CURED i N PLACE PI PE LI NER W TH STYRENE BARRI ER FI ELD OF THE | NVENTI ON
100011The present invention relates to liners tin pipes or various other
passageways. More specifically this invention relates to liners for

under ground sewers which are used to repair broken, pitted, or |eaking main
sewer pipes, lateral sewer pipes and gas-pipes. The invention iscted to cured
in place liners which have a barrier |ayer which is resistant to mgration of
styrene, That is, the liners are cured inside the pipe to be repaired. The
invention is al socdigmsiRPl QCEWIPE LINPRAVETH PEYRENE BARIGE R Styrene based
pol yester thernoset resin saturated fabric where the thernoset resin is cured
(hardened) by the use of heat. BACKGROUND OF THE I NVENTI ON 106021The cured in
pl ace nmethod of |ining damagedIBEDEPOKER IS TI@Nch as sewers and gas pipes,

has becone ery . successf.ul nethad of repajring undergroynd pi pes. The nethod
avoi ds thelMULG { o TERESTRIE  THE anes bt A BPHES Shi it He OHBS AR Wanage t o
surface i nlt/fo?é§ﬂdéﬁicﬁﬂﬁ1thi§ WeRnAsSy fk;@é(@s‘jto?tﬁi%%%lsuxﬁi%@gl‘ﬁhﬁd fingswhitharcuegd in

pl ace method involves first positioning the liner inside the pipe while the
i ner is it rapdit eokbl @itsdaveleatihemapusevweg pivlee litersérewa pipehandlgat@pe.- wi t hin t he

pi pe while forcing the.|liner agajnst the insi.de of the.damaged.pi.pe.

Convent i ong'e%flﬁ%’&sls ﬁg%("t%cf{o,cug?de}gﬁ%%%ﬁ lm?é?shl%bh?}’reeasbsaﬁ??rﬁgc?ﬁguﬁ 1l%er to have
the fl exi bigislahhRrmgenfoarondyeedehatiang] e 1iaérs thecpidBs@bethauperde liner to a
hard state while it is held by the pressure to the inside of the pipe.
100031The pPRisrd. aklie inyendips ihdtedived tredeedny plse Hgera whady ise agiyieie si de of the
i ner_and g, sk DG e L AYE ROIYUIEL SRR rf0. (NG h R RGP TNe R i C 1S
saturated w an uncur e ernoset material, such as a sfyrene ased

pol yest er (rasicnedrbyapoxse ¢féshtn. The curing, that is the process of converting
the thernoset material to arigid state, is perforned after the liner has been
pl aced inside the pipe. The liner can be placed in the pipe to be repaired by
ei ther the dragged-in nethgdcasggessih bgdrip (NvENTRakent 4, 009, 063 or the

i nversion nethod as described i'n US Patent 4,064,211, both of these patents
are her ei njlitAzjor pdhatcedtdoy place hetledod linflyalapolgydrer bokheepippd, acddisoawehe fabric

must be resistant ta the thernosettin terial. used and also.able to
Wi t hst and f[n'ﬁ}zgﬁﬁé) es Seqgne a very succesgilﬂ%etﬁodo repaifing 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.

[00063] 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 be 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



cure the then-no et material. Various thennoplastics and el astoners have been
used to coat the fabrics, with polyurethane being frequently used.

Ther nopl astic pol yurethane is particularly desirable because ot its abrasion
resi sianee tear resistance and elastic properties. 1000410ne probl emthat
occurs when using a styrene based pol yester as the thernosetting resin is the
mgration of styrene fromthe resin and through the thernoplastic polyner

| ayer coated on the resin absorbent material |ayer. The styrene enters the
cavity of theneun&shdst RheSE. PPRuanLnaoNLaidk Bad 85stbiersTRJE BeenSieMAS Wat er or
steam used to pressitri:ie the pipe liner. Wen the nedia is evacuated from
the pipe, ¢aatthedibrins, gpbophkrghyebeogdedubabaurse Theimpploie aniyrmtiadew t h
styrene, rather, than.sinply beiF iverted. in the |oc ity . r system

A o the styTEn DB ie RELT R ML RSkl e i TeB b BRIE em 1000511 ¢
woul d be dgsbegibs.e to have a thernoplastic |ayer which would greatly reduce

t he styrene niﬁration into the nedia used to pressurive the pipe liner and

al l ow t he H8#h t OuserphlencbEagoin PoGaHsHS Hsharnears Pely st e Hte faciliti es.

Install ati § - - : | i gﬂﬁg . be i nmproved by
such a devgﬁggg%e%%%ggmg%@q#ﬂg&%ﬁE%{ﬁ%%; 1 ghlroglgygﬁ% pl ace liner 1hr
a passagewaynt¥plptipeoboanpiiyer ogutad datheiredin hlayerent magrieblal s, rdducecitche

m gration of styrene through the_ |iner. ghe l'i ner ggs at_| east one | ayer of
resin absofBERNGRVEY PAINE GHFEFBPHISE PIRE 8 ONSTERITdET RealsBIcBen P ifiCkri al . The
i ner al so, H0SE 0, 1:.0re St i Lesi N,

i npr egnat eﬁg‘??]’tl%e% EJS‘S resi %16 g%?g%t}ler%? m{eg?%l%ln }gg%éﬁe&}aﬁgpﬁ{ﬁ%@ﬁ%ﬁg

t her nopl astiuet lecatdiaty potashitokchosetine coasivmabbeitbenteneptadrer 8lanlsaygy. The
coating conmprises a ther lastic barrier |ayer, whichis eferably either a
o e GoEBhs I B ol BE TRR! Bl ool alsro sl odat SuRhSh &R 8% Frv

al cohol pojalingih calR £Q8bIcRY is preferably a three layer coating conprising
(a) a first thernoplastic layer in contact with the resin absorbent nmateri al

| ayer; (b)0&08kcoddwvoidbroissizadld o Haae nitlermbalyistic layerodnelmeouldigréntivhe fir st

t hernopl asti.c | ayer and third.thernoplastic |ayer; and (c). a third .

ther opl astteq BY shr it fE o TRPHE bk iRt Sl PR 8 i
layers of HhendeabiveghréansdaahimBae nhm@Nséy i@ &adlicesP OhsydRFion s&kgct ed front
t he group consisting of thtnnopiastie polyurethane (TPU), co-polyamde (('OP
A) and co- golldestedpcqdanphc cHOTTNeAt w@i hosprpy ek tar el agledapReit , the resin
absorber): material layer is a non woven pol yester t'abrie, the thernoset
resin is a styrene polyester resin, and the coating sisi a three |ayer coating
havi ng pol yester thernopl astJIEMpOARYI@E MAIREINJOENTEIN(rpu) as the first and

third layer and a barrier |ayer (second |ayer) of either high hardness TN] or
et hyl ene” vi%§0f] al corgrd FERI2E-)nes SraResSas8 e BhPIPR SOTPHERL ARAT IR EPE! Payer s

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 hner
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



