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METHODS OF PRODUCI NG | MPROVED CLEANI NG ABRASI VES

FORDENTI FRI CES Field of the Invention This invention
woebwtoess2b 0 a net hod of maki ng abrasi ve conposPCTmIS$005/045188

and nore particularly, it relates to a nethod of

maki ng precipitated silica abrasive conpositions

havi ng excel |l ent cl eaning performance and | ower

abr asi veness with post-reactor sizing of the abrasive

particles being performed via air classification

techni ques. By targeting a specific particle size

range, it has been determ ned that higher pellicle
~filmcleaning |l evels may be achi eved w t hout al so

i ncr j i i i
el@ﬁzmgﬁg?gifﬁggg)e IRE TMPROSADD CIERANING'A BRASIVES

silica pro ves. As a result, dentifrices

i ncl udi ng such cl assifi j Hd ca products,

exhi biting particularlyﬁgggﬁﬁiﬂhﬁig?%%%ing benefits,

can be provided for inproved tooth polishing,

whi tening, and the |ike, wthout deleteriously

affecting the hard tooth surfaces. Al so enconpassed
within this invention al sdFigdefthebaxemgions this

‘sel ective process schene and dentifrices containing

suc h Thisdaedrftioadeknidsiite a npetiad uftrsakiipabrasive nompbsititses, and more
I nvention Toot hpaste manufacturers strive to produce

p%ﬁ?&l%{l&,i £ Ratik i RlcflodDraRRinppradipitdtedVsilies ablavive Yompositions having

ornmul ators achi eve this goal by incorporating

RS R B LR PBbh G o

conventiopal dentifrice co sitjons jn, arder to . .
agshe BARHSIes GEREREHILES via A aRsi oG ovlePhiahes. | BY argstigga specifi
the surface of teeth. Pel.liclef.ilmis.tigllgll )
pextielersinetranges Hidras dre determined tabbigherellisle Blimsiepming levels may be
whi ch ' -

achieved without also increasing the dentin abrasion properties of the silica products

themselves. As a result, dentifrices including such classified abrasive silica products,

exhibiting particularly desirable cleaning benefits, can be provided for improved tooth

polishing, whitening, and the like, without deleteriously affecting the hard tooth surfaces.

Also encompassed within this invention also are products of this selective process scheme

and dentifrices containing such classified silica products.

Background of the Invention
Toothpaste manufacturers sirive to produce dentifrices with high cleaning and low |
abrasivity. Such formulators achieve this goal by incorporating abrasive substancés into the
toothpaste formulation, An abrasive substance has been included in conventional dentifrice
compositions in order to remove various deposits, including pellicle film, from the surface of
teeth, Pellicle film is tightly adherent and often contains brown or yellow pigments, which

impart an wnsightly appearance to the teeth. While cleaning is important, the abrasive should
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i npart an unsightly appearance to the teeth. Wile
cleaning is inportant, the abrasive shoul dAttorney

woOaalemr1. 01- 204A not be so aggressive SO asPCD/US2005/045188

damage the teeth. ldeally, an effective dentifrice

abrasive material maximzes pellicle filmrenova

whi | e causing m ni mal abrasi on and danmage to the hard

tooth surfaces._Consequently, anong other things, the
performance of the dentifrice is highly sensitive to

Aternap DasketeN@d 1i-20Ag agent ingredi ent. A nunber of

maégr i nsol ybl e, abrasive polishin%.agents have heen .

L DG SBREYEsHYS sre toslamagn thertesth cldealhp 81 iefieefivg. dentiftice abrasive
abrasive polishing agents include natural and
myﬁnhlemaxinamsmmcge film réroonad whilreteinginénimbhabrasion and damage to the
generally known synthetic abrasive polishing agents

hard tasdlie s@fanep Ootsequeddly pich@igesthéd thingaSthe pedfbrdangebbihe dentifrice is
di cal ci um phosphate and its di hydrate forns, cal cium

B¥AI . bRitiRd I car bonat e

; ¥ Cg;%?ﬂsaﬁ\@&ﬁhé BBrabfvE poRé hisg%ge B ggédﬂéﬁt

her abrasive polis nts for dentifrices

have | ' A at e [ I ' .
o1 cABHtE B ARk fusoltBAL REreTh pBfIFRE Gy e B0l e or described
rt.hophosphate,. .trical ci ym phosphate, and. t l'ike. A
35 BT PE Comhouicti dBerean DA GO0 pPE ae i e b gptirdl sud synthetic

in particular, have been used as abrasive conponents,
ghrasivapartioulate npadenials.akhegenergliy known nuithetiq abaasivrpolishing agents
ability, relative safety, and conpatibility with

inglpile anorphots precipitatedoyiléns,asitich, geds,) divakefurh phesphatetand its dihydrate
t hi ckeni ng agents, flavoring agents, anti-caries

fofiag) tcalcivdh Pyfophb§itate anﬁyp?édiﬁﬁdtéd odGsiaBomet PIAC)COther abrasive

general ly are produced by the de-stabilization and

SRR 4 1 SO MGk SO gt oo

A o B8 ARG ORGP R ProrBoliely oRGl T phosphate, and the

lﬁ(teher to forma

=

~ Synthetically produced amorphous precipitated silicas, in particular, have been used
as abrasive components in dentifrice formulations due to their cleaning ability, relative
safety, and compatibility with typical dentifrice ingredients, such as humectants, thickening
agents, flavoring agents, anti-caries agents, and so forth, Synthetic precipitated silicas
generally are produced by the de-stabilization and precipitation of amorphous silica from
soluble alkaline silicate by the addition of a mineral acid and/or acid gases under conditions
in which primary particles initially formed tend to associate with each other to form a
plurality of aggregates (i.e., discrete clusters of primary particles), but without 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 the

dried product is mechanically comminuted in order to provide a suitable particle size.
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precipitate is separated fromthe aqueous fraction of

the reaction mxture by filtering, washing, and drying

procedures, and then the dried product is nechanically

comminuted in erder to provide a suitable particle

si ze. Attorney Docket No. 01-204A Such previously

Hitordey BovcketdNaitOil+304A4d preci pitated silica abrasives

have been pr.odyced and provjded for .dentifrices,

gene ré)i’rﬂ?‘x}’r ngo‘c‘ Y Hﬁ"dl‘}?e%cﬁ?@r%hlze‘g PessHIitatpdsHiraabrasiviey Bave been

qual ities. Al though such previous products have

miedused end praxddeddior derdididedsigenemally e toema o awgrall cletwaing and abrasive
been noted that certain [imtations in terns of

qualities i Alhamhtsacinpievivas pridoets ihaee hevoedes! encélledtibenefits in these areas, it
sacrificing pellicle filmcleaning ability have

10 beérPAb1ES thfe bértail Bfnitaiotsah hétnRSof thrgEGRE&rfa 169RE Sbrasive levels

susceptible to unwanted dentin abrasion at the gum

of - | . .
S R SRR pBclP Bt lcaditne SHARY SNt a0 welhapplarty as i
olishing and/ or.tooth whitenjng, applications., As a .
PligsyTs Uy, B genifble Binzenti dentin Fp@bign s e b find, os Well as potential
material s industry in which jnprovenents to such, ends
sypRlepgntal ahyasive/gleaning éllipbp’élg‘b‘f% dor miees effgctive polishing and/or tooth
continuing need for a precipitated silica conposition
whiteningrapplidationsx dslal result, tHeenareragegsavithin thendental kilica wiatdrials industry
| ower abrasivity values, that can be included in a

ih adidhpiagirevanemo R sutl Bnds Bee 8ékdedend, the fol | owi ng
i nvention has proven to accord such coveted results.

10 Briefg térdgoinbMfhetd 1Y g%@rﬁkgﬁg RebdNF ﬁwpib?ﬁeéfﬂ@ascomposiﬁon

a_n am)rp ous pr _GCI P1 ta_te a COITpOS! _
B SRR S P s, et oo

included in a toothpaste composition. To that end, the following invention has proven to

accord such coveted results.

