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[57] ABSTRACT 

A centrifugally cast plastic pipe comprised of a polymer 
derived from monomers polymerized in bulk is provided. A 
pressurized cylindrical mold provides smooth inner and 
outer surfaces. Pipes With a Wall thickness of from Vs inch 
to 3 inches and an outer diameter of 1 inch to 12 feet are 
provided. 

33 Claims, No Drawings 
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CENTRIFUGALLY CAST PIPE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

This invention relates to a centrifugally cast pipe com 
prised of bulk polymerized polymers. 

It is conventional to centrifugally cast thermosetting 
Within the range of 1—12 inches. See US. Pat. Nos. 3,981, 
412, 3,816,582, 3,718,161 and 2,887,728. The pipes formed 
are generally of a thickness Wherein reinforcement With 
?bers such as ?ber glass is desired. 

While the pipes obtained from these resins have been 
satisfactory, the resins used have placed limitations on the 
processing and the products obtained from centrifugal cast 
ing. The viscosity of the resins used has limited the dimen 
sions of the pipe in that spinning large cylindrical shapes 
becomes more dif?cult as the viscosity of the resin increases. 
The Wall thickness of the pipes is often limited due to the 
long cure times or thermosetting resins. Tennyson, US. Pat. 
No. 3,816,582, describes casting times of 6—7 hours for a 
Wall thickness of about 0.050 inch When at room tempera 
ture. This cure time can be reduced if higher temperatures 
are utilized. Fiber reinforcements are often necessary to 
provide the desired strength and prevent cracking of unre 
inforced polymers. These ?ber reinforcements tend to pro 
vide a “Wic ” for some corrosive materials, alloWing the 
corrosive material to penetrate the surface causing damage 
not only to the immediate surface but to the subsurface as 
Well. 

Polymers obtained by the bulk polymerization of mono 
mers in the absence of solvent are Well knoWn. See US. Pat. 

Nos. 4,426,502, 4,380,617 and 4,689,380. The reactive 
monomer formulations from Which these polymers are 
derived are very loW in viscosity, alloWing easy transport 
into molds and other processing equipment. The reactive 
monomer formulations used in bulk polymerization tech 
niques typically polymerize very rapidly, alloWing short 
cycle times When molding parts Within a closed mold. While 
the use of bulk polymerized polymers does present advan 
tages to centrifugally cast plastic pipe, acceptable pipes have 
not yet been obtained. The high reactivity makes it dif?cult 
for the reactive monomer formulation to obtain a cylindrical 
shape Within the mold prior to gelation. Reactive monomer 
formulations With delayed gel times do provide adequate 
time to ?ll the mold; hoWever, this delay in gel time alloWs 
entrapped gas bubbles to coalesce forming imperfections on 
the inner surface, particularly Where the reactive monomer 
formulation generates a gas during cure. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
improved centrifugally cast plastic pipe comprised of poly 
mers obtained from bulk polymerized monomers. 

It is another object of the present invention to provide 
centrifugally cast plastic pipe comprised or bulk polymer 
ized monomers Which his a smooth inner surface, a smooth 
outer surface and is preferably free of voids. 

It is another object of the present invention to provide an 
improved method of producing plastic pipe by centrifugal 
casting of a reactive formulation of bulk polymerizable 
monomers under a pressurized atmosphere. 
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2 
It is another object of the present invention to provide 

thick Walled plastic pipe Which does not require reinforce 
ment. 

It is another object of the present invention to provide 
thick Walled plastic pipe by centrifugal casting having a 
diameter greater than 1 inch and as large as 12 feet 

Upon further study of the speci?cation and appended 
claims, further objects and advantages of this invention Will 
become apparent to those skilled in the art. 

