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nmet hod of maki ng abrasive conpositions, and nore
particularly, it relates to a nmethod of naking
precipitated silica abrasive conpositions having
excel | ent cl eani ng perfornmance and | ower abrasiveness
with post-reactor. sizing of the abrasive particles
being performed via air classification techniques. By
targeting a specific particle size range, it has been
deternmined that higher pellicle filmcleaning | evels
may be 10 achieved w thout also increasing the dentin
abrasi on properties of the silica products
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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 withih this invention also are products of this selective process scheme

15  and dentifrices containing such classified silica products.

Backgrounﬂ of the Invention
Toothpaste manufacturers strive to produce dentifrices with high cleaning and low
abrasivity. Such formulators achieve this goal by incorporating aBrasive substances into the
20  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 unsightly appeatance 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 materi al
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abrasi on and damage to the hard tooth surfaces.
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15 safety, and compatlblhty with typical dentifrice ingredients, such as humectants, thickening

agenis, 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

20  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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15 Brief Summary Of The Invéntion
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 m01;e 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.



t he anorphous precipitated silica conposition noted
above, and exhibiting an radi oactive dentin abrasion
w@ RDAp715e8/el bet ween about 130 and 200 (pref er Bii/ySTonoons187

about 130 to about 195), a pellicle filmcleaning
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Detailed Description Of The invention

15 All parts, percentages and ratios used herein are expressed by weight unless
otherwise specified. All documents cited hetein are incorporated by reference. The
following describes preferred embodiments of the present invention, which provides silica
for use in dentiftices, 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.

20 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.



By "particle size span” it is neant the cunul ative
di aneter of the particles in the tenth volune

wp@esoeemtseg e (DI 0O) m nus the cunul ative vol ume BCT/UR®05/045187
ninetieth percentile (D90) 5 divided by the dianeter
of the particles in the fiftieth volune percentile
(D50), i.e. (DO D90)/D50. A |lower span val ue
i ndicates a narrower particle size distribution. By
"particle size beta value” it is nmeant cunul ative
di ameter of the particles in the twenty-fifth volune
percentile (D25) divided by the dianmeter of the
particles in the seventy- fifth volunme percentile
(D75), i.e.D25/D75. A higher beta value indicates a
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tooth dentin along the gumline. Preferably, the

de ntcflafre{c efistics 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



shoul d have a RDA val ue of at |east about 50, such as
bet ween about 70 and 200. The RDA of a toothpaste is
waelependset on t he hardness of the abrasive, theCT/US2005/045187
abrasive particle size and the concentration of the
abrasive in the toothpaste. The RDA is neasured 5 by
the nmet hod described in the article "A Laboratory
Met hod for Assessnent of Dentifrice Abrasivity", John
| Hefferren, in Journal of Dental Research. Vol. 55,
no. 4 (1976), pp. 563- 573. Silica abrasivity or
har dness can al so be neasured by an Ei nl ehner nethod,
which is described in greater detail below By the
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The silica compositions of the present invention are prepared according to the
15  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 patticles. 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

20  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 m1/100g.



The silica feed can be produced according to the
descriptions in U S. patent nunbers 6,616, 916,
wB28607628, 4,421,527, and 3, 893, 840, whi ch arBCT/US2005/045187
i ncorporated herein by reference. The dried silica
feed can be introduced into the classifier as an
unm |l ed feedstock or mlled before introduction to
the classifier. The unm |l ed feedstock can be dried in
any 5 conventional equipnment used for drying silica,
e.g., spray drying, nozzle drying (e.g., tower or
fountain), flash drying, rotary wheel drying or
oven/fluid bed drying. The dried silica product
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1R cistiBiiion by Regnoving iR The B Elok BMiL1Ss frond the product. The classifier housing

serves as a plenum into which the metered primary air is introduced through the inlet duct.
This air enters 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 blagies 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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classifier through the recycle port. Fine product
wo e@emsisehe cl assifier through the central ourdBUS2M0%/6M5187
the primary air flow The silica is classified until
the silica product has the desired particle size
distribution. Two criteria for describing the
tightness of the particle size distribution are
particle 5 size span and beta val ues as neasured
using a Horiba laser light scattering instrunent
avai |l abl e from Hori ba I nstrunents, Boothwyn,
Pennsyl vani a. The size distribution of silica
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-8 VO 2G984R 3ffe Eﬂélyégeocﬁéﬂx&x% 1% §t7 a given composition can be characterized

using a span ratio. The span ratio is defined as the cumulative diameter of the particles in the

15 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 (D50), i.e. (D10-
D90)/D50.

