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ABSTRACT OF THE DISCLOSURE 
The use of at least 40% of an inert ?ller, e.g., calcium 

carbonate, calcium sulfate, clay, silica, calcium silicate, 
etc. along with a hemi-perester of maleic acid catalyst in 
the polymerization and curing of methyl methacrylate 
containing sirups provides a process for forming thick 
0/4" to 2” or more) articles of polymeric methyl meth 
acrylate within reasonable periods and at moderate tem 
peratures. 

BACKGROUND OF INVENTION 

This invention relates to the polymerization and curing 
of methyl methacrylate-containing sirups. More particu 
larly, it relates to the production of relatively thick articles 
of polymeric methyl methacrylate, e.g., methyl meth 
acrylate homopolymer and copolymers of methyl meth 
acrylate with m-?-ethylenically unsaturated compounds 
(vinyl acetate, styrene, alkyl acrylates, other alkyl meth 
acrylates, etc.). 
The desirability and commercial utility of thick (from 

about 1A to 2 or more inches) articles of polymeric methyl 
methacrylate is well acknowledged. Such articles would be 
extremely useful as counter tops, dresser tops, ‘vanity tops, 
shelving, wainscoting, etc. However, the processes here 
tofore suggested for producing such sections of methyl 
methacrylate polymer either require too much time or 
they cannot be operated at moderate temperatures; and, 
in most cases, such processes yield a product containing 
unsightly voids and/or surface blemishes. In short, the 
processes of the prior art will not produce a methyl meth 
acrylate polymeric product that can compete against 
wood, laminates or other synthetic materials in today’s 
market place. 

It is an object of this invention to provide a commer 
cially acceptable section, sheet or article of polymeric 
methyl methacrylate having a thickness of at least 1/: inch 
and preferably a thickness of %—2 inches or more. It is a 
further object to provide a commercially feasible process 
for producing such articles. Other objects will appear here 
inafter. 

SUMMARY OF THE INVENTION 

The objects are accomplished by mixing a sirup con 
taining 10-35% by weight of methyl methacrylate poly 
mer having an inherent viscosity of 025-10 dissolved in 
monomeric methyl methacrylate, at least 40%, prefer 
ably 40—85% by Weight of inert additives (preferably 
particles or ?bers selected from the group consisting of 
calcium carbonate, calcium sulfate and clay), with 0.2— 
6% (preferably 0.75-2%) based on the total weight of 
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the mixture of a herni-perester of maleic acid having the 
formula: 

wherein R is a saturated tertiary alkyl radical, preferably 
where R is tertiary butyl as in monotertiary butyl per 
oxymaleate sometimes referred to as t-butyl permaleic 
acid; 

pouring the mixture into a container to form a layer that 
is at least 1A inch (preferably 34-2 inches) thick; and 
permitting the layer to cure autogenically in air at a tem 
perature of 15-40” C. 
The process described will generally produce a com 

mercially acceptable article that is substantially smooth 
and void-free in not more than about 2.5 hours, usually 
less than one hour. The speci?c time period will depend 
upon the geometry of the casting, the amount of inert ad 
ditives used, the amount of the hemi-perester catalyst 
used, etc. The time Will also depend upon the sequence 
of adding the various ingredients. The preferred sequence 
involves mixing the sirup and the hemi-perester catalyst 
before adding the inert additives or ?ller. However, if a 
shorter process time is desired, then the catalyst may be 
added immediately after the filler. It should also be under 
stood that the process provides considerable latitude in 
the incorporation of pigments into the mixture. These may 
be added at anytime before the mixture has hardened to 
provide a variety of color effects diifering in hue and 
pattern. 
The starting sirup or polymer-in-monomer solution 

