly"m“’
siml taneously with the initially pr oducedlbﬂeér fl’%rt as
eryﬂgﬁbl; ki lite], Sarbizel] mkdnitoHectitolpantt hydroggeated Larcly R¥H8 %85’
y

the quantity of reactants in the first stage |I28
welllal Goi RAERURE t1Rbe ErgRupls. Typitalievdleef Humeelons At 1 2BgMt
the quantity of reactants in the second stage. The
wivSth G 408w9S o d Bothh ke camiitioh. i s control |l ed by the
anmount of gel first produced as related to the aimymtast
- of qprecipl Siddi 16 fhe 1B5thpRE corgposition td inupart a pleasing taste
pa.5§'ﬁg&%g$f§?“3§$’gﬁ&%é§ ten%era ure, rates,
" .concentratj ons H Qb (28 Soddind Gpodassithn or calcium
to rpé%f"é’F ﬁ.g{ag{éls*@%gf\iﬁg?ﬂ%m[z ¢ The inventive .
exanple_ initially.invol veﬁi ! OV S0 BoeRif1 £ 46, thaumatin,
sacchprigy ¢yQamae @@oagé@lwgﬁa?l ca{;5 gc@%gl\'véhslﬁ%)g was added
11. 4% sul furic acid at a rat 1 1!.;’3“'4: fvaloRs, RiéBse,
neoliisperidimdihydrachalgong, W?@?&ﬁ&%}?&’go Wi %éﬁl n a
reactor. The resultant silica gel-containing slurry
mannase, blwkplubesgt ed up to 93C for 53 minutes thereafter.
Subsequently, 13 mnutes into the heating st etFmaliye%
s heafactanesmretsed 60 thel commositipns ok the presenb ueiondp Jiry
(gel) was started and continued throughoyt the .
compBSBbRSRcredbshbtically acqeptably: SHueurfstent impralsrablyg dgicrsive
m nut es- conpl eted, 30 kilograns of dry weight of . bi
matéllfzjﬂfxﬂfi&fmﬁfa}tg td ¢ JoMpbditie djtensive anhamingeaparties. fttable
gel slurry. Thereafter, sinultaneous sulfuric ac_tltd_ .
| LR Sidldeatv aAsistints shanivasc, satmntopubnipin, Zwitterionic,
Smilg%?[r‘tgg%c |O§Hldof both to the reactor to initiate the
reci pi t.at] 7 hSRdbdimnSintriysatfete pdoditfin dddgcyl
amhgfrsfion BHHeBi ity O i

tenmperature of 85C) was added at
339 | jters/mnut n e &y Rfrc6kifatd, idifistoyl
beﬂ%‘?ﬂﬁ’é&ﬁ?ﬁ’a&?ﬂaﬂ%‘;} Wé%lqﬁr%?’?%‘lducega?ﬂgtéﬂﬁrgy . ‘

sarcosinate, palmitoy} sarcosinate, stearoyl sarcosinate and oleoyl sarcosinate,,

polyoxyethylene sorbitan monostearate, isostearate and laurate, sodium lauryl
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WO 2007/ 111877PCT/ US2007/ 006881 191.3 |iters/ m nute.
The silicate was added for a duration of 48 m nutes.
The acid was added until the pH of the resultant _
slurry was dropped to 7.0. At that point, th ' '

WO 280/ MBS 7 r educed to 110 liters/minute unti|P?ﬁ§%%&”““$“
was between 5.3 and 5.5, at which point acid addition
was stopped. The resultant conposition was then
allowed to digest for another 10 minutes at 93C. The
resultant slurry was then recovered by filtration,
washed to a sodium sul fate concentration of |ess than

sulfa%?eg%{tg,rlg%{%é‘gfgg%%\[}v Yhel s88iSm! Pfssitin, and ethamctamine salts of N-

