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1. 
The invention relates to the production of arti 

ficial porcelain tooth structures of predetermined 
shades. 
Wearers of dentures demand that the portions 

of the denture which form the teeth provide the 
Same appearance as natural teeth, particularly in 
the case of the portions of the denture which form 
the front teeth. Therefore, it is necessary to 
exercise extreme care in the manufacture of 
porcelain tooth portions for dentures in order to 
Secure the appearance of natural teeth. 
A person who acquires a denture usually de 

mands that the artificial teeth be of the same 
shade as the natural teeth that are replaced by 
the denture, so that as little as possible change in 
facial appearance is produced. Thus, it is neces 
Sary for a dentist to procure teeth of different 
shades for different patients. 

In Order that artificial teeth may have a natural 
appearance, it is necessary that the tip or incisal 
Section of each tooth be of a lighter and pref 
erably more translucent porcelain than the re 
mainder of the tooth. The necessity that the 
incisal section be of a lighter shade introduces an 
other difficulty in the manufacture of porcelain 
teeth. In order that the tooth may have a natural 
appearance, the lighter shade of the incisal sec 
tion must blend gradually with the remainder of 
the tooth so that there is no sharp line of de 
markation between the shades. 

It is necessary not only to have an even blend 
ing of the lighter shade of the tip with the darker 
shade of the remainder of the tooth, but also to 
have exactly the proper shade in every tooth in a 
denture. Any departure from the shade desired 
Would cause the set of teeth to be rejected by a 
dentist. 

Artificial porcelain tooth structures have been 
manufactured in considerable quantities for sev 
eral years. The methods by which such struc 
tures have been produced have been laborious be 
cause of the necessity of controlling the shades 
for the reasons stated above, and it often has been 
necessary to discard as much as twenty-five per 
cent of each lot produced by such methods be 
cause of irregularities in shade. Porcelain teeth 
produced by the methods heretofore in use have 
been quite expensive, and because of inadequacy 
of such methods there exists a great unsatisfied 
demand for porcelain teeth of correct shade. 
The principal object of the invention is to pro 

vide an apparatus producing porcelain tooth 
structures in Which the control of Shades is Sub 
stantially infallible so as to eliminate waste. 
More specific objects and advantages are apparent 
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from the description, in which reference is had 
to the accompanying drawings illustrating ap 
paratus suitable for use in the practice of the in 
Wention. 

Figure I of the drawings is a perspective view 
of a mold of a conventional type which may be 
used, in the practice of the present method, to re 
ceive slurries of porcelain particles for casting bis 
cuits to be fired for producing porcelain tooth 
structures. 

Figure II is a transverse Vertical section. On th 
line II-II of Figure I. 
Figure III is a side elevation of a porcelain in 

sert to be imbedded in a denture to form a tooth 
portion of the denture, which has been cast in 
the mold of Figure. 

Figure IV is a rear elevation of the porcelain 
in Sert. 

Figure W is a longitudinal vertical Section of an 
apparatus for use in the practice of the invention. 

Figure VI is a plan view of the apparatus with 
One of the slurry containers removed. 

Figure VII is a transverse vertical section taken 
on the line WII-VII of Figure W. 
These specific drawings and the specific de 

scription that follows merely disclose and illus 
trate the invention and are not intended to in 
pose limitations upon the claims. - 

In order to form a porcelain tooth portion of a 
predetermined shade, it is necessary- to cast the 
tooth portion from a slurry of porcelain particles 
of the proper composition to produce the desired 
shade. The porcelain for such a slurry is pre 
pared by mixing porcelain particles of different 
shades in proper proportions. 
One of the most serious difficulties in th 

methods used during past years for the production 
of porcelain tooth structures has been the ex 
treme difficulty of maintaining a slurry of porce 
lain particles in a smooth uniform condition long 
enough to permit the introduction of the slurry 
into a mold, and preventing segregation of par 
ticles of different shades. The porcelain particles 
of different shades have different specific gravities. 
Thus as soon as a slurry of porcelain particles is 
formed, the heavier particles immediately begin 
to collect in the form of a sediment in the bottom 
of the receptacle. It is very difficult to prevent 
the formation of such a sediment and to keep the 
porcelain particles of different shades uniformly 
distributed with respect to one another. . . . . . . . 

