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ABSTRACT OF THE DISCLOSURE 

A process for forming a stress-free article, contain 
ing a depression, from a polymer that shrinks upon 
polymerization, which comprises: forming a mixture from 
the polymer and an inert ?ller; depositing the mixture 
onto a ?rst casting surface having a deformable portion; 
positioning a second casting surface, containing a con 
cavity, above the ?rst casting surface; applying a force 
to deform the deformable portion of said ?rst casting sur 
face towards the concavity while the mixture is still in 
a liquid state; hardening the mixture; and, during hard 
ening, causing the deformable portion of the ?rst casting 
surface to collapse by just enough to allow the mixture 
to harden and shrink freely without straining to overcome 
the applied force. A structure with a consistent surface 
pattern can be formed using the above process, as can 
a completely formed lavatory unit if the concavity sup 
ports a properly positioned degradable drain core that 
can be dissolved after the mixture has hardened. 

BACKGROUND OF INVENTION 

This invention relates to a process for forming a stress 
free article, containing a depression from a polymer. More 
particularly it relates to a process for forming a stress 
free article, containing a depression, from a polymer that 
shrinks upon polymerization. Still more particularly it 
relates to a process for forming a stress-free article, con 
taining a depression, from a mixture comprising a poly 
mer and an inert ?ller. The process is particularly useful 
in the formation of a stress-free article, containing a 
depression, and having a consistent pattern over one en 
tire surface. It is also particularly useful in the formation 
of a completely formed lavatory unit, with drain struc 
ture included, from a polymer that shrinks upon polym 
erization. 

Casting sheet~like structures from thermoplastics is an 
old art. There are still a number of problems to be solved, 
however, especially when the structure so cast contains a 
depression or deformation. The main problem is simply 
to ?nd a workable process for forming a sheet-like struc 
ture containing a deformation from a thermoplastic that 
shrinks upon polymerization. The simplest process for 
forming such a structure, that of casting the structure in 
a solid mold, is completely ineffective. A rigid casting 
frame will not allow the structure to shrink during polym 
erization, and as a consequence, it is virtually impossible 
to form a structure in this manner that doesn’t contain 
stress cracks formed as the structure strains to accommo 
date the stress produced during polymerization. Even if 
a structure can beformed without visible stress cracks, 
the structure so formed will usually be extremely brittle 
so that a slight blow will cause it to crack. In addition, 
the structure so formed is usually highly unstable to tem 
perature variations. A hot object, such as a match, placed 
on the structure will cause the stressed polymer chains 
within it to relax, producing a distortion or even a hole 
in What had appeared to be a stable surface. To circum 
vent these problems, practitioners of the art usually dilute 
the polymer with inert ?llers which tend to inhibit shrink 
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age of the structure as it hardens. The di?iculty with 
this solution is that massive loading of the polymer with 
inert ?llers, usually at or above 85% by weight, is neces 
sary before shrinkage of the structure can be appreciably 
decreased. 
Another method that has been widely used is to cast 

a ?at structure, allow it to harden completely or at least 
to a semi-hard or gel state, and then to heat the structure 
and deform it while warm. This process also produces 
a structure in which the polymer chains are highly stressed 
so that most of the problems inherent in the method 
previously discussed are inherent in this method. With 
care, however, a mechanically stable structure can be 
produced, but the structure so formed is not thermally 
stable. Upon reheating it, has a tendency to return to its 
original state, that of a ?at structure without a depression. 
The next problem to be solved is to produce a sheet-like 

structure from a pigmented or patterned polymer without 
visible stress lines or appreciable deformation of the 
pattern. If the polymer is merely poured into a mold 
cavity, through a pour hole, it is virtually impossible to 
preserve any pattern present in the mixture. If the poly 
mer containing the pattern is carefully applied to a casting 
surface that already contains the desired deformation, a 
process illustrated by US. Pat. No. 3,433,860‘ issued to 
Ruggles et al., there will still be visible variations in the 
pattern because the resultant force exerted on the mix 
ture as it is applied to the surface contains a horizontal 
component which tends to accentuate any distortion of 
the pattern caused by the mere deposition of the mixture 
on an uneven surface. The process that produces the least 
distortion in pattern is the process, described above, which 
consists of depositing the mixture on a ?at surface, letting 
it harden and then deforming it. With this process the 
pattern is only deformed by as much as the article itself 
is deformed, which is less than the distortion produced 
by the above procedures, but even this process suffers 
from a defect. Aside from its thermal instability, an article 
produced by such a process still contains regions of high 
stress which Will affect its local coloration. If there is any 
pigmentation in the structure at all, that pigmentation will 
appear different in areas of different stress. 

Finally, when the structure is intended for use as a 
lavatory ?xture, there is the problem of producing a com 
pletely formed lavatory unit, with drainage structure in 
cluded, in a single casting so that difficult and time con~ 
suming alterations to the structure as formed are not 
needed. The prior art, represented again by the Ruggles 
patent, accomplishes this by casting a ?rst layer of ma 
terial, inserting a drain tube, then casting a second layer 
of material, and ?nally drilling into the drain tube after 
the structure has hardened. At best this is a time consum 
ing multistage process. 

It is an object of the present invention to provide an 
improved process for forming a stress-free article, con 
taining a depression, from a material comprising a poly 
mer that shrinks upon polymerization and optionally a 
small amount of inert ?ller. It is a further object of the 
present invention to provide an improved process for 
forming a stress-free article, containing a depression, 
which has a consistent surface pattern, from a material 
comprising a polymer that shrinks upon polymerization. 
It is a still further object of the present invention to pro 
vide an improved process for forming a stress-free article, 
containing a depression with a well de?ned contour, from 
a material that shrinks upon polymerization. It is a still 
further object of the present invention to provide an im 
proved process for forming a complete lavatory unit, in 
cluding all necessary drainage and over?ow openings, 
from a material that shrinks upon polymerization. Other 
objects of the present invention will appear herein. 
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SUMMARY OF THE INVENTION 