99 as determined by nonitoring the
e NS e R e e
phenalppocpmarorm ot [V P e S bete A
ike i gyt st S arepReP e B sypARER) BRIRY fresent i
tho ahcare dosTposkSaBR PIBe PrFHEL RSB g EADIL of ok TR0 o

results: WD 2007/ 111877PCT/ US2007/ 006881 T 0.3 %
15%Nit veei platl pﬂéfqygidy abat og%arﬁﬁp@:t %%by wmggg suc%x as'%%hfaﬁbut 3%

to about 2%, by weight. N
| Flavoﬁng agents optionally can be addéd to dentifiice c_:ompositions. Suitable
flavoring agents include, but are not limited to, oil of winte_rgr_een, oil of peppermint, oil
of spearmint, oil of sassafras, and oil of clove, cinnamon, anethole, menthol, thymol,
e;xgenol, eucalyptol, lemon, orangé a_nd other such flavor compounds to add fruit notes,
spice notes, etc. These flavoring égenté conéist chemically of mixtures of aldehydes,
ketones, esters, phenols, acids, and .aliphatic, aromatic and other alcohols.
Colorants may be a&dad to improve the aesthetic appearance of the product.
Suitable colorants are selected from colorants approved by appropriate regulatory bodies
"such as the FDA and those listed in the European Food and Pharmaceutical Directives
and include pigments, such as TiO, and colors such as FD&C and D&C dyes.
Thickening agents are useful in the dentifrice compositions of the present
invention to provide a gelatinous sh'uétme that stabilizes the toothpaste against phase
separation. Suitabie thickening agents include silica thickener; starch; glycerite of starch;
gums such as gum karaya (sterculia gum), gum tragacanth, gum arabic, gum ghatti, gum
acacia, xanthan gum, guar gum and cellulose gum; magnesium aluminum silicate

(Veegum); carrageenan; sodium alginate; agar-agar; pectin; gelatin; cellulose compounds
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Conp. % nmoisture 3.4 4.1 %LA 2.9 2.8 ¢

WO 2607/111877 ' PCT/US2007/006881

such as celiulose carboxymethyl cellulose, hydroxyethyl celiulose hydroxypropyl
cellulose, hydroxymethyl cellulose, hydroxymethyl carboxypropyl ceflulose, methyl
cellulose, ethyl cellulose and sulfatcd cellulose; natural and synthenc clays such as
bhectorite clays; as well as mixtures of these compounds. Typica‘l tevels.of thickening
agents or binders are from about 0 wt% to about 15 wt¥% of a toothpaste composition.
Therapeutic agents are optionally used m the compositions of the pﬁeent
invention té provide for the preveation and treatment of dental caries, periodontal disease
‘ éndrtemperature seﬂsiﬁvity. Examples of therapeutic agents, without intending to be
limiting, are fluoride sources, such as sodium fluoride, sodium mcnoﬂuorophosphaté,
potassium monoﬂuorophosphate stannous fluoride, potassium fluoride, sodium
fluorosilicate, ammoniu:m fluorosilicate and the like; condensed phosphates such as -
tetrasodium pyrophosphate, tetrapotassivm pyrophosphate, disodium diydrogen
- pyrophosphate, trisodium monohydrogen pyrophosphate; tripolyphosphates,
hexametaphosphates, trimetaphosphates and pyrophosphates, such as ; antimicrobial
agents such as triclosan, bisguanides, such as alexidine, chlorhexidine and chlorhexidine
gluconate; enzymes such as papain, bromelain, glucoamylase, amylase, dextranase,
mutanase, lipases, pectinase, tannase, and proteases; quarternary ammonium corﬁpounds,
such.as benzalkonium chloride (BZK), benzethonium chloride (BZT), cetylpyridinium
chloride (C]E"C), and domiphen bromide; metal salts, such as zinc citrate, zinc chloride,
and stannous fluoride; sanguinaria extract and sanguinarine; volatile oils, such as
cucalyptol, menthol, thymol, and methyl salicylate; amine fluorides; peroxides and thg
like. 'Iherépeutic agents may be used in dentifrice formulations singly or in combination

at a therapeutically safe and effective level.
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7.21 Brightness (technidyne) 96 94.6 Average Particle
Size, ism Median Particle Size 9.64 935 (Horiba)

WO 2007/111877 PCT/US2007/006881

Preservatives may also be optionally added to the compositions of the present
invention to prevent bactenal growth. Suitable preservatwes approved for use in oral
composmons such as methylparaben, propylparaben and sodlum benzoate may be added
in safe and effective amounts.

