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anti-caries activeiforrn' if heat-treated calciumlorthophos-v
phates or calcium saltsjof molecularly dehydrated phos
phoric acids such‘ as calcium pyrophosphates, calcium
metaphosphates annd'calcium'polyphosphates, are used
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in place of the ordinary calcium orthophosphates. In
general, it is necessary to carry out the heat treatment of
the calcium orthopho'sphates at temperatures above 200‘’_
C. and temperatures considerably above v250° C. are usu}
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ally preferred because the duration of treatment required
to’ accomplish a‘ given improvement in?uoride'compatié
‘bility of a given orthophosphate is less ‘at the‘ higher tem
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peratures. The‘ temperature should not be,‘ so high as to

18 Claims. (Cl; 167-93)‘

‘This invention relates to dentifrice compositions, par
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ticularly toothpastes, which, in spite of the presence of
a calcium-containing polishing agent for cleaning the
teeth, are capable of furnishing ?uorides to the' teeth for
their known prophylactic function of protectingthe teeth

against caries.v

cause incipient fusion of the phosphate, however, since
additional steps would then'be required to reduce. themas's
to a ?nely dividedw powder of dentifrice grade.
vThe exact chemical or physical'mechanism by which .

the calcium orthopli'oysphates are mademore compatible
by means of heat-treatment is only partially understood,

but it isrknow'n that?extensive changes inthese polishing

20 agents do occur during thev course‘ of this'heat treatment.

In the case 'of‘dicalciun'i ‘orthophosphate and monocalcium

It has been ‘known for some time that the presence of
?uorides in very small amounts in the drinking water. re

orthophosphate's- molecular dehydration-de?nitely takes

duces'the incidence of‘caries in the population using ‘such

place and these‘ materials are convertedlultimately by

suf?cient' heat treatment into calcium pyrophosphates, and
water. Even limited topical applications to the teeth of
somewhat more‘concentrated aqueous solutions of ?uoé 25 calcium metaphosphates respectively. The changes which
take place in the case'of-heat treating precipitated tri
ride, when made under proper conditions, have met with
calcium orthophosphates also, involve the loss of tightly
dramatic success in the prevention of tooth decay in chil
held‘water from some source’, the'eira'ct nature orchar
dren, and‘ this‘practice is a preventative measure which

is generally recognized and widely used by"'thev dental ‘
profession today,

‘

I

Efforts havev also been made'to provide ?uorides to the
teeth through the medium‘ of a conventional dentifrice
designed for regular'self-use in the customary manner
of‘ practicing personal oral hygiene in the'home inecon
junction "with a tooth brush, but such efforts have always.
been severely handicapped by the tendency. for the ?uoride
to be inactivated and rendered unavailableby the other
ingredients of a dentifrice especially the calcium-contain

acter of which ‘has not beende?nitely ascertained. ' I

It appears that’the application of the name trical‘cium

orthophosphate and theformula, ,Ca3(PO4)2, to precipi-_
tated orthopho'sphatesiswholly'inaccurate in most cases
and actually'is misleading'even' when the analysis of the
precipitate empirically conforms to said formula. Al-.
though such products sold' commercially are generally
referred to in this manner or’ as tri-basic calcium ortho

phosphates and the National Formulary even describes
precipitated calcium phosphate as Cag(PO4)2,it is gene

‘
erally recognized that the chemical and X-ray analysis of
It'is' an‘ object‘of this invention to provide dentifrices 40 such- products’ generally corresponds more closely'to the

ing'polishing agents.

suitable forhome use which, when brushedon the teeth,

newi'n’?