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

1.e.D25/D75. A higher beta value indicates a narrower particle size distribution.



Thi s abrasi ve, anorphous precipitated silica may then
be incorporated into a dentifrice conposition, e.g.,
W0 owblopEst e, either as the sol e abrasive or w PeT/U8196$/045187
abrasive conponents. In addition to the abrasive
conponent, the dentifrice may al so contain severa
other 5 ingredients commonly used in dentifrice making
such as hunectants, thickening agents, (also
somet i mes known as bi nders, gums, or stabilizing
agents), antibacterial agents, fluorides, sweeteners,
and co-surfactants. Hunectants serve to add body or
"mouth texture"” to a dentifrice as well as preventing
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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

15 thickening agents include silica thickener, starch, glycerife of starch, gum karaya (sterculia
gum), gum tragacanth, gum arabic, gum ghatti, gum acacia, ;canthan gum, guar gum,
veegum, carrageenan, sodium alginate, agar-agar, pectin, gelaﬁn, cellulose, cellulose gum,
carboxymethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose, hydroxymethyl,
hydroxymethyl carboxypropyl cellulose, methyl cellulose, ethyl cellulose, sulfated cellulose,

20

as well as mixtures of these compounds. Typical levels of binders are from about 0 wi% to”

about 15 wt% of a toothpaste composition.



bel ow known harnful |evels. Suitable-antibacterial
agents include tetrasodi um pyrophosphate, benzoic
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phenoli ¢ conpounds such as betanapthol, chlorothynol,

t hynol , anethol e, eucal yptol, carvacrol, 5 nenthol,
phenol , anayl phenol, hexyl phenol, heptyl phenol,
octyl phenol, hexylresorcinol, [auryl pyridinium

chl oride, nyristylpyridiniumchloride, cetylpyridinium

fluoride, cetyl pyridiniumchloride, cetylpyridinium

brom de. If present, the |evel of antibacterial agent

is preferably fromabout 0.1 wt' % to about 5 wt % of

t he toot hpaste conposition. Sweeteners may be added

to the tO8tpiEEs azbpRtetinaided to redwpatht pasqpbeahingorganisms to

tasgﬁgt 10 @E& product . Sui t abl e sweeteners include

sac Rarioyatarafiiayels. Seitable antibasterial agentsiineinde tetrasodium

sacchaH}néﬁ,F cgclanate (as a sodium potassiumor .

cal OYITRIQSEaS bengeig agid.rsadiam kenzpate,ptassium benaethbosio ecit ghanolic
dihydrochglcone, ammoni at ed gl ycyrrhi zin, dextrose,

| eviPBR@0dsyeh g5 dgtanapthoh chlowthyaiell thymeb eashold kecalyptol, carvacrol,
oot hpaste will also preferably contain fluoride salts

% 0 a}eﬁ@glmvhepﬂe%m@mmm% Kmdplpn@gqcmemi, Igkylresorcinol,
denhgl caaies. ujtable fluogride salts include sodi um

f 1 uGPPR R pLlands, myristydpyridaiunychigride, Icetylpyridiniuny Suoride s

quoQHde .Z1 nc. anponi ym f | yorj de, sodi um

rron ST RN Shpreece e isiniimy bromileo Kinmser phe sl af extibactera

| aur yl

m ne hydrof | uori de, :
i 4508 TR 1P 4200 9-L e Rty w4 ofha taethpeste composition.
di decyl qi_net hyl ammoni fluoride, cetylpyridinium
f1 uor ?/dceg,weaﬁ"?%%‘?‘éﬁjf’cﬂ“a% ithsitepthnast gqmmép%@m@t mpleasing taste to

I | | yci, 0 assiumfl i de,
1) AP R HBbis Srcnl T s oo ROGSHUS oh o

TYPIGAL 2 lE . of fluoride salts _are from about 0.1

ot Dbttty flafiate (g0t bekasiBE gb i sos). dossoltome K. inaumatin,
PCT, 7, . Surfactan al.so be included as
G M bt cod oo ol BImt? Qe Tolpo gucrose,
Seh?&ﬁﬁQ:&ﬁ%ﬂk&@ionic surfactants, zwitterionic

surfactahts,” noni oni ¢ surfactants,
The toothpaste will also preferably contain fluoride salts to prevent the development

15 and progression of dental caries. Suitable fluoride salts include sodium fluoride, potassium

