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(57) ABSTRACT 

Silica compositions for abrasive systems in dentifrice for 
mulations are disclosed. The silica abrasive system com 
prises (a) silica gels having a median particle siZe beloW 7 
microns, a pH of from about 6 to about 11 and poWder 
RDA’s of from 100 to about 200 and (b) silica gels or 
precipitates having a median particle siZe of 7 microns or 
greater and powder RDA’s of from 50 to about 180. Silica 
(a) is preferably prepared by contacting a hydrous silica gel 
With an alkaline medium. Dentifrice compositions compris 
ing the abrasive system has an RDA of 150 or less and 
PCR’s of at least 80 and up to about 150, and an REA of less 
than about 30 (as measured on the IU scale). 
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ABRASIVE SILICA COMPOSITIONS AND 
DENTIFRICE COMPOSITIONS PREPARED 

THEREFROM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to silica compositions useful 
as an abrasive system in a dentifrice. The invention also 
relates to dentifrices, preferably toothpastes, Which effec 
tively clean teeth Without a high degree of dentin and/or 
enamel abrasion. 

[0003] 2. Relevant Art 

[0004] Dentifrices, e.g., such as toothpastes, are used to 
clean teeth. In particular, dentifrices aid in the removal of 
food particles, the removal of discoloration caused by sub 
stances such as tobacco or tea, and the removal of ?rmly 
adhering bacterial ?lms, referred to as plaque, from the 
surface of the teeth. Abrasive substances, also referred to 
herein as abrasive systems, are formulated in the toothpaste 
as the primary cleaning agent. 

[0005] To achieve cleaning, the abrasive systems in den 
tifrices have to provide a certain degree of abrasiveness With 
respect to the surface of the teeth. It is important, hoWever, 
that abrasiveness With respect to dental enamel and dentine 
be at an acceptably loW level to prevent the surface of the 
teeth from being damaged by the daily use of the toothpaste. 
The rate of enamel removal through brushing should not 
exceed the rate at Which it is replenished through natural 
remineraliZation processes. 

[0006] The abrasive system used should also be compat 
ible With the other components of the toothpaste. It should 
lend itself to processing With Water, humectants and consis 
tency regulators to form a ductile paste readily dispensable 
from tubes or dispensers and should not adversely affect 
knoWn caries inhibitors, for example, ?uoride carriers, such 
as NaF or Na mono?uorophosphate, even in the event of 
prolonged storage. 

[0007] As illustrated in US. Pat. No. 3,957,968, tooth 
pastes containing a combination of alpha-aluminum oxide 
(corundum) and a second abrasive having a Mohs hardness 
of less than about 6 are said to have good cleaning and 
polishing effects. Alpha-aluminum oxide, Which has a Mohs 
hardness of 9, has a relatively strong abrasive effect on 
dental enamel. To reduce the enamel abrasion, certain cal 
cium, magnesium or sodium salts have been added to a 
dentifrice containing the aforementioned abrasives. 

[0008] US. Pat. No. 4,303,641 discloses an alkaline treat 
ment for increasing the abrasiveness, and as a result its 
cleaning performance, of dentifrice silica gel compositions 
Without employing the processing and drying steps typically 
used to prepare prior art gels. It is noted that treating silica 
gels With alkaline materials enhances the cleaning perfor 
mance of the gels as evidenced by increased Radioactive 
Dentine Abrasion (RDA), de?ned later beloW. The 
Examples in this patent illustrate the alkaline treatment With 
gels having average particle siZes greater than 10 microns, 
e.g., about 14-16 microns. The RDA values shoWn for these 
alkaline treated gels, hoWever, are quite high as evidenced 
by “poWder” RDA’s Which this patent reports to be over 
1,000 (and over 200 if measured using RDA methods 
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disclosed herein) for some samples. This indicates that the 
alkaline treated gels exhibit a high degree of abrasiveness on 
dentin surfaces. 

[0009] Non-alkaline treated silica xerogel abrasives are 
also Well knoWn in the art. Such gels are prepared to have 
median particle siZes in the range of 1 to 100 microns. 
Typically, these gels have particle siZes from 10 to 50 
microns, depending on the ‘grittiness’ desired. The afore 
mentioned ’641 patent discloses that non-alkaline treated 
silica gels are effective polishing and cleaning agents While 
causing loW amounts of damage to underlying tooth mate 
rials such as dentin and enamel. HoWever, the aforemen 
tioned ’641 patent also discloses that more effective abra 
sives are achieved via alkaline treatment of such silica gels. 

[0010] US. Pat. No. 5,651,958 discloses using a combi 
nation of silicas in dentifrices to balance cleaning With 
minimal abrasion to dentin and enamel surfaces. The ’958 
patent discloses combining precipitated silica having a nar 
roW particle siZe range distribution of soft particles having 
a mean value ranging from 8 to 14 microns With a silica gel 
in Which 70% of the gel particles have a diameter beloW 25 
microns and a Radioactive Dentin Abrasion from 62 to about 
100. It is noted that the gel silica particles have an Einlehner 
hardness from about 3 to about 15 for abrasive to a brass 
screen. 