These objects are accomplished by the process which 
comprises the steps of: forming a mixture from the 
polymerizable material and optionally an inert ?ller; de 
positing the mixture on a ?rst casting surface, having a 
deformable portion in the region of the desired depres 
sion; positioning above the mixture a second casting sur 
face having a concavity directed away from the mixture; 
applying a force to the deformable portion of the ?rst 
casting surface, while the mixture is still in a liquid state; 
hardening the mixture; and during the hardening, causing 
or allowing the deformable portion of the ?rst casting 
surface to collapse just enough to allow the mixture to 
shrink freely without straining the polymer chains within 
it. By deforming the mixture while it is still in its liquid 
state, before substantial polymerization has occurred, the 
problem of straining bonds that have already been formed 
is avoided. By using a deformable portion of the casting 
surface to form the depression and by deforming that 
deformable portion of the casting surface with a deforma 
tion means and adapted to cause or allow that deformed 
portion to collapse in response to any increased force ex 
erted on it during polymerization, the bonds that are 
formed during polymerization will not be strained, sub 
stantially, as the structure shrinks. The prior art is replete 
with examples of structures that are formed from sheet 
like structures after polymerization has occurred, or after 
polymerization has proceeded to the stage where substan 
tial hardening has occurred. The prior art also contains 
examples of articles formed from thermoplastics while 
the thermoplastic is in a liquid state, but these structures 
are either heavily loaded with ?ller to decrease shrink 
age, or reinforced with web-like materials to prevent 
cracking of the structure upon hardening; this latter tech 
nique being illustrated by US. Pat. No. 3,140,325 issued 
to R. Graff. The present invention is directed to the pro 
duction of a substantially stress-free deformed structure, 
without the heavy ?ller loading or reinforcement required 
by the prior art. 

If the mixture is pigmented or contains a predeter 
mined pattern, then, in order to form the above-mentioned 
structure in a manner such as to insure a consistent sur 
face pattern, the mixture is ?rst deposited on a substan 
tially ?at substantially horizontal casting surftce so that 
the desired pattern is present on the surface of the mix 
ture in contact with the casting surface prior to deforma 
tion. When deformation occurs the pattern is distorted 
just enough to accommodate the deformation of the sur 
face; the shear forces between the mixture and the cast 
ing surface being large enough that the surface of the 
mixture will not ?ow causing further distortion of the 
pattern. Flow changes may occur in the body of the mix 
ture, but at the surface of the casting plate, the mixture 
and the pattern it contains can be thought of as being 
“locked” to the casting surface as soon as the two come 
into contact. It is essential that the mixture be laid down 
on a substantially ?at substantially horizontal surface, 
otherwise there will be a horizontal component of force 
exerted on the mixture as it is deposited, and a consistent 
pattern cannot be formed in the ?rst place; as is the case 
when the mixture is deposited on a casting surface al 
ready deformed to the desired shape. Some distortion will 
occur, but by the practice of the present invention, distor 
tion is minimized. 
The formation of a completely formed lavatory ?xture 

illustrates one important use of the process described 
above. For this process, prior to the positioning of a sec 
ond casting surface, containing a concavity de?ning the 
limits of the deformation over the mixture, the second 
casting surface is prepared by forming a drain hole in the 
apex of the concavity and by positioning a drain struc 
ture, in the form of the desired drainage openings, on the 
inside of the concavity. This drain structure is made from 
a material that can be degraded at Will. When deforma 
tion occurs, the mixture envelopes the drain structure and, 
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4 
after the mixture hardens, the drain structure is degraded 
and removed from the structure so that the article so 
formed contains drain and over?ow openings and a chan 
nel connecting the two, all completely formed into the 
structure. The present invention, therefore, provides a 
process by which an entire lavatory unit can be formed 
in one casting step. 
The versatility and further advantages of the present 

invention can better be understood by considering the 
use of the present invention in producing a fully formed 
lavatory unit and by reference to the following ?gures 
wherein: 

FIG. 1 is a cross-sectional view of a schematic dia 
gram of one embodiment of an apparatus, which can be 
used in the process of the present invention, just prior 
to positioning of the second casting surface over the mix 
ture; 

FIG. 2 is a cross-sectional view of a schematic dia 
gram of the same apparatus as that shown in FIG. 1 after 
deformation has occurred; 

FIG. 3 is a diagram of one possible drain structure 
that can be used in the production of lavatory ?xtures by 
the process of the present invention; 

FIG. 4 is an enlarged cross-sectional view of a portion 
of the apparatus illustrated in FIGS. 1 and 2, illustrating 
the use of a vacuum and a ?lm liner to control the con 
tours of the depression formed by the process of the 
present invention; and 

FIG. 5 is a partial cross-sectional diagram of one em 
bodiment of a deformation means for use in the process 
of the present invention. 

DETAILED DESCRIPTION OF DRAWINGS 

In FIG. 1, the mixture 11 from which the article is to 
be made, is deposited onto a ?rst casting surface 12. As 
illustrated, this ?rst casting surface 12 comprises a ?at 
support structure 13 with an opening 14 in its center, a 
thin stretchable ?lm 15 covering the entire support sur 
face, and a ridge 16 at least partially de?ning the edges 
of the ‘article and extending above the ?rst support sur 
face to a height which de?nes the thickness of the mix 
ture deposited on the ?rst casting surface. A deformable 
diaphragm 17 is attached to support structure 13, cover 
ing opening 14. A pressure chamber 18 with a port 19 
surrounds diaphragm 17, in a manner such that an in 
crease in pressure within the pressure chamber will de~ 
form diaphragm 17 towards the mixture. 
The mixture from which the article is made, normally 

comprises a polymerizable mixture and an inert ?ller. 
Any polymerizable mixture can be used, but the process 
is particularly useful for polymerizable materials that 
shrink as they polymerize. Polymerizable mixtures con 
taining monomers selected from the group consisting of 
esters, acrylics, lactams, epoxies and isocyanates are ex 
amples of the type of material that can be used. The 
addition of inert ?llers to the material decreases the 
amount of shrinkage that occurs in the article when the 
material polymerizes. The process is perhaps most use 
ful when no ?ller is used because this is the condition 
under which most shrinkage occurs. The process will work 
when the mixture contains no ?ller as long as the defor 
mation means designed to respond to the shrinking of the 
article is elastic enough to respond to the large changes 
that will occur. Normally, however, some ?ller is included 
to reduce shrinkage and to give some character to the 
surface of the casting. The present process has been dem~ 
onstrated at ?ller levels as low as 40% by weight. The 
process has not been tested at lower ?ller levels, not be 
cause of any expected dif?culty, but because the product 
of interest has more character and appears more attrac 
tive when the amount of ?ller used is above this value. 
Prior art deals primarily with heavy loading, above 85% 
by weight, because at this high loading shrinkage, and 
the problems caused by it, are minimized. While the pres 
ent process can also be used when the polymer has been 
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loaded with above 85% by weight of ?ller, it is most 
useful at those lower loadings where substantial shrink~ 
age does occur. 
The ?ller used can be any inert ?ller, which for the 

