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1 claims. (ci. 167-93) 

This invention relates to dentifrice abrasive materials 
and to methods for their preparation. More particularly, 
it relates to particles of heat-treated calcium phosphates 
which are capable of satisfactorily cleaning teeth without 
causing a large amount of abrasion of tooth dentin. It 
further relates to dentifrices in which these abrasive are 
incorporated. 

In cleaning the teeth with a toothbrush, it is customary 
to add to the toothbrush some cleaning. material such as 
a toothpaste or a toothpowder. One of the components 
of such paste or powder is desirably an abrasive material 
which cuts through the surface films formed on the teeth 
and removes adherent stains. Materials commonly used 
for this purpose include precipitated chalk, dicalcium or' 
thophosphate, calcium carbonate, hydrated alumina, 
finely powdered pumice, and finely divided silica. 
One of the problems in choosing a suitable dentifrice 

abrasive is the selection of a material which will clean 
the teeth in a satisfactory manner but which will not 
remove substantial amounts of tooth dentin. Tooth den 
tin is frequently found exposed at the surface of the teeth 
near the gum line, particularly where the gums have 
receded. The abrasion of tooth dentin by an abrasive is 
much greater than the abrasion of tooth enamel by the 
same abrasive, i. e., 10 to 100 times. Consequenly, the 
enamel abrasion is considered to be of minor importance 
when compared with dentin abrasion, and the amount of 
dentin abrasion is used as a criterion in the selection of 
suitable dental abrasives. 

It has now been found that certain calcium phosphates 
will clean teeth to a greater degree without a correspond 
ing increase in 'dentin abrasion- than has been possible 
heretofore when the Well-known prior art dentifrice abra 
sives have been used, and it is one of the primary objects> 
of this invention to provide such abrasives. 
A further object of this invention is to provide den 

tifrices containing such abrasives. 
Other objects and advantageous features will be appar 

ent from the following detailed description and from the 
drawings in which 

Figure l represents a graph demonstrating the abrasion 
values and cleaning grades of various dental abrasives. 
These abrasives are identified in the specification by the 
corresponding numbers, 

Figures 2 to 5 show four infrared absorption spectra 
for various calcium pyrophosphate abrasives, and 

Figure 6 shows a representative chart for determining 
the cleaning grade of an abrasive. 

In general, the abrasives of this invention are formed 
by a controlled dehydration of dicalcium orthophosphate 
dihydrate (CaHPO4'2I-I2O) in which the dihydrate is 
heated to a temperature within the range of from 500° 
C. to 700° C., the said heating being carried out at an 
average rate of not less than 50° C. per minute, and, in 
the temperature range of from 100° to 300° C., at a rate 
4not less than 60° C. per minute, the calcium pyrophos 
phate formed by this heating step having a cleaning grade 
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of more than 6.5, and a dentin abrasion value not ex 
ceeding 600. 
The preparation of calcium pyrophosphate by the heat 

treatment of dicalcium orthophosphate dihydrate and the 
use of such calcium pyrophosphate is disclosed in the 
copending application of Nebergall, Serial No. 366,867, 
filed July 8, 1953, but the application does not teach the 
rapid heating to a controlled temperature which is neces 
sary to produce the abrasives of this invention. 

In order to identify the composition and to determine 
the efficacy of the abrasives of this invention, a number 
of tests have been devised. These are described in detail 
hereafter, and it will sufñce to say here that in accordance 
with'the scales of measurement defined, a dentin abrasion 
value above 700, shown by the line AB of Figure 1 is 
considered unsatisfactory. The best cleaning grade for 
commercial prior art abrasives having a dentin abrasion 
value of not over 700 is 7, shown by line CD of Figure l. 
The calcium pyrophosphate abrasives of this invention 
have values appearing within the area bounded by lines 
EF and EG. . 
At this point it seems desirable to define with some 