compound known-‘as "hydroxylapatite-

'

not only perform the cosmetic functions of cleaning. and
polishing the teeth but also effectively furnish ?uorides
in solution, readily available to the 'teeth for the prophy 45 Thus, the Ca/ P ‘ratio of such products is generally‘neare'r
to the ?gure of'1.‘67,v which’ is theoretical for the above
lactic‘functions of protecting the teeth against decay and
formula for hydroxylapatite thanto 1;5,ywhich is theo-,
diminishing the incidence and limiting the- severity of
retical for‘Ca3(PO4)2. However, such precipitated prod-'
carious lesions therein.
ucts are not absolutely consistent either as to vchemical
A further object of my invention is the provision of
calcium-containing dental polishing agents which are 50 analyses or X-ray patterns and there is not even complete.
agreement among the phosphate experts as to the unique
more compatible with ?uorides and'can be incorporated
character of any given hydroxylapatite species. In fact,
in dentifrice preparations containing ?uoride. with a mini
precipitated products I all? showing-‘the hydroxylapatite
mumloss of ?uoride to the inactive water-insoluble form.
X-ray pattern but having Ca/P ratios varying not only
It is also an object‘ of this invention to provide a
method of treating conventional calcium-containing pol 55 between 1.5 and; 1.67 but considerably'above l.67'have
been reported. vSee the review Gll'll‘lbdSiC calcium phos'i
ishing agents in order to render‘them more compatible
phates by Eisenberger, Lehrman and Turner in Chemical
with the ?uorides with which they are combined in a
Reviews 26, 257-96‘ (1940). 'Such variations in composil’
given dentifrice.
tion have also ‘been discussed-by many othersfsuchi as
Other objects and features of thisinvention will be ap-'
parent from» the detailed description and explanation of 60 Hodge, Lefevreand Bale who suggest in an, article'in the
Analytical Edition of Industrial and Engineering Chemis
the invention which follows.
try 10, 156-161 (1938) that the particular empirical com
I have discovered that the inactivation of ?uorides
position obtained may ‘be determined by the mode of pre
in dentifrices 'is most often due to the prese'nce‘of‘an in
compatible‘ polishing- agent. Calcium orthophosphates,
cipitation and that Ca/P ratios, above‘1.67 may be 'ob-"'
especially‘ dicalcium-orthophosphate, are ‘among the most
tained when precipitation occurs in the presence of "an.
excess oficalciumf while Ca/P- ratios 'be1ow'1.67 may re-I
popular of'dentifrice polishing agents for’ conventional
use but have not proved suitable for use with ?uorides.'
sult fromtheipresence of anexcessof phosphate. ' The"
sounde's't' assumption-seemsnto be that these precipitates;
I have discovered,-however,' that these. calcium'orthophos

phates‘imay be madermore compatible with ?uorides ‘if

in mostl"cas‘es,"fdo'note represent any, single particular

theyarei’heat-treated in "a'certain manner prior ‘to incor 70 chemical. specie but" a, solidisolution the composition-V of=
poration into the dentifrice mix.

_

Thus';*it has'been 'found that more of the ?uorinecon

taiue'diiu’ih'ei dc’iitifrice'miieis ‘retained in the‘ water-soluble

whichis continuously variable over a considerable range

ofn'lixturesymore ‘alkaline thandicalcium orthophosphate,
(Gal-IP01)";
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ration will show predominantly the hydroxylapatite

The discussion ofthe preceding paragraph not only 7
describes the possible variations in composition of prod

pattern.

'

'

i

V

,

ucts included within the scope of the terms “precipitated

At the present time ?uoride-compatible abrasives for

tricalcium orthophosphates” but also helps to account for
the presence in such products of the rather tightly held

use in the present invention are most readily obtained

water ‘referred to previously. The amount of this water,

abrasives since these latter materials are readily avail
able in the proper form for use in dentifrices. I have
found that the maximum increase in ?uoride compat

by heat treating conventional calcium orthophosphate

like?thecomposition of the precipitate, is variable but
averages around 6 to 8%. This water has frequently
been'referred to as-water of hydration. Thus, the com

ibility is obtained by heat treating said calcium ortho

plete formula for the precipitated orthophosphate has
been described as Ca3(PO4)2~l-I2O_ However, the ‘in!