purpose of two invention is any ?ller that does not in 
hibit the polymerization. Inorganic materials such as cal 
cium carbonate, calcium. sulfate, clay, silica, calcium sili~ 
cate, alumina, aluminum silicate, granite, titanium diox 
ide and portland cement are illustrative of the type of 
?ller that can be used. In addition to these inorganic ?ll 
ers any inert organic ?ller such as textile ?bers, feathers, 
etc. can be used; these usually for their decorative effect. 
The shape of the ?ller is not critical; ?bers, chunks, crys 
tals, and the like, all can be employed as long as the 
materials can be homogeneously mixed. In some cases 
the ?llers are used only for surface effect and are, there 
fore, contained only on the surface of the mixture so 
that the mixture is not strictly speaking homogeneous. 
Such surface anomalies can be tolerated, but for best 
results the mixture should be as homogeneous as possi- H 
ble so that hardening takes place uniformly. 

While the process of the present invention can be used 
to produce perfectly white, unpigmented or unpatterned 
structure, it is particularly useful in the production of 
articles with some pigmentation or surface pattern. This 
includes those cases where there is a visible ?ller con 
tent. The reason for this is the fact that when deforma 
tion occurs after some hardening of the mixture has oc 
curred, stress lines are visible in all but completely un 
pigmented articles. This effect is, of course, best visual 
ized in the case of an article which has a surface pattern, 
as discussed below, but it is also visible when the mixture 
is merely pigmented, because a stretching of the hardened 
materials acts to decrease the pigment concentration in 
the highly stressed areas of the structure. The same re 
sult occurs when a ?ller such as calcium carbonate is 
used at a level that is visible. 
The advantages of the present invention in the pro 

duction of pigmented or patterned articles can be illus 
trated by considering the production of simulated marble 
articles. There are a number of ways in which the mix 
ture for such an article can be prepared, the details of 
which will not be discussed here. Suf?ce it to say that in 
the most general situation, one material, which is the 
major constituent and is either pigmented or unpigmented, 
is mixed with another material of different pigmentation, 
so that a visible pattern of the second material appears in 
the ?rst material. Both materials can be identical, except 
for pigmentation, or different; and either or both materials 
can be mixtures of polymer and inert filler, as discussed 
above. Usually if differently pigmented mixtures of 
polymer and inert ?ller are used, the initial mixtures are 
formed in a high speed mixer, and the mixing of the 
differently pigmented mixtures to form the simulated 
marble is accomplished in a low speed mixer. In this illus 
tration, the marble pattern exists throughout the mixture, 
making the structure as homogeneous as possible under the 
circumstances, but it must be realized that surface pigmen 
tation is also possible. The marbelized mixture, so formed, 
is deposited directly on a ?at casting surface, so that the 
desired pattern is placed in direct contact with the cast 
ing surface. When deformation of the casting surface 
occurs, changes in the orientation of the pattern within 
the body of the mixture will occur causing an exaggeration 
of the distortion, but at the interface between the mixture 
and the casting surface substantially no change in the 
pattern occur. The mixture is deformed while it is still in 
a liquid state, so that ?ow of the differently pigmented 
portions relative to one another is to be expected. The 
reason that it does not occur at the interface is due to 
the fact that between the mixture and the casting surface 
the shear force necessary to distort the pattern at this 
interface is so great that no relative movement of the 
material occurs other than that caused by the deformation 
itself. It might be said that the pattern is “locked” to the 
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6 
surface by its contact with the surface, so that deforma 
tion of the casting surface will change the pattern only to 
the extent that the casting surface itself is deformed. The 
same result would, of course, occur if deformation oc 
curred after the mixture had hardened and the pattern 
was completely stabilized, but as indicated above, such 
a procedure produces a highly stressed structure which 
exhibits its own pigmentation difficulties. 
The fact that the patterned mixture is deposited on 

a ?at casting surface which is later deformed rather ‘than 
a casting surface which has already been deformed is 
important. If the casting surface has already been de 
formed, as the mixture is being deposited on the surface 
it has a tendency torun down the surface distorting the 
pattern before it becomes “locked” to the surface. If a 
very viscous material were being deposited on the de 
formed casting surface, it is conceivable that the pattern 
achieved by this process would 'be the same as the pattern 
achieved by later deforming a flat surface, but when the 
mixture is in the liquid state enough ?ow occurs, as the 
mixture is deposited, to cause a visible distortion in the 
pattern which is greater than the distortion which occurs 
when the surface itself is later distorted. In part this can 
be understood by realizing that when the casting surface 
is ?at, the resulting force which the casting surface exerts 
on the mixture as it is deposited on the casting surface is 
a vertical force. When there is a deformation, the result 
ing force has a vertical component and a horizontal com 
ponent. The horizontal component causes the additional 
distortion of the surface. The same would, of course, be 
true if the flat surface were tilted at an angle from the 
horizontal, so that for best results the ?rst casting sur 
face should be substantially horizontal, as well as sub 
stantially ?at. 
The process of the present invention is useful regard 

less of the length of time over which polymerization 
occurs. The more rapid the polymerization, however, the 
more efficient the process. For this reason, the rapid 
polymerization mixtures described in U.'S. Pat. No. 
3,405,088, issued to ‘Slocum, and in copending U.'S. appli 
cation ‘Ser. No. 838,688, ?led on July 2, 1969 by R. B. 
Duggins and assigned to the assignee of the present appli 
cation are most useful. The mixtures described in Slocum 
comprise: a sirup containing 10-35% by weight of methyl 
methacrylate polymer, selected from the group consist 
ing of methyl methacrylate homopolymers and copolymers 
of methyl methacrylate with a,B-ethylenically unsaturated 
compounds in which the copolymers contain more than 
50% methyl methacrylate and in which the polymer has 
an inherent viscosity of 0.25-l.0 in monomeric methyl 
methacrylate; 40-85% by weight of inert additives, such 
as the inert additives discussed above; and 0.2-6% by 
weight of a peroxy compound, preferably a hemiperester 
of maleic acid or a metal salt thereof, having the formula 

