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DENTRI FICES Field of the Invention This invention
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silica conposite materials for such a purpose,
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a unique method for making such gel/precipitated silica composite materials for such a
purpose, particularly under high shear conditions, as well as the different materials within.

the structure ranges descﬁbed above and dentifrices comprising such.

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

abrasive material maximizes pellicle film removal while causing minimal abrasion and



the dentifrice is highly sensitive to the extent of
abrasi on caused by the abrasive ingredient.
Conventional ly, the abrasive cleaning naterial has
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tifrice conpositions, or via redi spersions of
flowabl e dry powder forns of the polishing agent
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dentifrice. Also, and nore recently, slurry forns of
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storage, transport, and introduction within target
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Synthetic silicas (of higher strﬁcture) have also been utilized as thickening agents
for dentifrices and other like paste materials in order to supplement and modify the
rheological properties for improved control, such as viscosity build, staﬁd up, brush sag,
and the like. For toothpaste formulations, for example, there is a need to provide\a stable
paste that can meet a number of consumer requirements, including, and without
limitation, the ability to be transferred out of a container (such as a tube) via pressure
(i.e., squeezing of the tube) as a diﬁxensionally stable ;Jaste and to return to its previous
state upon removal of such pressure, the ability to be transferred in such a manner to a

brushhead easily and without flow out of the tube during and after such transference, the



propensity to remain dinensionally stable on the

brush prior to use and when applied to target teeth
prior to brushing, and the exhibiting of proper
wiPbigs; for aesthetic purposes, at |east, pépisdoltfoossss
benefit of the user. Cenerally, dentifrices conprise

a mpjority of a hunmectant (such as sorbitol

gl ycerin, polyethylene glycol, and the like) in order

to permit proper contact with target dental

subj ects, an abrasive (such as precipitated silica)

for proper cleaning and abradin of .the subject A
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high priority within the dentifrice industry, the ability to reduce the number of such

components, or attémpt to provide certain components that mest at least two of these
needed properties could potentially reduce formulation complexity, not to mention
potentially reducing the overall manufacturing costs.

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

calcium carbonate (PCC). Other abrasive polishing agents for dentifrices have included
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carbonate, dical cium phosphate and its dihydrate
forms, calcium pyrophosphate, zirconiumsilicate,
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ti1cal ci um phosphate, perlite, and the like.
Synt heti cal | y-produced precipitated | ow structure
silicas, in particular, have been wused as abrasive
conmponents in dentifrice fornmulations due to their
cleaning ability, relative safeness, and
conpatibility with typical dentifrice ingredients,
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such characteristics in the past has been limted
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mixture by filtering, washing, and drying 'procedures, and then the dried product is

mechanically comminuted in order to provide a suitable particle size and size
distribution,

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

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

controlling the structures of the individual components utilized for such purposes.
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nodi fications in precipitated silica structures for

such dentifrice purposes are described in the alt
Wi Jot Ay §4ch publications as U S. Pat. Nos. 3[)(916&525@]&)06833
3, 98é 162, 4,420,312, and 4,122,161 to Wason, S.

Pat. Nos. 4,992,251 and 5, 035 879 to Al dcroft et

al., US Pat. No. 5,098,695 to Newton et al., and

U S. Pat. Nos. 5,891,421 and 5,419,888 to MG I et

al, Mddifications in silica gels have al so been
described within such publications as U S. Pat. Nos.
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jal. in different anbunts with other lik
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resultant |evels of such cl eaning and abrasion
DeWalfaHiet ali,d4.8cBat. No. 4 biaptifs et Seybért and 46 Bat. Na. 3158 8,830, to
attenpts have been undertaken to provi de various
Padenbi aba tSudm disclbsures feachdmpravepentintsuttosities maigrial$ in order to
different levels. Such silica conbinations involving
ingortinsedsedpalicie filinfdaaning@aprity aad fedattions ndahtia ABkibh tevels
surface areas are disclosed in U S. Pat. No.

fod dénfifsiedlenetie. Kfulcher, tesSGPRAl lﬁfpr@Jm@hss ladlé 33 amy to deliver
No. 4,618,488 to Macyarea et al.
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silicas to permit targeting of different levels. Such silica combinations involving
compositions of differing particle sizes and specific surface areas are disclosed in U.S.
Pat. No. 3,577,521. to Karlheinz Scheller et al., U.S. Pat. No. 4,618,488 to Macyarea et
al., U.S, Pat. No. 5,124,143 to Muhlemann, and U.S. Pat. No. 4,632,826 to Ploger et al.
Such resultant dentifrices, however, fail to provide desired levels of abrasion and high
pellicle cleaning simultaneously.

Another attempt has been made to provide physical mixtures of precipitated

silicas of certain structures with silica gels, notably within U.S. Pat. 5,658,553 to Rice. It

is generally accepted that silica gels exhibit edges, and thus theoretically exhibit the



is generally accepted that silica gels exhibit edges,
and thus theoretically exhibit the 5 WO 2007/ 111867

PCT/ US2007/ 006835 ability to abrade surfaces to a
WS fRb/prisdegree, than precipitated silicas, epyepuiBWossss
structured types. Thus, the blend of such materials
together within this patent provided, at that tine,
an inprovenent in terns of controlled but higher
| evel s of abrasiveness coupled with greater pellicle
filmcleaning ability than precipitated silicas
al one. In such a disclosure, it is shown that
abilitn loabetde spriacs teagrastdr degréenthan porcinitedd silichs; aveadb®
and precipitated silicas can permt increased PCR
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formulation are S
me}eﬁgf 2 staktTward desirable abrasive characteristics. Furthermore, the requirement to

produce these separate gel and precipitate materials and meter them out for proper target

levels of such characteristics adds costs and process steps to the manufacturing
procedure. A manner of providing the benefits of such combinations, but to a very high
level of pellicle film cleaning and at a relatively low to moderate degree of dentin

abrasion, with simultaneous facilitation of incorporation within dentifrice formulation are

thus unavailable to the industry at this time.



6 The ability to provide | ow dentin abrasive
properties with sinmultaneously high pellicle film

cl eaning capabilities, particularly when the ratio of
such characteristics is | or |ower, has heretofore
been unattained within the dental industry. A ns and
Summary |t has now been found that nodifications in
the processes for producing precipitated silicas can
result in the in situ sinultaneous production of
targeted anounts of silica gels therein,

particularly those in which the final structure of ..
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the alternative, such fornulatidns that exhibit

excel l ent thickening properties as well as desirable

abrasive and cleaning properties through the

i ntroduction of such gnShR@Shafbyy produced, stored,

and introduced additive: Inportantly, as well, is
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dentin abrasion results such that the resultant
genpmated mlirecipitate Hiicanidiedalathab proviscxeallentdeptin abrasion apds
(such as lower structure precipitated silicas, _
pelivdd Blntictembrgduapstibities witdn dbdiflicdsay, i 8ie allaaticn 9% i ce
producer to target certain high |evels of cleaning
forntiththsok BNe bx 1At aadellen elsiskeningpropatidsdi mglltah desirable abrasive and
optim zation of cleaning while providing a larger .
cleaRE Ghdbeies AREASH BB iff b @il (TRudle difimlafly produced, stored, and

or

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

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

optimization of cleaning while providing a larger muargin of abrasion protection to the
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is also believed, without intending to be bound to

any specific scientific theory, that the increased
vAIReugh silica gel within the final conpospéguso7noesss
materials aids in providing narrower particle size

ranges in order to contribute a controlled result of

hi gh cl eani ng and reduced dentin abrasion |evels. As

will be discussed in greater detail below, the

physi cally m xed conbi nati on of such materials (i.e.,
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abr asi on
precipitates of different structures te accord an overall composite exhibiting high

cleaning properties. When produced in situ, such a resultant gel/precipitate material
provides unexpectedly improved properties as compared with dry blends of such
separately produced components, particularly when the production method incorporates
high shear flow subsequent to the initial gel production step. Such high shear conditions
appear to provide ultimate beneficial results in terms of the composite materials abrasive
properties and brightness characteristics. In such a manner, it has been found that

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



8 level is limted, thereby inparting an excellent
cleaning material w thout also inparting too high an
abrasion level to the target dental substrate. Al
parts, percentages and ratios used herein are
expressed by wei ght unless otherw se specified. Al
docunents cited herein are incorporated by reference.
According to a first aspect of the disclosure, there
is provided a gel/precipitate silica conbination,
wherein said conbi nati on exhibits a technidyne
brightness of at l|east 95.5, and, when_incorporated .
1dvial 1@ Linidethirélyyi iopaggpo skedllont dlemning ﬂaﬁFﬁﬂPhtmg Ut 59, HPaTng
wei ght, said dentifrice exhibits an RDA of at nost '
tobAsh 2NEbr iR RRAGLE drka doftalfsubstad. 7 to 1. 0.
According to a second, aspect of the disclosure, there
isp hﬁéﬂaﬂ& AeRetlERslahd kGi0s GMMeiedi 419 exprimsed by weight unless
gel /precipitate conbination as defined above. In one
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iLic i.nat j I : N said
it R TR B P R B 085 o
1.0. According to a fourth aspect of the disclosure, =
t her gcdoslif@rtow kadasl Aapadertihcfdisclosns drpris wonided adentifrice comprising
el /precipitate. combi-natjon as defined above. In one
thg EHE |°W§ﬁ?° I%’él}&go'ril %Srgé?%e\aiaé%g' the gel /precipitate
silica conmbi nation as defined above wherein said .
dentlnfon¢ eebodintentthers isprevalrd RBAelPaTiPgate piligs obTaLPniag defined
abbvOwheASE OF FHleNGit Ooxdiblth § POR:RBIOEES ofPomt NE1oti S AcBSHE10 a third

there i's provided a dentifrice conprising the o
aspst ?fﬁheéhﬁcgis‘ﬂ’att@?f%ﬁ RisVidad 7 demtifries courising the ZBIGRRS Pt coypRination
asaPBRdipRAt there is provided the gel/precipitate

silica conbination as defined

In one embodiment there is provided the gel/precipitate silica combination as déﬁnéd
above wherein said dentifrice exhibits a PCR:RDA ratio of from 0.85 to 1.0. According to a
fourth aspect of the disclosure, there is prévided a dentifrice comprising the gel/precipitate

combination as defined above.