phosphates to the point of complete conversion to the
end products discussed above, namely 13- or a-tricalcium
orthophosphate or calcium oxyapatite, calcium pyrophos
phates and calcium metaphosphates but for the sake of

accuracy‘ of describing this water as true water’ of hydra
tion is generally as well recognized as is the inaccuracy

avoiding additional steps of regrinding and classifying
of, “the Ca3(PO4), structure itself, because (1) _ the
amount of this water is not a constant percentage of the 15 to proper particle size it is preferred that fusion be
avoided during heat treatment. In heat treating mono
weight even for a given Ca/P ratio and (2) this water
calcium orthophosphates or mixtures containing same,
is more di?cult to remove than the customary water of
hydration requiring temperatures of from 200 to~800° C.
for removal. The most, satisfactory explanation seems to

the preferred temperaturesare above 200° C,.but should
not exceed 900° C.; with dicalcium orthophosphates

' be that this water content is presentlin one or more of 20 alone, temperatures from 300 to 1100° C. are most

three forms, namely ( 1) as OH groups in the hydrox

usable; while with precipitated tricalcium orthophosphates

ylapatite lattice, (2) in Ca(OH)2 or H3PO4 adsorbed or _

bene?cial heat treatment may be effected at any tem

occluded within the particles of “precipitated tricalcium

perature'from 300 to 1500° C. although almost never is
there an, additional advantage tov be gained in heating
occluded within the particles of “precipitated tricalcium 25 the material above 1300—1400° C. and generally tem
orthophosphate.” ‘ Evidences and suggestions of the pres
peratures above 1000 to 1100° C. would not be pre
ence of these forms have been presented by severalwork
ferred. It should be remembered that when mixtures of
ers' including Hodge, Lefevre and Bale (see above),
the above species or when mixed salts containing other
Hendricks and Hill .in Proceedings of the National Acad
metal cations in addition to calcium aretreated, the
‘erny of Sciences 36, 731-737 (1950), and Posner and 30 fusion temperatures will tend to be lowered and restric
Stephenson in Journal of Dental Research 31, 371-382
tion of temperatures to the upper limits given above can
orthophosphate” or (3) as molecular water adsorbed or

(1952).

.

not be strictly relied upon to avoid incipient fusion. ‘

~

It should also be pointed out that the above described
calcium orthophosphates contain a considerable amount
end products themselves, i. e. 5- and a-tricalcium ortho
of water which is present neither as free moisture nor as 35 phosphates, calcium oxyapatites, calcium pyrophosphates,

It is evident, therefore, that so called precipitated tri

true Water of hydration and most of which requires tem
perature well above 200° C. for removal. This is the

and calcium metaphosphates or any distinctly character
ized intermediate products such as calcium triphosphate'

water in “precipitated tricalcium orthophosphates" which,

(Ca5P6O-2'0) or other polyphosphates or mixtures of any

of these, regardless of whether they have been prepared
to as water more tightlylheld than true water of hydra 40 by heat-treatment directly from the corresponding con
tion._ Loss of this-water and/or changes in crystal size
ventional calcium orthophosphates, or by precipitation.
from other salts or from the molecularly dehydrated '
are the only signi?cant changes noted on heat treating
“precipitated tricalciumv orthophosphates” below 700~~ , acids, orotherwise, may be used, in the appropriate range
of particle sizes,.as the ?uoride-compatible abrasives'of
800° C. However, if the initial empirical composition
of the precipitated orthophosphate is fairly close to the 45 the present invention. As used in the claims the term
whether itis adsorbed, occluded or combined, is referred

formula Ca3(PO4)2, the material tends to be converted

“calcium metaphosphate” refers to a monomeric com

by su?‘icient heat treatment to .?-tricalcium phosphate
and ultimately to a-tricalcium phosphate, entirely differ
ent' crystalline forms'which can bedistinguished by means
of X—rays from the initial precipitate having the typical 50

pound represented by the formula Ca(PO3)2, and the
term “calcium polyphosphates” refers to polymeric cal
cium phosphates, whether in the form of rings or straight
chains, and includes calcium pyrophosphate (calcium di
polyphosphate). Although straight calcium salts are pre-'
ferred, mixed salts containing both calcium and other

close to the hydroxylapatite formula

metal cations in addition are also included within the
scope of this invention.