The above objects are achieved in providing a centrifu 
gally cast plastic pipe With smooth inner and outer surfaces 
Which is comprised of bulk polymerized monomers. These 
pipes can be obtained by introducing a reactive formulation 
of bulk polymerizable monomers having a gel time Which 
ranges from about 20 seconds to 12 minutes into a cylin 
drical mold, spinning the reactive formulation Within the 
cylindrical mold to obtain the cylindrical dimensions of the 
pipe, pressurizing the cylindrical mold With a gas to a 
pressure greater than 1 atmosphere for a period sufficient to 
alloW the reactive formulations of bulk polymerizable 
monomers to complete the reaction exotherm and removing 
the pipe from the mold When polymerization is complete. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention utilizes polymers obtained by bulk 
polymerization. These polymers are formed Within the mold 
during the centrifugal casting process. While any polymer 
produced by bulk polymerization is suitable for this 
invention, those Which can be obtained from a reactive 
monomer formulation that completely cures in less than 1 
hour are preferred. This provides short molding cycles When 
manufacturing the pipe. The term “bulk polymerization”, as 
used herein, refers to polymerization in the substantial 
absence of a solvent or diluent, Wherein a catalyst or curing 
agent is dissolved Within the monomer itself ad polymer 
ization yields a solid ?nished article substantially in ?nal 
form. 

It is preferable that the bulk polymerization polymer 
exhibit high temperature and chemical resistance as Well as 
high strength and high impact resistance. Polycarbonates 
and polycycloole?ns are examples of such polymers. 
Bulk polymerized polycycloole?ns are preferred and the 

preferred polymers Within this group comprise dicyclopen 
tadiene monomers. Commercially available tWo component 
formulations Which comprise bulk polymerizable monomers 
are Telene® dicyclopentadiene resins, produced by the B. F. 
Goodrich Company. Another commercially available formu 
lation is Metton® dicyclopentadiene resins, produced by 
Hercules, Inc. 

Other monomers Which produce polycycloole?ns are 
those having norbornene functionality Which are character 
ized by the presence of at least one norbornene group and 
identi?ed by the formula beloW Which can be substituted or 
unsubstituted. 

Examples of monomers knoWn in the art include 
norbornene, dicyclopentadiene, ethylidenenorbornene, 
norbornidiene, dihydrodicyclopentadiene, trimers of 
cyclopentadiene, tetramers of cyclopentadiene, 
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tetracyclododecene, methyltetracyclododecene, 
methylnorbornene, ethylnorbornene, dimethylnorebornene 
and similar derivatives. These and other monomers are 
described by Minchalk in US. Pat. Nos. 4,380,617 and 
4,426,502. 

Preferred monomer formulations are those suitable for 
reaction injection molding (RIM) techniques and resin trans 
fer moldings (RTM) Which are forms of bulk polymerization 
Which occur in a closed mold. RIM and RTM differ from the 
thermoplastic injection molding in that loWer pressures are 
used and loWer temperatures are used. The primary distinc 
tion between injection molding and RIM/RTM is in the fact 
that a chemical reaction takes place to transform a monomer 
to a polymeric state. 

The reactive formulations preferably have a gel time in 
the range of 20 seconds to 12 minutes at about 40° C. The 
preferred values Within this range depend on the size of the 
pipe and Whether it contains reinforcement. For some 
applications, longer gel times in excess of 10 minutes at 40° 
C. are desired. The gel time is the time at Which the viscosity 
of the formulation increases to a point Where it is dif?cult to 
shape the cylinder Within the centrifugal mold. i.e., the mold 
cannot be ?lled Without knit lines or other defects. In 
addition, it is preferable for the time to exotherm to be 
relatively short so as to reduce the mold cycle time. A time 
to exotherm of less than 20 minutes is preferred. The time to 
exotherm is the point at Which the formulation increases 
rapidly in temperature because of the heat of polymerization. 