20

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 wt% to about 5 wi%.
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anphoteric surfactants,. and cationic surfactants.
Anionic surfactants are preferred, such as netal
waeiobars2sal ts, such as sodi um | auryl sulfate. PEI/UR®05/045187
dentifrices disclosed herein may al so contain a
variety of additional ingredients such as
desensitizing agents, healing agents, other caries
preventative agents, chel ating/sequestering agents,
vitam ns, am no acids, proteins, other
anti-pl aque/ anti-cal culus agents, opacifiers,
antibiotics, anti-enzynes, enzynes, pH control agents,
oxi di zing agents, antioxidants, whitening agents,

ot or pr Soaie e sl pe Reall RGN Bl o Riins a9 oaan agents, ana
o e b 4B s onP O Rl SRRt s, noea surfactants,
5" P b SR SR Rk i s oo
‘ rasféﬁa{l%gfaw ’%dggvg%%dl esl%:helbslélggtgﬂt irrglrr]elge;rgiel Wwith
! oo eI A erci A ol i ity b solflongt ingredionts
r o ARG Qe R ing Qent eah B QU S P TN 1)
oo ARl SO s IS R ot P e Rbti-calous
Tor SL08 uuBhD plibicl 4 ony b REE Al Bt copft 26y poidling agens,
pCT] SRl AR defhd Bbfin B BRRGHYRLD |
161 | i caS Iy bk phdet B8 bl RPh) E&&@gﬁﬁaﬁggﬁﬁg@n B%he additives

ot her products, "were prepared accor
Pr ememtionsd) VIRB WalPis preferably deionized and free of impurities, The dentifrice will

-

comprise from about 10 wi% to about 40 wi% of water, preferably from 20 to 35 wt%.

Preferred Embodiments of tllé 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.

-11-



The starting material for Exanple 1 silica was
Conparative Exanple A, 5 ZECDENT(r)103.. The dried
w@e@eiopistat ed silica was then air classified, Pees2005@45187
conditions listed in Table I, with nultiple passes
through a H gh Efficiency Centrifugal Air Cassifier
(Model 250) nmanufactured by CCE Technol ogies, Inc.,
Cottage Grove, MN. The starting material for Exanple 2
was Conparative Exanple B, ZEODENT(r)124 silica which
was first mlled. The mlled precipitated silica was
then air classified, under the 10 conditions |listed
in Table |I. Table 1 Examle 1 Exanple 2 Rotor Speed m
1550 1550 Flow Delta P (in. H204.5 4.5 Air.Flow scfm
247 247 FEjector Pressure (pSiagplesd250 (O ass. Delta P
(in. H6,5 7.2 After being prepared as set forth
above, s@ramples] anb. silisas syrablefer ysa in deptifrigesers svell as ether products,
15 includi hg nedian particle size, nean particle size,
par t1s Wergrdiacepading (o Ahe presepfdnveptiane sj ze span, % 325
mesh res%ﬂeu , .BET surface area, CTAB surface area, oil

absor pt i mpateral for Example | silicawas (eomparatiegExample A,
ticle si m ; t det i ned
T Tt P03, ATt R Baitsiics Wt tien B sipgied, undr e conditions

a _|lnstrunents,

i i 1.abl e from Hori
oot ) 7Bl e pulfipl e gk  High b isear Chcded hiClasiie
h _ Ll which contaj t f
o O A7 RGeS by b otholpgish hem Couasairors. S 17

J

ded i | i qui i gh whi trike th
S PET o i S b Bropmro 14

silica which was first milled. The milled precipitated silica was then air classified, under the

10 conditions listed in Table I.

Table 1
Example 1 Example 2
Rotor Speed (rpm) 1550 ‘ 1550
Flow Delta P (in. H,0) - 4.5 4.5
Air Flow (scfim) . 247 247
Ejector Pressure (psig) S0 50
Class. Delta P (in, Hg) 6.5 7.2

After being prepared as set forth above, several properties of the particulate silica,
15 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

20  beam is projected through a transparent cell which contains a stream of moving particles
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whi ch are inversely proportional to their sizes. The

phot odet ector array neasures the quantity of |ight at
wa@ewenals2pr edet ermi ned angl es. El ectrical si gnBCBUS2005/045187

proportional to the neasured |ight flux values are

then processed by a mcroconputer systemto forma

multi 5 channel histogram of the particle size

di stribution. Median and nean particle sizes were

nmeasured in addition to the particle size span ((D1

0- DO0)/ D50) and beta val ues (D251D75). The %325 sieve

resi due was determ ned by wei ghing 50g silica into

al -liter beaker containing 500-600 nil water. The

silica particles were allowed to settle into the

wat épsperded i 2 liguide digherays Fhich ptrikg the paylc Ipgeoienigred fagugh angles

di spersed.. The, water pressure, was_adj usted through the

10 Ipvichyaraigyessely nrongrtionghto theis sizese Thesphotadstegtorgriqy gisgsures the
st eel , Sprayl Systens Conpany) to 20-25 psi. The
i o AL S avﬁal(m@sten@@ﬁi% eflectgjoal amr@qoﬁ%lsw the

