
CURED iN PLACE PIPE LINER WITH STYRENE BARRIER FIELD  OF THE INVENTION
100011The present invention relates to liners tin pipes or various other
passageways. More specifically this invention relates to liners for
underground sewers which are used to repair broken, pitted, or leaking main
sewer pipes, lateral sewer pipes and gas pipes. The invention iscted to cured
in place liners which have a barrier layer which is resistant to migration of
styrene, That is, the liners are cured inside the pipe to be repaired. The
invention is also directed to cured in place liners which use a styrene based
polyester thermoset resin saturated fabric where the thermoset resin is cured
(hardened) by the use of heat. BACKGROUND OF THE INVENTION  106021The 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.
100031The 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 described 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 elastomers have been
used to coat the fabrics, with polyurethane being frequently used.
Thermoplastic polyurethane is particularly desirable because o t its abrasion
resisianee tear resistance and elastic properties. 100041One problem that
occurs when using a styrene based polyester as the thermosetting resin is the
migration of styrene from the resin and through the thermoplastic polymer
layer coated on the resin absorbent material layer. The styrene enters the
cavity of the cured in place pipe and contaminates the media, such as water or
steam, used to pressitri:ie the pipe liner. When the media is evacuated from
the pipe, it must be specially processed because it is contaminated with
styrene, rather than simply being diverted in the local city Newer system.
Also the styrene odor which must also be dealt with can be a problem. 100051It
would be desirable to have a thermoplastic layer which would greatly reduce
the styrene migration into the media used to pressurive the pipe liner and
allow the media to be processed through nominal sewer treatment facilities.
Installation costs could be reduced and the environment could be improved by
such a development. SUMMARY OF THE INVENTION 100061A cured in place liner 1hr
a passageway Or pipe comprising a barrier layer to greatly reduce the
migration of styrene through the liner. The liner has at least one layer of
resin absorbent material, preferably a non-woven resin absorbent material. The
liner 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 polvtrier or an ethylene vinyl
alcohol poiyrner. 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  selected front
the group consisting of thtnnopiastie polyurethane (TPU), co-polyamide (('OP
A) and co-polyester (COPE), 0007]In the most preferred embodiment, the resin
absorber): material layer is a non woven polyester t'abrie, the thermoset
resin is a styrene polyester resin, and the coating sisi a three layer coating
having polyester thermoplastic polyurethane polymer (rpu) as the first and
third layer and a barrier layer (second layer) of either high hardness TN] or
ethylene vinyl alcohol (EV OH) polymer between the first and third layers. 



DETAILED DESCRIPTION OF THE INVENTION 100081The cured in place liner Mr a
passageway or pipe is comprised of: (a) at least one resin absorbent material
layer; (b) a thermosettable resin absorbed into the resin absorbent material
layer; and (c) a thermoplastic coating or film comprising a barrier material,
Preferably, the thermoplastic coating is a three layer film having a first
thermoplastic layer in contact with the resin absorbent material layer, a
second thermoplastic barrier laver, and a third thermoplastic layer h 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 (( OPE) polymer is one commercially
available as I tvticr from DuPont, The most preferred embodiment is to use
TPLI 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 'EP Li haying high hardness (60 Shore D fir greater). The
barrier layer of high hardness TPU 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. 'LPL FOR FIRST AND THIRD
LAYERS OF COATING  [0009.1Thermoplastic polyurethane (TPU) polymers used for
the first and third layers in this invention are made by reaction of three
reactants. 'the first reactant is a  --4- hydroxyl terminated intermediate,
such as a polyester, polyether, poIycarbonate or mixtures thereof hydroxyl