In one embodiment there is provided the gel/precipitate silica combination as defined
above wherein said dentifrice exhibits a PCR:RDA ratio of from 0.9 to 1.0. According to a fifth
aspect of the disclosure, there is provided a dentifrice comprising the gel/precipitate combination

as defined above.

In one embodiment there is provided the gel/precipitate silica combination as defined
above wherein said dentifrice exhibits 2 PCR:RDA ratio of from 0.95 to 1.0. According to a sixth

aspect of the disclosure, there is provided a dentiftice comprising the gel/precipitate combination
as defined above. 7



above wherein said dentifrice exhibits a PCR RDA
~ratio of from0.95 to 1.0. According to a sixth
aspect of the disclosure, there is provided a
dentifrice conprising the get/precipitate conbi nation
as defined above. 9 Accordingly, it is one aimof the
present. disclosure to provide a precipitated silica
and gel silica conposite material providing inproved

pel liyel g fd miclRan Qﬁhé’}irés@ﬁlﬂsclosﬁfé i ﬁ%@i@l@@bz@&bﬁa&f&' gh

correspondl ng I ncrease 1 n en in or enanel abrasion.

0
Sﬂﬁ%wﬁnﬁ 561 0 SlobHE BAERE Do ACHAANE B QUG o
t,e el sil,ca conbin suc
B ub S A i S S T PSS L R o e
thereby permtting the proper ratios of such
aipmef Ge Prgsent dislopare istadevider havgmphalderchd medustion 4 guch
materials, rather than during dentifrice productijon,
eftpptavs pregipitaodiost silips %or@b%wawh@fem@u%lbmﬁ%@ls e Pagiuce
situ generated precipitated/gel silica conposite
sirmdtapeovaly anflér g thepabyipeinyittingsbe propertrifiostif ghchp@Reridloty be
RDA. product silica materials are very high as well.
made dafieh rotiyction b thednatiaiabs mitkerelnmaivriag dasifdcormbddutof. oAlso
producing sinultaneously  silica gels and ,

an RRLSE cfls@foﬁﬁle gid | brﬁﬁﬁe acSRisH, SR RGeS AT he A

sequential steps of a) Admxing a sufficient amount

cor%osﬁ@ ﬁﬁ‘te%ﬁi i %‘l;:i!rrlr]' tgé‘fél @‘I&g aﬁt[h@ﬁiéﬂg’lgg% {lcﬁ% mﬁfoduct silica |

t'oget her tO
COﬁpOSItIOﬂ formati on,

uent..to silij,ca gel

Inm%%gg?ﬁ:dr¥wggﬁ%gﬁptant conposi ti on under high shear

condi tions; c¢) simultaneously introducing to said

si | Aecardgiely. bisidisslopere osompassss e methpt fopprodusinisisigiugmeously

anmount of an alkali silicate and an acidul atjng agent
- siliqagelsanpeecipitater silicas. said ragthedegomprigiag digsegp g 08

precipitate/gel silica conbination. Enconpassed as

‘welal @gmlxmg a sufficient amount of an alkali silicate and an acidulating agent

together to form a silica gel composmon,

_b) subsequent to sﬂica gel composition formation, treating the resultant
composition under high_. shear conditions;

c) simuitaneously introducing to said sﬂica gel composition of step “b”
sufficient amount of an alkali sificate and an acidulating agent to form apreéipitated

silica, thereby producing a precipitate/gel silica combination. Encorﬁpassed as well
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within this disclosure is the product of such a
process wherein the silica gel anount present therein
is from5 to 80% by volune of the total

preci pitated/gel silica resultant sinultaneously
produced conbi nati on. Further enconpassed within this
di scl osure are the conposite materials nade
therefromand dentifrice fornul ati ons conpri sing such
materials as well as the product of the inventive
process noted above. Cenerally, synthetic - ,
precipitated silicas are prepared by adm xi.ng dilute

AlkAh 51 Sl -GS po@lctibisabS: prbckiR vibrebNe Sidpagol pmount

m neral aci él:s under conditions where aggregation to
pfofy Btlei P hofeh | SAIABY OIGEDF tRlbthl rirdpiaell/gd aifica rosultant
PTLery ng-out the precipitated silica. The resulting

sigélgt%ri}eglgstlg faggﬁcseée%éﬁ)lﬁgﬁéﬁ Gyl 'eﬁGmgiﬂ'lged%{ﬁm AR oduR are-

nera as wel I ca gels include
silica_ hydrogel s dr pus .caar StorRREmprising such
t@?@?’&@%ﬁ“ﬁ.}/ﬂatﬁrﬂgﬁc"ﬁw@g}f{ e%? a’g(féo e msg by react .Pﬂfj &
alkali silicate solutjons wi.th stron i or :
mgtegids Yevathas the PrORRL tﬁ%ﬂ&?%’é‘&? Pré’ﬁ%‘*gggﬁeﬁg‘b & newy
formed hydrosol to formthe hydrogel,, The hydr I .
i s tGrearalasethetigprestpiiaisds SreRAIcd Y PP U alkal |
desired materials. As noted above, the_se argte tion
sificapeiohttionnwith ssorsrquacwsiiaems! arids wicoRidgpy yyhore aggregd
- required nmanufacture of -these separate materjials _iand :
toRROREind @ eninogo @i, istimingwod theg divdrg 0wl the prgeipieted silica. The
- incorporation within a dentifrice fornulation in such
redhl 88t B heVi Wiashbhelred esd comtininhed o deplsdsiasi on
l'evel's thereof. To the contrary, the inventive method
forC%n@ﬁh%ﬂ@%ﬂm§ﬂBEQQ&Qh&Eﬂe@Mc§ﬂﬁh0gﬂﬁh9&ma$gﬂ&aﬂDgﬂ&and
permts the producer to target a range of anounts of
Sl ddCRg8L2 L Rid A8 shting alliak BilicRaREINEBASWSstrong acids
e}s. %gga gel?a@rg a@o%fc?ééplﬁf . ? alka ‘ ;

X structures o ecl pitTated conmponents to
i opart the desired .l : ' T th
s R i e
signifjcant . difference.fro Levi ok j .
bopioel s oaet s iy WA EALfFIGR SoeRt Rl T e desred,
O .

1 -
materials.

As noted above, the separate production of such materials has historically
required manufacture of these separate materials, and proper meetering of the two together

during the incorporation within a dentifrice formulation in such a way as to provide the

desired cleaning/abrasion levels thereof,

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

difference from previous physicals mixtures (i.., dry blends) of such materials through
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WO 2007/ 111867 PCT/ US2007/ 006835 separate
i ncorporation. Basically, the novel nethod entails
targeting the anount of silica gel desired and
wiPRefigs! |y selecting certain reaction condidyehsoriodesss
order to generate such a desired |evel during
anor phous precipitated silica production. The
i nventive abrasive conpositions are ready-to-use
additives in the preparation of oral cleaning
conposi tions, such as dentifrices, toothpastes, and
the like, particularly suited as a raw material in a
%,gpgé | Bk lHRIIE tarSetiGP i dnidudt of silica
8 ro %ggg&ggﬁaﬁeﬁg?ﬁﬂggggﬁ?ﬁfgﬁgﬁﬁgg?ionsgﬁkgrein
har . . : ,
oA P SPe iy U R Ak VERE SR T ion 8 GBS0 Bbrate such
er.t gi.n roul ati ons, suck - W limtation,
g R e e A
potential uses,of. such naterials,include.f.ood .
ar r 1 s Bveqtiygabrasiyg APEPORON At TEADF{ORE o7 HENET preparanon
addj tives, personal care additives, laStééﬁ . seularl
oforel Heasing qogpasidions. sueh as derfiippes inetpaties and Hg like, nogioulary
W thout' limtation. Detailed Description of the - .
suitpd @m & rnnmresiabioratopthpasiaonlons preceste FPrberBgr FYFhsilisAs
used in the present invention are in- situ formed
produes Cal ke writiaed ivcappbieatiogsigthérginfshanmed gescand dowerahepsiyeness may -
with other ingredients to prepare oral cleaning
be dexjred; istétoass withwitrl gnitation gfoam lintdbitarsy withini cortaip foimubasions, such
causi ng undue abrasion on tooth surfaces. The

a£ 5Bt Iihitafion WRitdmak: difiviastiiag daerpme.c Aldditiohal tpoeential uses of
abrasi ve and/ or thickening conpositions and rel ated

siFR IR RISho Bk caidRs, AlbbbhAditRes sl dartiéty,QBbmett aditives,
described in nore detail below 11 WD 20071111867
% ' i Al | eutitABadditives,
PG RO T OO 90 M Tt

I nvention are
PSR l;nelt%ﬁglgcordl ng to the

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

present invention are described in more detail below.
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foll owm ng two-stage process with a silica gel being
formed in the first stage and precipitated silica |

formed in the second stage. In this process, an
al kal'i silicate, such-pgs2e07/006835