[0011] US. Pat. No. 5,589,160 discloses a combination of 
tWo precipitated silicas to be used as a dentifrice abrasive. 
One of the precipitated silicas has a mean particle siZe of 
about 5 to 11 microns and an Einlehner hardness of 0.8 to 2.5 
for abrasive to a brass screen. The other precipitated silica 
has a mean particle siZe of from about 5 to about 11 and an 
Einlehner hardness from about 3 to about 8 for abrasive to 
a brass screen. 

[0012] US. Pat. No. 3,670,076 discloses a combination of 
relatively small and large alumina particles as providing 
superior abrasives and cleaning. 

[0013] The above-mentioned measures, hoWever, have not 
completely solved the problem of obtaining effective clean 
ing Without the excessive abrasion of dental enamel. Work 
ers in the art have continued to search for dentifrices 
containing abrasive systems Which have reduced abrasion of 
dental enamel, but still effect acceptable cleaning. 

SUMMARY OF THE INVENTION 

[0014] Accordingly, an object of the present invention is to 
provide suitable dentifrices Which, although achieving an 
optimal cleaning of teeth, can have only a mild abrasive 
effect. It has been unexpectedly found that such a compo 
sition is prepared from a silica composition comprising: 

[0015] (a) silica gel having a median particle siZe 
beloW 7 microns, (ii) a pH of from about 6 to about 
11, and (iii) a hardness de?ned by poWder RDA of 
100 to 200, and a PCR of 100 to 150 When said silica 
(a) is formulated by itself into a dentifrice paste; and 

[0016] (b) silica gel or precipitated silica having a 
median particle siZe of 7 microns or greater and 
having a hardness de?ned by a poWder RDA of about 
50 to 180, and a PCR of about 80 to 105 When said 
silica (b) is formulated by itself in a dentifrice paste, 
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[0017] further wherein the Weight ratio of (b) to (a) is at 
least 1:1. Dentifrice compositions comprising (a) and (b) 
have an RDA of about 150 or beloW and a PCR of at least 
80 and up to about 150, and an REA of less than about 30 
(as measured on the IU scale). Silica gel (a) is preferably 
prepared by contacting a hydrous gel With an alkaline 
material. 

[0018] The cleaning performance of silicas (a) and (b) 
combined is unexpected from cleaning performances of 
compositions comprising either (a) or (b) alone. For 
example, abrasives that exhibit a high degree of cleaning are 
also usually high in dentin or enamel abrasion. As disclosed 
in the above referenced US. Pat. No. 4,303,641, While the 
silica gels de?ned in (a) are effective for cleaning perfor 
mance as a result of the alkaline treatment of hydrous gels, 
these materials have relatively high abrasion as de?ned by 
RDA. Conversely, While dentifrices comprising silicas 
de?ned by (b) are generally less abrasive than (a), there is 
room for improving its cleaning. Applicants have discov 
ered, hoWever, that loWer RDA’s and improved cleaning 
performance, as shoWn by improved PCR’s, are obtained by 
combining (a) and Indeed, silica (b) is Widely used for 
abrasive systems in dentifrice and such systems can easily 
be improved by combining silica (a) according to this 
invention With prior art silica abrasives. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0019] The silica gels de?ned by (a) can be a hydrogel, 
xerogel, or aerogel. Apreferred embodiment is a hydrous gel 
Which is described in US. Pat. No. 4,303,641, the contents 
of Which are incorporated by reference. Such hydrous gels 
may be prepared from acid set silica hydrogels produced by 
reacting alkali metal silicate and mineral acids, e.g., sulfuric 
acid, in aqueous mediums. The acid and silicate are mixed 
under conditions suf?cient to form a sol Which in turn 
converts into a hydrogel. The gel is further aged and Washed 
using conventional techniques to produce a gel having a pH 
from 2.5 to about 5. The Washed gel generally contains less 
than 5 Weight percent total salts, e.g., 0.05 to about 3% Na2O 
and 0.05 to 3 Weight % SO4, based on the dry Weight of the 
gel. 

[0020] The Washed silica hydrogel generally has a total 
volatiles content, as measured by loss on ignition at 954° C., 
of from 60 to about 75 Weight percent. The hydrogel is then 
dried and ground to the desired median particle siZe. For the 
purposes of this invention, the hydrogel should preferably be 
dried to a total volatiles content of from about 5 to about 30 
Weight percent, and preferably 15 to about 25 Weight per 
cent. Oven drying, rotary drying, cascade drying or some 
other knoWn drying method may be employed. While gels 
having higher total volatiles content can be used to achieve 
the desired cleaning, the advantages of loWer volatiles level 
abrasives are loWer density and less microbial susceptibility. 