15 Brief Summary Of The Invention
The invention includes an amorphous precipitated silica composition, the silica
composition having a median particle size of about 5 to about 15 microns, preferably from
about 6 to about 10, and more preferably from about 7 to about 9, a particle size span of less
than 2, preferably from about 1.25 to about 1.75, and more preferably from about 1.25 to
20  about 1.40, and a particle size beta value greater than about 0.30, preferably from about 0.35

to about 0.50, and more preferably from about 0.40 to about 0.50.
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about 6 to about 10, and nore preferably from about 7
to about 9, a particle size span of |ess than 2,

wonrefemretaby from about 1.25 to about 1.75, andPapms2005/045188

preferably fromabout 1.25 to about 1.40, and a

particle size beta value greater than about 0. 30,

preferably from about 0.35 to about 0.50, and nore

preferably fromabout 0.40 to about 0.50.Attorney

Docket No. 01-204A The invention also includes a
Afdraby Do6ket 10N iZ04Ag about 5 w % to about 35 wt % of

t he anor phous precipitated silica conposition noted

abov eTheaindergiom dsot inplydesa derdifoecceanyaisiirabiont Swt¥siogbout 35 wt% of
(RDA) | evel between about 130 and 200 (preferably from

thb ambrphdls precipitated silita)conmopitibh noted abbveyand ediibitipg an radioactive
rati o (PCR) of between about 100 and 140 (preferably
denffaBiasish (M—ﬂ\gtl@veﬂ Betteeh 4Bdut 130%na 2606 BRI ot Mout 130 to about

from about 0.65 to about 1.1, preferably from about

T ASHOREN ol SR SR by AR 50 gl o
bl 0.8 FRREOD B I S Eb Fol B l Eretnty

cleaning with a dentifrice containing such materi al s.
fmrn@hpwg),ﬁ&ﬁomhout h8 such materials within the specific

range of particle sizes permts targeting particul ar

ar easBasicallypit hasbeehaeaizetl dhat pravpding ddveatructgrevabirdses silica materials
si mul t aneously exhi biting excessive abrasive |evels.

Wwihiflial coficdAt@edd ihgOdY specifib PattitkeitdsPornits gleatet niformity in

percentages and rati os used herein are expressed by

%égltogn?hdérﬁlﬁﬁig 196 %fé@ffiglg Wity h%ﬂtﬁﬂce @&dtai]ag&;égﬁ‘ﬂ bt € A ikewise,

_n are | ncorpora by rererence. ow ng
B PFBH FGIRR SR gl of M5l 8580 ormits argtin

particular areas of tooth surfaces for proper cleaning without simultaneously exhibiting

excessive abrasive levels.

Detailed Description Of The Invention

All parts, percentages and ratios used herein are expressed by weight unless
otherwise specified. All documents cited herein are incorporated by reference. The
following describes preferred embodiments of the present invention, which provides silica
for use in dentifrices, such as toothpastes. While the optimal use for this silica is in
dentifrices, this silica may also be used in a variety of other consumer products.

By “mixture” it is meant any combination of two or more substances, in the form of,
for example without intending to be limiting, a heterogeneous mixture, a suspension, a

solution, a sol, a gel, a dispersion, or an emulsion.



for use in dentifrices, such as toothpastes. Wile the
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products. By "mixture" it is meant any conbi nation of

two or nore substances, in the formof, for exanple

W thout intending to be limting, a heterogeneous

m xture, a suspension, a solution, a sol, a gel, a

di spersion, or an enul sion. Attorney Docket No. 01-204A
AyorheleDbiHet Noeo1-208Ai s meant oral care products such

as, without intending to be [imting, toothpastes,

t oot Bypolentfriceandl ismeanirasalcaeespredudtysuchas: witheutdntgading to be

span" it is neant the cunul ative dianeter of the

ljmsiting dbethpastest tooth powtiers ahdidentwercceants. | e (DI O) i nus

the cunul ative volunme at the ninetieth percentile

( DOO)ByEpaktiteel siby shdie iflisanmineiheQundulttive idmh&best the Phﬂﬁi@les in the

fiftieth volume percentile (D50), i.e. (D10- D90)/D50.

i & I . »

Gy YR SRRt (910G S BRI RIY S ot D90

5 TR o BT of o8 FabElesh s BBE oliof RenSaeTRED, ie. 10-

di ter of the particles in the seventyfifth vol une
129403)&%& i4 lowenspan valug mdretesAnariewer g@ch

eigedisiibytion.

i ndicates a narrower particle size distribution. The

pr eseBy “partidlstsizsrbetayaluelsit isoneand cyrholative diapsitgri afdbeeparticles in the
silica conpositions, also known as silicon dioxide, or
twentydiftholadae ipereentilel (MRS Pdiwited byahe digneta oflticapdriieles in the seventy-
characteristics when included within a toothpaste or

fHRNdlithé percerkIE 3D 780 1.2 DMEDTS.| AdfcheP BbtaQalué iRHRAMRS a narrower
teeth by renoving debris and residual stains, but also

i . ish tooth surfaces. Because the silicas
10 pfg#ﬁ?%]éé%]p?lé@gﬁﬁh{lhnventi on have been classified to

remove, fine ., . . . o -
The present invention relates to amorphous, precipitated silica compositions, also

known as silicon dioxide, or SiQ2, which imbart improved cleaning and abrasive

characteristics when included within a toothpaste or dentifrice. These abrasive silicas not
only clean teeth by removing debris and residual stains, but also function to polish tooth

15  surfaces. Because the silicas of the present invention have been classified to remove fine
particles which are believed to have less cleaning benefit and large particles which are
believed to contribute to increased abrasion, they have a-more narrow particle size
distribution and are particularly useful for formulating a toothpaste that has excellent
cleaning with lower abrasivity.

20 A sufficient amount of abrasive silica should be added to a toothpaste composition
so that the radioactive dentin abrasion (“RDA”) value of the toothpaste is between about 50
and about 250. At a RDA of less than 50, the cleaning benefits of the toothpaste will be

minimal, while at a RDA of greater than 250, there is risk that the toothpaste will be so
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particles which are believed to have | ess cleaning
benefit and | arge particles which are believed to

woanmiero7iiab e t o i ncreased abrasi on, they have aPaDMUS2005/045188

narrow particle size distribution and are particularly
useful for fornmulating a toothpaste that has excellent
cleaning with |l ower abrasivity. A sufficient anount of
abrasive silica should be added to a toothpaste
conposition so that the radioactive dentin abrasion

Att6&y Do¢Rét€o.@1-204&\ t oot hpaste i s between about 50

-and about 250. At a RDA of |less than 50, the cleanin

aheasive that ibmayrlamage thegasthalentin blobg thr grimdine. Riviférablys the dentifrice
RDA of greater than 250, there is risk that the

shooldipas aRDA| ahizeofao Bhtaboelys (Dswdheds Beoweddlabd G470 and 200.
abrasive that it may damage the tooth dentin along the

gum | iTie RBACS RS t@bimgasté Reiefentieht 61 GRe RAYAHE ot ﬁieeab?asR%the abrasive

val ue of at | east out 50, such as bet ween about

Fﬁ‘g‘?“ég e aﬁ& aﬁ@%cgf;tglzif)é g?ﬁ{%%%ﬁ}s el il tRERGH %?&E e kli’ﬁ\ is measured

ness o he a raS|ve pa Cl é°si ze

g’? ggqﬁggﬁﬁﬁ ﬁ@&ﬁ? gl? Q\ﬂué@r ﬁlgﬁ}?élttﬂ{)éssessment of Dentifrice

descrlbed in_the article "A Laboratory Mthod fo

Abragiyyrpdohpd. ebfran incloumel atDental ResearchnVol. 55, ho. 4 (1976), pp. 563-
Hefferren, in Journal of Dental Research. Vol. 55, no.

3¢ Bili@) gbragivitp6chardi®Ss cai dlscbe mbasased/by yn Binldteermetiod, which is
can al so be neasured by an Ei nl ehner nmethod, which is

déeaibedlia gréatergiceal wilowlet ai | bel ow. By the present
i nvention, abrasive anorphous silicas have been

develgp i
per f of rrg% T E%fnt AL e‘%}* ¥biRA&VE afbfstloli§ Silicad BARIHREN developed that not

( al'so T'ess abrasive. By using post
S R B 0 ) gt i
qd s Cf%:%tlbxg %blé]gg%géﬁ?rll g)tré)\(l 8@%1 o ﬁD d saiPc% a% a ree1819ee glhca material may
be produced that has relatively low RDA and Einlehner abrasion values over a given PCR
range.