%,ggﬁsmﬁ%ol ution of an
rumsilicate, is charged into a reactor equi pped

vvlth m xi ng nmeans adequate to ensure a honbgeneous
m xture, and the aqueous sol ution of an al kal i
silicate in the reactor preheated to a tenperature of
bet ween about 40C and about 90C. Preferably, the"
aqueous al kali silicate solution has an al kal i

: Pa¢ducgamidlethpd at i on of approximately 3.0 to 35
wt% preferably fromabout 3.0 to about 25 Wt % and
nmor e%@fiﬁéﬂoﬂ@bs&uéﬂm PrdienBindeitibnalOptepakbd Mcbiding to the

Preferably the al kal i |cate|sasod|um silicate

follbwingawSistage Madsss 'iv%'a%ﬂﬂfa del Qéﬁlé‘ﬁﬁlﬁﬁd In thOAAPRYEe a_ﬂi_tdg

nore particularly from about .5 to about 3. 4.

prﬁtﬁ&&é&sﬂldﬁfforﬁ{eh% theSbddnB@tszeC %ﬁo&g{ 0 {lﬁg{éste%@%tg{e cPf an

is about 10 wt% to 80 wt % of

alHaH Hfb@tebﬁf:? Bs sd 9@%‘:‘ QPQA Yis ﬁfgﬂg%f it G;f Or%%é@ eqPﬁ)g 1 eggtmuouﬁlg

|ums ate

el WAl ik |h§§1'°§%f'g°???s il gty offiog of m ke

S acl

aqueo
chI rlc acid, nitric,. acid, ho oric
Sﬂ%&eg“ YRS B 5 tEenarE "?/"%‘Eﬁt‘i‘"ﬁﬁnu 0*5 and, abpuy 90°C.
' ute solutjon thereof (e.g
P‘eg‘gﬁ@@nt#‘f’ aqyegys %kalbﬁk%eewl%mas Aa talekals slhmte sgnegpfation of
|caII¥ about 9. to 15.0 w ,i is added to the
aPPg?’PP@%é Pép %W%d}rg’@rablxﬁ@@ abiet B0 fo abauiRsl wi%, and more

pr oduced and the pH adjusted to the desired |evel,
pretogaly Somnbowislet tadboutt 1 Bwidhd Pisferabliydhesalkali sikitaiet i @ sodism
stopped and the gel is heated to the batch reaction

ili¢RORER ASHO I
SIEYRD SO SRS A IENYESHYRHOAS, mBRGe ) tom s

npl et ed, roduced silica gel is
152%@%@& 35 Byl R linin oAt 00 TR I ooy dp Wit
romits initial produced form Such high shearing
to 8 Rt thetotad sikigefe upeddn phedaioln Qetiamelly, apehivtrelytepsuchs
- WD 2007/111867 PCT/ US2007/ 006835 increased flow rate
sodigm sulfgtei sabitigndeay hervalded to thegastiominediuni (sificata selution or water).

bl endi ng setting, and
Next, an aqueous acidulating agent or acid, such as sulfuric acid, hydrochloric acid, nitric

acid, phosphoric acid, and so forth (preferably sulfuric acid), added as a dilute sglution
thereof (e.g., ata coﬁcentration of between about 4 to 35 wt %, more typically about 9.0
to 15.0 wt %) is added to the silicate to form a gel. Once the silica gel is produced and the
pH adjusted to the desired Ievel, 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. Itis important to note that after this first stage is completed, the
produced silica gel is subjected to high shear conditions to modify the gel from its initial

produced form. Such high shearing may be performed in any known manner, such as by
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the like. The requirenent of high shear conditioning

is met sinply by the nodification of the gel

conmponent after initial production. Such nodification
w6 2itBasyéAabl e by a reduction in the averageppfitiglfissss
size of the gel material after such high shear

treatnment is undertaken. Preferably, the

nodi fication via high shear conditioning is attained
once the average particle size of the gel conponent

Is reduced at least 5 mcrons. The resultant gel is

ot herwi se not washed, purified, or cleaned, in any
mtreged fawnse oPliquds ddied s phesieid inichg theblediap detting, and
stage. Next, the second stage begins after the ge

th€HiEd, I'THe réiremient ottt Shehh&asMde iswhétRimpIN®y the modification of
simul taneous addition to the reactor of, all while

’tlh@§e1 %&tﬁgéneh?%]f%r E:ﬁﬁﬁifﬂ)i‘édrﬁﬁoﬁ. hGuch SaABtcafibn AlthdastiaBle HE

evel roughout: ( an aqueous sol ution of the sane
Y i . . 00k o

SR DD er RO TR S U ot AR AT by R ca B ment i
unblériicber l%fe?a[b 'tﬁeo bhietaid \f{%f'xtﬂ'é@ s]#egr &J?ﬁ%tfo% 8 attathelonce the
aqueous sol ut1dn berng prehea 0O a tenpetature o

about 65C t.0 ut 100C. The rate.of, aci.dul ati ng
B84 paticie S PG ber amponrnfuseiid flUeRf plipRisy Bho resutant gl
.coptrol the sinultaneous. addjtion pH during the
iy @Weﬁegp&yés%eﬁl@w fedror ohites, HFRY SRS B1AnBSEPTIE Qs e d

to control fwoduct physi cal properties, generally
compsneementof the ecapd sBe®-ch pH provi di ng | ower

structure silica products and relatively |ower .
aver gat, K sebondrstagedeini afertthegrd reagtion empermtuwe 5 ingreased, with
products. In addition to the high shear conditions
tersesdtaneaisadditipn thilgheahraf, alloxdiiledhs shiearatarenaine at the
utilized, and the acid solution addition continues .

substahtiallythe sadclieod] th@ughoueH 19 ao pgquebas doditivaaT thdsute adidulating
to about 9. For purposes of this inventive method,

addAEpiePoiRly BYArAAT2 PaldikbrRHmdunts oThR RGeS SolGBAcontdidng the

aver age pH obtai ned by neasuring the pH | evel every 5

seﬂﬁé’ﬂ?E@iés I NGl da asE BFhPEALE thediqiBlusBIutbAB8ing Petheated to
averaging the total aggregate over total tine

a RhiRARde of bt sRAE/ b 06T e AP 48088 R agent and siticate
additions can be adjusted to contro! the simultaneous addiﬁon pH during the second stage
reaction. This pH control can be used to control product ph&sical properties, generally
with higher average i:eatcl; pH providing lower structure silica products and relatively
lower average batch pH providing higher structure silica products. In addition to the high
shear conditions present already, high shear recirculation may be utilized, and the acid
solution addition continues until the reactor batch pH drops to between about 4 to about
9. For purposes of this inventive method, the term “average batch pH” is intended to
mean the average pH obtained by measuring the pH level every 5 minutes during the

precipitate formation stage and averaging the total aggregate over total time elapsed.
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After the inflows of the acidulating agent and the

al kali silicate are stopped, the reactor batch

all owed to age or "digest” for between 5 mnutes to
WP gé@s, Wi th the reactor contents bei ngpcr/us2e07/00683s
mai ntai ned at a constant pH After the conpletion of

di gestion, the high shear mxing, etc., is

curtailed, and the resultant reaction batch is

filtered and washed with water to renove excess
by-product inorganic salts until the wash water from
the silica filter cake results in at nost 5% salt

by pr agiee the defidvands tesaciddsing egertt pnd deratiaditsilisateyre sionped, the
silica filter cake is slurried in water, and then
r&HEiof BatBlY aleWedao Ape o ‘idiseel” fordrepirexn I mirtutisdu 8@ mingueshwitk the
spray drying, to produce an anorphous silica

&0k %xﬁéxﬁgbéiﬁé)m_afrﬂiﬁ%t at 3 chistnt PHIA RCRHr R oniplétion of digestion,

noi sture. The silica may then be mlled to obtain the

ﬂ%@ﬁ%[ &%?Jgﬁe F@S Fi)i/&?} id Lilafed hAE R reRRhNG BB BALEh B ANGtddand

bet ween 'about 3 mto about 20 pm

classi.fication, of I : R L aReddtil SleBvazh HRater from
W é%libn‘ggteratlod-em%ee%x%gs\?i il{%-g&flégcrease cl eani ng e

gl e ks Pl fhafinboargh pholtt cBREHRs fEaTnd "

the synthetic anorphous silicas, the preparation of
CQHBClYIlY ca products is not necessarily linited

thereto and_it al so can be genera| cc | i shed j.n

acconbesiliea fijtarigake kslugiedis M%W@L%b&?dl%y PR fidhal
exanple, in prior US, Pat. Nos. 3,893, 840, .. . .

deiepecrties, stcloavsprayeiryingda prasiyge 2 Agomhgassilios containing from
of which are incorporated herein by reference

€ as .
abound wish Dbt wiskief moistusp Fhwpsilicstraty,thambe milied tq gbtain the
i ncorporate recirculation and high shear treatnents.

ddFredideliialParRRs fifd GHitRtlvday above 39kt Itd 28I uiny prefiwatdy between about 3
reaction paraneters which affect the characteristics

o ST AR ook SpchApe s o it
ﬂﬁ%%}ig%i%%giﬁ%#%g‘%%g%?%t ration of the various 14

In addition to the above-described production process methodologies of
precipitating the synthetic a:hoxphous silicas, the preparation of the silica prbducts is not
necessarily limited thereto and it also can be generally accomplished in accordance with
the methodologi:es described, for example, in prior U.S. Pat. Nos, 3,893,840, 3,988,162,
4,067,746, 4,340,583, and 5,891,421, all of which are incorporated herein by reference,
as long as such methods are appropriately modified to incorporate recirculation and high
shear treatments. As will be appreciated by one skilled in the art, reaction parameters

which affect the characteristics of the resultant precipitated silica include: the rate and

timing at which the various reactants are added; the levels of concentration of the various
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reactants; the reaction pH, the reaction tenperature;
the agitation of the reactants during production;
and/or the rate at which any electrol ytes are added.

wA sRf/nakd;ve nethods of production for this i pvEEIoNR06835
material include in slurry formsuch as, without
limtation, procedures taught within U S. Pat. No.
6,419,174, to MGII et al., as well as filter press
slurry processes as described wthin and throughout

U.S. Published Pat. Appl. No. 20030019162 to Huang.

