\ ot

MULTILAYER FLUID CONDUITS

Field of the Invention
The present invention relates to fluid
conduits, utilizing multilayer components, particularly
those suitable for use in fire.sprinkler and nozzle

systems.

Background of the Invention

' Sprinkler system installers typically use metal
conduit, eithe} copper or mére commonly iron or steel
pipe, as supply lines in automatic sprinkler systems.
Such metal lines obviously resist fire and temperature
damage better than other structural materials that might
be used. Each metal has relative cost advéntages and
disadvantages. Typically, piping is provided in fixed
lengths and must be cut to size.prior to installation.
Ferrous pipe was then typically threaded in the field and
mated with a threaded coupling. The use of threaded’
couplings in ferrous piping adds significantly to the
labor costs of installing such systems. Copper tubing.
installs more quickly than ferrous pipe as the cut
lengths of copper can simply be.slip-mated with
appropriate fittings and then soldered. However; copper
is quite expensivé in material cost compared to ferrous
pipe.

Other types of non-threaded mating systems have

been developed for metal particularly steel pipe. For,
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example, crimﬁiﬁg systems are known in which grimpable'
fittings can be used to join small diameters of the
lightest Schedule 5 steel piping. Other types of
mechanical, compressidn'type fittings are known which
sealingly mate with the exterior ends of grooved piping.
Still other types of meghanicai joininglsystems employ a
tubular insert positioned in each open end of a pair of
adjoining piping members and an external compression
fitting which is applied over the ends and the insert to
compress the ends against the insert. Such systems
require either the mechanical shaping and disruption of
the smooth, cylindrical ends of the piping by the
addition of grboves, flanges or the like and/or the use
of unique and typically expensive cbmpression fittings.
Certain plastiqs have gained acceptance for use
in residential and, to some:extent, light hazard fire
sprinkler systems. Chlorinated polyvinyl ghloride (CPVC)
plastic:piping and fittings have been listed by
Underwriters Labdratories. One listed.CPVC compound is
BLAZEMASTER® brand CPVC of The B.F.Goodrich.Co.,
Cleveland, Ohio. BLAZEMASTER® is a registered trademark
of The B.F.Goodrich Co. Underwriters Laboratories has
also listed Flameaway brand CPVC pipe and fittings
distributed in the United States by Flameaway Plastics,
Inc. of Beverly Hills, CA. Underwriters Laboratories
also lists certain poiybutylene sprinkler pipe and
fittings for use in resideﬁtial and light hazard fire

sprinkler systems.



Piping made from plastic has proved to be ;ess
expensive in material cost than copper while installation'
costs have been comparable to copper. Similar steps are
involved in joining together both types of plastic and
copper pipe. However, plastic piping is more flexible
than metal pipipg. Support must be provided more
frequently with plastic piping than with metal piping and
more frequently with polybutylene than with CPVC. This
-éaﬂ add sufficiently to both the material costs and the
labor costs of installed plastic piping systems to
actually raise the total costs of such plastic systems
above the costs of metal systems in some installations.
Plastic piping for sprinkler systems finds use primarily
in residential inétallations where the plastic pipe can
be more easily installed thfough misaligned openings and
" through and/or around rafters and joists thah can metal
piping.

.Abcording to recent industry figures,
residential sprinkler heads account for about fifteen per
cent of all sprinkler heads sold. However, because of
the greater size of piping and mére expensive sprinklers
typically used in light and ordinary hazard
installations, the actual dollar value of the residential
sprinkler market is estimated to be only about ten per
cent or less of the total dollar market fér residential,
light and ordinary hazard sprinkler installations.

Hybrid piastic/metal piping and couplings have

been proposed for fluid conduit systems for many yeérs.
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For .example, U.s. Patenﬁ 5,143,407 to Cokeh
refers .to a proposal to use copper tubing coated with
polyvinyl chloride (PVC) for protection against denting
and discloses a variety of copper fittings partially
coated with PVC for the formation of joints between the
ends of lengths"of such multilayer conduit. Cokeh does
not indicate how such composite tubing is or could be
made or if it has been made.. The tubing is joined with
the fittings by suitable plastic adhesive applied to the
plastic outside surface of the conduit, which bonds ﬁo
the PVC sleeve formed aiound the metal tube portion of
the coupling. Compression fit is also described for
securing the pipe ends to the cdupling. However, in each
instance, the use of resilient washers is disclosed to
providé a leak-éroof fluid seal. This is required
because PVC does not bond to the copper.

Other types of plastic coated pipe have been
propoéed for other purposes. For example, U.S. Patent
No. 3,502,492 discloses the eiectrostatic deposition of a
light dusting of an epoxy resin upon the surface of a
metal substrafe like the outer surface of a metal pipe,
the electrostatic deposition of PVC resin_particles upon
the surface in a heavier layer and the heating of the
substrate to coalesce the PVC and epoxy resins to form a
pPVC }ayer adhgred to the surface of the substrate.
Physical structure of the pipes or their joints are not
discussed.

U;S. Patent No. 4,481,239 discloses a process

for coating metallic substrates such as iron pipe in



which one or more crosslinking resins are applied to the
pipe surface and heated sufficiently to crosslink and an
olefin polymer is applied to the heated, coated substrate
as an outer layer. Structures of the pipe or their
joints are not discussed.

U.S. Patent No. 2,646,822 discloses the use of
polyethylene (PE) or polystyrene as a corrosion resistant
external coating for metal pipes. In the only examples
shown in that patent, the PE coated metal pipes were
provided with plastic-free, conventionally threaded ends.
The ends are shown being received in plastic-coated,
metal couplings with plastic-free, internal metal threads
to pré&ide continuous lengths of plastid-coated metal
pipe. Coupling at the joint is provided by mechanical
engagement of threads on the outside end of the pipe with
the threads inside the metal tubing of the coupling.
There is no indicatién whether the blastic layer is

adhered to the pipe.

In one aspect, the invention is a multilayer
fluid conduit comprising: a length of hollow ferrous
metal pipe having a completely closed, tubular outer
surface; a uniformly thick CPVC layer at least
essentially compleﬁely covering the closed, tubular outer
surface of the metal pipe from end to end of the pipe;
and a heat activated adhesive layer around and along the
completely closed tubular outer surface of the length of

metal pipe between the metal pipe and the'CPVC layer



bonding the CBVC iayer with the tubular outer surface of
the metal pipe.