The silica compositions of the present inventiqn are prepared according to the
following process. In this process, an already formed dried silica is feed into an air classifier
in order to separate the desired fraction from the finer and the coarser particles. The silica
abrasive feed can be precipitated silica or silica gel of any structure, such as very low to
medium structure, with very low to low structure precipitated silica preferred. Silica structure
as used herein is described in the article “Cosmetic Properties and Structure of Fine-particle
Synthetic Precipitated Silicas”, S.K. Wason, in the Journal of Soc. Cosmet. Chem., Vol. 29,
(1978), pp. 497-521, which is incorporated herein by reference. Such inventive compositions
include silica particles that exhibit a linseed oil absorption value of from about 50 ml/100g to

about 90 ml/100g.
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i nvention are prepared according to the follow ng
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silicais feed into an air classifier in order to

separate the desired fraction fromthe finer and the

coarser particles. The silica abrasive feed can be

precipitated sitica or silica gel of any structure,

W to madl um structure, with very lowto
gﬁ%ﬁhﬁ’&%ﬁ% &1 Pitated silica preferred. Silica
stru erei,n i,s described in the article
” oy SlEerLa S ‘b“eﬁg%cegta.cmr O 3ke dsSrpgpRBp b patent numbers
Silicas", S.K. Wason, |nthe
SO, SHOOBE, LB EAER e 803 5y whih arg inomppratsshhorein by roforcnce

497-561 which is incorporated herein by reference.
Such isyicadeehess beiinineducad intd ¢hesélhdsifrer pand uehilted feedstock or

that exhibit a linseed oil absorption value of from

mifledbefore intlododipntto tabeassifR. The dnrRified fééd%slewam&%d in any
No. 01-204A The silica feed can be produced accordi ng

5  convdntienaleg@ipnitnt Q8 fof‘dll}Jir%3s,1l??@até %g‘ 6 %ﬁg, nfbf cﬁ'gf%g (e.g., tower

5, 869, 028, 4 421,527, and are

of RSN, HAFHBEL ool BHFES: R b o, e e s
e ﬁ%?xear\%ﬂ#e" C@eEBTban be driod i n

any nventlo .equi pment used for drying silica,
%ﬁ o‘?‘? drigd siliga mag bareduegd frepayticletstraovithosonventional

fount ai n) fI ash drying, rotary wheel drying or
gEnding ang, nullm@dequlpmmgto ofitein dine dabired pintialepiadifietween about Spum to

general ly should have a 1to 15 wt % noi sture level.

10 abiut @6t eich, astabeutBpineth dbiokii ESABMidI90 iftehdueod ﬁito the classﬂier A
particle size with conventional grinding and m |

hﬁﬁMePB?ﬁSndme‘P RiiR hﬁgtbté%sgc?ﬁf SibrRRbib R fassh 1§ c%mmmutlng and fine

bet ween about
grinding can be performed by fluid energy or air-jet mill.

The dried silica is then subjected to air classification to yield the inventive silica with

a narrow particle size distribution. Classification of the silica tightens the particle size

15 distribution by removing the fine and large particles from the product. The classifier housing
serves as a plenum into which the metered primary air is introduced through the inlet duct.
This air enterg the classifier rotor through the narrow gap between the tip of the two rotor
halves and the stator. These opposing high velocity streams form a turbulent dispersing zone.
Feed enters the system through the central tube, which is angled to the radial to minimize the

20  distance of coarse particle injection into the vortex due to inertia. The space between the
outer edge of the blades and the periphery of the rotor forms the classification zone. Coarse
product, which is rejected outward by the centrifugal field, is conveyed out of the classifier

through the coarse outlet using a jet pump mounted on a cyclone. The cyclone overflow is
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about 25mm such as about 5nmmt o about 15mm prior to
introduction into the classifier. A hamrer or pendul um

waizbde/omesp9 be used in one or nultiple passes foPCT/US2005/045188

comm nuting and fine grinding can be perfornmed by
fluid energy or air-jet mll. The dried silica is then
subjected to air classification to yield the inventive
silica wwth a narrow particle size distributjon.
Classification of the silica tightens the particle
Attomeyl DotkétNG. 00204 r enovi ng the fine and | arge

Ip rticl eéefro, the product. The cl 'a_lssi fier housing
3 04le clagsifisttbrongh shameeyie pore Fint productjedven the dassifier through

IS introduced through the inlet duct. This air enters

thp genitahgutiativeth the poimarp pivighy. t Tie: silicario vlagafed GhtNE®S silica product has
the tip of the two rotor halves and the stator. These

thp desited pattichhsinedisrivuyiont r eans form a turbul ent
di spersing zone. Feed enters the systemthrough the
cent rido biiefia fYUSEribi helizd Sistributi :
» RIS M0 o BE PRI Bpippion s paric

m nimze the distanc
gt [ tia...Ih bet h
e A58 b ek Bl a0rEh PR dfapt Sraierae tnsirument

[ o or the classification zone. Coarse product,
%‘ﬁag’ﬁ]e %‘%ﬁ?‘é‘&e'é‘aﬂwamﬁ*%oqumé’ee@ﬁﬂvmm ghhe sizedigtribugion of silica
pggweyed out of the classifier through the coarse

GStin g FiVeg camposiienpaphaeptesenteciorcy Elosibe whitteplots cumulative
cyclone overflow i sAttorney Docket No. 01-204A
vl pezcknt as & finction of phitiele siii& Wh]*e é\hﬁulbﬁ%/%lﬁni%q{efcent is the
Fi ne product | eaves the classifier through the central

petethieby Vblubhe] bfa BlstriBitionHavinklaPMticld§izS bf %Q@tgﬁﬁ or equal to a given
classified until the silica product has the desi r ed
vARE bh¢ Whet 1&“{: ?fée'ti?ﬁfe' d}?et%r\r’]&aﬁre:qh%rg‘egt éq%rfgcal particle, The median

descri bi ng e nthess 0 e pa
o 08 S e B L RS 558 Bk pinton
e HRe o e HRYbaRi a. The i Ze i stributi on of

st %‘ﬁe width of the particle size distribution of a given composition can be characterized

using a span ratio. The span ratio is defined as the cumulative diameter of the particles in the
tenth volume percentile (D10) minus the cumulative volume at the ninetieth percentile D90)
divided by the diameter of the particles in the fiftieth volume percentile (D5 0), i.e. (D10-
D90)/D50.

The particle size distribution is also characterized by a beta value. The particle size
beta vélue is the cumulative diameter of the particles in the twenty-fifth volume percentile
(D25) divided by the diameter of the particles in the seventy-fifth volume percentile (D75),

i.e.D25/D75. A higher beta value indicates a narrower particle size distribution.
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particles in a given conposition may be represented on
a Horiba which plots cunul ative vol une percent as a

woumtoramn9 of particle size. Wiere cunul ati ve veCums2005/045188

percent is the percent, by volune, of a distribution
having a particle size of less than or equal to a

gi ven val ue and where particle size is the dianeter of

an equi val ent spherical particle. The nedian particle
size in a distribution is the size in mcrons of the
Attbiney DoaketiNd.€H -2044 he 50% poi nt on the Horiba for

t hat ﬂa@t i bution.” The width of the particle size

di st r + POEPBEVEf anophoespreeinisated siliom magrthérebe incorporated into a
characterized using a span ratio. The span ratio is
dratiifiigeccompositionc eugy tadthpastegeitiee hetheabld d1@adive b1 Witk dtheRabrasive
the tenth volune percentile (D10) m nus the cunul ative
cophpomentat t he ninetieth percentile (D90) divided by

the dianmeter of the particles in the fiftieth vol une

perc elﬂtddﬁﬂi_oﬁ% Qﬁe aﬂraﬁv? éﬁlﬁ@%ﬁ%c egréﬁtzlgl-d&bex?ggg%é ?xlérﬁain several other

si ze distrlbutlpnlsasocar . .
cfepts CORRAlIL WSl i e BToR S Tt Juamerianioy Bhckgging agents, (also

g{e%ent glgewgmgé\ di vided by the dianeter of the

1mep kaown as hindetsy gwms.of Stebilizing agentshantibagterial agents, fluorides,
(D75), i.e.D25/D75. A higher beta value indicates a