particularity the crystalline phases of calcium pyrophos 
phate which are relevant to the present discovery and 
to the methods by which they may be formed. The pres 
ence of gamma and beta phases of calcium pyrophosphate 
can be detected by means 'of X-ray diffraction patterns, 
but such patterns cannot furnish a reliable indication of 
the relative quantities of the phases in mixtures. An iden 
tiiication of the' relative quantities of these` phases can be 
found by infrared absorption spectra, as will hereinafter 
be set forth, although the infrared does not fully dis 
tinguish the abrasives of this invention from other ma 
terials of the same composition but which lack the high 
cleaning power of the abrasives of this invention. 
As has been previously stated, the starting material 

for forming the abrasives of this invention is dicalcium 
orthophosphate dihydrate. This material is commercially 
.available or it may be prepared by adding a lime slurry 
to orthophosphoric acid until the slurry has a pH of 4.5 
While maintaining the temperature below 45° C. The 
precipitate which is formed (dicalcium orthophosphate 
dihydrate) is filtered and dried. 
When dicalcium orthophosphate dihydrate is heated 

to a temperature within the range from about 100° to 
300° C., water of hydration is driven olf, and an 
hydrous dicalcium orthophosphate is formed. When 
anhydrous dicalcium orthophosphate is heated to a tem 
perature above about 300° C., water of constitution is 
removed, resulting in the formation of calcium pyrophos 
phate (CagPzOq). When the temperature does not ex 
ceed about 500° C., the calcium pyrophosphate will be 
in the gamma phase. Figure 2 represents an infrared 
absorption spectrum for substantially entirely gamma 
phase lcalcium pyrophosphate. The substantially pure 
gamma-phase calcium pyrophosphate may be identified 
particularly by an infrared absorption maximum at a 
wavelength expressed as 935 reciprocal centimeters. 
Substantially pure gamma-phase calcium pyrophosphate 
has a cleaning grade which is not superior to commer 
cially available prior art dentifrice abrasives. 
When gamma-phase calcium pyrophosphate is heated 

to a temperature exceeding about 500° C., the gamma 
phase calcium pyrophosphate will gradually convert to 
beta-phase calcium pyrophosphate. The presence of 
about 3% beta-phase calcium pyrophosphate will cause 
.the characteristic infrared absorption maximum which 
lappears at a Wavelength corresponding to 935 reciprocal 
centimeters in pure gamma-phase calcium pyrophosphate 
to shift to a lower wavelength. Increasing amounts of 
beta-phase calcium pyrophosphate will cause a further 
shift until the infrared absorption maximum ñnally ap» 
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pears at a wavelength corresponding to 940 reciprocal 
entirneters. This is illustrated by Figure 3, which is an 

infrared absorption spectrum for a sample containing 
19% beta-phase calcium pyrophosphate, the balance be 
ing substantially gamma-phase calcium pyrophosphate. 
For purposes of this invention, an infrared absorption 
maximum at 937 reciprocal centimeters indicates a com 
position containing about 10% beta-phase calcium 
pyrophosphate, the balance being substantially in the 
gamma phase. The presence of beta-phase calcium 
pyrophosphate tends to cause an increase in the dentin 
abrasion values of calcium pyrophosphates. 
A further increase in the beta-phase content of c_al 

cium pyrcphosphate will result in the appearance of an 
additional infrared absorption maximum at a wavelength 
corresponding to 970 reciprocal centimeters. rfhis is 
shown by Figure 4, which represents an infrared ab 
sorption spectrum for a sample containing about 24% 
beta-phase calcium pyrophosphate, the balance being 
substantially gamma-phase calcium pyrophosphate. 
When the amount of beta-phase'calcium pyrophos 

phate exceeds about 50%, the dentin abrasion value will 
exceed 600,`and as the percentage of beta-phase in 
creases, the'dentin abrasion value will also increase. The 
presence of about 50% of beta-phase calcium pyrophos 
phate will be shown when the infrared absorption maxi 
mum at a Wavelength of 970 reciprocal centimeters is 
of the same optical density as the absorption maximum 
at 940 reciprocal centimeters. The absorption maxi 
mum at 970 reciprocal centimeters will be greater than 
that at 940 reciprocal centimeters when the calcium 
pyrophosphate is more than 50% in the beta phase. This 
is illustrated by Figure 5, which shows an infrared ab 
sorption spectrum for a sample containing 51% beta 
phase'calcium pyrophosphate, the balance being sub 
stantially gamma-phase calcium pyrophosphate. v 