In énother aspect, the invention is a process
for'making a multilayer f£fluid conduit comprising the
steps of: applying a layer of a heat activated adhesive
along and completely around a completely closed tubular
outer surface of a length of ferrous metal pipe;
activating the layer by heating; and extruding a tubular
layer of CPVC completely around and completely along the
tubular outer surface of the length of ferrous metal pipe
at least essentially completely covering the closed,_
tubular outer surface of the metal pipe frém end to end
such that the CPVC is bonded to the tubular outer surface

by the activated adhesive  layer.

Detailed Description of the Drawings

The foregoing summary as well as the following
detailed description of preferred embodiments will be
better understood when made.in conjunction with the
appended drawings. For the purpose of illustrating the
invention, there is shown diagrammatically in the
drawings, embodiments which are préséntly preferred. It
should be understood, however, that the invention is not
limited to the specific embodiments, instrumentalities,

elements and methods disclosed in the drawings which are
.diagrammatic:
Fig. 1 is a partially broken awéy length of

multilayer conduit according to the present invention;



Fig. 2 is a cross-section of an exemplary
plastic pipe fitting;

Fig. 3 is a side elevation of part of an
automatic ceiling sprinkler system utilizing multilayer
conduits and fittings of Figs. 1 and 2;

Fig. 4 is a cross-sectional view taken along
the lines of 4-4 of Fig. 3;

Fig. 5 is a cross-sectional view taken along
the lines 5-5 of Fig. 4;
| Fig. 6 is a quarter-section side elevation view
of a multilayer metal/plastic, tee-shaped threaded
adaptor fitting of the present invention for mating a
conventional threaded fire sprinkler or nozzle in a
multilayer conduit system like that of Fig. 3;

| Fig. 7 depicts in quarter-section side
elevation.view, another éxempléry fitting of the present
invention with an alternate form of securement to the
forms depicted in Fig. 6;

Fig. 8 depicﬁs in énd view yet another
exemplary fitting of the present invention with an
alternate form of securement to those depicted in Figs. 6
and 7;

Fig. 9 is a schematic view of a process for
. manufacturing multilayer pipe according to the present .
invention; .

Fig. 10 depicts schematically, in cross-
.section, an extrusion head for applying a layer of CPVC
resin to the adhesive covered outer surface of a ferrous

pipe;



Fig;'il depicts schematically an end view of
the extrusion pin of the extrusion head of Fig. 10.
Fig. 12 depicts schematically the interior of

_an air sizing collar on the extrusion head.

Detailed Description of Prefetred Embodiments

Certain terminology is used in the following
description for convenience only and is not intended to
be limiting. The words "right", "left", "lower" and
nypper" designate directions in the drawings to which
reference is ﬁade. The words "radial" and "axial" refer
to directions perpendicular t; and along the central axis
of an object, element or structure referred to or other
designated axis. The words "inwardly" and "outwardly"
refer to directions towards aﬁd away from('respectively,
the géometxic center of the object, element or structure.
The terminology.includes the words above specifically
mentioned, derivatives thereof and words of similar
impqrt. Moreover, throughout the drawings, like numerals
are used to indicate like elements. |

Fig. 1 depicts diagrammatically an exemplary
multilayer fluid conduit of the present invention
indicated generally at 10. Conduit 10 is formed by a
length of hollow metal pipe 12 having a completely
closgd, tubular outer surface 13 and an opposing closed
tubular inner surface 14. The multilayer f£luid conduit
10 further includes a preferably uniformly thick
thermoplastic layer 20 which preferably at least

essentially completely covers the closed, tubular outer



surface 13 of the ferrous metal.pipe 12 from one end 15
to an opposing end 16 Qf the pipe 12 and conduit 10. An
adhesive layer 22 is provided between the metal pipe 12
and the thermoplastic layer 20, bonding the thermoplastic
layer with the outer tubular surface 13 of the metal pipe.
12. The tubular inner and outer surfaces 14 and 13 of
the metal pipe 12 are, in this embodiment; uniformly
smooth ( within manufacturing tolerances) from end 15 to
end 16 and provide uniform inner and uniform outer
diameters to the ferrous metal pipe 12 from one end of
the pipe 15 to the other end 16. _

Fig. 2 depicts diagrammatically one fitting 30
of a-variety of fittings which may be used with the
multilayer fluid conduit 10 to assemble multilayer fluid
conduit systems of the present invention like the system
indicated generally at 40 in Fig. 3.

Returning back to Fig. 2, fitting 30 is a
conventional, "tee" shaped spriﬁkler head'adaptor.
Fitting 30 includes an integral; thermoplastic body with
first and second oﬁposing tubular open ends 32 and 33.
The tubular open ends 32, 33 are connected by a central
tubular branch section 34 having a third tubular open end
35. A metallic insert 36, internally threaded to receive
the threaded end of a fire sprinkler or nozzle or other
' complementary threaded member, is preferably moided into
the fitting body to forﬁ the internally threaded opening
of the third open end 35. The exposed, innermost tubular

surfaces of the tubular open ends 32 and 33 are
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thermoplaétic_ahd again preferaEly uniformly smooth and
of a coﬁstant inner diameter. .

Fig. 3 depicts diagrammatically a portion of a .
fire protection system 40 utilizing multilayer fluid ‘
conduits 10 of the present invention. The portion of the
multilayer fluid conduit system depicted in Fig. 3 is
provided by a plurality of the multilayer fluid conduits
10, connected together, end to end, by a plurality of the
tee fittings 30. Hollow ends of adjoining lengths of the
multilayer conduitsllo are received in each of the
oppbsing first and second open ends 32 and 33 of each tee
fitting 30. The tubﬁlar opening 35lof each tee fitting
30 receives the threaded end of a conventional fire
sprinkler 38 or nozzle 39. A fire sprinkler 38 would
have a plué'and triggering mechanism holding the plug in
ﬁlace until released. A fire nozzle would be similar to
a.sprinkler but would lack a plug and triggering
mechaﬁism. It may even lack a deflector and achieve a
water distribution pattern by special shaping of its
orifice.