The‘ dentifrices disclosed herein may also a variety of additional ingredients such '
Cas d&eensmzmg agents, healing agents, other caries preventatwe agents |
chelatmg/sequestenng agents wtamms, amino acids, protems, other antl-plaque/antl-
calculus agents, opacifiers, anubmtlcs, anti-enzymies, enzymes, pH control agents,
oxidizing agents, antioxidants, and the like |

| Water prqvid;es the balance of the composition in addition to the additives
mentioned. The water is preferably deionized and fiee of impurities. The dentifrice will
usually comprise from about 20 wt% to about 35 wt% of water.

Useful siiica thickeners for utilization within such a toothpaste formulation
include, as a non-limiting example, an amorphous ﬁrecipitated silica such as
ZE&)DENT@ 165 silica. Other preferred (though non-limiting) silica thickeﬁers are
ZEODEﬁT@ 163 and/or 167 and ZEOFREE®153, 177, and/or 265 silicés, all available

from J. M. Huber Corporation; Havre de Grace Md., US.A.

For purposeé of this invention, a "dentifrice™ has the meaning defined in Oral |
Hygiene Products and Practice, Morton Pader, Consumer Science and Technology Series,
Vol. 6, Marcel Dekker, NY 1988, p. 200, which is incorporated herein by reference.
Namely, a "dentifrice” 1s "...a substaﬁce'used with a toothbrush to clean the accessible
surfaces of the teeth. Dentifrices are primarily composed of watef, detergent, humectant,

binder, flavoring agents, and a finely powdered abrasive as the principal ingredient .. . a
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Mean Particle Size (Horiba) 10.95 10.64 Einl ehner
Abrasion (ng | oss/ 100,000 rev) 3.53 6.17 O
Absorption (cc/100g) 105 99

WO 2007/111877 © PCT/US2007/006881

dentifrice is conmdered to be an abraswe-contauung dosage form for dehvenng anti-
. caries agents to the teeth J Denufnce formulatxons contain 1ngred1ents whlch must be
dissolved prior to mcorporahon into the dentifnce formulation (e g. anti-caries agents

such as sodium fluoride, sodtum phosphates, flavonng agents such as saccharin).

The various silica and foothpaste (dentifrice) propesties described herein were

mossured as follows, waless indicated ohervise, |

 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 Einlefmer AT-1000
Abrader genéraliy used as follows: (1) a Fourdrinier brass wite screen is weighed and
exposed to the action of a 10% aqueous silica suspensmn for a fixed. length of time; (2)
the amount of abrasion is then deterrmned as milligrams brass iost from the Fourdnmer
wire sc;een per 100,000 revolutions. The result, measured in vnits of mg loss, can be
characterized as the 10% brass Einlehner (BE) abrasion value.

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

value was done -as follows:
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A brightness of at least 95.5 is a significant

i nprovenent over the conparative type and is thus the
| ow end of the brightness |evel of the inventive
materials. Dentifrice Formul ati ons Toot hpaste
WA ons were prepared using the above- cpéﬁ'éqqz%og@oaszn
gel /precipitated silica exanple and conparative

exanpl e to denonstrate the ready-to-use on denand
capabilities of the inventive conpositions w thout
furthering nmetering of the two conponents for optinum
dental protection benefits. To prepare the
' dentifrices, the glycerin, sodium carboxynet hyl

oil 8ebiwbese. pal yeikkwbeae gl ycol  ahdoGor bitol were

~ - mxed toget hggigang siich,'ge@fls unt il the ingredients were
di ssolved to forma first adm xture. The dei oni zed

water, sadi U} Sl AR g4 siticat rasodi um pyr ophosphat e and
sodi um saccharin were al so m xed together and stirred
until these ingredients are dissolved to forma

