ce3ed xxy\ {|{*}68}TIwl a 2 4 OCT 2~2 i MJILTILAYER COMPOSI TE Pl PE, FLU D
CONDUI T SYSTEM USI NG MULTI LAYER COWPCSI TE Pl PE AND METHOD OF MAKI NG THE
COVPCOSI TE PLPE FIELD OF I NVENTION This invention relates to a irgln':g'bl mr
conposite pipe designed to convey fluids (liquids or gases) at®e&*a
tenperatures and pressures. The nultil ayer conposite pipe conprises a first
| ayer nade from either an anorphous orlsenicrystalline t hernopl astic
material, a internedi ate Bﬁifr nag%t roma_netallic material and an outer

| ayer made from an anor o HQFRBgFEgt?EPﬁaterlal I n one

enmbodi nent FHUFHEQ iSHFTEMh FSANGC: MUAFERAYERpERMPRSETBPERY M pendabl e.
A net hod of manuf act UMETEOR L1QIh MAKING | THE cCOMROGITE tPIRE pe i s al so

di scl osed. Furthernore, the invention conprises a fluid conduit system

enpl oyi ng SErdd B thhdMeiTgpnposi te pipes. The nultilayer conposite pipe is
versatile,” easiTy 1nstalTed any may have nunerous desirable properties such
as chem cal resistarite,s iimyacit icesirstlates ardapmedtiiaybracbmgosapeability

35 COMPAT YA FANAIL] WPl ES-COTARE E BEPESaeBACKEROND OF THE

| NVENTI ON systens “have typi cal e of ferrous netals.
The net al %kﬁﬁﬁﬁ%dl%ﬁﬁﬁﬁﬁﬁﬁﬂqﬁf GFGVEH@ésuﬁeﬁlxe@hﬁeﬁgﬁﬁélaﬂﬁrls cut to size

prior to léﬁﬁﬁﬂéiﬁé(ﬁhpéﬂﬁbdﬁﬂﬁﬂeSCQHQQE%tlia&é?nm&Béeggéﬂ eRthhe &held and
mated with a guglln The i nstal_l.ati on.of su S cun?ersone time

i ntensi ve BSIYSEAIEs FH?FEPPEﬁﬁEégqﬂ?EEF§ hafl ferrous
nmet al pi pesntatmediatad s]cayfazr ena@epmnwe meaallicer aaseptbal andpea. Pl astic

pi pe has al o1b e c;{}!wd Q) stens g%ast'c Lpe_can be | ess
expen5|vecf%én gi%ﬁ q%#% oqnﬁﬂal %P%ggépg}gbﬁp ?rﬁéaéggg}cthe pl astic
pi pes maX ex iGQOT. 20[1‘2 one embodiment of the invention, the
multilayer composite pipe may be bendable. A method of
manufacturing such a multilayer composite pipe is also

disclosed. Furthermore, the invention comprises a fluid
conduit system employing such multilayer composite pipes.
The multilayer composite pipe is versatile, easily installed
any may have numerous desirable properties such as chemical
resistance, impact resistance and pressure bearing
capability as compared to conventional multilayer composite
pipes.

BACKGROUND OF THE INVENTION

Fluid conduit systems have typically been made of
ferrous metals. The metal conduit is generally provided in
fixed lengths and is cut to size prior to installation. The
metal conduit is then threaded in the field and mated with a
coupling. The installation of such pipe is cumbersome, time
intensive and expensive. Copper pipes install more quickly
than ferrous metal ‘pipes but are also more expensive than
ferrous metal pipes.

Plastic pipe has also been used in fluid conduit
systems. Plastic pipe can be less expensive than either

ferrous metals or copper pipes. However, the plastic pipes

I [
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2 ane nore flexible than either copper pipes or ferrous netal pipes and

t herefore need nore support. The additional support necessary adds to the
installation tine and material costs of the entire system Hybri OCT 2002

pl astic/nmetal pipes and fittings have been proposed for fluid condurt
systens for many years. For. exanple, U_S. Patent No. 4,216,802 discloses a
def or mabl e conposite pipe product. The groduct conprises a seanl ess inner

t ubul ar shaped | ayer nade froma polyneric Iayer The netallic material is
preferably nade fro n.a r_alum num The outer e an be
el ectod 11 BEamoER SL P LN EBAR PLCRrEar PP BT oBLBRSLPE RAFEPIS BEEBEN as
for exanplepupbbeandnyhenefbhernepﬁamore subpert . poThereddaheoaaﬂ the |ike.
Preferanty; shBBopu! flelaygbyl Sade! PE! ERO BLLARNLY 1BROEERBADNE marerial
senlcrystaIF pol yner Stich &8s polyvi nyl oride or a ensi t

pol yet hyl engcgbApesi tbe Fnbipel syeke®-material my be cross | i nked to

i nprove the propertieg Bil&hﬁlﬁgﬂPQ?héﬁaP'B?peghSnSUEQEthﬁégrhh%epbééﬁrab|y
formed around the |nner | a by of an extrusion procCess. _The inner

and outer | RyePesgfet BBngéﬁlﬁoﬁéPﬂBitbﬁyﬁE%ﬂ§ EPT amaBYy RRHS - hakB8: hot nel t

adhesi ve i netgappsed UeBWE‘BBtéhE Nwo dayeessodhaeisulieeedi anakeEbrakblie outer
| ayer is sized so. % at.th |te roduct can _be attacEed W t hout

ubij
Ul ther di mERUPSRAFaPLRFaPFORLED: f | FOF nGEodBREr SPTHEABEA PoSEalpEeS
equi val ent | ynderehsbohed phppedhhayeg madenfubar appbyymerdécolagetal | The

1. Ath i L i t ept
hopl | cat | on 508 GannGatIAE BPrafef 2REL! Hade, BrbH BRCRTIEY 68 popppx
resi stant meFeRiBMiBUER aShpePRLa®r dBYAY| AR Eﬁoﬁ?ﬂéﬁéeérfﬁémyﬁlH?FFﬁéﬁe

fluoride. The tnta@ﬁﬁgdagt@chﬂwprécasgabaé hatbrgHtl ascal am guR  whereas

t he thicker oute is made of an extruded pol yam de, r | ene or
Lol ver byl EXeNELen SEBRety RPapn. of AarmopLagE i RubBhsy  BonyHERE PRAR oy

polyethylenendatheoﬂlkblchPaéeesabtycryhéabhtée Lhgewopkaati c pol yners. A

sem -rigid i h l.ar rc t is
descri bed .%5%%bo§%§§9§a$%%¥ ﬁﬁ Sg?ﬁ%ﬁ B%?rgfg 2 n?hggggmg rggﬁg,
semi - crystaBB|n@lywasyﬂcCh&bgldanOHeanhdshoﬁeaspbyypbéVenhYQ@hyanlde or
pol yani de r%%hgosﬂa@ tu@ﬁe' gofmleeﬁed Qxeillg@yﬁa OBeaL:n.Le;'s U PREAl ar

al l oy, which layer is wel usin aser. xterna ayer is an
extruded | ay8PTOEgr 6b§aﬁrpaﬁ§ﬁtleﬁpeifu the| ﬁmeozsﬁew?pm dT9el 6568

conposi te fll%Jychn(isV@Q@Ee&ﬁBQy Ibemeama%uha tube ihtiez hapdabls webukar
article for transgort of, nprlses a end ble.metal strip

formed sl eeld &Rt ﬁ&FH&lPHr 86&??86? th FeﬁBPﬁrof"‘ Fﬁ HRYeEd aﬁ&vu ng an
adhesi ve | ayended tbgemhherbgumbane off ahpoﬁgamhdsleased RAoft] ereillsl e pl astic
j acket encaseg, Lhg Mgk 3 %%‘éebeé@glew QR@' l:%o tﬂag '}”%t al 13leeygfias a

fl exi bl e bendabl e tubular I|ner trol eumresi stant

mat eri al s. m@m@étem o] éé\?eQ%GG‘ llﬁYteh‘elﬁnﬁéﬁ?FioﬁOl ¢ hgttefrdcalsioppaIstFHenum

The met al slt%\ie;gofpfx%%c%ufcfahc uo%mac%taeaeat i BoRMERF® eV i nh ibasill | ency
of the plastic Iayer when t he tub |n% bent to a deS|req6§onf| uratlgy
for

Sinmilarly, BH&EFEs ﬁcpaﬁéhélﬂﬁﬁPEEaﬂiBﬁr@1é§9u§ff-EP &R

manuf act ur i niirencdopesi pd geshdavinl We iagulare dodyeietief ot fufeﬂiaﬂrltlc
materials. The . tube preferably conprises three layers wth netal sandw ched
bet ween the 51ast|c | ayers, such as pol yet hyl ene or crosslinked

pol yet hyl ene; bot h of Awtihsteearl@yseniflexistial pipe Nt assdsibeBuriogpean Pat ent

0 154 931 Al fesdd. érp%%t%xftorﬁ%gﬁfc%t@o%e om%)%% D VAAPP %é‘rle‘é&tdélci%%er

pl astic pipe wth a ducti heet to forma continuous tub
netal sheet 3% Wit Ridieddd madsy ©f @ iheadnaesdarant aguatind LIdh &fed

pl astic sheaddy ArudrdnhAeRddpia Y die g13k8Gthyl iMene fluoride. The
intermediate layer is a metal foil such as aluminum, whereas
the thicker outer layer is made of an extruded polyamide,
polypropylene or a polyethylene-propylene mixture or a



© w~~ ~ D CT 2002 4 between the netal sheet and the outer plastic sheath.
The inner extruded plastic pipe is a cross-linked polyolefin, fluorinated
polyner polyam de or an el astonmer. The netal sheet used in thezggmmgsmn@
pipe is alum numor an alloy of alum num whereas the adhesive
i onomer, ethylene vinyl acetate or a nodified polyethylene. This conposite
pi pe can be shaped using bending tools. %urthernnre t he pi pe can be used
at pressures up to 300 bars. ~European Patent 0 237 234 A1 to Yasuo

di scl oses a d 0 e, t he

i nner surfach%? t Jén)?%é gﬁo 3 rg%})bii% p]f ‘Hfl C Iayer ccor};d%n\éntl%@t hi s

pat ent, q(ﬂﬁh@%ﬂ@ﬂ#&ﬂtEﬁmﬂnlymeﬁ$rned into a cylinder. Mdlten resin is

extruded into a cyli na ;Iséaagof% stie ﬂdﬁberwfeﬁf@c&eﬁ Ade oftld ndey
neral |

made fromthe netal. |ner s de froma quororeS|n or
aromati c pol yeatkar r@iffﬁoq?ﬁ%ﬁrﬁr ex%rciwm.mrﬁuqu iR made from