[0021] Silica gel (a) also should be ground to have a 
median particle siZe Which is smaller than the median 
particle siZe of silica gel In general, the median particle 
siZe for (a) is less than 7 microns and preferably less than 4 
microns. An especially preferred embodiment of (a) has a 
median particle siZe of about 2 to about 3 microns. Gener 
ally, silica gel (a) Will not have a median particle siZe less 
than 0.1 micron. 
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[0022] In a preferred embodiment, the silica hydrogel is 
simultaneously dried and ground in a mill in order to provide 
the desired Water content and median particle siZe suitable 
for use in dentifrice compositions. Suitable mills include 
pulveriZers, impact mills, classifying mills, and ?uidiZed 
energy mills such as air mills, opposed jet mills and ?uid bed 
jet mills. 

[0023] The hardness, i.e., abrasiveness, of silica gel (a) is 
enhanced by contacting the gel With a source of alkalinity. 
The alkaline source may be, for example, an alkali metal 
hydroxide, or an alkali metal carbonate. Ammonias and 
organic amines are also included as suitable alkaline mate 
rials. Preferably, the silica gel is contacted With sodium 
carbonate. Other suitable alkaline materials include sodium 
hydroxide, ammonium mediums, such as gaseous ammonia, 
aqueous ammonia, or other aqueous mediums containing, 
for example, aliphatic amines, particularly alkylamines and 
alkylene diamines, such as ethyl amine, ethylene diamine, 
propyl amine, propylene diamine, diethyleneamine, and the 
like. 

[0024] The alkaline material can be in the form of poWder, 
or in certain instances, liquid, e.g., aqueous, mediums. In the 
event a liquid alkaline medium is used, liquid mediums of 
Widely varying concentrations prepared from a Wide variety 
of compounds may be used. Dry poWdered material, hoW 
ever, is preferred so that less liquid has to be removed during 
the drying and grinding phase. 

[0025] The silica gel is contacted With the alkaline mate 
rial in an amount sufficient to provide a gel having a pH of 
from about 6 to about 11 and preferably from about 7.5 to 
about 10.5. The pH is measured in a 5 Weight percent 
aqueous slurry of the gel. The amount of alkaline material 
used depends on the particular alkaline material used. For 
example, When sodium carbonate is used, the desired pH is 
obtained by adding sodium carbonate in amounts of 0.1 to 
1.0, and preferably 0.5 to 1.0, percent by Weight of the Wet 
hydrogel entering the mill. The hardness of silica gel (a) is 
de?ned herein in terms of poWder RDA values. The poWder 
RDA’s for silica gel (a) is in the range of 100-200. 

[0026] In a preferred embodiment of this invention, the gel 
is contacted With a poWdered alkaline material as the gel 
enters the mill. Preferably, the gel is contacted With poW 
dered sodium carbonate. The mill is operated using conven 
tional conditions Which are determined by the particular 
milling equipment used. It is preferred that the alkaline is 
contacted With the gel at elevated temperatures, e.g., at least 
250° C., in order to facilitate rapid interaction of the alkaline 
material With the gel particles. 

[0027] As mentioned above, silica gels and precipitated 
silicas suitable for silica (b) are knoWn to the art. Indeed, 
preferred embodiments of (b) are conventional dental abra 
sive silica gel or precipitated silica. The gel can be in the 
form of hydrogel, aerogel or xerogel, and the moisture 
content of the gel therefore can vary depending on the type 
of gel used. US. Pat. No. 4,303,641 and US. Pat. No. 
4,153,680 describe suitable methods for preparing silica 
gels, the descriptions of Which are incorporated by refer 
ence. In general, these gels are prepared by reacting alkali 
metal silicates With a minimal acid to form a hydrosol, 
Which in turn converts to a hydrogel. The resulting gel is 
Washed and dried using conventional techniques. In general, 
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the gels used for silica (b) preferably Will have a Water 
content in the range of 10-60%, and more preferably 15-35% 
by Weight. 
[0028] Pore structure and other physical properties of 
silica (b) affect its performance as a dentifrice abrasive. For 
example, the pH, temperature, and duration of the Wash 
Water, as Well as the method of drying the gel, in?uence the 
physical properties of the silica, such as surface area (SA) 
and pore volume (PV). Silica gels Washed at 65-90° C. at 
pH’s of 8-9 for 15-36 hours and after drying Will usually 
have SA’s of 250-400 m2/g resulting in gels With PV’s of 1.0 
to 2.1 cc/g. Silica gel Washed at pH’s of 3-5 at 50-65° C. for 
15-25 hours and after drying Will have SA’s of 700-1,000 
m2/g and form gels With PV’s of 0.3-1.3 cc/gram. 

[0029] Precipitated silicas and methods for making these 
silicas are also knoWn in the art. Suitable dentifrice-type 
precipitated silicas are described in US. Pat. No. 5,589,160, 
the contents of Which are incorporated by reference. The 
abrasive performance of dentifrice-type precipitated silicas 
having surface areas of 25-00 m2/g and pore volumes of 0.1 
to 0.5 cc/g can also be enhanced When used in combination 
With alkali-hardened silica gels. Surface area, pore volume 
and pore siZe distribution measurements mentioned for the 
gels and precipitated silicas are generated by N2 porosim 
etric analyses. 