The inventive in situ generated conposites (also. _
rdaefantsy @ rdacticmspH ;aberehstivinl tempértuns theiagitaon of dle raadants during
preci pitate are useful as high-cl eaning, dental

pRdh@nY fl/othd ratdt Widhldny @ldc@igtes artaddal. veness (Wi th
Iow RDA measurenents of at nost about 110, for

| NSt ANEBatiRHAtRKis| 0P ProdBsti P hisABYentiVOMatefiabintkide in sturry
process of this invention has thus surprisingly

fdﬁh%h.@if—‘% withb:ft lmﬁ?aaf)ﬁ%ﬁ o6 LaEkt Wity UTS PO Wad 649,174, to

er ms of react ron p reactant “concentrations, armun

81! al C fs{[%lter ghgpslﬁq‘ﬁg ocQé'sQ%Qfek.z?ﬁe? &);Lﬂirt{e ‘gﬂﬁﬁfgﬁ out

I‘UCt ure

U?a’i‘év@ra%s#r? taﬁn@tﬁf Liq%é?&‘éﬂ%iqéﬁwgaéeu i ?aHZSe
TGRS sl Bt TR &S SRRy s
geg L&L&Hﬁ?} zﬁ.g grrt]acaﬁgﬁbent rglséilons e@ﬁ?&,é@&%LMl L n@é:orr%ﬁltwe lower

gel/precipitate silica conposite material s of

abgasiveneds (wislilamREWY measyrementsofet mest abeutdd@ofoginstance, and as low
relatively high pellicle filmcleaning results, wth

aslabuowetr7 0 bTlesin vty prapesrdf itlds irventomripa thed swpﬁhinglh'ezid:idgh with
cl eaning materials described above. For this

degteenof setpctivityefollaived irhternyed{ reaution pHiteattantuoasmttiions, anount
armunt between 10 and 60% by wei ght of the

of skl doioRent, mgmﬁﬁrgﬁhﬁafoﬁ%ﬁamaﬁ@mm la§ & eesBlg el structure of
rrat eri aI (an thus the precipitated silica conmponent

thé RsRLAE gﬁ{p{%c?bll%ﬁbeﬁg&\%;ﬂ? p‘agltef 2 RiAniele ﬂ'@r@ﬁl%}h aWRdtBaY for

as a resu a anount of gel to e

pr@cfu%ﬂl%cﬁeigi di-1§n é)J p% gl& ?Jefén(ragw% éh\,/ glle?(mﬁé) Wyl with fower abrasion

levels) composites as. Thus, selection of differing concentrations, pH levels, ultimate gel

proportions, among other things, can produce gel/precipitate silica composite materials of
overall medium structures in ord‘er to accord relatively high pellicle film cleaning results,
with lower abrasive properties as compared with the high cleaning materials described
above.

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

" weight as a result). The overall amount of gel to be produced is preferably relatively low
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WO 2007/ 111867 PCT/ US2007/ 006835 (fromup to 40%
for instance). Such percentages of gel conponent
actually represent the volunme anount of silicate
WU R880hs@uri ng the production phases for eachermsroo0m00683s
different silica material, as described above tor
the high cleaning material. CGenerally, it has been
deternmi ned that such specific m d-range cl eaning
abrasives may be produced through a nethod of
adm xing a suitable acid and a suitable silicate
starting material (wherein the acid concentration, in
(B6HH QP S AP fot imRthncd)S SUEIPPRrEerit4zes bf 24l corp@icar salaily tépddtent the
10 to 20% and nore preferably from10 to 12% and
vbﬁ&.fecag{a.ﬁﬁmfsﬁich%res;aﬁt Jlﬁ“ﬁ%%é préddcBon hRdsbé 1o eHoM Bfféralt silica
i's

rom4 to 35% also within an aqueous sol ution),

. i ol kial ol quent to gel
refericl, B BB R TR i Aciite maARE o | addec
(Wi t : " k] N '

o prorABE ¥ 8 Bk Moot A b REGHRE ik BRh B abrasivs

el for, furiher, production of appr.opsiatel . -
iy be bitdne B Aokt anmiring LB AR acpitale stiet
a . md-ran cl eani ng. conposite material to, be, forngd.
stasting mtes\ﬂP Citeaein dher id <oneentitiom IhAgHeps R A 0 25 %,
anywhere within the range of 3 to 10. De(pendi ng on
prefseabinBoml0dp 208, anhmoreneigrabby Fem 104 :2%n#nstibe gengentration
structure of precipitated silica conponent may be
ofithe gjlicadelstamingumstenial és fsemd (9d§%aslse withintaa aqueps solution), to
cleaning material. It has been realized that in '
inigiratig fortoa glica/ged e Sabseijoent tongpé fetration, sgfficientsibitatasidvaeid are
material through this process, the amount of gel is

added (vt ynshivgdhére, basthaatecoBiweifRatidn, onphbSickiomodifiSatioy of the
vol une of the conposite, preferably from20 to 33%

ged tK%nﬁ%?o% rodulchoie bEdpraprael Pithrhrel ﬁbéibﬁaﬁed silica

i's preferably lower (from90 to 40% by vol unme of the

mﬁﬁ:\&}gaﬁ E&red %dlq ﬁ'ﬁcﬁm%f Efegfﬁh% Borhfoshté Waterial RAY ng?ffdr ?z;l\le pH of

ntive md-range €l eaning gel/precipitate

AP ARt RS R PR 90, eBining
onftlggr ﬁ&g{t %Bgel?glga.ﬁyz g%glﬁa,ggé %lvgwpéi%lannd gtr&c%ﬁ'te oggrrf]::tcfpiterltle& Silica

component may be targeted in much the same way as for the high cleaning material. It

—

has been realized that in order to provide a mid-range cleaning, low abrasive material
through this process, the amount of gel is preferably higher (as noted above, from 10 to
60% by volume of the composite, preferably from 20 to 33%) and the amount of low
structure precipitated silica is preferabty lower (from 90 to 40% by volume of the
composite, preferably from 80 to 67%).

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

range between 2.5 and 12.0, and, within a test dentifrice formulation (as presented below
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16 WD 2007/111867 PCT/ US2007/ 006835 within the
exanpl es) RDA (Radi oactive Dentin Abrasion) val ues
bet ween about 80 to about 120, and (within the sane
ifrice formulation) PCR (Pellicle i <
&R&';\%Qoituggﬁgggl ues of 80 to 120, with a ratio of @H%ég%ﬂmsssa
RDA within the range of 0.7 to 1.0. Dentifrice Uses
of the Inventive Materials The inventive in situ
generated gel/precipitate silica conposite materials
descri bed herein maybe utilized al one as the cl eaning
agent conponent provided in the dentifrice ‘
vaRiPHS lekérﬁ;ﬂ@sg RDA {RBidabr@ eéin Athsiad valesblélivténout 80 to
with other abrasive materials therein. A conbination
abut 156, and (®illih ¥ sERERAPALEHTR! BHhAbSon)PCR QE!IE% Cleaning
abrasives  physically blended therewmth within a
St bl P e . . .
Rl AR P&y 2D, A P B MR R bl g of 07 4 1.0,
dental cleaning and abrasion results at a desired
protective level. Thus, any nunber of other
conventi-onal. types. abrasive additives may be
e ; 8% fentifrices in accordance
this invention. Oher such abrasive particles
i ncl DRREVETSve insipgercrated gelpreeipiiate Filing ¢omnasiie materials
preci pitated _cal cium carbonate (PCC), ground cal ci um
desgriticdiwrein maxhy utiliged alase gphsirdrpgigagens compenent provided in the
di hydrate fornms, silica gel (by itself, and of any
dentifripstcomppsitienyof fhinyengionc ppistamtadditive withathef byrasive materials
itself, and of any structure as well), perlite,
thereina . comuinaticnad thedialb-anitivenrcpmpogiteasqérial ewith bijelr abtrestive
al um na, cal cined alum na, insoluble sodium -
physitaiphisiemied tieerevrittowlthib laguitptde demtiftice fophalahasie pateatially
i nsol ubl e magnesi um car bonate, zirconium silicate,

préfeitad UM r8gakd Bdrdor 16 E&O&Ptaf'g&éd"ﬁenfaﬁﬁleﬁﬁn% Md éb?fliéﬁﬁpresults at

wi thin the desired abrasive conpositions to tail or

» JeSFodilePN P TG hEE Rk D Bt BB Gpcs of abrasive

for
ad&iiﬁ‘%sr ﬁgy b@ﬁre&éﬂ lvithi:l’iinventive dentifrices in accordance with this invention.

