CURED I N PLACE PI PE LINER W TH STYRENE BARRI ER FI ELD OF THE | NVENTI ON
[GOA] The present invention relates to liners for pipes or various other
passagewaye.2oineo2speci fically, this invention rel ates troTiuSe@0®2d580

under ground sewers which are used to repair broken, pitted, or |eaking main
sewer pipes, lateral sewer pipes and gas pipes. The invention is directed
to cured in place liners which have a barrier layer which is resistant to
m gration of styrene. That is, the |inérs are cured inside the pipe to be
repaired. The invention is also directed to cured in place liners which use
a styrene based pol yester thernoset resin saturated fabric where the
thernoset resin ¢coraus g4 pilacdened) LIVER VeI re S TOf RRKE BARAGKRROUND OF THE

| NVENTI ON {0002] The cured in place nmethod of |ining damaged or broken

pi pes, such as sewers and gas pipes, has becone a very successful method of
repai ring under ground pipes.EIthﬁEiﬁﬂﬁiaQﬁ£ﬁ££Iﬁe need to excavate the
under gr ou, pe.and th .resul ti a o surface. infrastructure, such
e paved OPBLrs 1B GraseiniEren e’ BURRE b prace REE o) RFSTFHE T r o
posi ti oni Qgrd KRcilicney, thidshasidhe1Rins s |8 dfiier drb DR selvers! whish hleaXbdl €
state, then curing the liner to a hard state within the pipe while forcing
t he I|nenoagmmm@vk@h@HWﬁs@deﬂ@mgFﬁéﬁ@&ﬁﬁ@@é&éﬂg@lNﬂﬁﬁ?éﬁﬁﬂmh&%lﬁ@%hods use
air, stea ressuri.ze the.liner hav the flexible |iner

conf or m tgﬁetlﬁ"mmn 1%1%11%.? Cféﬁ) UEdsa Pg,{“ﬁ&“@ﬂ?é” 1?1hohﬁ%r?%a TR REE R ate while
it is he|@s1b&11ﬁth@1‘11@fd$1%ﬁ'éfetyffeﬁhct ffﬁaﬂx@&h@ﬁn@ﬁ aﬁeh@u@ﬂlﬁadé 8RQ3)e thhe prior art

| i ners have been made by using a fabric on one side of the liner and a
single | asyié%‘améo|T9weme§H@@ts B @’FF‘é“éttﬁéPTeé|“éléla°€|'H%erf HhiGhcisp & SHEENSr at ed Wi t h
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epoxy resin. curing, that is't process o converting the thernoset
naterial(h@mhnmﬂ@ydh@@&kﬁhaMS performed after the |iner has been pl aced
inside the pipe. The liner can be placed in the pipe to be repaired by

ei ther the dragged-in nmethod as described in U S. Patent 4.009, 063 or the
inversion nethod as descrihed doUND oFatigninNdEfE40R1 1, both of these

patents are
[0602] The cured in place method of lining damaged or broken pipes, such as sewers

and gas pipes, has become a very successful method of repairing underground pipes.
The method avoids the need to excavate the underground pipe and the resulting damage
to surface infrastructure, such as paved streets and buildings. The cured in place method
involves first positioning the liner inside the pipe while the liner is in a flexible state,
then curing the liner to a hard state within the pipe while forcing the liner against the
inside of the damaged pipe. Conventional methods use air, steam or water to pressurize
the liner to have the flexible liner conform to the inside of the pipe and cure the liner to a
hard state while it is held by the pressure to the inside of the pipe.

[0003] The prior art liners have been made by using a fabric on one side of the liner
and a single layer polymer sheet on the other side. The fabric is saturated with an
uncured thermoset material, such as a styrene based polyester resin or epoxy resin. The
curing, that is the process of converting the thermoset material to a rigid state, is
performed after the liner has been placed inside the pipe. The liner can be placed in the
pipe to he repaired by either the dragged-in method as deseribed in U.S. Patent 4,009,063
or the inversion method as described in U.S. Patent 4,064,211, both of these patents are
herein incorporated by reference. The polymer sheet placed on the fabric must be

resistant to the thermosetting material used and also able to withstand the heat used to



herein incorporated by reference. The pol yner sheet placed on the fabric
must be resistant to the thernosetting naterial used and al so able to

wi t hst andwohelonaai2sused tocure the them oset material. Yamiusasi0/026580

t her nopl astics and el astomers have been used to coat the fabrics, with

pol yur et hane being frequently used. Thernoplastic pol yurethane is

particul arly desirable because of its abrasion resistance, tear resistance
and el astic properties. [0004] One proBlemthat occurs when using a styrene
based polyester as the thernosetting resin is the mgration of styrene from
the resin and through the thernoplastic polynmer |ayer coated on the resin
absor bent ;ypaiRh@hmok@¥Riterial & afib iy BBENENABIES add@aS@dMbk Ya @ bdchis&difoed i n

pl ace pipe and contaninates the nedia, such as water or steam used to
pressur i zewat the fgirge, Vith aelyutage bh@&ﬁ@du@ti@se@aéhmtr@alaﬁﬁi@miméﬁa@nw it
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styrene oglopertibd.ch nust al so be dealt with can be a problenl j qQ& It
woul d be desirable to have a thermpplastic |ayer which would greatly reduce
the styr e84 gr élrxecpﬁomﬁpéhfﬁﬁét%&han HEBY 2 sy predasir o st as B’iepe li ner and

allow th ¥ nt facilities.
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mat eri al . e Tiner also has'a thernoset resin, preferably a s yrene
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preferabh%agw@hgﬁﬂ%eqhgaﬁeﬁgdness thernnplastlc polyurethane pol ymer or an
ethyl ene vinyl al cohol polynmer. The coating is preferably a three |ayer
coati ng clofprli si ﬁngQléﬂ bg degiyable tp h}@vmmbas@wlésméwrr whnchcoaeldereailivt h t he
CESEn absr%ﬁttljc,ecr}fle :r:gi Hehe nfl grdho o tl‘(c r}lecﬁa useci%) pressurize the pipe liner and allow

the media to be processed through normal sewer treatment facilities. Installation costs

could be reduced and the environment could be improved by such a development.

SUMMARY OF THE INVENTION

{0000] A cured in place liner for a passageway or pipe comprising a barrier layer to
greatly reduce the migration of styrene through the Hiner. The liner has at least one layer
of resin absorbent material, preferably a non-woven resin absorbent material. The hiner
also has a thermoset resin, preferably a styrene polyester resin, impregnated into the resin
absorbent material layer. The liner has a thermoplastic coating attached to the resin
absorbent material layer. The coating comprises a thermoplastic barrier layer, which is
preferably either a high hardness thermoplastic polyurethane polymer or an ethylene
vinyl alcohol polymer. The coating is preferably a three layer coating comprising {a) a
first thermoplastic layer in contact with the resin absorbent material layer; (b) a second
thermoplastic barrier layer in contact with the first thermoplastic layer and third
thermoplastic layer; and (c) a third thermoplastic layer in contact with the barrier layer.