hydroxylapatite X-ray pattern. ‘If the initial empirical
composition of the precipitated orthophosphate is fairly

55

The following speci?c examples illustrate some pro
cedures which can be followed in preparing my fluoride

compatible polishing agents.
the material tends to be converted by su?icient heat treat
ment to oxyapatite [Ca10(PO4)60] which is also dis

ting'uishable by X-rays. Bale et al. in the Analytical Edi
tion-of Industrial and Engineering Chemistry 117, 491
495v (1945) and MacIntire, Palmer and Marshall in In
dustrial and Engineering Chemistry 31, 164-169 (1945),
give X-ray diffraction pattern data for these various
forms of treated and untreated calcium orthophosphates. 65
- It is possible, of course, depending upon the exact com

position of the initial precipitate and the particular heat
treating cycle used, to obtain a mixture of one or more of

the several different high temperature forms referred to

Example I
' A suitable amount of powdered dentifrice grade di

calcium orthophosphate dihydrate is spread out in a uni
form layer on a clean ceramic receptacle and placed in
a mu?le furnace or other indirect heat-source‘at _a_tem—
perature of 815° C. After about 1 hour at this tem

perature the sample is removed and is found'to be, al-'
most entirely converted to calcium pyrophosphate;
(01121507) The improved compatibility of this material.

towards ?uoride is illustrated by the following experi
ments:

~

above.“ ‘ In any case, in the presence of water and espe 70 ‘ 0.85, g. samples of the abrasive before and after heat
cially ‘atreduced temperatures,sall,of these high tempera~
treatment were shaken for a period of 5 hours with 25
ture formstendto revert-gradually after heat treatment g ml. portions of a solution containing 1000 p. p. m. of

to' structures which show the hydroxylapatite X-ray, pat
?uorine (added as SnF2),» and then the mixtures were
ternand, therefore, mostv of the heat-treated calcium
‘set aside for 18 hours for sedimentation, of the solid
orthophosphates when actually used in a dentifrice prepa 16 phase. .The liquid phase fromeach samplejwa'snhen

“Trp-mP
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centrifuged and aliquots of the appropriate‘ size} t0'_(;01'l~'

tifrice grade tricalcium orthophosphate is continued {or

no-more- than 50 micrograms of original ?uorine
were taken of. the clear supernatant liquid after cen
trifugation. The samples were analyzed for ?uorine by

2 hours or more at any temperature above about 900°
C., the loss of water is almostcompleted. and the tri

means of the well known Willard and Winter procedure
which includes distillation in the presence of perchloric

the B-form or to calcium oxyapatite or mixtures of the

calcium orthophosphate is converted almost entirely to
two. Continued heating to temperatures above 1115“

C. will generally result in- appreciable conversion of any
lit-tricalcium phosphate to the a-form, sometimes called

acid‘ and titration of the distillates against thorium nitrate
in the presence of alizarin sulfonate. Hydroxylamine hy

'y-phase. These phase changes are discussed in the re

drochloride and sodium chloride were added to the dis
tillates before the titrations in accordance with the rec

view by Eisenberger, Lehrman and Turner mentioned be

ommendation of H. A. Williams in the Analyst 71, 175

fore.

(1946).

of dentifrice composition contemplated by the present

-

The above examples, which describe the simplest form

.