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 100081The cured in place liner M a
passageway or pipe is conprised of: (a) at |east one resin absorbent materi al

| ayer; (b) a thernosettable resin absorbed into the resin absorbent nateri al

| ayer; and (c) a thernoplastic coating or filmconprising a barrier materi al,
Preferably, the thernoplastic coating i$-a three layer filmhaving a first
thernopl astic layer in contact wwth the resin absorbent material |ayer, a
second thernopl astic barrier laver, and a third thernoplastic |ayer h contact
with the b i .6 . [ ' .qjpe either a
hi gh har dn?;ésdt&?PflrJ&g)rﬂ%E%&q}h ‘g%‘fc‘gsﬁgggf Elﬂr%gﬁ{jﬂiﬂ?ié?%@r&?ﬁﬁé&?}??&%ﬁﬁ%fﬁ?ﬁg coating
can be t he({said) ord aifdlersem(CORE).can be TPU, COPA or COPE pol yners. An exanpl e

of a co-po I de PA) polyner i ne conmer.cial | vaj | apl e as Pebax' ?'
Pt om ar kom0, e FRE0s PR ol e BEFEubesoptr Rl Rl after of al 1y
avai |l abl e @gvdn $otidsedr ribrRMHRURMoset Then 0SyRheHEKERS refi et MBndoatig 10 use
TPLI polymers for all three layers of the coating, with the first and third
| ayer bei ngthresWakigregaessharpig fdlsester thaamopgsiShes muafaghepblymer dord rarri er

| ayer being_ a, 'EPR.Li i i-ah, har j . The
barrier | a%%?dléﬁH?éWQﬁé?(g%gggg%@i (g&%l%g E,"’((}’g gd) %g%'grehe?%ﬁ H{g S?far?t%r %rnd third
layers of éthawehavidpedsohbPEYDHe pbvenbeoremtid firdeardabed l49ed. in terms of the
nost preferred enbodi ment of using TPU for all three | ayers of the coating.
The coating in this specification neans a film 'LPL FOR FIRST AND THI RD
LAYERS OF COATING [ 008%-rLihetymplasii-fcpebyuret RagenGiBN) pol yners used for
the first and third | ayersi TS ) eaction of three
react ants. [0008f f iThsteuredds phint liha far a paagdmagrooyife it esmphated: (Htetardi at e,

such as a pol yester, polyether, polycarbonate or m xtures thereof hydroxyl
term nat edgrier%%wé%ﬂr‘a%)%! %@ﬂ@&gﬁaﬁ@sewﬁ&tfhlgreémg%@s@ gHo ﬁ}ﬁfﬁ%nchai no
extender wishRnahyeah %@! o] £0HBHoREINCIMLE! B fiffleonlIRIAN Bllibeact ant s

an isocyanate. preferably a clirsoeyanate. Each of the preferred three
react ant s instedik drs®ed ] éhaothvernf@Odsdit Thaineyislp dxyd layer inimbdvek pOlsyest er

internediate is nerally a _kne ul yest er. hayi ng.a,nunber average nol ecul ar
hol ot ( MR RERTLR Bertat g G b B S BT e Sbour 560010
rbout 5000the1¥ﬁcﬂﬂa§ﬁl’c%§i‘eﬁ:l%il}%r,faﬁ@ H‘ﬂﬁﬁ?ﬁh%rrg&ﬁ%tflb%ﬁ?Qﬂéon%PQrithTﬁLebéleneCU' ar

wei ght is determ ned by asuy 0 the terminal functional groups and is related
to the ii lapberTavescgaherolopbutiabarvier ightr.calive ehibetradxgh hardness A& eet pol yest er

i ntermedi at. ef.er abl s.a lowacid nurnber. such as |ess than 1.5

oref or abl o1 GELOURAR V5 ak HuPY Bsraitans 5 iae 4 et onEe S B daR nunber
for the hyghoeyfpit aroPAak ebrropyestar Ankenpediad @-pSyRhrkecopd)f or |iners
which Cone ill Contact with noisture, becayse |ow add nunbers inprove the
hydr ol yt i cp@yabi isiony cohmermalifRyapahly e Pebaacifpnndmissta. i An gemenieidhede-accor di na

111 gr a0 G5 aCL LRy gt Bt naebingy SHEY e Pan RSN FEPIRERG, 1R

const i t uentgst plefbrrld SHhBHAiMEOIRTRD Bse TB’[Q'E@IerIeir§fo$ hakiké lyecad tal @atihe | nproved
by addi ng hydrol ytic) stabilizers to the TPL: which are known to those skilled
in the artwgh ﬂ?%‘%{fﬁmfé’qfhﬁ@ lapre bag inve e dnephd PRYIdese AN Hethornat aet Psl yest er

i nt er nedi _aLe.. | b 1 0. i.fi i g i [ e or nore

ol yeol o w 1EoARaRgR RO SR M rhe ho e S sSeldohelPRGE il RS

t r ansest erbditigdti@nt hggdiardiess TPH.is disp&ed dastdeo theoirsong tbird fyes ofliyweol s wit h
esters of dicarboxylic acids. I\/blg rati_%s gener al in excess of nore than one
mol e of gl §ERest dPHciheapwnyparal pgdessved iy §aheldis Moshi¥se €Rai ns having a
preponder ange, dalhch &I ARITHY 81 AUl oB TRKRS ¢ tRULJARL CTROLYGRLER it er medi at es

al so include various lacCtenes such as "pol ycaprol actone typically nade from

8- eapr ol actpenidicatieh medisfadilat.i onal initiator such as diethvlene glycol. The

di carboxylic acids of the desired polyester can be aliphatic, cycloaliphatic,
aromatic, or conbinations thereof Suitable diearboxylic acids which may be
used al onelBE HOR AR AD dEARPAAYERSRE GOAKNG of "from 4 to 15 carbon at ons
and i ncl Udﬁ'ﬂ(ﬁ]uec'ﬂeﬁno;ﬂ&éﬁtcyoly%’retﬂ?g{eRWU) polymers used for the first and third

layers in this invention are made by reaction of three reactants. The first reactant1s a

-
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suberic, azel aie, schaeic, dodceanedi oic" isophthalic, terephthalic,

cycl ohexane di carboxylie, and the |ike. Anhydrides of the above dicarboxylic
acids such as plithalic -5- anhydride, tetrabydrophthalic anhydride, or the
i ke, can also he used-Adipie acid is the preferred acid. The glycols which
arc reacted to forma desirabl e pol yestér internediate can be aliphatic,
aromatic, or conbinations thereof, and have a total of from2 to 12 carbon
atons, and include ethylene glycol. diethylene glycol; 1,2-propanediol, 1, 3-
pr onanedi o, 6- hexanedlol
AP A L S R b M e gt
dodecanet hlyxﬁxmr@% gheytm? lhydramzﬂ ttﬂin@nhue&mtelmadid@mt ‘Hredicold legcttitas pebferared gl ycol .

A bl end of two 0 beu For a obeusdtollnea
B o nnor i Bl ARl d Wit B TR AR Sy Pl Preb T TR aBELRE R 1 ' o o
glycol is arhi@o@raﬁéterﬁ;e&ugﬂy@@hsocm&lelmmlﬁl.aq)refeyr@@hu@mb&aﬁﬂ@nders used as

t he second reactant to nake the TPlI.1 polyner used in the first and third

| ayers candipasadd shawic, ar omatl c or conbi nations thereof and have from 2to
about 12 c , [ de

al i phatic @rwglﬂor tﬁgﬁadf&g{t% %ﬁgbg%ﬁg# Qrﬁge?nﬁlg Ig%tlgﬁgrﬁgﬂgb ﬁr? a%& on at ons

and i ncl udigavidgo¥ ninbéranege ﬁtokacbaﬁezeg,hy@qh) ofiréh b @ne0g ky galuy mocumyl ene
gl ycol , dpi | enel, 4-buti medi ol , 1.6-hextnpediol, 1,,3-huiariedicil

pent anet ho‘IlCSlrEgllZf—fé% PlsHe 2 APIL 9 AR hHING) Al RTEGER nBRAE abaii 2000 de aksie 3 Pﬂ(}p et her

neopent ygl Aromatic
gl ycol s ca% %Jgohgﬂlg %thk] ﬁgwnntegﬁ? glgl?)lﬁ}?e%gmgh ﬂﬁé&%ﬂﬁg Siﬁﬁ‘{n?ﬂ?]g benzene
gl ycol andrekated ﬂoehenxifyb@mﬁe@gq golecubir aveighxt Thehafrodyl 4erdmﬁatecypm@asymet hyp
st s R e S B v