{ he megmFe] '{éﬁhfﬁ?z wgﬁ'ss"%vgéegépr%‘e’é?% TSP R 0 -
fﬁglel“'g :xgsg«g;ughg gﬁ%@&'d g%@%q?ﬁcge sizes wefe
apr %%w%s 543&%113% -%E%%%wén?@?@bﬁ?ﬁxg% el it VHfoes 0251075,
R A T R S
Fhe et it 1?1039'3%%% rﬁes%saéahr@ﬁl%ﬁv%}%ﬂ el o watr, then
by TR T i e YR P T Y PR et rongh e
1P SPRER %?‘”‘h@*’ §r§2%<?e3r1?eed i AE b SRS CRitbfoPlo 2025 sl
sor kSRR RS SERY: Sole B B AP b SBlg Bo e
.td;n’lf st $f %’26 §the BB R e e radual PR the 325 mesh
S84 oo B3 Bl 11 P8 AR vHORRLAM poured onto e

MEIg Le sanpl e a

f ol WShWa{@%@%@%&’}?@%{%g@@%@g%&%% B3 soreen

15" using a sweeping motion. After spraying for 2 minutes (all particles smaller than the screen

1

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

20  (residue settles), then the clear water was decanted off the top. The dish was placed in an oven
("Easy-Bake" infrared oven or conventional oven set to 105°C) and dried until the residue was
dried to a constant weight. Thé dry residue sample and dish was re-weighed. Calculation of %

325 residue was done as follows:

-13-



% 325 resi due wei ght of residue, g X 100 sanple
wei ght, g The BET surface area was determ ned by the

w@BBDbenTtsegen adsor pti on net hods of 5 BrunaurP@r/Usions/045187

162! GbBLE

J. Am Chem Soc., 60, 309 (1938). The CTAB external
surface area of silica is determ ned by absorption of
CTAB (cetyltrinmethylanmonitum brom de) on the silica
surface, the excess separated by centrifugation and
determined by titration with sodium|lauryl sulfate
using a surfactant electrode. The external surface of
the silicais determned fromthe quantity of CTAB 10
adsorbed (anal ysis of CTAB before and after

adsor ptj Specifically, about 0.5 g of silicais
accurat/égggfﬁé‘gb%ed and pleigiefresidpe. g5¥180  beaker with
100. 00 m ~CTAB sol ution $38Wk Wight. e i xed on an
electric stir plate for 30 mnutes, then centrifuged
for 15 mnutes af 10, 000 rpm Qne mi_of 10% Triton

X- 100 i s 2eatideYripss asa pjas datermogned by theBEI nifeagemadsonptiommethods of

TR I R R
o e L P e e
AR R S s el

S SRR oS S o B e
20 el P R b R e e B ot Gtk TAB

t he val ue(a&ﬂy%% rCepregrgﬁ%ignwﬁ?\é?%%‘gﬂ%)gpeoi ISi lrieaﬁi ;ed

811 ca so BPbR a0y 68t e f Pl Tplerefandiosa o3 2s0.m
27 R AR OB OD L TR GG S 43 G ook et r 3

minutes, then 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

15 0.1 N HCI and the specimen is titrated with 0.0100 M sodium lauryl sulfate using a

surfactant electrode (Brinkmann SURISOI-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 spafula on a smooth surface until a

stiff putty-like paste is formed. By measuring the quantity of oil required to have a paste

20 mixture, which will curl when spread out, one can calculate the oil absorption value of the

25

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 oil absorbed X 100 . (@)
weight of silica, g
= ml 0il/100g silica

-14-



m oil/100g silica -14 WO 2006/ 071528
PCT/ US2005/ 045187 The Brass Ei nl ehner (BE) Abrasion
wo 20000728 neasured t hrough the use of an Ei nl BEE82005/045187
AT- 1000 Abrader. In this test, a Fourdrinier brass
wire screen is weighed and exposed to the action of a
10% aqueous silica suspension for a fixed nunber of
revol utions, and the anobunt of abrasion is then
determined as mlligranms brass |l ost fromthe
Fourdrinier 5 wire screen per 100,000 revol utions.
Di sposabl e supplies required for this test (brass
screens, wear plates and PVC tubing) are avail able

st s

hot ﬁ@%ﬁ‘pﬁ/ﬂmgp@r“%‘?%%’&%‘s%% Jiinigs by Vit paeished and
T LR
nat AP BB bl ral0f 1366 fbmed ssafiler i bt ot skt Fourdsinir
A e TR S e