terminated intermediate. The second reactant is a glycol or amine chain
extender with a glycol chain extender being preferred. The third reactant is
an isocyanate. preferably a clirsoeyanate. Each of the preferred three
reactants is discussed below. [00101The hydroxyl terminated polyester
intermediate is generally a knear )ulyester haying a number average molecular
weight (Mn) of from ti bout 1000 to about 10,000, desirably from about 2000 to
rbout 5000, 2tnd preld-ably from about 2000 to about 3000. The molecular
weight is determined by llasuy 0 the terminal functional groups and is related
to the ii umber average molecular weight. The hydroxyl terminated polyester
intermediate preferably has a low acid nurnber, such as less than 1.5,
preferably loss than  .0 and more preferably less than 0.8. A low acid number
for the hydroxyl terminated polyester intermediate is preferred for liners
which Come ill Contact with moisture, because low add numbers improve the
hydrolytic stability of the TPU polymer. Acid number is determined accordina
to ASTM D--4662 and is defined as the quantity of base, expressed in
milligrams of potassium hydroxide that is required to hurtle acidic
constituents in 1.0 gram olsample. Hydrolytic stability can also be improved
by adding hydrolytic) stabilizers to the TPL: which are known to those skilled
in the art of formulating TR; polymers. The hydroxyl terminated polyester
intermediates are produced by (1) an esterification reaction of one or more
glycols with one or more dicarboxylic acids or anhydrides or (2) by
transesterilleation 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 lactenes such as polycaprolactone typically made from
8-eaprolactonc and a bifunctional initiator such as diethvlene glycol. The
dicarboxylic acids of the desired polyester can be aliphatic, cycloaliphatic,
aromatic, or combinations thereof Suitable diearboxylic 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, 



suberic, azelaie, schaeic, dodceanedioic" isophthalic, terephthalic,
cyclohexane dicarboxylie, and the like. Anhydrides of the above dicarboxylic
acids such as plithalic  -5- anhydride, tetrabydrophthalic anhydride, or the
like, can also he used-Adipie acid is the preferred acid. The glycols which
arc reacted to form a desirable polyester intermediate can be aliphatic,
aromatic, or combinations thereof, and have a total of from 2 to 12 carbon
atoms, and include ethylene glycol. diethylene glycol; 1,2-propanediol, 1,3-
pronanediol, 1,3-butanediol, 1,4-butanectiol, 1,5-pentanediol, 1,6-hexanediol,
2,2- dirrieihyl-1,3-propitnediol; 1,4-cyclohexaneditnethanol, decarnethylene
dodecamethylcne glycol, and the like; 1,4-butanediol is the preferred glycol.
A blend of two or more glycols may be used. For a liner to be used to line a
pipe where microbial resistance is required, such as gas pipes, diethyl elle
glycol is the preferred glycol. 100111Suitable glycol chain extenders used as
the second reactant to make the TPI.1 polymer used in the first and third
layers can be aliphatic, aromatic or combinations thereof and have from 2 to
about 12 carbon atoms. Preferably, the glycol chain extenders are lower
aliphatic or short chain glycols having from about 2 to about 10 carbon atoms
and include, for instance, ethylene glycol, diathylene glycol; propylene
glycol, dpi opylene1,4-butimediol, 1.6-hextmediol, 1,,3-huiariedicil, 1,5-
pentanethol, 1,4-eyclohexanedimeihanol hydroquinonc, di( hydroxycithyp ether,
neopentyglycol, and the like, with 1 /4-butanediol being preferred. Aromatic
glycols can be used as the chain extender to make. the TN) including benzene
glycol and x7,/lene Xylene glycol is a mixture of 1,4-di(1iydroxymethyp
benzene and 1,2- di (hydroxymethyl) benzene. Benzene glycol specifically
includes hydroquinone, i.e., his cheta-hydroxyethyp ether also known as
l,4-di(2-hydroxyctliox:,v) benzene: resorcinol, i.e., his(beta-hydroxyethyl)
ether also known as 1.3-di(2-hydroxyethyl) benzene; catechol, i.e.,
bis(beta-hydroxyethyl) ether also known as I .2-di(2-hydroxyethoxy) benzene;
and combinations thereof A mixture of ho or 1110re glycols may be used as the
chain extender in the 'LPL; of this invention. A mixture of 1,4-butanediol and
1,6- hexanediol is the preferred mixture. [0012)The third reactant to make the
TPLI ikr the first and third layers of this   vention is a thisoe>anaN.