[0030] Once a particular gel or precipitated silica is 
selected for silica component (b), the gel or precipitate 
should be processed to have a median particle siZe of at least 
7 microns, and preferably a median particle siZe of at least 
12 microns. The median particle siZes of dentifrice silicas 
generally are no larger than 18 microns. Gels or precipitates 
having this range of particle siZes can be obtained using the 
milling equipment discussed With respect to preparing silica 
gel (a). 
[0031] The hardness for silica (b) is also de?ned by 
poWder RDA’s. The poWder RDA’s for silica (b) are gen 
erally in the range of 50-180. As indicated earlier, it is 
preferable that the particles of silica (b) are softer. Accord 
ingly, the poWder RDA of preferred embodiments of silica 
(b) is preferably loWer than the poWder RDA for silica gel 
(21) 
[0032] Silica components (a) and (b) are then combined to 
form the abrasive system of this invention. The Weight ratio 
of (b) to (a) should be at least 1:1 and preferably at least 2:1. 
In general, the ratio of (b) to (a) should not be greater than 
9:1. Therefore, silica (a) should comprise 10 to 50% by 
Weight of an abrasive system consisting of (a) and 

[0033] Silica components (a) and (b) can be combined 
prior to being added to a dentifrice composition, or each 
component can be added to the dentifrice composition 
separately, as long as the ratios for (b) to (a) mentioned 
above are maintained. 

[0034] As indicated earlier, silica (b) preferably is a con 
ventional product and is preferably a dentifrice abrasive 
Which a manufacturer is already using in its compositions. In 
one embodiment silica (a) can be incorporated into an 
existing abrasive system in amounts that result in the above 
ratios of (b) to (a). This highlights one of the advantages of 
this invention in that it incorporates dentifrice silicas Which 
a dentifrice manufacturer already has in its inventory. In this 
manner, improved cleaning and abrasion properties com 
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pared to the properties obtained With the existing gel or 
precipitated silica abrasive can be obtained Without com 
pletely changing from or eliminating existing abrasive sys 
tems. 

[0035] The tWo silica components (a) and (b) are 
employed in the dentifrice compositions of this invention in 
an amount needed to effect cleaning. Generally, silica com 
ponents (a) and (b) comprise about 5 to about 50 percent, 
preferably about 10 to about 35 percent, by Weight of the 
dentifrice composition. 

[0036] The dentifrice of the invention can also contain as 
optional ingredients a soap or synthetic detergent as a 
surface tension depressant; ?avoring materials; buffers; 
sWeeteners such as saccharin; humectants; preservatives; 
thixotropic agents such as pyrogenic silica, and harmless 
coloring materials, in various proportions to give any 
desired effect. A ?uoride such as stannous ?uoride, sodium 
?uoride, sodium mono?uorophosphate, Zirconium ?uoride, 
or sodium ?uosilicate can be included. Each of these ?uorine 
compounds contains available ?uoride Which can be taken 
up by the enamel of the teeth. Compounds that are capable 
of calcium chelation such as phosphates and pyrophosphates 
are also frequently included constituents of commercial 
dentifrice formulations. These are conventional components 
of dentifrices, and materials suitable for this purpose need 
not be enumerated for they are Well knoWn to those skilled 
in the dentifrice art. US. Pat. No. 5,589,160 provides an 
extensive list of dentifrice components and the contents of 
that patent are incorporated herein by reference. 

[0037] In a preferred embodiment, the dentifrice is in the 
form of a paste, and in this event it Will be comprised of the 
abrasive silica and a humectant and a binder in amounts to 
give the dentifrice a smooth texture and good ?oWability. 
Suitable humectants and binders are knoWn in the art. 
Suitable humectants include glycerin, sorbitol, ethyl alcohol, 
mineral oil, corn syrup, glucose and invert sugars, glycols 
and honey. Glycerin and sorbitol are preferred. Suitable 
binders include gum tragacanth, sodium carboxymethylcel 
lulose, hydroxyethylcellulose, Indian gum, Irish moss or 
carrageenan and its derivatives, starch, acacia gums, locust 
bean gum, pectin and petrolatum. CarbopolTM polymer also 
is a suitable humectant. 

[0038] The silica gels and precipitates in the dentifrice 
compositions of the invention also permits the incorporation 
of oral health agents such as germicides, antibiotics and 
astringents. Typical examples include tyrothrycin, triclosan, 
chlorophyllins, hexachlorophene, the sarcosides and astrin 
gent salts. 

[0039] Such oral health agents are employed in a bene? 
cial amount normally ranging from about 0.01 percent to 
about 2 percent by Weight of paste dentifrice. The humec 
tants are generally employed in an amount from about 5 
percent to about 75 percent by Weight of the dentifrice, the 
binders in an amount from about 0.5 percent to about 30 
percent by Weight of the dentifrice, ?avoring agents in an 
amount from about 0.1 percent to about 5 percent by Weight 
of the dentifrice, Water in an amount from about 4 percent 
to about 60 percent by Weight of the dentifrice, surface 
tension depressants in an amount from about 0.01 percent to 
about 6 percent by Weight of the dentifrice, and preserva 
tives in an amount from about 0.01 percent to about 2 
percent of the dentifrice. The dentifrices are prepared by 
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blending the components together, With deaeration being 
necessary for the translucent and transparent toothpastes. 