It has n_ow been found that when calcium pyrophos.-` 
phate is prepared by heating dicalcium orthophosphate 
dihydrate rapidly to a temperature of from 500° C. to 
700° C. at a rate of heating such that the average rate 
of heating is not less than 50° C. per minute and the 
rate of heating in the range of from 100° C. to 300° 
C. is not less than 60° C. per minute, and when the 
heating within the temperature range from 500° C. to 
700° C. is continued until the composition contains at 
least 10% beta-phase calcium pyrophosphatebut not 
more than 50% beta-phase calcium pyrophosphate, the 
materialI formed thereby will have a cleaning grade of 
6.5 or more. It has been further found that when the 
rare of heating from 100° to 300° C. is less than’ 60°? . 
C. per minute or if the average heating rate to 500° C. 
is less than 50° C. per minute, the cleaning grade will 
always be less than 6.5. v i ' ' 

While not intending to be bound by any particular 
theory as to the changes in crystalline phase of the ' 
dicalcium ortho-phosphate dihydrate, it is believed that 
when the temperature of the dicalcium orthophosphate 
dihydrate is increased at a rate of heating of 60° C. 
per minute or more, water of constitution is `driven off 
simultaneously with water of hydration, so that the 
structure of a particle produced by such rapid heating 
consists of a center core formed from substantially pure 
gamma-phase calcium pyrophosphate and that the beta 
phase calcium pyrophosphate is concentrated at the sur 
face. 
' In order that the reader may be oriented to the 
cleaning and abrasion values of commercially available 
prior art abrasives, the following values determined in 
accordance with the standardized methods later defined 
are given. Table I lists representative prior art denti 
frice abrasives, all of which were tested in slurries hav 
ing concentrations of 25.0 grams per 50 cc. of water. 
The sample numbers refer to their values plotted on 
Figure l. Sample No. 3 is a mixture of Samples Nos. 
1 and 2v. ' 
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TABLE I 

Sample Dentln Clean» 
No. Abrasive .abrasion ing 

alue Grade 

1 _______ __ Preclpitated anhydrous dlcalclum or- 1010 9.0 
thophosphate. 

2 _______ __ Precipitated dicalcium orthophso- 255 5.0 
phare dihydrate. 

3 _______ __ 80% (2) -l- 20% (1) ................... _. 700 7.0 
‘à ....... __ Calcium carbonate .................. __ 600 5.0 

Sample No. 1 has too high a dentin abrasion value 
to be satisfactory for use in a toothpaste. Samples Nos. 
2, 3, and 4 »represent dentifrice abrasives having proper 
ties which provide cleaning to a lesser degree than the 
abrasives of this invention. 

rfable 1I shows typical differences in dentin abrasion 
values and cleaning grades for abrasives formed from 
samples of dicalcium orthophosphate dihydrate which 
have been subjected to various rates of heating and ñnal 
heating temperatures. Each of these abrasives was 
made by placing 300 grams of commercial grade dical 
cium orthophosphate dihydrate in a stainless steel tray. 
The material was arranged in an even level in the tray 
and the tray was placed in the center of a Globar fur 
nace. Each of the samples remained in the furnace for 
a total time of two hours. Each sample was then re 
moved, cooled in air, and bottled. fthe sample numbers 
correspond to the numbered points in Figure 1. 