dm xt } -b .
ol il gD ed Min gAML DIV A G or
| . dd i t.h ti i i n q X"
R O AT

LI and silica thickener, abrasive silica and
Boothvtyan Pensvddd-de were ni xed in without vacuum A
30-i nch vacuum was drawn and the .result _n%.adm' Xjyre
weiheb RS mestrrovidugfitbsiniartivesilios ismpasied utiligng p }).S.
sodium lauryl sulfate and flavor were, added .and tpe. o
Standeid Sitver No.\3aS, veith 44 mitremer QPP Lirrheneaings Glaiplaissisel ire
a reduced m xi ng speed. The resultant dentjfrice was
clothyneéighingd 10.0 gpirastnipe kathiemgassstilobermpdatp éha iped T kjquart
stored for future testing. The dentifrice o
 HarfiR5A Ak M1 196, S0Pk appraxtiatelp] Wehlon distiled or deionized
dentifrice fornmulation utilized was consi dered a '
watecf;éhg @?Jﬁ%&ﬁéélm%%} hif Ikt § thial Trdnafei tha nfitioretdne tha 3RS sws
of dete

( . ni ng "PCR and. RDA measur enent s for t he )
s 5 Y OB 1 ST Gt sl 20

‘and Elgrray l a(t:tiyoo% screen for two minutes. (Spray head should be held about four to

six inches above the screen cloth. Wash the resid;ae to one side of the screen a.nd transfer
by washing into an evaporating dish using distilled or deionized water from a washing
bottle. Let stand for two to three minutes and decant the clear water. Dry (convection
oven @ 150°C or under infrared oven for approx. 15 min.) cooi and weigh residue on
analytical balance. |

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

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

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

present invention can be monitored by any conventional pH sensitive elecirode.

24



Conparative Formulation Gycerin (99.5%, %11 11
Sorbitol (70%, % 40 Deionized water, OA;ZO 20

WO 2007/111877 PCT/US2007/006881

_ To measure brightness, fine powder materials pressed into a smooth surfaced '
pcllet were evaluated usmg a 'I‘echmdyne Bnghtmeter S 5/BC This instrument bas a
dual beam optlcal system where the sarnple is 111mnmated at an angle of 45°, and the
reflected light wewed at 0°. It conforms to TAPPI test methods T452 and T646 and
ASTM Standard D985. Powdered materials are pressed to abouta 1 cm pellet w1t11
: enough. pressure to give a pellet surface that is smooth and without loose particles or
gloss. |

" The Radioactive Dentiﬁ Abrasion (RDA) vaIueé of dentifrices containing the

silica compositions used in this invention are determined according to the method set
" forth by Hefferen, Journal of Dental Res., July-August 1976, 55 (4), pp. 563-573, and
described in Wason US. Pat. Nos. 4,340,583, 4,420,312 and 4,421,527, which
publications and patents are incorporated herein by reference.

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

composition. PCR and RDA values are unitless.



CARJ30WAX(r) 6001, % CEKOLO 500T M2, % 1.2 1.2
getzrggodl um pyrophosphate 0.5 0.5 Sodi um Saccharin, %

WO 2007/111877 PCT/UGS2007/006881

Preferred Embodiments of the Invention

The 1nvent1ve materials were prepared by sequentlaiiy forming (ir sztu) a first
| silica gel (or gel-like matenal) and addmg thereto sufficient amounts of reactants to form
" a precipitated silica oomponent present simultaneously with the initially produced gel (or
- gel- hke matenal) The amount of gel is controlled by the qua:nttty of reactants in the first
stage while the amount of prcclpltated s1hca is controllad by the quantity of reactants in
the second stage. The structure of the final product is coni_:roll‘ed by the amount of gel
first produced as related fo the amount of precipitated silica, as well as reaction

parameters, such as temperature, rates, concentrations, pH, and so forth, as discussed in

greater detail above.