"o SAEE el ol PR ot el il Bt e il Rifina,

bl aqridbfatt 40 G i E@gﬁ%@?irp@%@ds%if}? B8 sGref Cfospios Bronze
onc MNP pBel by Wfind i S8 S6eny RE0.09 Alchnitd T ilihonic bath or
e Erits; BrPlie Bl itk A8 i Sy M3 Deq BRI woter st
10! 2568 uRRES Bifth, aﬂ{e%@r&énﬁgﬁnsﬁ«i‘?éeagﬁa Snlet el B Ay OS2 105°C

nunber ed positions. For eac € position

PVCeor b/ Riiriks] cooleld ﬁ{ﬁd@ﬁ%ﬁg ﬂﬁ%‘é‘ﬁ"it Sc@%ﬁs Qgrg Rartd R Vit t¥Gezers to

times, then discarded. T ner abrasion

| NSEevRBdKin bifs o &ﬁﬁﬁﬁﬂi{lﬁéﬂth@g%ae%ﬂ Ghb Eﬁﬁ%ﬁgﬁg@l ?gg‘%ftr is%ésembled

run for 87,000 revol utions. t est

m n%@&weﬁfpla%d aldRRigh¥EdoRech e RITMe0Wn ~nBELRAELEE) bt clamped in

renoved rinse
place. The wear plate is used for about 25 tests or until worn badly; the weighed screen is

15 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

20  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,

rinsed with deionized water and dried in an oven set at 105°C for 20 minutes. The dried
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in tap water, placed in a beaker containing water and
set in an ultrasonic bath for 2 mnutes, rinsed wth
waledoenisesl wat er and dried in an oven set at 1PSIZUSWNS/045187
20 m nutes. The dried -15 WD 2006/ 071528
PCT/ US2005/ 045187 screen is cooled in a desiccator
and rewei ghed. Two tests are run for each sanple and
the results are averaged and expressed in ng | ost per
100, 000 revolutions. The result, neasured in units of
ng | ost per 100,000 revolutions, for a 10%slurry can
be characterized as the 10% brass Ei nl ehner (BE)
abrasi on val ue. The results of these rreasurerrents and

cWi€e i 2. Tabl e
tE>e(Z tr?%r églr % oé)l(egiqﬂFﬁéﬁc%%gr dx a gil}gd h %tgftﬁ?rpgg fo:g@ghqam@leﬁnd the
Ex
Ccara oA ) 5l e Do P e
0. gln lgut} ar xgggﬁt pe??é@%o\d?zé‘}dﬁlt {9 6'1@‘7 Siufy fa@ﬂéz:hélrgg%zed as the 10%

pan % 3 esl

SUT Bﬁ@ﬁxé@h&?(ﬁ% abn‘%ﬁﬁ?vaﬁﬁp. /rﬂg reg{é 8e£eflge%seurgn%en§58an t2<>,st§s1 %re

5 summatized below in Table 2.

Table 2
Example 1 ‘ Example 2 Comparative Comparative
. Example A Example B
Median Particle 8.1 8.0 94
MSize IS”m) . . . 8.3
ean Particle
Size () 8.2 8.7 13.1 11.2
Particle Size ‘
Beta Value 0.45 0.41 0.19 0.24
Particle Size
Span | 1.47 1.61 3.01 2.73
% 325 Residue | 0.0 0.0 12 0.4
BET Surface
Area (m?/ %) - 53 39 73
CTAB Surface
Area (m" /) 22 48 32 42
Oil Absorption
(l/100g) 59 ’ 74 70 72
Einlehner
Abrasion (mg) 13.10 6.38 18.92 | 8.57

As can be seen in Table 2, the silicas prepared in Examples 1-2 have smaller median
10 and mean particle sizes as compared to Comparative Examples A-B. Examples 1-2 silicas
have natrower 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 toothpaste with acceptable or good cleaning
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Area (m/g) G| Absorption 59 74 70 72 (nnl/1009)

Ei nl ehner 13.10 6.38 18.92 8.57 Abrasion (ng) As can
wheoosozrs28 n Tabl e 2, the silicas prepared i n ERENpPE®E5/045187
1-2 have smaller nmedian 10 and nean particle sizes as

conpared to Conparative Exanples A-B. Exanples 1-2
silicas have narrower particles size distributions as
i ndicated by their |lower particle size spans and

hi gher particle size beta val ues. Exanples 1-2 al so
have | ower Ei nl ehner abrasion values while still
being sufficiently abrasive to produce toothpaste with
accept abI e or good cl eani ng -16 WO 2006/ 071528