when R is a saturated tertiary alkyl radical. This mix 
ture polymerizes in a few hours. The improvement de 
scribed in Duggins reduces the polymerization time to 
between 15 and 30 minutes, and comprises the addition 
to the above mixture of between 0.05 to 5 parts per 
hundred, based on the Weight of the syrup, of a solvent 
for the peroxy compound. This solvent is de?ned as 
a ?uid in which the peroxy compound is substantially 
completely soluble, at a temperature of 120° F. and 
which is inert to the reactants. Water is a preferred sol 
vent. Other such solvents would be methyl alcohol, ethyl 
alcohol, glycerol and in general alcohols, diols and triols 
having 1 to 6 carbon atoms. 
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Having deposited one of the mixtures described above 

on the ?rst casting surface, a second casting surface 20, 
having a ?at portion 21 and a concavity 22 extending 
away from the mixture, is prepared and positioned over 
the mixture. Normally, it is supported on the ridge 16 
which is part of the ?rst casting surface. This second 
casting surface can be made from any rigid material, but 
Te?on® ?uorocarbon is a particularly useful material 
because of its nonstick properties. In this particular 
example the article being formed is a vanity top with a 
sink integrally formed into it, so the second casting sur 
face must be prepared by ?tting it with a drain structure 
23. This drain structure is illustrated in detail in FIG. 3 
and shown in position within the concavity in FIG. 1. 
The drain structure comprises a drain plug 24 which 
is in the general shape of the desired drain hole, a 
connecting portion 25 which connects the drain plug 
24 to a single or a series of over?ow plugs 26 which 
will be used to form the over?ow openings in the sink. 
The structure is positioned within the concavity of the 
?rst casting surface by inserting the drain plug 24 into 
an opening which has been formed in the apex of the 
concavity, and securing it there by some means 27. 
Means 27 can be adapted merely to retain the core in 
the concavity, or it can be further adapted to de?ne the 
actual dimensions of the drain core. As such it can 
be made from wax, plastic, metal or any other suitable 
material. The connecting portion 23 is shaped so that 
it will ?t near the surface of the concavity as shown, 
but it is displaced from the concavity so that it can be 
enveloped by the mixture. 
The whole drain structure 23 is made from a material 

which can be caused to degrade, either thermally, chemi 
cally or by some other means. One such structure is 
made by casting drain structure 23 from polystyrene foam 
and then coating the polystyrene foam with a thin coat 
ing of wax. Polystyrene foam will dissolve in the mono 
mer of methyl methacrylatc, so that if the mixture from 
which the article is to be made contains methyl meth 
acrylate, the wax coating will protect the core only until 
the heat of polymerization increases to the point where 
the wax melts, at which point the monomer vapor will 
dissolve the polystyrene foam and the whole drain struc 
ture 23 will dissolve. So long as enough polymerization 
has occurred so that the mixture does not flow into 
the region previously occupied by the drain structure, 
when the structure has ?nally hardened, there will be a 
drain hole in the region previously occupied by drain 
plug 24, over?ow openings in the region previously occu 
pied by over?ow plugs 26 and an over?ow channel con 
necting the drain hole and over?ow openings in the region 
previously occupied by connecting portion 25. The par 
ticular drain structure described above is useful when 
the mixture contains the monomer of methyl methacry 
late, but any drain structure which will degrade or dis 
solve by the addition of heat, chemicals or some other 
process can be used as the circumstances demand. 
The second casting surface 20 is disposed above the 

?rst casting surface 12 so that concavity 22 is just above 
opening 14. The diameter of the concavity at its largest 
portion should be greater than the diameter of the open 
ing and the concavity should be positioned so that the 
projection of the perimeter of the concavity on the ?rst 
casting surface will completely enclose the perimeter of 
the deformable portion of said ?rst casting surface. Under 
these conditions, when the deformable portion of the 
?rst casting surface is deformed towards the concavity 
there will be a separation between that deformed por 
tion of the ?rst casting surface and the concavity, pro 
viding a thickness to the article at that point which is 
about equal to the average thickness of the rest of the 
article. The actual difference in diameter is not critical, 
but it should be large enough to impart a reasonable 
thickness to the bowl. Actually the concavity and hole 
need not be circular. Oval shapes, or practically any 
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8 
smoothly varying shape will su?ice. Even sharp edged 
openings such as one in the shape of a star or a rectangle 
can be used. 
As illustrated in FIG. 2, diaphragm 17 is forced up 

ward into the concavity, forcing the stretchable ?lm 15 
to deform with it. Actually both the diaphragm and the 
?lm together are not necessary. The ?lm itself, will 
su?ice. The force exerted to deform the diaphragm in 
the case illustrated will then be exerted on the ?lm alone 
to achieve the same result. Likewise, ?lm 15 is not 
really necessary. If opening 14 is ?lled with diaphragm 
17 in a manner such that the upper surface of the struc 
ture formed by support structure 13 and diaphragm 17 
is reasonably continuous and ?at, it will form the ?at 
casting surface itself. In the situation illustrated in the 
?gures, however, it is the ?lm 15 that is the actual 
deformable portion of the casting surface, and to cause 
the deformation, diaphragm 17 must coact with it. The 
?lm provides a good ?at surface and also provides a 
way to release the hardened article from the support 
structure. For this reason, a second ?lm, not shown, 
is often provided on top of the mixture between the 
mixture and the second casting surface. 
Diaphragm 17 is forced upward until it touches the bot 

tom of drain plug 24 and the projecting points of plugs 
26. The liquid mixture ?ows to ?ll the region between the 
two casting surfaces, as illustrated. So that there is no 
empty space left at the top of the concavity, the volume 
of the region between the concavity and the deformable 
portion of the ?rst casting surface should be approxi 
mately equal to the volume of the mixture over opening 
14; otherwise, either too much or too little of the mixture 
will be available to ?ll the space. An air hole, not shown, 
is provided either in drain plug 24, or around it, so that 
air will not be trapped in the region between the con 
cavity and the deformable portion of the ?rst casting sur 
face. This hole allows the mixture to displace the air and 
completely ?ll the region of the depression. In some 
cases, when the amount of mixture present is not enough 
to accomplish this, the structure can be “topped off” by 
adding more material ‘at the top through the air hole, to 
?ll the space between the concavity and the deformable 
portion of the ?rst casting surface. 
As it ?ows, the mixture will completely envelop the 