If the porcelain particles of different shades 
are not distributed uniformly with respect to 
one another, it is impossible to withdraw a part 
of the slurry that will produce a porcelain tooth 
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portion of the proper shade. If some slurry for 
Casting a tooth portion is Withdrawn from the 
upper part of the receptacle, the resulting tooth 
portion Will be of one shade, and if some slurry 
for casting a tooth portion is withdrawn from 
the lower part of the receptacle, the resulting 
tooth portion Will be of another shade. 

Because of the rapidity with which segrega 
tion of the poreclain particles of different shades 
takes place in a slurry, it is difficult to mix up 
a batch of any substantial size so as to produce 

... even momentarily a uniform slurry. Therefore, 
it has been the practice during past years to 
prepare at one time only a sufficient amount of 
slurry for one toothportion. 

In order to prepare successive amounts of 
slurry, each of which is sufficient for one tooth 
portion, it has been the practice heretofore to 
place a mixture of dry porcelain particles of 
the proper composition in a Small Cup and to 
add an excess of distilled water. The cup is 
then placed upon a vibrating table where it is 
allowed to stand for 45 minutes. During this 
period the poreclain particles of various densities 
become thoroughly Stratified. At the end Of the 
period of vibration, the Supernatant water is 
poured off, leaving the porcelain particles in the 
form of a solid cake in the botton of the Cup. 
In this cake the densest particles are at the 
bottom and the density of the particles decreases 
uniformly from the bottom to the top of the 
cake. A sample of porcelain particles in suffi 
cient amount for one tooth portion can be re 
moved from the cake by cutting Vertically 
through the cake so as to separate the same : 
proportions of the heaviest particles at the bot 
tom, the lightest particles at the top and the 
particles of intermediate density at various other 
levels in the cake. A sample thus separated 
from the cake can be mixed with a Small amount 
of distilled Water to produce a porcelain slurry 
in sufficient amount for one tooth portion, which 
is then transferred to the mold. 
The preparation of a separate slurry for each 

tooth portion is time consuming but has been 
considered necessary heretofore because of the 
difficulty of securing a uniform distribution of 
the porcelain particles of different color in any 
larger amount of slurry. Even in the method 
heretofore used the shade of the tooth often is 
incorrect and a considerable amount of Waste is 
caused by the discarding of teeth on account 
of incorrect shade. The small amount of slurry 
used in making one tooth portion is difficult to 
handle, and lumping of the porcelain or entrap 
ment of bubbles often occurs so as to produce 
defects in the product which result in additional 
waste. 
The present invention, which obviates the fore 

going difficulties that have been experienced in 
the practice of the methods by which consider 
able quantities of porcelain tooth structures have 
been manufactured in past years, is based upon 
the discovery of a much more advantageous 
method in which a relatively large quantity of 
a slurry is subjected to substantially continuous 
agitation during the pouring of successive tooth 
portions, a small proportion of the slurry being 
withdrawn for each tooth portion. In order to 
carry out such continuous agitation, a power 
agitator is required, but a relatively simple power 
agitator may be used. It has been discovered 
that by such continuous agitation the porcelain 
particles of various shades may be kept very uni 
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4. 
so that a Small proportion withdrawn from the 
slurry always produces a tooth portion of exactly 
the same shade. A method of casting biscuits 
to be fired for producing artificial tooth portions, 
embodying the invention, comprises the steps of 
preparing a slurry of porcelain particles, adapted 
to produce a tooth portion of a predetermined 
shade, agitating the slurry to keep the particles 
in Suspension and to prevent Segregation of 
particles of different shades, casting Successive 
tooth portions from the slurry by Withdrawing 
a small proportion of the slurry for each tooth 
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portion, and maintaining, during the casting of 
the Successive tooth portions, agitation of the 
Slurry that is sufficiently continuous to prevent 
appreciable Segregation of particles of different 
shades. 
One type of mold in which the biscuits may 

be cast is illustrated in Figures I and II. Such 
a mold ordinarily is made of a flexible, resilient 
gelatin composition f O or of another flexible, 
resilient composition such as Soft rubber. Fis 
sures or cracks are provided in the flexible 
composition 0 which can be opened by flexing 
the mold so as to permit the removal of the cast 
biscuits. Leading into the cavity 2 in which the 
tooth portion is formed is a narrow Sprue pas 
sage i? 3 having a flared entrance 4. 
The cavity 2 may be of Such a shape as to 

form the tooth portion illustrated in Figures 
III and IV. On the back of such tooth portion 
is provided a vertical web 5 and a lateral web 
6. The sides of the vertical web. 5 and the 

upper surfaces of the lateral web ?s may be 
Serrated as shown in the drawings. The rear 
face of the tooth portion proper may be pro 
vided with additional serrations. T which, to 
gether with the serrations on the vertical and 
lateral webs, permit the tooth portion to be 
anchored securely in a denture so as to resist 
the forces to which the tooth portion is Sub 
jected when the denture is in use. 
A tooth portion such as that shown in Figures 