SieeteBotsr angdporsusfastanisze di stri buti on. Attorney Docket

No. O 1-204A This abrasive, anorphous precipitated

si | i dumegfarithsarve o adiclssdyer dinedth ke e dentifices well as preventing
conposition, e.g., toothpaste, either as the sole

thddagifie Rom\iryingdub eSul%lﬁﬁiﬂ&t&%teﬁxg@?éHtepﬁl?ng &l%%))ll (at a variety

addition to the abrasive conponent,
. _ , . . I .
o R QU TR Hhotlor WirRE e RN R, ol

I .
s&%?tgf, ?nangmﬁoﬁ' ?actltol, and hydrogenated starch hydrolyzates, as well as mixtures of

these compounds.
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, gum karaya (sterculia

. gum), gum tragacanth, gum arabic, gum ghatti, gum acacia, xanthan gum, guar gum,

veegum, carrageenan, sodium alginate, agar-agar, pectin, gelatin, cellulose, cellulose gum,
carboxymethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose, hydroxymethyl,
hydroxymethyl carboxypropyl cellulose, methyl cellulose, ethyl cellulose, sulfated cellulose,
as well as mixtures of these compounds. Typical levels of binders are from about 0 W% to

about 15 wt% of a toothpaste composition.
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sonet i mes known as bi nders, guns, or stabilizing
agents), antibacterial agents, fluorides, sweeteners,

wanwematryr f act ants. Hunectants serve to add bedy/useo05/045188

"mouth texture"” to a dentifrice as well as preventing
the dentifrice fromdrying out. Suitable hunmectants

i ncl ude pol yethyl ene glycol (at a variety of different
nmol ecul ar wei ghts), propyl ene glycol, glycerin
(glycerol), erythritol, xylitol, sorbitol, mannitol,
Ateidyl Dbcket D, bydoggenat ed starch hydrol yzates, as
wel | as m xtures of these conpounds. Thickening agents
are dautbgptetial amretsmbefln¢luéer$®npdmetth@pmswfce ohmicroorganisms to
present invention to provide a gelatinous structure
beloat kistvabhdrifalSlevdls  Switiblepasibactedali agsiits phvhsde tetrasodium
separation. Suitable thickening agents include silica

p%?ﬁgﬁihﬁfe beAARCAbId, Qb&iﬁﬁfﬂ&lﬁoﬁé pokbibh b0tk BbAY &cid phenolic

erculia gum, gumtragacant , gum arabi c, gum

S A .o
“%8*11 Erpgfgecel l uh’g‘;e tcel Hlf)g{l‘?l ﬁph%@{gf y f}gﬁxqﬁg%hexylresorcmol

ceIIquse roxynethyl hydr oxynet hyl car boxypr opyl
laggylpypidinim ﬁ%lpﬁgl% rewstylpyridinivan eRlpride|ceiyipysidinivmi frusride,
cellul ose, as well as m xtures of these conpounds.
cefylpyridinivre\blosidef cebylpyhedisiuar brofriden Hipoesent) thetlevel of antibacterial
about 15 wt % of a toothpaste conposition. Attorney
agone isqirefipablP fibn?kbit ANtwidARY boudb va%esk the fodthpaste composition.

i ncluded to reduce the presence of m croorgani sns to

bel ogyykpR lc?jx?a{y'ﬁéﬂddla@ YPthe tooth Eebéogwgﬂftiom& ﬁrﬁ%ér% pleasing taste to

agent s I nc tetrasodi um pyropho benz

t.assi nzo te bori ¢ ac
kel oS ERGLEeF inBloe SRicheR RGP A, PEleiig o atoium
t nDI anet hol e, eucal yptol, carvagrol,
saccharin), cyclamate (as’ aso jum, potassium or calcium salt), acesulfame-K, thaumatin,

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

The toothpaste will also preferably contain fluoride salts to prevent the development
and progression of dental caries. Suitable fluoride salts include sodium fluoride, potassium
fluoride, zinc fluoride, stannous fluoride, zinc ammonium fluoride, sodium
monofluorophosphate, potassium monofluorophosphate, laurylamine hydrofluoride,
diethylaminoethyloctoylamide hydrofluoride, didecyldimethylammonium fluoride,
cetylpyridinium fluoride, dilaurylmorpholinium fluoride, sarcosine stannous fluoride, glycine
potassium fluoride, glycine hydrofluoride, and sodium monofluorophosphate. Typical levels

of fluoride salts are from about 0.1 wit% to about 5 wt%.
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ment hol , phenol, anyl phenol, hexyl phenol ,

hept yl phenol , octyl phenol, hexylresorcinol,
woOamey7dze i di ni um chl ori de, nyristyl pyridi ni unPCT/US2005/045188

chloride, cetylpyridiniumfluoride, cetylpyridinium

chloride, cetylpyridiniumbromde. If present, the

| evel of antibacterial agent is preferably from about

0.1 wt%to about 5 wt% of the toothpaste canposition.

Sweet ener s may be added to the t oot hpast e conposition

Atmmégpab&keaml ers04py taste to the product. Suitable
sweet eners i nclude saccharin (as sodium potassium or

cal ciwagiantsivaai alyo beipeludedaeaddibonal sledisimg ansbfoassngiagents, and
or calciumsalt), acesul fame-K, thaumatin,

nmgyohe sefretaddirom dhdoyitr suefactasiByitterionio Isﬁtfﬁﬂants, nonionic surfactants,
gl ycyrrhizin, dextrose, |evul ose, sucrose, nannose,

agiphotthid GaERotants ntl %%&%H@Mc%ﬁé AhidRicRiufth la¥Ye preferred such as

contain fluoride salts to prevent the devel opnent™ an

r@éﬁ%ﬁ%élsso g{,c}? @ggiu&ﬁ%?%lf%l table fluoride sal ts

I ncl ud: ramTruori |umfluor|de zi nc

5 ;Iogior eﬁ%ﬂ?&é‘fcgg&géﬁ or%lg%@éilgggq%%{?glvgr%tyo addl(tjional ingredients
monof | uor ophosphat e, | auryl am ne hydrof | uori de,
saeheatiesensitivaeg agenise hepling REens.rafRrshrictprewentative agents,
di decyl di net hyl anmroni um fl uori de, cetyl pyridi nium
chélating/skeuestering agehtsovitdaink,Hmino 'hbids;rprdteinssmheloamhp:laque/anti—calculus
stannous fluoride, glycine potassiumfluoride, glycine

Femg prh@iﬁétsdﬁatlbikﬁtﬂ:s Safli-&HRy iR SnlzES) rgﬁp&gﬁ?l g%enng BixfdBing agents,
ev

els of fluoride salts are from about

may a?nzd\%)e | ngodrgg ed as g‘%’l t onﬁﬂg %Pééfls%é&géﬁgm >
10 (O KRR PEReE gy TR pained B R ot R iftin to the aaditives
w2 A b i 30 T
compnse from about 10 wt% to about 40 wt% of water, preferably from 20 to 35 wt%.

Preferred Embodiments of the Invention
15 The invention will now be described in more detail with respect to the following, |

specific, non-limiting examples.