, 4-di (2- hydraxyehd b%rakg% é&@% nes. A& raEﬂdr}Rl'mbei fdft the Mcﬁé}ﬁﬂéﬁxﬁi{éﬂwxyet hyl')
et her al so known as" 1 -hy roxyet hyl) benzene; catec , l.e.,
bi s( bet a- hydyoxyetthyhddist kareflrsd fdeiowrs alsich coBe di (@t&wmmxwisthnxy) benzene;

and conbi atlon t hereof /A mi xture. of ho,or Ore may b sed as the
chai n ext eMérs® ﬁﬂ W AR RIS IPTRYR f?‘*ﬁ‘ﬁ@f&ﬁﬁb& Hfgﬁﬁgj 8‘?1}’5%& gﬁ'lléanedi ol and
1, 6- hexangdh@l: i éet&ﬂﬁﬁn&{@Jc@fdﬁzﬁéjto%ﬁﬂ{r@@%@Q%@%E@ﬁnédﬂsrtﬂe {;@cﬁﬁa’&)a@ftbafsg make the

TPLI ikr the first and third | ayers of this vention is a thi soe>anaNlN.
Sui t ahi ¢ wxmmg@manéhgrmms bnaéammwﬂr@xmipItl%mmr@iswéﬁmte @sdlc

henyl - encesTatie Sy Hiap 6 SHEC Kt B N SRS oS PR HERR R 10

met hane- 3"&/&@1Prnﬁfsdab@i>zyrs4o e THT SAfNaRE RilBvi !o%%seammaﬁ% Ueidrt & di i soeyanate
CIDI.); as well as aliphatic
formulating TPU polymers The hydroxyl terminated polyester intermediates are

produced by (1) an esterification veaction 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 g-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, isophthalic, terephthalic, cyclohexane

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



t hi socyanates such as isophorone thisocyanate (1PDl), |, 4-cycl ohexyl

t hi soeyanate (CHD. O, decane-1,1.1.1-dlisocyanate, hexanethylene di isocrmte

I fInf), and di cvel ohexyi net hane-4,4'-cliisocyanafe. The nost prelei-red
diisocyariate is 4,41- nethyienebi s(phertyl iseeyanate), i.e., Mal. A mxture
of two or nore dil socyanates can be used- Al so, small anounts of isocyanates
having a func.tionality greater than 2, SUC| as triisocyanates can be used
together with the diisocvanates. Large anmounts of isocyanates with a

functi onal jdry.qQfie Jei@dhyiRpahaRowId dbge avohded as JIReYe Weclil AcRYUS Geibiiemhe fi T
polymer to bé crosslinked and thus interierew LIT its "ability to be inch

pr ocessed. prefa@@U3kiThe herph welpw itk preadagietictiant ¢ desiadiopopyestes iniemaadade pol yest er

i ntermedi ate,, glycol chain extender. . and dil-soeyanat are react tottether
ot orm t netHr 0P ohe PORLTS L En Gt ROt G e dF hbe i o Tayer o or

the | P Li e@8éd fgmefaniihSud WBibhOflycANYicRRNE ¢k e 9Sespidic@acs- the three
reactants may be used to nake the TPU. The preferred proeess is a so-called
one-shot pPEBdRgiae? dunpdiph A debytandiant.5-partangele 4 0thsxaivditt +-dder react or
and reacte The i £ i.gh . h [ I to the total
equi val entﬁﬁgﬁg}ﬁtlgg%)é%{&o L }tl\’%ecga%%ggg&}fﬂeg%lﬁélélgen%dgﬁgﬁé{n’%ﬁgﬁf’s, that is, the
hydr oxyl tésdecmattedepobiyeslt atd thatke nedhbataecdolds tiheprefoakd ghxdlentlelendloycol ., i s
from about 0,95 to ?bo it i .10, desi E,ablé fr%g‘)aaQOUt 0.06 to about 1.02, and
pr ef er abl y™G SriEENCOE B3 bousc FRT 2 ieigpse vl 63 RnBBFEUFRE it i | i zi ng
uret hane catalayst is@%ﬁxi&ﬁﬁs‘%ﬁ'al; Yad 5080 alailent TR0l R (ROUFRASE RN preferably
from 180cf to 22011C. 1001141 Generally, any conventional catalyst can be
utilized t@0dghct Subeblelgisokyam eitendarstired hethpekgedtreactinhtiempiedihatléd’ or t he
chai n extender and.the saint .is well kno the art .and tqg.the literature,
eanpl 6. oPOISEL e iy S 4T B Hacos He- P E s BrST kererde &l kyl thi ol
ethers of Bsguhild Rivetiidh MEERIA 12 Rebah KithsPPréfeanlhas fit@medaiho about 20
carbon atonms with sEem fic exanpl es includi n% bi smith octoate, bisnuth

| am at e. apidendees arf kever RHplasicros gheratlaliy shysols heviga drom fwuyate st d¥n cat al yst s
such as stannou e e, .di.butyl fin diochiate I | £i.n..di rate, and the
ke “The. GRBahdoBs B e et YehtE BN P B e B bout 20 <o
about 200 gaedisdipepyhnt lohyebl, hasedanygaon, 1.beckatealol el Ybtiaptditine spol yur et hane
form na. reactants. 100151The t hernopl astic. pol yurethane can _al so be prepared

uti i zi ng BEedindl L prydeanghimethang hydygriprae. dGyewxyethd) RgFoxyl t er mi nat ed
pol yester | i.at 1 [ € W . egui 2XeSS OF one
b wore di | SHERORE Bl (Bl B a P iR ERRL Eotof B Bl B e

unr caet ed ehissday dratheintdxemdiente iRdaaht DALIiscigéng bahdeyic ghrol @d xglincat
tenperatures or from about 80C to gbout, 220C and preferably from about 150C
to about 28e0l AOEHE gy é“"rﬂ:](‘-}l’B‘f‘r“%ﬁétﬁ“’%1 Wqﬂﬁﬁ@“é%}f%ﬁ")?‘sltj Subsequently, a
sel ective & X ~rz§?é?1?§} EXLENA8LH 85 AL abeus i addeddiiiuRRnEqW Wl ent
anount genelpal Il(%{yequalp?o t he islézcya%lgt'e gnd grgdp(é as %/elglauasnt'o any free or
unr eact ed dedsenydamatthytiotipoahdsnoFhes dvedil-hydquyatahenbenrznt;gepreinethe t ot al

di i socyanate to.the total —equivalent of the_hy xyl term nated polyesters and
The' chai - Edanasr e RaeS AT BB uroun 8 eoEbEion Bhd S8kEH Bo 3 Fr om
about 0. 96.4Q,8PPYL b%&%—ﬁﬁﬂoi@;ﬂeﬁﬁf abbdadd 19wnaRaU.-aQ2 YddiQvahery 1.005. The
equi val ent ratio of the hydroxyl ‘tenni nated pol yesters fo the chain extender

i s adj ust ebknzongiavé corheindiewisrteetesthok aibarardys or Thes glyhels magbeansd an react i on
tenperature i, c geperal.ly from ahout 18011C to_abo 50C wi.th f.rom about 200C
to Thbat e seindrhg g e PEERT B a2 B ER D e Gt dn be
carried OUfexiaRedBHis eRttonakiudevi ce with an extruder being preferred. Thus,

the polyester internediates arc reacted with an equival ent excess of a

t hi soeyanatd@12h a Thertkird poeienion nerketheTBY tipuide dirstond drir layee ef 961 ymer sol uti on

and subsequently .t he..chai n extender ..i . I N i rton and

Feacted i vroyit 5P SORHRE SEMOE wliDe A0S uRiuR O B e e

utilized, w44 exéthidestss-gaehanastywhdidy (MVadhen-SeylensdiBayyaageakength to

dianeter ratio of at |east 20 and %r eferably at |least 25 are procerred.
phenylene-1,4-diisocyanate, 1,5-naphthalene diisocyanate, diphenylmethane-3,3'-