EXAMPLE

The inventive example initially involved the provision of 8140 liters of 6.0%
sodium silicate to which was added 11.4% sulfuric acid at a rate of 191.3 liters/minute for
8 minutes at a temperature of 50°C within a reactor. The resultant s111ca gel-containing
slurry was then heated up to 93°C for 53 minutes thereafter. Subseqﬁe;itly, 13 'I_ninutes
into the heating step; high shear flow of 3000 liters/minute of reactor shurry (gel) was
started and continued throughout the remsinder of the example production. After the 53
rninutes completed, 30 kilograms of dry wei gﬁt of sulfuric acid (243.8 liters) was then
added to the gel shurry. Thereafter, simultaneous sulﬁiric acid and sodium silicate
addition was started with introduction of both to the reactor to initiate the precipitation
step. The sodium silicate of 16.21 % concentration (at a temperature of 85°C) was added

at 339 liters/minute and dilute sulfuric acid (11.4% concentration) was introduced at
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Sodi um Fl uoride, % 0.243 0.243 Silica thick

: : : ener
Zeodent<g) 1653, % 1.5 1.5 Exanpl e abrasive, % 20
Conp. Exanpl e abrasive, % 20 :

WO 2007/111877 : ‘ . PCT/US2007/006881 -

191 3 liters/minute. The silicaie was added for a duration of 48 minutes. The :;mid was
added untll the pH of the resultant slury was dropped to 7.0. At that point, the acid flow
was reduced to 110 Jiters/minute until the pH was between 5.3 and 5.5, at which point -
acid addition was stopped. The res‘ultant composition was then allowed to digest for
another 10 minuteé at 93°C. The resultant _slurry waé then recovered by filtration,

" washed fo a sodium sulfate concentration of less than about 5% (preferébly less than 4%,
and most preferably below 2%) as determined By monitoring the filrate conductivity and |

then spray dried to a level of about 5% moisture. The dried product was then mzlled to

upniform size.

_ COMPARATIVE EXAMPLE
- The same basic method as above was followed, except that no high shear

conditions after gel formation were utilized.

Certain propertles of the resultant materials from the Example and Comparative

Example were then measured. The followmg table shows those results:
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TIC 2, %0.5 0.5 Sodium!anyl sulfate, ",14) 1.2 12

Flavor, % 0.65 0.65 A polyethylene glycol available
froLn Dow Chem cal Conpany, an 2 A

car box rnet hyl cel l ul ose available from CPI SR
WRANWEH3The Net her | ands Geil sriocsst
-anmor phous, precipitated high structure si I i ca

t hi ckening avail able fromJ. M Huber Corporation,

Havre de Gace, M .

"TABLE 1
7 Mﬁté:fial Properties

E_Xémple . Ex Comp.r

% moisture 34 41

% LOI 2.9 2.8
. % 325 Mesh Residue 0 0

5% pH ' 70 121

Brightness (technidyne) 96 94.6

Average Particle Size, pm

_l\(ﬁidrllzf;)Parucle Size 9064 935

Mean Particle Size (Honba) 1095 10.64

e Oy 353 617

Oil Absorption (cc/100g) 105 99

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

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

" Dentifrice Formulations

Toothpaste formulations were prepared using the above-described ge]]pfecipitated '
silica example and comparative example to demonstrate the ready-to-use on demand
capabiliti&é of the inventive compositions without furthering metering of the two

- components for optimum dental protection benefits.
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The dentifrice formul ati ons prepared above were

eval uated for PCR and RDA properties, according to

thleI nmet hoﬂs ggsécri bed above; the neasurenents, as

we as the - RDA ratios for each dentifri
WO I on are provided in Table 3 bel ow. “P@“SZ{MWOGSSI
2007/ 111877PCT/ US2007/ 006881 TABLE 3 Exanpl e

For mul ati on Conparative Formrul ati on PCR 85 87

To prepare the denﬁfrices, the glycerin, sodium carboxymethyl cellulose,
polyethylcne glycol and sarbltoi were mixed together and stirred until the mgredlents
were dlssolved to form a ﬁrst admtxture The deionized water, sodium ﬂuonde
tetrasodium pj_,rropl_mSphate and sodium saccharin were also mixed together and surred
-untii these ingfedients are dissolved to form a Secon& admixt'ure. These two admixtures
were th_eﬁ combined with stirring. Thereafter, the opﬁonal color was added with stirring
to obtain a “pre-mix”. The pre-mix was placed in a Ross mixer (Mode] 130 LbM) and
silica thickener, abrasive silica and titanium dioxide were mixed m without vacuum, A
30-in¢h vacuum was drawn and the resultant admixhire was stirred for,approximate’ly 15
minutes. Lastly, sodium lauryl sulfate and ﬂavér were added and the admix@ré was
stirred for appmxﬁnately 5 mmutes ata redﬁced mixing speed. The resultant dentifrice
was transferred to plastic laminate toothpaste tubes and stored for future testing. The |
dentifrice férmulations are given in Table 2 below. The dentiﬁ‘ice formulation Vuti]ized
was considered a suitable test dentifrice formulation for the purposes of determining PCR