As is best seen in Figs. 4 and 5, the outer
thermoplastic layer 20 of each conduit 10 is bonded at 46
to the exposed innermést tubular surface of one of the
tubular open ends 32 or 33 of the thermoplastic fitting
50 (pr another suitable fitting) to form a sealed joint
between the conduit 10 and fitting 30. It should be
noted that.tﬁe central branch section 34 defines an
exposed, thermoplastié inner tubular surface section of

the conduit system 40.
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In addition to being joined by thermoplastic
fittings like the fitting 30, it will be appreciated that
according to the present invention, the multilayer
conduit 10 can be connected or otherwise combined using
other fittings of standérd configuration which are
currently used with all-CPVC piping for fire protection.
systems and with other'plastic conduit systems for other
uses. These include but are not limited to other forms
of sprinkler adapters, straight coﬁﬁlings, elbows,
bushings, crosses, caps, plugs, flanges, grooved coupling
.adapters, and unipns, each with slip, spigot or slip and
spigot style ends and reduction or uniform internal |
diameters.

In the preferred embodiment of system 40
configured for fire protection, metal pipe 12 of conduit
is of ferrous material, preferably steel. The
thermoplaétic layer 20 is preferably of a fire protection
rated chlorinated polyvinylchloride (éPVC) such as
BLAZEMASTER® brand CPVC of The B.F.Goodrich. The
adhesive layer 22 is one which permanently bonds the CPVC
layer 20 to the outer surface 13 of the ferrous metal
pipe 12 and can adapt to the diffefent coefficients of
thermal e#pansion of the steel and the CPVC to maintain
the bond. The fittings 30 and like fittings for fire
protgction systeﬁs are preferably of a fire protection
rated CPVC such as BLAZEMASTER® brand CPVC with brass
threaded inserts 36 and are currently avéilable today
from various commercial sources including Central

Sprinkler Co. of Lansdale, PA.
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The.ﬁée'of CPVC, in partieular, is an importent'
aspect of the preferred embodiment of the invention in
several respecﬁs. In terms of fire protection systems,
only CPVC_and polybutylene have passed industry standards
for fire safety and thus are the only plastics that can
be used currently for fire protectien conduit systems in
virtually all locals which permit the use of plastic in
such systems} However, polybutylene systems have lower
maximum ambient operating temperatures (120°F versus
150°F for CPVC), are more flexible than CPVC and require
the provision of heat bonded mechanically crimped joints.
Polybutylene heat bonded joints have been proven to be
prone to failure after extended thermal cycling. CPVC
can be bonded directly to CPVC to form leakproof jointe
at ambient temperatures of from about 0°F toc 100°F or
more with known, solvent based bonding agents. CPVC can
be installed with fewer support hangers and in locations
with higher ambient temperatures and with less structural
protection than can polybutylene. Among plastics
commonly molded or extruded, CPVC is one of the most
difficult to work with. Extrusion temperatures for CPVC
polymers range geﬁerally from between about 400° to about
450°F. However, extrusion temperature ranges for
particular extrusion equipment and CPVC formulations may
have much narrower ranges, i.e. only about 10°-20°F. For
example, the BLAZEMASTER® brand CPVC compound has a
preferred extrusion temperature range of only between
about 415° to 430°F. in the extrusion layout to be

described.
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The " CPVC preférred for extrusion is the conduit
outer layer 22 is The B.F.Goodrich Co. BLAZEMASTER® No.
88745 compound. Physical and thermal characteristics of

that CPVC compound are as follows:

BLAZEMASTER® :
Property Brand CPVC - ASTM

Specific Gravity "Sp. Gr." 1.55 _ D792
IZOD Impact Strength .

(ft. lbs./inch, notched) 1.5 D256A
Modulus of Elasticity, e

73°F, psi g 4.23 x 10° D638
Compressive Strength, :

psi uow - 9,600 D695
Poisson’s Ratio . "o .35-.38 --
Working Stress @ 73°F . :

psi ngw 2,000 D1598
Hazen Williams

Factor nee 150 --
Coefficient of Linear

Expansion in/(in °F) ven 3.4 x 1073 D696
Thermal Conductivity _

BTU/hr/ft?/°F/in wkn 0.95 D177
Flash Ignition

Temperature nopmn 900 _ D1929
Limiting Oxygen

Index  "LOIv _ ¥60 . D2863
Electrical Conductivity Non Conductor
Extrusion Temperature (approx.) 414-425°F. N/A
Heat Distortion '

Temperature topu 217°F. -

Further information about CPVC resins used in
BLAZEMASTER® No. 88745 CPVC comﬁound is provided in U.S.
Patents 4,412,898 which is incorporated herein in its
entirety.

Very thin, cold rolled steel, for example SAE
C1010 twenty gauge steel, is presently preferred for the
ferrous metal pipe 12 of the multilayer conduit 10 of the
preéent invention as it offers cost benefits not found in
other metals. Other ferrous metals that might Be used

include galvanized stéel, stainless steel or a steel with
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higher carbon values than C1010 to minimize wall
thickness through increased strength. '

Adhesion of the preferred CPVC material with
the ferrous pipe 12 is necessary as CPVC will not
directly bond to metal even when extruded in a melted
form onto the metal. Adhesive layer 22 is provided to
prevent the likelihood of water wicking between the metal
pipe 12 and the CPVC outer layer 20 covering the pipe 12
whén the conduits 10 aré connected together into a fluid
conduit system. The adhesive layer 22 further is also
sufficiently elastic to accommodate the different thermal
expansion coefficients of the metal pipe 12 (about 6 to
7x10°5/F°) and CPVC outer layergzo (about 3.4x10°5/F°) to
prevent failure of the bond beéween the CPVC and the
ferrous pipe in use' If the condult 10 is to be capable
of being cut to any length for use, the adhesive layer
must extend entirely around and entirely along the pipe
12 from end to end. A series of separate, individual
adhesive rings might be provided'along the pipe but a
continuous:adhesive layef running the entire length of
the pipe completely around the pipe is much preferred for
versatility. If the conduit 10_is to be used without
further cutting, it is only necessary to provide an
adheéive layer around either end of the pipe 12 extending
away from the pipe end a distance éuffidient to create an
enduring waterproof seal between the pipe 12 and CPVC
layer 20 around each of the ends of the pipe 12.