drain structure 23 except at those places, speci?cally at 
the extremities of the drain plug 24 and the plug 26, 
when the drain structure 23 contacts either the concavity 
or the deformable portion of the ?rst casting surface. 
The force to deform the deformable portion of the ?rst 

casting surface can be supplied in a number of ways. 
The only criterion is that the deformation means for 
exerting the force must be adapted so that as the mix 
ture hardens and shrinks in the process, the deformable 
portion of the ?rst casting surface will be caused or 
allowed to collapse so that said polymerizable material 
under-goes substantially unrestrained shrinkage. As illus 
trated, in FIGS. 1 and 2 the force is applied by building 
up the pressure in chamber 18. This is accomplished by 
introducing a ?uid, usually air under pressure, into the 
chamber through opening 19. The increased pressure de 
forms the diaphragm 17, which is made from some de 
formable material such as neoprene, which in turn de 
forms ?lm 15, until the proper shape is achieved. At this 
point the chamber is sealed off and the pressure within 
it remains constant. As the material begins to harden and 
shrink it will increase the downward force on the dia 
phragm and tend to cause the diaphragm to retract, causing 
the pressure inside the chamber to increase to the point 
when it can withstand the force created by the shrink 
ing mixture. The system can be designed so that the pres 
sure, both before and after it changes, is su?icient to 
maintain the deformation over the force of gravity but 
not enough to keep the diaphragm from responding freely 
to the force developed as’ the mixture hardens. If the 
pressure is too high to react properly to the shrinking 



3,642,975 
polymer, which might happen if the ‘diaphragm is too stiff 
to deform easily, then the pressure inside the chamber 
may have to be relieved, from time to time during hard 
ening or in some systematic way, to allow the diaphragm 
to collapse in response to the increasing force. 

Film 15 which covers the support structure can be 
made from any material which will stretch under a rea 
sonable force. A thin ?lm of polyvinyl alcohol is a suit 
able ?lm. If the only force that acts on the ?lm is the 
force exerted by the diaphragm, the resulting structure 
will have a very thin wall at the base of the concavity. 
The ?lm will not adhere to the diaphragm so that there 
will be a region in which the ?lm pulls away from the 
support structure and the diaphragm, in a way which af 
fects the contour of the depression. This can best be 
seen by reference to FIG. 4 where the dotted lines illus 
trate the con?guration that ?lm 15 would normally as 
sume in relation to diaphragm 17. The separation be 
tween ?lm 15 and the concavity narrows at the point 
Where the concavity ?ares away from the ?at portion of 
the second casting surface 20. so that the whole struc 
ture is weakened at that point. To avert this, and in a 
larger sense, to gain some control over the shape of the 
depression (bowl) at the point where it ?ares away from 
?at portion (top) in the ?nished structure, the support 
structure 13 is provided with a series of channels 30 
leading to vacuum ports 31 located all around opening 
14. By applying a vacuum in the region between the 
?lm and the support structure, the ?lm can be pulled 
down into a con?guration, such as the one illustrated 
by the solid lines 15, or any other desired con?guration. 

If ?uid pressure is used to deform diaphragm 17, then 
the diaphragm itself can be designed so as to impart 
various designs to the inner surface of the depression in 
the ?nished article. For example a ?ared contour for the 
bowl can be achieved by using a diaphragm shaped like 
an in?ated parachute or one that is reinforced in various 
regions so that when it is in?ated it will take on the ap 
pearance of an in?ated parachute. Various other designs, 
or surface depressions can be used, either with or with 
out the use of the ?lm as discussed above. Since these 
variations are limited only by the imagination of the de 
signer no further discussion of them will be pursued. 
Another means for deforming the diaphragm is illus 

trated in FIG. 5. Here a solid plug 35 raised either me 
chanically or pneumatically is used to form diaphragm 
17. To allow retraction of the diaphragm as the mixture 
hardens, the plug is spring loaded with spring 36 so that 
as the force exerted by the hardening mixture increases 
the plug will retract. To insure that the diaphragm con 
forms to the contours of the plug, the plug contains a 
vacuum chamber connected to number of vacuum ports 
38 on the surface of the plug. A vacuum applied through 
these ports, to the diaphragm, insures that the diaphragm 
will conform to the contours of the plug. Alternately, 
the plug itself could be made from a deformable mate 
rial which would respond to the increased force by col 
lapsing under it. 
The two deforming means discussed above are merely 

illustrative. Any other means that will allow the deform 
able portion of the ?rst casting surface to collapse under 
the increasing force of the shrinking polymer can be 
used. 

After the mixture has hardened the structure is cooled 
and removed from the mold. The degradable core is de— 
graded and removed from the structure, unless this has 
already occurred automatically as described above. The 
resulting structure is a completely formed vanity top and 
bowl which needs little if any ?nishing to remove rough 
edges. 
The process for forming the vanity top and bowl dis 

cussed ‘above is a very specialized process. Depending on 
the circumstances, simpler or more complicated structures 
can be formed in the same way. For example instead of 
using the two distinctly different casting surfaces described 
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above, two identical casting surfaces, each with a de 
formable portion, can be used. The mixture is placed on 
one and covered by the other in a manner such that one 
deformable portion is directly over the other. Then one or 
the other of the two deformable surfaces is deformed 
toward the other, either up or down, by any of the meth 
ods described above. Deformation of one coacts with the 
mixture to deform the other, and a depression is formed 
in an essentially ?at structure ‘by again allowing the mix~ 
ture to harden and, as the mixture shrinks, causing or 
allowing the deformable portion of the casting surface 
that was directly deformed to collapse under the increasing 
force. Care must be exercised in the use of this proc 
ess so that the structure so formed will be formed without 
a thin spot at its center due to the tendency of the dia 
phragms to come together at that spot. This is done by de 
signing the two deformable portions of the casting plates 
so that they will preferentially draw to the desired shape 
and so that the article thickness will be maintained rea 
sonably constant. One way to accomplish this is to use 
diaphragms reinforced in the appropriate areas. 
The above discussion describes the manufacture of a 

simple depression and of a more complicated vanity top 
and bowl. Other structures of varying simplicity can also 
be produced using the above technique. 
What is claimed is: 
1. A process for forming a substantially stress-free 

article containing a depression from a polymerizable ma 
terial, which comprises: 