ﬁ gol ?/ol efi nﬁmﬁ no mﬁmi&%gﬁl m&ffélsé}ni-srfdms éerﬁuk-?&hkwcamtlllhe
yroyS|s an I adl rea e._neta rom an al um num
At 350 o T D R S ar L7

alloy. U S.
shri nkabl e tpbEyarie trﬁmmorrplrhesetmm imrmtc]aasmbd)myera | lapesrr mhstl c layers

form ng a tubg, | f I i i t he

i nner and ou% l‘f?ﬂqﬁlers %géfbi‘rﬂf%@ef%ﬁag %t’f‘ﬁ ieﬁdejslgsel#ge?l nm The
pl astic natetasgrto 'Heel%memaald havent hs sinleaxtofuded Jaer. foil filmis
sel ected from the groug, £oRsd P ipadeRf YeLdwisney PO Vad NYd1 N QidiRes

saturated pol yester, cross- Ilnked pol yethyl ene, ethyl ene-propyl ene rubber,
silicon rubbRrCOoBRPHHepriEvRl ranheraRel YRR opiBRIFETPEF i drike is a

| nt er nat i onabef@ilend Wi&ﬁtamm 9662 88hdn shhSEL 06 L Sfde LOHNEME dh made of a
mul tilayer material vehlcle luid. The

t ended. t
condui t corrpcl;mg%rs-l%%s|%f%?lh%fbf%?g?gajang?%féﬂr/ﬁéﬂ?%go sfceve FEEERD00x 5
| ayer and antkxeegmait | Gyerlemdieh i of erhediat &clayand cloapins esn eadlbwsivwheet

material, SU?QY&E @ﬂ%é‘“&’t}ﬂ\éft &Pfact:@i&‘.‘“@t’?a rf?été‘Ppé?ééf@te'A/ D1 e

mllimcrons n one exa e I nternal yer 1s |pe and
t he outer IaPE?SF%Cc3®%%e¢|¢R@§F%@I9b¢h9¢t%hlﬁ#¢%ﬁﬁ ¢%F%99 'hfé@“have

al so been prppesedsiesvéihis nQSflgﬁibEéaB&h@abiéStuﬁawﬁtm@er 5514&&3 7 to
Cokeh dlscloseai gﬂse coggllng devi ce co rISIﬁg I|ndr|ﬁ outer |ayer
of plastic fBRABIOWi PREZOLEWE rEfSHARARYI JRESTERtF ng DRSSOt LG al | y
supporlts a cappeéripi ﬁhegkhe@ldtﬂ@nthsrpréﬂéﬁanghyaanuthmﬁmg r'ﬂ@@aml _
encircling t pe acent 4o permt

pi pe to be C§§g§9§ ?gfg |ns€#%%ﬁe?ﬁt8 Sp%trec% § |£€é %g%ﬁ ?

encircle theresppéenpypefabbetplaatiti Layvertweenothengubinghis pqut cou ed
to the outergkaygeq &gnggﬁhfggloﬁnnular rubber washers are inserted into

t he recesses adj acent eacr of _the boss_to rOV|d$ tter seal. U'S
Patent No. 4,277,091 dP&BELb3ELYa EBGLBPPAR FBFRRL{APP; hF@F&%ﬁn@c??%gﬁ}%e
ends of net ahlcamdu&bsaecmpﬁecéaw ﬁgrpinaﬁﬁfsctuﬁehg échﬂpﬁsﬁtGOﬂ\hb@uousl y
i ned condU|t ﬁgd t he net hod ﬁ maki gg r% kntst iﬁced col | ar
is used to 10| tﬁgoeﬁasm8fe ﬁgegch o ol - 85%? uou ??%%d
condui t. Thepopéeribiy compansesnphrees1ayenpew1ehdmdtaylsaddwmahe@ody, t he
outer Ol Menskaosegh WhECR1gubsLanlably CABLOLE bR1AEN,ILRENGE dEOERS! ons

of the Liner |n th e open-faceéed col'l ar ra I C

extending fl & @éeﬂhP@RYPém’éﬁégro@P@@r gfywhigh BKe éﬁ@lofzrb'ﬁéa%ayeto mat e
wi th the expasedrfiage.of the pipe. The open face collar is bonded to the
pipe with a solvent sugh as neth et hyl ket r any sujtable

conventional epoxy cenéﬁfppﬁﬁnigéﬁﬁpéa% &5én8?§cglc§F¥§Fl §sp85FPW8ﬁ§ﬁte

wi thin the opepecmddef by seabbdngolnaextcadedpppestlit géper @dthaasol vent or

e s

sheet is butt welded before it is enclosed by a further
extruded plastic sheath or tube. An adhesive may be placed



6 provide a sealing bond. The ends of the pipe sections to be joined are
arranged coaxially with a coupling sleeve. The coupling sleeve is a
‘relatively short, section of a netal pipe having an internal ? nﬁé

slightly I ess than the external diameter of the ends of the p 3 egFFon
The open ends of the coupling sleeve arg preferably flared outwardly to aid
in the insertion of the pipe sections. I'n the preferred enbodi nent, the
coupling sleeve is provided with a centrally |ocated annul ar recess or

groove whi CReggbEhetna &@@launghaa@danEhEhéeahteg paagtis @ﬁ@é@mabwhé he
same material as the |li.ner

open face collar an r secured
Wi thin the FBE@ESeﬁyr&ﬁerBiﬁsEPﬁdBPpﬁr1§hé FrRaés- g%%%?g 9§%9 ¢5tRat i ons
of hybrid amduaeﬁrﬁaseaepbum&ranPofllytamaesoraaﬂ elatbeser pi pese arh@tal
deficient in thgt thgy,do ggt ba ancg t he grogeriies of both negf pi pes
and pl asti cSPFpEsUSRAndBq COFi FPMBYFLLE PoPCalFi g d™iBIBsChrd” bah PHg°
i npact resi alaninumyl wheages theradpbasVe01soapmsnbmep;petM&leﬂecmhnph

easi |y i““g%EEQFﬁTF%‘S hdad £ eﬁaboﬂ%gpgﬁéné ”“%M%%‘? posibd %%é e PLRE

t hat bal anc roper |es es an
Fur t her mor ebeashéﬁédexllsgtﬂg bending ﬁpéléondﬁurtb§§m@n¢i nt]WhIB g uean gbe

mul tilayer ggggogttgrggggrggn etgsgdo BEMYARY OF THE INVENTICN The present
invention is directed_to a nul ﬁ r composite EI Thi s

conposite pipe conpr|§€§°§ﬁaPnRéFe &1 PogA n@oﬁaﬁlﬁ ngﬁeYﬁ?u% Lo

t her nopl ast metﬁaaeblfabrowut:hng @etambbeitat pipednate bﬁyﬁétanri@wmim t he
i nner hollo hpondwt nor Eo ) t he pl.astic na%e i al frrounds t he

i nt er medi at & et 3 PEc P&;@Fe % ig ﬁuPFlggyéF 88ﬁﬁ5§ téyp?p% ?itfﬁpact

resi stant, aagecan possesiingotl taipepatene, andcpitedumetdbbashegt is

capabi | i t eEclfiba’ Al W Lhaa0aKent | ARALENELEDR 851 LecPUAES oS! LH NOS.

Addi ti onal | 0Si
2002 vari o@ylsn%gcalln@m@men@mefr géednaneresupfp@emfchhmgyheméen not

avai | abl e WinhReMERbmOk HeNthe®@NY ENGepRRE 139O REL @19&991§Y§£&§5fr&hea
nultllayer nposi te pe can be ea5|h§$cut in the field as ag easily

Mhstal | od, EAUBRETERIS e A COR iR BOLYFShEFORSEtRe. it | By TCEBRG0s & ¢
pi pe can beemboddhleat ,| thendimey dsboddeefiromt Bepolyblledyrr conppasdt enpi pe
can be for t I i r 0si; i C .ye

anot her enbo lﬁ@n?h% géﬂgghgﬁﬁgfggpggggg g%éﬁﬁgeggdgééﬂi%zég?}ﬁgﬁ% nd

mul til ayer @o#pdsCEd piggetilgan wilhie setwednshertl ipl masdecipbpmeanBonposed of
the same pl a3tkhGnuk a3tidyl. yet another enbodi ment, the nultilayer conposite
pi pe may be resistant to“many chenicals, such as oxygen and agueous
chlorine, acids and bdkés. Ratent Noso4p§59i 8178 fiéSGi@SFFu 3 YArgte

rru: :l : ayer qeipeevicuisinead nsrmfdma:bciecm@wt Thet &’(Ibeﬂﬂﬁmfpﬁli@éél bR

mul tilayer npi 0|n n|c 0|n us nts
convent¥onaPn%eFtFﬁ5£ ﬁé.ngﬁg ﬁFl F§5d§8F8ﬁ88 ?OLHE% Rﬁtﬂ t he
conposite mh@mumaﬂq@:mﬁba&nfam&niayem’ummbepobeddbagwseansheuchnas ahar
exanpl e, f‘is'l%'}e}%% Torfpe fduiyyd f%‘l’id‘i' h?ty%%%ma QBEI:RQQEEyofa” I nsert

is |ncluded et ween e fitting and the ayer conposite plge
provi de for Cals&fer &he mkastid |Weé”l@rle§9nb@ Béatrmﬁgefiopm borh gédes

anot her t as]gnleem ,tHéW'nﬁadﬂVeEBl\AlgrElhﬁn Eié”%té]‘éd:rt]:%{dl %ﬂggteh?rwbt bbﬁ)égé%:lng
conposite it in an i_nner. hal | ow condui orne rom a
thernDpIast|¢£ 55 rﬁgtﬁﬁFQSﬂrﬁé§YW+nx&Ié§ﬁ9r¥ﬂe'a§ﬁ§§Fﬁéerpa ¥EFEE o t he
out si de surfqnussﬁlﬁﬁkedrpuﬁyduﬂylnmaxnuhhylen& @Eb@bﬂﬁ@elﬁhbbﬁedlate | ayer
is fornmed ar h ui f A._secon hesive is
pl aced over Lﬂ% Lr{]:rru}:ggl]e ac%lo?%qir g?e é’ﬁblecr |a%’[ %&58&%%’ E?}gr and a
| ayer of an_anorphous S et heopl st Int qpolatiemals Rattentd @gpdn catd oout si de of
such conposiye®y ¢4 /1d4H Giscloses a conduit made of a multilayer

material which is intended to convey a motor vehicle fluid.

The conduit comprises an internal layer, an intermediate



~~ 4 D CT 20U2 8 For a better understanding of these and ot her aspects and
obj ects of the invention, references should be nade to the foll ow ng
detail ed description taken in conjunction with the acconpanyi ng #6802
BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a sectional view of the
preferred enbodi nent of the conposite pipe. FIG |Ais a sectional view of
a conposite pipe of the instant inventio® which is bent. FIG 2 is a
depiction of a systemof a nultilayer conposite pipe and fitting joi ned
t oget her. FI 3C aﬁ‘e?‘scherratic views of . the insert bushing

[

fs. 3A, 3B, and

that can be G8¥8%tB"FoPR EKECHORLi F3YEY - conpOSTREETNSE 3G HaYRF
gonxgntionglchptFEgs.aFtﬁﬁn4sh§ea.maﬁésisbpts@@mJayii?umﬁﬁgmuﬁfuhﬁﬂne

ushi ng an .tilayer conpasite a n oget her s a
schematic vi gy‘vlgkngég SgsngBngénggﬁﬁei?L?g 'ﬁrgjh%af'gﬁruorenes t he rruc?rfél | ayer
conposi te pi pgamplehethestianernalehayen. 1§l &pobyamink B re and du®e
sectional vi f di: £ L&k ' . 40 the instant

I nventi on. DEQ%FEE&QBEECE%P$?8%EC&iqgﬁggééggﬁggﬁpEﬁgéﬁﬁﬁEﬂTS Tur ni ng now to
the drawi ngs, the pres8yPridyvShrrERUresahaviet#leg PeedpRITLPiFRE The

mul til ayer CQ'IEQ&hb@.Di pgrlexaﬁ.piémm.jsn _Fé&né,Nép@,riaﬁﬁ,&cﬁ? fad S@qﬂ:él'yer
formed into ollgm/condU|t 2, a nﬁtalllc internmedi ate | ayer,. 3, mhlgp
surrounds t h8 FFLEEeFafePIRAICUPhEPE AOVEFe cOAPREE Y 4 Dorpiiotsd

t her nopl asti eupekydeyed sdr pdasdingfohmedeviathi s ceritaraedimtardlyer. An

cinest Ve 1o BhcByl ol RERA DELURCHORDE, DY L BUELAES, oblle fagl | ver and
extending there through and having recesses encircling the
copper pipe adjacent each end .of the outer layer to permit
pipe to be coupled to be inserted into said recesses in a
manner to encircle the copper pipe and to facilitate the
joining of the pipe coupled to the outer layer. 1If desired,
annular rubber washers are inserted into the recesses
adjacent each end of the boss to provide a better seal.