The first and third layers of the coating can be made from a thermoplastic polymer



thernopl astic barrier layer in contact with the first thernoplastic |ayer
and third thernoplastic layer; and (c) a third thernoplastic layer in
cont act wwoOhotoei@arrier |ayer. The first and third | ayecs/ustomwhesssoat i ng
can be made froma thernoplastic polyner-V selected fromthe group

consi sting of thernoplastic pol yurethane (TPU), co-polyam de (COPA) and
co- pol yester (COPE). [0007] | the nost preferred enbodi nent, the resin
absorbent material |ayer is a non wovefi- pol yester fabric, the them oset
resin is a styrenc polyester resin, and the coating is a three |ayer
coating having pol yester thernoplastic pol yurethane polyner (TPU) as the
first andgldididedRnRror8ffcdskRang h?ﬂ’heﬁ%ﬁsﬁ@%@%Mhdﬂ@(?ﬂjg,%qﬁﬂiﬁ%eh' gh
hardness TPU or et hylene vinyl al cohol (EVOH) “pol yner between the first and
third | ayéidADERAPERD BRSCRPPE)L.ON OF THE | NVENTI ON [ 0008] The cured in

ecin abailbont RuEErrar olayer ettt d P ARk chnre maltn et R b’ nt o

the resi nyahsqidderter fatier thakhdrayes resad a(s®redt $I19800PEsAs bh€ tieQabiiMgisor film
conprising a barrier material. Preferably, the thernoplastic coating is a

t hr ee | ayethrdolpysr wagtingd aying nodyesten Bonppplagic polywgiaand pplwoer @EUNGE 1 t he
resi n absgrbent | al ‘ Sel r L 14.G I ehyl ayer, and a
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t her nopl ashylendanyli @tohbhffer OHapolpgeebétheen telirghnbaiethesss TPU or EVOH
polymer. The first and third |layers of the coating can be the sanme or
different and can be TPU, COPA or COPE pol yners. An exanple of a

co- pol yani de (COPA) pgkYBf phe4ER FOAFR! 6F aldy pevakirahe as Pebax from
Arkema. An exanple of 7 a- ] : ' Ts one comercially

avai | abl g0888]Hyt ab tufed dmpBudbindr foThpasspstvapoepgreiedremribed iofreq) ai lsatto use

TPU polyners for all three ers of the coating, Wt he first and third
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|l ayer of high hardness TPU i s di sposed between the first and third layers
of | ow hananesls PTELabiFh e therempiastic whdtinghea tescleybddm mvirgraBrsdof t he nost
preferred

t

hermopiastic layer in contact with the resin absorbent material layer, a second
thermoplastic barrier layer, and a third thermoplastic layer in contact with the barrier
layer. The second thermoplastic barrier layer can be either a high hardness TPU or
EVOH polymer. The first and third layers of the coating can be the same or different and
can be TPU, COPA or COPE polymers. An example of a co-polyamide (COPA)
polymer is one commercially available as Pebax™ from Arkema. An example of a co-
polyester (COPE) polymer is one commercially available as Hytrel® from DuPont. The
most preferred embodiment is to use TPU polymers for all three layers of the coating,
with the first and third layer being low hardness TPU (less than 98 Shore A) and the
second barrier layer being a TPU having high hardness (60 Shore IJ or greater). The
barrier layer of high hardness TP is disposed between the first and third layers of low
hardness TPU, The invention will be described in terms of the most preferred
embodiment of using TPU for all three layers of the coating. The coating in this

specification means a film.

TPU FOR FIRST AND THIRD LAYERS OF COATING

{0009} Thermoplastic polyurethane (TPU) polymers used for the first and third

layers in this invention are made by reaction of three reactants. The first reactantis a



enbodi nent of using TPU for all three layers of the coating. The coating in
this specification neans a film TPU FOR FI RST AND THI RD LAYERS OF COATI NG
[ 0009] Thwormopl@asi2sc pol yur et hane (TPU) pol yners used f @ecTiuseomiozasso and
third layers in this invention are nade by reaction of three reactants. The
first reactant is ahydroxyl term nated internediate, such as a pol yester,
pol yet her, pol ycarbonate or m xtures thereof hydroxylterm nated

i nternedi ate. The second reactant is a4glycol or am ne chain extender with
a glycol chain extender being preferred. The third reactant is an

i socyanate, preferably a diisocyanate. Each of the preferred three

react ant Syyiqso dii KEMHSRM i ﬁéhgwm&%%%s I&asxybyt@f BN kthte ﬁamy@%@ﬁlatpe} yester

intermedi ate I's general Hnear pol yest'er having a nunber average

mol ecul armw@mrgmhc(dvﬁ)lyd)ﬁxylrt@mlaeng@tnt@n@@am ﬁm@comoa@@@t m‘eshyrz@lbﬁy from
about 2000 to abou tt e ab%%fron1abo$ ﬁ Q hﬁ abol tt3000 The
mol ecul ar™WeF ght'" £§° ?é"r‘Wi %Eeé 85" R eI Al nF TS %1 gr oups
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term nated polyester internediate preferably has a | ow acid nunber, such as

| ess t harfligcusseddieler ably | ess than 1.0 and nore preferably |ess than 0. 8.
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preferre | i ners”wh ow aci d
nunbers i}rmh@vce;lmﬂﬁerbydﬁgé mblacuist abight @\yn)ocﬁf ﬂ"{hﬁé aERthlecxb wmfout Az, nunber is
determ ned according to ASTM D- 4662 and is as the quantity of base,

expr essed PG foryEaans 20 18 ePadsiVikh Wd’rr'df%a@@’ ft“i’\"&t“bi)‘ét FRf LG riupt t% Oitrate
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i npr oved I ng rofytlc sta rs to the TPU nown to
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term nat ed pol yester i ates ar uced b n.e i fication
react i on BETBHEAG T E@S p et iab Wl ey )éﬁ%grsb%‘i‘?@r?’ié P g or

anhydri deg Q‘ﬁd 1(11%}6 ﬂ%f&i@?%ﬂh@ﬁ iofs. L84 98d BAGBE! PR thd hyRr miyq hemipagt i on of
one or nore glycols wth esters of dicarboxylic acids.” Ml'e ratios
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S0 as to bq,tagt%le noxlv Ian %le%@%l 19%1(?\%\/&1@ gycﬁoiyﬁc stability of the TPU polymer. Acid
number is determined according to ASTM 12-4662 and is defined as the quantity of base,
expressed in milligrams of potassium hydroxide that is required to titrate acidic
constituents in 1.0 gram of sample. Hydrolytic stability can also be improved by adding
hydrolytic stabilizers to the TPU which are known to those skilled in the art of
formulating TPU polymers. The hydroxyl terminated polyester intermediates ate
produced by (1) an esterification reaction of one or more glycols with one or more
dicarboxylic acids or anhydrides or (2} by transesterification reaction, i.e., the reaction of
one or more glycols with esters of dicarboxylic acids. Mole ratios generally in excess of
more than one mole of glycol to acid are preferred so as to obtain linear chains having a
preponderance of terminal hydroxyl groups. Suitable polyester intermediates also
include various lactones such as polycaprolactone typically made from s-caprolactone
and a bifunctional initiator such as diethylene glycol. The dicarboxylic acids of the
desired polyester can be aliphatic, cycloaliphatic, aromatic, or combinations thereof.
Suitable dicarboxylic acids which may be used alone or in mixtures generally have a
total of from 4 to 15 carbon atoms and include: suecinic, glutaric, adipic, pimelic,
suberic, azelaic, sebacic, dodecanedioic, isophthalie, terephthalic, cyclohexane

dicarboxylic, and the like. Anhydrides of the above dicarboxylic acids such as phthalic



preponderance of term nal hydroxyl groups. Suitable polyester internediates
al so include various ketones such as pol ycaprol actone typically nmade from
e- capr ol avpanw/an®sa bi functional initiator such as di erhyluse@ogkessol . The
di carboxylic acids of the desired polyester can be aliphatic,
cycloaliphatic, aromatic, or conbinations thereof Suitable dicarboxylic
acids which may be used alone or in mxtures generally have a total of from
4 to 15 carbon atons and include: succinic, glutaric, adipic, pinelic,
suberic, azel aic, sebacic, dodecanedioic, isophthalic, terephthalic,

cycl ohexane di carboxylic, and the |ike. Anhydrides of the above

di car boxylh¢dadd, @éraﬁy&lap%aM& biganhydnidecant 88 ghinda oplthakdig ianpydri de,
or the like, can al so be used dipic acid is the preferred acid. The

gl ycol s vibre fehred meidr é”ét@@é@otsovlileb pricacapeas] tﬂé@ﬂl@ﬂé@ﬂl @t}@ﬁyqsm greddate can be
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1, 2- pr opagghiradtomd,,add 1rpﬂwbadﬂl&3dbmi glvdgl&haﬂylaﬁegmdﬁ llrjﬂcmfeaxﬂﬁdl $I
1,5-pciitanediol, 1,6-hexanedi ol, di me ropanedlol