To initiate polymerization, the reactive monomer formu 
lation contains a curing agent or catalyst Which is activated 
to initiate polymerization. The catalyst may be activated 
simultaneously With its formation in preparing the reactive 
monomer formulation by combining tWo catalyst compo 
nents just prior to use. Alternatively, a complete catalyst may 
be dissolved Within the monomer and activated by means 
such as heat or UV radiation. Suitable tWo component 
catalysts for the formation of polycycloole?ns are described 
by Minchak in US. Pat. Nos. 4,426,502 and 4,380,617, 
Khasai et al. in US. Pat. No. 4,835,230, Nelson in US. Pat. 
No. 4,897,465 and Martin in US. Pat. No. 4,918,039. 

The formulation may contain conventional additives used 
to enhance the polymerization reaction as Well as additives 
Which enhance the properties of the resultant plastic pipe. 
BloWing agents may be introduced into the formulation to 
generate a foam core When activated by the heat of reaction. 
It may also be desirable to introduce ?ber reinforcement for 
certain applications. Fillers may also be desirable to reduce 
material costs or enhance the properties of the pipe. 

The plastic pipe of the present invention is obtained by 
introducing a reactive monomer formulation of bulk poly 
merizable monomers into a cylindrical mold Which is pref 
erably spinning Within a casting machine (caster). particu 
larly Where reinforcement is used. Where the reactive 
monomer formulation catalyst is derived from tWo compo 
nents. It is preferable to premix these components before 
addition to the cylindrical mold. The reactive formulation 
preferably has a gel time at 40° C. Within the preferred range 
given above. In addition, the reactive monomer formulation 
has a time to exotherm in less than 1 hour, preferably less 
than 20 minutes. It is desirable for the exotherm to be short 
in duration and small magnitude. This alloWs ?exibility in 
the equipment utilized. In addition, it alloWs for short mold 
cycle times. Preferably, the mold cycle time range from 6—40 
minutes, most preferably from 6—12 minutes. 

After the reactive monomer formulation is introduced to 
the cylindrical mode, Which is spinning or stationary 
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4 
depending upon Whether reinforcement is used, the mold is 
pressurized With a gas to an internal pressure greater than 1 
atmosphere, preferably, greater than 10 psi and most 
preferably, Within the range of 20—60 psi. The pressure is 
maintained until the exotherm is complete, i.e., the tempera 
ture of the reactive monomer formulation starts to decrease. 

In certain embodiments, it is preferable to utilize an inert 
gas such as nitrogen While in other embodiments, it may be 
desirable to utilize a gas Which Will react With the unsatur 
ated carbons in the polymer such as ?uorine. In the case of 
?uorine, the interior surface of the pipe Will be modi?ed in 
that the ?uorine incorporates into the polymers formed. 
Other halogen gases such as chlorine and bromine are also 
suitable. This modi?cation Will enhance the chemical resis 
tance of the pipe formed by providing a surface layer With 
properties that resemble a corrosion resistant ?uorinated 
surface material. 
The cylindrical mold is spun to shape the reactive mono 

mer formulation to the cylindrical dimensions de?ned by the 
mold, i.e., the outer diameter of the pipe and its length. The 
inner diameter of the pipe is determined by the amount of 
active formulation introduced to the mold. 

The mold is spun under pressure until the reaction exo 
therm is complete. Preferably, spinning is continued until the 
pipe is ready to be removed from the mold. The additional 
spinning is continued at atmospheric pressure, preferably by 
venting the molds. The pipe formed is removed from the 
cylindrical mold once polymerization is complete. 
The pipe formed Will have smooth inner and outer sur 

faces. Smooth inner surfaces are obtained because the pres 
surization prevents entrapped as from escaping from the 
reactive monomer formulation during reaction. Preferably, 
the number of voids in the inner surface are as feW as the 
number of voids in the outer surface. Such a pipe is 
substantially uniform in composition and any voids should 
not be the result of bubble formation. In these preferred 
embodiments the inner surface has less than one void per 
square inch. Most preferably, the inner surface has no visible 
voids. 