[0040] The unexpected cleaning performance for this 
invention is shoWn using conventional abrasion and clean 
ing tests. For example, dentifrice compositions are typically 
screened in vitro using the “Stookey Cleaning Test” to 
determine a composition’s ef?cacy for cleaning and stain 
removal. This test performs a simulated brushing action 
typically on more readily available bovine teeth Which have 
been arti?cially stained. The removal of stain after a brush 
ing operation is quanti?ed by measuring the decrease in 
color (or blackness) using a calorimeter. Rather than com 
paring absolute changes in color, the data are usually refer 
enced to that of American Dental Association reference 
material calcium pyrophosphate (that is, the stain reduction 
resulting from calcium pyrophosphate use is taken to be by 
de?nition 100). Therefore, the cleaning performance of the 
test compositions Will be either beloW (<100), equal to 
(=100), or higher (>100) than that obtained using calcium 
pyrophosphate. This normalized cleaning value is often 
called the Pellicle Cleaning Ratio (PCR). The higher the 
PCR the greater the stain removal or “Whitening”. 

[0041] Radioactive Dentin Abrasion (RDA) testing mea 
sures hoW the abrasive nature of the dentifrice composition 
contributes to removal of the softer dentin tissue of the tooth 
structure. In this test, irradiated dentin is brushed in a 
manner similar to that described above for cleaning. The 
amount of dentin that is abraded aWay from the brushed 
structure is quanti?ed via radioactive analysis of 32P Which 
is observed in the abrasive slurry. In a manner similar to that 
described for cleaning, the amount of dentin abrasion is 
referenced to that Which occurs With calcium pyrophosphate 
Which is likeWise set at 100. The loWer the RDA the less 
abrasive the dentifrice composition. 

[0042] Radioactive Enamel Abrasion (REA) testing is 
analogous to RDA testing. The abrasive effect on the enamel 
Which is a harder tissue than dentin is quanti?ed in a 
likeWise manner. In this test irradiated enamel is brushed in 
a manner similar to that described above for cleaning. The 
amount of enamel that is abraded aWay from the brushed 
structure is quanti?ed via radioactive analysis of 32P Which 
is observed in the abrasive slurry. In a manner similar to that 
described for cleaning, the amount of enamel abrasion is 
referenced to that Which occurs With calcium pyrophos 
phate. At least tWo commercial sources, e.g., Indiana Uni 
versity (IU) and Missouri Analytical Laboratories (MAL) 
perform this test and reference the test data to that of calcium 
pyrophosphate. HoWever, they set different values for cal 
cium pyrophosphate. IU normalizes to 10 Whereas MAL 
normalizes to 100. The data described herein are supplied by 
Indiana University. The loWer the REA value the less 
abrasive the dentifrice composition. Dentifrices comprising 
the combination of silicas (a) and (b) described herein 
unexpectedly have REA’s of less than 30, and in particular 
less than 10, and most preferably less than 5. 

[0043] It is also noted that measurements of PCR, RDA 
and REA are made from samples in poWder or paste form. 
PoWder form measurements are taken from the abrasive 
system in poWder form per se. Paste measurements are taken 
on fully formulated paste compositions into Which the 
abrasives have been incorporated. 

[0044] The compositions and methods of this invention 
are illustrated by the folloWing examples. 
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ILLUSTRAT IVE EXAMPLES OF THE 
INVENTION 

Example 1 

Preparation and Characterization of Hard Small 
Silica Component (a) 

[0045] A hard, small silica component of the invention is 
prepared using methods disclosed in US. Pat. No. 4,303, 
641. In particular, a conventional acid set hydrogel is 
Washed, dried and coarsely ground before being milled and 
dried under standard conditions. The moisture content of the 
silica feed material entering the mill is about 70% by Weight. 

[0046] Sodium carbonate poWder is metered into the 
mill’s inlet stream along With the hard small component 
precursor feed so that as it enters the mill, a constant 
concentration of alkalinity is maintained in the product. 

[0047] The resulting milled product is characterized With 
a median particle size of 2-3 microns and a total volatiles, 
e.g., moisture, content of about 20% by Weight. The small 
hard silica component has a pH of 8.5 as measured in a 5% 
by Weight aqueous slurry. PoWder RDA values measured on 
a number of batches range from 121 to 139. The particle size 
distributions for ?ve of the batches of the small hard silica 
component are provided in Table I. Particle size distributions 
Were measured using a Horiba LA900 laser diffraction 
analyzer. 