Comparative Examples A-B
In order to show the improvement of the present invention, 2 commercial precipitated
20  silicas ZEODENT® 103 and ZEODENT® 124, Comparative Example A and Comparative
Example B, respectively, were characterized. These products are available form J.M. Huber
Corporation, Edison, New Jersey. Physical properties of these examples are summarized

below in Table 2.
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metal sulfate salts, such as sodiumlauryl sulfate.
The dentifrices disclosed herein may al so contain a
woaniemrys2ef additional ingredients such as PCT/US2005/045188

desensitizing agents, healing agents, other caries
preventative agents, chel ati ng/ sequestering agents,
vitam ns, am no acids, proteins, other
antl-plaque/antl-calculus agents, opacifiers,
antlblotlcs anti -enzynes, enzynmes, pH control agents,

Fg?qkﬁgmgq N§1S20441 | oxi dant's, whitening agents,

ants avorants and preservatives. Finally,

mater provi des the baIanceEm&npmslébnp03|tion in
addition to the additives nmentioned. The water is

pr ef & Bdnipldet anl 266 iigidultale fotfusb TPREHi6S5 as Wl as other products,
dentlfrl ce wi | corrprl se fromabout 10 wt% to about 40

to 35 % Preferred
géa%@a{lgog}lﬁ ﬂ{eﬁl% {lgggﬂfﬁg invention will now be
desc bed in nore tot
f ol | SiF Fgrmggagteriplt o Rispmplerhy é?mm;d ve Example A,
Co arative Exarrpl es A-B In order to show t
EVERENS. ofhe dricpregipiiated pilishived Fhenzlrcfdaﬁéif'@p wpder the conditions
preC| pitated silicas ZEODENT(r) 103 and ZEODENT(r)
ligizd in Tahip i rveith weltipla ppises through adligh Hifficieney Crutrifiigal Bir Classifier
respectively, were characterized. These products are
(Meadl 1230} ah@asiuded\by EUBETechaslpgies ThaNCottshiesGrove NeiiV.
Jersey. Physical properties of these exanples are

su ' Bkar DE
ST AT b ZhiccqmRGS o ceopmTe 14

%F%gﬁg:{h oflfrs%J x%ﬁled. ﬁl%%flle([l pfe%ﬁnﬁtc'edvgﬁua Wis LD & classified, under the

conditions listed in Table 1.

Table 1
Example 1 : Example 2
Rotor Speed (rpm) 1550 1550
Flow Delia P (in. H,0) 4.5 4.5
Air Flow (scfm) 247 247
Ejector Pressure (psig) 50 50
Class. Delta P (in. Hg) 6.5 7.2

After being prepared as set forth above, several properties of the particulate silica,
including median particle size, mean particle size, particle size beta value, particle size span,
% 325 mesh residue, BET surface area, CTAB surface area, oil absorption, and Einlehner
abrasion were then measured.

Particle size measurements were determined using a Model LA-910 laser light
scattering instrument available from Horiba Instruments, Boothwyn, Pennsylvania. A laser

beam is projected through a transparent cell which contains a stream of moving particles
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were prepared according to the present invention. The

starting material for Exanple 1 silica was Conparative
waxerspres2d, ZEODENT(r) 103. The dried precipit 2Ceas2005/045188

silica was then air classified, under the conditions

listed in Table I, with nmultiple passes through a Hi gh

Efficiency Centrifugal Air Cassifier (Mdel 250)

manuf actured by CCE Technol ogies, Inc., Cattage G ove,

M\. The starting material for Exanple 2 was

aratj vy B, ZEODENT(r) 124 silica which was
A%’%Eﬁﬁf*‘?tz‘&’a@@“% |led precipitated silica was then
sulhdndell §55 lifhiad Lign sy Wiieh SieiRd ithd Surticles sleq@atioted tibdizh angles
I~ Table 1 After bei'ng prepared as set forth above,
r al ' : i L d th
wHRH BBt 1d (HEiraRl e hliodlesitauray measurcs the
particle. size beta | ue, particle size span, 9 A
afiabiy SuEhdnEsevaerDiedRrtned tidies’ aBiER SER: prthofitp o the
absorption, and Ei nl ehner abrasion were then neas ried. ulii
mpasurdddight Shuz valusa sverthersprosesigd by aSgraspmpytey systgn o form a multi-
Model LA-910 |aser light scattering instrunent . )
clamadiiadibgrafr afithtipartible sizestisttibutivns  Medien ang mean particle sizes were
Pennsyl vania. A |laser beamis projected through a
mbASIRKPR 01t 0Rab thefirGdle 6126 kFin($D20-DINHMEM) tinddetavglues (D25/D75).
particlesAttorney Docket No. 01-204A suspended in a
|1 Gui fhe 40 LichBYSidtRIER dBlchifed tyewiiBhink SO Siliad futo a 1-liter beaker
y

scattere rough angl es Ich aré inversSe
r Qpor t.i t.0 theid Si . th
oS SO S e R B RGBS 3 B e, e
predeterm ned angles. Electrical, sigpals proporti.ona
prsdonall vt 8 Al Gspess b SR pivsii B pBRRA through the
by a m croconputer systemto forma nultichannel )
spray nozzle (Fulljet 9.5, 3/8 G, 316 stainless steel, Spraying Systems Company) to 20-25 psi.

The sieve screen cloth (325 mesh screen, 8" diameter) was held 4-6 inches below the nozzle
and, while spraying, the contents of the beaker were gradually poured onto the 325 mesh
screen. The remaining material from the walls of the beaker was rinsed and poured onto the
screen. Washing occurred for 2 minutes, moving the spray from side to side in the screen
using a sweeping motion. After spraying for 2 minutes (all particles smaller than the screen
opening should have passed through the screen), the residue retained on the screen was washed
to one side, and then transferred into a pre-weighed aluminum weighing dish by washing with
water from a squirt bottle. The minimum amount of water needed was used to be sure all the
residue is transferred into the weighing dish. The dish was allowed to stand 2-3 minutes
(residue settles), then the clear water was decanted off the top. The dish was placed in an oven
("Basy-Bake" infrared oven or conventional oven set to 105°C) and dried until the residue was
dried to a constant Weight. The dry residue sample and dish was re-weighed. Calculation of %

325 residue was done as follows:
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25

hi st ogram of the particle size distribution. Median
and nean particle sizes were neasured in addition to
woheospar2d cl e size span ((D10-D90)/ D50) and beraTwakwwss45188

(D25/ D75). The %325 sieve residue was determ ned by

wei ghing 50y silica into a 1-liter beaker contai ning
500-600 M water. The silica particles were allowed to
settle into the water, then mxed well until all the
materi al was di spersed. The water pressure was

adj usted_t hrou he spray nozzle (Fulljet 9.5, 3/8 G
Agomeygekeie: (gt'%gA Sprayi ng Systens Conpany) to

20- .}2%§t2§§§sldu§he si eve s\c“ LG Qhilk, 330100eSh screen, 8"
was hel d 4- t08RiMELOW t he nozzl e and,
vvh| | e spraying, the cor‘ff nt s ‘he beaker were
gradual |y poured onto the 325 mesh screen The

remai ni n rraterlal fromthe beak

e bhe BT sprmascu e dthaey b e BaL g R Ao methods of
for 2mnutes noving the s from3|deto S|de|n

Brirews ot dle d. Asi. Ghem. §ogcff) ﬁ@gﬁb%t&)n After spraying for

2 mnutes (all particles smaller than the screen
openiThg CSIOB kgtehay surfies ech dffsilinagh detmmised by absorption of CTAB
residue retained on the screen was washed to one side,

thelicairibe thedxeBisreparated by
(%qtréu 2 Wﬁ%ﬁ&imdasen i Bca/RIfbeE par.

y washing with water froma squirt

bat.t.| Al d stifactant
%@"E“ B‘”&Fﬁda‘]ﬁ‘ r"r“.,SI gﬂg I's '?r ans?er re ﬁ?ﬁ%f&éuﬁﬁ@

wei ghi di sh. The .
clertipde Qﬁeﬁ‘r @%?r&aleg%f@f? P'g@)‘* Silich é%‘?‘i“’“ . ﬁde%‘?’?‘&g‘f é‘r‘%&‘é“ CTAB
decanted off the top. The dish was placed in an oven
adscwberd,(amaliysts of RTAD beforsand afier adsgBitWonal oven set to

1050C) and dried until the residue was dried to a

cons tSpetificellylabout The g of yilice s atearatdyrpieighas endiplapedsinsa 250-ml beaker
re-wei ghed. Cal cul ation of % 325 resi due was done as
wif 16060 M CTAT yolﬁli’&k(ﬂ 5 %‘L), Rixed VA& stirgilatefor 30 minutes, then
wei ght of residue,

centrifuged for 15 minutes at 10,000 rpm. One ml of 10% Triton X-100 is added to 5 ml of

(

the clear supernatant in a 100-ml beaker. The pH is adjusted to 3.0-3.5 with 0.1 N HCI and
the specimen is titrated with 0.0100 M sodium lauryl sulfate using a surfactant electrode
(Brinkmann SURI501-DL) to determine the endpoint.