Suitahic diisocyanatcs include aromatic dilsocyanates sudi as:
4,4i-melhylenebis-(phenyl isoeyanate) (MDE); m-xylylene diisocyanate (X11)1.),
phenyl ene- 4-iditsoeyanatc, 1,5-naphthalene dilsocyanate, diphen yl
methane-3"3 diinctlioxy-4,4'-diisocyartate (IOW) and tolueiite diisoeyanate
CIDI.); as well as aliphatic 



thisocyanates such as isophorone thisocyanate (1PD1), I,4-cyclohexyl
thisoeyanate (CHD.0, decane-1,1.1.1-dlisocyanate, hexamethylene di isocrmate
IfInf), and dicvelohexyimethane-4,4'-cliisocyanafe. The most prelei-red
diisocyariate is 4,41- methyienebis(phertyl iseeyanate), i.e., Mal. A mixture
of two or more dilsocyanates can be used. Also, small amounts of isocyanates
having a func.tionality greater than 2, SUCil as triisocyanates can be used
together with the diisocvanates. Large amounts of isocyanates with a
functionality of 3 or more should be avoided as they will cause die    fir
polymer to be crosslinked and thus interiere wi LIT its 'ability to be inch
processed. 1.0013IThe three preferred reactants (hydroxyl terminated polyester
intermediate, glycol chain extender, and dilsoeyanate) are reacted tottether
to form the hi.0.1 molecular weight TPU used in the first and third layers of
the IP Li coating of this invention. Any known processes to react the three
reactants may be used to make the TPU. The preferred proeess is a so-called
one-shot process where all three reactants are added to an extruder reactor
and reacted. The equivalent weight amount of the diisocyariate to the total
equivalent weight amount of the. hydroxyl containing components, that is, the
hydroxyl terminated polyester intermediate and the chain extender glycol., is
from about 0,95 to about i ,1 0, desirably from about 0.06 to about 1.02, and
preferably from about 0,97 to abc.mi. 1.005. Reaction temperatures utilizing
urethane catalyst are generally from about 175C to about 245C and preferably
from 180cf to 22011C. 100114IGenerally, any conventional catalyst can be
utilized to react the thisocyanitie with the polyester intermediates or the
chain extender and the saint is well known to the art and to the literature,
Examples of suitable catalysts include the various alkyl ethers or alkyl thioi
ethers of bismuth or tin wherein the alkyl portion has from 1 to about 20
carbon atoms with specific examples including bismuth octoate, bismuth
lam-ate. and the like. Preferred catalysts include: the various tin catalysts
such as stannous oemate, dibutyl fin diochiate, 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 eight of the polyurethane
formina. reactants. 100151The thermoplastic polyurethane can also be prepared
utilizing a pre-pol process. hi the pre-polymer route, the hydroxyl terminated
polyester intermediates ore reacted with generally an equivalent eXeCSS Of one
or more diisocyanatesto limit a pre-  -7- polymer 501ution having free or
unrcaeted chisocyanate therein. Reaction is generally carried out at
temperatures or from about 80C to about 220C' and preferably from about 150C
to about 200C in the presence of a suitable urethane catalyst. Subsequently, a
selective type of chain extender as noted above is added in an equivalent
amount generally equal to the isocyanate end groups as well as to any free or
unreacted ddsocyanate compounds. The overall equivalent ratio o t the total
diisocyanate to the total equivalent of the hydroxyl terminated polyesters and
the chain extender is thus from about 0.95 to about 1. (0, desirably from
about 0.96 to about 1.02 and preferably Iron, about 0.97 to about 1.005. The
equivalent ratio of the hydroxyl tenninated polyesters to the chain extender
is adjusted to give the desired shore hardness. The, chain extension reaction
temperature i.c generally from about 18011C to about 250C with from about 200C
to :Mout 24-0C being proletrecl. Typically, the pre-polymer route can be
carried out in any conventional device with an extruder being preferred. Thus,
the polyester intermediates arc reacted with an equivalent excess of a
thisoeyanate in a first portion of the extruder to form a pre-polymer solution
and subsequently the chain extender is added at a dOWTINCteani portion and
reacted with the pre-polymer solution. Any conventional extruder can be
utilized, with extruders equipped with bather screws baying alength to
diameter ratio of at least 20 and preferably at least 25 are procerred. 