U.S. Patent No. 4,277,091 discloses a coupling
joint for interconnecting the ends of metal conduit sections
having plastic liners to form a continuously lined conduit
and the method for making such joints. An open faced collar
is used to join the ends of pipe sections to form a
continuously lined conduit. The open face collar comprises
an open ended cylindrical body, the outer dimensions of
which substantially conform to the internal dimensions of
the liner in the pipe. The open faced collar includes a
radically extending flange which radiates outwardly from the
end of the body to mate with the exposed face of the pipe.
The open face collar is bonded to the pipe with a solvent
such as methyl ethyl ketone or any suitable conventional
epoxy cement. An identical open face collar is positioned
within the open end of a section of a second pipe. If
desired, a solvent or bonding agent may be applied to the

flanges immediately prior to the assembly of the coupling to



2 4.D CT 2002 9 second adhesive |layer 6 between the outer surface of the
nmetallic internmediate |layer and the inner surface of the third outer |ayer.
‘The hol l ow inner. conduit 2 is fornmed by a hollow length of a pikpge gpavomp 2
conpl etely closed tubul ar outer surface and an opposing cl osed tubul ar

i nner surface. The hollow inner conduit can be nade either froma rigid

sem crystalline thernoplastic plastic of a rigid anor phous thernoplastic. A
ri gid anor phous thernoplastic naterial is a thernoplastic material which
can be stretched beyond its yi el fd anDr hous _t ernnpt Cc as
used her ei nPFSVLAEnRr ADPHIRT| RO ter %? %%Q?ng EB% § BFCELREP é
either in fhexHea arei artrangé@ncogreal by Wh@n Soao@@Dlpgrsaeeﬂa C ahd 50%

relative hunidi when tested in_a cord S S t D790,
D638, or D8§99pééﬂ%r3??§veah%r%h5%£a%BY M%%P @‘%%% héﬁN$ Egggn per cent
crystal li ni pypeFbavheg anfonpatnah @nammb¢phahsghhbynbpﬁasthénpbhyners can
be found 'neﬁkg§ﬁ¥l éiamg%%{héﬁ'fﬁe gﬁgévéPrtHé #ﬂ %@Eﬂﬂgﬁs $aBNoNEhey &

Sons, Inc., (New Yor es_of sonme suitable
aror phous t RBARDBEatRe cSOWR eﬁgca%ee%eueee Eﬁeterﬂb%%ef%ﬁree PRy WREd ég

defined herebnaiackyHdenehinsbnai el ool yneé npripehéeétﬁ@né CPE}!S ):hell)]?| yvi nyl
et her. .S 0

hlorid PVC d d
ol yphenyl EAFFRECaEFOB4 BERAT - aCHOR LeRE R eREe HEE L OF OReARaCH I At 8,
and styrenicansuahlaslacayédnaﬁnulexstgcems bnt gdoeve phighersr{iABS4a). The

nost preferr st C Yenpkh i ckness of
the i nner gom/ ongﬁgf ?ﬁ%nggggZ%g % upgg %ﬁ@?g #r% fgﬁgp t hi ckness
of the thermsphasaﬂcaeohbeslteepreed @P@ﬂefé@ﬁycolh@roanérléléﬁﬁﬂéﬁ of

i nner hO"OQ%EQQQH'R1§HQH|?h@erSEéééeBytQﬁ”e%@ﬁgbﬁiﬁdQQ bhetRePg iRy . at
|l east 0.1 nmm nost erred i 0 anor phous t her mopl astic

used to formthe hoIIBﬁPPhﬁérméBMdHPFlF§1QP§KPfIhYBﬁédeﬁBQdFﬁ@ﬁPSlFﬁe CPVC
is one to twptalsneadasltbtﬁgsQSatmeoﬁEt;aJaJsecmpéeraeér ataelt:a,mt 1hnthlae
nost preferr§F gpodrgeg gFVC | ayer is 1. % gﬁb hrgk as _t

metal lic i nt&F¥edCal8 9&?nc?n fiePhB ?rbrg?eP e 88r nPPPRe?

form ng t heplalsitaw papes. cohdneedha51althxmknesﬁonfaappgmdbnarebqueG mm
The hol | ow on s |y process

a1 though_ anc arie pr et T p R Yl e B e o The
first adhesicpgpogite pipg Ué@ﬂbeﬁaﬂhbeoﬁﬁér1¥u#ﬂ§ééléﬁdtheThﬁ¢§tlﬁa?er and.

the inner s'grxfe%enetedrr@bel ki aunetea di ébﬁpb§¥§é b§pén?éh§€' baubacegndl ng
agent that can_ be used ernanent E the t HEté)?lastlc pol yme
i

form ng theQQﬁﬁthﬁoPFSRﬁE h&ﬁr?ftﬁe R HePSFIPBd ﬁé&r&ﬂ€e§ayer The
adhesi ve |symemee&ahweslQCQeeaeekhetaprashrelaaaebbaau@t ishetiemnan hol | ow
condui t |tself ot bogg ﬁo t he getgll c Lnner ny% Pr%ferably t he
bondi ng agent € s§€§p€ ) FErantClBEPHICi 8PS 6ft Rér e expansi on due

to the differences in the materials between the two | ayers. The adhesive
can be spraygfipn®dt dided: iweEkedoy applied in any manner to the outer
surface of the Tnnér nolTow conduit. If the adhesive is sprayed, the
adhesi ve can be diIutameipreaemecamwendednbystH&r&aﬁaﬁaamumemuIﬂuiaMann

adnesi ve i's prglerahl y s 30! | 6460 i 1G 9l ec%tt,b% ﬁ‘é”p%gﬁ U

| ayers. Alter e first adhesiv can be as a serres
of rings evedinesgwdddvacondaitthdasigt of %ﬁﬂﬁ@,oﬁh@ﬁ@qmtllfayers

Ceneral ly, tha ddi9t 38R8SiaV&dtsi1aRR '1%Qetr‘aré&1%|t‘é 3 haversipduiliihg the
t hi ckness of, about Q.01 mmto about 0.5 he preferred thrcknessaﬁé t he

first adhesiVE§Haliay GORGWHE -Thérx |arm,~,°trpm1ésrt\b@

materi al useshrirburdts alHe iPtAAME e Mothallie adies VeSI‘thEMid]ﬁ:m}aeld nyl

chloride and cEmlch { néllpl%@ %.rsl C:ltef\npcac[i’:OI SIS 'ant, and can possess both

temperature and pressure bearing capabilities not found with
conventional thermoplastic pipes and fittings.
Additionally, the multilayer composite pipe can be made into



2 ~ 0 CT 2002 m pol yuret hanes or other isocyani de based pol yners,

chl oroprene and its copol yners, epoxides, acryl ates, polyethylene

topol ynmers. ,If polyethyl ene copol yners are used, it is preferr g} bontasne
comononer is a vinyl acetate or malefic anhydride. The preferréd adhesive
| ayer when used in conjunction with a CPVC i nner holl ow conduit is a

pol yuret hane. Mst preferably, Estane 58271 pol yur et hane, available from
The B. F. Goodrich Conpany is used. Estane is a registered trademark of The
B. F. Goodri ch Conﬁ %% The seﬁg % £r of he nultila er lngosg e pi pe can
be formed fr8RT8RY Aefaf!i t et Sl a’&?%v HEBETRR PP N3 5 ERSi | e
strengt h t haereso goéaaeallhhhethEthemsm?eoﬁtthﬂgchnménthenplas@mBOSlte
Exanpl es of t t al i%ﬁ% t o d 0, :

mat eri al s, Egggegpgg?§$n egggs 5§SSO$§%§ H?%%%1§%%géé %éSll%
addi ti on, aFPéyéncéhebﬁlG%@daédW¢bhga%se%ﬁe¥Yp%@%t@elgﬁpport to the

thernnplastlc materi at§ g4s€dehBod Ohemt N6t f £ Lok gﬁaeﬁbfoﬁhlﬁgelayers of the
conposite pkgiﬁésructure and, neet , the objectjv the_i nventjon. The

metallic in p¥ee F%?B?S?EepPe?%r%%?ybﬁBB%néﬁg%?a SHBORROHREERI | i ¢

mat eri al . Genbodlimgntt hehé hmakoessyof ébﬂp@eiaélpfpent@ﬁnbdlﬁbemédyemto
shoul d be i ra 0 .01 - 40 eferab the_thj ness. can be in
t he range o? BQ%gFoaggBe%%E gﬂm %%%% I |n %F%%%%E?e Ig eyggan e h the
formof a cembaodtimanth 5pe9rethQQMiemasersoenesneh@ednnerlnetabh/tbmduut

Al ternatively ca3agesceoRpgsbet b {HERNGEcHetahbent fongRl glhLe:c

i nternedi ate | ayer” can or ne rom nmetal sheeting, wapped around the
i nner hoIIowleénHBWPos?ﬂeoghEE?lﬂ@mﬂaﬁeﬁFEFCcanIBeSEb}ﬁeﬂeFoﬁéPEE?rby a

met hod Zuchemou@{ndpag tKeemﬁpeiwyefeéds@gogﬁter fpeumgy Be theigeant!ic
i nt er nedi at

th tall | ded, it
nust be ove é éﬁﬁﬂlﬁggﬁedS%?Buﬂﬁe?ﬁgggprégdlﬁég?ou?hggi8¥§?F?c !

|nternedlatachdﬁeandabae&srlap due to wapping of the metal at an angle 2
~ 0 CT 2002 12 or jus £P e j I g
sides of the naterlal&ab% gégﬁ %%%QPbﬂgr %era Igﬁig uhggﬁgnﬁﬁﬁg??§§%£e

t he thi cknesempesiifet Réppahfeaofleig @©n€u®@6§YSth@ ouThe @pmpeséEeof the

nul tilayer ﬁ@mqaeyerpbege !:ant be ﬂ8§ﬁe8r6§reﬁ\ééﬂaﬁﬂéﬁ§!' ﬁemhtst hguahugium
| ayer is 0.2 nmthick.