The oil absorption was measured using linseed oil by the rubout method. In this test,
oil is mixed with a silica sample and rubbed with a spatula on a smooth surface until a stiff
putty-like paste is formed. By measuring the quantity of oil required to have a paste mixture,
which will curl when spread out, one can calculate the oil absorption value of the silica - the
value which represents the volume of oil required per unit weight of silica to completely

saturate the silica sorptive capacity. Calculation of the oil absorption value was done as

follows:
Oil absorption = ml il absorbed X 100 §1))
weight of silica, g
= ml 0il/100g silica
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sanpl e weight, g The BET surface area was determn ned

by the BET nitrogen adsorption nethods of Brunaur et
wal2006/031529 Am Chem Soc . 60, 309 ( 1938). ThePCrAB2005/045188

external surface area of silica is determ ned by

absorption of CTAB (cetyltrimethyl ammoni um brom de) on

the silica surface, the excess separated by

centrifugation and determned by titration with sodi um

| auryl sulfate using a surfactant electrode. The

xternal .surface the silica is determned fromthe
AEWW:]?‘KFI(S‘?N@%&B%Z‘{QOWM (anal ysis of CTAB before and
after adsorption) Specifically, about 0.5 g of silica
is accurately weighed and placed in a 250-n beaker

2 DA DRI 0 (2 bt e

el ec P m nutes, then centrifuged

faqr, 15 m es, at. 10, 000 . rpm, One. nl_.of 0 e .

e -l I bl s B wied nd
100-m beaker. The 0pH is adjusted tg 3.0-3.5 wit 0.% luti
expasell tarthg actien efelQ%aqueanssilica gpengnsipn fo1e Fsedgnypoet of revolutions,

sodium | auryl sulfate using a surfactant el ectrode .
apBttierdonmmn ofAIRIG @1 isThyn defemained as milliglamsdnens dpstfronp the Fourdrinier
oi | absorption was neasured using |linseed oil by the

wittheren Fok 1001000 fevblutions. eBisposable supplidsrequivdd: for this test (brass
silica Sanple and rubbed with a spatula on a snooth

s&%@rtsa%axéﬂﬁfﬁk afid BV fub ? bé-dvhitSb1® AShEDInScah W seBelateBRutland,

neasiring the quantity oil required to have a paste

i ’ oh wid. I N

bt el & v gl RS SRS RN, el FrbaRk (Phpsphos Bronze

RO oL Sy e (LS L5 Rffontc bt o
silica sorptive capacity. Calculation of the oil,

Sabinotest thomrinsgdin tamwates aed Hased againin a beaker containing 150 ml water set

in an ultrasonic bath. The screen is rinsed again in tap water, dried in an oven set at 105°C
for 20 minutes, cooled in a desiccator and weighed. Screens were handled with tweezers to
prevent skin oils from contaminating the screens. The Einlehner test cylinder is assembled
with a wear plate and weighed screen (red line side down — not abraded side) and clamped in
place. The wear plate is used for about 25 tests or until worn badly; the weighed screen is
used only once.

A 10% silica slurry, prepared by mixing 100 g silica with 900 g deionized water, was
poured into the Einlehner test cylinder. Einlehner PVC tubing was placed onto the agitating
shaft. The PVC tubing has 5 numbered positions. For each test, the position of the PVC
tubing is incremented until it has been used five times, then discarded. The Einlehner
abrasion instrument is re-assembled and the instrument set to run for 87,000 revolutions.
Each test takes about 49 minutes. After the cycle is completed, the screen is removed rinsed

in tap water, placed in a beaker containing water and set in an ultrasonic bath for 2 minutes,
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follows: Ol absorption ml oil absorbed X 100 (I1)
wei ght of silica, g = m oil/10Q silicaAttorney
woOaalem7192@. 01- 204A The Brass Ei nl ehner (BE) ARCaRiSo005/045188

val ue was neasured through the use of an Einl ehner

AT- 1000 Abrader. In this test, a Fourdrinier brass

W re screen i s weighed and exposed to the action of a
10% aqueous silica suspension for a fixed nunber of

revol utions, and the anpbunt of abrasion is then

determ ned, .as m LLigrans brass lost fromthe
AﬁGHPéfﬁ%ﬁi@}ﬁW qﬁe'.bé%‘geen per 100,000 revol uti ons. ‘
ribRORIR BBy ® Aak@ Sl QALA £sh vk sthdts 05eS for(20 mimtes. The dried
screens, wear plates and PVC tubing) are avail able

f ' ] ,
S T s
P B P. M f i
o SRR s G BTN PRUAD ot measred

for 5 mnutes, then rinsed in_tap ter and. ripsed . o
impeitsrofime Josh Berck0.C0realNos. 25 19Vs slaprean b chiracigrized as the 10%
ultrasonic bath. The screen is rinsed again in tap

byt Binleltirer 6AE) abrasionvalne.s Ehe asultosithesegpeazgrements angl tests are
cooled in a desiccator and wei ghed. Screens were
shiapfakieed velbw ihVIRbE.s to prevent skin oils from

contanmi nating the screens. The Einl ehner test cylinder

Is assenbled with a wear platgppd wei ghed screen (red

line side down - not abraded side) and clanped in

~—p|~aee.—?he—wear pt-ate—tsyused—for—aboyt ] S0 i
until worn BadlBxaniphel weil ghdikamplee2n | sﬁ% 8‘3% %/ C]E(');nmp;lar;ae]\;e
ance A 10%silica slurry  preparedby et ALt i P
Miedipn Rartiol |900 ggdei oni 2ed wager, was 9.4 8.3

Size (pm)
Mean Particle 8.2 8.7 13.1 11.2
Size (um)
Particle Size 0.41 0.19 0.24
Beta Value 045 _ ]
Particle Size 1.47 1.61 3.01 2.73
Span
% 325 Residue 0.0 0.0 1.2 0.4
BET Surface
- 53 39 73
Area (m*/g)
CTAB Surface
48 32 42
Area (m*/g) 22
Oil Absorption 74 70 72
(ml/100g) 59
Einlehner
. .38 18.92 8.57
Abrasion (mg) 13.10 6

As can be seen in Table 2, the silicas prepared in Examples 1-2 have smaller median
and mean particle sizes as compared to Comparative Examples A-B. Examples 1-2 silicas
have narrower particles size distributions as indicated by their lower particle size spans and
higher particle size beta values. Examples 1-2 also have lower Einlehner abrasion values

while still being sufficiently abrasive to produce toothpas;te with acceptable or good cleaning
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poured into the Einlehner test cylinder. Einlehner PVC
tubi ng was placed onto the agitating shaft. The PVC

woubierngifzas 5 nunbered positions. For each tesPCTIS2005/045188

position of the PVC tubing is increnmented until it has
been used five tines, then discarded. The Ei nl ehner
abrasion instrument is re-assenbled and the instrunent
set to run for 87,000 revolutions. Each test takes
about 49 mnutes. After the cycle is conpleted, the
screen_ i S renove insed in tap water, placed in a
Aﬁ@&@é‘@%ﬁﬂif’fﬁ]ﬁgo%ter and seltO in an uiotrasoni c bath

{ L N g}@grm an#ﬁ AR 24bit bidadedhatiitle size
p%rg(ﬁ%ﬁalnglédﬂ&g?ré@s%? ried !ﬁ%la gsven set at 1050C for
20.m nutes, The drjed screen is cooled in a desiccator

dispriputions g MOFGEY RS are run for each sanple and

the results are averagged .and expressed,i .|

100, Goolomapsiife (HEeTIaHra in SORTAICT ARG the T oo s of Exemples
nmg | ost per 100,000 revolutions, for a 10% sl urry ca
| ewetedneorperaledeas p@wdf:lrsentp(fWIﬁ@serEﬁwﬂa?ﬁﬁ@rw{"@Ewans (hurmbers 1-4),
abrasi on value. The results of these neasurenents and .
ch@sdts W% abdiBsErsiladodinpleveln ThepeefoRmanceifdhese sompgsitions was

be seen in Table 2, the silicas prepared i n Exanpl es

: o'ﬁ?@é?ecﬁ%ﬁie kg petfothaitedTdosthpasidasrhpasitionsisz@formslated with
t%ecl)lfrcpa ed to npar at | veeExarrplgis A- B.pExarrpI es 1-2