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



[ 00161 Useful additives can be Utilized in suitable anmounts and incl ude

() paci fying pignents, plasticizers, colorants, mneral fillers, stabilizers,
| ubricants, wax. UV absorbers, processing aids, and other additives as
desired. Useful opaei lying pignments include ti tani urn dioxide, zinc oxide,
and titanate yellow. while useful tintisig pignents include carbon bl ack,

yel | ow oxi des, brown oxi des, raw and burnt sienna or unber, chrom um oxide
green, cadm um pignents, chrom um pignents, and other m xed netal oxide and

organi ¢ pi ggge}ﬁate%@gﬁs iddohbhs aliff i AbpILTRCARMBLA BobaRer T 05S) cl ay,

silica, ta m ca, nite, I um ‘ate, "a cal cium carbonate. If
desired, uggfill), sdcalni-1 i deliisogucdic dexantiheknddndsyoare $EDUsed and i ncl ude

phenolic antioxidants, whjle. usefid photostabilizers include organic

Phosphat echiA s G4 RiSrarege] | HeREADET HEe) SSSHE Fib] cants | ncl ude
metal si C%ﬁ%?ﬁ:n@%(?ﬁéﬂﬂ‘ iRbHarNd amMde WaxRSure WRFbr calisQrRRESs danc] ude
2-(2' - hydroxyphenol ) benzotri azoles and 2- hydroxybenzophcnones. Additives

can al so b wsédAlsy, mplt aveunthel hoeyaoatss hbiing & furstioi®dity grraer thao 2y pish.,

[00171The wei.ght. average I Lar. \wei M., f TP I ris

boneral 1y SEHADEBUEL AU TRA AL WELANL kMol L8 TBRBRATE %000 (o
about 300, Q85akakd @b a fi@itioafpk o€ ator afvse WhklEbsiwadadi S tugeadiit@auioanhee t he pi pe
Iiner against the wail of an_existing pipe and to cure the thernosertable

resin, thelNPpelyperyes copdmsehmd hhaiiefgn W8 HIePEIY FebHBEY PITETES properti es
as exhibitgd«by a oheat: nelt e " ( r.greater than
- about 208?’%?% er g@?}?ﬂg% %?Lgtraehtrﬁ%rt]&%\bg%?;%ﬁ%@ﬁgﬁg%ﬁ%g&g{rﬂe eregltz)‘% | ess than
about 180G:ilydHichaihicgtenti@mper dtsucenpe) hierrmanaetopghaac dssarty high prkvdnat hol es
fromfanning jn_the |jne uring.t cured. i | ace installation. The

t enper at ur%‘%ﬁtﬂéﬁjh‘é t{b‘? gﬁé?‘?qg@érgjﬁ‘ r%ﬁé&@%ﬁlg ‘iﬁ’é‘?“r"ﬁ’g"é&‘iﬁim‘fﬁfr‘é‘f’%nt‘\inﬁl Scanni ng

Cal ori  merg o (DRGhestS 1 %3P AR 1R HIALAR Ay el Wb #3G@Thi Tieat / cool / heat
node at 10" ehinin. A STM D-3418-03 standard descri bes the DSC test. The 2111

heat mel t emndfatiaé progesak atsenpiedatnereiot proussdvitese dbthrectadtars arypddal foamces in
the sanple. fQl 1181The nost preferred 'FP L. polyners used in the first and
LhiTd | by cPere ERGOTR ThGiel ha URalRet e GhbPEO R R B Seo st S icabout _85A
to about 984 .pLiefiefabl 1tfahgﬁln11§1§ﬁhé H&%g%ﬂ c‘ggglh‘gh Loshawend, Mal &, fkow i ndex of

L
equal to or esthanég/l Kg | oad, prezferablyiif-Ss
t han 659/ 1@dnoxy! &mohimardepgdy efee habinyedizs snd harwh&0 egichderglyeol,Cafremddritng gr ades

of TPI7 wi typi call ave .a.Melt Fl I ndex  of..about 45 .t0.80 er eas

ext rusion %%6%@’0\7% k'llgt‘{}ﬁire'ﬂy Ry ThERpat g‘ﬁ’ RET £ %&“@nﬂgﬁm ér% fpoy abgdt _

Conmrer ci al g 3N}, ARLY MBS, Rba‘%:ttioﬁ'?&%pérﬁﬁﬁ:@-uti[i@iﬂghf&ﬁ@ﬂ@tc‘étaﬁ}’sﬁafé Waids fibist ane TRU
58431, 58277, 58447, 54605, 54777, T5630, T5620, 58605 ‘and X-1351 and are

commer ci al dbpubVEI"Cab kot 2ZOMCLarireisrabidramcdd Gt 240°al s, Inc. TPU pol yners

havi ng ai ness. higher_than 98 Ri.c jrc. A can he too stiff to faciiitate the
mser Ci on B e HieRsRIFvivy T Re Gahga i P dgsb RSisaichaet §elamtd
par ti cul aryih By godgesion VRESicamtdiair gt haBhokesddr antthShane isBvépkvass ths e

determ ned according to ASTM D2240, (00191When the 'ITUis to be used M
li ni ng gasarpiisee,thg gteragurlgr Exampleg of glilpbEe Gtafyyfs 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-



which is made froma | ow acid nunber polyester internmedi ate and where the

pol yester internmediate is made by reacting adipic acid with diethylene glycol,
as this type of TPU is believed to be nore mcrobial resistant. Resistance to
m crobes is desirable for gas pipes. The type of 'WJ used can vary dependi ng
on the env,ronnent encountered in use afld the tenperature required for the
curing process. [00201The TPU shoul d al so have good resistance to sol vents.

Sﬁl vlents can be used to solvent-weld TP1.3 patches over the holes drilled into
the liner; ich. ar Lo f i v i he, t resin into
the resin %%yg%]r%ﬂse‘%ft ng%gﬁl.g %§|°3enté§k‘g?§8&?§%’!“@%ﬂ‘tﬁseé itagicgg?\%teén(?ghv\gg a 11Th]
t ape over tdwged ewigt hwimeatsreantirom dbhet 30°0¢r st AAKE adgirdfssdly tibe abraem t he

original f rectan . Sheet . Barrier. 100211 A harrier |a second
Cayer) whi b S RSN SBATt e Bissensy oF aftisTonagt eeo s Hhsa®illoden ¢ ne
first and §dddide bavenshalh seinseds abRYabokhe alidterinas etbivAgnt ®sdumt used in the
cured-in-place liner is usually a polyester resin which uses styrene to cure
t he resi n. genesaliyregnd ndiaineerenaty prd aghps shecl peleropifice of terepded i on ol the
liner, styrene ¢ cant amn I . [ .0 i, he 1iner.
If too rruc%l?ssef" k}arng{r%eﬁ%?n%’ Ogqu%&’s' 2#1}}% oﬁ%@!ﬁ%ﬁﬁg{eﬁ:a@%ﬁé %}gﬁg?ﬁ&gﬁh%%\g{ag&}%ést he

col | ect eld ?meqmmeﬁmf tod hjayoxmlt@nﬁmﬁ&d polpBadrs and @t kkiinthenddiis thafged to a
muni ci pa rai nage system 1002211t has been found that a styrene barrier

| ayer can #¥Y BPrde2hush 18 derapdly frapmaloyh §9¢ t?@bﬁl&ﬁ-%%?&#ﬁ@bﬁyﬁ%rﬁe vi nyl

al cohol (E%((%Qu ¥ e e | : et n the
first and thi %ggﬁg{)/g@ I‘Pﬁg' ggfé%ﬁgﬁal}a%&géo ggtgg %2%1?&1?2%%“1%@3?%%@%?%25%5i on to
t he TeSi| | thabkoinkerhdodst edjustkd asgitdehefdesised dund: Handreds. | Byertsin ohusidt i s not

pl aced directly onto the resin _ahsorhent erial, rat her is placed

bet ween t hE3F i HAlRREFAHE FENEFERY Zf.owﬁwf 13Btdo a&%&?&g ¥8hi @%@@Em i ed

bet ween th I i | ¥ , esin; (P Ji@lonk bhe lbemieg desired
Lo place 01 Bar P P s A Ry B! Aol ceh bophred,

[ 0023] | Ee barin ey chraveptioriad dprief eithbh pxandee byinp araferidd. | Thuaj thh palyherdness of 60
Shor e

intermediates are reacted with an equivalent excess of a diisocyanate in a first portion of
the extruder to form a pre-polymer solution and subsequently 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 preferred.