may be prepared by any of the methods described in 
British Patent No. 870,191, or US. Patent No. 3,154,600. 
Speci?cally, the sirup may be made by heating a small 
amount of a polymerization initiator in solution in the 
methacrylic ester and in the presence of a chain transfer 
agent at a suitable pressure and temperature. Heating is 
continued until the solution reaches a predetermined vis 
cosity. Thereafter, the hot solution is quenched by the 
addition of cold monomer containing a polymerization in 
hibitor. More speci?cally, a sirup having a viscosity of 
0.5-50 poises at 25° C. can be produced from methyl 
methacrylate by heating the monomeric methyl meth 
acrylate in a jacketed kettle at a temperature of 5 0-1 5 0° C. 
under re?uxing conditions. Atmospheric pressure is used 
and the re?uxing material is stirred. Heating is conducted 
in the presence of a very small amount of initiator and 
from 0.05-l.0 mole percent of a chain transfer agent such 
as the alkyl mercaptans and the mercaptans described in 
US. Pat. No. 3,154,600. When a bulk viscosity in the 
range of 0.5 to 50 poises, which corresponds to an in 
herent viscosity of 0.25-1.0, is attained and the initiator 
content has been reduced substantially to zero, i.e., below 
20 parts per million, the polymerization is stopped by 
cooling in any suitable manner. One method of cooling 
involves adding l-10% by weight of cold methyl meth 
acrylate containing su?icient hydroquinone or other po 
lymerization inhibitor to inhibit further polymerization 
of the methyl methacrylate. For the purpose of the present 
invention, the ?nal solution contains 10-35% by weight 
of the methyl methacrylate polymer dissolved in the 
methyl methacrylate monomer. The polymer has an in 
herent viscosity of 025-10 determined at 20° C. using 
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a solution of 0.50 gram of the polymer per 100 milliliters 
of chloroform in accordance with the method described 
in F. W. Billmeyer, Textbook of Polymer Chemistry, Inter 
science Publishing Inc. (1957), p. 128. As mentioned 
previously, the polymer may also be a copolymer involv 
ing a major portion of the methyl methacrylate monomer 
with such monomers as vinyl acetate, styrene, methyl 
acrylate, ethyl acrylate, butyl acrylate, cyclohexyl acry 
late, ethyl methacrylate, butyl methacrylate, cyclohexyl 
methacrylate, etc. 

The sirup may also contain a cross-linking agent, add 
ed to the sirup in an amount up to 20% by weight upon 
completion of quenching. Any suitable poly-unsaturated 
cross-linking agent may be used, e.g., ethylene dimeth 
acrylate, propylene dimethacrylate, polyethylene glycol di 
methacrylate, divinyl benzene, triallyl cyanurate, and dial 
lyl phthalate. If desired, a portion, i.e., up to about 2% 
of the cross-linking agent may be added to the sirup 
prior to quenching. 
The preferred hemi-perestcr, as stated previously, is 

monotertiary butyl peroxymaleate. However, other use 
ful hemi-peresters include those where the saturated terti 
ary alkyl of the hemi-perester is t-amyl, l-methylcyclo 
hexyl and the p-methyl. The hemiaperesters may be pre 
pared by processes well known in the art. For example, 
monotertiary butyl peroxymaleate may be prepared by the 
following reaction: 

CH3 0 

As mentioned previously, the hemi-perester of the difunc 
tional acid should be present in an amount greater than 
0.2% by ‘weight in order to obtain the advantages of the 
present invention. The upper limit of 6% is merely to in 
dicate that no additional advantage seems to be obtained 
by adding more than that percentage of the hemi-perester. 
If desired, other initiators may be used with the critical 
hemi-perester. In addition, curing acids may be used. These 
include the chlorides of antimony and soluble copper salts 
as disclosed in US. Patent No. 3,084,068, the chlorides of 
tin, etc. 
The critical ?nding in the present invention is that by 

using at least 40% of a ?ller, relatively thick articles can 
be produced in a commercially acceptable fashion, both 
from the standpoint of the process and the appearance of 
the ?nal article. The ?llers used may be any of those that 
do not interfere with the polymerization of the acrylic 
resin, e.g., calcium carbonate, calcium sulfate, clay, silica, 
glass, calcium silicate, alumina, carbon black, titania, pow 
dered metals, etc. However, the preferred ?llers are parti 
cles or ?bers of calcium carbonate, calcium sulfate and 
clay. The clacium carbonate may be obtained by precipita 
tion or by grinding marble or limestone. It has been found 
that at least 40% of the ?ller is necessary for a satisfac 
tory process and product where the product is 1A inch 
thick. However, where the ?nal product is two inches thick, 
it has been found that as much as 80% ?ller may be used 
for obtaining optimum results. Because of the relative 
inexpensiveness of the ?ller compared to the resin, the 
process of the present invention provides an additional 
commercial advantage. 
The invention will be more clearly understood by refer 

ring to the examples which follow. The examples, which 
illustrate speci?c embodiments of the present invention, 
should not be construed to limit the invention in any way. 