In’ this manner it was found that 59% of the ?uoride

invention, i. e. the simple mixture of abrasive and ?uo
originally present was still in solution in the sample
ride, demonstrate most directly and clearly the improve—
shaken. with the heat-treated abrasive while only 5.6%
ment in ?uoride-compatibility of the specially heat-treat
of the original ?uoride was left in the solution shaken
ed calcium orthophosphates or molecularly dehydrated
with the untreated abrasive.
calcium orthophosphates over the conventional calcium
Instead of heating at a, temperature of 815° C. for
orthophosphate dentifrice abrasives. The additional. ex..
one (1) hour as in the above example, substantially
the same bene?cial results can be secured by heating 20 amples which follow illustrate in more detail some of the
?nished dentifrice compositions which can be prepared
for 6 hours at 400“ C.
by the use of abrasives of the class which I have dis
Substantially the same results can be obtained if
either calcium triphosphate or a mixed salt such as cal

covered to be more compatible with ?uorides than are

cium sodium pyrophosphate (CaNazPzOq) is substituted

the conventional dentifrice abrasives, which class includes

for the heat-treated abrasive in the preceding test.

25

such well-characterized chemical species as calcium

pyrophosphates, calcium polyphosphates, calcium meta
phosphates, 13-v and tat-tricalcium orthophosphates and
calcium oxyapatite. These additional examples will also

Dentifrice grade dicalcium orthophosphate dihydrate
usually contains a fraction of a percent of. a stabilizer,
.such as Na4PzO7 or MVg3(PO4)2, added for the purpose

serve to indicate some of the preferred conditions for
of preventing loss of water of hydration during long
time storage ,at climaticv temperatures. However, in the 30 the preparation and use of such dentifrice preparations.
above example it is immaterial whether these stabilizers
Example IV

are present, and dicalcium orthophosphate dihydrate con

Some of the calcium pyrophosphate prepared. in Ex,
taining either, both, or neither of these stabilizers, or
ample I by heating dicalcium orthophosphate dihydrate
even anhydrous dicalcium orthophosphate could be sub
stituted as starting materials in the above experiments 35 for one hour atv a temperature of 815° C. was used vin
making a ?uoride-containing toothpaste of the following
without nullifying the bene?cial effects of the heat treat
composition:
‘Y
ment. Anhydrous dicalcium orthophosphate' is not ap
Parts by weight
preciably more compatible with-?uoride ion than is the
Heat-treated CaHPO4-2H2O __. _______________ _.~. 41.6
corresponding dihydrate, and heat treatment which is
su?icient only to remove water of hydration is of very 40 Synthetic detergent __.. __________ -a _________ ..._ 1.4
Glycerin'e ___‘__v_ _____________________ _'___'__,__ 25.0
little bene?t.
Water

Example II
A quantity of powdered monocalcium orthophosphate
monohydrate spread in a uniform layer on a clean, un-'
reactive heat-resistant surface is placed in an oven heat 45
ed to a uniform and constant temperature of 650° C.

After Zhours at this temperature the treated material is
found to be almost completely converted to calcium
metaphosphate and much more compatible with ?uorides

,

....__

28.0

Irish- moss extract _____________________ ...'____._>_v_

‘1.5

Stannous ?uoride ________ _...._ ______ _, ____ ____..

1.6

Flavorings

0.9

___

...._

Total ______________________________ _._ 100.0

The procedure for preparing the toothpaste of the
above composition was as follows:

'

50
The Irish moss extract was wet out in part of the
than formerly as shown by the following experiment.
glycerine
and the calcium pyrophosphate was wet out in
', The ?uoride compatibility of this heat-treated phos
part of the water, in which the synthetic detergent had
phate was compared with that of the untreated mono
been dissolved. These slurries were then mixed'together
calcium orthophosphate monohydrate by the same pro

cedure used in Example I.

with heating until a uniform temperature of 70° C. was
reached. The thickened paste mixturev was then cooled
to a ‘temperature of 35° C. and the ?avoring, the re

In this Way it was found

that all of the original ?uoride remained in the solu
tion which had been in contact with the heat-treated

maining glycerine and the remaining water containing

phosphate while only about 5% of the original ?uoride

the stannous ?uoride were all added and mixed in tho:
oughly to give a homogeneous paste of suitable con

was ‘left in the solution which had contacted the un

treated abrasive.