1, 4- cycl oNeRaFEW et haﬁwdmldééa%@w%nlé @PIV%‘%ﬂd1°1dbééléé+Péfi’rﬁ’§bl %etre glycol
and the 'airrgmﬁvgl%b E gféﬂ,gy IS F&%Qé&&% Hafd (fx&% trylcfe By fctafi of two or

nmore glycols rmay iner to be use PiTe pi’pe where
m cr obi al dadesdrs¢thylee: glscol egui thetke, duebutasedyass piepesterreld gtybgll enklegliy€ol i s

the prefen ed glycol [001 Suitabl e, .glyc ai n. extenders used as the

Socond r CRAGHHOT GRRRAVITE T8 BT § e EHSrO THE SPHE AR ENCHPRY | ayer s
can be all‘ﬁ'ﬂ%h&m@fuﬁl{mtsﬁ@h & &Wm@%m@r&etgr}%we@fthcgm@fe%a%hfcﬁpm 2 to about
12 carbon atoms. Preferably, % | ycol "chain extenders are 'l ower aliphatic

or short E@ﬂél]n glyddils ghavl (ﬁngmf cr?@mdaboutd & tho savodtreatOntwribdee the i and

i ncl ude, i_nst £t h ne col | ene_qgl ycol r | ene
alvcol s diprahy e Gk Lo T B Rt STy SR S e B, ot anedi of
1,5- pent@pedi @ld habe sy ThoRexanediBe hanRo PrdivdbRYtHe gPRIAEchain
dl(hydroxyethyl) et her, neopentyglycol, and the Ilke with 1, 4-butanedi ol

bei ng pr edxéenders. arplopres plivhagk e shast dhain Blecqls bevias froneaboni? i deubHder to make
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benzene. ngmll ediﬁro@lviy:ﬁ@ glysalecmtmaieﬁyﬂ 1n@n1aﬁasdlhydcpauamnﬁ 1,5- €. i S
pentanediol, 1,4-cyclohexanedimethanol hydrogquinone, dithydroxyethyl) ether,
neopentyglycol, and the like, with 1,4-butanediol being preferred. Aromatic glycols can
be used as the chain extender to make the TPU including benzene glveol and xylene
glycol. Xylene glycol is a mixture of 1,4-di(hydroxymethyl) benzene and 1,2-
dithydroxymethyl) benzene. Benzene glycol specifically includes hydroquinone, i.e., bis
(beta-hydroxyethyl) ether also known as 1,4-di(2-hydroxyethoxy) benzene; resorcinol,
1.e., bis(beta-hydroxyethyl) ether also known as 1,3-di(2-hydroxyethyl) benzene;
catechol, i.e., bis(beta-hydroxyethyl) ether also known as 1,2-di(2-hydroxyethoxy)
benzene; and combinations thereof, A mixture of two or more glycols may be used as
the chain extender in the TPU of this invention. A mixture of 1,4-butanediol and 1,6-
hexanediol is the preferred mixture.
{0012] The third reactant to make the TPU for the first and third layers of this
invention is a diisocyanate. Suitable diisocyanates include aromatic diisocyanates such
as: 4,4'-methylenebis-(phenyl isocyanate} (MD1); m-xylylene diisocyanate (XDI),
phenylene-1,4-diisocyanate, 1,5-naphthalene diisocyanate, diphenylmethane-3,3'-

dimethoxy-4,4'-diisocyanate {TODI) and toluene diisocyanate {TDI); as well as aliphatic



(beta- hydroxyethyl) ether also known as 1, 4-di(2-hydroxyethoxy) benzene;
resorC|noI i.e., bis(beta-hydroxyethyl) ether al so known as

, 3- d|(2\h9dnmmyunbyl) benzene: catechol, i.e., bis(beta&cmyuseaxpedshy| )
ether al so known as I,2-di(2-hydroxyethoxy) benzene; and conbi nati ons
thereof. A mxture of two or nore glycols may be used as the chain extender
in the TPU of this invention. A mxture of 1,4-butanediol and 1, 6-
hexanediol is the preferred m xture. {0012] The third reactant to nmake the
TPU for the first and third layers of this invention is a diisocyanate.
Sui tabl e diisocyanates include aromatic diisocyanates such as:

4, 4" - met %s&%ﬁse (RASRYdoph &%ﬁé’ﬁﬂﬂ}cﬁ%] @@éﬁn W%bﬁh@{kﬁ ddidseepanate (XDl),

phenyl ene-1", d||socyana 5-na ne dii Socyariat e,
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di cycl ohexyl et hane- 4 i i socyanate. The nost preferred dllsocyanate is
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of 3 or nore should be avoided as th will cause the TPU ynmer to be
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i nternedi‘ate, glyco in exten di I socyanat €) are reacted together
to forn1Qﬁexﬂp@hnnm&e@ulamhhsughnmImem@eddnngﬁhet@mnstmahd;mhwdeMayers of

the TPU coatl f this inoventjon. An 0 rocesses.to react the three
oact ant SrayThi® beiinBog R RB 1hae e TrE e R s et e ANSo: ol ed
one- shot 1&1&% Sclhig @ b tht i eerheakt AlyDeaked Addag ho TAW epfr uder react or

and reacted. The equival ent wei ght anobunt of the diisocyanate to the total
equi val entrefseid htocasvosiato-oflldadhmehpndr prydss edrteadl g reotadvnentddedtatni s, the
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and pref grablybifdMvaR@H imount of the hydroxyl containing components, that is, the
hydroxyl terminated polyester intermediate and the chain extender glycol, is from about
.95 to about 1.10, desirably from about 0.96 to about 1.02, and preferably from about
(.97 to about 1.005, Reaction temperatures utilizing urethane catalyst are generally from
about 173°C to about 245°C and preferably from 180°C to 220°C.
{0014} Generally, any conventional catalyst can be utilized to react the diisocyanate
with the polyester intermediates or the chain extender and the same is well known to the
art and to the literature. Examples of suitable catalysts include the various alkyl ethers or
alkyl thiol ethers of bismuth or tin wherein the alkyl portion has from 1 to about 20
carbon atoms with specific examples including bismuth octoate, bismuth laurate, and the
like. Preferred catalysts include the various tin catalysts such as stannous octoate,
dibutyltin dioctoate, dibutyltin dilaurate, and the like. The amount of such catalyst is
generally small such as from about 20 to about 200 parts per million based upon the total
weight of the polyurethane forming reactants,
[0015] The thermoplastic polyurethane can also be prepared utilizing a pre-polymer
process. In the pre-polymer route, the hydroxyl terminated polyester intermediates are

reacted with generally an equivalent excess of one or more diisocyanates to form a pre-



0.97 to about 1.005. Reaction tenperatures utilizing urethane catalyst are
generally from about 1750C to about 245C and preferably from 180Q0C to
2200C. [ os04p1o@amesal |y, any conventional catal yst can lpeTaiseéionedtse o react
the diisocyanate with the pol yester internediates or the chain extender and
the sanme is well known to the art and to the literature. Exanples of
suitabl e catalysts include the various al ky! ethers or alkyl thiol ethers
of bismuth or tin wherein the al kyl pofition has from1l to about 20 carbon
atons with specific exanples including bismuth octoate, bismuth |aurate,
and the like. Preferred catalysts include the various tin catalysts such as

stannous Qﬁﬁ?ét.s%i b ULkt odLRCLOBE Biisdl Rk ntiel, dilRUbRlGendRdythe |ike.
The am)unlt 0 sucLh catal yst is generally Small such as fromwabout” 20 to
about 20Ccapaed sutperempktdtirenobiasedbopdii ¢ heastiost 320 Weing refofabiyniecrpebywir et hane

or cpar o UETT (21! 80P o 051 JRechP DL BOED o HETRE BFaY borYRan P32, t he

hydroxyl deeicii@8bpeds paliy esbeler bhaeaasiatiesi@iien keagliedemisiibugeneral Iy an
equi val ent excess of one or nore diisocyanates to forma prepol ynmer
sol uti on sraviafly chvddo Bie isayyerde eyl RIPRROBYEHBIEO AR EF AT uRBde] on i s