TABLE I 

Summary of Particle Size Distribution Data on 
Hard Small Particle Size Abrasive of the Invention 

Small particle size alkali hardened silica gel 

Sample Sample Sample Sample Sample 
B1 B2 B3 B4 B5 

Particle Size 
Statistics 

Mean, ,urn 2.42 2.29 2.30 2.49 7.01 
Std. Dev., ,urn 1.20 1.06 1.04 1.14 3.65 
Mode ,urn 1.78 1.73 1.77 1.89 5.39 
Percentiles 

d1, ,urn 0.79 0.77 0.78 0.84 1.50 
d2, ,urn 0.89 0.87 0.88 0.94 1.77 
d5, ,urn 1.06 1.04 1.05 1.12 2.32 
dm, ,urn 1.24 1.21 1.22 1.31 2.97 
dSD, ,urn 2.16 2.07 2.10 2.27 6.39 
dgu, ,urn 3.90 3.62 3.63 3.97 11.76 
d95, ,urn 4.69 4.29 4.26 4.66 13.84 
d923, ,urn 5.82 5.22 5.10 5.57 16.58 
dgg, ,urn 6.73 5.95 5.74 6.26 18.62 
d995, ,urn 7.62 6.77 6.38 6.92 20.59 
d99_9, ,urn 9.20 7.99 7.72 8.07 23.99 
Span 1.23 1.17 1.15 1.17 1.37 
SkeWness 1.72 1.53 1.39 1.33 1.14 

Notes: All data are determined after tWo minutes of ultrasonic dispersion. 
Refractive index ratio = 1.23 — 4.131. All statistics above are volume 

basis. 

Example 2 

Characterization of Large Soft Silica (b) 

[0048] Silica (b) illustrated in the Examples beloW is a 
conventional silica gel dentifrice abrasive Sylodent® 783 
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silica, available from Grace Davison of W. R. Grace & 
Co.-Conn. Typical powder RDA values on this product 
range from 71 to 89. The particle size of this silica (b) is 
compared With the harder small particle size silica gel (a) 
using the Horiba LA900 laser diffraction analyzer. The 
particle size data for silica (b) are summarized in Table II 
beloW. 

TABLE II 

Summary of Particle Size Distribution 

Data on Silica Gel Dentifrice Abrasive 

Particle Size 
Statistics 

Mean, ,urn 16.60 
Std. Dev., ,urn 13.91 
Median, [urn 12.96 
Mode, [urn 2.98 
Percentiles 

d1, [urn 1.49 
d2, [urn 1.76 
d5, [urn 2.36 
dm, ,urn 3.21 
dSU, ,urn 12.96 
dgu, ,urn 34.76 
d95, ,urn 43.74 
d95, ,urn 55.88 
d99, ,um 65 .14 
d995, ,urn 74.12 
d99_9, ,urn 91.27 
Span 2.44 
SkeWness 1.65 

Notes: All data are determined after tWo minutes of ultrasonic dispersion. 
Refractive index ratio = 1.23 — 4.131. All statistics above are volume 

basis. 

Example 3 

Dentifrice Composition Comprising Silicas (a) and 
(b) 

[0049] A dentifrice composition Was prepared using con 
ventional glycerin humectant and other additives such as 
those disclosed in the Examples of US. Pat. No. 5,108,734. 
Dentifrice Composition No. 1 contains 20% of silica (b) and 
10% of silica (a). The particle size of such a blend is 
summarized in Table III. The abrasive system comprising 
silicas (a) and (b) is added after humectants are introduced. 

TABLE III 

Summary of Particle Size Distribution Data on 
Small Particle Size Hard and Large Particle Size Soft Silicas 

and Blends Made Therefrom 

Small Hard Large Soft 4:1" 2:1" 
Silica (a) Silica Blend Blend 

Particle Size 
Statistics ] 

Mean, [am 2.30 16.60 9.57 10.57 
Std. Dev., [am 1.04 13.91 8.49 9.39 
Median, [urn 2.10 12.96 6.99 7.29 
Mode, [urn 1.77 2.98 2.18 1.98 
Percentiles ] 

d1, ,urn 0.78 1.49 1.09 1.03 
d2, ,urn 0.88 1.76 1.26 1.18 
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TABLE III-continued 

Summary of Particle Size Distribution Data on 
Small Particle Size Hard and Large Particle Size Soft Silicas 

and Blends Made Therefrom 

Small Hard Large Soft 4:1" 2:1" 
Silica (a) Silica (b) Blend Blend 

d5, [urn 1.05 2.36 1.59 1.47 
dm, [urn 1.22 3.21 2.02 1.84 
(150, [um 2.10 12.96 6.99 7.29 
(190, [um 3.63 34.76 20.43 24.04 
(19,, [um 4.26 43.74 25.98 29.07 
(198, [um 5.10 55.88 33.88 35.17 
(199, [um 5.74 65.14 40.39 39.57 
d995, [urn 6.38 74.12 47.14 43.73 
d99_9, [urn 7.72 91.27 60.29 52.37 
Span 1.15 2.44 2.63 3.04 
SkeWness 1.39 1.65 1.93 1.27 

Notes: All data are determined after tWo minutes of ultrasonic dispersion. 
Refractive index ratio = 1.23 — 4.131. All statistics above are volume 

basis. 
"Ratio of soft:hard silicas. 
Large soft silica = Sylodent ® 783 silica. 
Both small hard silicas and large soft silicas analyzed by Horiba LA900 

Example 4 

Dentifrice Composition Comprising Silica Gels (a) 
and (b) 

[0050] A dentifrice formulation (Dentifrice Composition 
No. 2) Was prepared similarly to that described in Example 
3 except that a version of the alkali hardened abrasive having 
a median particle size of about 6 microns Was substituted for 
silica (a), Which had a median particle size of about 2-3 
microns. 