[0016iUseful additives can be Utilized in suitable amounts and include
()pacifying pigments, plasticizers, colorants, mineral fillers, stabilizers,
lubricants, wax. UV absorbers, processing aids, and other additives as
desired. Useful opaei lying pigments include ti tani urn dioxide, zinc oxide,
and titanate yellow. while useful tinting pigments include carbon black,
yellow 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, talc, mica, wallostonite, barium sulfate, and calcium carbonate. If
desired, useful stabilizers such as antioxidants can be used and include
phenolic antioxidants, while usefid pbotostabilizers include organic
phosphates, and organotin thiolates (inercaptides). Useful lubricants include
metal sicarates paraffin oils and amide waxes, Useful UV absorbers include
2-(2'-hydroxyphenol) benzotriazoles and 2-  hydroxybenzophcnones. Additives
can also be used to improve the hytic stability oldie 'ITC.' polymer.
[00171The weight average molecular weight (M.,) of the TPU polymer is
generally about 60,000 to about 500,000 and preferably from about 80,000 to
about 300,000 Daltons. For applications where steam is used to force the pipe
liner against the wail of an existing pipe and to cure the thermosertable
resin, the 1PLf polymer preferably has high temperature perflumanee properties
as exhibited by a DSC 21' heat melt endotherm peak temperature orgreater than
-about 20C preferably greater than about 140"C, and more preferably less than
about 180C. This high temperature performance is necessary to prevent holes
from fanning in the liner during the cured in place installation. The
temperature performance properties are measured using a Di fferential Scanning
Calori merry (DSC) using scan conditions from -IOW to 230C hi heat/cool/heat
mode at 10'ehinin. A STM D-3418-03 standard describes the DSC test. The 2111
heatmelt endotherm peak temperature is used to correct for any variances in
the sample. f0l1181The most preferred 'FP L: 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 mm.    210C. and 3,8 Kg load, preferably iif-Ss
than 65g/10 min and more preferably less than 50 gil0 min. Calendaring grades
of TPI7 will typically have a Melt Flow Index of about 45 to 80 whereas
extrusion grades will typically have a Melt How index of 40 or less.
Commercial TN] polymers that meet these. requirements are known as listane TRU
58431, 58277, 58447, 54605, 54777, T5630, T5620, 58605 and X-1351 and are
commercially available from Lubrizol Advanced Materials, Inc. TPU polymers
having ai hardness higher than 98 Ric irc A can he too stiff to faciiitate 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, (00191When the 'ITU is to be used Mr
lining gas pipes, it is preferred to use a TN] 



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  pipes. The type of 'WU used can vary depending
on the env,ronment encountered in use and the temperature required for the
curing process. [00201The TPU should also have good resistance to solvents.
Solvents can be used to solvent-weld TP1.3 patches over the holes drilled into
the liner; which are made to facilitate getting the thermosettable resin into
the resin absorbent layer. Solvents also can be used to solvent-web.' a 11Th]
tape over the lengthwise seams of the liner to make a closed rube from the
original flat rectangular sheet. Barrier La 10021]A barrier layer (second
layer) which is resistant to the migration of styrene is used 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.  'styrene naiwnres tinting], the thennopliistie portion ol the
liner, styrene can contaminate the water OT Start used to inflate the liner.
If too much styrene is present in the water or steam, the water must he
collected and disposed of by more costly means, rather than discharged to a
municipal drainage system. 100221It has been found that a styrene barrier
layer can be formed from either a. very hard TPU or from an ethylene vinyl
alcohol (EV011) polymer. The harder layer is preferably placed between the
first and third layers. The barrier layer does not have as good of adhesion to
the TeSill 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 fina and third layers. A suitable adhesive could be applied
between the barrier layer and the resin absorbent in aerial if it is desired
to place die barrier layer directly onto the resin absorbent material.
[0023]lEe barrier laver is preferably a very bard TPII, 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
'CPU. [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 han 15 yrie.ight percent of polvtol (hydroxyl terminated intermediate ;is
is used in the first and third '11)1.1 laver  described above). Preferably,
the rigid TPLI polymer contains less than 5 weight percent polyol, and more
preferably zero poly()) is present in the rigid very hard TPLI polymer, The
rigid very hard TI' U polymer has a durorneter hardness of 60 Shore D or
greater, preferably 65 Shore D or greater, more preferably 75 Shore D or
greater, and naost preferably 85 Shore D or greater. 100251Suitable chain
extenders to make the rigid very hard 'EEL polymer are preferably lower
aliphatic or short chain glycols having from about 2 to about 12 carbon atoms
and include for instance ethylene glycol, diethylene glyeof, propylene glycol,
dipropylene1,4-hatanediol, I ,6-hexaliediol, 1,3-butanediol, 1,5-pentanediol,.