g g ive layer is used in % ggltllayer
conposi te pﬂﬁ%néﬁd F?nHFQEeBnB ﬁEtbﬁ9§r°§u FEE%DSF PRECILLEAYYayer. This
adhesi ve use@siignelde tsemand wayhrthancbapaeytsuptpblesbﬁgdsnganEnt t hat

ayer to tneehE Stuebhek BBREHbATnERhE sRkh REC PRy crxaBpbRerBBRY. i he

bondi ng agerfusiam &dapbrmoadiEinédenonduétf syseans onthenﬁ&ﬁyexpanS|on due
to the differ 9%5 115 ; ggﬁuﬁﬁheéégbéeHeEW@e@1§E§nbwﬁnha¥ﬁésmuI@?l%?E?s'Ve

can be sprayed, brushéd, extru or a in~any nanner to fné surface.
The adheS|V§QE§PSBéeaEﬁPPe&°tBrPHédén?PFeaoﬁﬁéﬁrséP@a@@réfr?ﬁéa§é€ond

| ayer. AIte@ﬁ@@gﬁebybeh&engdhaahze | ayer can be applied as a series of
rings evenly spaced around_the ggter surf g e, f. a.second materi_al
8s

Th
adhesive is applied g&ﬁe?&ﬁl?nP S5t APERN Sa&BUFnﬁ 6L ¢5 gbgﬁFhBSS mm
preferably, df makingThihe sedaidalyayecompoadhesiflaidamcndutilic isawbiah ahe

st &Yl Sneh b AdIER AR 0oL UERRd e QULCE rRURERIS ALl BeabBer

hol | ow conduit an e inner surface o € secon
t he adhesi v&X&ktagusdoe diff flevent ofoapkbrgive asbémlll§de§10at‘5lhesﬁ>§ﬁsbé?meen

tﬂe fﬁt e(r]I FLHJIEEé%é)foft lftelerrq]tcnallelrl ;Pxo'l'lb%r Iae%%%tle Iayxe:ine%radmlener surfﬁfe OL
e I r a) rrp es .of sui,tahle esi ves | ncl yde pO 1N cnl ori dae
ﬁ RXRSS the :ﬁ-&f

and pol yvin %ﬁ?qxnkﬂﬁﬂbﬂ§ P3| hi de based
pol yners, cheardprtene arkddrs deyelry oEr &,d&@(i)vleda@ pa.(arcyddato@&r mhleyet hyl ene
copolyners ol Ien ol yne sed ferr he
conononer i sé"g é\}i ngl“}elléq%ee't at %?%anét&ﬁ'l% med r%gl:le fl anhy?d H%E"Ie%
preferred ad:hfasaxv@mmoumezhmnlmsrtdd @pémn&e‘ cd @xtrmtda!i yoeny |
chloride is gﬂfﬁ e, ﬁéﬁ% 115]:@{ e from The B. F. Goodri ch Co.
The et hods %?Eapp |cat|on as QEE t Jﬁ ness used for this second
adhesive | ayer are as descri bed above with respect to the first adhesive

| ayer.



The.outer layer of the nultilayer conposite pipe is fornmed froma rigid

pl astic, as  defined above. Preferably, the outer layer is nade froma rigid
‘plastic which is an anorphous thernopl astic pol yner. Suitableﬁggggﬁhgrf

t her nopl astics which can be used to formthe outer |ayer of t tilayer
conposite pipe as defined herein include chlorinated polyvinyl chloride
("cPvC'), polyvinyl chloride ("PVC"), p&iyvinylidene fluoride ("PVDR'),

pol yet her sul fone and pol yvi nylidene sul fi de pol ycarbonate, acrylics such
as net hyl nethacryl at and, styrenics _such as_acrylonitrile,styrene

but adi ene (" ABS"). In§85eaeﬁﬁg§FﬁeHP,efﬁ a8§}89 nggﬁeﬁ? ?ﬂ% %%??{Iayer
conposi te pappecha bsdmabigettsnotfhéheadevanteéohal raferdrceanshohbd | by
conduit. Al at v ) r h Ga q r di £ f erent

anor phous t §§§D%Fa§?¥cfﬁgﬁgﬁﬁé tEg%g%ﬁg,?ﬁ%gfgﬁgf?%mﬁg%ﬁﬁu%% if the inner
hol | ow cond@PRIRBCRARR Wibh SheaRSCPRPASYLREr A5PYABESe naterial . However,
care nust be taken in choosing the materials to ensure that the nmultilayer

conposite pipes_can _be_joined together to forma conposite system
General |y, 5gégghpgﬁﬁgégzéﬂﬂbﬂg—&ﬁﬁeQgﬂg;ggﬁmﬁII be dependent upon the
desired final thicknegggof 1the E“EEEE@%EElcQSBQSEEetRED reFLEfEEaADIY, the
outer layer will have a thickness as conpared to the netallic internediate
| ayer in thembadgeest ¢fsthg sompophiéfepPabPy, thickness of the outer |ayer
when conpared to the gegal hinC jlsnbelisEReiidhgl! Y&k bs ANcbRBosdtd OpDhe 168 tO
3:1. In the ppst . preferred enbaodi ment, of .the nultilayer conposite pipe, the
outer |ayer F efbgﬁﬁanFr6HVEBﬁePn|Hhﬁﬁg fdsPePFeferred 2 4 O CT 2002 14
enbodi nent, the CPVC facned tilseaodepictaper ofias aybhemkoéss wfiltilayer
appr oxi mat e : or.ef bl . Liil.ayer {d conduit is provided
W th outer é¥g§8?é?g] gh?o?h?n§¥F55% nﬁ%&FeSi%gﬁﬁgégkfubing out er
di nensi ons, such as, FaFSex3Apl 8B.Semedidleaze antrwvat80 usedefohetheén ASTM
F438 or SDRiAleot dethAgd R ASTMRDZR46 0K QBhﬁbiﬁ‘SIMasﬁﬁﬁ?QﬂQfePr DIN
8063, and 8079 standards and/or BS 7291 standaifds. This I1s preterred so
that convenfPBRIFIEPt PRRGs Wekh h&eusoRvertaonalt ELRG&PIFIuid conduit system
of the instant inventiFQe. Ri a& andrddsy RGc@ienAQr Faklkyosi 2R bysspeci fied
outer diane mhich.&heé.are used sized internally
ARECErs 8p

ers. The fittin wi th .ar

" rel at fonPESRERE SPEnIHIG LaAvEr FOIRBRSES. DIBE PFodotBrat RSB HRE to be
received in the fitti B§S. 5Théso@ wdhematati enewnosi ereoposhébhel ti | ayer
conposite pi : i.NS i i i LLi d Epe, if
such a bendbﬁgogg?%ggdFg#h%%&ﬁggﬁgﬁ%%gﬁet g&gﬁéﬁg%grEéwbgﬁgggoﬁ%ggi?E pi pe
cannot be s@hﬁaﬁgétﬁﬁétlPW@n@qﬁﬁbsite pi pe structure cannot be bent.
Th Fouever - ail Lhe Tavars Shoad e et fro et LA Tase e The

: wever, .the l.ayers shaou e sufficien iick to provide.the
strength anHO%F%FGBtfl ﬁé&@ﬁwm&CQaQﬁﬂ € uggd &Po%hesﬁgﬁéﬁPFanYﬁEtFﬂ?ended
uses conposite pipe in a fluid conduit system whether the fluid is a gas

o 3 11 QUi d sy GRS bl Rl e WP el bR Nt O

conprises a | ow conduit is
made from CPVC. The mghainiing indverdeedii eirvaadeigd,s taleUpredent ol hveatitiohhe
outer layer ,is _alsq CRVC. The thickness, of th akﬁginﬂn1%%yer i S egual to
about 1 to affoft ™iFertdHfT FONRRS Uit éf’lp(ﬁ'angs’?r CeHEYal CPMREM TS
conposite pipipe The ashatown sired el dw iddmpetirssises tfhesralages fopeaesi zes
of the preferred i f_ the ] t. [ nvention. . regent of
the |24 OCF o s (i 0 4 RN MR Rea R TRERYPE Pe
in nm The phiehsispey shadwl Hirsthelaay SO0 aSttdridar dayRirpgomposed

Si zeCPVCA U@f”%”@?n@?ﬂcﬂlé—%&@m%@l@éﬁﬁ?%%l A0.89% Al aihg €@l 30. 91.33
.5401.61.11. 64. 3502.11.42. 15, 6632.61. 72. 66.9 Myst preferably, .the_al umi num
layer is 1. B¢t BReHMSALHER et ¢ ndhigsesiye L@vied of 1Bh®laRfekness
gf 1ei fvger C@é?évdeaatﬁ%rtﬁé) duee _hé@ﬁ%@@i of h@i@rﬂi&tﬁﬁ :clraytﬁhe &@'\c}pcehias i%'nért 0

- 1. st preferably, the rati t he thickness .of the o_t he
t hi ckness ofs"g&{ﬂﬁ%ﬁﬁ i‘ﬂ’% H‘éEtpefojefJe‘? rjéaterﬁﬂetﬁ%ﬁ?erlaé'&ﬁosaist é’eﬂ‘irlpgsi'sas: 2.
The adhesive used in this preferred enbodi nrent on both sides of the
metallic internediate |ayer is Estane 58271 pol yurethane, available from
The B. F. Goodrich Conpany, as described above in further detail. FIG 2
di agrammatically depicts a portion of a fluid conduit system of the present
invention incorporating a multilayer conposite pipe. Aplurality of the
mul til ayer conposite pipes of the instant invention are connected end to
end by a plurality of joints and/or fittings 7. These joints and/or
fittings include) but are not limted to, adapters, straight couplings,
el bows, bushi ngs, crosses, caps, plugs, flanges, and/or unions.




2 4.0 CT 2002 is In one enbodi nent of the invention, conventional fittings
or nmechanical joints can be used to join the nmultilayer conposite pipe.
‘Exanpl es of ., mechani cal joints which can be used incl ude push Hgt,' bbg(ms
to provide a |leak proof joint or to provide a | eak proof assenDly. anpl es
of suitable push fit fittings include thg Universal fitting from Genova
Plastics, Part PI from John Guest as welf as Straight Coupling Tl part from
IM Yorkshire Fittings. Wth the non-nechani cal types of fittings, solvent
cements can L O] ikt c [ | _sol cenment
applicabl e t%&fﬁ&g%@??%ﬂ%ri%&}er% al}’és]cqﬁeseerg\rtt}%e 190 gl\ré%q{ ﬁg&%ualct% [ Io\afighe

conposi te pipetahiic hntermédiptaniavenset e amme vinfacg datthusi on

bondi ng systt_emlc:@rbﬁ@eysgglyép_ join the fitting with the nultilayer
conposite pipe. Such systens_are described_in the ASTM F412, under. _t he

definition of heat fusteejRrhtev BT FRRMHEDfallshdarmeds Pyn 2 SedilRy
met hod can beem$Ell. of Na apObd Efia RO H MNRHip 1 tSe ShAWbddd fEu@wlabAcut@rtB, the
fittings can_be, nodi o_contain a][%é%a ortion 8 that extends axially

t

fi t
out from t heSPRERTT (P01 2R HRPRTT LIRS FHRHAAT GRS SUEEREF ‘s utPSce of
t he hol | ow thbElcwnithméer whondu forosn the madereitheer fraomseal wegt dc eveprit- or