Example 5 

Dentifrice Composition of Example 1 Except 
LoWer Loading of Silica (b) 

[0051] A dentifrice formulation (Dentifrice Composition 
No. 3) Was prepared according to the procedure as described 
in Example 3, except only 11% of silica (b) Was included in 
the formulation, thereby providing Weight ratio of silica gel 
(b) to (a) of about 1:1. 

EXAMPLE 6 

Dentifrice Composition of Example 2 Except 
LoWer Loading of Silica (b) 

[0052] A dentifrice formulation (Dentifrice Composition 
No. 4) Was prepared according to the procedure as described 
in Example 4, except only 11% of silica (b) Was included in 
the formulation, thereby providing a Weight ratio of about 
1:1 for silica (b) to silica (a). 

Example 7 

Control Dentifrice Composition Prepared As 
Example 1 Comprising Only Silica (b) 

[0053] Acontrol formulation (Dentifrice Composition No. 
5) Was prepared according to the procedure as described in 
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Example 3, except only silica (b) Was included in the 
formulation at 30% Weight percent loading. 

Example 8 

Control Dentifrice Composition Prepared as 
Example 1 but Includes Only Silica (a) 

[0054] This control formulation (Dentifrice Composition 
No. 6) Was prepared according to the procedure as described 
in Example 3. Only silica (a) Was included in the formula 
tion at 30% Weight percent loading. 

Example 9 

Cleaning, RDA and REA Results 

[0055] The cleaning and abrasive performances of the 
pastes described in Examples 2-8 are tabulated in Table IV. 
The RDA, PCR and REA values shoWn Were obtained from 
the paste. 

TABLE IV 

Summary of Cleaning and Abrasion Tests 

Range of Range of 
Dentifrice Silica Pellicle Radioactive Radioactive 

Composition Loading Cleaning Dentin Enamel 
Number % (b) / % (a) Ratios Analyses Analysis 

1 20/10" 87-149 99-140 3.92 

(115) 
2 20/10** 122 (122) 105 3.56 
3 11/10" 109-132 78-100 3.12 

(121) 
4 11/10** 111 (111) 85 2.82 
5 30/0 84-102 139-177 1.6-2.6 

<92) 
6 0/30 100-111 123 — 

(106) 

*Silica (a) had a median particle size of 2-3 microns 
**Silica (a) had a median particle size of about 7 microns 
Number in are averages 
— not measured 

[0056] The data shoW that When silicas (a) and (b) are 
combined as in Dentifrice Compositions 1 and 2 at the same 
total Weight loading of abrasive, those compositions gener 
ally reach higher levels of cleaning than the same loading of 
silicas (a) or (b) When used singly as noted by Dentifrice 
Compositions 5 and 6. Also of note is the unexpectedly 
loWer RDAs When one compares compositions 1-4 versus 5 
and 6. The effect of particle siZe on RDA is also apparent as 
compositions 1 and 3, Which include the smaller particle siZe 
hard silica, are 6-7 points loWer in RDA than the counterpart 
dentifrices Which contain a larger particle siZe hard silica. 
The conclusion from these data is that improvements in 
cleaning With diminished soft tissue abrasion result unex 
pectedly from combining a small particle siZe hard silica 
With a softer larger particle siZe silica. Hard tissue (i.e., 
enamel) abrasion as measured by Radioactive Enamel Abra 
sion (REA) is not signi?cantly increased and is quite loW 
When compared to commercial Whitening type dentifrice 
compositions some of Which have REA values as high as 30 
and many Which exceed 10. 

What is claimed: 
1. A dentifrice composition comprising humectant and 

from about 5 to about 50% by Weight of a silica abrasive 
system, said abrasive system comprising 

Jan. 3, 2002 

(a) silica gel having a median particle siZe beloW about 
7 microns, (ii) a pH of from about 6 to about 11, and 
(iii) a hardness de?ned by a poWder RDAof 100 to 200, 
and a PCR of 100 to about 150 When said silica (a) is 
formulated by itself into a dentifrice paste; and 

(b) silica gel or precipitate having a median particle siZe 
of about 7 microns or greater and having a hardness 
de?ned by a poWder RDAof about 50 to 180 and a PCR 
of about 80 to about 105 When said silica (b) is 
formulated by itself into a dentifrice paste; 

further Wherein the Weight ratio of (b) to (a) is at least 1:1, 
and the dentifrice composition comprising (a) and (b) 
has an RDA of about 150 or beloW, and a PCR of at 
least 80, and up to about 150, and an REA of less than 
about 30, as measured on the IU scale. 