and RDA measurements for the inventive and comparative cleaning abrasives.
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RDA 88 113 PCR/ 0.97 0.77 RDA The results
show highly effective cleaning capabilities with
relatively |l ow dentin abrasion properties for both
exanpl es, but much pronounced i nprovenent i

Wion?\%rmﬁ]tlilvg exanple in terns of |owered RDA vm'ri)t(:wlj&\%é[r)ﬂyoqﬁss}l
low ratio of PCRRRDA. Aratio of as close to 1.0 is
preferred; thus, above 0.8 is desired, with above

0.85 nore preferred, above 0.90 still nore preferred,
and above 0.95 nost preferred. Wil e the
invention wll be described and disclosed in

connection with certain praaiues enbodi nents and
practices, it is in no way intended to linmt the

MMVENTi Of ERaddl@SPC&RREvE ¢ enbodi ments, rather it is
i nt endedl?&zﬂﬁﬁu&i BenhuldbenNt structures structural

Glyem val ents and a | aLt ernative enbodi nents and

(998ugliski caji ons as pay © defined by the scope of the

SorBiRPERSH T [ CT aups ahd engi vak ence thereto.

% - . .

Deionized 20 20

water, %

CARBOWAX® 3 3

600", % : -

CEKOL® 500T 12 12

CMC*, % -

.| pyrophosphate

Sodinm 0.2 0.2

Saccharin, % 5 .

Sodium 0.24

Fhuoride, % ) 0.243

Silica thickener 15 _

Zeodent® 165°, o 1.5

% ' '

Example 20

abrasive, %

Comp. Example 20

abrasive, % _

TiOs, % 0.5 0.5

Sodium lauryl 1.2 12

sulfate, %

Flavor, % 065 0.65

T7A polyethylene alycol available from Dow Chemical Company, Midland, MI

2 A carboxymethyleellnlose available from CPKelco Oy, Arnhem, The
Netherlands

* An amorphous, precipitated high structure silica thickening available from J.M.
Huber Corporation, Havre de Grace, MD

The dentifrice formulations prepare& above were evaluated for PCR and RDA
properties, according to the methods described above; the measurefnents, as well as the

PCR:RDA ratios for each dentifrice formulation are provided in Table 3 below.
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CLAIMS 1. A dentifrice conprising an in situ produced
gel /' precipitate conbination produced by the steps of
a) adm xing a sufficient amount of an al kali
ilicate and an acidul ati ng agent together t
WQ%OP%WEE%I conposi ti on; b) subsequentli’%trjr]c;)d%EW-”%068{gl
silica gel conposition formation, treating the
resul tant conposition under high shear conditions;
and - . c) sinultaneously introducing to said
silica gel conposition of step "b" a sufficient
anount of an alkali silicate and an acidul ati ng agent
to forma precipitated silTABLEthereby producing a
precipitate/gel silica conbination, wherein the
silica gaxemplouUnt pRES Jehereln is from5 to 85% by
vol unme @broiuirtion ot al gm pitate silica
conbi nation. 2. The nt|fr|ce of Aaim1l further
PCRONPri si ng 88n abrasi ve 8¢onponent different fromsaid
Rﬂé{l situ preguced gel /p{gcipitate silica combination.
3. Adentifrice conprising an in situ produced
| / preci pqsfat e silicad@onbi nati on produced by the
eps of: a) adm xing a sufficient anmount of
an alkali silicate and an acidulafing agent together

f Lo iliti ativ W |
SR S GBS Py o e

ab r%sg}e‘grlfv;e%gés Sﬁl{ﬂ%ﬁgyltagn% es, Bt o pror%[&négaqﬁﬁrot}le&@nﬁﬂﬂ?é

inventive example in terms of lowered RDA with very low ratio of PCR/RDA. A ratio

of as close to 1.0 is preferred; thus, above 0.8 is desired, with above 0.85 more preferred,

above 0.90 still more preferred, and above 0.95 most pref_errcd.