general l y,.carri [ te . res. of fr ahout, 86 C Lo, . 220" C and
pr ef er abl %}&18 ?%d%gaﬁgthﬁjo%ogrﬁ?gﬁ %glfgﬁlé%eegléggﬁ : Fﬁggtﬁfgésgﬁ%@dgeﬁggﬁ Suitable
ur et hane wai afpyisilentodlisaguentyll yorminasel @didswes ndpae ofiaic handexd tangdénmas

not ed above is added in an_ equival ent ampunt generally equal fo. the

i socyanat®v8hd%gtoipet &d OV@SV& ¥ %ioéil %H‘Pg}lt prado g‘?m’ﬁ A roéé‘(‘?é éée%ﬁ‘iaf’]é’c}é‘if%n ate
CO”poundsaboI{‘@Q@Yﬁ%'ul: fl].%g‘?'" gﬁé Scilﬁ A& Phs tBE'ﬁy&;B&ﬁ'wﬂlihﬁ&?%@i@@&% tp the
total equivalent o f the hydro yT term nated pol yesters and the chain

ext ender ths chhinsxfendmiabbuttcdtodbve thedbowd shorkhardbess. ritsl opaforaxmnalvout 0. 96

to about 1.02 and preferably from about 0.97 to a 1.005. The, equi val ent
a0 of EHEAARBRIITE S et EOBOYHSLERS o 6o ReSthar i BRieiagt i's

adj ust ed 4@pe@i - ha S She Jr gl -Ro@XLenss eprikgacti on

t enper at ur@ ?é(yg%(ﬁggé[?l@?éf%prﬁ%ggﬁgt h?@%gi??%b %YE%S?}?%SI?%% Wigt h from about

200 OC t onabosty @4@0Cidnel dayi@reflesr edrudeypiicabteysrradh @ hpr.ehppdlyaser route can
b e carrie

fbe0ttlialeD a8 N FONVERL 0L o BEVL E& WL Iy B0 EXE L HACKPSLAG, of

pr ef or r e OPEUSE A BN HAr: P s M ERe ST aRUM iR el SEhPUIBghi val ent

excess of @ e@irh &P Y RRALErbPoBmbdr k8kitiBRRAd Abs&fuently the chain extender is added
at a downstream portion and reacted with the pre-polymer solution. Any conventional
extruder can be utilized, with extruders equipped with barrier screws having a length to
diameter ratio of at least 20 and preferably at least 25 are preferved.
{0016} Useful additives can be utilized in suitable amounts and include opacifying
pigments, plasticizers, colorants, mineral fillers, stabilizers, lubricants, wax, UV
absorbers, processing aids, and other additives as desired. Useful opacitying pigments
include titanium dioxide, zinc oxide, and titanate yellow, while useful tinting pigments
include carbon black, vellow oxides, brown oxides, raw and burnt sienna or umber,
chromium oxide green, cadmium pigments, chromium pigments, and other mixed metal
oxide and organic pigments, Useful fillers include diatomaceous earth (superfloss) clay,
silica, tale, mica, wallostonite, barium sulfate, and calcium carbonate. If desired, useful
stabilizers such as antioxidants can be used and include phenolic antioxidants, while
useful photostabilizers include organic phosphates, and organotin thiolates
(mercaptides). Useful lubricants include metal stearates, paraffin oils and amide waxes.

Useful UV absorbers include 2-(2-hydroxyphenol) benzotriazoles and 2-



the extruder to forma pre-polyner solution and subsequently the chain
extender is added at a downstream portion and reacted with the pre-polyner
sol uti on.waryiocamzent i onal extruder can be utilized, w POTASRINO26580
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[0018] The most preferred TPU polymers used in the first and third layers of the
TPU tiner will have a Shore A hardness of from about 85A to about 98A, preferably
from 85A to 95A, and will have a Melt Flow Index of equal to or less than 80g/10 min.
(@ 210°C and 3.8 Kg load, preferably less than 65g/10 min. and more preferably less than
50 g/10 min. Calendaring grades of TPU will typically have a Melt Flow Index of about
45 to 80 whereas extrusion grades will typically have a Melt Flow Index of 40 or less.
Commercial TPU polymers that meet these requirements are known as Estane™ TPU
58437, 58277, 58447, 54605, 54777, T5630, T5620, 58605 and X-1351 and are
commercially avatlable from Lubrizol Advanced Materials, Inc. TPU polymers having a
hardness higher than 98 Shore A can be too stiff to facilitate the insertion of the liner into
the damaged pipe in some applications, particularly by the inversion method. Shore A
and Shore D hardness are determined according to ASTM D2240,
{0019} When the TPU is to be used for lining gas pipes, it is preferred to use a TPU
which is made from a low acid number polyester intermediate and where the polyester
intermediate is made by reacting adipic acid with diethylene glycol, as this type of TPU

is believed to be more microbial resistant. Resistance to microbes is desirable for gas



at 1 OTvrnin. ASTM D- 34 18-03 standard describes the DSC | est. The 2nd heat
melt endot herm peak tenperature is used to correct for any variances in the
sanpl e. [WO2Bjo/file@snost preferred TPU pol ynmers used in trhe/uscesozesd third
| ayers of the TPU liner will have a Shore A hardness of from about 85A to
about 98A, preferably from85A to 95A, and will have a Melt Flow I ndex of
equal to or less than 80g- | Onn. @210C and 3.8 Kg |oad, preferably |ess
than 59/ 10 mn. and nore preferably | e8s than 50 g/ 10 min. Cal endaring
grades of TPUw II| typically have a Melt Fl ow I ndex of about 45 to 80
whereas extrusion grades wll typically have a Melt Flow I ndex of 40 or
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hardness are determ ned according to ASTM D2240. [0019] Wien the TPU is to
be used flgeilitaiaEetngts thirpesttable fesn priefles jced apeprbend layeTPEPIpIERISP s made
froma | ow,aci de DUBRLPRLYESTEN (4 Fo‘?!e%@'l%@%u@i'%’ﬁségd]r%roﬁﬂﬁé‘l%e?% Ma%ﬁ%. &'
internediate i nmade by reacting ipic acrd wt I ethyl'ene glycol, as
t hi s typeclofed Tt fram ltied drépied flaordoampoiesineecr obi al resi stant. Resistance to
m crobes is desirable for gaspi pes. The type of TPU used can vary dependi ng
on the environnent encountered in use and the tenperature required for the
curing pregess: 9029 The TPU shoul d al so have good resistance to
solvents.” Sofvents can be used to solvent-weld TPtJ patches over the holes
drilled ii#0dilt he A baraer, lawhi(edvoad Biynmddiithoisfremititit tathe mygtationgf styeene is
t her noset t a\@é% resi,n into t [ua esi n.absorbent |l ayer. Solvents. also.can be
used to SBRYBRVSREIE B P LOE0 ARG AR rCdBeru BRI SR ither 1o
nmake a cl@sedrciuReldt Akt B as Ny G el Alsid @RARNGH s@fres8Qlure BakEHEr Layer
JO002 1] A barrier layer (second l'ayer) which is resistant to the mgration
of styr enk siysengseidrdvet teegh tiethginregd astin gottionrod hedyer stdescuesed above. The
ther msetéolnﬁgnigz%% itk #astgp ot Steam used to inflate the liner. If too much styrene is present in

the water or steam, the water must be collected and disposed of by more costly means,

rather than discharged to a municipal drainage system.

{0022 It has been found that a styrene barrier layer can be formed from either a very

hard TPU or from an ethylene vinyl alcohol (EVOH) polymer. The barrier layer is

preferably placed between the first and third layers. The barrier layer does not have as

good of adhesion to the resin absorbent material as the first and third layers, thus 1t is not

placed directly onto the resin absorbent material, but rather is placed between the first

and third layers. A suitable adhesive could be applied between the barrier layer and the

resin absorbent material if it is desired to place the barrier layer directly onto the resin

absorbent material.

[0023] The barrier layer is preferably a very hard TPU, with a hardness of 60 Shore

D or greater, preferably 65 Shore D or greater, more preferably 75 Shore D or greater,

and most preferably about 85 Shore D or greater. The barrier layer will be described

more fully below for the preferred material of a very hard TPU.