Example III

Precipitated dentifrice grade tricalcium orthophos
phate meeting speci?cations set out by the National

60

sistency.
This paste was then compared for its ability to release
?uoride in solution with a similar product of the same
composition with the one exception that untreated di
calcium orthophosphate was .used as the abrasive instead

Formulary is subjected, to a temperature of 815° C. for
-1 hour. The treated material is found to be greatly
improved over the original tricalcium phosphate with re
spect to ?uoride-compatibility as shown by the ?gures
obtained on available ?uoride remaining in a solution

largely to pyrophosphate by the heat~treatment_. The

of the heat-treated material which had been converted

comparison test was made by analyses of the supernatant
liquid phases obtained from slurries of the pastes in

originally 1000 p. p. m. in ?uorine (as SnF2) after con

water.

tacting samples of same ‘with measured quantities of the
respective abrasives. These. ?gures were 50% avail
able from the heat treated material but only 12% from
,the control. Such moderate heat treatment does not

The analytical technique was as follows:
‘Slurries were made :by shaking 15 g. of the dentifrice
with 45 g. of water in 100 ml. screw cap glass bottles

for 30 minutes. The liquid phase was withdrawn-after

‘produce a preferred abrasive of this invention.

‘most of the solid matter had settled out and was centri

‘If .the .heat treatment of .the original precipitated den

fuged at 15,000 R. P. M. for 1 hourin order to separate

2,878,168
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mucilaginons vegetable extracts of land or sea origin
may be used in place of the Irish moss extract. And,
of course, wide .freedom of choice is possible in selecting
the detergents and ?avorings to be used. Any other ad
ditional ingredients suitable for dentifrice use which are
compatible with the particular ?uorine compounds em
ployed may also be used. No special problems are intro

‘out the remaining solids. Aliquots of the appropriate
size to contain no more than ‘50 micrograms of ?uoride

were taken of the clear supernatant’ liquid phases and
added to 1 g. of samples of calcium oxide. These mix
tures were then evaporated to dryness and ignited to re
move organic matter. Then the available ?uoride con

tent was determined by the Williams’ modi?cation of the
duced by the use of calcium pyrophosphate or my other
Willard and Winter perchloric acid distillation and tho
heat treated calcium orthophosphates since they are even
rium nitrate titration, just as for the tests on the abrasives
10 less reactive and therefore more stable and compatible
alone, as described in Example I above.
not only with the ?uorides but also with almost any other
In this manner it was determined that about 16% of
possible dentifrice ingredient than are the more conven
the total ?uoride content originally added to the paste
tional polishing agents such as dicalcium orthophosphate,
was available in water-soluble anti-caries active form in
precipitated tricalcium orthophosphatc, etc.
,
' _ ’ the paste made from the heat-treated abrasive while
Additional speci?c examples of dentifrice compositions
only about 8% of the total ?uoride was available in the
prepared according to the teachings of this invention are
control paste. In a similar paste made with anhydrous

the following.

dicalcium orthophosphate only 6% of the original ?uoride
was found in' the supernatant liquid obtained from its

Example V

‘slurry.

The greater effectiveness of the ?uoride dentifrices pre

20

pared with my heat-treated abrasives in protecting the
teeth against attack by acids and the carious process has
also been demonstrated by extensive acid solubility

A commercial sample of calcium pyrophosphate. pres
pared in proper form (particle size, softness, etc. for den
tifrice use was incorporated in a ?uoride-containing tooth
paste of the following composition:

studies on tooth enamel (both whole and powdered) be
fore and after treatment with slurries of the test denti 25

frices described in this and the following examples.
The improved effectiveness of ?uorine-containing com

pounds which normally dissociate to yield ?uoride ions
(F—-) in aqueous solution when used in dentfrices con

'

Parts by weight
Calcium pyrophosphate _____ ___ ______________ _-

Synthetic detergent ________________________ -1

100 p. p. m. on up instead of the 1.6% stannous ?uoride

tively made for reasons of safety in avoiding any possi
bility of ?uorine toxicity from the regular use of such
dcntifrices. This safety limit is ?gured on the improbable