PCTLURZR ,
Corr;gar ative éz zTaStpé @ﬁﬁm&%r‘%gﬁéﬁ *(staweep@ﬁ@? sige
di S‘dfstd%ya%dneaéda?@ﬁm?efa%m%f e abrasive. To denonstrate

their I cacy In consuner products, the silica

abrasiv were | nco rated as .
powder seilson(%toni ou% ?‘?ﬁé fnc%sélfnﬁblggiﬁ‘g’% €3 4bragiyes of Examples

0 % S | |
I( 23 EP%efrehléo ggeorr?t g}gerg;nt oar d‘/ %fa ;6%0 qafs gﬂclgmgg%éxgg% gq,p%’bers 1-4),

S oroan b Al ha'ogf BIRe | REARNGG, ?ﬁep B2 e eqmppptons wes
A Brtih b S IAr B A Rl b Casi gadﬁ,g]&m Higd it

The ei ght toothpaste conpositions are

Ta bb&n atﬁ@ EQ&%pIJ RG$861id0 Q4R RATRE ?n%laa‘g% Filica a.rgg\g ES I IN %i ght

Irst m xture was
28?%?‘?%*139““‘?‘;%%?2%%% DAl ?E’}Rﬁﬁg' yC?H "500, 1rom
f:g?bgglygg?sﬁﬁc’?iel | ul ose (SUCFE 2(15 %f)%wlwemas formdby-
10NO VéoRibiningAihd HoBWing BEmPURERS iy@&ﬂlsand sorbitol, polyethylene glycol
(CARBOWAX® 600, from the Union Carbide Corporation, Danbury, CT),

carboxyméthylcellulose (such as CEKOL® 2000 from Noviant, Arnhem, The Netherlands,
or CMC-7MXF from the Aqualon division of Hercule;s Corporation, Wilmington, DE), and
then stirring the first mixture until the components dissolved. A second mixture was formed
15 by combining the following components: deionized water, tetrasodium pyrophospate, sodium
saccharin, sodium fluotide, and then stirring until the comﬁonents are dissolved. The first
and second mixtures were then combined while stirring to form a premix. 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
20  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 foz" 5 minutes at a reduced mixing speed. The eight different toothpaste compositions

were prepated according to the following formulations, wherein the amounts are gram units:
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or CMC-7MXF from the Aqual on division of Hercul es
Corporation, WImngton, DE), and then stirring the
WO ReosH7¥seXt ure until the conponents di ssol ved. PGI/ERM0FI05187
m xture was formed 15 by conbining the follow ng
conmponents: deionized water, tetrasodi um pyrophospat e,
sodi um saccharin, sodiumfluoride, and then stirring
until the conponents are dissolved. The first and
second m xtures were then conbined while stirring to
forma prem x. The prem x was placed into a Ross
m xer (nodel 130LDM Charles Ross & Co., Haupeauge,
NY), silica thickener, titaniumdioxide, and silica
abrasive added to the premix, and the prem x m xed 20

Wi t vacuum was _drawn_and
each éﬁi%} e mxe f? 15 _ mi ndeethpasg{zpmpagitionimibem
| auf @ﬁr Sfate amd f1avor? was ddded.4The r5esult|6ng 7 8

c'l'll

M Xg-e—was red for 5 mnutes at a reduced m xing

speetycerit) 99,849t | ditiif ef o883 tjootthpasiessconpesiltog8s | 11 | 9.683
werle _prepared ac¢ording to tthe foll owm ng forrnul ati ¢ns,

PCTPBeRIAP015 15 ’5‘39‘% AR AN v ol | Bl 146007 [ 2n71s

Nuniber Illglct.ucn 32345 3 f:l\/ erin, 99.59.11

9. 6BGiodizedWRISS 1} enegi7ns. 683 | Bnsds tobo 10%8d0| 00 | 17.806
28.{718 40,007 28| 718 40.007{28. 718 40. 007 28718

Deilqnj zed Wat er PO ,17.|806 20 17.8D6 20 [17.806 2

17.@5 oW 800 5 \wax o% 3 % 3 3;3 3’2 ave37vke g 2|13 3

1. 3711721512 Fetirasodirutr-n—~6 0--5—@—-5—-0—-5

0. §CRICSTMIXB Pyropih@sphatle Sodi2un Saaccharm $.210.P 1.2 1

0. 4 Q.2 0.2 0.2 0.2 2 ;
Tetrasodium 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Pyrophosphate .
Sodium Saccharin 0.2 0.2 0.2: 0.2 0.2 0.2 0.2 0.2

Sodium Fluoride 0.243 | 0243 | 0243 | 0.243 | 0.243 | 0.243 | 0243 | 0.243

Zeodeni®165 silica | 15 1.5 1.5 1.5 1.5 1.5 15 1.5
thickener ' . . .