TABLE l! ~ 

Final Rate of CaßPzOv Phase 
Sample Heating Heating Deutln Clean- (present) 
No. Temp. 10T-300° O. Abrasion ing 

>("0.) (9C./min.) Value Grade 
` ' ’ ’ Beta Gamma 

375 6 20% 5.1 ...... ._ 62 1. 
i 500 37 301 5.9 14 Balance. 
500 60 283 6. 9 14 D0. 
600 1S 281 5. 4 18 D0. 
600 35 ' 325 5. 6 16 D0. 
600 53 259 5.8 16 D0. 
600 72 428 7. 1 (2) (2) 
600 103 206 7. ô 16 Balance 
G50 91 409 7.1 16 D0. 
650 106 359 9.0 16 D0. 
750 135 750 5. 2 51 D0. 

1 The balance was anhydrous dícalcium orthophosphate. 
2 N ot measured. 

As can be seen from Table II, heating dicalcium ortho 
phosphate dihydrate to a ñnal temperature less than 
about '500° C. forms au abrasive having an undcsirably 
low cleaning grade. When the ñnal heating temperature 
exceeds about 700° C., an abrasive is produced which 
has an undesirably high dentin abrasion value. Table _i1 
further shows that a rate of heating less than about ̀ 60° 
C. per minute in the range from 100° C. to 300° C. does 
not form an abrasive having a cleaning grade as great 
as about 6.5. However, when the rate of heating is at 
least 60° C. per minute in the range from 100° C. to 
300° C. and the ñnal temperature is between 500° C. and 
700 C., the abrasives produced after a total heating time 
of about two hours will have a cleaning grade of at 
least about 6.5 and a dentin abrasion value of not more 
than 6,00. Samples Nos. 7, ll, l2, 13, and 14 are repre 
sentative of such abrasives and are examples of the 

> invention. 

l rlfhe total heating time required to form calcium pyro 
phosphates of this invention may be as short as 10 
minutes. Longer periods of time up to 10 hours or more 
can be used. However, suitable heating times can best 
be >determined by infrared analyses of the calcium pyro 
phosphates produced by the heat treatment. 

‘ The size of the particles after heat treatment will be 
approximately the same as they size of the particles of 
the dicalcium orthophosphate dihydrate starting material. 
It is preferred that the dicalcium orthophosphate dihy 
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drate have a median particle size of from 6 to 10g and 
comprise substantially no particles less than 3p.. As long 
as the particles to be heat-treated are within this size 
range, very little difference is noted in abrasion values 
or cleaning grade for the calcium pyrophosphate pro 
duced if it is in the proper crystalline phases. 

If a large number of the particles have diameters 
greater than 20p, they may cause a gritty sensation in the 
mouth when they are incorporated in a dentifrice and 
may be undesirable. Particles smaller than 3p. have too 
low a cleaning grade to be a satisfactory dentifrice abra 
sive. For best results, at least 80% of the particles should 
have diameters ranging from 3p. to 20g. 
The calcium pyrophosphate abrasives of this invention 

can be incorporated in a wide variety of toothpastes and 
tooth powders. . 

In preparing toothpastes, it is necessary to add some 
thickening material. Suitable thickeners include natural 
gums, such as gum karaya, gum arabic, and gum traga 
canth; seaweed derivatives, such as Irish moss and algi 
nates; and water-soluble salts of cellulose ethers, such as 
sodium carboxymethyl cellulose and sodium carboxy 
methyl hydroxyethyl cellulose. Improvements in texture 
may also be provided by including an additional material 
such as colloidal magnesium aluminum silicate. 

Toothpastes conventionally contain sudsing agents. 
Suitable sudsing agents include, but are not limited to, 
water-soluble alkyl and alkyl ether sulfates and sulfonates 
having alkyl groups of from 8 to 18 carbon atoms, water-y 
soluble salts of sulfonated monoglycerides of fatty acids 
having from 10 to 18 carbon atom's, salts of fatty acid 
amides of taurines such as sodium-N-methyl-N-palmitoyl 
tauride, and salts of fatty acid esters of isethionic acid. 
Mixtures of two or more sudsing agents can also be used. 

Calcium pyrophosphate may be the sole abrasive in 
the toothpaste, or may be combined with other conven 
tional abrasives as listed heretofore. 