Preferred bonding materials for the aforesaid

steel pipe and BLAZEMASTER® brand CPVC compound are The
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B.F. Goodrich Co. Adhesivé No. Al1718B and a two part
system, Chemlok® 485 and Curative 44, of the Loxrd
Corporation, Elastomer Produqts éf Erie, Pennsylvania.

The B.F. Goodrich Co. A1718B is considered a
solvent based primer. It is a liquid which includes a
proprietary mix of methyl ethyl ketone, toluene, butyl
alcohol, ethanol and isopropyl alcohol, and propylene
oxide. The Chémlok® 485/Curative 44 ingredients
constitute a two component elastomeric adhesive. The
Chemlok® 485 includes xylene, methyl ethyl ketone and
ethyl benzene in a proprietary combination the Chemlok®
Curative 44 includes xylene, aromatic polyisocyanate,
4,4'- diphenylmethane diisocyanate, ethyl benzene and
dipheﬁylmethane diisocyanate in a proprietary |
combination. The two are mixed in suggested proportions
of 100 parts by weight Chemlok® 485 with 6-10 parts by
weight Curative 44.

Each is preferably sprayed on the outer surface
13 of the pipe 12 without dilution in an amount -
sufficient to yield a thickness of about two'to three
mils when dry. Preferably, multilayer conduit 10 is
provided in outer diameters conforming to nominal piping
or tubing éuter dimensions, e;g. Schedules 40 and/or 80
(ASTM F438) to be used with nominally éized fittings.
All ghicknesses of the metal pipe 12, thermoplastic layer
20 and adhesive layer 22 of the multilayer conduit iO
would be only sufficiently thick to provide the strength

and rigidity needed for a safe, leAk-proof conduit system
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for the use or uses to which such conduit system is
applied.

Outer diameters of the multilayer conduits 10
preferably will be conventional corresponding to the
outer diameters of nominal pipe size (NPS) piping or
tubing, e.g. from three-quarters of an inch to at.least
four inches in diameter, for use with corresponding,
nominally sized fittings. ASTM Schedule 40 and Schedule
80 fittings are standard sizes for plastic used in fire
protection conduit systems. Plastic fittings for use
with plastic piping or tubing having nominai sizes of
about two inches or less can be used in fire protection
systems with Schedule 40 dimensions (ASTM F438), although
Schedule 80 dimensions (ASTM F439) with heavier walls may
also be used. A plastic fitting for use with plastic
piping or tubing having a nominal pipe size of more than
two inches must conform to Schedule 80 dimensions for
fire ﬁ?otection system use. Other standard dimensions
for pipes and fittings might be used for other uses of
the conduit system. For example, standard ASTM pipe and
fitting schedules_rahge from Schedule 5 to Schedule 100
in size.

At least for fire protection conduit systems,
the preferred CPVC layer 20.is provided in a wall
thicgnesé of less than 0.1 inch, suggestedly less than
0.08 and preferably of only about 0.04 inches although
thicknesses as thin as about 0.020 inch and as much as

0.075 inch are also being contemplated for this use.
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For fire sprinkling systems, the ferrous pipe
12 of the multilayer fluid conduit 10 preferably is very
thin cold rolled steel having a wall thickness of less
than 0.1 inch, suggestedly less than 0.08 inch and even
0.06 inch and preferably approximately only about 0.04
inch (e.q. 0.042.inch), although thicknesses of between
about 0.035 and_0.065 inches are being contempiated for
use with nominal pipe sizes ("NPS") of up to at least
three inches. The thinnest threaded steel pipe wall
thickness permitted by standard ASTM schedules for fire
sprinkler systems is believed to be 0.087 inches. The
thinnest CPVC wall thickness permitted for fire sprinkler
"use is 0.085 inches for thfee-quarter inch nominal pipe
size. For nominal pipe sizes of one inch or more, CPVC
wall thickness must be moie than 0.100 indhes.

Piping and tubing are normally sized by
specified outer diameters. ' The fittings wifh which they
are used are internally sized in relation to the standard
. outér diameters specified for the piping and tubing to be
received by the fittings. For standard fitting sizes,
conduits 10 of the present_system will have at least
marginally larger inner diémeters than would all plastic
pipe and even standard steel pipe. For example, one-inch
(NPS) Schedule 10 stegl pipe, which is widely used for
fire:sprinkier systems, has an actual inner diameter of
1.097 inches and a wall thickness of 6.109 inches.
Although this pipe is designed for .roll grooving,'it is
sufficiently.thick-to be threaded. The thinnest steel

pipe used in fire protection systems is Schedule 5. It
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is commercially a&ailable in nominal pipe siées of
between one and two inches.. All have nominal wall
thicknesses of 0.065 inches. Such thin-walled pipe is
non—threadable. ASTM Designation: A795-93, "Standard
Specification for . . . Steel Pipe for Fire Protection
Use, " sets forth schedules of Nominal ?ipe Sizes, actual
outer diameters and nominal wall thicknesses, for

threadable Schedule 10 and 40 steel pipe, which are as

follows:
TABLE

Schedule 10 Schedule
40 ' :
NPS Outside Noniinal Wall Nominal
Wall _ , .
Designator Diametexr _Thickness = _Thickness

(Inchesg) (Inches) {Inches)

1/2 0.840 : - 0.109
3/4 1.050 0.083 0.113
1 1.315 : 0.108 0.133
1-1/4 : 1.660 0.108 0.140 -
1—1/2 1.900 0.109 0.145
2 2.375 0.10° 0.154
2-1/2 2.875 0.120 0.203
3 3.500 0.120 0.216
3-1/2 4.000 0.120 “0.226
4 . - 4,500 0.120. 0.237
5 5.563 0.134 0.258
6

6.625 0.134 0.280

The wall thicknesses for CPVC pipe are similar
to threadable steel pipe at the smallest nominal pipe
sizes, e.g. 0.087 inch versus 0.085 inch for 1/2 inch
(NPS) steel pipe and CPVC tubing, respectively. 1In all
casés, the ferrous metal pipe of the multilayer conduit
of the present invention will be thinner than the

thinnest nominal wall thickness prescribed for the
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t—hinnest pipe of the same nominal diameter previously
ussable in fire protection systems.