Example 1 abrasive | 20 35 - - - - - -

Example 2 abrasive - - 20 35 - - - -

Comparative - | - — — 20 35 - -

Example A abrasive

Comparative - - - - — -

Example B abrasive 20 3

TiO, 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Sodium Lauryl 1.2 1.2 12 |

Sulfate . 1.2 1.2 12 1.2 12

Flavor 065 | 065 | 065 | 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

~18 -



Sodi um Fl uori de 0.243 0.243 0.243 0.243 0.243. 0.243
0.243 0.243 Zeodentd 165 silica 1.5 1.5 1.5 1.5 1.5
wa2®607628.. 5 thickener Exanple 1 abrasive 20 BSI/US2005/045187
Exanpl e 2 abrasive 20' 35 - Conparative -- .. .. 20 35
-- -- Exanple A abrasive Conparative -- - 20 35
Exanple B abrasive TiO2 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.5 SodiumlLauryl 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Sul fate 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 -18 WD 2006/ 071528 PCT/ US2005/ 045187 After
t oot hpast e conpositions 1-8 were prepared, as above,
RDA and P ertles were determned as follows. The
" Radi oact %” 251 COposEiopn!- ?RBY&)PYQPW@»@Q abyive, RIp and PCR
reci ated silica,co 03|t|ons used in this
anB”r?B‘T’{-S 3 i SR Radingetive Depiin Abrasipio®RDy9tvalues of

g RS
2
A ol b m
0..anal yze the
£ ootkRefu s TSR s, he s bRt 44305 17 sna 01 7 whie
Re n@.\“f)ﬁé a%& gitgnt%v?‘% Encgtpo%t_g;g berem%y re%erglg:léey et al J-

The PCR test used to analyze the toothpaste compositions is described in "In Vitro

Removal of Stain With Dentifvice” G.K. Stookey, et al., J. Dental Res., 61, 1236-9, 1982,
PCR and RDA were measured 3 times for each of the toothpaste compositions and
10 the results averaged. The average results of the RDA and PCR measurements, as well as the

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

Table 4
Toothpaste Properties
Toothpaste
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 0.68 | 0.66 [ 0.77 | 0.81 | 0.51 | 049 | 0.64 | 0.60

15 It is seen in Table 4, that the toothpastes containing the inventive silicas (Toothpaste
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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PCR and RDA were neasured 3 tinmes for each of the
t oot hpaste conpositions and 10 the results averaged.
wab@eavisesage results of the RDA and PCR neasurBOEOSH)5/045187
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summari zed in Table 4, below. Table 4 Toothpaste
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144 144 225 249 170 205 PCR/ RDA 0.68 0.66 0.77 0.81
0.51 0.49 0.64 0.60 15 It is seen in Table 4, that the
t oot hpastes containing the inventive silicas
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i nvention as defined by the appended clainms. -20 WO
2006/ 071528 PCT/ US2005/ 045187 Cainms W claim 1. A
W@ 0vp03ise8 on conpri si ng anor phous preci pi t at edPGI/UEMA5/045187
particles, wherein said silica particles present
within said conposition exhibit a nmedian particle size
of about 5 to about 15 5 mcrons, a particle size
span of |less than 2, and a particle size beta val ue of
greater than 0.3. 2. The conposition of Caiml
wherein said silica particles present within said
conposition exhibit a nedian 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
val ue of fromabout 0.35 to 16#Bbut 0.50. 3. The
comp@shipn of G aim2 wherein said silica particles
present Wthin said conposition exhibit a nedi an
artq cl ' .0f about 7 to,about 9 microns, a
par t ol e BB Hig combrishos fmgrahos pireipiatedslics paibisles, vihos, said ifca

particle si'ze
and 3Rl k) si.ze.beta value of fromabout 0.40 to

about %HS%E‘S‘@H‘? Saﬁ‘ﬁ‘é’%ﬁﬁ%‘&?"ﬁ%ﬁﬁ mygliawpartiele size ofabpti Srio about 15
$ai Ghishhs .cles exhibit a |linseed oj

absor pt Jllé(’)%sa\fg‘%éézeospa’f ?@‘Fﬁsgﬁﬂét and @ ppiticle oige bty valtanfigra@Gr than 0.3,
m /100g. 20 5. The conposition of Caim2, wherein

said silica particles exhibit a |linseed oil

abser pty . f.r baut .5Q.m /1008 to about 90
st POl SOOI I000 Lo FEl 90
ey ertosiB e Ao DS b e ot f0 rhcapmsespppice size
50 5[;311 hﬁlﬂn 519)11@9%0 a%gut IYWS,l a%g%'particle size beta value of from about 0.35 1o

10  about 0.50.