Comosi te pi e prcss L AeufitBladeld dUBR & [ L ROl 1875

whi ch is optteeemenlasedcto join the multilayer conposite pipe of the

instant invention and gopyendi oR&phdid iiﬁrdﬁiﬂiﬁ’i&%t‘é@ia@ is a
cylindrical). The insert conprises an, gpen ended, holl ow cylindri.,cal body
with a radi cCEPEYRIBFEAGNET R RREER CRR ReSTHANHER PeeRR € end of
Ithe boﬂy. Thhyi@mepogﬁlanetmrrp?iahhand;fmw_llz,@oiﬁmdmcastqfc iarss&rstedsm@ﬂ;dgbe
ess than the_inngr dianeter.of the tilayer co ite pe,. pr.ovi ded,
novever -t hat®t ReToPTPEPEREEEF mifr {1 cha et IO e ot i e

i nner 2 ~ eidier0i2 fYeguneeterinftemeiqn pegrrasendthaxcddd Adtatpsi at
suggest ed 'nzﬁ%T'\An'%%@ E%%Ji'@%ﬁl?t UhelnS t%%@feldgﬁﬁegc&&:gﬁﬁgetQ?tﬁams
outer dianmeter as the multilayer conposite plrs)e. n adhesive can be used to
per manent | y B8R Taeti HaehodsrPARe: di63the 9fI P88 %y erCamfsddivt-e ANPPRARS he

outer surfacgodiméhe Ravbovesy! tRghi £2f £ SoflYp&fcdie draridll ifrieherably,
this insert | sane material as the inner hollaw conduit. The

hs ggde frgmthe. a

sol vent ceneht* b8 tBIBEHATIAR PRNRPOTRAPYR COHMARLAATHE Hr M5 HSoWwa"
cylindrical bedfoohdtin Ahfeey, can. peMerlasiicd hibehdwaih off dderit t hat can
be used to p |y d t er The | c c be
sprayed, br u‘S gpgépggﬁgdwggg}ényﬁéﬁ%’erf’?%' t hgﬁ%ﬁgéyks’ur% ‘of “t'he
insert. AltebhBtP¥Bly, the solvent cenent can be applied to the inner

surface of the hollow gaagp1eeNdel EoméN¥u SEANES at @B HuS HheiandiPRtktics

provi ded a bopd can be_ established between_the desired sur es. .  The .
preferred adHBsFfbeCRRyBF HERAI FEsIRFPNERReLEShI RV L5f %nﬂ}?ﬁlrn t he

first and thindlhagechloekihheequpbli-aysylconposide prervare, G3AGvixanpl es
of suitable yent, _cer S.are_CPVC sol vent Ment 5. avahdghle fromlPS,
Cat ey, Ver haéggogﬁg O?'TEQEK%V ) p?%gvﬁﬁ}'?f‘?\{%?%rgg% r](')é?tg'a%l pe )V\ﬁ th an insert
i s then joi nedlyethex suddenti sndl pblyphagyhi shlfhde uspolycarbematieg agent
as shown in LR E5E8S SHER! LANALeKE 'mBEnELEy14ee Aind VP Aln ROD UL, ageNt

suitable for thérnmoplastic terrals can be”use Jjoin the multilayer
conposi te pi PETYSRPALAIAG SHYSEERRoRYFafhsBEt PRAYREEST { 1ABRY pr oVhfestPEhat

the bonding pgeferpesmarRiphyulorasrhbplasEiacesotpybe multilayer conposite
pipe to the surface of the fittin andggrsﬁw des for, a leak-fref]SJ)m nt. For

f
CPVC pi pe, these bondi F§7&J&NLY i FRFub BeSFeBL sEPG PR TR A 5°%Nd
t wo- st ep sol ventinitemmntls beExappndenaf upont ahkedbshdedgf mgeht shiokness

mul til ayer c it i.pes  that. caontain.CPVC. 2 ~ LN

Those whi ch CEnPS WeR TERASPEaS: FOMBRES 81 DART 11 FROS SFabFBhmr e | Earet
proof. The boddiamgtegemtfs imnerapolilow ¢onduikyshadldrbesareaber than aple ent
tenmperature 43g-o QF tﬁfelg,@tpet 22 hRF1638¢) 0).1: mh? OBReCHbSE PBOEepEed NE
invention, the nultilayer Conpdsite pipe of the instant invention can be
bent anywhere from 1l to 180 . The nultilayer conposite pipe can be bent by
any neans which can be used to forma small radius bend so | ong as such
means does not cause the pipe to kink. Preferably, a tube bender is used to
bend the nmultil ayer conposite pipe structure. Any tube bender available to
those in the art for bending netal pipe can be used. Cenerally, any
commerci al tube bender can be used. For exanple, Tube Bender H824 fromthe
Lakel and Manuf acturing Conpany, as well as, the G eenlee 181 Conduit Bender
fromthe G eenlee Conpany can be used. A bent conposite pipe according to
the instant invention is shown in FIG 1A



In an alternative enbodi nent of the instant invention, the nultilayer
conposite pipe, as well as, the optional insert is heat fused to the
fitting. That is, the thernoplastic |ayers are heated to a te e 2002
above those at which the material softens. The | ayers of the ggﬁposite pi pe
(as well as the optional insert) are then joined to the fitting. Any known
heat fusion technique can be used. FIG1®& depicts in block formthe
suggested steps of one nethod for fabricating the nmultilayer conposite pipe
of the instant ipvention. Mchines tha erforn1these sfeps, are

connercialI?mayHPPHEIEh?FEﬁPkﬁﬁE%CLH%% Uk el ROERBY ARBeSwi ss CAB

SA. In the EﬁhbﬁdtoisnﬁnutaCtMﬁlGﬂet@ﬁb@@iﬁéﬂ@yeih§0®PW@li§ oh8etbetab
strip is pr to ensure hat t

d_fi Ca Kk t al d
ot have anyLirgage BRLFE SHnehE BRRETLT ch IR LR TR TV PE: oxEPubRs. A
twn screM/em@tupeefesrpdeémbabiwemsedthé CPC hayew isnkr5 tifled 8sCT 2002

range of abSit CR00%: Sias0r pat Ba4 BheetRESFIlL MAbsy IR BhUIRE. 1 nce
fornmed, thePReERsWefnpEPodsmantt ©he %Evﬂngé%mlmgcﬁ@ﬁlh©b1©WtiUEE§n head of

a second extphdadc Eabsacéﬁléﬁné§§Q8P|éﬁﬁ%&kiﬁh@bY$fbeéYm@f “@Mé hBQhHQ'ng
pushi ng, pullin r abl a conbination of the two

approprlatel§8ﬁgsF9€ Pé?e%slEr§§%¥?%%VtEP¥W@§d@%e?ns%¥¥r%%é06fpfﬁ€eﬁﬁlIow
i nner Conduanthyughyaﬁylbﬁhée PEAESsENAap e dded atd fOrmntAEhrsl Vew

appl yi ng st ep, Erudlng t he adhesive on the entire outer surface of the
hol | ow i nner ESH&U|t is preferred, although the adhesive can be brushed,
sprayed or rolled ont6hehélpspeadﬁhﬁlmeth¢ysrrm$Edrbmtwﬁsnpthpaoedern t he
first step bh.then shapad giounchipe, ouhe! I?é":ir?ﬁ;@roéufggcén meekioe
conduit and fornmed 1 nto a conduit strip can toget

by any knowdD&EEMSAiBteolaYarcdbRIHRY SWitakielibrpdirg |ﬁ9@mth6ha6mpeanhg|t

Exanpl es Ofu%@ﬁdtagpbﬂﬁhﬂéﬁth?sﬁén&ﬁiﬂénﬂhéﬁﬁbﬁi&s@@&dp89ym5¥ef6£ﬁ@h% the
welding is d manner, SO as to av e

ne.in su verlappin
metal [ayer® %ﬁ Qgﬁeﬁegﬂégﬂwtﬁ@nﬁ%%%IF?ctbﬁt@ﬁﬁ%ﬁf%gelPﬁﬁé?gghﬁg?hiayer
under | yi ng a%headhesﬁﬁelQSSnébaESQrﬁ simes @hef@héfﬁopf@étihemeﬁb@dament in
whi ch there oS fini d.t | |nt er I8 wel ded,
t he net al negdgﬁgoagéggeg§§%§a Gra ggomgie ncer é % eh m@l e8 and i f
necessary, ﬁ@&ﬁé&lpolaaﬁrvéﬁeerhe Buektsraklyo ¢b¢nbandnnga§9eed cendui t .

Details of tlgpdraw QQW@eEEHEeEéeéEPéﬂQnHQOQft@ﬁefﬁéﬁkaﬁﬁﬁnéﬁgntMQ@ 23
nmetal and ar enerally known in the art._ Next, a second |ayer of adhesive

is applied etﬁéféﬁféPc§§rF&céh6fmﬁﬁérhé%§lP?%W?%PeFﬁédFHPe1PX9éP -whi ch

was forned imheo adhescoaduikh. bénspgaﬁédlaaﬁtr@aeahebﬁﬁahaatbe appe&eallhs
t hen extruded_ on _the outsi

gg of % ernedlatg i?é an
adhesi ve co@hiP RPEeFRafte Vteﬁo?ﬂr ﬁ%es%EoE © atfBSF vBO~-9% cBn 002
20 |nternedﬂétehbayéhewhwehlwaspfayaéd theéoadhestoadoath. bAndmmueedlaﬁer of
ther mopl ast ity HRBhirRhdled ﬁoge@ggmaﬂﬂfgcegrwe Oha! 88,0 %Bﬁeg% H
internediate |a avi ng esive coa &rnat |ve ot

second adhegnﬁfg:&®éw &ﬁ@lﬂﬁé éﬁoﬁbﬁoegt@ﬁérﬂbpeassugfeggepflaperl@aﬁrbe

coext r uded. mgyéﬁgnatmnebwnaalp@@ orenrd £igkd hAReEDPLashierpcAe ean be
coated with an .adhesi ve. ic.,internediate | ayer can g N | aced on the
p

adhesi ve codtFad 18y &S aAs§§38ﬁd°Fa§éP98fe¥8ﬁ ¥j FRAFEY: RERYR &d 5 Ehe
outer side aﬁnﬁh&eneﬁakheczmmb&r&agease | agaeraBdbyoutiae Ifdyer adhesiee be
extruded on | I i.Qn II e second
adhesi ve Iay§$%é§lle FEP?& d3a Egﬁﬁgeﬂéggﬁg g é}cgg%s%e%co §¥$ﬂﬂed in a
singl e step Wdiingma t@o@eb@rults@oﬁ dlme The mnblferaydr tbdopoeisse ofi deof the
i nstant inv f n s dile ad) agey 9f 4pl astic pipe of the conparable
plastic) an |t|onal propérties. For exanple) the multilayer conmposite
pi pe can be cut t o anyheefget ﬁdhﬁélVﬁeFéanPnanyo#ﬁBESWNéema@@Fﬂéﬂs The

cut end is ﬂfﬂcﬁrl&mt)héj%tﬂﬁre@xa@@defsh%ft Baa&aghéSba@xelsa%rsS)lnmd@
chanfered for_the e s enbl g2 hﬂg Qr grOOV|n or_ ot her

di sruption JCTREHIHE aPQé@°9831nK bSRAPRGEGEPOLIMETSl v appl i ed
around the end of the condU|t on the exposed thernoplastic |ayer and/or on
t he exposed innernost surface of the fitting which is fornmed by an exposed
t hernopl astic | ayer. The pieces are joined by inserting the multilayer
conposite pipe and with the optional insert in the fitting open end and
twisting to distribute the bonding agent. The resulting bonded joint wll
cure and be pressure supportive within m nutes using the bondi ng agents

preferred. The multilayer conposite pipe and conduit system of the instant
invention offer significant benefits in ease