Other such abrasive particles include, for example, and without limitation, precipitated

calcium carbonate fPCC), ground calcium carbonate (GCC), dicalcium phosphate or its
dihydrate forms, silica gel (by itself, and of any structure), amorphous precipitated silica
(by itself, and of any structure as well), peflite, titanium dioxide, calcium pyrophosphate,
hyd.fated alumina; caleined alumina, insolublé sodium metaphosphate, insoluble
potassium metaphospha'te, insoluble magnesium carbonate, zirconium silicate, aluminum
silicate, and so forth, can be introduced within the desired abrasive compositions to tailor

the polishing characteristics of the target formulation (dentifrices, for example, etc.}, if

desired, as well.
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WD 20071111867 PCT/ US2007/ 006835 The precipitate/gel
silica conbi nati on descri bed above, when incorporated
into dentifrice conpositions, is present at a |evel
Wi 2007/ Paeabout 5% to about 50% by weight,  mOg@rys2007/006835
preferably from about 10%to about 35% by wei ght,
particularly when the dentifrice is a toothpaste.
Overall dentifrice or oral cleaning formulations
i ncorporating the abrasive conpositions of this
i nvention conveniently can conprise the foll ow ng
possi bl e ingredients and rel ative anounts thereof
(al | Therpmsitiste/gel siticdPomBestidnf desaibed abave) wheérincorporated into
I ngredi ent Amount Liquid Vehicle: hunectant(s)
defitifsicalcompesitibns,de pasent atla atlaof fony Shonbi¥de nifal 50%Dy2vdight,
anticaries agent 0.1-2.0 chelating agent(s) 0.4-10
ma&t preferablh fiokesbent 184 16 aban B BUyardigls)paBicuialydvhen the
abrasive 10-50 sweetening agent <1.0 coloring

deA@feiat & atdotBpastd. DveraliNEnBRRBbr 612l Hean BB EhVIAdnsSncPpotating
In addi ti on, as noted above, the inventive abrasive

mw&%e%@aﬁﬁoﬁgbﬁﬁekmﬁ&&%ﬂvgﬁg . YR b mAlcARs gogowing

materials, such as precipitate ica, stlica

poStiti@ et ABRNAT P3G S amounts thereof (all amounts in wt %):

Dentifrice Formulation

Ingredient Amount
Liguid Vehicle:
humectant(s) (total) 5-70
deionized water 5-70
binder(s) 0.5-2.0
anticaries agent 0.1-2.0
chelating agent(s) - 0.4-10
silica thickener* 3-15

. surfactani(s) 0.5-2.5
abrasive 10-50
sweetening agent <1.0
coloring agents <1.0
flavoring agent <3.0
preservative <0.5

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

a person of ordinary skill in the art.
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di cal ci um phosphate di hydrate, cal cium netasilicate,
cal ci um pyrophosphate, alum na, calcined alum na,
alum num silicate, precipitated and ground cal ci um
weRhbPPAale, chalk, bentonite, particulate  pcypws2e07006835
thernosetting resins and ot her suitable abrasive
materials known to a person of ordinary skill in the
art. 18 WD 2007/111867 PCT/ US20071006835 1In addition
to the abrasive conmponent, the dentifrice may al so
contain one or nore organol eptic enhanci ng agents.
Organol epti ¢ enhanci ng agents i nclude hunectants,
sweetle addidon ®uhé dabsind wompohentothe déifricennay alad somuifl one or
t hi ckeni ng agents, (also sonmetines known as binders,

s Brganbletiockddhbicingd\gzeaBE U ganolcpticBilianting agefty/Rciude ladﬁtectants
body or "nouth texture" to a dentifrice as well as

seaeRi, sitGackdnes, SlRVdrhits Ic%ﬁ;rédt@ﬁﬁd%ﬁékaﬂng tso(HidodBMBLimes

humectants i ncl ude pol yet hyI ene gl yco at a variety

| | |
bl $R60IIHY SRMRIANEIID) POPY o SYErto

gl ycerin

mann g\ﬂ: taﬁ@%&ﬂv& % adcﬁ{bgg ¥ d&&%ﬁ rt]e%:tt\%g’ tc‘ot %&e%lﬁﬁ'lce as well as

hydr zat es, res of

l.evel s o s.are
ISR 38 dw@é&’ 8&%%%&?*%?‘9 BorR s paSinge Boyethylene
onposi ti on. et eners e added to the
gf?&@?(ﬁ'paa&néty epygple @gy Vﬁ%hfe), propylsag elygols glyesain (glycerol),
t he, product. Suitable sweeteners include saccharin
epHyiteloHyliiph sqsbitelsmpnptoblactidelcandhydengenated starch hydrolyzates, as
clamate (as a sodium potassiumor calciumsalt),
W&ﬁ eswieee ofthescreompannds, Typied Aewsjsafibumectants are from about 20
di hydr ochal cone, ammoni ated gl ycyrrhi zin, dextrose,
wi% o htesie30 witérod saoothpmtevomppsitiodl gl ucose. Surfactants
are used in the conpositions of the present invention
t o nikectdnbs mobPaRict toths toolipRse 06aBbiitiét to)impart a pleasing taste
acceptable. The surfactant is preferably a detersive

to'tBd probad:. Bhbikdbie SwiRdness nhéluclJb%c&ﬁHHQéd doldRit, $ta8idrh b€ calcium
and foam ng properties. Suitab

saccharin), cyclamate (as a sodium, potassium or calcium salt), acesulfane-K, thaumatin,

neohisperidin dihydrochalcone, ammoniated glyoyrrhizin, dextrose, levulose, sucrose,
mannose, and glucose.

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

polyoxyethylene sorbitan monostearate, isostearate and laurate, sodium lauryl
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surfactants are safe and effective anounts of

anionic, cationic, nonionic, zwtterionic,

anphoteric and betai ne surfactants such as sodi um
waboYh11844 fate, sodi um dodecyl benzene sul f pRpl&007/006835
al kali metal or ammonium salts of | auroyl '
sarcosi nate, nyristoyl sarcosinate, pal nmtoyl

sarcosi nate, stearoyl sarcosinate and ol eoyl

sarcosi nate,, - pol yoxyet hyl ene sorbitan nonost ear at e,

i sostearate and laurate, sodiumlauryl 19 WO
2007/ 111867 PCT/ QS2007/ 006835 sul foacet at e,

sgi; b N—ﬁﬁ"ogﬁ%}oﬁﬁn?,%sqﬁg%}rl,g{ﬂtésﬁ%m! dﬂ{&ml@ﬁﬁ%ersalts of N-

anol dm ne salts o N-myri st oyl ,
S s P e B oy s e eottensat St aton.
S SR Gt ok Fotob MR, PRpFblifio and e
RE L P B S sl 5Bt e resn o
o P RAPRRSOAES o LR pPE oA DRIy 8) SREEHRE SO i gabon

fromabout 0.3 % to about 2% by weight. Flavoring
15t weishh pisfraably abont0.5% albewt 5% bywieht puchas from about 0.3 %

conpositions. Suitable flavoring agents include, but
taatound¥, by weightl t o, oil of wintergreen, oil of
peppermnt, oil of spearmnt, oil of sassafras, and

oi | Bfavoting/sgensioptionutly cambe tdied do dentifiideciompositionst Suitable
eugenol , eucal yptol, |enon, orange and ot her such
flidorlt@ragemERRMiAd Shut rcadlifited to, biliof wintergeen eilnufipeppermint, oil
etc. These flavoring agents consist chemcally of

of Spehittife o bf Hs6HERAY,388 oil JFRioVeSSnnaintifkthoRd) Raihsl, thymol,
acids, and aliphatic, aromatic and ot her al cohol s.

er%%h@l[ afHa{}ng?MéﬁSn,%@:ﬁf‘g@ ah@ ot P HRNSNabRioRpohitRlth Gdd fruit notes,
ppear an

of the product. Suitable colorants are
S B L L DOl R0l
AR e o BRSPS L B,
as F 0 gra%?sdmgrgb% %gg to improve the aesthetic appearance of the product,
Suitable colorants are selected from colorants apprqved by appropriate regulatory bodies
such as the FbA and those listed in the European Food and Pharmaceutical Direétives
and include pigments, such as TiO,, and colors such as FD&C and D&C dyes.
"Thickening agents are useful in the dentifrice compositions of the present
invention to provide a gelatinous structure that stabilizes the toothpaste against phase
separation, Suitable thickening agents include silica thickener; starch; glycerite of starch;
guis such as gum karaya (sterculia gum), gum tragacanth, gum arabic, gum ghatti, gum

acacia, xanthan gum, guar gum and cellulose gum; magnesinm aluminum silicate

(Veegum); carrageenan; sodium alginate; agar-agar; pectin; gelatin; cellulose compounds
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Thi ckeni ng agents are useful in the dentifrice
conpositions of the present invention to provide a
gel ati nous structure that stabilizes the toothpaste
watabaissphase separation. Suitabl e thickeni p@rac8itosssss
include silica thickener; starch; glycerite of

starch; guns such as gum karaya (sterculia gum, gum
tragacanth, gum arabic, gumghatti, gum acacia,

xant han gum guar gum and cel |l ul ose gum nagnesi um
alum num silicate (Veegun); carrageenan; sodium

N R N s A e
as cel |l ul ose, carboxynethyl cellul gse, hngo ethﬁJ
celldpseydeaxymeiior] sstiesspipidroxyaethiyl gaoxyRrgp Wﬁ'é?’fﬁ/ ethyl

cel l ul ose, hydroxynet hyl carboxypropyl cell ul ose,
celdoseysthyl celtulogep @@Y subfated icelidoseynasiral angRynthglie gepysuch as
cellul ose; natural .and synthetic clays such as )
hettenitt olayt; @s sl ps misiwese thesescomiponodse St ypical lewels of thickening
conpounds. Typical |evels -of thickening agents or
agdntyeidimlenres frommabalplini?d ot 5 wité of a otidsteabmposition.
t oot hpast e conposition. Therapeutic agents are

opt frRdalckiic HEBEs 4B opfithal ERASH tHeQpobitibheofthe pettnt
invention to provide for the prevention and treatnent

invRhtias gfb'mfe%i' &2 prERhiAFRR AN 6P Htal *BFes, periodontal disease

tenperature sensitivity. Exanples of therapeutic
| - .