(a) depositing said polymerizable material onto a sub 
stantially ?at ?rst casting surface, said ?rst casting 
surface having a deformable portion; 

(b) positioning a second casting surface above said 
polymerizable material, said second casting surface 
having a concavity directed away from said polym 
erizable material, said concavity being disposed above 
the deformable portion of said ?rst casting surface 
in a manner such that the projection of its perimeter 
on said ?rst casting surface completely encloses the 
perimeter of the deformable portion of said ?rst cast 
ing surface; 

(c) applying a force to the deformable portion of said 
?rst casting surface, while said polymerizable ma 
terial is still in a liquid state, said force being suf?~ 
cient to deform the deformable portion of said ?rst 
casting surface until said polymerizable material ?lls 
the region between said ?rst and second casting sur 
faces, said force being applied by a deformation 
means adapted to allow said polymerizable material 
to ‘undergo substantially unrestrained shrinkage; 

(d) polymerizing said polymerizable material; and 
(e) during the polymerization, collapsing the deform 

able portion of said ?rst casting surface in a manner 
such that said polymerizable material undergoes sub 
stantially unrestrained shrinkage, whereby said po 
lymerizable material hardens into a substantially 
stress-free article. 

2. A process for forming a substantially stress-free 
article, containing a depression, from a polymerizable 
material that shrinks upon polymerization, which com 
prises: 

(a) forming a mixture comprising said polymerizable 
material and an inert ?ller; 

(b) depositing said mixture onto a substantially ?at 
?rst casting surface, said ?rst casting surface having 
a deformable portion; 

(c) positioning a second casting surface above said 
mixture, said second casting surface having a con 
cavity, directed away from said mixture, said con 
cavity being disposed above the deformable portion 
of said ?rst casting surface in a manner such that the 
projection of its perimeter on said ?rst casting sur 
face completely encloses the deformable portion of 
said ?rst casting surface; 
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(d) applying a force to the deformable portion of said 

?rst casting surface while said mixture is still in a 
liquid state, said force being sufficient to deform 
the deformable portion of said ?rst casting surface 
until said mixture substantially ?lls the region be 
tween said ?rst and second casting surfaces, said 
force being applied by a deformation means adapted 
to allow said polymerizable material to undergo sub 
stantially unrestrained shrinkage; 

(e) polymerizing said polymerizable material; and 
(f) during the polymerization, collapsing the deform 

able portion of said ?rst casting surface in a manner 
such that the polymerizable material undergoes sub~ 
stantially unrestrained shrinkage, whereby said mix 
ture hardens into a substantially stress-free article. 

3. The process of claim 2 wherein said mixture com 
prises less than 85% by weight of an inert ?ller. 

4. The process of claim 2 wherein said mixture com 
prises between 40 and 85% by weight of an inert ?ller. 

5. The process of claim 4 wherein said polymerizable 
material comprises monomers selected from the group 
consisting of esters, acrylics, lactam-s, epoxies and iso 
cyanates. 

6. The process of claim 4 wherein said inert ?ller is an 
inert ?ller chosen from the group consisting of: calcium 
carbonate, calcium sulfate, silica, calcium silicate, alumina, 
aluminum silicate, and titanium dioxide. 

7. The process of claim 4 wherein the step of depositing 
said mixture onto a substantially ?at ?rst casting surface 
comprises: ?rst preparing a substantially ?at ?rst casting 
surface by laying a stretchable ?lm on top of a substantial 
ly ?at support structure, said substantially ?at support 
structure having an opening in the region of the desired de 
pression; and then depositing said mixture onto said sub 
stantially ?at ?rst casting surface, whereby said stretch 
able ?lm constitutes the deformable portion of said ?rst 
casting surface. 

8. The process of claim 7 further comprising the steps 
of: applying a vacuum between said ?at support structure 
and said ?lm in the region of the periphery of said opening 
and varying the vacuum applied, as the deformable por 
tion of said ?rst casting surface is deformed, to control 
the radius of curvature of the deformable portion of said 
?rst casting surface at the point where it joins the non 
deformable portion of said ?rst casting surface. 

9. The process of claim 4 wherein the step of applying 
a force to the deformable portion of said ?rst casting sur 
face is accomplished by applying an increasing ?uid pres~ 
sure to the deformable portion of said ?rst casting surface, 
in?ating it until said mixture substantially ?lls the region 
between said ?rst and second casting surfaces, and main 
taining the pressure substantially contant, whereby the de 
formable portion of said ?rst casting surface automati 
cally responds to the increased forces exterted on it by 
shrinkage of the polymerizing material by de?ating until 
those forces are dissipated. 

10. The process of claim 4 wherein the step of applying 
a force to the deformable portion of said ?rst casting sur 
face is accomplised by raising a plug under the deform 
able portion of said ?rst casting surface to deform it until 
said mixture substantially ‘?lls the region between said 
?rst and second casting surfaces, said plug being itself 
made from a deformable material which will respond to 
the increased forces exerted on it by shrinkage of the 
polymerizing material by collapsing under those forces 
until they are dissipated. 

11. The process of claim 4 wherein the step of applying 
a force to the deformable portion of said ?rst casting sur 
face is accomplished by raising a plug under the deform 
able portion of said ?rst casting surface to deform it until 
said mixture substantially ?lls the region between said ?rst 
and second casting surfaces, said plug being raised by 
means adapted in a manner such that said plug will re 
spond to the forces exerted on it by shrinking of the poly 
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merizing material by retracting under those forces until 
they are dissipated. 

12. The process of claim 11 wherein a vacuum is applied 
to the deformable portion of said ?rst casting surface, 
through said plug, to control the radius of curvature of 
the deformable portion of said ?rst casting surface at the 
point where it joins the non-deformable portion of said ?rst 
casting surface. 