"2 4 0 CT 2002 21 of use over other known netal, plastic or conposite pipe
systens. The nult.ilayer conposite pipe offers greater strength and rigidity
‘at reduced wal |l thickness than plastic pipe made of conparabl e2aDETi 2002
Addi tionally, one enbodinent of the nultilayer conposite pipe can be easily
bent around a tight radius with a conventional pipe bender thereby)
decreasi ng the nunber of joints that neéd to be used in the fluid conduit
system Furthernore, the nultilayer conposite pipe can be coupled into a
fluid conduit stemvery easily wiith |ess, skilled | ahor and w thout the
expense of -t RO LYAFSLRERRS B PLAET ot S0k Btk ARED | Sor crinping
systens or othesreppensi apdnechamvpalyedd | rpoxaidels , nGgcyydiaens, There are

many uses of ilay te pinpe I t-h | til ayer
conposite pi %%{ﬁ%%ieéégegéﬁjﬁfgﬁé;%l ui]g13 g%)%lc}lt}?{hygég{ge)ﬁ%aonl I t?(r# nga,rjebut not
limted to, waedr heaierpreféereedpihaik|Ere syamanemeyide ss VAlRYiln &cgitiage ons

for hot and gpl ganeerankGat{al . Nepld NGO SHSLUE adHLIWY 12850 raivhed HREE |
pl unbi ng systens, gas transportation, ‘underfl oqr. heating, industrial fluid

systems, and BndeRiPBEt HeRt VAEh s3sTRYE . ITenME Iite GoRkii tedfddi t was

of The B.F. Coogt L che CompANYY- Yot bl e From ihe B p oo e T EvC
0 e B.F. Goodrijc any av fro e B.F. Goodrjc : €

was extr udeda%‘—f‘ul%am Sggﬁ"ei%? u%&'&??f%@khrca"rmy NS é’csteéin i FS535epeS
having a wal & tégisuvessdotrdémark avfl The & . RliGoeirdcofcadpatin. Zones 1-5 of
t he extruder were set 3 1 rew.oil rature. The
die tenperatures were 'glté ggcg%élf%}%ggf eet‘@gté\%va?ﬁge&ov@?%%repl% Pfhe
feed notor weanrbm fermed fpemamely thetplbie mataried apreyides tiat(

kg. /hr.).  Rag & €dn2002 3R-Dkxtn ESd@nss 2AALL LOIHMEhANG adhasi ve was

extruded over the inner condujt”using a Davis Standard 1.5 in. single screw
extruder wit ACTERPER 4P rEEesB{a%&l%SO Example s, Ay fUetiineg \W&é"aéitlrcuded to a
t hi ckness of ifitdrmedidbe Sayens specludestariown mdt grfimlsAn cdppemum | ayer,
al um num 300 thick) was forne ver. t he | yur et hane._and CPVC

| ayers of t hgtég%lgegg]i ﬁgeéfUn]Pﬁ%%%’ n%%cgi%oleu'?lrrbufﬁ Rf‘%‘%%éaﬁgqui ;;S’ed with |aser
wel di ng capadddiities, Fhtowbuoanube |wyed swsldiy med tthevhaprevd dg Suppogap

pet veer 1S t8NEhe SLAL 26, 200: 103ha 0L {0 WIS 'od 03004 ¥a e’ der and

drawn down to an outer nmet er . ane 1 polyuret hane
adhesi ve wastBgtFhéed bagershef athgi sRMPOHE RIFINFtayUshuUre Snehdged 1.5

in. single sgheVoBXbetdeesVothchenDeratti®s, set at 380 F (193C). The
adhesi ve was extruded a thickness of 0.1 mm _The screw speed st 20, rpm

The outer |ayer of CPVEREQMBEAM b RNWPRITE A5 2RY 30 P rah M fadtover
the 4-| ayereflrpmpe ssmoaghamétallic mavesif andsrkralighe ey el iekinasder

W th tenperatur S 4Q0. 4 l.
conposi {rg pi %g gﬁﬁeﬁégggﬁlgpégaéﬁgd%@ Blﬁ%ﬂé&@ﬁoéﬁﬁ%edﬂ?ﬁﬁ}eﬁgaa © toof
whi ch the inQefli on4pembai nBrafgrapke. noke ftkiaknass aan dichdmn ditsodiangst s

enpl oyi ng theeppi Mct sl £500fmt hi 8né NyePA1 Pl W A diOMe SORA ik QM IHeS in
spirit or esggntl al characteristics, particularly upgon consi dec{f:en t he

f or egoi ng t e5Bhi AGE™ Phe@dESBAPBHEIWEHE COPHR FRAS M IGR RPNt i n all
respects onl ynasri hblidbwatomduand nRlteesitivdlywe;anikdde sad e lofw tive

the for egol n§ Hobei SPERHL” ChhR AteRtt o R F AN T AT o e hoon

descri bed wi thrmefiefromemesapasheetiing endppiedeateyndrothd i ioatew v ldfow

structure, segnanse. Mher kRkdc2Ag hAEebike ol Do ARRR ENeditd 135S
method such as welding. The most preferred material used as
the metallic intermediate layer is aluminum. If the
metallic layer is not welded, it must be overlapped when
placed around the first layer. The metallic intermediate

layer can overlap due to wrapping of the metal at an angle



~2 ~ ~OCT 2002 23 skilled in the art, yet still fall within the scope of

t he i nventi on. 2 d~ 0 CT 2~2 24 Wat is clainmed is: 1. Afluid conduit
'system conprising: (a) nultilayer conposite pipes conprising apii g¢rr2002ayer
of an anor phous, solvent cenentabl e thernoplastic material having a
conpletely closed, tubular outer surface; a netallic internediate | ayer and
an adhesive | ayer between the inner |ay®® and the netallic internediate

| ayer; an outer |ayer of an anorphous, solvent cenentable thernoplastic
essentially surrounding the tallic inptermedi ate | ayer, and an adhesive

| ayer bet we® SHEENBLARR] EVEALEPREEE PR FQ?eF‘eéﬁg £Re%BhEer OPRPEMPI(b) a

fitting, andidel opt theamhyeranli abettelsoki 6ghai.opepetagdadliol when
cnd of the BIOERea=naFEew EOFI FaFFEAPSBotD. tRagr R aNoBuPLr CaratEt or |
| ess than tBeOknoér tieameter diatnbeenubfi thygemudvipeyerecpmpesisecpiphat
said insert thj t§el f3kdep38EH CQAPARLER MERE;, the aluminum layer is 0.2

mm thick.

A second adhesive layer is used in the multilayer
composite pipe and is placed on the outer surface of the
second layer. This adhesive used in the second layer can be
any suitable bonding agent that can be used to permanently
bond the outer surface metallic intermediate layer to the
inner surface of outer thermoplastic layer. Preferably, the
bonding agent can adapt to different coefficients of thermal
expansion due to the differences in the materials between
the two layers. The adhesive can be sprayed, brushed,
extruded, or applied in any manner to the surface. The
adhesive can be applied to the entire outer surface of the
second layer. Alternatively, the adhesive layer can be
applied as a series of rings evenly spaced around the outer
surface of a second material. The adhesive is applied
generally to a thickness of about 0.01 to about 0.5 mm,
preferably, 0.1 mm.

This second layer of adhesive can be the same as
the first layer of the adhesive used between the outer
surface of the inner hollow conduit and the inner surface of
the second layer. BAlternatively, the adhesive can also be
different so long as a bond is established between the outer
surface of the metallic intermediate layer and inner surface
of the third layer. Examples of suitable adhesives include
polyvinyl chloride and polyvinyl chloride copolymers,
polyurethanes or other isocyanide based polymers,
chloroprene and its copolymers, epoxides, acrylates,
polyethylene copolymers. If polyethylene copolymers are
used, it is preferred that the comonomer is a vinyl acetate



2. Afluid conduit systemof claiml1, wherein: (a) the nultilayer conposite
pi pe conprises an, inner |ayer of chlorinated polyvinyl chloride, a netallic
internedi ate | ayer of alum num and an outer |ayer of chlorinated polyvin
chl oride wherein said nmultilayer conposite pipe has an overall 3%39@% of
fromabout |6mmto about 110nm and wherein said alum numlayer forns about
1 to 5%of the outer diameter of said ptpe,the ratio of the thickness of
the outer layer to the netallic internediate layer is in the range of 1:5

to 5:1, and wherein the rati,o of the thicgkness of. the inner |ayer to
L un num |'s Poren o BNy iger e DrStATRACRAbGa3vES leRpTA bR EhG
IrmuEt ed OP adhiczm;rlaq»re& dfs tmomih?ta]paperlmmsbheomﬁﬁe de @sthmeform a
eak- proo | Qi nt one end. e t i bayer .C Ist | pe
directly bet éﬁ't ﬂ%ﬂ%ﬁ a&ﬁéragﬁ gaggg F%g%¥F%Figg?'§g%§§FF§igoéonaaFt
system of clmthd@s Wicappdicgaionhasf wetlilngsi $he phdkkhiessf usedngosr a
convent! onaledyd ldemett adhelived 160G Ll X3! BSR% ifedl TRAveN kY M 2
wherei said titting and salé mul tifayer conposite pipe are joined by a
sol vent cengfftSRESH domtdd & iresk aghesiveediayes . A system of claim 4,
wherein said thernopl age Guiterselagelredl tHR Wie tdnaye rCebfpsife @hipe
chl orinated polyvin chl oride, . oléyinyl chl or.i de or p%:ﬁyinylidene
fluoride and% rﬁﬁ%ﬁﬁ"&“ Payed s PAASHLTum?®Se eA1D¢E: EROYE ¢l ai m 4,
wher ei n sai cerefierallay e hendutaird layteer ilsayadeoff rioe anligildaydmstdrposi t e

pipe are 0. %m& mscgna%qloiﬁh%us thermoplastic polymer. Suitable
amorphous thermoplastics which can be used to form the outer
layer of the multilayer composite pipe as defined herein
include chlorinated polyvinyl chloride ("CPVC"), polyvinyl
chloride ("PVC"), polyvinylidene fluoride ("PVDR"),
polyether sulfone and polyvinylidene sulfide polycarbonate,
acrylics such as methyl methacrylate, and styrenics such as
acrylonitrile styrene butadiene ("ABS"). In one embodiment,
the outer layer of the multilayer composite pipe can be made
from the same material as the inner hollow conduit.
Alternatively, the outer layer can be made from a different
amorphous thermoplastic material than the inner hollow
conduit if the inner hollow conduit is made from an
amorphous thermoplastic material. However, care must be
taken in choosing the materials to ensure that the
multilayer composite pipes can be joined together to form a
composite system. Generally, the thickness of the outer
layer will be dependent upon the desired final thickness of
the multilayer composite pipe. Preferably, the outer layer
will have a thickness as compared to the metallic
intermediate layer in the range of 1:5 to 5:1. Preferably,
thickness of the outer layer when compared to the metallic
intermediate layer is in the ratio of 1:3 to 3:1. 1In the
most preferred embodiment of the multilayer composite pipe,
the outer layer is formed from CPVC. In the most preferred



metallic internediate layer is 0.2 nmthick. 7. A systemof claim 4,
wherein said nultilayer conposite pipe has an overall dianeter of from
‘about 16 mMmto about 100 mm and wherein said netallic |ayer f oty
to 5% of the outer diameter of said pipe, the ratio of the thickness of the
outer layer to the netallic layer is in the range of 1:5 to 5:1, and
wherein the ratio of the thickness of tR& inner layer to netalllc | ayer is
between 1:5 and 5: 1. 2 d~ O CT 2002 26 8. A systemof claim7, wherein
both the inner layer and th