1 4 - eyelohexancdimethanol Ii) droquinone dialydroxyethyi) ether,
neopentyglyeol, and the like as well as mixtures thereof, \with
1,6-thexanediol being preferred. Other glycols. such as aromatic glycols could
be used but are not preferred. [0026]Suitable poi yisoeyanate to make the
rigid very hard TN I polymer include aromatic diisoeyanatcs such as
4,41-methyleriebis-(phenyl isoeyanate) (MDI); m-xylene diisoeyanate (.14D1),.
phenylene-1,4-dlisocyanate, n ap h ihaiene- I,5-diisocyanate,
diphenylmethane-3,3"dimethoxy-4,4'-diisocyanate and toluene diisocyanate
(ipt); as well as aliphatic diisocyanates such AS isophorone diiaocyanateDO.
1,4-cyclohexyl diisocyanate (CI1D1), decane-1,,10-diisocyanate, and
dieyeltahexylmethanc-4,4'- diisoeyanate. The most preferred diisocyanate is
4,4'-rnethylenebis(phenyl isocyanate), Lc, MD!. [0027]Preferably, he rigid
very hard TPU polymer is mac e by reacting the 



polyisocyanate shown above with the chain exterider, without any polyol being
present. lf'polvols are used, they should be used in small amounts olless than
up to 15 weight percent, and more preferably less than 5 pereeni. oldie total
TEL reactants. Ti' used, the polyols, also known as hydroxyl terminated
intermediates are used in very small amounts Lo increase impact strength. The
polyols which can be used are any of the nonnal polyols used in making IF U
polymers. These inelude hydroxyl terminated polyesters, hydroxyl terminated
polyethers, and hydroxyl terminated polycarbonates. Preferred hydroxy/
terminated intermediates an polymers described in more detail above in the
description o the first and third IP L.: polymer layers.  ii- [011281The level
of polyisocyanate, ably dii socyanatc, used is the equivalent  weight 0
i'diisocyanatc to the equivalent weight of hydroxyl containing components
(i.e., hydroxyl' terminated intermediate, if used, and the chain extender
glycol). The ratio of equivalent weight of polyisocyanate to hydroxyl
containing components is from about 0,95 to about LiD, and preferably from
about 0.90 to about 1.02, and more preferably from about 0.97 to about 1.00:5.
[00291The I-eat:tantsto Matke the rigid very hard TPU polymer are r acted
together in preferably a one-shot polymerization 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 pOlyilletheil and the
polymer is formed into pellets upon exiting the extruder. [NMSuitable rigid
very hard TRU Cor the barrier layer is available commercially as isoplast'k
and HS 85, both available from Lubrizol Advanced Materials, Inc. Cleveland,
Ohio., U.S.A. 