The plastic pipe of this invention can vary Widely in 
length. Preferred lengths are from about 4—20 feet. The pipes 
of this invention can also vary Widely in Wall thickness as 
Well. Thicknesses ranging from 1/8 inch to 3 inches are 
suitable in that the reactive formulation can be easily dis 
tributed since it is loW in viscosity and heat need not be 
introduced to initiate the polymerization. Furthermore, the 
inner surface need not be uniform in diameter since the pipe 
couplings and connectors can be adapted to ?t the uniform 
outer diameter. When producing pipes of a thickness in the 
range of 3 inches, it is preferable to utilize reactive monomer 
formulations With small and rapid exotherms so as not to 
ignite the material by the heat of the reaction. 
The pipes of this invention can also range Widely in 

diameter. The pipes have a uniform outer diameter de?ned 
by the cylindrical mold. This can range from 1 inch to 12 
feet. Pipes of a diameter outside of this range are also 
possible With the appropriate equipment. 

The diameter of the pipe is limited by the viscosity of the 
reactive formulation and the rpm of the molding machine. In 
preparing a 4 inch pipe of 1/2 inch Wall thickness an rpm in 
the range of 800—2,000 is preferred and is most preferably 
about 400—900 if non-reinforced, and 1,500—2,000 if 
reinforced, partly for formulations comprised of dicyclopen 
tadiene monomers. The optimum rpm Will vary With the 
formulation, its viscosity, the size of the desired pipe and 
Whether reinforcement is used. 
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Without further elaboration, it is believed that one skilled 
in the art can, using the preceding description utiliZe the 
present invention to its fullest extent. The following pre 
ferred speci?c embodiments, are, therefore, to be construed 
as merely illustrative, and not limitative of the remainder of 
the disclosure in any Way Whatsoever. 

In the foregoing and in the folloWing examples, all 
temperatures are set forth in degrees Celsius and unless 
otherWise indicated, all parts and percentages are by Weight. 

The entire disclosures of all applications, patents and 
publications, cited above and beloW, are hereby incorporated 
by reference. 

EXAMPLES 

EXAMPLE 1 

A centrifugal pipe caster ?tted With a cylindrical mold 
about 4 feet long With a 4 inch inner diameter is used in this 
example. The cylindrical mold is ?tted With end caps that 
provide a gas tight seal. SWivel feeds are incorporated into 
each end cap. One feeds the reactive monomer formulation, 
the other feeds a gas. The cylindrical mold is spun at about 
850 rpm. The tWo component reactive monomer solution of 
bulk polymeriZable monomer (trade designation TELENE® 
sold by the B. F. Goodrich Co.) is mixed and fed into the 
spinning cylindrical mold from a reaction injection molding 
machine at a continuous rate of about 0.4 lbs. per second at 
a injection pressure of 1,050 psi. The total shot time Was 
about 16.85 seconds. The amount of material fed into the 
cylindrical mold is enough to provide a 1A inch Wall. The 
reaction injection molding machine mixes components A 
and B of the TELENE® dicyclopenta-diene resins formu 
lation. 

There is no pressure in the mold While feeding the reactive 
monomer formulation into a mold through the end caps; 
hoWever, after the material is introduced, the mold is pres 
suriZed to 30 psi nitrogen through the opposing end cap. 

The reactive formulation experiences exotherm at about 2 
minutes, 48 seconds. The caster is then stopped at 10 
minutes, 12 seconds, the nitrogen pressure released and the 
interior of the mold is left open to the atmosphere by 
removing the end caps. 

The caster is started up again after about 2 minutes With 
the interior of the cylindrical mold is vented into the 
atmosphere. The caster is stopped after about 20 minutes 
from the initial feeding of the reactive monomer formulation 
and the pipe is separated from the mold. No holes appear on 
the outside surface and feW, if any, very tiny holes are found 
on the inside surface. 