Wall thickness requirements increase more
auickly for CPVC.ranging from 0.107 inch for one-inch
&iameter (NPS) tubing (1.101 inch actual inner diameter)
t> 0.300 inches for three inch diameter (NPS) tubing. It
i= expected that the increased inside diameter that can
be= provided by using the multilayer conduit 10 of the -
prresent invention with standard CPVC fittings.would
pr-ovide approximétely 4% more water flow than
comnventional thin-walled steel pipe‘systems (less.than
- S—hedule 10) and 8% more water flow than traditional
S—hedule 10 and 40 steel pipe systems for approximately
tfme same nominal pipe sizes. The increased capacity will
be= even greater in comparison to all-CPVC systems,
pa=rticularly in sizes greater than one inch. This
e=fective increase in inside diameter will, in some
c=ses, permit a contractor to reduce pipe size for a
sporinkling system, thereby saving additional labor and
m=terial for the contractor.

If the outer diameter of the multilayer conduit
1® is fixed by the inner diameter of the conventional
_fi:ttings with which.it is used, the outer diametérs of
tkre metal pipe 12 will depend upon the thicknesses of the
tExermoplastic and adhesive layers 20 and 22. As a
re=sult, the metal pipe of the present'invention generally
w= 1l be of non-standard outer and inner diameters.

The multilayer conduit 10 of the present

ir—vention has all of the fabrication advantages of all
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plastic piping. 'Multilayér conduit 10 of the present
invention can be cut to any length in the field using
éommon wheel cutters. The cut end is preferably deburred
and the CPVC layer may be chamfered for ease of assembly.
No threading or grooving or other disiuption of the
conduit eﬁds or-of the metal pipe in particular is
required for joint formation. An aﬁbient temperature
acting bonding agent is simply applied around the end of
the conduit 10 on the exposed the:moplastic layer 20
and/or on the exposed innermost surface of the fitting,
which is formed by the exposed thermoplastic layer,
receiving the end of the conduit. The pieces are joined
by inserting the conduit end in the fitting open end and
twisting to distribute the bonding agent. ' The resulting
bonded joint will cure and be pressure supportive within
minutes using the'indicéted preferred bonding agents.
The thermoplastic outer layer 20 has ﬁhe‘further
advantage of protecting thé.outside of the metal pipe 12
from corrosion.

One step solvent cements produced by the IPS
Corp. of Gardena, CA, and the Oatey Company, Cleveland,
OH, are the preferred ambient temperature acting bonding
agents to join the above described CPVC coated conduits
10 and CPVC fittings 30 and provide joints which remain
1eak:pr§of and integral at pressures of at least 875 psi
or more. The Ips formulation is known as Central.
Sprinkler CSC-300 Solvent Cement. It is also.known as
' WELD-ON 723 (Modified for BLAZEMASTER® CPVC Pipe). The

Oatey formulation is called "Oatey Medium Red
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BLAZEMASTER® Cement CPVC-Low VOC." These bonding agents
are applied directly, without dilution and are suitable
for use at ambient temperatures, i.e. at some
temperature () between about 0° and 120°F. Each is
described as a mixture of CPVC résin and organic'solvents
including tetrahydrofuran, methyl ethyl ketone,
cyclohexanane and acetone. Each is applied without
dilution and cures at room temperature (e.g. about 0 -
about 120° F). .

Fig. 6 depicts diagrammatically in a guarter-
section view a multi-layer metal/plastic threaded
sprinkler adaptor type tee shaped fitting of the present
invention, indicated generally at 130, that can be used
for increased thermal protection in higher challenge fire
locations. The improved fitting 130 includes an inner,
conventional thermoplastic, pféferably éPVC fitting 30,
such as fitting 30 of Fig. 2, and a surrounding metal
shell indicated generally at 132. Metal shell 132 can be
stamped, shapéd and folded around.the'tee—shaped fitting
30 and secured about the fitting 30 by any of a varietf
of ways including, but not limited to, brazing indicated
generally at 134 or banding indicated by band 136. Other
forms of secu:emenﬁ are shown in Figs. 7 and 8. 1In Fig.
7, pairs of facing flanges (one being depicted at 138)
are provided on a modified.metal shell 132’ of yet
another fitting embodiment 130’ with opening(s) 140 to
receive a conventional fastener 142; which might be a
rivet, screw or:bolt portion of a nut and bolt

combination. Fig. 8 is an end view of yet another
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fitting embodiMént.130" iﬁ which outwardly tﬁrned and
inwardly turned opposing flanges 138'', 1397’ of metal
shell 132’’ overlap one. another and lock around the
fitting 30. Each of shells 132, 132° and 1327’ provides
a metal layer at least substantially entirely covering
the otherwise outer surface of fitting 30 sufficiently to
measurably improve the ability of the fitting 30 to
withstand heat. |

" Fig. 9 deﬁicts in block diagram form, suggested
steps for fabricating the multilayer conduit 10. _
Preferably, the thin-walled steel pipe 12 is provided
preformed in individual, cut standard lengths. The steel
pipe is cleaned of any residual scale and other
contaminant(s) and degreased at step 60 and then cleaned
of degreaser, for example,-by forced air evaporation at
step 62. Next, an appropriate adhesive material 24 is
applied to the completely closed tubular outer surface 13
by anf suitable means‘in an adhesive applying stép 64.
Spraying the entire outer surface of the metal pipe 12 is
preferred but the adhesive material 24 may be brushed or
rolled onto the pipe 12 or the pipe 12 may be dipped.
The adhesive material 24 is then dried in a drying step
66. For the disclosed preferred adhesives, drying is
preferably accomplished by heating at a temperature below
the gctivation temperature, for example, about 150°F., to
sufficiently eliminaﬁe solvent carriers from the adhesive
to permit the pipe with adhesive coating or layer to be
handled. The adhesive coated pipe will hereinafter be

identified by reference numeral 12‘. The pipe with
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adhesive material layer 12 can be dried by heating to a
temperature as hot as the adhesive will permit without
activating. This is about 340°-350°F. for The
B.F.Goodrich adhesive but only about 250°F. for the Lord
Co. system. _

The pipe with adhesive coating 12’ is passed
through an extrusion head 88 as shown in Fig. 10. The
preferred adhesive material layer 24 is preheated by a
set of preheateré 85a, 85b, 85¢ and by the tooling of the
head 88 to an activation temperature above the drying
temperature, desirably above 350°F., in a heat activating
step 68 just priorito application of the melted CPVC.