1.3

Glycerine

25.0

Water ___

29.0
1.4

taining calcium pyrophosphate or any other heat-treated 30 Gum tragacanth ___________________________ __
Sodium ?uoride
calcium orthophosphate in place of conventional calcium
Flavorings ____
orthophosphates can be readily noted with pastes contain
ing any concentration of ?uoride-producing ?uorine from
used-above, which‘is equivalent to 4000 p. p. m. P. 35
However, a limit of 4000 p. p. m. of ?uorine istenta

42.2

Total

_____________________ -_. _____ ___

0.2
0.9
100.0

The process of preparing this paste was as follows:
The gum tragacanth was wet out in part of the glyc

' erine; the synthetic detergent and the sodium ?uoride
were dissolved in the water and the remaining glycerine
assumption that all of the ?uoride in the average amount 40 added to this solution. The pyrophosphate was then
wet out in the aqueous mixture and this slurry was then
of paste used by a‘human-being over any given period

of time would‘ actually be ingested. Thus, this'limit is
obviously 'very' conservative. All things considered, the
preferred concentration’is about 0.1% ?uoride-producing
?uorine (or about 0.4% stannous ?uoride) which is 45
equivalent to about 1000 p. p. In. F. In any case it is
believed that there would seldom be any signi?cant ad
ditional. advantage in using more than 1% ?uoride-pro
ducing ?uorine ($10,000 p. p. m.) in the composition of

the present invention regardless of toxicity questions,

mixed with the gum tragacanth slurry and the combined

mass was heated to 65 ° C. and cooled to 32° C. while

being mixed continuously. Finally the ?avor was added
and mixed in thoroughly to give a homogeneous ?nished
‘paste product. The superiority of this toothpaste over
a similar product containing the same amount of ?uoride

but with dicalcium orthophosphate dihydrate as the ab
brasive can be seen from the following results of analyses
for available ?uoride in slurries of the two products.
These analyses were carried out according to the proce
dure described in Example IV above and showed about
36% of the original ?uorine in available form in the

which have not yet been fully settled for products of
this .type. These ?uorine concentrations may be fur
nished in the form of any non-toxic ?uorine-containing
pyrophosphate paste compared toonly 3% in the control
compounds, which normally dissociate in aqueous solu
tion to yield ?uoride ions including ?uorides such .as 55 paste.
In order to secure the bene?cial effects of the dentifrice
NaF, SnF-2, ZnFz, SnF4, can, NH4F, KF, LiF, CrF2,
compositions of my invention on the teeth it is only neces
the more complex ?uorine-containing salts of the same
sary to apply these products to the various tooth surfaces
metals or ammonia such as the ?uosilicates e. g. Na2SiF6,
by means of a brush much in the usual manner of prac
and also ?uotitanates etc., as well as mixed halides such
as chloro?uorides of the same metals or ammonia, ~e. g. 60 ticing oral hygiene in the home. In order to obtain the
maximum bene?ts from the use of these products they
SnClF.
. '

bene?cial results obtained by the practice of this inven~

should be applied in the greatest possible strength as
thoroughly as possible to all of the tooth surfaces which
can be reached. A paste-form product is preferred since

tion.

this type of dentifrice is easiest to handle on a brush and

- Substitutions can be made freely with respect to all the

‘remaining ingredients of these pastes without affecting the .
Thus sorbitols, glycols, or silicones may be used '

in place of glycerine and the proportion of water and
glycerine or other organic vehicle may be reduced or

increased provided consistency is maintained by suitable
adjustment in the amounts of the other ingredients.
In general, atoothpaste made according to the teach~ 70
ings of this invention will contain about 0.01 to 0.4%
of ?uorine (F), 10-40% water, 10-40% glycerine or

other polyhydric alcohol, and 20~60% of my ?uoride
‘compatible calcium vphosphate compounds. Gum trag

apply to the teeth without adding moisture other than
that in the mouth and at the same time the available
?uoride-content in a paste dentifrice is already dissolved
and ready for immediate activity on the tooth surfaces.