2. A dentifrice composition of claim 1 Wherein silica (a) 
has a median particle siZe of less than 4 microns. 

3. A dentifrice composition of claim 1 Wherein the com 
position has an REA of less than 10. 

4. A dentifrice composition of claim 1 Wherein silica (a) 
is hydrous silica gel With a pH of from about 7.5 to about 
10.5 Wherein the pH is measured in a 5% by Weight aqueous 
slurry. 

5. A dentifrice composition of claim 1 Wherein the gel is 
prepared by contacting a hydrous gel With an alkaline 
medium. 

6. A dentifrice composition of claim 4 Wherein the gel is 
prepared by contacting a hydrous gel With sodium carbon 
ate. 

7. A dentifrice composition of claim 2 Wherein silica (b) 
has a median particle siZe of at least 12 microns. 

8. A dentifrice composition of claim 7 Wherein the Weight 
ratio of (b) to (a) is at least 2:1. 

9. A dentifrice composition of claim 1 Wherein silica (a) 
has a total volatiles content in the range of about 5-30% by 
Weight. 

10. A dentifrice composition of claim 4 Wherein the 
median particle siZe of silica (a) is less than 4 microns, the 
median particle siZe of silica (b) is at least 12 microns and 
the Weight ratio of (b) to (a) is at least 2:1. 

11. A silica abrasive composition comprising 

(a) silica gel having a median particle siZe beloW about 
7 microns, (ii) a pH of from about 6 to about 11, and 
(iii) a hardness de?ned by a poWder RDAof 100 to 200, 
and a PCR of 100 to about 150 When said silica (a) is 
formulated by itself into a dentifrice paste; and 

(b) silica gel or precipitate having a median particle siZe 
of about 7 microns or greater and having a hardness 
de?ned by a poWder RDA of about 50 to 180, and a 
PCR of about 80 to 105 When said silica (b) is formu 
lated in a dentifrice paste; 

further Wherein the Weight ratio of (b) to (a) is at least 1:1. 
12. Asilica composition of claim 11 Wherein silica (a) has 

a median particle siZe of less than 4 microns. 

13. A silica composition of claim 11 Wherein a dentifrice 
composition comprising (a) and (b) has an RDA of about 
150 or beloW, a PCR of at least 80 and up to about 150, and 
an REA of less than 10. 
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14. A silica composition of claim 11 wherein silica (a) is 
a hydrous gel having a pH of from about 7.5 to about 10.5 
wherein the pH is measured in a 5% by Weight aqueous 
slurry. 

15. A silica composition of claim 14 Wherein the gel is 
prepared by contacting a hydrous gel With alkaline medium. 

16. A silica composition of claim 12 Wherein silica (b) has 
a median particle siZe of at least 12 microns. 

17. A silica composition of claim 16 Wherein the Weight 
ratio of (b) to (a) is at least 2:1. 

18. Asilica composition of claim 11 Wherein silica gel (a) 
is hydrous gel having a total volatiles content in the range of 
about 5-30% by Weight. 

19. A silica composition of claim 14 Wherein the median 
particle siZe of silica (a) is less than 4 microns, the median 
particle siZe of silica (b) is at least 12 microns and the Weight 
ratio of (b) to (a) is at least 2:1. 

20. A silica composition of claim 11 Wherein the Weight 
ratio of (b) to (a) is at least 2:1. 

21. A method of preparing a dentifrice composition com 
prising adding a silica gel additive: 

(i) having a median particle siZe beloW about 7 microns, 

(ii) a pH of from about 6 to about 11, and 
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(iii) a hardness de?ned by a poWder RDA of 100 to 200, 
and a PCR of 100 to about 150 When said silica (a) is 
formulated by itself into a dentifrice paste 

to a composition comprising an already eXisting abrasive 
silica gel or precipitated silica Wherein the additive is 
added in an amount such that the ratio of the eXisting 
gel or precipitated silica to additive silica gel is at least 
1:1 and the resulting dentifrice composition has an 
RDA of about 150 or beloW, and a PCR of at least 80 
and up to about 150, and an REA of less than about 30, 
as measured on the IU scale. 

22. Amethod of claim 21 Wherein the ratio of eXisting gel 
or precipitated silica to silica gel additive is at least 2:1. 

23. A method of claim 21 Wherein the silica gel additive 
has a median particle siZe of less than 4 microns. 

24. A method of claim 21 Wherein the additive silica gel 
is a hydrous gel having a pH of 7.5-10.5. 

25. Amethod of claim 24 Where the silica gel is produced 
by contacting a hydrous gel With an alkaline medium. 

26. A method of claim 21 Where the additive gel is added 
to the existing gel or precipitated silica prior to other 
dentifrice additives being added. 

* * * * * 