III and IV should be produced from porcelain of 
two or three different shades. The lightest shade 
of porcelain is used for the tip or incisal portion 
and the darkest shade of porcelain is used for 
the opposite end or gingival portion. The tooth 
structure illustrated in Figures III and IV is 
shown divided into three Superimposed sections 
consisting of a gingival section A, a middle Sec 
tion B and an incisal Section C. Although the 
blending of the porcelain of one section with the 
different shade of porcelain in an adjoining sec 
tion should be very gradual So that no definite 
line of demarkation is visible, the approximate 
boundaries of the three superimposed Sections 
are indicated by dashed lines in Figures III and 
W. 
In the use of a mold such as that shown in 

Figure I, a slurry of porcelain particles of such 
a composition as to produce the proper shade 
for the incisal section is first introduced into the 
mold cavity 2 to the approximate depth of the 
section C in Figure III. During the introduction 
of the slurry the mold, which is relatively trans 
parent, is in front of a source of light which per 
mits the depth of the slurry in the cavity 2 to 
be observed. After the casting of the incisalpor 
tion, a slurry of porcelain particles of a con 
position such as to produce the proper shade for 
the middle Section is introduced to the approxi 
mate depth of the section B in Figure III. The 
remainder of the mold cavity and the sprue pas 

formly distributed with respect to one another, is sage 3 are then filled with a slurry of porcelain 
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particles which produces a gingival portion of 
the proper shade. The successive layers of the 
different Surries are intended to diffuse into One 
another to a slight extent So as to produce a 
uniform gradation of shade from one section to 
the next. Only two portions of different shade 
may be employed instead of the three portions 
indicated in Figures III and IV. 

After the mold cavities have been filled, th 
mold is allowed to stand on a vibrating table for 
105 minutes during which the porcelain particles 
Settle so as to produce a relatively firm biscuit, 
leaving the exceSS Water at the top. The exceSS 
Water is then Sponged off at the entrances of the 
Sprue paSSages and the mold is allowed to Stand 
on the vibrating table for a few additional min 
utes. Finally the finished biscuits are removed 
from the mold by flexing the sides of the mold 
downward so as to open the fissures if. The 
Sprue formed in each sprue passage 3 is then 
renoved and the biscuits are fired in the usual 
manner to produce the finished porcelain tooth 
portions. 
The Substantially continuous agitation that is 

employed in the practice of the present method 
may be carried out by means of any desired power 
agitator. Figures V, VI and VII of the drawings 
illustrate one convenient form of power agitator 
that may be used. In that device a base 8 car 
ries a housing 9 within which is a driving motor 
29. Secured to the front of the notor is a trans 
mission 2 which through couplings 22 drives a 
pair of rubber covered rollers 23 which are jour 
nailed at their opposite ends in a bearing block 
24 mounted on the base 8. A bracket 25 is 
mounted at one end upon the base f and at the 
other end upon the bearing block 2 and carries 
fixed spacers 26 and adjustable spacers 27. Con 
tainers 28 are longitudinally positioned by the 
spacers 25 and 27 and rest upon the rubber cov 
ered rollers 23, both of which rotate in the same 
direction. 
A slurry of porcelain particles 29 in each con 

tainer 28 is continuously agitated by the rotation 
of the containers which is produced by the rota 
tion of the supporting rollers 23. Each container 
28 is provided with a cap 30 having a gasket 3 
to make a water-tight connection between the 
cap and the container. Each cap 30 has a narrow 
spout 32 through which the slurry can be with 
drawn in Small quantities. 