Bbpaah

r Iayer are nade.of a Ehernngbas%ic
material sef FPSm thE g Gb OFMERs thfg OYFeChLBY Fhal'B8 PoFPrFhpess
chl oride andft hpprekahaiellapes maxalun1nun1 9. A systemof claim?7,
wherein the fitting i gnventi qgnal fi n m h an insert.
10. A system of clalnﬁf f%ﬁ?%@?ﬁ %ﬁ% FP#t a9e% glﬁgghg¥$§8$%t?$ng and the
system has arovidedt with. oAtsysﬁémmamecbacmntorwnagetn nhwinaltphping a
modi fied fipLi Egbéﬂg BG‘E -i*y&E‘ﬁn@n%i%n%Ot sy ek, }or éxHHbié' ayeheg@IPoOSi te

pl pe COI’TpI’I SI ng an I nner a er an am)r hous or sem - cryst aI l'ine

Xt
sol vent cen@ft QBFléthélorréﬁl é@tfllél%tlé‘r |A§I'I‘Mh§€=|3ﬁg°§ EBRplat erydeféred, in

t ubul ar out gaeTRUDPDBAE, o7 BRhal m@m@utseranﬁara@ BQr pest Boem, aanérgp7ef netal,
and an adhesi ve .l aye ic oyter |ayer.

ween the inner r t he . net al
13. A mul ti P5§BA2 éﬁp&?ﬁ(@rppﬁe &@&oﬁ&@ﬁ&a¥§ Clalﬁ%f21smﬁg? FhTSQi B°i nner
| ayer thernmphastbnveatiehadtédthmmgdﬂmangb&upsednsnsalmgloilapénrfhai@d

polyvinyl chigride: blouy] el (5l qricde o (RgLyriayl | deasctLugr kdgsagd the

netallic Iayer I'S™s F -Eonddit System co
mul til ayer e@ﬁpogrmelpwp@szedmmmsﬁpqyuﬁlednnameraﬁeameteaﬁ anBhehous,

sol vent * cemgntablet harioRka il sV g elseaphﬁkskxa§i959ﬂ

tubul ar outer surface; a netal uter layer and an adhesive | ayer betmeen
the inner | &feptard Fﬁetﬁﬁt§M%ﬂ§%ﬁﬁ(9uqeﬁy@ﬂameters specified for t

pipes to be received in the fittings. The only limitation
in size of the multilayer composite pipe of the instant
invention is the ability to bend the pipe, if such a bend is
desired. That means that the diameter of the composite pipe
cannot be so large that the composite pipe structure cannot
be bent. A schematic example of a bent pipe of the instant
invention is shown in FIG. 1A. However, all the layers
should be sufficiently thick to provide the strength and
rigidity needed for a safe, leak proof system for the
intended uses composite pipe in a fluid conduit system,
whether the fluid is a gas or a liguid.

The most preferred embodiment of the present
invention comprises a multilayer composite pipe in which the
inner hollow conduit is made from CPVC. The metallic
intermediate layer is aluminum foil, and the outer layer is
also CPVC. The thickness of the aluminum layer is equal to
about 1 to about 5 percent of the outer diameter of the
multilayer composite pipe. The chart listed below
illustrates the various pipe sizes of the preferred

embodiment of the instant invention. The measurement of the



(b) »a fitting; and 2 4 OCT 2002 27 (c) optionally, an insert having an
open ended hpllow cylindrical body with an extendi ng flange which radi ates
‘outwardly fromthe end of the open ended hol |l ow cylindrical bogﬁ: E V] an
outer diameter less than the 15 inner dianmeter of the nmultil ayér g ﬁﬂ@@?te
pi pe, such that said insert fits inside said conposite pipe. 15. A fluid
conduit system according to claim 14, wherein said inner thernoplastic

| ayer is selected fromthe group consisting of chlorinated polyvinyl

chl oride, paqlyvinyl chlqride pol yvinylidene fluoride,and the netallic
Cayer is std@Veresasauald A% GREUCPEE)s ERFUECBRRF ngTE ot LF 67%h 13, Miner ei n
said finingThe pipenedriesomale balseidngnandesdIN 893pesthndand. i nsert. 17. A

fl Ul d CondUI t ool aoam Ao '\nrd_{ aVel tC U_La: m-1.4 sdboroln b~ f .o

Sy-SHem-acrerai-hg A-t4—pher-et-i—the—fHttrg—+s—q push
fitting and [the systemnh n insert. 18 A flLuyid conduilt,,sysf em acgordin
to cla?n114, mﬁgﬁg'%z%a %iy?tting f@%?%ﬂ%ﬂj éﬂbeiffinn Aﬁ%¥iaid qydten1hgs
no insert. 19. A process of making a nultilalyer conpositie pipe conprising
the steps ofl1§a) extrufPn§ an indet-4 ayer of %s&id multilllay®r conpogite
pipe in thejformof a cpnduit formed froma [hernoplastijc material, {said
condui t haviingPan outer| SuPface; (|P-€pplyinpg%ah adhesi e2i4yer on the
out er surfaﬂg of sard cpndurt; and (C) formhphg a netallijc outer laygr from

1

a strip of 2R . ~~ tifl CT~ 24l®Q7 2.7
32 1.3 0.9 1.3 3.5
40 1.6 1.1 1.6 4.3
50 2.1 1.4 | 2.1 5.6
63 2.6 1.7 2.6 6.9

Most preferably, the aluminum layer is 1.5% of the
outer diameter of the pipe. The ratio of the thickness of
either CPVC layer to the thickness of aluminum in the pipe
is 1:5 to 3:1. Most preferably, the ratio of the thickness
of the CPVC to the thickness of aluminum in the preferred
multilayer composite pipe is 3:2. The adhesive used in this
preferred embodiment on both sides of the metallic
intermediate layer is Estane 58271 polyurethane, available
from The B.F.Goodrich Company, as described above in further
detail.

FIG 2 diagrammatically depicts a portion of a
fluid conduit system of the present invention incorporating
a multilayer composite pipe. A plurality of the multilayer
composite pipes of the instant invention are connected end
to end by a plurality of joints and/or fittings 7. These
joints and/or fittings include, but are not limited to,
adapters, straight couplings, elbows, bushings, crosses,
caps, plugs, flanges, and/or unions.



28 20. A process according to claim19, herein said thernoplastic materi al
Is selected fromthe group consisting of chlorinated polyvinyl chloride,
‘pol yvinyl chloride, or poiyvinylidene fluoride. 21. A process qp@qnn1aunto
claim19, wherein said netallic outer layer is steel. .AA3. A AF. A

JAY. Al CALLA D AYS AT Ayn. A L AS. An R A@

. AfHI. AS[ L. A& AS?. A" . Af Hse. As. A 6. A . AH36AHI

. A9. A{, LM01PQop45~yt 0j e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca U] cMal cal] cal] caU] cay ca] cal] c gccaU] cal ca] ca]ca #5n o

K{vql gb] X]] ca] ca] ca] ca]]Ica]ft%t]Qfﬁﬁ] ireattec Sfc & a]léla’]eéé]l@a],ca]%a]eﬁ]léa’]%ﬂaw cau
] ca] cal] ca] caq & @lds M€ HEH LR d1CHiHte" @an be used

]&((:2] gg?(r:g}/gl ‘éﬂaﬁ%wgafa] cal ca] ca] ca] ca! ca! c%] ca] caU] ca] cai.];(‘:_;la] c,ac]icna:]sca] cal ca
Rl S!1 | 99/&&} xaii ¢h Add a4 Gﬁe]ecca]ﬁajlcm]ecama] cfa]tcahct&]ﬁ@sca]oc@]x@azh@e] ca] Ca] ca]

ca] i? ] ;: f]i } &/a]qf?%%iﬁﬁég\iﬁ ]pk ?cg] &&]%ﬁ&é%&%ﬁ"%%& c/(a] ca] ca]

ca] ca] ca] ca]Examples of sultable push fit fittings include the Universal
U eal cal cal £a]) eal 5 a5 il 3o ad 0000, L0V 22\ AVBLIZS SRR 6, § 677778

well as Straight Coupling TI part from IMI Yorkshire
Fittings.

With the non-mechanical types of fittings, solvent
cements can be used to join the fittings. Any conventional
solvent cement applicable to the particular materials used
to form the multilayer composite pipe and the fitting can be
used. Alternatively, a heat fusion bonding system can be
used to join the fitting with the multilayer composite pipe.
Such systems are described in the ASTM F412, under the
definition of heat fused joints. Any conventional heat
fusion bonding method can be used. In another embodiment,
as shown in Figs. 6A and 6B, the fittings can be modified to
contain a lip portion 8 that extends axially out from the
interior of the fitting to matingly join the inner surface
of the hollow tube conduit which forms the inner layer. A
solvent cement or heat fusion can be used to joint this type
of fitting to the multilayer composite pipe.

FIGS. 3A, 3B and 3C illustrate the insert or
bushing 9 which is optionally used to join the multilayer
composite pipe of the instant invention and conventional
fittings (either conical or cylindrical). The insert
comprises an open ended, hollow cylindrical body with a
radically extending flange which radiates outwardly from the
end of the body. The outer diameter of the inner hollow
body of insert should be less than the inner diameter of the
multilayer composite pipe, provided, however, that the
difference in the outer diameter of the pipe and the inner
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is then joined with a conventional fitting with the use of a
bonding agent as shown in the cross sectional view of FIG.
4.

Any type of bonding agent suitable for
thermoplastic materials can be used to join the multilayer
composite pipe containing an optional insert with a fitting
provided that the bonding agent permanently bonds the
surface of the multilayer composite pipe to the surface of
the fitting and provides for a leak-free joint. For CPVC
pipe, these bonding agents include one-step solvent cements
and two-step solvents cements. Examples of suitable bonding
agents for multilayer composite pipes that contain CPVC
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F493 and remain leak proof. The bonding agents are applied
directly and are suitable for ambient temperature use (0'F
(-18°C) to 210°F (99°C)).

In one embodiment of the invention, the multilayer
composite pipe of the instant invention can be bent anywhere
from 1° to 180°. The multilayer composite pipe can be bent
by any means which can be used to form a small radius bend
so long as such means does not cause the pipe to kink.
Preferably, a tube bender is used to bend the multilayer
composite pipe structure. Any tube bender available to
those in the art for bending metal pipe can be used.
Generally, any commercial tube bender can be used. For
example, Tube Bender H824 from the Lakeland Manufacturing
Company, as well as, the Greenlee 181 Conduit Bender from
the Greenlee Company can be used. A bent composite pipe
according to the instant invention is shown in FIG. 1A.

In an alternative embodiment of the instant
invention, the multilayer composite pipe, as well as, the
optional insert is heat fused to the fitting. That is, the
thermoplastic layers are heated to a temperature above those
at which the material softens. The layers of the composite
pipe (as well as the optional insert) are then joined to the
fitting. Any known heat fusion technique can be used.

FIG. 5 depicts in block form the suggested steps
of one method for fabricating the multilayer composite pipe
of the instant invention. Machines that perform these steps
are commercially available from Kuhne Ummantelungstechnik
GmbH and Swiss CAB SA.