COMPARATIVE EXAMPLE 

UtiliZing the same equipment and cylindrical mold as in 
example 1, a reactive formulation of TELENE® is fed into 
the cylindrical mold, spinning at about 850 rpm. The total 
shot time is 16.85 seconds at a rate of about 0.4 pounds per 
second With an injection pressure of1,050 psi. Enough 
material is fed to the cylindrical mold to provide a 1A inch 
Wall thickness. 
No pressure is applied in the mold While introducing the 

reactive monomer formulation or thereafter. 

The reactive formulation exotherms at about 3 minutes, 
20 seconds and after about 10 minutes, the caster is stopped 
and the interior of the cylindrical mold Was vented to the 
atmosphere by removing the end caps. The caster is started 
back up after about 2 minutes With the cylindrical mold still 
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6 
vented to the atmosphere. The caster is stopped after 15 
minutes, 20 seconds from the initial feeding of the reactive 
monomer formulation. 

The part is removed from the mold shortly thereafter. 
Small holes are detected on the outside surface and large air 
bubbles or voids are detected on the inside surface. 

The preceding examples can be repeated With similar 
success by substituting the generically or speci?cally 
described reactants and/or operating conditions of this 
invention for those used in the preceding examples. 
From the foregoing description one skilled in the art can 

easily ascertain the essential characteristics of this invention, 
and Without departing from the spirit and scope thereof, can 
various changes and modi?cations of the invention to adapt 
it to various usages and conditions. 
What is claimed is: 
1. A centrifugally cast plastic pipe With inner and outer 

surfaces having less thin one visible void to the unaided eye 
per square inch of surface caused by bubble formation 
having an outer diameter in the range of 2 inches to 12 feet 
and a Wall thickness ranging from about 1A-inch to about 3 
inches Which is comprised of bulk-polymeriZed dicyclopen 
tadiene. 

2. Apipe as in claim 1, Which does not contain reinforce 
ment ?bers embedded therein. 

3. Apipe is in claim 1, having a modi?ed inner surface by 
reaction With a gas selected from ?uorine, bromine and 
chlorine. 

4. A pipe as in claim 1 Which is threaded. 
5. A centrifugally cast plastic pipe With no voids on the 

inner and outer surfaces visible to the unaided eye from 
bubble formation having a Wall thickness ranging from 
about 1At-inch to about 3 inches and an outer diameter 
ranging from about 2 inches to 12 feet, Which is comprised 
of bulk-polymerized dicyclopentadiene. 

6. Apipe as in claim 5, having a modi?ed inner surface by 
reaction With a gas selected from ?uorine, bromine and 
chlorine. 

7. A centrifugally cast plastic pipe With no voids on the 
inner and outer surfaces visible to the unaided eye from 
bubble formation, Which contains ?ber mat reinforcement 
and is comprised of bulk-polymerized dicyclopentadiene. 

8. Apipe as in claim 7, having a modi?ed inner surface by 
reaction With a gas selected from ?uorine, bromine and 
chlorine. 

9. A centrifugally cast plastic pipe With inner and outer 
surfaces having less than one visible void to the unaided eye 
per square inch of surface caused by bubble formation 
having an outer diameter of from about 4 inches to about 12 
feet, Which is comprised of bulk-polymeriZed dicyclopen 
tadiene. 

10. A centrifugally cast plastic pipe with inner and outer 
surfaces having less than one visible void to the unaided eye 
per square inch of surface caused by bubble formation 
having an outer diameter in the range of 2 inches to 12 feet 
and a wall thickness ranging from about %-inch to about 3 
inches, which is comprised of bulk-polymerized 
dicyclopentadiene, wherein the pipe is produced by the 
process of centrifugally casting a reactive monomer formu 
lation of bulk polymerizable monomer under a pressurized 
atmosphere. 

1]. A pipe as in claim 10 wherein the pressurized atmo 
sphere is greater than 10 psi. 

12. A pipe as in claim 10 wherein the pressurized atmo 
sphere is within the range of 20 to 60 psi. 

13. A pipe as in claim 10 wherein the reactive monomer 
formulation is introduced into a cylindrical mold and the 
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mold is subjected to a pressurized atmosphere greater than 
one atmosphere. 