Example 1 
A sirup of 10% methyl methacrylate homopolymer in 

methyl methacrylate monomer is prepared by partial 
polymerization in situ, as described in Example 2 of US. 
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4 
Pat. No. 3,154,600. To 225 grams of the sirup is added 
275 grams of “Non Fer A1,” a precipitated particulate cal 
cium carbonate having an average particle size of 7 mi 
crons. To the mixture, which contains 55% of the inert ad 
ditive, is then added 1% (2.25 grams) of t-butyl peroxy 
maleic acid. 
The resulting mixture is poured into an aluminum pan 

to form a layer 3/4 inch deep. The layer is then permitted 
to cure autogenically. After 2.5 hours it is removed from 
the pan as a hard, void-free sheet, 3/1 inch thick. 

Control A is prepared without any calcium carbonate 
?ller. The sirup of 10% methyl methacrylate homopoly 
mer in methyl methacrylate monomer containing 1% t 
butyl peroxymaleic acid is poured into the aluminum pan 

r to a depth of 34 inch. No cure is realized after 16 hours. 
In Controls B, C and D, the example is repeated using 

1% benzoyl peroxide (2.25 grams), 0.75% t-butyl peroxy 
pivalate (1.68 grams) and 2% methyl ethyl ketone per 
oxide (4.5 grams), respectively. The 1% inch thick layers 
of Controls B, C and D do not harden nor show any signs 
of curing after 5 hours. 

Examples 2 and 3 

The 55% ?lled sirup of Example 1 containing 1% of 
t-butyl peroxymaleic acid is poured into two open con 
tainers. In the container of Example 2, a 1-inch layer is ob 
tained; in that of Example 3, a 2-inch layer. The casting of 
Example 2 is cured hard without boiling to counter top 
quality in about 2.5 hours. The casting of ‘Example 3 is 
similarly cured hard in less than 1.5 hours. 

In a control, a 1/s-inch layer from the identical mixture 
is only partially cured after 2.5 hours. 

Example 4 

A sirup containing 25% methyl methacrylate homo 
polymer (inherent viscosity between 0.25-1.0) in methyl 
methacrylate monomer is ?lled with 80% calcium car 
bonate. t-Butyl peroxymaleic acid to the extent of 1% is 
added and the mixture is cured in a 2-inch thick section 
open to the air in a period of less than 2 hours. 

In a control only 30% calcium carbonate is used. In 
all other respects the procedure is the same as Example 
4. The time to effect a cure is over 3 hours. 

Examples 5 and 6 

The process will operate in the presence of other per 
oxide initiators provided that the t-butyl peroxymaleic 
acid is also present. 

Thus, a sirup composed of 800 grams of a 25 % solution 
of methyl methacrylate homopolymer in methyl meth 
acrylate monomer may be used with 1200 grams of cal 
cium carbonate tiller, 8 grams of lauryl mercaptan and 6.4 
grams of a 5% stannous chloride solution in alcohol. In 
Example 5, 2 grams of t-butyl peroxymaleic acid is added; 
the blend is degassed under a vacuum of 20 inches of 
mercury; and the degassed blend is cast onto an aluminum 
tray to form a 1-inch thick section. In Example 6, 1 gram 
of t-butyl peroxymaleic acid is added along with 2 grams 
of lauroyl peroxide prior to degassing and casting the 1 
inch thick section. The section of Example 5 cured in 30 
minutes and the section of Example 6 cured in 60 minutes. 
What is claimed is: 
1. A process for preparing articles which comprises 

mixing 
(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,;3-ethyleni 
cally unsaturated compounds, said copolymers con 
taining more than 50% methyl methacrylate, said 
polymer having an inherent viscosity of 0.25—1.0, in 
monomeric methyl methacrylate, 

(b) 40-85% by weight of inert additive selected from 
the group consisting of calcium carbonate, calcium 
sulfate, [clay] alumina, silica and calcium silicate, 
and 
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(c) O.2—6% by weight of a hemi-perester of maleic 

acid having the formula 

wherein R is a saturated tertiary alkyl radical; pour 
ing the mixture into a container to form a layer, said 
layer being at least 14 inch thick; and permitting said 
layer to cure autogenically in air at a temperature of 
15-40“ C. to form an article that is at least l/it inch 
thick. 