In the method of manufacturing the multilayer
composite, the metal strip is prepared first. Care is taken
to ensure that the metal strip does not have any grease on
it. Then, the hollow inner conduit is extruded. A twin
screw extruder is preferably used if the hollow inner
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conduit is made from CPVC powder, the extrudate temperature

is in the range of about 400 to 450'F, and preferably from

about 415 to 430'F. Once formed, the hollow inner conduit

can be moved through the extrusion head of a second

extruded. This can be accomplished in a variety of ways

including pushing, pulling, or preferably, a combination of

the two. Next, an appropriate adhesive layer is applied to

the outer surface of the hollow inner conduit by any

suitable means known in the art in an adhesive applying

step. Extruding the adhesive on the entire outer surface of

the hollow inner conduit is preferred, although the adhesive

can be brushed, sprayed or rolled onto the pipe.

The metal strip that was prepared in the first
step is then shaped around the outer surface of the inner
hollow conduit and formed into a conduit. The metal strip
can be welded together by any known means to form a conduit
surrounding the inner hollow conduit. Examples of welding
include laser welding and arc welding. Preferably, the
welding is done in such a manner so as to avoid any
overlapping of the metal layer. A gap between the metallic
intermediate layer and the underlying adhesive of less than
2.0 mm is preferred. For the embodiment in which there is a
finite gap and the metallic intermediate layer is welded,
the metal needs to be reduced (drawn down) once it has been
welded, and if necessary, heated to activate the adhesive to
form a trilayered conduit. Details of the draw down process
depend upon the thickness and type of metal and are
generally known in the art. Next, a second layer of
adhesive is applied to the outer surface of the metallic
intermediate layer which was formed into the conduit. An
outer layer of thermoplastic material is then extruded on
the outside of the metallic intermediate layer having an
adhesive coating. Alternatively, both the second adhesive
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intermediate layer which was formed into the conduit. An
outer layer of thermoplastic material is then extruded on
the outside of the metallic intermediate layer having an
adhesive coating. Alternatively, both the second adhesive
layer and the amorphous thermoplastic outer layer can be
coextruded.

Alternatively, a preformed rigid thermoplastic
pipe can be coated with an adhesive. A metallic
intermediate layer can be placed on the adhesive coated
layer. A second layer of adhesive is then applied to the
outer side of the metallic intermediate layer. An outer
layer can then be extruded on top of the metallic
intermediate layer. Optionally, the second adhesive layer,
as well as, the thermoplastic layer can be coextruded in a
single step using a coextrusion die.

The multilayer composite pipe of the instant
invention has the advantages of plastic pipe of the
comparable plastic, and additional properties. For example,
the multilayer composite pipe can be cut to any length in
the field using common wheel cutters. The cut end is
preferably deburred, and the thermoplastic layer(s) may be
chamfered for the ease of assembly. No threading or
grooving or other disruption of the pipe ends is required.
A bonding agent is simply applied around the end of the
conduit on the exposed thermoplastic layer and/or on the
exposed innermost surface of the fitting which is formed by
an exposed thermoplastic layer. The pieces are joined by
inserting the multilayer composite pipe and with the
optional insert 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 bonding agents preferred.

The multilayer composite pipe and conduit system

of the instant invention offer significant benefits in ease
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of use over other known metal, plastic or composite pipe
systems. The multilayer composite pipe offers greater
strength and rigidity at reduced wall thickness than plastic
pipe made of comparable material. Additionally, one
embodiment of the multilayer composite pipe can be easily
bent around a tight radius with a conventional pipe bender
thereby, decreasing the number of joints that need to be
used in the fluid conduit system. Furthermore, the
multilayer composite pipe can be coupled into a fluid
conduit system very easily with less skilled labor and
without the expense of threading equipment, flaring
equipment, torches, or crimping systems or other expensive
mechanical fitting coupling systems.

There are many uses of the multilayer composite
pipe. For example, the multilayer composite pipe can be
used in any fluid conduit system, including, but not limited
to, water heaters, fire sprinkler systems, underslab
installations for hot and cold water, central heating
systems, pressurized air systems, plumbing systems, gas
transportation, underfloor heating, industrial fluid
systems, and underslab heating systems.

EXAMPLE

The inner conduit was formed of TempRite 88709 TAN
309 CPVC (TempRite is a registered Trademark of The
B.F.Goodrich Company), available from The B.F.Goodrich Co.
The CPVC was extruded on a CM-S55HP extruder from Cincinnati
Milacron into pipe having a wall thickness of 0.6 mm and
outer diameter of 24 mm. Zones 1-5 of the extruder were set
at 360'F (182°C) as was the screw oil temperature. The die
temperatures were set at 365 F (185C). The screw speed was 9
rpm. The feed motor was run at 100 rpm and the pipe extruded
at 45 1lbs./hr (20 kg./hr.).
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xY: 1 screw speed was set at 20 rpm.

An aluminum layer, aluminum 3003 (0.2 mm thick)
was formed over the polyurethane and CPVC layers of the pipe
using a Uniwema machine from Alcatel equipped with laser
welding capabilities. The aluminum layer was formed to have
a 0.8 mm gap between its inner surface and that of the
underlying adhesive, welded and drawn down to an outer
diameter of 24.3 mm.

Estane 58271 polyurethane adhesive was extruded
over the aluminum layer using a Davis Standard 1.5 in.
single screw extruder with temperatures set at 380F (193°C).

The adhesive was extruded to a thickness of 0.1 mm. The
screw speed was 20 rpm.

The outer layer of CPVC, 0.6 mm of TempRite 3205
TAN 309, was extruded over the 4-layered pipe using a 1.5
in. Davis Standard single screw extruder with temperatures
set at 400°F (204'C) to produce the 5 layer 25 mm composite
pipe. The screw speed was 20 rpm.

Those skilled in the art to which the invention
pertains may make modifications and other embodiments
employing the principles of this invention without departing
from its spirit or essential characteristics, particularly
upon considering the foregoing teachings. The described
embodiments are to be considered in all respects only as
illustrative and not restrictive; and the scope of the
invention is, therefore, indicated by the appended claims
rather than by the foregoing description. Consequently,
while the invention has been described with reference to
particular embodiments, modifications of structure,
sequence, materials and the like would be apparent to those
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What is claimed is:

1. A fluid conduit system comprising:

(a) multilayer composite pipes comprising an inner layer of
an amorphous, solvent cementable thermoplastic material
having a completely closed, tubular outer surface; a
metallic intermediate layer and an adhesive layer between
the inner layer and the metallic intermediate layer; an
outer layer of an amorphous, solvent cementable
thermoplastic essentially surrounding the metallic
intermediate layer, and an adhesive layer between the
metallic intermediate layer and the outer layer;

(b) a fitting; and

(c) optionally, an insert having an open ended hollow
cylindrical body with an extending flange which radiates
outwardly from the end of the open ended hollow cylindrical
body, having an outer diameter less than the inner diameter
of the multilayer composite pipe, such that said insert fits

inside said composite pipe.

2. A fluid conduit system of claim 1, wherein:
(a) the multiiayer composite pipe comprises an inner layer

of chlorinated polyvinyl chloride, a metallic intermediate
layer of aluminum and an outer layer of chlorinated
polyvinyl chloride wherein said multilayer composite pipe
has an overall diameter of from about 16mm to about 110mm,
and wherein said aluminum layer forms about 1 to 5% of the
outer diameter of said pipe,the ratio of the thickness of
the outer layer to the metallic intermediate layer is in the
range of 1:5 to 5:1, and wherein the ratio of the thickness

of the inner laye to aluminum is between 1:5 and 5:1; and
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(b) a fitting mounted on an open end of the multiplayer composite
pipe so as to form a leak-proof sealed joint at one end of the

multilayer composite pipe directly between the multilayer pipe
and the fitting.

3. A fluid conduit system of claim 2, wherein:

(a) the fitting is a push fit fitting or a conventional fitting.

-3

. A fluid conduit system as claimed in claim 2, wherei said fitting

and said multilayer composite pipe are joined by a solvent cement

to form said leak proof seal.

5. A system of claim 4, wherein said thermoplastic is selected from
the group consisting of chlorinated polyvinyl chloride, polyvinyl

chloride or polyvinylidene fluoride and the metallic layer is

aluminum.

6. A system of claim 4, wherein said inner layer and said outer
layer of the multilayer composite pipe are 0.6 mm thick and said

metallic intermediate layer is 0.2 mm thick.

7. A system of claim 4, wherein said multilayer composite pipe has
an overall diameter of from about 16 mm to about 100 mm, and
wherein said metallic layer forms about 1 to 5% of the outer
diameter of said pipe, the ratio of the thickness of the outer
layer to the metallic layer is in the range of 1:5 to 5:1, and
wherein the ratio of the thickness of the inner layer to metallic

layer is between 1:5 and 5:1.
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A system of claim 7, wherein both the inner layer and the outer
layer are made of a thermoplastic material selected from the
group consisting of chlorinated polyvinyl chloride and the

metallic layer is aluminum.

. A system of claim 7, wherein the fitting is a conventional

fitting and the system has an insert.

A system of claim 7, wherein the fitting is a push fit fitting

and the system has an insert.

A system of claim 7, wherein the fitting is a modified fitting

and the system has not insert.

A multilayer composite pipe comprising an extruded inner layer
of an amorphous or semi~-crystalline solvent cementable
thermoplastic material having a completely closed, tubular outer
surface, a metallic outer layer formed from a strip of metal,

and an adhesive layer between the inner layer and the metallic

outer layer,

. A multilayer composite pipe according to claim 12, wherein said
inner layer thermoplastic is selected from the group consisting
of chlorinated polyvinyl chloride, polyvinyl chloride or

polyvinylidene fluoride and the metallic layer is steel.

A fluid conduit system comprising:

(2) multilayer composite pipes comprising an inner layer of an
amorphous, solvent cementable thermoplastic material having a
completely closed, tubular outer surface; a metallic outer
layer and an adhesive layer between the inner layer and the
metallic outer layer,

{b) a fitting; and
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(¢) optionally, an insert having an open ended hollow cylindrical
body with an extending flange which radiates outwardly from
the end of the open ended hollow cylindrical body, having an
outer diameter less than the 15 inner diameter of the
multilayer composite pipe, such that said insert fits inside

said composite pipe.

15, A fluid conduit system according to claim 14, wherein said inner
thermoplastic layer is selected from the group consisting of
chlorinated polyvinyl chloride, polyvinyl chloride or

polyvinylidene fluoride and the metallic layer is steel.

16. A fluid conduit system according to claim 14, wherein said

fining is a conventional fitting and said system has an insert.

17. A fluid conduit system according to claim 14, wherein the

fitting is a push fitting and the system has an insert.

18. A fluid conduit system according to claim 14, wherein said

fitting is a modified fitting and said system has no insert,

19. A process of making a multilayer composite pipe comprising

the steps of:

(a) extruding an inner layer of said multilayer composite pipe in
the form of a conduit formed from a thermoplastic material,
said conduit having an outer surface;

(b) applying an adhesive layer on the outer surface of said
conduit; and

(C) forming a metallic outer layer from a strip of metal.
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20. A process according to claim 19, herein said thermoplastic
material is selected from the group consisting of chlorinated
polyvinyl chloride, polyvinyl chloride, or poiyvinylidene
fluoride.

21. A process according to claim 19, wherein said metallic outer

layer is steel.