13. The process of claim 2 wherein said mixture com 
prises: 

(a) a sirup containing 10-35% by weight of methyl 
methacrylate polymer selected from the group con 
sisting of methyl methacrylate homopolymer and co 
polymers of methyl methacrylate with a,}9-ethyleni 
cally unsaturated compounds, said copolymers con 
taining more than 50% methyl methacrylate, said 
polymer having an inherent viscosity of 0.25-l.0, in 
monomeric methyl methacrylate; 

(b) 40-85% by weight of inert additive selected from 
the group consisting of calcium carbonate, calcium 
sulfate, silica, calcium silicate, alumina, aluminum 
silicate and titanium dioxide, and 

(c) 0.2-6% by weight of peroxy compound having the 

wherein R is a saturated tertiary alkyl radical. 
14. The process of claim 13 wherein said mixture further 

comprises a small amount of a solvent for said peroxy 
compound. 

15. A process for forming a substantially stress-free 
article, containing a depression, from a polymerizable 
material, which comprises: 

(a) depositing said polymerizable material onto a sub 
stantially ?at ?rst casting surface, said ?rst casting 
surface having a ?rst deformable portion; 

(b) positioning a second casting surface above said 
polymerizable material, said second casting surface 
having a second deformable portion disposed above 
Ehe ?rst deformable portion of said ?rst casting sur 
ace; 

(c) applying a force directly to one of the deformable 
portions, while said mixture is still in a liquid state, 
said force being su?icient to deform both deform 
able portions of said ?rst and second casting surfaces 
and the polymerizable material between them to the 
desired con?guration, both deformable portions of 
said casting surfaces being adapted such that upon 
deformation they will preferentially draw into the 
desired shape and so that the thickness of the article 
so formed will be reasonably constant throughout, 
said force being applied by a deformation means 
adapted to allow said polymerizable material to un 
dergo substantially unrestrained shrinkage; 

(d) polymerizing said polymerizable material; and 
(e) during the polymerization, collapsing the deform 

able portion of whichever casting surface has been 
directly deformed in a manner such that said polym 
erizable material undergoes substantially unrestrained 
shrinkage, whereby said polymerizable material 
hardens into a substantially stress-free article. 

16. A process for forming a patterned article compris 
ing the steps of: 

(a) forming a liquid mixture containing a ?rst polym 
erizable material and a second material of visibly dif 
ferent characteristics than said ?rst polymerizable 
material; 

(b) depositing said liquid mixture onto a substantially 
?at, substantially horizontal, ?rst casting surface to 
?x the pattern of said mixture relative to said ?rst 
casting surface, said ?rst casting surface having a 
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deformable portion occupying less than the total sur 
face area of said ?rst casting surface; 

(c) covering said liquid mixture with a second casting 
surface having a concavity directed away from said 
liquid mixture, said concavity being disposed direct 
11y above the deformable portion of said ?rst casting 
surface with the projection of its perimeter on said 
?rst casting surface completely enclosing the perim 
eter of the deformable portion of said ?rst casting 
surface; 

(d) thereafter, forcing said liquid mixture into said 
concavity by applying a force to the deformable por 
tion of said ?rst casting surface su?icient to deform 
the deformable portion of said ?rst casting surface 
until said liquid mixture substantially ?lls the re 
gion between said ?rst and second casting surfaces; 
and 

(e) polymerizing the polymerizable material within said 
mixture, thereby forming an article containing a de 
pression and having at least one surface on which 
the pattern of said second material in said ?rst mate 
rial is substantially consistent over the entire surf 
face of said article including both the deformed and 
undeformed portions of the surface. 

17. The process of claim 16 wherein said second mate 
rial is an inert ?ller. 

18. The process of claim 16 wherein said second mate 
rial is a polymerizable material pigmented differently than 
said ?rst polymerizable material. 

19. The process of claim 18 wherein at least one of 
said polymerizable materials is a polymerizable material 
that shrinks during polymerization, and wherein said force 
is applied by a deformation means adapted to allow said 
polymerizable material to undergo substantially unre 
strained shrinkage, whereby in addition to having at least 
one surface with a substantially consistent pattern through 
out said article is substantially stress free. 

20. The process of claim 19 wherein said mixture fur 
ther comprises between 40 and 85% by weight of an inert 
?ller. 

21. The process of claim 19 wherein: 
(a) said ?rst polymerizable material is a sirup con 

taining methyl methacrylate polymer selected from 
the group consisting of methyl methacrylate homo 
polymer and copolymers of methyl methacrylate 
with a,l8-ethylenically unsaturated compounds, said 
copolymers containing more than 50% methyl meth 
acrylate and said polymer having an inherent vis~ 
cosity of 0.25-1.0, in monomeric methyl meth 
acrylate; 

(b) said second polymerizable material is said ?rst 
polymerizable material pigmented differently than 
said ?rst polymerizable material, both said ?rst and 
second polymerizable materials constituting 10 
35 % by weight of said mixture; and wherein said 
mixture further comprises 

(c) 40-85% by weight of inert additive selected from 
the group consisting of calcium carbonate, calcium 
sulfate, silica, calcium silicate, alumina, aluminum 
silicate and titanium dioxide, and 

(d) 0.2-6% by weight of a peroxy compound having 
the formula 

0 

H—o—ii—0H 
H—i1—0—0—o-R, 

15 
wherein R is a saturated tertiary alkyl radical, 

22. The process of claim 21 wherein said mixture fur 
ther comprises a small amount of a solvent for said peroxy 
compound. 

23. The process of claim 19 wherein the step of deposit~ 
ing said mixture onto a substantially ?at ?rst casting sur 
face comprises: ?rst preparing a substantially flat ?rst cast 
ing surface by laying a stretchable ?lm on top of a sub 
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14 
stantially ?at support structure, said substantially ?at sup 
port structure having an opening in the region of the de 
sired depression; and then pouring said mixture onto said 
substantially ?at ?rst casting surface, whereby said stretch 
able ?lm constitutes the deformable portion of said ?rst 
casting surface. 

24. The process of claim 19 wherein the step of forc 
ing said liquid mixture into said concavity by applying 
a force to the deformable portion of the said ?rst casting 
surface is accomplished by applying an increasing ?uid 
pressure to the deformable portion of said ?rst casting sur 
face, in?ating it until said mixture substantially ?lls the 
region between said ?rst and second casting surfaces, and 
maintaining the pressure substantially constant, whereby 
the deformable portion of said ?rst casting surfaces auto 
matically responds to the increased forces exerted on it by 
the shrinkage of the polymerizing mixture by de?ating 
until those forces are dissipated. 