i bR, BRERRLIGE Aol pocitd Wiloudfinding o be
._honof | wor ophosphat e, ot.ass]
gt SR et S P RURTT AR Rhic RSP ot

fluorosiljcate, anmonium fluorosiljicate and,.the.like;
potessHiTeHORHSRRRoRRlILS ey JRORgR preSaun Ronds, Sodiutn

pyrophosphat e, tetrapotassiym pyrophosp e, . di sodj um
flugrpsiliente gimonpym Syptesiivate and tuhﬁlﬁﬁemﬂ?%& gﬁ‘gﬁ&lﬂ% chas

pyrophosphate; tripol yphosphat es, . .
tetrhsodbreppphivsphiate dstrapotassium pyrrpbpivhatesdisedjnm dihydrogen

pyr ophosphat es, such as; antimcrobial agents such

pyraghobptiatd, oisadinnbivegolanirees pyspbbsphatesiriprlyphosphates,
chl or hexi di ne and chl or hexi di ne gluconate; enzynes

hexamefaplaspipadaidinctapliassphadsand g yasphasphass esuchay | agimicrobial
dext r anase,
agents such as triclosan, bisguanides, such as alexidine, chlorhexidine and chlorhexidine
gluconate; éniymes such as papain, bromelain, glucoamylase, amylase, dextranase,
mutanase, lipases, pectinase, tannase, and proteases; quarternary ammonium compounds,
such as benzalkonium chloride (BZK), benzethonium chloride (BZT), cetylpyridinium
chloride (CPC), and domiphen bromide; metal salts, such as zinc citrate, zinc chloride,
and stannous fluoride; sanguinaria extract and sanguinarine; volatile oils, such as
eucalyptol, menthol, thymol, aﬁd methyl salicylate; amine fluorides; peroxides and the

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

at a therapeutically safe and effective level.
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nmut anase, |ipases, pectinase, tannase, and proteases;
guarternary anmoni um conpounds, such as benzal koni um
chl oride (BzZK), benzethoni um chloride (BZT),
Wg)eztowdg}%l,dl nium chloride (CPC), and dom ph&i¢r/ys2007/006835
brom de; netal salts, such as zinc citrate, zinc
chloride, and stannous fluoride; sanguinaria extract
and sangui narine; volatile oils, such as eucal yptol,
ment hol , thynol, and nethyl salicylate; am ne
fluorides; peroxides and the |ike. Therapeutic
agents may be used in dentifrice fornmulations singly
or i reresebitived mayalsalie aptivhsilyeqaasd tocthe bympa@ttivnaofithe present
effective level. 21 WD 2007/111867 PCT/ US2007/ 006835

V%6 YohrevaR ba@YAR bRtk Suailile prabivitive dfstovdll fohese in oral

conpositions of the present invention to prevent

- Rapbatiba sudh Mm@%?%ﬁé&ﬁ@%&ggﬂ%&t gﬁg : DEE-OME thaly BE added

Usé in ora conp ar aben,
. odi um benzoate may be added in
‘Qé@ﬁ%‘ﬁ%‘*ﬁ‘?‘?@g]ﬁ@%ﬁamum s. The dentifrices discl osed
her ei .al so..a,vafjety of additiopal.i,ngredi.ent
The SR diftiord heisi i atoa ayrieh ot addiipaal igrpdipnts such

such
ries,. reventagi £ agents chel ati ng/ sequest ering
earg E

c
25 GEAPR 4D AET, bealingprpts, ofhgr.caniSs preypaetvenERus,
- ti-plaque/ anti- cal culus agents, opacifiers,, .
°§‘ﬂiﬁf_ avesiering Repnty YHIHDS, apAS 7S Profeing ofher anti-plaque/anti-
agents, oxidizing agents, antioxidants, and the |ike
cilgnluy aganby ppasifiars antiyptipscanticinzymes, eorymessi PH epniral agents,
addition to the additives nentioned. The water is

opidizing agonts, adiogivantedndtie: ltkeee of inpurities. The
dentifrice will usually conprise fromabout 20 wt %

t 0o aWatdr pbvidéstthobalmit of the ldsmboditica in additioh its herddisives
for utilization within such a toothpaste formul ation

miei§dnidd e Tha waker idftefetablyt deichifdaNE iRe offing\FRIcH TOMSdentifrice will
precipitated silica such as ZEODENT(r)165 silica.

usubIMP EorRpfdetitd iR dbdut RO WA tH ABodt 3Bt P watld | Ca

t hickeners are ,
Useful silica thickeners for utilization within such a toothpaste formulation

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

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

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

‘binder, flavoring agents, and a finely powdered abrasive as the i)ﬁncipal ingredient. .. a
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ZEODENT(r) 163 and/or 167 and ZEOFREE(r) 153, 177,

and/or 265 silicas, all available fromJ. M Huber

Cor poration, Havre de Gace M., U S A For purposes
nvention, a "dentifrice" has the ng

“gfe%‘ulbﬂie%sﬁn Oral  Hygi ene Products and Pr act|1§(Elehﬁ&007/906835

Morton Pader, Consuner Science and Technol ogy Seri es,

Vol . 6, Marcel Dekker, Ny 1988, p. 200, which is

i ncorporated herein by reference. Nanely, a

"dentifrice" is " ... a substance used with a

toot hbrush to clean the accessible surfaces of the

dafifice iDestsiderdd36Be At @bregwérasﬂtélumg Q8088 fmAbr &ék%gﬁ% anti-

detergent, humectant, binder, flavoring agents,

e B o U Bl s

i ngr edi ent

%%Neﬁ'i) 640l 1? %élil(gl%hﬁlqhé 86111%@}’812:?1'51%?% §n? }—?ald{]e{sﬁ ents

osage or m Lverl

o et N

the dentifrice forrrul ation (e.qg. antl-carles agents

such flu Vorin
agent’@l%sV élg%’se?gl @Log?lmﬁte?%gﬁép E?%%? ‘?SE% rein Were
toot h {;@ ifrice ropertl es described herein
are Sf”équ thegisess i ndi cat ed

ot herW| se. The Brass Einl ehner (BE) Abrasion test

used 6 Brwsa iplehner (BR)Akrasan tegusedhto mepsersithy hardesss of the
silicas/silica gels reported in this appllcatlon IS
PErsipitated silichyfsilien geld reported i this Beplicatiin is 8eBtiBedibetail in U.S.
i ncorporated herein by reference, involves an
Pai NIOeﬁﬁlEG,S‘l!Gl'mr)fmratékbhaeﬁmbyg-efeﬁanaé liyvoliee dn Efnlélalel AWs1000
(1) a Fourdrinier brass wire screen is wei ghed and
Abrylosgahetatly tubel Adbliens: ¢f) DF RO R wifd sche@a is weighed and
suspension for a fixed length of tinme; (2) the

xR Yo 18 acliBh 85h Q0% B bR RIS SAHIARGLHAS fiTbd ok g{hadﬁime; )

brass lost fromthe Fourdrinier wre screen pe

thé %o@%f"aﬁ%ﬁ?ilokl fid ﬂ’i@ﬁ dettGinbE S ﬁh%r%ﬁ ﬁﬂ%%%st'b I aﬁsfgﬁet Foublrinier

| oss, can aracteri ze

wﬂe Eﬂr@é?ﬂ?e‘} 1@1(?5@0 ARERBLED Tha! ré8lilt, measured in units of mg loss, can be

characterized as the 10% brass Einlehner (BE) abrasion value:

The oil absorption values are measured using the rubout method. This method is
‘based on a pﬁnciple of mixing linseed oil with a silica by rubbing with a spatula on a
smooth surféce 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 caleulate the
oi} absorption value of the silica--the value which represents the volume of oil required
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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The oi|l absorption values are neasured using the
rubout nethod. This nmethod is based on a principle
of mxing linseed oil, with a silica by rubbing with
uﬂ)?ﬁﬁhﬁﬁﬁ on a smooth surface until a stiffpcrysogreesss
putty-Ti ke paste is formed. By neasuring the quantity
of oil required to have a paste m xture which w.ll
curl when spread out, one can cal culate the oi
absorption value of the silica--the val ue which
represents the volume of oil required per unit
wei ght of silica to saturate the silica sorptive
capacity. A higher oil absorption Ilevel indicates a

O iaggb\g;gt-oatguct Wisithsfb&Ei pi tat ed Bifogpca; simlarly, a

ow val ue is LnSLEAFLKE, what is considered a

| ow-structure precipitated silica. Calcul ation of the

oi | absorptio adone as follows: 23 WO

2007/ 111867 P@F/‘ﬁ%@#ﬁ%‘é‘ggs O absorption =

oi | absorbed X 100 wei ght of silica, grains m

oi 1 /100 gramsilica, Media articl i i

det MFRIFREATIP fre 5 dRmEne K888 Mol PASS(BpEA300 or an

equi val ent) laser |ight scatter] I nst rumen
e@walmaﬁaserﬁ% ﬁqatr@ﬂmalsmwlﬁﬁaé{#’@%“%?aﬂﬁa;‘ﬁ?mmem’

Pennsyl vani a. The % 325 nesh residue of the inventive
Baithvwys Pesnspivasiar ed utilizing a U.S. Standard Sieve

No. 325, with 44 micron or 0.0017 inch openings

( st Hierth 885 meslesdsidni oEthedtvsntiye fljcaipmgpiune wilizgman Ydam

sanple to the nearest 0.1 graminto the cup of the 1
Standard SievdNb. 328 with ¥é mibfod et 0.0017 iBdh opaidtigsdstainless steel wire

approximately 170 ml of distilled or deionized water ,
&R ySiEiEhingd 10/0egrambaiylefto theaicalestast gréamminto the canef tbe 1 quart

the m xture onto the 325 nmesh screen; wash out the

HaHRoR ik MbIMRRBI 58 248RE 2pprbAmseIeETD mPef distilledak deionized

spray to 20 psi and spray directly on screen for two

wille Wb ?Emn&ﬁ?é ﬁ'éﬁrp 249+ RRQY HinLPral st Stha RAKErd Gi6 tHeB25 mesh

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

and spray directly on screen for two minutes. (Spray head should be held about four to
six inches above the screen cloth. Wash the residue to one side of the screen and transfer
by washing into an evaporating dish usihg distilled or deionized water from a washing
bottlé. Let stand for two to three minutes and decant the clear water. Dry (convection
oven @ 150°C or under infrared oven for approx. 15 min.) cool and weigh residue on
analytical balance.