2. A process as in claim 1 wherein said methyl meth 
acrylate polymer is methyl methacrylate homopolymer. 

3. A process [as in claim 1] for preparing articles 
which comprises mixing 

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

(b) 40-85% by weight of inert additive comprising 
[wherein said inert additive is selected from the 
group consisting of calcium carbonate, calcium sul 
fate and] clay, and 

(c) 0.2—6% by weight of a hemi-perester of maleic 
acid having the formula 

it 
wherein R is a saturated tertiary alkyl radical; pour 
ing the mixture into a container to form a layer, said 
layer being at least % inch thick; and permitting said 
layer to cure autogenically in air at a temperature of 
15-40% C. to form an article that is at least 1A inch 
thick. 

4. A process as in claim 1 wherein said inert additive 
is calcium carbonate. 

5. A process as in claim 1 wherein said hemi-perester of 
maleic acid is monoteritary butyl peroxymaleate. 

6. A process as in claim 1 wherein said layer and said 
article are %—2 inches thick. 

7. A mixture for preparing articles at least ‘A inch 
thick which comprises 

(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,p-ethyleni 
cally unsaturated compounds, said copolymers con 
taining more than 50% methyl methacrylate, said 
polymer having an inherent viscosity of 0.25—1.0, in 
monomeric methyl methacrylate, 

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

(c) 0.2—6% by weight of a hemi-perester of maleic 
acid having the formula 

wherein R is a saturated tertiary alkyl radical. 
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8. A mixture as in claim '7 wherein said methyl meth 

acrylate polymer is methyl methacrylate homopolymer. 
9. A mixture [as in claim 7] for preparing articles at 

least 14 inch thick which comprises 
(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,,8-ethyleui 
cally unsaturated compounds, said copolymers con 
taining more than 50% methyl methacrylate, said 
polymer having an inherent viscosity of 0.25-1.17, in 
monomeric methyl methacrylate, 

(b) 40-85% by weight of inert additive comprising 
[wherein said inert additive is selected from the 
group consisting of calcium carbonate, calcium sul 
fate and] clay, and 

(c) 0.245% by weight of a hemi~perester of maleic 
acid having the formula 

wherein R is a saturated tertiary alkyl radical. 
10. A mixture as in claim 7 wherein said inert additive 

is calcium carbonate. 
11. A mixture as in claim 7 wherein said hemi-perester 

of maleic acid is monotertiary butyl peroxymaleate. 
12. An article comprising a methyl methacrylate poly 

mer selected from the group consisting of methyl meth 
acrylate homopolymer and copolymers of methyl 
methacrylate with a,?-ethylenically unsaturated com 
pounds, said copolymers containing more than 50% meth 
yl methacrylate and 4-0—85% by weight of inert additive 
selected from the group consisting of calcium carbonate, 
calcium sulfate, [clay] alumina, silica and calcium sili 
cate, said article being at least 1%; inch thick, said inert 
additive being distributed substantially uniformly through 
out said polymer. 

13. An article as in claim 12 that is -%-2 inches thick. 
14. An article [as in claim 12] comprising a 

methyl methacrylate polymer selected from the group con 
sisting of methyl methacrylate homopolymer and copoly 
mers of methyl methacrylate with a,,8-ethylenically un 
saturated compounds, said copolymers containing more 
than 50% methyl methacrylate and 40——85% by weight of 
inert additive comprising [wherein said inert additive is 
selected from the group consisting of calcium carbonate, 
calcium sulfate and] clay, said article being at least 14 
inch thick, said inert additive being distributed substan 
tially uniformly throughout said polymer. 

15. An article as in claim 12 wherein said inert addi 
tive is calcium carbonate. 

16. A process as in claim 1 wherein said sirup and said 
hemi-perester of maleic acid are mixed prior to the addi 
tion of said inert additive. 
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