25. The process of claim 19 wherein the step of forc 
ing said liquid mixture into said concavity by applying a 
force to the deformable portion of said ?rst casting sur 
face is accomplished by raising a plug under the deform 
able portion of said ?rst casting surface to deform it until 
said mixture substantially ?lls the region between said ?rst 
and second casting surfaces, said plug being itself made 
from a deformable material which will respond to the in~ 
creased forces exerted on it by shrinkage of the polym 
erizing mixture by collapsing under those forces until they 
are dissipated. 

26. The process of claim 19 wherein the step of forc 
ing said liquid mixture into said concavity by applying a 
force to the deformable portion of said ?rst casting surface 
is accomplished by raising a plug under the deformable 
portion of said ?rst casting surface to deform it until said 
mixture substantially ?lls the region between said ?rst and 
second casting surfaces, said plug being raised by means 
adapted in a manner such that said plug will respond to 
the forces exerted on it by shrinkage of the polymerizing 
mixture by retracting under those forces until they are 
dissipated. 

27. A process for forming a lavatory ?xture from a 
polymerizable material that shrinks upon polymerization 
which comprises: 

(a) forming a mixture comprising said polymerizable 
material and between 40 and 85% by weight of an 
inert ?ller; 

(b) depositing said mixture onto a substantially ?at 
?rst casting surface, said ?rst casting surface having 
a deformable portion; 

(c) preparing a substantially ?at second casting surface 
having a concavity by positioning a drain structure 
within said concavity, said drain structure having a 
drain plug positioned at the apex of said concavity 
and supporting said drain structure in said concavity, 
at least one over?ow plug positioned near the base 
of said concavity, and a connecting structure con 
necting said drain plug and said over?ow plug, said 
drain structure being made from a material that 
can be degraded to allow its removal from the ?n 
ished article; 

(d) positioning said second casting surface above said 
mixture in a manner such that said concavity is dis 
posed above the deformable portion of said ?rst 
casting surface, directed away from said mixture, in 
a manner such that said drain structure is located be 
tween said mixture and the surface of said second 
casting surface; 

(e) applying a force to the deformable portion of said 
?rst casting surface, while said mixture is still in a 
liquid state, said force being suf?cient to deform the 
deformable portion of said ?rst casting surface until 
the deformable portion of said ?rst casting surface 
contacts the drain plug and the over?ow plug of said 
drain structure and until said mixture substantially 
?lls the region between said ?rst and second casting 
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surfaces, completely enveloping said drain structure 
except for that portion of said drain structure con~ 
tacting said concavity or the deformable portion of 
said ?rst casting surface, said force being applied by 
a deformation means adapted to allow said polym 
erizable material to undergo substantially unre 
strained shrinkage; 

(f) polymerizing said polymerizable material; 
'( g) during the polymerization, collapsing the deforma 

ble portion of said ?rst casting surface in a manner 
such that said polymerizable material undergoes sub 
stantially unrestrained shrinkage, whereby said mix 
ture hardens into a substantially stress-free article; 
and 

(h) removing said article from the mold formed by 
said casting surfaces and degrading said drain struc 
ture, whereby a completely formed lavatory unit, 
including drain and over?ow opens and channels, is 
produced. 

28. The process of claim 27 wherein: said drain struc 
ture is made from a chemically degradable material 
coated with wax; and wherein degradation of said drain 
structure comprises heating said drain structure to melt 
the wax and then chemically degrading said degradable 
material. 

29. The process of claim 27 wherein: said drain struc 
ture is made from a material degradable in the monomer 
of said polymerizable material coated with wax to initially 
protect it from said monomer; and wherein degradation 
of said drain structure proceeds automatically during po 
lymerization, the wax being melted by the heat of polym 
erization and the degradable material being degraded by 
the monomer once the wax has been removed. 

30. The process of claim 27 wherein said polymerizable 
material comprises methyl methacrylate, and wherein said 
drain structure is made from polystyrene foam coated 
with wax. 

31. The process of claim 7 wherein said opening con 
tains a deformable diaphragm and wherein said stretch 
able ?lm coacting with said deformable diaphragm com 
prises the deformable portion of said ?rst casting surface. 

32. The process of claim 31 further comprising the 
steps of: applying a vacuum between said ?at support 
structure and said ?lm in the region of said deformable 
diaphragm; and varying the vacuum applied, as the de 
formable portion of said ?rst casting surface is deformed, 
to control the radius of curvature of the deformable por 
tion of said ?rst casting surface at the point where it 
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joins the nondeformable portion of said ?rst casting 
surface. 

33. The process of claim 4 wherein the step of applying 
a force to the deformable portion of said ?rst casting 
surface is accomplished by raising a plug under the de 
formable portion of said ?rst casting surface to deform it 
until said mixture substantially ?lls the region between 
said ?rst and second casting surfaces, said plug being 
raised by means adapted to allow said polymerizable 
material to undergo substantially unrestrained shrinkage. 

34. The process of claim 23 wherein said opening con 
tains a deformable diaphragm and wherein said stretch 
able ?lm coacting with said deformable diaphragm com 
prises the deformable portion of said ?rst casting surface. 

35. The process of claim 34 further comprising the steps 
of: applying a vacuum between said ?at support struc 
ture and said ?lm in the region of said deformable dia~ 
phragm; and varying the vacuum applied, as the deforma 
ble portion of said ?rst casting surface is deformed, to 
control the radius of curvature of the deformable portion 
of said ?rst casting surface at the point where it joins the 
non deformable portion of said ?rst casting surface. 

36-. The process of claim 19 wherein the step of apply 
ing a force to the deformable portion of said ?rst casting 
surface is accomplished by raising a plug under the de— 
formable portion of said ?rst casting surface to deform it 
until said mixture substantially ?lls the region between 
said ?rst and second casting surfaces, said plug being 
raised by means adapted to allow said polymerizable ma 
terial to undergo substantially unrestrained shrinkage. 

37. The process of claim 3 wherein said inert ?ller is 
granite. 

38. The process of claim 16 wherein said mixture fur 
ther comprises less than 85% by weight of granite. 
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