{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 tinling pigments
include carbon black, vellow oxides, brown oxides, raw and burnt sienna or umber,
chrominm oxide green, cadmium pigments, chromium pigments, and other mixed metal
oxide and organic pigments. Useful fillers include diatomaceons earth (superfloss) clay,
silica, tale, mica, wallostonite, barium sulfate, and calcium carbonate. 1f 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-



D or greater, preferably 65 Shore D or greater, nore preferably 75 Shore D or
greater, and nost preferably about 85 Shore D or greater. The barrier |ayer
will be described nore fully below for the preferred material of a very hard
"CPU. [0024] The very hard rigid TPU polyner is made by reacting a

pol yi socyanate with a short chain diol {F.e., chain extender), and optionally
| ess han 15 yrie.ight percent of polvtol (hydroxyl termnated internediate ;is
is used inthe first and third '11)1.1 |laver described above). Preferably,

the rigid H&%r&xﬁ%lﬁ’c%én&ﬁﬂt AuBSivEEsSS LA Rkl BP0 ReMe 8DEoR/IcKelbilitgnd nore
preferably zero pol y( is present in the rigid very hard TPLI pol yier, The

ri gid veryofithe dPTipolympol yner has a durorneter hardness of 60 Shore D or
greater, p ably 65.Shore D or.greater, more ffe bly 75 Shore. D or
greater, a@gflﬁ]zraost r“é‘l’é&_é%’frf}g%%'og‘%gf%wﬁgg} (%Y’)e%ﬁé? &F Qaéﬁbéﬂgdf BB e hai n
extenders {xuiBke0t ieabotgsEh,008r andpagtdrabEHEoRQbyIED, @00 Rh@ftanabby | ower

al i phatic or short chain glycols having fromabout 2 to about 12 carbon atons

and i ncl udealter. iFaseRmcateshyiicengegn yeeied tffaehiie eme ey egnst gropsil ehe gl ycol |
di propyl en z j«al., z Ledi.al . P ' -hent anedi ol , .
15 lyer ShaaiB e cpl et R A e e TP IR e R

neopent ygl ighkemanguteheronken@prowitiesas erhibtted ©s a TI%Er 20 heat\nvdlt dndotherm

1, 6-thexanediol being preferred. Qher glycals. such as aromatic glycols could
be used buf® ﬁ@nafa'ﬁtug%@f%?at@'dﬁaft e éﬁ%éalﬂ_@sggr%ﬁ%@wﬁa%l 40 the
rigid very,har &ef@r\ébhy Rl ¥R LLANGRUEE BEOHRL e AirhRACYARANESceSY A B RSury

4,41-net hyl eri‘ebi s- (phenyl isoeyanate) (MJ);: xyl ene di 1 soeyanate (. 14D1), .
phenyl ene- b, ptedini boley &natfermingap the lineaiemea: the c8rediin plocymntletion. The

di ph | th -3, 3"di th -4 4" -dii i d.tol.  di i t
R A R i o AN

R e T e e S o e
4. 4" ~r net hyl @HemIs( PRGN - Sidcarands)d diseibume DEGG2S] PhePErtabl welihe ri gi d
very hard &E&}%‘?A%’E&E teimspera GreSs Qs)éd "§ ggItIéC? g)r%?x? variances in the sample.

[0018] The most preferred TPU polymers used in the first and third layers of the

TPU liner 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 available 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 to

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 1s to be used for Hining 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



pol yi socyanate shown above with the chain exterider, w thout any pol yol being
present. |f'polvols are used, they should be used in small anmounts olless than
up to 15 weight percent, and nore preferably less than 5 pereeni. ol die total
TEL reactants. Ti' used, the polyols, also known as hydroxyl term nated
internedi ates are used in very small amunts Lo increase inpact strength. The
pol yol s which can be used are any of the nonnal polyols used in naking IF U
pol ymers. These inelude hydroxyl term nated pol yesters, hydroxyl term nated
pol yet hers,,;.and t ] hat. " : X )

termnated I %e@eﬁfﬁ?gfspg%%ﬂo%n\éﬁé g}s{%?lé Eggﬁ'% @%ﬁ@%ﬁ%ﬁ%ﬁ%@&gﬁ% t he
descri pt i omdtht henfaratste raqdradhior dhelcPritg propedsyner | ayers. ii- [011281The | eve

of polyiso te, . ak i cyanatc, .used is the equiyvalent weight O

" T shcy a2 o i et 85 BRGGhe SR B R r Rl B O hent s
(i.e., hydigoxplent-tverantmabedhésndef RtiopdQivilled 11148 @ 1iRAAvii Reaehaid Xt ender
glycol). The ratio of equival ent weight of polyisocyanate to hydroxyl

cont ai ni ngfacdrige getting theshengmyegahbuteso, 0% thorabobsobrm layod Spivereaksbl y from
about 0.90 ; I m u t 1.00:5.
[00291The Fgsf NPk &1 SR RRE: PR TRLRF R ALYk TR BRRI O lfer P RO o

t oget her i dogpydeties abhyhaoogealshtedpalgyechaat i on process, as is well known to
those skilled in the art. The ono-shot process involves feeding the reactants
to a heated twin screw extruder where the feaethiUS are pAyilletheil and the
pol ymer i spfof.ped J:nto pellets upon exiting the extruder. [NMSuitable rigid
very hard rthe barrier layer is available comercially as isoplast'k
and HS 85, {Wéth avabiiabt eyér{emohdbniegiolhiddsanosgantMatlermargionladictyr@leavel and,

Chio., U Sused between the first and third layers discussed above. The thermosetting resin used in

the cured-in-place liner is usually a polyester resin which uses styrene to cure the resin.
If styrene migrates through the thermoplastic portion of the liner, styrene can
contaminate the water or 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 cthylene 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 it 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.

j0023] 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 polyimer 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



Resin Absorbent Material [09311A resin absorbent material is used as one

| ayer of the liner. The, resin absorbent material is any material which
absorbs or holds the thernosettable resin. The rosin absorbent |ayer can be
from0.1 to 20 CMthick, preferably from0.2 to 15 cmthick and nore
prelerahly from03 to 10 emthick. Suitdble 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 needl e punched
non-woven FRLEEdBlbove)S YA 1Pl NeSE §PURNI WEVER IR MR § LRidgpsewars (main
or lateral). For lini'ng:gas pipes, a glass fiber material is typically

pr ef er r ed. pd Q@3 21kt hercTRefeiabfoteymeeivofl isiphesefitiin $hte figjererydest TP bawlvibove i s
coated ont _one side of. resin absorbent materia | t processi ng

cau prent . TaBEege B g I U e ARE Rat BRIENL Rlen BBkt CDIRERRE M sui abi
mel t processtdishl@asiSRERS of Aehidel@sore ptERUR BNThoeXDIdiStQRrpiAGRSSES. The
preferred thickness of the TR) coating layer (first layer) on the liner is