iLicas hay A i jaz08Libibs | dainoQ8welR The eight
Gl sd algans YftsoRlch of o6% iaZBOd LBk Ichtine? e

hi gher partigle size beta . anples 1-2 al so
t?fz{g%a# PQS{HQDS ATeSEt gﬁ'&ﬂ&ﬁa@hﬂ’\er&bﬁg’:w'm le still being
sufficiently abrasive to produce t hpast e w t.h

acceplhest woghpasfs semples %F‘-’r@ﬂ?@rég 38 @&9&@% & %F\is mitpire, g formed by
performance. By contrast, Conparative Exanples A-B
comibirning tHerfoHowingrantrioverds:glyeeri mxdrsom;tqlm@eahwerm glycol

nor e abrasi ve.
(CARBOWAX® 600, from the Union Carbide Corporation, Danbury, CT),

carboxymethylcellulose (such as CEKOL® 2000 from Noviant, Amhem, The Netherlands,
or CMC-7MXF from the Aqualon division of Hercules Corporation, Wilmington, DE), and
then stirring the first mixture until the components dissolved. A second mixture was formed
by combining the following components: deionized water, tetrasodium pyrophospate, sodium
saccharin, sodium fluoride, and then stirring until the components are dissolved. The first
and second mixtures were then combined while stirring to form a prerﬁix. The premix was
placed into a Ross mixer (model 130LDM, Charles Ross & Co., Haupeauge, NY), silica
thickener, titanium dioxide, and silica abrasive added to the premix, and the premix mixed
without vacuum. Then 30 inches of vacuum was drawn and each sample mixed for 15
minutes, and then sodium lauryl sulfate and flavor was added. The resulting mixture was
stirred for 5 minutes at a reduced mixing speed. The eight different toothpaste compositions

were prepared according to the following formulations, wherein the amounts are gram units:
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To denonstrate their efficacy in consuner

products,

the silica abrasives of Exanples 1-2 were incorporated
waoomiess i nto four different toothpaste conposiuS2@Es45188
each at a 20% and 35% silica | oadi ng

(nunbers 1-4),
| evel .

conpared with the performance of toothpaste
conpositions 5-8 fornmul ated with Conparative Exanple
A-B silicas each at 20% and 35% silica | oading |evels.

AYSEIE Dpoke 8,017

st
Be

e conpositions are set forth in
t oot hpast e sanpl es were prepared

as follows. A first m xture wgslef3or med by conbi ni ng

The performance of these conpositions was then

x: hlc f;”;qi Iuv\,i ngy l(_,'unplunz—:mSB%g%b%ééé@&Pﬁﬁi@?r&N{ngﬁr q
ol yet hyl ene ¢l yco r , fromthe ion 7
I‘%‘?‘%‘?’H‘é Cor pof atﬁon, g?r?bury, CT), V
carboxynet hyl ¢ell ul-gse {such—as—CEKEL+)—2000from
Gigq\éi.an# £rnhem 1iThe deggaer | ands | 968TNC- TWXF f9.683 tlhe 1l 9.683
Hhot Wi silon of |Hercul ¢s Corpgoratiagn, WI m ngton,
BE—and—thermstirring the(fTTsST [m Xt urle. untl
SS%P%% s di 4610094 287E% ¢ AP0 A8h18 WLOYT ﬁgﬁﬁy 40.007 | 28.718
conmbi’ning the|foll owi ng cofponent|s: deijoni zedlwater
tetrasodi um pyr ophosfp $odi ms]?fg‘dzauri sPdi 20 17.806 |
DieiandzeddWateand thg& stﬁ'gpﬁg S%qjil he conpﬁgnewgg%e
di ssolved. The firstl| and sécond mi-xt-ures—werett-hen
conbi neggwhi lg¢ stgrringstoifosmg premx. Fhejprém x| 3 3
Crahe d intjo a Rogss m xgr (nodel 130LDM arles
Ross—&—Co——Hatupeauge,—NY)srtica thirckener, [Ti tanijum
exi&e and gill.2a pbrasiyve bkadegd tb thelgr erL'i x,1 anb 1.2 1
the prem x m XYed wi thout vacuum [Then 3D inches of
cuam was dr dwn_andf each danple Im xed for, A5 |m put es,
Tiéﬁasc’(%gg% sodi um P2aur y | Zz)s-Jt]I fa?ig%an pSav DY 0 S ad(s]dgd. 0.5 0.5
P?Fi@hro etino m xt ure was ctirrpdhfnr Sl m-hut-es—at—a
reduced m xi ng speed gi gt di f heoreht gipotihpaste| 0.2 0.2
Snechamg | 02 [
Sodium Fluoride 0243 | 0.243 | 0243 | 0243 | 0.243 | 0243 | 0.243 | 0.243
Zeodent®165 silica | 15 1.5 1.5 1.5 1.5 1.5 1.5 1.5
thickener
Example 1 abrasive | 20 35 - - - - B
Example 2 abrasive - - 20 35 - - - -
Comparative — — - 20 35 - -
Example A abrasive
Comparative — - - — - 20 35
Example B abrasive
TiO, 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Sodium Lauryl 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Sulfate
Flavor 0.65 0.65 0.65 0.65 0.65 | 0.65 0.65 0.65
Total 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
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were prepared according to the follow ng formul ations,
wherein the anounts are gramunits: Attorney Docket No.
wORe7sb88 Attorney Docket No. 01-204A After PCT/US2005/045188

t oot hpaste conpositions 1-8 were prepared, as above,

RDA and PCR properties were determ ned as follows. The

Radi oactive Dentin Abrasion (RDA) val ues of the

precipitated silica conpositions used in this

i nvention are determ ned according to the nethod set

forth by Hefferen, Journal of Dental Res., July-August
ARGBEy DBEket Mo. OPR04863- 573, and described in Wason U S

Pat Nos. 4,340,583, 4,420,312 and 4,42 i PCR

publ Adiet tosthpagts SOPROSHiPEs b"ﬁé”‘?rﬁB’EaePBfé a%se ﬁ’g’r%?ﬁ‘%{g’f
reference. The PCR test used _to, anal yze th
properfiesiveieatoterininadeasdollowsi The Radipachy G BoiRR RIS atues of
Stain Wth Dentifrice" G K Stookey, et al.s J. Dent %{n io the
hB9Recipifiod slRAoodapcbRitds uRGHn dris iIRBA{igRAE dFSATHERCEOrINE

times for each of the toothpaste conpositions and the 63573
m{;@ﬁ's&éfoﬂﬁ%ggmfex{hemmmmmml, fialyehugise 19500 55,4, pp. 563-573,

neasurehents, as well as the ratios of such _
oS F SRR Boo 5 PR Ao Wbl 13 sl 00 STBich
S T Y S
cont ob PCRdeHpBoR SR arel 3 h RO 5 RIBLI IOl Qo oed 89" n Viro
e et 1 Focion b AR, 6, 12365, 1982
| oner than the corresponding control Toot hpaste

CoONP @GR ki BDA: Wereuédstrd Butimes foheachaifithe toaghnaste compositions and
cal cul ated to be

the results averaged. The average results of the RDA and PCR measurements, as well as the

ratios of such measurements, are summarized in Table 4, below.