{0024] The very hard rigid TPU polymer is made by reacting a polyisocyanate with a

short chain diol (i.e., chain extender), and optionally less than 15 weight percent of

polyol (hydroxyl terminated intermediate as is used in the first and third TPU layer



the cured-in-place liner is usually a polyester resiu which uses styrene to
cure the resin. If styrene mgrates through the thernoplastic portion of

t he |i nerwosbywamescan contam nate the water or steam uged/useoiondsat e t he
liner. If too nmuch styrene is present in the water or steam the water nust
be coll ected and di sposed of by nore costly neans, rather than discharged
to a nunicipal drainage system [0022] It has been found that a styrene
barrier layer can be forned fromeitherl-a very hard TPU or from an ethyl ene
vinyl al cohol (EVOH) polymer. The barrier layer is preferably placed
between the first and third layers. The barrier |ayer does not have as good
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chain extender), a ptionally less than 15 wei ght percent of pol yol
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5 wei ght percént polyol, and nore preferably zero polyol 'is present in the
rigid vergychdeshntlichqtiny hieydroqiieonrs gihgdseeygthpia etheT Pidopmilt yghetol Had the

ar eat or - ireepdr BeaBy S8 Canbrate) 6PERETo g R e GRerdfidty 85 shore
D or greafgh as hOBRAAL oBUbL2BLR wehabmpexdre g sfched.make the rigid very hard
TPU pol yner are preferably |ower aliphatic or short chain glycols having
f r om aboul0026]t o &bdeitle polysarroatede ormbe dirdigidobrderd dPUinedmagidecledhy| ene
glycol di aef\z[n% ‘gig gi?soggyfe}/n%?els sudl e(ljspéﬂl’%g&hgllexgn%—(phenyl isocyanate) (MD1); m-xylene

diisocyanate (XDI), phenylene-1,4-diisocyanate, naphthalene-1,5-diisocyanate,

diphenylmethane-3,3'dimethoxy-4,4"-diisocyanate and toluene diisocyanate (TDI); as

well as aliphatic diisocyanates such as isophorone diisocyanate (IPDI), 1,4-cyclohexyl

diisocyanate (CHDI), decane-1,10-diisocyanate, and dicyclohexylmethane-4,4'-

diisocyanate. The most preferred diisocyanate is 4,4-methylenebis(phenyl isocyanate),

i.e., MDL

[0027] Preferably, the rigid very hard TPU polymer is made by reacting the

polyisocyanate shown above with the chain extender, without any polyol being present.

If polyols are used, they should be used in small amounts of less than up to 15 weight

percent, and more preferably less than 5 percent of the total TPU reactants. 1f used, the

polyols, also known as hydroxyl terminated interimediates are used in very small amounts

to increase impact sirength. The polyols which can be used are any of the normal

polyols used in making TPU polymers. These include hydroxyl terminated polyesters,

hydroxyl terminated polyethers, and hydroxyl terminated polycarbonates. Preferred

hydroxyl terminated intermediates are polymers described in more detail above in the

description of the first and third TPU polymer layers.



di propyl ene gl ycol, 1.4-butanediol, 1,6-hexanediol, 1.3-butanediol,

1, 5-pentanedi ol, 1,4- cyclohexanedi net hanol hydroqui nonc di (hydroxyethyl)
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1, 6- hexanedol being preferred. Qther glycols such as aromatic glycols could
be used but are not preferred. [0026] Suitable polyisocyanate to nmake the
rigid very hard TPU pol yner include aronmatic diisocyanates such as

4, 4' - ntt hyl enebi s- (phenyl isocyanate)-{(IMJ); m-xylcnc diisocyanate (XD ),
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Resin Absorbent Material

[0031] A resin absorbent material is used as one layer of the liner, The resin
absorbent material is any material which absorbs or holds the thermosettable resin. The
resin absorbent layer can be from 0.1 to 20 cmm thick, preferably from 0.2 to 15 cm thick
and more preferably from 0.3 to 10 cm thick. Suitable resin absorbent materials include
fibrous materials of organic or inorganic fibers which may be woven or non-woven
fibers. Preferably, the resin absorbent material is a needle punched non-woven material,
such as polyester non-woven mat when lining sewers (main or lateral). For lining gas
pipes, a glass fiber material is typically preferred.

{0032} The TPU polymer of the first layer described above is coated onto one side of
the resin absorbent material. Melt processing equipment is used to coat the TPU onto the
resin absorbent material, Suitable melt processing equipment includes calender and
extrusion processes. The preferred thickness of the TPU coating tayer (first layer) on the
liner is from about 50 to about 1000 micrometers, preferably from about 100 to about
800 micrometers, and more preferably from about 100 to about 500 micrometers thick.

The TPU coating laver (first layer) bonds very well to the polyester non-woven mat



[ 0029] The reactants to nake the rigid very hard TPU pol yner are reacted
together in preferably a one-shot polynerization process, as is well known
to those whizbioedio2s the art. The one-shot process i nvol re3s/uSe@dionssse he
reactants to a heated twin screw extruder where the reactants are

pol ynmeri zed and the polymer is fornmed into pellets upon exiting the
extruder. [0030] Suitable rigid very hard TPU for the barrier layer is
avai l abl e conmercially as |soplast* ant2-HS 85, both avail able from Lubri zo
Advanced Materials, Inc. of Ceveland, Chio, U S A Resin Absorbent
Material [0031] A resin absorbent material is used as one |ayer of the
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non-woven material, such as polyester non-woven mat when |ining sewers
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typical l'y, breferre 0 he TPU polyner of the first |ayer described
above is %gafﬁ&um1%”0hxg§%étg gf the resin absorbent material. Mlt
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material. Suitable nmelt processing ﬁ prment i ncl udes, cal ender, and
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preferably froma about m croneters, nor e p erably
from abodﬁarﬁﬁﬂay@ shd&dﬂlhaﬁO&Othmkmeurrétfmhs ahédut ¢R1mc':l'doeze'tl'dPU{(bi)aml) ngabomy @s  (first

| ayer) bo well to . the ste -woyven t.w t hout e use of
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material are used whefe the cured-in place liner is designed for |arger

di anet er IpypethefsueHiffsulyiteatét be wanst@b therhngt avsleaupipd. it hasdgben found
that when using a barrier layer of about 1 mil (25 micrometers), the liner can be installed
by the inversion method in a pipe needing repair. Although the barrier layer could be
thinner than that specified above and still function as a barrier, it 1s difficult to extronde or
calender a film less than 12 micrometers thick. Since extrusion or calendering is the
preferred method to produce the fitm for the barrier layer, it 1s recommended that a
thickness of about 1 mil (25 micrometers) be used. The third TPU layer is placed on the
barrier layer. The third TPU layer will have a thickness as described above for the first
TPU laver (that is in contact with the resin absorbent layer). The most preferred TPU
coating is a three layer TPU coating with the first and third layers each being about 100
micrometers in thickness, and the second layer (barrier) being about 25 micrometers in
thickness.