Fr om about p8irady b StiercIDoogiei€t-onet ers, preferably from about 100 to about
SO0 mi cro : re..pr [ J _ t m crometers
t hi ck. Thgﬁl to?f';lfst , %E%{% I ﬁgalﬁggt%fﬁﬁ%gH%x%kﬁo%21%?&%%8%%%@8%&?% t he pol yester
non-woven prterably idh@akphdther EAGECRfin adbels hweiag filohusboub2 tpaiope st earboonwoven
mat is prefe d wwth the TP13 coating of this_ inventiaon. 10@113 Oten two

| ayers of ?‘té@isﬁ”%B@BﬁSéﬁ‘tmﬁfﬁ’@"é?r‘iﬂé‘fle%?rféyﬁge‘he‘\]ﬂk‘i’gp"eg]tyﬁ%l» BYPEENF B ace liner is
desi gned f&gfdﬁugg@ﬂbgm.@&tmpedm§1 ,é%@saheam,glcﬁ%@ﬁg&ia?m,52&in%%&bgmer) in

need of rep use 1 n smaller pipes such as laterals, I's comon
practice toycligexancdimghsol AydrqahonedihydabgetyBrthamteepérd)glydd08ulthe TPU

coating is made yp of . three separate lavers. The first r of TP is coated
onto the r]élé‘???‘hﬁgﬁsrlﬂg‘:ﬁ'f“’? §1§1§2PP "T‘ﬂ?e?’Q'J’@B?f&%@éggﬁ“?pﬁ%?"rr?de%&'ﬁ&@?’?ﬁﬁs applied to
the first |ayet apmehicheydol dodid@yaed Oht Mnbspreppliied to the second |ayer
(banier layer). Timbarrier |layer should have a thickness of from about 12

m cr onet er @026l 5 muithble pobirouyanzs: toInakielthd rigidoeonsré U privnprig¢ledabl y from

about 20 to about..30 m croneters,, The barrier |ayer is_ ver stilf_when using
2 hi gh e BHE0S Sy st L mR R G fine Rl o TR oo o

di fficult @fsowpidatt BB PHeRAFEN-E stdiBobiaNGE, hpsitdRNS (K-Psockdnaligs been found
that when using a barrier layer of about | ml (25 m cronet ersﬁj the Liner can
be i nst al | ¢ighpylmpapnididsnehoxet Hodiljonyanapi g tnlaee Hgopepaicr(TDAL#Rough t he
barei."er javu coul e thinner than. t. specifi rai I funcljon
as a barri %’%Y 4 ?C‘h %ggﬁlgilﬂcy%nua\t > ?)h %%(‘tséél}}g’éo%r(ﬁ%g );eaﬁglg?f#y?’i ll’%cﬁ(éélgéx%an 12

m cr omet er gidobigiste (BIITE, @xhidI5l 0/@ii06cyaad L€ aind idyoRhbsylnbeaps-gf4erred nethod to
produce the dliii for the barrier layer, it is recomended that a thickness of
about 1 nmuéiiseesnsicerGwenest sieigecdySsacyaThe it hitraethplonpliy@nenyd I9C%EBE ) on t he
barrier IaiyeerMDéhe third TN.) layer will have a thickness as described above
for the first P Ulayer that is in contact with the resin ribsorbent |ayer),
The nost ppeker r edrdiRraddattiendeit sed Hand FeUlIayencriPladobay rsagting thle t he first and
third | avers each bei ng about 100 m ﬁéorret ers in thi ckneiss1 and the second

| ayer ( har PolEsycsaprisghams aboves i Besransrenis. PR gy $olyol 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 intermediates are used in very small amounts
to increase impact strength. The polyvols which can be used are any of the normal
polyels used in making TPU polymers. These include hydroxyl terminated polyesters,
hydroxyl terminated polyethers, and hydroxyl terminated polycarbonates. Preferred
hydroxy! terminated intermediates are polymers described in more detail above in the

description of the first and third TPU polymer layers.



100351The softer TPU in the first and third | ayer of the coating needs to he
in contact with the resin absorbent |ayer to achi eve good adhesion to the
resin absorbent |ayer. The very hard TP Et.: in the barrier |ayer does not
have as good adhesion to the resin absorbent |ayer as the softer 'UT used in
the first and third Lavers. Also, the spfter TPU OF the first and third | ayers
needs to be on the outside |layer of the liner, because it is Incite easier to
patch the holes cut into the liner for the purpose of addi ng the thernoset
resin and N £ i.cal shape
of the Iingﬁzg#rogﬁgﬁgéfgp$ﬂ?@ ?%Qlkggg% &E rﬁLaagﬁf%ﬁﬁﬁﬁgﬁg%hg liner is
creat ed. TheighesiydibasdndiP@ theb:amvaiﬂent wyght mfshydn;txyéasydxnmsc,s:ompemﬂtg(iwe pat ches

or tape to ard . TPI thu ve TP Li arrler er .should

be. sandmn%ﬂgﬂﬁggFR%@ﬁ I?Pﬁ{ﬁg§gw hairy gy ?Gﬂ%%&*o BDPﬁe l'i ner of
this inventd Qied %gﬂNof baﬁy&ewangte% ﬁgidrekyz%hfaﬂﬁh Ok RRed 1ORbR dbbg: resin
absorbent. materi al first er oi F!T_ can be nmelt coated or

ext rusi on @Sétt(ed)tmhﬁdﬂtm‘@ metsrahl\a eralbemo %tOeﬂbIOaHO?f hednhire greffereldy of softer
TPlIj can bﬁ COs ext e W {p g?e very hard TPIJ barrier layer in a separate
step and t H&™ cg %ﬁ% d P er and harrier layer can he nelt applied to the
first TPL:[opayer @ehéad&ﬁl@l@lrﬂ&eﬂ@é tigidQRbErhromPY $eneest feadkgosfeid: materi al .
The liner can al so be made in one step by co-extruding or cal endering all
three | ayeldreferapbln are- @h%p@mreezwd?rgceéf, aF UV elh KRy T Bogpiliddn % t he resin
absorbent pRt of Ble..ifts LEFLN £ARARE. 0, REIIA MRS iR R hIRIDSahdesi N, such
as vinyl ester resin o ﬁ yest er resﬂh ontalns styrene, 1s added to

t he resi n ahserlxertcinmt arel yﬁilymiﬁizeti hhd t}&t;mgenéxhefmedmn ipadgts updrecdiiimer i s
flexi ble and can_be placed inside the passageway o a cavity, such as a sewer

pi pe. The FESXBIE | iner can be inserted by either the drag-in or inversion
met hod,  why 0‘6501‘ Sk thbxk&]&m&rg nhierm for ¢ sﬁnmyé}qs L1a6R e GRS a@nd
pressureaeadde y I njectinhg steam an hot"water to force the Iiner

agai nst thhopllastil‘dedbﬁs Eheothi gyeilandirbm Imhmol AdplraedMabwsiatshéraroset resin. The
liner can é#;_ ﬁ |nserted into the cavity by use of hot water under

pressure. velaphOMesi $4s cured, it becomes thernoset and the |iner becones
rigid to Lorin a rigid pipe within a pipe. 109371The liner can be nmade to the
desired length required to repair the pipe, and preferably is a continuous

t ubul ar | i Retin Abhebtatddategsloul d have a Iength sufficient to repair the pipe

with one c uousle th that is .not uir e.in dt.ogetherfrom
short er @r{}éyn THE P} PO%C’i“Im‘E%‘?jd?aNeﬁ aggngfyf:re BB, F&%n I ength and
can be as 1108 eASmARAR iT8h it Al WBRALDsorb VB 121dYBE GRkmbablcRens @he | engths
of from200 to 1000 neters in length. (0038)The diameter of the liner, once

i brrned i niteemaabedxrbsrédaxem ben b frbmvat (o Yepe mphg;r@‘nlabheﬁ@n&ge@elrs o t}pdp e needing
repair. a di r rm 2 re
conutt onI y 30133 Pg%‘gfe%’fysﬁ% 0632& KA @“§‘b oulflg e%:lrh Orbué tardHald m%lugg

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 layer (first layer) bonds very well to the polyester non-woven mat



-1 4- 10039] The liner can conformto the shape of the inside of the pipe

needi ng repair.

but

liner can al so negotiate bends in the pipe.

rat her can he nl)1l-circular such as egg-shaped or elliptical

The shape of the pipe does not need to be perfectly circular,

shaped. The

100401After the resin absorbent

fabric is inpregnated with the thernosetl-able resin and the liner is made, it
is typically stored at a cold tenperature, either in an ice bath or a
refrigerated truck. This cold storage is nece,ssary to prevent prenature

curing oit hent NehIRSEr aiRSks, A BESolykstbSndebddd & is

qu}&p@ﬁhg@n be brought

to the job site in the refrigerated truck to prevent p?enature curing of the
n. 1001?Lnemu@wfﬂnﬂmwmmmn|nserted into the damaged pipe, the resin is

resi

er to.art

db I I ted t t f . bout 80"C
Co 1001 OO [0 A%Sviste el Fer 66 TeteTefrbd S pG°Ss nours

as conpar efndrQs B@Jl et 1a

will

be better understood reference to the follow ng exanple.