It is also desirable to include some humeetant material 
in a toothpaste to keep it from hardening. Materials 
commonly used for this purpose include glycerine, sorbi 
tols, and other polyhydric alcohols'. 

Toothpastes may additionally include small amounts 
of flavorings, such as oils of wintergreen and peppermint, 
and sweetening agents such as Saccharine, dextrose, and 
levulose. 

Suitable toothpastes containing the calcium pyrophos 
phates of this invention may be made from the following 
range of components. It is to be understood that these 
formulations yare given by way of example, and that cer 
tain proportions of specific materials may be necessary to 
provide optimum properties. Further, it is to be under 
stood that the toothpaste components are not to be limited 
to those listed but may include other ingredients known 
to those skilled in the art. 

Toothpaste formulations 
Abrasive 10% to 60%. 
Thickening agent ___________________ __ 0.25% to 5%. 
Humectants ________________________ _. 0% to 40%. l 

Sudsing agents ______________________ ...l 0.25% to 5 %. 
Flavoring ' 
Sweetening ,i To taste' 
Water __ Balance. 

The following illustrates the composition of a satis 
factory toothpaste containing calcium pyrophosphates of 
this invention: 

Percent 
Abrasive 45.00 
Carboxymethyl cellulose ................... _- 1.20 
Glycerine - 10.00 
-Sorbitol - 20.00 
Sudsing agent 1.51 
vSaccharine 0.12 
Flavoring 0.85 
Water 21.32 
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6 
The abrasive used in this toothpaste was made by 

heating dicalcium orthophosphate dihydrate to a tempera 
ture of 620° C. at an average rate of 65° C. per minute 
and at a rate of about 82° C. per minute between 100° 
and 300° C. Thesample was maintained at a tempera 
ture of 620° C. for about 4 hours. The calcium pyro 
phosphate contained 19% beta-phase calcium pyrophos 
phate, the balance being substantially in the gamma phase. 
The abrasive had a cleaning grade of 7.2 and a dentin 
abrasion value of 395, and is shown as point No. 16 of 
Figure 1. The infrared absorption spectrum for this 
abrasive is shown in Figure 3. 
A satisfactory toothpaste embodying the calcium pyro 

phosphate listed as Sample No. 14 in Table II can be 
made with the following composition: 

Percent 
Abrasive 40.00 
Irish moss 1.50 
Glycerine 25.00 
Sudsing agents 1.25 
Saccharine 0.12 
Flavoring 1.00 
Water Balance 

The toothpastes may be adapted for use in collapsible ` 
tubes, in aerosol-type dispensers, or by other means. 

If the calcium pyrophosphates of this invention are to 
be incorporated in a- tooth powder, the following range 
of formulations will provide a satisfactory dentifrice: 

Tooth powder formulations 

Sudsing agent ______________________ _. 0% to 5% 
Flavoring ________________________ _.. 

Sweetening _______________________ _. To taste' 

Abrasive _________________________ _.. Balance. 

An example of a very satisfactory toothpowder which 
contains the calcium pyrophosphate listed as Sample No. 
12 of Table II is as follows: 

Percent 
Abrasive 95.50 
Sudsing agent 3.00 
Flavoring ________________________________ __ 1.25 

Saccharine 0.25 

Dentifrices, both in paste and powder form, may in 
clude additional materials which will'provide desirable 
properties. An example of such a materialv is stannous 
fluoride. The following composition is illustrative of 
such a dentifrice: ' 

Percent 
Abrasive 40.00 
Sudsing agent 1.51 
Glycerine _ 10.00 
Sorbitol 20.00 
Carboxymethylcellulose __________________ _.. 1.10 

Magnesium aluminum silicate _____________ _... 0.40 
Stannous fluoride ________________________ _.. 0.40 

Saccharine ' 0.12 

Flavoring 0.85 
Coloring 0.47 
Water Balance 

A_ suitable abrasive for this composition is one such 
as Sample No. 13 of Table II. ' 