Table 4
Toothpaste Propetties
Toothpaste
o 1 2 3 4 5 6 7 8
Composition No.
PCR 123 128 111 | 116 115 123 109 122
RDA 181 195 144 | 144 } 225 249 170 205
PCR/RDA 068 | 066 | 077 | 0.81 | 0.51 | 049 | 0.64 0.60

It is seen in Table 4, that the toothpastes containing the inventive silicas (Toothp.aste
Compositions 1-4) in all cases had equivalent PCR values as compared to the corresponding
control toothpastes (Toothpaste Compositions 5-8). Surprisingly, the RDA values for the
inventive Toothpaste Compositions 1-4 were 26 to 61 points lower than the corresponding

control Toothpaste Compositions 5-8. Furthermore, the ratios were calculated to be
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significantly higher for the inventive classified
weiizbiepaifae oduct s than for the conparative siliear/us2005/045188

products showi ng a marked i nprovenent over the

currently practiced abrasives. It will be appreciated

by those skilled in the art that changes coul d be nmade

to the enbodi nents descri bed above wi thout departing

fromthe broad i nventive concept thereof. It is

under ge g&r that this invention is not
Athrﬁ‘i’}t l\{on r;ﬁ cuI ar enbodi nents di scl osed, but
si%mtiﬁéaitl& ﬁlﬁ%{é&* 85k thOirf/RNBe dmEiflodolidaqneduit thamfartke comparative silica
scope of the present invention as defined
YhOBgk&itlyYRactitéd abradives.
pr@g%ttsnﬁmo\)@ g@%‘% I&g’%‘% gg&gf meki ng precipitated

silica abrasive conpositions conprising the steps of
a) providing a pIuraIity of dried silica particles; b)

si zing and cl assi | n sar d si Li ' '
ai r 1t el Siefappreciatad bythaseskt ?gp‘ﬁﬁlae( g aggﬁr %é&%& 7 é’laae to the
classified dried silica particles such th

t, at
crABGIigEnts lesdritred shbveawithp depasting fernthsibrea %dn}ﬁeémvgﬁoncept thereof. It
particle size of about 5 to about 15 microns, a
is %ﬂéﬂsﬁ;‘oﬁ SieAofepRit is ineasionianotlimiertitoghp particelpeengbodiments
beta val ue of greater than 0.3. 2. The nethod of Caim

d&cl%‘%k%r ﬁhﬂt ﬁ&d {o5@vhr MOGifidatesH? wikhih tise dpirirdnd scope of the present
es ex a medi an particle size of about 6

t o _about | e size span of from
mé(B’éttﬂnafdf%'Oan]b B@%%ppfﬁd/%?éah{é a particle size beta

val ue of from about 0.35 to about O0.50.
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3. The method of Caim2 wherein said at | east one

group of resultant particles exhibits a nedian
woandeiocirosi ze of about 7 to about 9 m crons, &CT/US2005/045188

particle size span of from about 1.25 to about 1.65,

and a particle size beta value of from about 0.40 to

about 0.50. 4. The nethod of Caim1 wherein the

particles within said at | east one group of resultant

particles exhibit a linseed oil absorption val ue of

. Ag‘i‘?&%%%ﬁ%ﬁ@?‘%@% At g?ﬁ:; Docket No. OL- 2044 5.

The nmethod of Caim 2 wherei@lailae particles within

said at | east one group of resultant particles exhibit
Wacl i.nseed oil absorption value of from about 50

r‘ﬂ/‘af to about 90 m/100g. 6. The nmethod of Claim3

wher ei h rticles., withi: ' the steps of
1ot & Behot e ineedfitd flifhs GGy S BaHoReniiaie e st
absorption, value of fromabhout 50 .m /100y to about 90

m / IWQVlﬂmg@ﬂE’F?glﬂf ?ﬁ'[@éed?%%lmaé‘ﬂ‘ﬂ%% conpri sing at

| east one abrasive conponent, wherein said qt lfea§t . and

one tybsiziag wed clesyifingsaid driedialicaparticlgnviagi ¢lassiiyauon; an
produced by the nmethod of aiml. 8 A dentifrice

f or rgyl @bb@ﬁaﬁ eaip Gized agd elbsdiBekdrietsilicapagti¢lossuch that at least one
component, erein said at | east one abrasive

ikt babthes’@Biifsathedian partitlesizrofdbawd toyabolie15 microns, a
g@?ﬁgggsgmd%ai m ZS 9. Adentifrice formul ation

cOnpri s 0 irfiele\sPreHRIPAIGNGE grakier than 0.3.
pLic s§e%ﬂgt5§fle%§%§g%f§§qv cor?por?ent i's thegrresultant
particles produced by the nmethod of daim3. 10. A
dentifrice fornulation conprising at |east one

Zfab Ir"l(:ihsel IXthhgg (r)TP 8{]a(ier?1t1’ wlvl\g*girnesla{]d z?t%a%t gxtle group of resultant particles exhibits a

median particle size of about 6 to about 10 microns, a particle size span of from about 1.25 to

about 1.75, and a particle size beta value of from about 0.35 to about 0.50.

3. The method of Claim 2 wherein said at least one group of resultant particles exhibits a
median particle size of about 7 to about 9 microns, a particle size span of from about 1.25

to about 1.65, and a particle size beta value of from about 0.40 to about 0.50.

4. The method of Claim 1 wherein the particles within said at least one group of resultant

particles exhibit a linseed oil absorption value of from about 50 ml/100g to about 90

ml/100g.
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| east one abrasive conponent is the resultant

particles produced by the nethod of Claim4. 11. A
wdeonisiofri2ge fornmul ati on conprising at | east onBCT/US2005/045188

abr asi ve conponent, wherein said at | east one abrasive

conmponent is the resultant particles produced by the

met hod of C aim 5. US2005/ 045188 Attorney Docket No.

01- 204A 12. A dentifrice formulation conprising at

| east one abrasive conponent, wherein said at |east

one abr SI Ve @eﬂ‘ﬁ%&ent is the resultant particles
A'fﬁﬁmf»‘d Ot hod of Cdaim6. 13. The dentifrice

E’H%h%{ﬂo(arb aih @ivfefoin Yiaiagtidlesswithindeidtat feaistene group of resultant
S ara |oact|ve dentin abrasion (RDA) |evel

1 I 0Of tial/ DO 0 10 @boWIPO
paﬂiﬁ‘i“&"g‘ﬁ%@ombs?e‘gg 1%@%% oﬁmel%foﬁg*ﬁgbﬁg ﬁ114 OTghe i

dentifrice formul ati on of Claim8 wherein said
mi§kd9gi fri ce exhibits a RDA | evel between about 130 and

200 and a PCR of between about 100 and 140. 15. The

dentifrice formulation of Cdaim9, wherein said

dentifrice exhibits a RDA | evel between ut 130
6.20 e mkthoPEFCimBevherein thoyparticlep WithHys cﬁ@ﬁ an—ﬁléo 90“38\11‘[31“

dentifrice formulation of daim 10, wherein said 0
pagegegéé Edhitsiea B RichidilsabaoRén velue of fromvabent sbowi 00zt it 9
a PCR of between about 100 and 140. 17. The
mgg |fr|ce fornul ati on of Caim1l1l, wherein said
"frice exhibits a RDA | evel between about 130 and
200 and a PCR of between about 100 and 140. 18. The
dentifrice formulation of Caim1l2, wherein said

7 ggg\t %Iﬁe%gt%gpwﬁégéeﬁﬁaﬁﬁgg %Qiﬁ%gﬂﬁooﬁ&ﬁ, @H&ein said at

least one abrasive component is the resultant particles produced by the method of Claim 1.

8. A dentifrice formulation comprising at least one abrasive component, wherein said at

least one abrasive component is the resultant particles produced by the method of Claim 2.

9. A denfifrice formulation comprising at least one abrasive component, wherein said at

Jeast one abrasive component is the resultant particles produced by the method of Claim 3.

10. A dentifrice formulation comprising at least one abrasive component, wherein said at

Jeast one abrasive component is the resultant particles produced by the method of Claim 4.

11. A dentiftice formulation comprising at least one abrasive component, wherein said at

least one abrasive component is the resultant particles produced by the method of Claim 5.
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12. A dentifrice formulation comprising at least one abrasive component, wherein said at

Jeast one abrasive component is the resultant particles produced by the method of Claim 6.
13. The dentifrice formulation of Claim 7, wherein said dentifrice exhibits a radioactive
dentin abrasion (RDA) level between about 130 and 200 and a pellicle film cleaning ratio

(PCR) of between about 100 and 140.

14. The dentifrice formulation of Claim 8, wherein said dentifrice exhibits a RDA level

between about 130 and 200 and a PCR of between about 100 and 140.

15. The dentifrice formulation of Claim 9, wherein said dentifrice exhibits a RDA level

between about 130 and 200 and a PCR of between about 100 and 140.

16. The dentifrice formulation of Claim 10, wherein said dentifrice exhibits a RDA level

between about 130 and 200 and a PCR of between about 100 and 140.

17. The dentifrice formulation of Claim 11, wherein said dentifrice exhibits a RDA level

between about 130 and 200 and a PCR of between about 100 and 140.

18.  The dentifrice formulation of Claim 12, wherein said dentifrice exhibits a RDA level

between about 130 and 200 and a PCR of between about 100 and 140.
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