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

scopé of the appended claims and Qquivalence thereto.
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c) simultaneously introducing to said silica ge
conposition of step "b" a sufficient anount of an
alkali silicate and an acidul ating agent to forma
precipitated silica, thereby producing a

preci pitate/gel silica conbination, wherein said .
conbination is in the formof particles exhibiting a
nmedi an particle size range of from3 to 20 m crons.

- 4. The dentifrice of O aigpgMgrther conprising an
abrasi ve conponent different fromsaid in situ
produced gel/precipitate silica conbination. 5. A

1. d€ Bénitifrick C@BRINR h 54 sitg p@dbuckd pedpetipiic@dbadtion produced by the steps

fgel/precipitate silica conbinati on produced by the
Steps of: a) adm xing a sufficient anmount of

an a) kdéhiking b kifcitie aantht afanatikaid siliatd and amgpidutatihpgpetthegether to

ok form.a silica gel conposition; b)

~ form3 silica gel Composition;

%seqﬁ nt X6 s ca gel conposition formtion
t r ed) subgequére ta sisna lgelanmpestiop Gentticortrataishe fesudgnt sbrepsition
1meﬁﬂghh{9 &@Qg‘ml c) -simul taneously introducing
dsiT'ca geF conposition of step "b" -a
suf £} @n@h@neaﬁbumodg@n&m szifl kihdai gebjompesfton of pieb ‘i a sufficient
am@ﬁ'lt gPAnaaﬁﬂaﬁ %ln@a@@ﬁh ah 9(:1&@2[1;@; i {5 %rﬁ' tp?écﬁ)ﬂat%dl élfl(ﬁ,athereby
her eby produci.ng a pr.eci pi ate/ge silica

PTC@@‘WEE Fediiiate/spkrdlica icomipasipn." 9" i s perforned at a

whEx%fﬁRﬁ‘er AlcH L& REtWSREenf e ds 19&1@5 andeyhiBlRInR o 1ol | ca

amount ‘present thereinis from5'to 85% by vol une

gdg?“ﬂﬁ@mﬁ@FHP”G§WW%¥eC|pltate silica conbination. 6.
The dentifrice of CGaim5 further conprising an

a sive c onent different fromsaid in tu
2. e ekt e g EBipricpeTEiaen x-SR G eront from said

situ produced gel/precipitate silica combination.
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- 3. A dentifrice comprising an ir situ produced gel/precipitate silica combination produced by the

steps of: _
a) admixing a sufficient amount of an alkali silicate and an acidulating agent together to

form a silica gel composition;
b} subsequent to silica gel composition formation, treating the resultant composition

- under high shear conditions; and _
¢) simultaneously introducing to said silica gel composition of step “b” a sufficient
_amount of an alkali silicate-and an acidulating agent to form a precipitated silica, thereby
producing a precipitate/gel silica comﬁination, -
wherein said combination is in the form of particles exhibiting a median particle size range of

~ from. 3 to 20 microns.

4. The dentifrice of Claim 3 further compfising an abrasive component different from said in situ

produced gel/precipitate silica combination.

"5 A dentifrice compnsmg an in situ produced gel/prec1p1tate silica combmatlon produced by

- the steps of: ‘ 7 .
' a) achnixing a sufficient amount of an alkali silicate and an acidulating agent together to

form a silica gel composition; _ 7 _

_ b) subsequent to silica gel composition formation, treating the resultant composition
| under high shear conditions; and '
c) s1multaneously introducing to said silica gel composition of step “b” a sufficient

a.mount of an alkali silicate and an ac1dulat1ng agent to form a precipitated sﬂ1ca, thereby

producing a precipitate/gel sxhca combination, f

wherein step “a” is performed at a temperature between 40 and 90°C and
wherein the silica gel amount present therein is from 5 to 85% by volume of the total

gel/precipitate silica combination.

6. The dentifrice of Claim 5 further comprising an abrasive component different from said in situ

produced gel/precipitate silica combination.
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