Additional examples of material which may be added 
to the dentifrices of this invention include, but are not 
limited to, sarcosinates, ilumine-containing compounds, 
quaternary ammoniacompounds, chlorophyll, sodium de-A 
hydroacetates, sodium lauryl sulfate, tyrothrycin, penicil 
lin, and hexachlorophene. ' ^ ' 
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`The> method ¿for -slotonnin-ing ¿dentin abrasion vdnos 

and ,cleaning ,grados of abrasives .areas follows: 

„Domini abrasion 
The dentin portions _are separated from human central 

incisors having not more than lminor imperfections. 
These dentin portions are eXpOSedvto neutron radiation 
whereby some of the phosphate content is converted to 
P32. The irradiated tooth portions are mounted in Woods 
metal _and submerged in a lslurry of the abrasive mate 
_rial to be tested. A toothbrush >is so arranged that it 
can be moved back and forth across the surface of the 
submerged portion of tooth> o_r dentin, and thc pressure 
of this toothbrush is adjustedto 150 grams. The tooth 
dentin is subjectedto `the brushing action> for a given 
number of strokes, and removed from the slurry. The 
radio-activity of the slurry is then counted by means of 
standard radioactivity counting equipment. An equiva 
lent piece of dentin, irradiated concurrently with the den 
tin portions to be brushed, is weighed and then dissolved f 
in hydrochloric acid. The radioactivity is counted. 
Using this asa standard, the amount of tooth dentin re< 
moved during the brushing can be determined by com- 
paring the count ofthe .brushing slurry with the .count of 
this standard. 
A standard slurry >for Vmeasuring dentin abrasion is 

made from massive calcite (CaCOS). The calcite is 
ground in a hammer mill to a median particle` diameter 
of about 23a. The particles are then ball-milled to a 
median particle size of about 13.3,@a and should have 
approximately the particle size distribution as set forth 
in the following Table lli.> 

TABLE III » 

Particle diameter (n): Wt. percent smaller 
3.0 _.. __...___.. 2.5 

5.5 30 
7.6 3S 
9.6 ____ __ 4() 

11.4 45 
13.3 ___ 50 

17.4 _____ 60 

24.5 75 
30.0 85 

The concentration of the standard slurry is 12.5 g. 
per 50 cc. of water. Slurries for evaluating the abrasives 
are made at a concentration of 25 g. per cc. of water. 
To determine the abrasion value of an abrasive, a por~ 

tion of irradiated tooth dentin is first brushed with the 
çalcite slurry. The same portion of dentin is then cleaned 
with water and brushed with, a slurry of the abrasive to 
be tested. The dentin is again cleaned and brushed. with 
the calcite slurry. Each of these slurries is counted and 
the average amounts of dentin removed per 100 double 
strokes (back and forth) during the total amount ol’ 
brushing with the slurrìes of calc-ite and with the abrasive 
being tested are calculated. The amount per 100 doubie 
strokes removed by the calcite slurry is given an arbitrary 
value of 600. The factor required to eti'ect the conver 
sion of the number of micrograms of dentin removed to 
this value of 600 is multiplied times the average amount 
of dentin removed by brushing 100 double strokes with 
the abrasive being tested. The product is the abrasion 
value of the abrasive. 
As an example, if the average amount of dentin re 

moved by 100 double brushing strokes in a calcite slurry 
is 100 micrograms, the conversion factor to obtain an 
abrasion value of 600 is 

600 

Too“ _. 

or 61?:v Usine the santo portion of tooth dentin. if 10G 
double brush strokesin a ̀ slurry of calcium pyrophosphate 
removes an average of 75 micrograms, multiplying îhíS 

10 

30 

l10 

4.5 

60 

G, Ul 

70 

weight >by the Aconversion factor. (6.0) will give an abra» 
_sion value 4for the calcium pyrophosphate of 450. 

Cleaning 
Two standard aqueous slurries are used to determine 

the cleaning grade lof an abrasive. One slurry is made 
with 25 g. of dicalcium phosphate dihydrate per 50 cc. 
of water. The commercially available dentifrice grade 
of dicalcium phosphate dihydrate is suitable, but it should 
be milled to a particle size distribution approximately as 
shownin the _following Table lV. 