{6035] The softer TPU in the first and third layer of the coating needs to be in
contact with the resin absorbent layer to achieve good adhesion to the resin absorbent
tayer. The very hard TPU in the barrier layer does not have as good adhesion to the resin
absorbent layer as the softer TPU used in the first and third layers. Also, the softer TPU
of the first and third layers needs to be on the outside layer of the liner, because it is
more easier to patch the holes cut into the liner for the purpose of adding the thermoset

resin and to glue the seam tape onto the liner to create a cylindrical shape of the liner



of repair. For use in snmaller pipes such as laterals, it is commbn practice
to use a single layer of resin absorbent material. [0034] The TPU coati ng

i s made wpoabiwhinee separate |ayers. The first | ayer of pCRPWSes002@E8€d Oont o
the resin absorbent |ayer. The second | ayer, barrier layer, is applied to
the first layer and the third |ayer of TPU is applied to the second | ayer
(barrier layer). The barrier |layer should have a thickness of from about 12
mcroneters (0.5 nml) to about 75 (3 nid-s) mcroneters, and preferably from
about 20 to about 30 microneters. The barrier layer is very stiff when
using a high hardness TPU, and therefore the thicker this |layer, the nore

di fficul tgdh Mos@ndelat ectangtial dhabber WhikBhhd N teordatPd. Peae Vdry Ras een found
t hat when using a barrier layer of about 1 ml| (25 microneters), the liner
can be i nzwadlekrbynatisesy tavebsiioiunpatblisd oF Fpg tpihgdark BB ngus Bysaicry, Al t hough
the barrier layer coyld b nner. thanthat ifiedia and stil
functionfggdgﬁ aﬁpﬁgﬁ?g??ﬁ?é@é?%ﬁﬁgﬁﬁgﬁ%%&§§P?ﬁ§g&%$%gh gﬁggr a filmless
than 12 micronmeters thick. Since extrusion or calendering is the preferred
met hod to produce the filmfor the barrier layer, it is recoomended that a
t hi cknessli8&" about 1 mi| (25 nmicroneters) be used. The third TPU | ayer is

pl aced Ogﬂg%gvg a%ilﬁ{ﬁﬁg@/ﬁ%toﬂﬁﬁiﬁﬂ%ﬁt%n-’rﬂéﬁﬁy & ik !:clxatéha(\/req[x@&xmgig hckness as

descri be ayer at 1s 1n contac th the resin
absor bentcokaden)a th kesinosbripneheterield THeWirstdaydr g sofserd Plheamebd ragler TPU

coating with the first and third | ayers each bei about 100 mcroneters in
b cknes LouAT CHELaL P  BRY FTRrYC bR G hob (28 HrEPbIEer s 1 n
thi cknessyp QY364 cJBer&Rfitalh FE Uex'yﬁm?d"ﬁ?@'braﬁ{er andr thi £é{ﬂax‘a@e¥§ép afa hhe

coating needs to be in contact with the resin absorbent |ayer to achieve

good adhesimgnnddghirfdayeesichbabednpemen baywit apThed wehy fisal @UTPYriap ittihe

barrier layer_does not have as good adhesion.lo.the resin absqrbent |ayer
ne the sorvarmrbe Sl MR PREbeRRaTE Ty ahF pdteh TR Be BARREPERY ¢ er TR
of the figigihpadetthidish roxeihdei@edsihta IReeronf The s9ueshae hayest TfUt he
liner, because it is nore easier to patch the holes cut into the liner for
t he pur poetiog isagolishlottherashcibaeorbent mesiid. dnipsiicagitieot engeans tépe ont o

the Ii nerth%r?no%%ter%gig, \%LR%L Hﬁgf é:s?earlreﬁxbgpgoi%stérrxlgsixt,i\ﬂﬁi‘ﬁ cclmtzﬁns styrene, 18
added to the resin absorbent material. At this stage (before curing), the liner is flexible
and can be placed inside the passageway of a cavity, such as a sewer pipe. The flexible
liner can be inserted by either the drag-in or inversion method, which 1s well known in
the art. Once inside the cavity, heat and pressure are added by injecting steam and/or hot
water to force the liner against the inside of the pipe and to cure in place the thermoset
resin. The liner can also be inserted into the cavity by use of hot water under pressure.
Once the resin is cured, it becomes thermoset and the liner becomes rigid to form a rigid
pipe within a pipe.

[0637] The liner can be made to the desired length required to repair the pipe, and
preferably is a continuous tubular liner. The liner should have a length sufficient to
repair the pipe with one continuous length that is not required to be spliced together from
shorter pieces. The liner will typically be at least 50 meters in length and can be as long
as 5000 meters in length. More typical the liners are lengths of from 200 to 1000 meters
in length.

[0038] The diameter of the liner, once formed into a closed tube will vary depending
on the diameter of pipe needing repair. Typical diameters are from about 5 em to about

250 ¢m, but more commonly the diameters are 20 cm to about 150 cm.



fromthe original flat rectangular shape in which the liner is created. The
very hard TPU barrier layer is not easy to solvent glue patches or tape to
t he hard wBUWnwihwest he very hard TPU barrier |ayer shoulpdThs2@angssehed
between two softer TPU | ayers. Liner {0036] To nake the liner of this
invention, the TPUis nelt coated or extrusion coated onto the resin
absorbent material. The first |ayer of softer TPU can be nelt coated or
extrusion coated onto he resin absorbemt- material. The third | ayer of
softer TPU can be co-extruded with the very hard TPU barrier layer in a
separate step and the combined third layer and barrier |ayer can be nelt
applied toshie fihelind ol BRimAs ld b HGhO BRI EOAPEHRNARE Tesin
absorbent” material. The liner can be made I n one Step by co-extruding
or cal endEld shgpadl the pr;eeiobay@me«bfo H’d%tstrf@stly higcitléy b rhihyeses hefnofiPU coat i ng
is applied to the resin absorbent. erial. A resin capa

nto B ¢ RIS E R G SOy deu6 o Regede Bl "Wht ch
contains gtyrene, is added to the resin absorbent material. At this stage
(before curing), the liner is flexible and can be placed inside the
passagevvai;ﬁﬂéfﬂ a ddier the, reﬁu@hmhwahﬁmeir Hmfp@ﬂatemélﬂﬁ F@)&h@‘ﬂ@sﬁtﬁbéﬂe@:@n be
inserted tF 1IQ§_I’1 }Fnagfﬁe C a}g}l%all(})/ Hl’t'l (%/ gtrascl‘ %1 te n erz&ue éﬁl\lﬁlElI ndxc,\l\ggdl Or a in

the art. ce 1nsi Jsiit e “ar e “adt I'nj ectlng

st eam andicetpehoéd M\@dkerTHl@L(ﬁ@Kﬁ@dgehﬁnédc&%fy @gﬁbﬂﬁﬂi pleh@tire sinthe: @ﬁlhé he pi pe
and to cure |n pl ace the thernoset resin. The liner can also be inserted
into the Bawasyt lsyngeorsht i onstyletle ] ha higarcapbedsepned! dhe oDt e R B8 n i s

cured, 1 L ARGOTERLACLIBSRL A e cinar Rergpes rigid to forma rigid

pi pe wi t hiCh to the desired | ength
requi red fo4riepaidfiet e lpieps, ingandd piitefier ddphagel @1@, memés'imimm&dth;bul ar liner.
The |iner shoul d havealenth suff|C|en€L)tore L g}oewt gne
cont i nuouBPPERg s isaio e ﬁ%@‘éﬁ’ﬁ?ﬁ“&ﬂep ‘*“d‘éniéﬁ ‘?%é@ (tES’g Hedo%Y Gmshor t er

pi eces. Thgd 'ﬂ@ém%ﬂnlx %9?@@%%11@@ @&aii;ﬁﬁ%ﬁm@ dE"é& ﬁfaa‘ffreﬁ th ﬂl(ﬁnfgﬁé} and can be
as |l ong as 5000 neters engt More typical the Iiners are | engths of
from 200 whici 00@iyetles -i2nhduengt h.

{06042} The mmvention will be better understood by referenice to the following

example,

EXAMPLES

{0043] The Examples are presented to show the improved resistance to styrene
permeability of the coating materials of this invention. Examples 1 and 2 are
comparative examples where TPU films normaily used in cured-in-place pipe liners are
evaluated. Examples 3, 4 and 5 are examples of this invention.

[6044] The films were evaluated for styrene permeability according to ASTM D814
Inverted Cup Permeability test. The results for styrene permeability are expressed in
grams/square meter/day.