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

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

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

present invention can be monitored by any conventional pH sensitive electrode.
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six inches above the screen cloth. Wash the residue

to one side of the screen and transfer by washi ng

into an evaporating dish using distilled or deionized
w%ﬁ%oe/fufsgpm a washing bottle. Let stand for plMRicbR7/006835

hree 'm nutes and decant the clear water. Dry

(convection oven @ 150C or under infrared oven f or

approx. 15 mn.) cool and weigh residue on

anal yti cal bal ance. Misture or Loss on Drying (LOD)

is the neasured silica sanple weight |oss at 105C

for 2 hours. Loss on ignition (LOT) is the neasured

sili g8 RaEHe Bridkh sgatﬁ,&eg@d%} ?13 ngﬁfé%ed%mﬁ%léﬁﬁmths aced

(sanpl e previously pre ours at 105C

ﬂt%%%‘%ge&h{gﬁrge gﬂﬁ]ﬁlﬁ ﬂ“ er%{éé}u ese n’f T nve n?ﬁ% rl{ls%:rg%i ot hasa

urry

485 0 RIS B i 5
A AR 0008 s,

Agﬁ"&*]m défﬁg Brightneter S-5/BC. This_instrunent has a
8985 c Bpwdsred matopials age prwed toabout 4 kem pellet with

i1lumnated at an angle of 45, and the reflected

enqugh pregsustaeise 2 pellet surfasa tht fsssmasthmagyithoutloosepartinies or
T452 and T646, and ASTM Standard D985. Powder ed

gipst erials are pressed to about a 1 cmpellet with
enough pressure to give a pellet surface that is
s ool e RadloastivéDentil Atisiop (RDiAY valaesuf degtifbisss. contatning the
Radi oactive Dentin Abrasion (RDA) val ues of

siki@idoinfpobitiess Wwed iihiy iigertibh arcsddtdrfined ABRPELE tOME plésiadd st
in this invention are determ ned according to the

foPEggJK}%fﬁ?én, %ﬁ%?f?&t‘gﬁﬁé@ fﬁg»Ad m‘a 95 (@%taﬁﬁ -573, and

deS&Melip %ﬂasglgg\éﬁ%gg F&g%&ﬁ&# D&'Qég,ag% %1%94 233527, which

4,420, 312 I cat’i oAs an

Pugﬁéa%hg af I?atéd?sc & 11900%0?&&? ﬁ&gfn%ﬂ*Xfe{‘e%&ee. rence.

The cleaning property of dentifrice compositions is typically expressed in terms

of Pellicle Cleaning Ratio ("PCR") value. The PCR test measures the ability ofa -
dentifrice composition to remove pellicle film from a tooth under fixed brushing '
conditions. The PCR test is described in "In Vitro Re_rnoVal of Stain With Dentifrice” G.
K. Stookey, et al., J. Dental Res., 61, 1236-9, 1982. Both PCR. and RDA results vary
depending upon the nature and concentration of the components of the dentifrice

composition. PCR and RDA values are unitless.
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The cl eaning property of dentifrice conpositions is
typically expressed in terns of Pellicle O eaning
Ratio ("PCR') value. The PCR test measures the
“a(p%olﬂj”; g9f a dentifrice conposition to rendyerus2007/006835
pellicle filmfroma tooth under fixed brushing
conditions. The PCR test is described in "In Vitro
Renoval of Stain Wth Dentifrice" G K Stookey, et
al., J. Dental Res., 61, 1236-9, 1982. Both PCR and
RDA results vary dependi ng upon the nature and
concentration of the conponents of the dentifrice
conposi ti on. Poserned Barodimenfs of thednygptifess. 25, WO
2007/ 111867 PCT/ US2007/ 006835 Preferred Enbodi ments
of the Invention The inventive materials were '
pr efhe évehljvesaatarals Mard yrepasrdirigapnially fopping §r yigy a fust
silica gel (or gel-like material) and adding thereto
siléoafofi (of gotlika mmteriad) ol adding thents suffcibaramouats of reactants to form
precipitated silica conponent present sinultaneously
a pedipitatddailicaichinpbhont pregehis sinehlgadouglyrwithgthk irlifidlly produced gel (or
material). The anount of gel is controlled by the
gefHRYahibial P! THEARGAR bE gél fs dopGofldd 1Bt the §hagiey vfvehearithin the first
anount of precipitated silica is controlled by the

5 Hﬁiﬂh!ahﬁéaﬂfo%xﬁtt%ﬁ@@%%&&ﬂi&%éﬁ%ﬁ&dbﬁ antHipOf reactants in

tructure o product is controlled by the

theg&:D g n:sta%%. @'ﬁé smicl a:og g{eﬁ%ﬁtgt’l@cg ésr C\%élﬁf)ﬁ&l ﬁ)PthE Bfount of gel

preci pi as ‘reaction

R R P et USSp et
ol g G S A A e

6.0% sodiumsilicate to which was added 11.4%

gragier flgfpil abay8i d at a rate of 191.3 liters/ninute for 8
mnutes at a tenperature of 50C within a reactor. The
resultant silica gel-containing slurry was then
heated up to 93C for 53 s g thereafter.
Subsequently, 13 m nutes

The inventive example initially involved the provision of 8140 liters of 6.0%
sodium silicate to which was added 11.4% sulfuric acid at a rate of 191.3 liters/minute for
8 minutes at a temperature of 50°C within a reactor. The resultant silica gel-containing
slurry was then heated up to 93°C for 53 minutes fhereaﬁer. Subsequentiy, 13 minutes
into the heating step, high shear flow of 3000 liters/minute of reactor shurry (gel) was
started and continued throughout the remainder of the example production. After the 53
minutes completed, 30 kilograms of dry weight of sulfuric acid (243.8 liters) was then
added to the gel slurry. Thereafter, simultaneous sulfuric acid and sodium silicate

'addition was started with introductibn of both to the reactor to initiate thé'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



into the heating step, high shear flow of 3000

liters/mnute of reactor slurry (gel) was started

and continued throughout the renai nder of the exanple
Lon. After the 53 mnutes conpl et ed, <

‘ﬁ‘??"éé’?{&%@’”of dry wei ght of sulfuric acid (245‘?@“5’2‘“‘7’“‘"‘33D

liters) was then added to the gel slurry.

Thereafter, simultaneous sulfuric acid and sodi um

silicate addition was started with introduction of

both to the reactor to initiate the precipitation

step. The sodiumsilicate of 16.21% concentration (at

a91. 8 ipes/Rinite The sHfade wRSdaiRd a dalatidBof 48 hfufsMTHEAR was
and dilute sulfuric acid (11.4% concentration) was

hdiie QEHL@E pRLoT2R AIRRATILL ¥ 8SdrofiSell th/S 20 W/ R B8RE the acid flow

191.3 liters/ mnute. The silicate was added for a - :
. ¢ . _ . _ ti )

gﬁé’ é%ihc% 014 ﬁfefglrﬂfﬁh?esunu?ﬁl% \@g%gsr %%%%eg%?fgﬁgi. 565‘, aﬁfvhfcﬁ%omt

of the resultant slurry

HAEL oy o e S oy g
Pl 25 BB 347 e RO e,
LN T T

sul fate concentration of |ess than about 5% .
gk prstirgbly belewi2Yakns dotermingd byrsnanitprieg the Sliraje pndyetivity and
299 as determned by nonitoring the filtrate

thehpmast drigdity adens! of dbent Spmagjisturei dde doediplodyasiwas then milled to
about 5% noi sture. The dried product was then mll ed
wniformysizé.or m si ze. COVPARATI VE EXAMPLE The sane basic

met hod as above was foll owed, except that no high

shear conditions after gel formation were utilized.
Certain properties of the resultant materials from

t he Exanpl e and Conparative Exanple were then

nmeasured. The foll ow ng table shows those results: 27

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

conditions after gel formation were utilized.