14. A pipe as in claim 13 wherein the reactive monomer 
formulation has a gel time greater than about 2 minutes and 
a time to exotherm of less than 20 minutes and wherein the 
mold is subjected to the pressurized atmosphere for a period 
of time suj?cient to allow the bulk polymerizable monomer 
to complete the reaction exotherm. 

15. A pipe as in claim 14 wherein the reactive monomer 
formulation within the mold is spun until polymerization is 
complete and to obtain the cylindrical dimensions de?ned by 
the cylindrical mold. 

16. A pipe as in claim 15 wherein the cylindrical mold is 
spun prior to introducing the reactive monomer formulation. 

17. A pipe as in claim 15 wherein the gas used to 
pressurize the mold is selected from the group of nitrogen, 
?uorine, bromine and chlorine. 

18. A pipe as in claim 15 wherein the cylindrical mold is 
spun at a speed greater than 800 rpm, the bulk polymeriz 
able monomer comprises dicyclopentadiene, and the cylin 
drical mold de?nes a 4 inch diameter pipe. 

19. A pipe as in claim 15 wherein the cylindrical mold is 
pressurized to 30 psi. 

20. A pipe as in claim 15 wherein the reactive monomer 
formulation includes a blowing agent which is activated 
from the heat of the reacting exotherm. 

21. A pipe as in claim 15 wherein a ?berglass reinforce 
ment is introduced to the cylindrical mold prior to intro 
duction of the reactive monomer formulation. 

22. A centrifugally cast plastic pipe with inner and outer 
surfaces having less than one visible void to the unaided eye 
per square inch of surface caused by bubble formation 
having an outer diameter of from about 4 inches to about 12 
feet, which is comprised of bulk-polymerized 
dicyclopentadiene, wherein the pipe is produced by the 
process of centrifugally casting a reactive monomer formu 
lation of bulk polymerizable monomer under a pressurized 
atmosphere. 
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23. A pipe as in claim 22 wherein the pressurized atmo 

sphere is greater than 10 psi. 
24. A pipe as in claim 22 wherein the pressurized atmo 

sphere is within the range of 20 to 60 psi. 
25. A pipe as in claim 22 wherein the reactive monomer 

formulation is introduced into a cylindrical mold and the 
mold is subjected to a pressurized atmosphere greater than 
one atmosphere. 

26. A pipe as in claim 25 wherein the reactive monomer 
formulation has a gel time greater than about 2 minutes and 
a time to exotherm of less than 20 minutes and wherein the 
mold is subjected to the pressurized atmosphere for a period 
of time suj?cient to allow the bulk polymerizable monomer 
to complete the reaction exotherm. 

27. A pipe as in claim 26 wherein the reactive monomer 
formulation within the mold is spun until polymerization is 
complete and to obtain the cylindrical dimensions de?ned by 
the cylindrical mold. 

28. A pipe as in claim 27 wherein the cylindrical mold is 
spun prior to introducing the reactive monomer formulation. 

29. A pipe as in claim 27 wherein the gas used to 
pressurize the mold is selected from the group of nitrogen, 
?uorine, bromine and chlorine. 

30. A pipe as in claim 27 wherein the cylindrical mold is 
spun at a speed greater than 800 rpm, the bulk polymeriz 
able monomer comprises dicyclopentadiene, and the cylin 
drical mold de?nes a 4 inch diameter pipe. 

31. A pipe as in claim 27 wherein the cylindrical mold is 
pressurized to 30 psi. 

32. A pipe as in claim 27 wherein the reactive monomer 
formulation includes a blowing agent which is activated 
from the heat of the reacting exotherm. 

33. A pipe as in claim 27 wherein a ?berglass reinforce 
ment is introduced to the cylindrical mold prior to intro 
duction of the reactive monomer formulation. 