{0045] Example 1 (comparative) uses a 5 mil thick (127 micrometers) film of a 93A
Shore hardness TPU made from a polyester pelyol (adipic acid + 1,4-butanediol}, 1,4~
butanediol chain extender, and MDIL. Example 2 (comparative) uses a 5 mil thick (127
raicrometers) film of a 95A Shore hardness TPU made from a polyester polyol (adipic
acid + diethylene glycol), 1,4-butanediol chain extender and MDL Example 3 uses a 5
mi! thick {127 micrometers) film of a 62D Shore hardness TPU made from a polyester

polyol (adipic acid + diethylene glycol), 1,4-butanediol chain extender and MDIL



(0038] The dianeter of the liner, once forned into a closed tube will vary
dependi ng on the dianeter of pipe needing repair. Typical dianeters are
from abowo2oomit@sabout 250 cm but nore commonly the @#canstews2a@se 20 cm
to about 150 cm [0039] The liner can conformto the shape of the inside of
t he pi pe needing repair. The shape of the pipe does not need to be
perfectly circular, but rather can be noncircul ar such as egg-shaped or
elliptical shaped. The |iner can al so-itegoti ate bends in the pipe. [0040J
After the resin absorbent fabric is inpregnated with the thernosettable
resin and the liner is made, it is typically stored at a cold tenperature,
ei ther ingap,iice u@%'fﬂooéxtﬁd{,@ﬁ Hhigehad (QQ hﬁ%l&rete?%’}'iﬁm%ﬂn@h &L AERAS S| ,
necessary to preven premature curing o he them oset resin, before it is
i nst al | ednil ek [35vemicamclss) bf 8dgihoted? ﬁlh@np‘tsbl R mad¢ ﬁomhémn*eeﬁrtcmgier at ed

truck to ure n he resi the liner is

i nserted Eionﬁt%\gf)? k‘éﬁp%‘gﬁgél&‘ %)Fg]eth C%I{gélréérilﬁmlrg ﬁ‘éi}rfh @ﬂ%gpgg}ﬁﬁ the liner to
an el evatipgdddgoppruaked B Pfanyseal EyaabRUtud0: CobRtrdQA0Ghfi@kicB(t2a 12 hours.
Steam curing requires |ess tine, usually 3-5 hours as conFared to hot

v/ at cr whkisterngos) ﬁ&mtv‘«él%élshalaﬂezph)éurf@] *11[1@0@2]4 mseomgtgishtiioat WVOH be better
under st 0o by, [IGHEL eNA% KRN LA NG FHATRIE, SXANIPLRS [0043] The
Exanpl es Are pre 10 shOM/i rov resi Stance to styrene

per neabi | fpbyejof tﬂher@am i‘mgt}ﬁmteé;fehab:ﬁnmﬁx off fesfiderfilentfboRxankXenpbesd If and 2
are conparative exanpl es where TPl J films normal ly used in cured-in-plaee

pi pe |inéehs ﬁaﬁéww&treﬁme%m@aﬁﬁ|bééwei ing gief-B-plpe RRAHTEdISTUSHIE I8¢
i nvent i on,, [0 g@% @e ) ﬁlét%n‘éﬁ Fe&\()%' Ugtiethhlafbyr ene permeability

according to hvert ed ernmeability test. The results for
styrene perneability are expressed in grans/square neter/day. [0045]
Exan'p| e 1 (Conrp::r ::1'|\1n\ uses—a—5-m-I—t-hi-ck / 127 - m-cronet nrc\ film-of a 93A
Shore hafdness TPE™Hede fron1a pofﬁébf@?mﬂﬁyyol aﬁ?ﬁwéﬁyéﬁﬁwgﬂe
1, 4-but anediol), 1, 4- Permeability (g/m"/day

1 s YES 4800

2 YES 1800

3 NO 190

4 YES 29

5 YES 2.3

{0047} As can be scen from the results, the styrene permeability is greatly reduced

when using a very hard (85 Shore D) TPU at a 1 mil thickness together with a soft (93
Shore A) TPU at 4 mils thickness. Also, the co-extruded film using EVOH as the { mil
barrier layer (Example 5) shows greatly reduced styrene permeability.

[6048] While in accordance with the Patent Statutes, the best mode and preferred
embodiment has been set forth, the scope of the invention is not limited thereto, but

rather by the scope of the attached claims.



but anedi ol chain extender, and MDI. Exanple 2 (conparative) uses a 5 m|
thick (127 mcronmeters) filmof a 95A Shore hardness TPU made from a

pol yest erwpabwaiii@2adi pi ¢ acid H diethyl ene glycol), 1, 2chutsanearesso chai n
extender and MDI. Exanple 3 uses a 5 m| thick (127 mcroneters) filmof a
62D Shore hardness TPU made from a pol yester polyol (adipic acid + diethyl
ene glycol}, 1,4-butanediol chain extender and MDI . Exanple 4 uses a
co-extruded 5 m| thick (127 mcroneters) filmwhich is nade up of 1 m |l
thick (25.4 mcroneters) of a 85 Shore D hardness TPU nade from chain
extender and MDI (no polyol) and 4 m| thick (101 6 mcronmeters) film of
the 93 A ghare handngess TPU used in Exanple 1. Exanple 5 uses a co-extruded
5 m! thick (127 mcroneters) filmwhich is made up of 1 m| thick (25.4

m cromet etr.s) fAlcmedfin BMOklingrdora pidsagawaglor plig ot prisiogarteyeog) film of the

TPU used in Exanple 1. [0046j,The results for, styrene.perneability of the
(1ve 111 mberE s A ast peeriah et v e SR P PR PR Rty o
be used iRiRated# ed-in-place pipe liner while using the inversion nethod of
installation are shown in Table 1 below, [0047] As can be seen fromthe

results, the styrene perneability is greatly reduced when using a very hard

(85 Shore,D) TRY at. a.lm |l  thickness e Mt hea S ' hore A) TPU
2 e i%m 0£%1a1n1 lt ﬁhum G381 15{ ) u%gﬁnlrl?e\r%‘qd msnﬁa@%@ ggexs

at 4 m |l s™t hi ckness. SO, e Co-extrude usi the 1 ml
barrier layer (Exanple 5) shows greatly reduced styrene perneability.
[0048] While in accordance with the Patent Statutes, the best npde and

pr ef er r ed-emboHiMEHY Cheléimh e hast spisk e aPHEDEE FPE 512 1RV PYRPAR DN is not
limted theretio, but rather by the scope of the attached clains. Wat is
clainmed is: 1 Acured in place liner for a passageway or pipe conprising a
| ayer of thernoplastic polynmer material wherein said thernoplastic materi al

is a barrjer t, s}ynene'nigrahion.\Z. The Linea‘of.cjaLgﬁl, ﬁ$§ ein said
li ner con‘%)r i seShGlFESf fladh oV BERTY PIy-SovepHaateripldy a gpedld i ' wherein
sai d resin,aRa0LBERMo LAY Rl S @ non-woven fabric material. 4. The liner of
claim 3, wherein said non-woven material is a needle punched

5. The liner of claim 1, wherein said barrier layer is selected from the group

consisting of ethylene vinyl alcohol polymer and thermoplastic polyurethane, wherein

said thermoplastic polyurethane has a hardness greater than 60 Shore D, determined

according to ASTM D2240.

6. The liner of claim 5, wherein said barrier layer s a thermoplastic polyurethane

having a hardness greater than 80 Shore D, as determined according to ASTM D2240.

7. The liner of claim [, wherein said barrier layer has a thickness of from about 0.5

mil (12 micrometers) to about 3.0 mils (75 micrometers).