It has been discovered that when the agitation 
of the slurry is interrupted, as by removing the 
container 28 from the rotating rollers 23, the 
porcelain particles of various shades remain Sub 
stantially uniformly distributed with respect to 
one another for about 15 seconds. It has been 
discovered also that by inverting the container 
28 and touching the end of the Spout 32 to the 
flared entrance f4 of each sprue passage 3 in 
turn, equal quantities of the slurry can be intro 
duced into six or eight mold cavities within such 
period of about 15 seconds. The container 28 
is then replaced upon the rotating rollers 23 to 
continue the agitation of the slurry in prepara 
tion for the casting of additional tooth portions. 
If the agitation of the slurry is interrupted for 
more than about 15 Seconds, lumps form and 
segregation of porcelain particles of different 
shades begins, so that any slurry withdrawn from 
the container after the agitation has been inter 
rupted for more than 5 seconds may not be of 
the proper shade and is likely to contain lumps 
and bubbles which cause the cast tooth portion 
to be defective. 

5 

10 

5 

20 

25 

30 

40 

45 

50 

55 

(50 

75 

6 
The present apparatus provides a tremendous 

improvement in speed, as compared with the ap 
paratuses that have been used heretofore to pro 
duce large quantities of porcelain tooth portions. 
An amateur can cast a set of six biscuits in about 
45 seconds by the present apparatus, using slur 
ries of three different shades, whereas it takes an 
average skilled operator about Seven to eight 
minutes to cast a similar set of biscuits by the 
apparatuses heretofore used. 
The present apparatus insures regular timing 

in the pouring of the successive portions of slurry. 
The regular timing afforded by the present ap 
paratus makes it possible to avoid letting each 
layer of slurry stand too long in the mold cavity 
before the Succeeding layer is added. If a layer 
is allowed to stand too long in the mold cavity, 
it settles to such an extent that proper diffusion 
between such layer and the succeeding Super 
imposed layer does not occur. The result is a 
sharp line of demarkation between the two shades 
of porcelain in the two layers, which makes it 
necessary to discard the finished tooth portion 
as defective. 
The shades of tooth portions produced by the 

present apparatus are almost infallibly correct, 
and the formation of bubbles and lumps is avoided 
so that the present apparatuS substantially elimi 
nates the twenty-five per cent loss due to defects 
and incorrect shading that has been common in 
the apparatuses heretofore used in the manufac 
ture of porcelain tooth portions. 
The specific composition of the slurries used 

in the practice of the present method may be 
the same as the composition of the porcelain 
slurries used in prior methods. Reference is 
made to Patent No. 2,196,258, issued April 9, 1940, 
for a disclosure of slurries, molds and general 
procedure that may be used in the practice of the 
present method. A slurry prepared by mixing a 
dry powder with water as described in said patent 
is preferred. The proportion of water used in 
making the slurry may vary, but in general is 
about 11 cc. of distilled water per ounce of the 
dry powder. 

In the preparation of a mold such as that shown 
in Figure I for the casting of a set of teeth, it 
is customary to wash the mold with soap and 
water, rinse and dry thoroughly. The interior 
of the mold is then moistened with a wetting 
agent. The excess of wetting agent is removed 
and the mold is then dried thoroughly to leave 
a uniform thin film of wetting agent on all in 
terior surfaces. The procedure for preparing 
the mold for use is the same as the foregoing 
procedure which is commonly used. . 

Various embodiments of the invention may be 
devised to meet Various requirements. 
Having described my invention, I claim: 
In apparatus for charging a mold cavity with 

a fluid mix of liquid and ground porcelain-like 
material, in combination, a pair of substantially 
parallel transversely spaced and generally hori 
Zontal rollers, a driving motor mounted in posi 
tion adjacent one end of said pair of rollers and 
having driving connection with at least one of 
said rollers for rotating same, a plurality of con 
tainers adapted to be supported in coaxial and 
endwise Spaced relation on said rollers and to be 
rotated about a generally horizontal axis by con 
tact with Said rollers, each of Said containers 
being adapted to contain a fluid mix of liquid and 
ground porcelain-like material and to set up and 
maintain the particles of porcelain-like material 
in a Substantially complete and uniform state of 
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Suspension in the liquid throughout the bodies 
of the fluid mixes by agitating and freely inter 
miingling and moving the ingredients about a 
generally horizontal axis by the rotation of Said 
containers, pouring Spouts on said containers for 
pouring the fluid mixes from said containers and 
into the mold cavities while the porcelain-like 
particles are in a substantially complete state of 
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Suspension in the liquid contents of the fluid 
mixes, a bracket supported in position extending 
longitudinally beneath the space between said 

5 
rollers, and Spacers adjustably mounted on said 
bracket and extending for cooperation with the 
ends of said containers to assure proper relative 
positioning of the containers. 

JOSEPH GLEN DAY. 
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