The indicated adhesives are heated to about 360°F. or
mare for activétion. The Lord Co. system can be heat
activated at a'temperature below 350°F., if desired. The
adhesive 24 is preferably heat activated before
physically entering the extrusion head 88 but could be
heat activated within the head as well. By preheating
the surface of the pipe 12’ at the entrance to the head
88, the pipe 12’ can still be handled from outside the
head to advance it throﬁgh the preheaters énd the head.
?reheating the pipe 127 helps to maintain the temperature
of the extruded plastic. CPVC 21 or other ektrudable
thermoplastic is applied iﬁ a tubular layer 20 in an
extrgding step 70.

| The multilayer conduit 10'cah be moved through
the extrusion head 88 in a variety.of.ways including

pushing, pulling or, preferably, a combination of
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initially pushing.and subsequently pulling, for example,
using pinch wheels (not depicted).

The conauit 10 may be treated in a sizing step
72 in which the outside surface is finished to achieve a
more exact and uniform sizing of the outer diameter of
the CPVC layer 20 and conduit 10. The outer diameter of
the conduit 10 is believed to bé sizable in a number of
ways which are standard for sizing plastic tubing
including but not limited to mechanical rolling, vacuum
sizing or a combination of such processes, as well as by
positive air pressure as will be described with respect
to Fig. 12. .

If mechanically cut lengths of steel pipe 12
are fed sequentially into the extrusion head 88, the ends
of such pipe would be slightly inwardly rolled or
"dimpled" from the cutting process. This slight
reduction in pipeidiameter at the pipe ends is winhin
normal manufacturing tolerances for sugh pipe. Although
slight, the variation in dimension .should be detectable
by a proximity detector or the like with the pipes 12
butted end to end. Aléo, it would be possibie to track
the location of the pipe ends by providing an encoder or
encoders on one or more servos controlling wheels feeding
pipe through the extrusion head with a sensor or sensors
whicn can detect the beginning and end of the pipe.
Alternatively the pipes could be fed into the extrusion
head with gaps between each pipe. A space of about.1/32"
or more could be developed between adjoining ends of

adjoining lengths of pipe, depending upon the method of



- 25 -

feed. The space will be spanned by a continuous tube of
the CPVC material, which should collapse between the
pipes for lack of inﬁernal support to identify the pipe
ends. Since these changes would be more pronounced than
the rolled pipe ends,.it is believed thét other,
different sensors (e.g. ultrasonic, magnetic, electric
and/or optical means of detection) also can be used to
locate the pipe ends.exiting the extrusion head 88. The
precut lengths of metal pipe 12 can thus be identified,
separated from one another and the ends of the resulting
multilayer coﬁduits 10 cleaned of éxcess CPVC in é
finishing step 74. |
Fig._lO'depicts diagrammatically the major
tooling components of a preferred extrusion head 88 for
applying CPVC material to adhesive coated metal pipe 12°’.
A conventional extruder is partially depicted and
indicated generally at 80. The extruder 80 includes a
reservoir of CPVC which is heated and fed under pressure
in a conventional manner throﬁgh a coupling 82 into a
feed conduit 86 of the head and into the extrusion head
88 itself. The CPVC passes through an opening-87a in a
bushing 87 of the head 88 and into a compression chamber
96 defined between an inner tubular surface of bushing 87
and an outer surface of an extrusion pin 90. Extrusion
pin ?0 has a central bore 91 (in phantom) to receive and
pass the adhesive coated metal pipe 12’ and a feed
channel 92 on iﬁs outer surface to receive CPVC from the
feed conduit 86. The extrusion head 88 further includes

a mandrel 94 supporting the pin 90 from its upstream end.
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1f desired, the downstream end of the pin 90 can
sﬁpportéd by a knife edge spider extended between the pin
90 and the bushing 87 6r between a die 98 attached to the
bushing 87 and the pin 90. The bushing 87 surrounds the
proximal end of the pin 90 and the diei98 surrounding the
distal end of the pin 90.

Feed channel 92 has two symmetric halves, one
of which is indicated at 92a and is seen in Fig. 10. The
hidden half is a mirror image on the other side of the
pin 90. Both halves 92a, 92b are seen in phantom in Fig.
11, aﬁ end vieW of the pin 90. Each feed channel portion
92a, 92b spirals helically from opening 87a to an
opposing side of the pin 90, 180° around the pin 90 away
from the opening 87a. Preferably, the feed axis of the
extruder 80 and the central axes of the coupling 82 and
feed conduit 86 are coplanar with one another and with
feed channels 92a, 92b to minimize.stagnation and shear.
Each feed channel portion 92a, 92b smbothly and
progtessively diminishes in cross-sectional area from an
essentially true semi-éircle directly adjoining opening
87a to no cross-sectional area, where the feed channel
92a and its mirror 92b meet on the opposite side of the
pin 90 from opening 87a. The pin 90 includes a generally
cylindrical portion 90a‘supporting the channel 92. Pin
90 ig'thereafter inwardly tapered down in a"cone—shaped
portion 90b to a second, smaller diameter cylindrical
portion 90c, having a wall thickness of less than 0.1
inch and an inner diameter only about 60 mils larger than

the outer diameter of the steel pipe 12. 1If desired a
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plurality of fédially inwardly and longitudinally
extending knife edges can be provided within the bore of
pin 90 to help keep the pipe 12’ centered as it feeds
from the end of pin 90. The inner diameter of the
‘bushing 87 below the channel 92 is about 0.3 inches
greater than the diameter of the pin 90 immediately below
the channel 92. This difference essentially defines the
radial dimension of the annular compression chamber 96.
The die 98 has a tapered portion 98a facing the tapered
portion 90b of pin 90 and a uniform diameter bore 98b
receiving the uniform'diameter distal end 90c of pin 90.
The uniform inner diameter bdre 98b in die 98 might be,
for example, about 0.09 to about 0.12 inches greater than
the outer diameter of the extreme distal 90c of the pin
90 to extrude a tube of CPVC with a wall thickness of
about 45 t6 60 mils in order to apply about a forty mil
thickness of CPVC or other thermoplastic to pipe 12’.
The pipe 12’ is passed through-the extrusion head at a
speéd greater than the speed at which the CPVC compound
is being ex;;uded. Preferably, the speed is controlled
to stretch the CPVC compound to approximately 40 mils,
which is slightly less than the original extruded
thickness.