3. A cured in place liner for a passageway or pipe comprising:
(a) at least one resin absorbent material layer;
{b) a thermoset resin absorbed into said resin absorbent material layer; and
(c) a three layer coating on at least one side of said resin absorbent material
layer, said coating comprising:
(1) a first thermoplastic layer in contact with said resin absorbent

material layer;



pol yester non-woven fabric. 5. The liner of claim1, wherein said barrier

| ayer is selected fromthe group consisting of ethylene vinyl alcohol

pol yrmer am0 2btverimazpl asti c pol yur et hane, wherein sai d t hecrask@soResso

pol yur et hane has a hardness greater than 60 Shore D, determ ned according
to ASTM D2240. 6 . The liner of claim5, wherein said barrier layer is a

t hernopl asti ¢ pol yuret hane having a hardness greater than 80 Shore D, as
determ ned according to ASTM D2240. 7-17-The liner of claim1l1, wherein said
barrier layer has a thickness of fromabout 0.5 m!| ( 12 mcroneters) to
about 3.0 mls (75 mcroneters). 8. Acured in place liner for a passageway
or Pipe COMprising:a) @lechfflrffifadifhichRARI BRALcMBEGIdAld @Ekd (D) 2
t hernoset resin absofbed Into said resin absorbent” material layer; and (c)
a three |l ayer coatithgddmerapplesasihyornendi de of said resin absorbent materi al
| ayer, said coating.conmprjsi.ng: (i) a first thernoplastic |layer in contact
with said resin abséF en?h’frt&{%gﬁfiréep?dﬁtéﬁ/{?ﬁ‘l(i i) a second thernoplastic
barrier layer disposed between the first and third thernopl astic |ayers;
and (iii) a third thernoplastic layer. 9. The liner of claim8, wherein

sai d firs? andlledingrohilean Baybereigrseid st elmeidohirdilfrepsribe @itk &el ected from
the group,consistjng of, & hernopl astic. nol yur et hane .pol yer, co i.yam de
(Cop) pot L R e T LR BB O I POl s GBSl o,
wher ei n S@i«ﬁalgénﬁﬁi% (@08 A3 @bDnid fid daaly{ﬂyes&ﬁ-?og@w@gt@PEﬁ her nopl asti c

pol yur et hane having a Shore A hardness of from about 85A to about 98A, as
determ ned according to ASTM D2240. 11. The liner of claim8, wherein said
second t hgy noplast.i rrier., r.l.Se.Sel ect Q.. consi sting of
et hyl ene, ﬁ%i ny ﬁ%}dceg gﬁé‘{‘%@d‘-&*@%@ﬁ sﬁlﬁ@r@@%ﬁ%‘%ﬁﬁg?%%:cg%?il%{%gﬁe §/ur et hane,
wher ei n stheghdpetinpplyasithate polyynesthbans hhasiea didramelss:t 85A to about 98A,

as determined according to ASTM D2240,

11. The liner of claim 8, wherein said second thermoplastic barrier layer s selected
from the group consisting of ethylene, vinyl alcohol (EVOH) polymers and
thermoplastic polyurethane, wherein said thermoplastic polyurethane has a hardness of

greater than 60 Shore D, as determined according to ASTM D2240.

12. The liner of claim 11, wherein said thermoplastic polyurethane has a hardness of

greater than about 80 Shore D, as determined according to ASTM D2240.

13.  The liner of claim &, wherein said barrier layer has a thickness of from about 0.5

mil (12 micrometers) to about 3.0 mils (75 micrometers).

14.  The liner of claim 8, wherein each of said first and said third layer of said three

layer coating has a thickness of from about 50 micrometers to about 1000 micrometers.

15. The liner of claim 14, wherein cach of said first and said third layer of said three

laver coating has a thickness of from about 00 micrometers to about 500 micrometers.

16.  The liner of claim 12, wherein said thermoplastic polyurethane barrier layer is

made from reacting a chain extender with a diisocyanate in the absence of a polyol.



greater than 60 Shore D, as determ ned according to ASTM D2240. 12. The
liner of claim1ll, wherein said thernoplastic pol yurethane has a hardness
of great ewotzhemiaizeut 80 Shore D, as determ ned accor di RgTIUS208DR5B2240.
13. The liner of claim8, wherein said barrier |layer has a thickness of
fromabout 0.5 m| (12 mcroneters) to about 3.0 mls (75 mcroneters). 14.
The liner of claim8, wherein each of said first and said third | ayer of
said three layer coating has a thickness of from about 50 micronmeters to
about 1000 microneters. 15. The liner of claim14, wherein each of said
first and said third |ayer of said three |ayer coating has a thickness of
from about 100 m croneters to about 500 mcroneters. 16. The liner of claim
12, wherein said thernoplastic pol yurethane barrier layer is nmade from
reacting }a7-cha1ﬁrﬁll%m€bﬁ®dgﬂlm&iﬂtqﬂrvw@| i BECHRERNAY O PIPCIHBIPEBYE fitEodufing a
_p0| yol . 171‘111(%?%[@%!1}8%21\];? %&i'drl]i!t'zgxgco?h%@/ﬂgty .Of a passageway or pipe conprising
introducing a liner into sai Cavi y,“'said liner conprising: (a) at |east
one resin absompentatiaisesicaksihayenbert bataial heenosett abl e resin contai ni ng
styrene saturated into said resin absorbent material |ayer; (c) a three
| ayer coating @h at? hemaesefizhle sshecopfainiae dtvrasispluspebigeyid fier i al | ayer,
sai d coating coupfiksd Aeridiiidye first thernoplastic layer in contact with
said resin absorbent nmateri a)f layer; () a second thernoplastic barrier
| ayer di sposedchet wetiree lhgerfchatatg @nd [¢dat ok ddesfropl rasihiabsdrbgrensiferashd (i11)
a third thernoplastic |layer in.contact with said barrier layer; introducing
st eam or vvaterla?’“ﬁ‘t?f‘“fﬁ@%ﬁﬁ@lppﬁﬁgﬁi ng of said liner to force the said |iner
agai nst the inner syyfacesQf th%ﬁh&ﬂ@@»’%%%%\f\@&/o&a{ct $&hdaRi P& and b act i vate
the cure of said thernosettable resin. 18. The nethod of claim 17, wherein
sai d resin absorbemnhawdtldeya | ayer is a needl e punched non-woven pol yester
Fabric. (i)  asecond thermoplastic barrier layer disposed between the first and
third thermoplastic layers; and
{(iti)  a third thermoplastic layer in contact with said barrier layer:
introducing steam or water into the inner opening of said liner to force the said liner
against the inner surface of said passageway or said pipe and to activate the cure of said

thermosettable resin.

18, The method of claim 17, wherein said resin absorbent material tayer is a needle

punched non-woven polyester fabric.

19.  The method of claim 17, wherein said three layer coating has a thickness of from

about 100 to about 1000 micrometers.

20.  The method of claim 19, wherein said three layer coating has a thickness of from

about 300 to about 500 micrometers,

21. The method of claim 17, wherein said thermosettable resin is selected from the

group consisting of vinyl ester resin and polyester resin,

22, The method of claim 17, wherein said pipe is selected from the group consisting

of main sewer pipe, lateral sewer pipe, and gas pipe.



19. The method of claim 17, wherein said three |ayer coating has a

t hi ckness of from about 100 to about 1000 m cronmeters. 20. The nethod of

cl ai m 19,wotherogiim2sai d t hree | ayer coating has a thi ckness/ustomnesss@about
300 to about 500 microneters. 2 1. The nethod of claim 17, wherein said
thernosettable resin is selected fromthe group consisting of vinyl ester
resin and polyester resin. 22. The nethod of claim 17, wherein said pipe is
selected fromthe group consisting of -iain sewer pipe, |ateral sewer pipe,
and gas pipe.23. The nethod of claim17, wherein there are two | ayers of
resin absorbent material |ayers. 24. The nethod of claim 23, wherein said
pipe is at least 10 inches (25.4 cn) in dianeter. 25. The nethod of claim
17, wherein said second barrier |layer has a thickness of fromabout 12

m cronet et t olkxboethod 61 dliriey dfevierein tRGe arfhw oretehod rofin ebsuirber Biataalaér ei n

sai d secqnd barrier layer is a thernoplastic pol yurethane having a hardness
greater t A 60 Shore D as deterni ned according to ASTM D2240. 27. The

nmet hod of claim 26, wherein said second barrier layer is a thernoplastic
pol yur et hane having a hardness greater than 80 Shore D, as determ ned

accor di ng?40 ABTvneshod of claim 23, wherein said pipe 1s at least 10 inches (25.4 cm) in

diameter.

25.  Themethod of claim 17, wherein said second barrier layer has a thickness of

from about 12 micrometers to about 75 micrometers.

26. The method of claun 25, wherein said second barrier [ayer is a thermoplastic
polyurethane having a hardness greater than 60 Shore D, as determined according to

ASTM D2240.

27.  The method of claim 26, wherein said second barrier layer 1s a thermoplastic
polyurethane having a hardness greater than 80 Shore D, as deterimned according to

ASTM D2240.