+ GRnRY Bl ey (fuek 8$ gi%atlez?tﬂélﬁ U5 Sm &91%%})1{3 El;éAcnventS ion

[ 0043] The &xanpt.eBotaise npme@ as sechsdsdsierake itilprperowed prastrstoanc e stiglst yr ene
perneab|I|%¥m}ﬁﬁ%$§a§i%§ ¥¥%ﬁgﬁ5 rials of this invention. Exanples 1 and 2 are

conparativ

exa ers

1 films normally used in cured-in-place pipe
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is coated onto the resin absorbent layer. The second layer, barrier layer, is applied to the

first layer and the third layer of TPU 1s applied to the second layer (barrier layer). The

barrier layer should have a thickness of from about 12 micrometers (0.5 mil) to about 75

(3 mils) micrometers, and preterably from about 20 to about 30 micrometers. The

barrier layer is very stiff when using a high hardness TPU, and therefore the thicker this

tayer, the more difficult it would be to install the liner inside a pipe. It has been found

that when using a barrier layer of about 1 mil (25 micrometers), the liner can be installed

by the inversion methed in a pipe needing repair. Although the barrier layer could be

thinner than that specified above and still function as a barrier, it is difficult to extrnde or

calender a film less than 12 micrometers thick. Since extrusion or calendering 1s the

preferred method to produce the film 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 1ayer will have a thickness as described above for the first

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 23 micrometers in

thickness.

{0035}  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 easter 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 hiner



(00441The films were evaluated for styrene perneability according Co ASTM D8
4 Inverted Cup Penneability test. The results for styrene perneability are
expressed in grans/square neter/day. (0045] Exanple 1 (conparative) uses a 5
ml| thick (127 mcroneters) filmof a 93A Shore hardness TM made from a

pol yester polyol (adipic acid | 1,4-butbhedi or), hutanediol chain extender,
and MD1. Exanple 2 (conparative) uses a 5 m!| thick (127 mcroneters) film of
a 95A Shore hardness TP1.1 nade from a pol yester polypi (adipic acid +
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Shore D hardness TPL made from chain extender and MD! (no polyol) and 4 mi
thick (101.6 mcroneters) filmof the 93 A Shore hardness 'I P used in Exanple
|. Exant 5Liges a co-extruded 5 mI thick ( [27 m'crometers) filmwhich is
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combined third layer and barrier layer can be melt applied to the first TPU layer as it is
being melt coated onto the resin absorbent material. The liner can also be made in one
step by co-extruding or calendering all three layers of TPU as the three layers of TPU
coating is applied to the resin absorbent material. A resin capable of being made into a
thermoset resin, such as vinyl ester resin or polyester resin, which contains styrene, is
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 ¢m to about

250 c¢m, but more commonly the diameters are 20 ¢cm to about 150 cm.
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{0039] The liner can conform to the shape of the inside of the pipe needing repair.
The shape of the pipe does not need to be perfectly circular, but rather can be non-
circular such as egg-shaped or elliptical shaped. The liner can also negotiate bends in the
pipe.

{0040) After the resin absorbent fabric is impregnated with the thermosettable resin
and the liner is made, it is typically stored at a cold temperature, either in an ice bath or a
refrigerated truck. This cold storage is necessary to prevent premature curing of the
thermoset resin, before it is installed. The liner can be brought to the job site in the
refrigerated tfruck to prevent premature curing of the resin.

[0041] After the liner is inserted into the damaged pipe, the resin is cured by
exposing the liner to an elevated temperature of usually about 80°C to 100°C for 3 to i2
hours. Steam curing requires less time, usually 3-5 hours as compared to hot water
which usually takes §-12 hours.

{6042} The mvention will be better understood by reference 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 I and 2 are
comparative examples where TPU films normally used in cured-in-place pipe liners are
evajuated. 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 polyol (adipic acid + 1,4-butanediol}, 1,4-
butanediol chain extender, and MDIL Example 2 (comparative) uses a 5 mil thick (127
ricrometers) film of a 95A Shore hardness TPU made from a polyester polyol {adipic
acid + diethylene glycol), 1,4-butanediol chain extender and MDIL Example 3 uses a5
mil 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 MDL



i NIS 22 10047!'As can be .secn fromthe results, the styrene perneability
is greatly reduced when using a vi.:iry hard ()5 Shore DD TRU at a 1 m|

t hi ckness together with a so ft (93 Shore A) TPU at 4 nmils thickness. Al so,
the co-extruded filmusing FiVOFT as the [ m | harrier |layer (Exanple 5) shows
greatly reduced styrene penneabili Ly. -1$30481Wile in accordance with the
Patent Statutes. the best node and preferred enbodi nent has been set forth,
the scope of the invention is not Iimted thereto, but rather by the scope of

the attac hﬁgmﬁfﬁ@'ﬂ{ﬁm 4 cokBxtrudelt AP hidk 1'57 GMcfoftedrd) PLACRichiNghdd OF ol
passageway or pipe conprising a |ayer of
mil thick (25.4 micrometers) of a 85 Shore D hardness TPU made from chain extender
and MDI (no polvol) and 4 mil thick (101.6 micrometers) film of the 93 A Shore
hardness TPU used in Example 1. Example 5 uses a co-extruded 5 mil thick (127
micrometers) film which (s made up of 1 mil thick (25.4 micrometers) film of EVOH
and 4 mil thick (101.6 micrometers) filim of the TPU used in Example 1.
{0046} The results for styrene permeability of the five films for Examples 1-5 and if
the film has sutficient flexibility to be used in a cured-in-place pipe liner while using the

inversion method of installation are shown in Table T below:

Example Film Flexibility ASTM D814 Styrene
Permeability ( gfmz./ day
1 YES 4800
2 YES 1800
3 NO 190
4 YES 29
5 YES 23

{0047} As can be seen 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 1 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.



t her mopl asti c pol yuret hane, wherein said thernoplastic pol yurethane has a
hardness greater than 60 Shore D, determiped according to ASTM D2240. 2. The
liner of claim1, wherein said |iner conprises a resin absorbent |ayer. 3.
The liner of claim2, wherein said resin absorbent |ayer is a non-woven fabric
material. 4. The liner of claim3, wherein said non-woven fabric material is
a needl e punch€tdApdByester non-woven fabric. 5. The liner of claiml, wherein
sai d thernopl astic pol yurethane | ayer has a hardness greater than 80 Shore D,
as determ ned according to ASTM D2240. 6. The liner of claiml, wherein said
| ayer has a thicknessufd iii place lﬁherdﬂhlpas(sag?éwraj/efpipeécﬁmﬁilsintg@ 18yeBofri | s (75

m croneters), 7. A cure i ner for e or pi conpri si ng:
() o) onst " obimaplart eebitaics v hpia i epagriphe pORHEERe 12 abafifess
greater than 60 Shore D, determined according to ASTM D2240.