To control the temperature of the CPVC .
compgund, heating zones are maintained in or on the .
extrusion head tooling and elsewhere. Preferably
separate, independently controlled heating zones are
maintained on the coupling 82, the feed conduit 86, the

head housing 84 above the bushing 87, and the bushing 87
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itself.below feed conduit 86. In addition, each of Fhe
preheaters 85a, 85b, 85c is preferably separately
controlled upstream from the head 88 to preheat the pipe .
12¢ and activate the'adhesive coating 22 immediately
prior to passing through the extrusion head 88. The
extrugion head heat zones are preferably maintained at
about 365°F. to permit some shear heating of the CPVC
compound as it passes from the extruder 80 and through
the head 88.

The orientation and progressive reduction in
cross-sectional area of the channel por?ions 92b, 92a are
very important to the success of'the CPVC extruding step.
‘Portion 92a and its mirror image counterpart 92b move
resin more quickly to the opposite side of the pin 90
than the resin would have arrived there without the
channel 92 to prevent uneven cooling of the resin
circumferentially around the pin 90. The channel halves
92a, Séb lie in a common plane with the centerline of the
feed conduit 86 and bushing opening 87a. The depth of
each channel half 92a, 92b is reduced linearly as each
channel half extends from the bushing opening 87a (0°
position on the pin 90) to the opposite side of pin 90
(180° position). 1In éddition, the cylindrical portion of
the pin on the downstream side of the groove is further
cut back from about halfway along each channel half 92a,
92b (i.e. about 90° and 270° positions) to the far side
of the pin 90-(i.e. the 180° position), again generally
linearly beginning at about each halfway position (i.e.

about 90° and 270° positions) to a depth of about 0.090
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inches at the opposite side (i.e. 180° position) of the
pin 90. The generally uniform cooling of the melted CPVC
is véry important as it . prevents the formation of a
noticeable weld or kﬁit line or a high stress
concentration where such line might normally be located
on the side of the pin 90 opposite opéning 88a.
Preheating the.adhesive coated pipe 12’ to near
the temperature of the extruded CPVC (e.g. within at
.least about 50°F. and préferably to within less than 50°F
of the temperature of the applied CPVC) assists in |
maintaining temperature of the CPVC cémpound in the
- extrusion head 88, in a preferred temperature processing
range. In the extrusion head 88, that range is only
about 15°F (about 415° to ébout 430°F). The preferred
CPVC compound is resistive to being pulled to the
preferred thinness due ta its viscousness from
chlorination. The preferred compound tends to tear if
permitted to-cool to 410°F. or below and tends to burn or
gall if permitted to exceed about 450°F. If pulled too
quickiy through the tooling, the CPVC can be overheated
by the friction and burn. The iaeal temperature for
discharging the CPVC would be just under or about 450°F.
It is believed the above—described arrangement delivers
CPVC compound to the pin 90 (or pipe 12’) at about 430°F.
One inch diameter pipe is currently being passed at a
rate of about thirty to thirty-five feet per minute
through the described tooling with the identified. CPVC

compound, steel pipe and heat activated adhesives.
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Fig. 12 éhows a proposed arrangement for
sizing. A tubular sizing collar 100 is mounting in the
exposed.end of die 98. The collar includes an inner
passageway 102 through which the plastic coated conduit
10 passes when exiting the die 98. An annular manifold
104 is prdvided within the collar coupled with a feed
conduiﬁ 106 through which a pressurized source of air
indicated by arrow 108 or other appropriate gas can be
fed. A plurality of individual bores 110 extend radially
inwardly from the manifold 104 into the inner passageway
and define a ring of air jets which surround any conduit-
10 passing through the extrusion head 88. Thickness of
the thermoplastic layer 22 is controlled by a combination
of operating parametefs including feed rate of the pipe
10/, feed rate and temperature of the CPVC compound or
other extruded therﬁoplastic and pressure of the air or
other gas bloWn_throuéh the bores 110.

The multilayer conduit and conduit systems of
the present invention offer significant benefits in costs
ané ease of use over other known metal, plastic or
composite metal/plastic conduit systems, particularly in
fire protection systems. The preferred multilayer
conduit of the present invention provides greater
strength and greater rigidity at reduced wall thickness
than:can be provided by all plastic piping. The
multilayer conduit of the pfesent system invention can be
. coupled together into systems as easily as all plastid
systems without the fire danger or cost associated with

installing brazed copper systems or the expense of
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installing all steel systems. The multilayer conduit of
the present system permits the installation of -conduit
systems with less skilled labor and without the expense
of threading equipment, flaring equipment, torches,
thermal bonding or crimpiﬁg equipment or other expensive,
mechanical fitting coupling systems.

Because the present system does not require the
- provision of thréads or other disruptions in the inner
and outer tubular surfaces of the ferrous metal pipe 12
or the multilayer conduit 10 or the compression of the
ends of the pipe or conduit, steel piping thinner than
steel biping ever known to have been previously used in
such systems can now be used for light weight and cost
savings while still providing the rigidity of metal with
full integrity to pressures of 875 psi and more. The
conduit of the present invention is expected to be the
first conduit system employing plastic, which is designed
for use in ordinary hazard occupancies as defined by
National Fire Protection Asséciation (NFPA) 13. However,
it is believed that the advantages of the preferred
composite system will lead to much greater acceptance and .
use in light hazard systems where all metal piping
presently predominates in installed fire protection
systems. In particular, it is expected that fhe hanger
requ}rements for the preférred composite conduit 10 of
the present invention will be at least as favorable as
steel (maximum spacing of fifteen feet between supborts).
Because of its greatly reduced weight, conduit of the

present invention should be able to be safely spaced at
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greater distances between supports (e.g. sixteen feet up
to possibly twenty feet) to further reducé the
installation cost while permitting greater installation
flexibility.

The multilayer conduit of the present invention
has the advantage of Being able to be used with a host of
existing CPVC fittings and, through those fittings, being
coupled to other copper, steel and traditional plastic
(e.g. PVC, ABS, etc.) conduit systems and piping.