TABLE IV 

Particle `diameter (11.): Wt. percent smaller 
26.4 ,_ _____ __; ________________ ___. ________ __ 90 

21.8 ___________________________________ __ 80 

17.3 ___________________________________ __ 70 

13.2 . A __ 60 

9.6 » _ 5.0 

6.4 ____ ____ 40 

4.0 ____________________________________ __ 30 

2.3 _ __ 20 

The second standard slurry is made from a mixture of 
86% dicalcium orthophosphatc dihydrate and 20% an 
hydrous dicalcium orthophosphate in a concentration of 
25 g. per cc. of water. The dicalcium orthophosphate 
dihydrate is the same as that used in the first standard 
slurry. The anhydrous _dicalcium orthophosphate is the 
commercially available grade which should have a par 
ticle size ydistribution approximately as shown in the fol. 
lowing Table V. 

TABLE v 

Particle diameter (u): Wt. percent smaller 

44.0 ___________________________________ __ 90 

37.0 __ __ 80 

31.0 7() 
26.0 ___________________________________ .__ 60 

21.0 __ __________________________________ __ 50 

' 17.0 ___ _____ __ 40 

12.8 _ __________________________________ __ 30 

7.8 ____________________________________ __ 20 

White urea formaldehyde blocks having a surface 
measuring l0 mm. x 12 mm. are ground smooth. The 
blocks are washed and dried and then exposed to an 
infrared bulb for at least 1-0 minutes to completely dry 
the surfaces; -On this surface is placed one drop of 
lacquer thinner (Duco No. 3661, made by the DuPont 
Company? using a commercial eye-dropper. The drop 
is allowed to spread over the surface of the block. A 
mixture is made of two parts of the lacquer thinner and 
one part of black lacquer (FoMoCo-Color Patch, Black, 
ivi-1724, made by the .Ford Motor Company). Four 
drops of this mixture are placed on the surface of the 
block, using a hypoderrnic syringe and a #23 needle. 
These drops are allowed to spread, and the blocks are 
air-dried Vand thenV placed under an infrared bulb and 
dried for at least 20 minutes more. The weight of the 
lacquer coating should be 0.092031012002 gram. 
The blocks are inserted in abrasive siurries and brushed 

by toothbrushes in a manner similar to that used in the 
determination of the abrasion values. The blocks are 
brushed in increments of 500 strokes each, and the per 
cent reiiectance of the blocks are measured after each 
brushing increment using a modified Photovolt Redee 
tance meter. For each abrasive being tested, a curve is 
plotted, using as one coordinate the number of strokes 
and as the other coordinate the measured percent re 
flectance. From this curve, a value representing the 
number-of Strokes _to get .30% gain in reñootenoo is 
read, and _from this number o_f strokes _is calculated the 
Vpercent gain in reliectance per stroke. This percent gain 
in reilectance per stroke is multiplied by 10,000 to obtain 
the cleaning. _ratíns- .A cleaning „rating is >_oalcuîatecl...for 
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each of the standard abrasives each time a determina 
tion is made of an abrasive being tested. 
The cleaning grade is determined by the use of Log 

arithmic Probability Graph Paper No. 3128, designed by 
Hazen, Whipple and Fuller, and made by the Codex 
Book Company, Inc., Norwood, Massachusetts, and 
shown in Figure 6. Cleaning grade values of 1 to 9 are 
assigned to the printed 10 to 90 values on the probability 
scale. The logarithmic scale is used to plot the cleaning 
rating values, assigning a value of 10 to the origin. On 
this chart, a point is plotted so that the cleaning rating 
of dicalcium phosphate dihydrate has a cleaning grade ot’ 
5. A second point is plotted giving a cleaning grade of 
7 to the mixture of 80% dicalcium phosphate dihydrate 
and 20% anhydrous dicalcium phosphate. A straight ref 
erence line is drawn through these two points. The 
cleaning grade of any other dentifrice abrasive can be 
read from this chart by selecting the point representing 
the intersection of the cleaning rating value and the ref 
erence line, and then reading the value of this intersec 
tion point on the cleaning grade scale. 
As an example, the cleaning rating of a standard slurry 