3. The composition of Claim 2 wherein said silica particles present within said
composition exhibit 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
15 0.50.

4, The composition of Claim 1, wherein said silica particles exhibit a linseed oil

absorption value of from about 50 ml/100g to about 90 ml/100g,

20 5. The composition of Claim 2, wherein said silica particles exhibit a linseed oil

absorption value of from about 50 ml/1 00g to about 90 mi/100g.
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7. A dentifrice formulation conprising about 5 wt%to
about 35 wt % of the conposition 5 of Caiml. 8 A

wa@leswbiofrsege conpri sing about 5 wt % to about 35P@X/¥sID5/045187

the composition of Caim2. 9. A dentifrice
conprising about 5 wt%to about 35 w Qo of the
conposition of Caim3. 10 10. A dentifrice
conprising about 5 wt % to about 35 wt % of the
conposition of Claim4. 11. A dentifrice conprising
about 5 wt % to about 35 w % of the conposition of
Caimb5. 15 12. A dentifrice conprising about 5 wt %
to about 35 wt % of the conposition of laim6. 13. A

dentg fri -Si g th ition of Claimli,
wherei n oo EoRany PHCINMLL RRgRin g slipapprisiks exiyit 4lwerhol

abr 3kt R b aboyt 130 and 200 and a
pel I'i c%h(%l 'm Otﬁéég%}?oﬁggqﬁﬁﬁb(?g t99mlfd@9seen about
100 and 140. 20 14. The dentifrice of C aim 13,

wherein said dentifrice exhibits a RDA | evel between

abouyt 188ekiRicelk 5.and .a PCR of between_about 110
and about enll 40, &g@a@% (?85%? ‘B%i‘%’%?ﬁfﬁ%%%;é 85 rast the composition
55. ofCRgRYi frice conprising the conposition of Claim

2, wherein said dentifrice exhibits a RDA |evel

bet ween about 130 and 200 and a PCR of between about
100 and 140. 16. The dentifrice of daim 15, wherein

; d P for i bi t 5 ab .
130t o b BRI By nP pE B rageinol Caim 2

about 140. 17. A dentifrice conprising the conposition
of Caim3, wherein said dentifrice exhibits a RDA ‘

| | . o f bet .
o] B g3y e U R R i

tovherein said dentifrice exhibits a RDA | evel between

about 130 to about 195 and a PCR of between about 110
and10aboAlderkitfoe comprising about 5 wi% to about 35 wt¥% of the composition of Claim 4.

I1. A dentifrice comprising about 5 wi% to about 35 wi% of the composition of Claim 5.

15 12, A dentifrice comprising about 5 wi% to about 35 wi% of the composition of Claim 6.

20

13. A dentifrice comprising the composition of Claim 1, 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 of Claim 13, wherein said dentifrice exhibits a RDA level between

about 130 to about 195 and a PCR of between about 110 and about 140.
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19. The dentifrice of Claim 13, wherein said

dentifrice exhibits a PCR/ RDA of from about 0.65 tp
wabwan71528.. 15 20. The dentifrice of C ai m 13, PEUTEsB0F045187

said dentifrice exhibits a PCR/ RDA of from about O0.68

to about 1.0. 20 25 -23

10

15

20

25

15. A dentiftice comprising the composition of Claim 2, wherein said dentifrice exhibits a

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

16.  The dentifrice of Claim 15, wherein said dentifrice exhibits a RDA level between

about 130 to about 195 and a PCR of between about 1 10 and about 140.

17. A dentifrice comprising the composition of Claim 3, wherein said dentifrice exhibits a

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

18.  The dentifrice of Claim 17, whetein said dentifrice exhibits a RDA level between

about 130 to about 195 and a PCR of between about 110 and about 140.

19.  The dentifrice of Claim 13, wherein said dentifrice exhibits a PCR/RDA of from about

0.65 to about 1.1.

20.  The dentifrice of Claim 13, wherein said dentifrice exhibits a PCR/RDA of from about

0.68 to about 1.0.
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