While preferred embodiments of the invention
have been disclosed and certain modifications thereto
suggested, still other modifications and changes will
occur to those of ordinary skill in the art. For
" example, while CPVC is preferred for the fittings and
adhered CPVC is preferred for the conduits for sprinkler
systems, other polymers might be used. Other extrudable,
adherable, ambient temperature bondable polymers which
might bé used include, in addition to CPVC, polyvinyl
chloride (PVC), acrylonitrile-butédiene-styrene (ABS),
polyurethanes (both polyesters and polyethers), and
blends thereof with one another and with CPVC. All are
extrudable, adherable to metal and solvent bondable. In
distinguishing between PVC and.CPVC, any PVC polymer mdre
than 57% by weight chlorine is considered a chlorinated
PVC.= .

The preferred CPVC thermoplastic layer
complements the preferred steel pipe in other ways. The
preferred CPVC is quite strong itself. The CPVC outer

layer 22 protects the steel pipe 12 from external
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corrosion. Sinée such piping is dry or contains standing
(non-flowing) water until activated, little internal
corrosion typically.occurs in such systems. Thus, even
thinner steel wall can be used for fire protection than
for other, more active (fluid flowing) conduit systems.
Other polymers might be used with ferrous metal or with
other metal pipes previously_threaded for uses other than
fire protection.

The invention is not limited to the specific
preferred embodiments and alternate embodiments
disclosed, but is intended to cover all embodiments set

forth in the appended claims.



-

[ L L

1. A multilayer fluid conduit comprising:

a length of hollow ferrous metal pipe
having a completely closed, tubular outer surface;

a uniformly thick CPVC layer at least
essentially completely covering the closed, tubular outer
surface of the metal pipe from end to end of the pipe;

. and
- a heat aétivated adhesive layer around and
along the completely closed tubular outer surface of the
length of pipe between the metal pipe and the CPVC layer,
bonding the CPVC layer with the tubular outer surface of
the metal pipe. |

2. The conduit of claim 1 wherein ;he-pipe
has a tubular inner-surface and wherein the tubulaf outer
and inner surfaces of the ferrous metal pipe are
uniforﬁly smooth from end to end of the pipe.

3. The conduit of.claim 1 wherein the
material of the ferrous metal pipe is steel.

4. The conduit of claiﬁ 1 wherein the ferrous
metal pipe has a wall thickness insufficient to support
threads.

5. The conduit of claim 1 wherein the ferrous
metal pipe has a wall thickness less than 0.08 inches.

6. The conduit of claim 5 wherein the ferrous
metal pipe.has a wall thickness of about 0.06 inches or

less.
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7. The conduit of claim 6 wherein the ferrous
metal pipe has a wall thickness of about 0.04 inches.

8. The conduit of claim 1 wherein the ferrous
metal pipe has a wall thickness of less than 0.08 inches
in nominal pipe sizes of the conduit up to three inches.

9. The conduit of claim 1 wherein the CPVC
layer has a wall thickness of less than 0.08 inch.

10. The conduit of claim 1 wherein the CPVC
layer has a wall thickness of about 0.04 inch.

11. The conduit of claim 1 wherein the CPVC
layer has a wall thickness of between about 0.02 inch and
0.075 inch.

12. The conduit of claim 11 wherein the-
ferrous metal pipe has a wall thickness-less than 0.08
inch.

13. The conduit of claim 12 wherein the
ferrous metal pipe has a wall thickness of about 0.06
inches or less. .

14. The conduit of claim 13 wherein the
ferrous metal pipe has a wall thiékness less of about
0.04 inch.

15. The conduit of claim 12 wherein the
ferrous metal pipe has a wall thickness of between about
0.035 and about 0.065 inch.

| 16. The conduit of claim 1 wherein the
adhesive layer activates only at temperatures above
300°F. |

17. The conduit of claim 1 wherein the tubular

outer and inner surfaces of the pipe at the ends of the
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conduit lack sﬁfféce variations which would enable
interference engagement of the pipe ends with a mating
fitting. _

18. The conduit of claim 1 wherein the
adhesive layer completely encircles the tubular surface
of the ferrous metal pipe and extends along the pipe
sufficiently from gnds of the pipe to form an unbfoken
annular waterproof seal between the pipe and the CPVC
layer.

19. The multilayer fluid conduit of claim 1 in
a fluid conduit system further comprising:

a tubular fitting mounted on the conduit,
at least one end of the fitting receiving and overlapping
one tubular open end of the conduit, the tubular fitting
including an exposed CPVC innermost tubular surface
facing the conduit} and |

a layer of an ambient temperature acting
bonding agent directly contacting the CPVC'méterial layer.
of the conduit and the CPVC innermost tubulaf surface of
the fitting to form a sealed joint directly between the
conduit and'the fitting.

20. The system of claim 19 whereih,the.tubular
open end of the conduit and the -one end of the fitting
each 1ack-structure which provide interference engagement
between the conduit with‘the fitting. |

21. The system of claim 19 wherein the fitting
further includes a metal layer at least substantially

entirely covering an outer surface of the tubular

fitting. THIS SHEET HAS BEEN
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22. The system of claim 19 wherein the fittin§
further includes an intumescent material outer laYer.

23. The.system of claim 19 further comprising
an automatic firé sprinkler fluidly coupled with the
fitting. .

24. The syétem of claim 19 further comprising
a fire nozzle fluidly coupled with the fitting.

25. The system of claim 19 wherein the wall
thickness of the metai pipe and the wall thickness of the
.CPVC layer of the conduit is each less than 0.08 inches.

26. The_system of claim 23 wherein the.
combined wall thickness of the metal pipe and the CPVC
layer of the conduit is about 0.10 inches or less.

27. A process for making a multilayer fluid
conduit comprising the steps of:

applying a layer of a heat activated.
adhesive along and completely around a compietely closed
tubular outer surface of a length of ferrous metal pipe;

activating the layer by heating; and

extruding a tubular layer of cpvVC
completely around and completely along the tubular outer
surface of the length_of ferrous metal pipe at least
essentially completely covering the closed, tubular outer
surface of the metal pipe from end to end such that the
CPVCsis bonded té the tubular outer surface by the

activated adhesive layer.
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