Example VI
The heat-treated monocalcium orthophosphate pre

pared in Example 11 by heating conventional monocal

acanth and other natural gums, or alginates and other 76 cium orthophosphate for 2 hours at 650° C. was used in

>

2,876,166

10
making a ?uoride-containing powder dentifrice according

taining compound is sodium ?uoride and the abrasive

to the following formulation:

comprises essentially calcium triphosphate.

’

Parts by weight
Heat-treated monocalcium orthophosphate (from

Example II)

95.0

Synthetic detergent
Stannous ?uoride

5

3.3‘
__

0.5

Flavoring

1.2

Total

“a

9. The dentifrice of claim 1 in which the ?uorine
containing compound is stannous ?uoride and the abra

100.0

sive comprises essentially calcium triphosphate.
10. The dentifrice of claim 1 in which the fluorine

containing compound is stannous ?uoride and the abra

sive comprises essentially calcium polyphosphate.
11. The dentifrice according to claim 1 in which the

?uorine-containing compound is sodium ?uoride and

the abrasive comprises essentially calcium polyphosphate.

The available ?uoride in a slurry of this dentifrice was

12. A toothpaste combining a ?uorine-containing com

powder containing monocalcium orthophosphate though

polyphosphates, calcium metaphosphate, calcium oxya
patite, and B- and uJtricalcium orthophosphates.

pound and an abrasive, in which said ?uorine-containing
' determined by the same procedure described in connec
tion with the analyses of Example IV and was found 15 compound is one which normally dissociates to yield
?uoride ions in aqueous solution and which is present in
to be 100% of that added as SnFZ. In contrast, a simi
said dentifrice in an amount which contains at least
lar tooth powder prepared with unheat-treated monocal
0.01%, by weight, of ionizable ?uoride but not more
cium orthophosphate yielded only 49% of its total ?uo
than 0.4%, by weight, of total ?uorine, and in which
ride in available form when analyzed in the same way.
Use of a commercial calcium metaphosphate in the 20 said abrasive is present as from 20% to 60%, by weight,
of said dentifrice and comprises essentially at least one
above toothpowder formula considerably increased the
material selected from the group consisting of calcium
amount of available ?uoride over that of the control
not to the level of 100% as found in the product made
with heat~treated monocalcium orthophosphate.

'

It is obvious that the above examples are illustrative

only of the many possible variations of which my inven
tion is susceptible and in no way exhaustive of the in

13. The toothpaste of claim 12 in which the ?uorine
containing compound is stannous ?uoride.
14. The toothpaste of claim 13 in which the calcium

polyphosphate is calcium pyrophosphate.

numerable combinations of ?uorine-containing ingredi
ents and heat-treated calcium orthophosphate polishing

15. The toothpaste of claim 12 in which the ?uorine
containing compound is sodium ?uoride.

agents which it is possible to use in gaining the bene?cial
results of my invention. Accordingly the scope of my
invention should not be limited by the above exam

polyphosphate is calcium pyrophosphate.
17. A toothpaste comprising by weight from about

16. The toothpaste of claim 15 in which the calcium

10% to 40% of water, from about 10% to 40% glyc
As used herein the term calcium 35 erine, stannous ?uoride in an amount equivalent to
0.01% to 0.4% of ?uorine, and from about 20% to 60%
orthophosphates shall be understood to apply generally
of calcium pyrophosphate.
to all of the known and recognized species which can
18. A toothpaste comprising by weight from about
be formed by precipitation of mixing Ca++ ions and
10%
to 40% of water, from about 10% to 40% of glyc
P04“ ions in aqueous solution, whether in the presence
or absence of other metal cations, including speci?cally 40 erine, sodium ?uoride in an amount equivalent to 0.01%
to 0.4% of ?uorine and from about 20% to 60% of
the hydroxylapatite structure and mixed salts containing
calcium pyrophosphate.
both calcium and other metal cations.
What I claim as new and desire to protect by United
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