2. The liner of claim 1, wherein said liner comprises a resin absorbent layer.

3. The liner of claim 2, wherein said resin absorbent layer is a non-woven fabric
material.

4. The liner of claim 3, wherein said non-woven fabric material is a needle punched

polyester non-woven fabric.

5. The liner of claim 1, wherein said thermoplastic polyurethane layer has a

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

6. The liner of claim 1, wherein said layer has a thickness of from 0.5 mil (12

micrometers) to 3.0 mils (75 micrometers),

7. 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
©) a three layer coating on at least one side of said resin absorbent material

layer, said coating comprising:

(i) a first thermoplastic layer in contact with said resin absorbent
material layer;

(i)  asecond thermoplastic layer disposed between the first and third
thermoplastic layers, wherein the second thermoplastic layer is a

thermoplastic polyurethane layer, wherein said thermoplastic



(b) a thernoset resin absorbed into said resin absorbent material |ayer; and
(c) athree layer coating on at |east oneside of said resin absorbent
material |ayer, said coating conprising: (i) a first thernoplastic layer in
contact with said resin absorbent material layer; (ii) a second thernoplastic
| ayer disposed between the first and third thernoplastic |ayers, wherein the
second t her nopl asti c | ayelyuiethaae hdserhaplhtasf geatpothyufétShamrd),laadeermindier ei n sai d

thernoplastic - 17 - polyur.etha .hardness of greater than f60 Shore D,
PGS TP TR

as determ ned accordi ngaf iii)a third thernoplastic |ayer.
8. The liner of claim?7(iphesdiinl teamdplhsticddyeand said third |ayer are the sane
or different and selected fromthe group consisting of thernoplastic

pol yur et hane pol ynmer, co-pol yam de (COPA) polynmers and co-pol yester polyners

(CIOPE). 9. hThe. I : NMEtfe |ier &:o@dirmﬁ\;]vhmarsﬁﬂfﬁ_rﬁahdjsaisdhth&ﬂ 1-<1zaﬂhré giersﬁlné&%/e; ar e85A
pol yester therinmn astic po ret nanes havl n or ) raness o rom to
98A, as deter mqﬁéffn%’@éﬂ&?tﬁég?% tmpﬂé’ﬂﬂﬁ!n% 0?3‘."' sHi¢ pRyurgthang RalyRer,  wher ei n

sai d t her nopl agg_b@ygﬂhym@p,&pdggmmssa@ ctlaq;o f&Spodfmeds @0mI), t han 80 Shore D, as

determ ned according to ASTM D2240. 11. The liner of claim7, wherein said
t her nopl asti c pol yuret hane | ayer has a thickness of from0.5 ml| (12

mcroneters) tg 3. Oryyingr dfCRiMI8CAFEH §4id Kirst and third layer are polyester thermoplastic
polyurethanes having a Shore A hardness of from 85A to 98A, as determined according

to ASTM D2240.

10.  The liner of claim 7, wherein said thermoplastic polyurethane has a hardness of

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

11.  The liner of claim 7, wherein said thermoplastic polyurethane layer has a

thickness of from 0.5 mil (12 micrometers) to 3.0 mils (75 micrometers).

12.  The liner of claim 7, wherein each of said first and said third layer of said three

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

13.  The liner of claim 12, wherein each of said first and said third layer of said three

layer coating has a thickness of from 100 micrometers to 500 micrometers.

14.  The liner of claim 10, wherein said thermoplastic polyurethane layer is made

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

15. A method for lining a cavity of a passageway or pipe comprising introducing a

liner into said cavity, said liner comprising:

(a) at least one resin absorbent material layer;



12. The liner of claim7, wherein each of said first and said third | ayer of
said three |ayer coating has a thickness. gf. from50 mcroneters to 1000

m croneters. 13. The liner of claim12, wherein each of said first and said
third | ayer of said three | ayer coating has a thickness of from 100

m crometers to 500 mcroneters. 14. The liner of claim 10, wherein said

t her nopl asti ¢ pol yugbet harkermayettable sesimadatainimgrstyremchiurateddntotsaidmesiixt ender with a
di i socyanate in the absence. of olyol. 15. A nmethod for lining a cavity of
a passageway or pi p*’é’s%%ﬁ"gmaéﬁfﬁb@% roducing a liner into said cavity, said
l'iner conprising: (@)at dte@slayon@atirgSintat Rasonbsiod oftsartresin ahsotbaynaterial 18 -

(b) a thernosettable resin containing styrene saturated into said resin
absorbent nateri al IF‘Westafdcoeté‘)gcgmtpﬁsﬂr% | ayer coating on at |east one side of
said resin absorbent material |ayer, said coating conprsing: (i) a first
thernoplastic layer in contact. with said resin absorbent, material |ayer; (ii)
a second thernopl astic I@yer a@%ﬁ@%‘ﬂ’l%?\lﬁé@dnf’%a‘ﬁP’Vﬂtgtsalgﬁ?fmc"rhs?raem

thernopl astic layers, Whigfi&ianladte second thernoplastic layer is a

t her nopl asti c pol yurethane | ayér, wherein said thernnplasticfpolyurethane has
a hardness greater than (B0 Sh&eeendihermondasticlaperiésposed betvsemettsst Amitirdp240; and
(iii) a third thermopl ashdobiadRMayelt, GREHERAGHe bind tRamphiR 1ERPIsASt i €

pol yur et hane | ayer;

thermoplastic polyurethane layer, wherein said thermoplastic
polyurethane has a hardness greater than 60 Shore D, as determined
according to ASTM D2240; and

(iii)  athird thermoplastic layer in contact with said thermoplastic

polyurethane 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.

16.  The method of claims 15, wherein said resin absorbent material layer is a needie

punched non-woven polyester fabric.

17.  The method of claim 15, wherein said three layer coating has a thickness of from

100 to 1000 micrometers.

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

300 to 500 micrometers.

19.  The method of claim 15, wherein said thermosettable resin is selected from the

group consisting of vinyl ester resin and polyester resin.



i ntroducing steamor water into the inner opening of said liner to force the
said |iner against the inner surface of sgid passageway or said pipe and to
activate the cure of said thernpsettable resin. 16. The nethod of clains 15,

wherein said reggin 1 i : 4.S: = yoven

pol yester fabr ?@ 'ﬁﬁ%ﬁﬂ#ﬁ%%ﬁﬁbﬁeﬁnﬁ% ?ngféls\%ﬁlg‘?%?%&g al ?ﬁgce&égg%%r

coati ng has a bfingikisess pik, ateohseh®0 pipe, ab0@as pipsr oneters.  18. The net hod of
claim17, wherein said three | ayer coating has a thickness of from 300 to 500
m croneters. 19. The nethod of claim 15, wherein said thernosettabie resin is
sel ected from the grieupetb@ngictirm ng, vaferann thyle agstwerlayeesifnesangbspiobytasdt@lal r esi n.

- 19 - 20. The nethod of claim 15, wherein said pipe is selected fromthe
group consi sti E‘éer&f mai n sewer pipe, lateral sewer pipe, and gas pipe. 21.
The tethod of claim 15, wherein there are two Layers of resin absorbent

materi al | ayer 22. The nethod of claim 21, wherein sajd pipe is at |east 10
i nches (25.4 cﬁ%‘ i nl raﬁléngcﬁ‘_cﬂngg?,wﬁﬁéewimemat Fsélqpnnf o8 ‘&A&gr"gbﬁl sai d second
| ayer has a thjmikeess of from 12 mcrometers to 75 mcroneters. 24. The

met hod of claim 15 herein said second |layer is a thernoplastic pol yurethane
havi ng a hardness greater than 80 Shore D, as determ ned according to AsTm

D2240. 23.  The method of claim 15, wherein said second layer has a thickness of from 12

micrometers to 75 micrometers.

24.  The method of claim 15, wherein said second layer is a thermoplastic
polyurethane having a hardness greater than 80 Shore D, as determined according to
ASTM D2240.