of dicalcium phosphate dihydrate was found to be 150. 
Assigning a cleaning grade of 5 to this abrasive, it is plot 
ted on Figure 6 as point M. The second standard abra 
sive mixture containing 80% dicalcium orthophosphate 
dihydrate and 20% anhydrous dicalcium orthophosphate 
was found to have a cleaning rating of 250. Assigning 
a cleaning grade of 7 to this second standard abrasive, it 
1s plotted as point N in Figure 6. A straight line is 
drawn through these two points. By following the brush 
mg and calculating procedure hereinbefore set forth, a 
calcium pyrophosphate is found to have a cleaning rating 
of 320. Referring to the line of Figure 6, it can be seen 
that the cleaning grade of the sample abrasive is 7.8 
(point P). 
This test has shown very good correlation with clinical 

tests in which the cleaning is directly measured by in 
spection of teeth in the human mouth. In addition, it 
has a sensitivity to variations in cleaning power which is 
.greater than that which can be attained in clinical clean~ 
mg tests. 
What is claimed is: 
1. The method of making a calcium pyrophosphate 

suitable for use as a dental abrasive which comprises 
the steps of heating dicalcium orthophosphate dihydrate 
to a temperature within the range from 500° C. to 700° 
C., the said heating being carried out at an average rate 
of not less than 50° C. per minute, and in the tempera 
ture range of from 100° to 300° C., at a rate of not 
less than 60° C. per minute, and maintaining the result 
ing product at a temperature within the range from 500° 
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C. to 700° C. until at least 10% but not more than 50% 
is beta-phase calcium pyrophosphate, the balance being 
substantially gamma-phase calcium pyrophosphate. 

2. The method according to claim l, wherein the di 
calcium orthophosphate dihydrate has a median particle 
size of from 6 to 10p and comprises substantially no par 
ticles less than 3M. 

3. A dental abrasive comprising from 10% to 50% 
beta phase calcium pyrophosphate, the balance being sub 
stantially gamma-phase calcium pyrophosphate, said ab 
rasive having a cleaning grade of not less than 6.5 and 
a dentin abrasion value not exceeding 600 when tested 
as set forth in the specification, said abrasive being pre 
pared by heat treatment of dicalcium orthophosphate 
dihydrate. 

4. A dental abrasive according to claim 3, wherein 
the calcium pyrophosphate is in the form of particles at 
least 80% of which have diameters ranging from 3a to 
20p.. 

5. A dentifrice comprising a sudsing agent and an 
abrasive, said abrasive comprising particles of calcium 
pyrophosphate, lfrom 10% to 50% of said calcium pyro 
phosphate being in the beta phase and the balance being 
substantially in the gamma phase, said abrasive having a 
cleaning grade of not less than 6.5 and a dentin abrasion 
value not exceeding 600 when tested as set forth in the 
specification, said abrasive being prepared by heat treat 
ment of dicalcium orthophosphate dihydrate. 

6. A dentifrice according to claim 5 wherein at least 
80% of the particles of calcium pyrophosphate have di 
ameters ranging from 3p to 20u. 

7. A dentifrice comprising a sudsing agent and an 
abrasive, said abrasive comprising a calcium pyrophos 
phate formed by heating dicalcium orthophosphate dihy 
drate to a temperature within the range from 500° to 
700° C., the said heating being carried out at an average 
rate of not less than 50° C. per minute and, in the tem~ 
perature range of from 100° to 300° C., at a rate of not 
less than 60° C. per minute, and maintaining the result 
ing product at a temperature within the range from 500° 
C. to 700° C. until at least 10% but not more than 50% 
is beta-phase calcium pyrophosphate, the balance being 
substantially gamma-phase calcium pyrophosphate. 
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