Certain properties of the resultant materials from the Example and Comparative

Example were then measured. The follox;ving table shows those results: -
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WD 2007/ 111867 PCTI US2007/ 006835 TABLE 1 Materi al
Properties Exanple Ex. Conp. % noisture 3.4 4.1 %
LO 2.9 2.8 % 325 Mesh Residue 0 0 5%H 7.0 7.21
' s (technidyne) 96 94.6 Average Par

v@?%@?{ﬁgﬁEdian Particle Size 9.64 9.35 (rbrf%§§§%%@ﬁ““5
Particle Size (Horiba) 10.95 10.64 Einl ehner
Abrasion (nmg 3.53 6.17 |0ss/100,000 rev) GO
"Absorption (cc/1009) 105 99 A brightness of at |east
95.5 is a significant inprovenent over the
conparative type and is thus the |low end of the

bri ghtness | evel of the iTaARIEive materi al s.
Dentifrice Formul ati ons Toot hpaste fornmul ati ons were
prepared using the abMstedtdPespehizd gel / preci pitated
silica exanple and conparative exanple to denonstrate
t he regﬁ&h@%-use on denmand Iﬁ@pakkh&iies of the

i nventive tonpositions without furthering netering of
t he twée mostpenents for optidm det al protection
benefits. 28

% LOI 29 2.8
% 325 Mesh Residue 0 0
5% pH 70 721
Brighiness (technidyne) 96 94.6
Average Particle Size, pm
Median Particle Size

: 35
(Horiba) 9.64 9
Mean Particle Size (Horiba) 1095 10.64
Einlehner Abrasion {mg 163 617
10ss/100,000 rev) 3 )
Oil Absorption {cc/100g) 105 99

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

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

Dentifrice Formulations

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

components for optimum dental protection benefits.
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WO 2007/ 111867 PCT/ US2007/ 006835 To prepare the
dentifrices, the glycerin, sodi um carboxynethyl
cel l ul ose, polyethylene glycol and sorbitol were

j ether and stirred until the ingredi <
%%62'91&5§20| ved to forma first adm xture. Thlgé]'tfﬁszomm(’683°
dei oni zed water, sodium fluoride, tetrasodi um

pyr ophosphat e and sodi um saccharin were al so m xed
together and stirred wuntil these ingredients are

di ssolved to forma second adm xture. These two

adm xtures were then conbined with stirring.

Ther epd pi@pare iHoQlcaRfriced) e A9eein, é@ﬁf_lgnﬁéwﬁgtyméﬁyl cellulose,

stirring to obtain a "pre-m x". The pre-m x "was

148 Aerd biftoRARE sdfbi e ek dR ILH}{M'?%Q | thd i
%th cke%ee:rh,?cgbr as? veﬂ{(giﬁﬁlfelgcag%?]a&%é&?am usm [ ggﬁf&gé%egwms
i . : O i "
Tt Spdi Vool A R gl g WA NP n

roxi mat el 5 mnutes. Last.l sqodi um l.aur vl .

P A ER b patss AT B e At raraso.aied foetber and sired
stired for, approxi mately .5 mnutes at a reduced- .
i s oo s A et e ad gl hese two admixtures
transferred to plastic | amnate toothpaste tubes and |
viqre fhep coigbingd, wiihetirring: i Thgreafterethe gptignal golepwas added with stirring
fornulations are given in Table 2 below The
toebieinta ipremixSk heare-onix ek plagasdn aBass wires iMiedeld 38 LDM) and

suitable test dentifrice formulation for the purposes
siica thickener, sliragjv@gRea andditRiddmdiexiderveere ntiged inrwithoet vacuum. A

i nventive and conparative cl eaning abrasives. 29 WO
30G6cH vhbhBH WaPaiMdSHAGKHE ReABRbadnTiARkEwas StitrdFbeapproximately 15
Conparative Fornulation Formulation dycerin 11 ii

nfififles Wastly, sodibAT RinkyPbulfaldéil, Al 6r Wt added and the admixture was

stirred for approximately 5 minutes at a reduced mixing speed. The resultant dentifrice
was transferred to plastic laminate toothpaste tubes and stored for future testing. The
dentifrice formulations are given in Table 2 below. The dentiftice formulation utilized
was considered a suitable test denti‘ﬁicé formulation for the purposes of determining PCR

and RDA measurements for the inventive and comparative cleaning abrasives.
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% CARBOMAX(r) 3 3 600", %
CEKCOL(r) SOOT 1.2 L2 CM2, % Tetrasodiium0.5 0.5
hat e pyrophos Sodium 0.2 0.2 Saccharin, % Sodi um

24 43 Fluoride, % Silica thickener 1.
“%e%%éﬂ%(ﬁf?) 1653, 1.5 Exanple 20 abrasive, %T&Sﬁ%o_moms

Dei oni zed 20 20 water,

Exanple 20 abrasive, % Ti®32, %0.5 0.5 Sodi um
lauryl 1.2 1.2 sulfate, % Flavor, %0.65 0.65 A
pol yet hyl ene gl ycol avail able from Dow Cheni cal
Conmpany, Mdland, M .
TABLE 2
Example | Comparative
Formulation | Formulation

Glycerin 11 1

(99.5%), %

Sorbitol (70%), 40 40

%

Deionized 20

water, %o 20

CARBOWAX® 3 3

600', %

CEKCL® 500T 1.2 1.2

CMC?, % : :

Tetrasodium 4.5 0.5

pyrophosphate

Saccharin, %

Sodium 0.243

Fluoride, % 0.243

Silica thickener 1.5

Zeodent® 165°, 1.5

%

Example 20

abrasive, %

Comp. Example 20

abrasive, %

TiO2, % 0.5 0.5

Soadivm lauryl 1.2 1.2

sulfate, %

Flavor, % 0.63 0.65

T A polyethylene glycol available from Dow Chemical Company, Midland, M1
2 A carboxymethylcellulose available from CPKelco Oy, Arnhem, The

Netherlands

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

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

PCR:RDA ratios for each dentifrice formulation are provided in Table 3 below.
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2 A carboxynet hyl cel | ul ose avail able from CPKel co Oy,

Arnhem The Netherlands a An anorphous, precipitated

hi gh structure silica thickening available fromJ. M
Corporation, Havre de Grace, MD The d L f L

' Wﬁgﬁg‘r%]lla f’:ons prepared above were eval uat ed ?glrlj fooasss

and RDA properties, according to the nethods

descri bed above; the nmeasurenments, as well as the

PCR: RDA ratios for each dentifrice fornul ation are

provided in Table 3 below. 30 WO 2007/111867

PCT/ US2007/ 006835 TABLE3 Exanpl e Conparati ve

Formul ati on Fornul ati on PCRAZ.EBY RDA 88 113 PCKR/

0.97 0.77 RDA The results show highly effective

cl eani ng dapagie! it esCO\M'pt Jelatively low dentin

abr asi on Formpeioti es f ) m th% exanpl es, but nuch

pronounced i nmprovenent 1n e inventive exanple in

dopr ns of | oBéred RDA witdy very low rati o of PCR/ RDA.
@ atio of gas close to,;],0 is preferred; thus, above
.3 1s desired, with above 0.85 nore preferred,
PBOve 0.90 8711 nore poeferred, and above 0.95 nost
eferred. Wiile the invention will be described and
di scl osed in connection with certain preferred

o, Tt et gh: vy ipininerangbifies it G By denti
enbodi nents, rather it is intended to .cover .
absasignpspRsriesdor bpth grasaples, Pty ronounced improvement in the

inventive exaf_nple 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 preferféd, and above 0.95 most preferred.

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

scope of the appended claims and equivalence thereto.
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equi valents and all alternative enbodi nents and

nodi fi cati ons as may be defined by the scope of the

appended cl ai ns and equi val ence thereto. 31 WO

0 67 PCT/US2007/ 006835 CLAIMS 1. A

\?‘%"1(8 F/E)I?I%sc%?pi tate silica conbination, wherein Pscerllim 2007/006835
conbi nation exhibits a technidyne brightness of at
| east 95.5, and, when incorporated into a dentifrice
conposition in an amount of 20% by wei ght, said
dentifrice exhibits an RDA of at nost 120, and a
PCR RDA ratio of fromO0.7 to 1.0. 2. A dentifrice
conprising the gel/precipgraiggsonbi nation of Caim
1. 3. The gel/precipitate silica conbination of C aim
1 wherg ' Ll i Riof Whdtbin Sai iaBb\etlibitsh
1 g g%j;%’fﬂ%ﬂi{tege %ﬁgﬁ bd;n.rl'ﬁl%ﬁlog, WhtkihSaidaotbii

of fr dentifrice conprising the

tel 3%:%)81%6%%% ¢ a?ﬁglgggsg:%%wﬁgn Qc@xjpma?bd iAto aldiitifrice

d ate si Ination of Caim3 wherein
sai d. dentifrice exhibits .a PCR [

oxgPiggitpg I fun e B Ao iy S8 SHARICRAE R ad RBIR of at most

el / precipitate, coqrg)i ng&i on OOf Caimb5b. 7. The

1%0epnd 3 BER Jlp4 raieel f1m O7dR8i%at i on of G aim 5 wherein
said dentifrice exhibits a PCRRDA ratio of fromO0.9
to 1.0. 8. A dentifrice conprising the
gel-/ precipitate conbination of aim?7. 32 X\O

2.2 60dentifricg spmpaTing Gxesy peoEats cogbingien gEtlapr dei pitat e
silica conbination of Claim?7 wherein said dentifrice
exhibits a PCR RDA ratio of from0.95 to 1.0. 10. A
dentifrice conprising the gel/precipitate conbination

3.0f (trigel/Precipitate silica combination of Claim 1 wherein said dentifrice exhibits

a PCR:RDA ratio of from 0.8 to 1.0,
4. A dentifrice comprising the gel/precipitate combination of Claim 3.

5. The gel/precipitate silica combination of Claim 3 wherein said dentifrice exhibits

a PCR:RDA ratio of from 0.85 to 1.0.
6. A dentifrice comprising the gel/precipitate combination of Claim 5.

7. The gel/precipitate silica combination of Claim 5 wherein said dentifrice exhibits

a PCR:RDA ratio of from 0.9 to 1.0.

3. A dentifrice comprising the gel/precipitate combination of Claim 7.
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9. The gel/precipitate silica combination of Claim 7 wherein said dentifrice exhibits

2 PCR:RDA ratio of from 0.95 to 1.0,

10, A denﬁ‘frice comprising the gel/precipitate combination of Claim 9.
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