Resin Absorbent  Material [09311A 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 rosin absorbent layer can be
from 0.1 to 20 CM thick, preferably from 0.2 to 15 cm thick and more
prelerahly from 03 to 10 em 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. 100321the TP Li polymer of ihe first layer described above is
coated onto one side of the resin absorbent material. Melt processing
equipment is used to coat the ITV onto the resin absorbent material. Suitable
melt processing equipment includes calendar and extrusion processes. The
preferred thickness of the TR) coating layer (first layer) on the liner is
From about 50 to about 1000 micrometers, preferably from about 100 to about
SOO micrometers, and more preferably from about 100 to about 500 micrometers
thick. The 'Lift, coating layer (first laver) bonds very well to the polyester
non-woven mat     thOLFL the EASE of adhesives, thus the polyester nonwoven
mat is prefe d with the TP13 coating of this invention. 1011131Often two
layers of resin absorbent material are used where the eured-in place liner is
designed for larger diameter pipes (such as greater than 25 cm diameter) in
need of repair. for use in smaller pipes such as laterals, it is common
practice to use a single layer of resin absorbent material. 10034JThe TPU
coating is made up of three separate lavers. The first layer of TP is coated
onto the resin absorbent layer. The second Layer, barrier layer, is applied to
the first layer and the third Layer Of MU is applied to the second layer
(banier layer). Tim barrier layer should have a thickness of from about 12
micrometers (0.5 mil) to about 75 (3 mils) micrometers, and preferably from
about 20 to about 30 micrometers. The barrier layer is very .stilf when using
a. high hardness TPI.J, and then liire the thicker this layer, 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 I mil (25 micrometers), the Liner can
be installed by the inversion method in a pipe needing repair. Although the
barei."er iavu could be thinner than that specified above raid still funcljon
as a barrier. it is dill) eult to extrude or calender a film less than 12
micrometers thick. Since extrusion or calcridering is the preferred method to
produce the dliii for the barrier layer, it is recommended that a thickness of
about 1 mud (25 micrometers) be used. The third TPU layer is placed on the
barrier layer. The third TN.) layer will have a thickness as described above
for the first 'EP U layer that is in contact with the resin ribsorbent layer),
The most preferred TP coating is a three layer TPU coating with the first and
third lavers each being about 100 micrometers in thickness, and the second
layer (harrier) being about 25 micrometers in thickness. 



100351The softer TPU in the first and third layer of the coating needs to he
in contact with the resin absorbent layer to achieve good adhesion to the
resin absorbent layer. The very hard TP Et.: in the barrier layer does not
have as good adhesion to the resin absorbent layer as the softer 'UT used in
the first and third Lavers. Also, the softer TPU OF the first and third layers
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 adding the thermoset
resin and to glue the seam tape onto the liner to create a cylindrical shape
of the liner  from the. original flat rectangular shape in which the liner is
created. The very hard TPC.: banicr layer is not easy to solvent glue patches
or tape to the hard TPII, thus the very hard TP Li barrier layer should
be..sandwiched between two softer TPU layers. Liner 100361To make the liner of
this invention, the TN: ix melt coated or extrusion coated onto the resin
absorbent. material. The first layer oi softer TPL; can be melt coated or
extrusion coated onto the resin absorbent material. The third [aver of softer
TPIj can be co-extruded with the very hard TPIJ barrier layer in a separate
step and the combined third layer and harrier layer can he melt applied to the
first TPL: 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 o a cavity, such as a sewer
pipe. The flexible liner can be inserted by either the drag-in or inversion
method, which is 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 mire in place the thermoset resin. The
liner can also he 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 Lorin a rigid pipe within a pipe. 109371The 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
ibrrned into a closed tube will vary depending on the diameter of pipe needing
repair. Typical diameters are from about 5 cm to about 250 cm, but more
conuttonly the diameters are 20 em to about 150 cm.  



-1 4- 10039]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 he n1)11-circular such as egg-shaped or elliptical shaped. The
liner can also negotiate bends in the pipe. 100401After 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 nece,ssary to prevent premature
curing oithe thermoset resin, betbre it is installed. The finer can be brought
to the job site in the refrigerated truck to prevent premature curing of the
resin. 1004After the liner is-inserted into the damaged pipe, the resin is
cured by exposing the liner to art elevated temperature of usually about 80"C
to 100I: for 3 to 12 hours. Steam curing requires less time, usually 3-5 hours
as compared to hot water which usually takes 8-12 hours. 10042]The invention
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 1 and 2 are
comparative examples \Alters TPLI films normally used in cured-in-place pipe
liners are evaluated. Examples 3, 4 and 5 are examples of this invention. 



(00441The films were evaluated for styrene permeability according Co ASTM D8 I
4 Inverted Cup Penneability 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 TM made from a
polyester polyol (adipic acid I 1,4-butanedior), hutanediol chain extender,
and MD1. Example 2 (comparative) uses a 5 mil thick (127 micrometers) film of
a 95A Shore hardness TP1.1 made from a polyester polypi (adipic acid +
diethylono give01), 1,4-butanediol chain extender and MD1. Example 3 uses a 5
mil thick (127 micrometers) film of a 62D Shore hardness TPUmade fioni a
polyester polyol (adipic acid - diethylene g1>coD, 1,4-btaancdirif chain
extender and MDT.  15- Example 4 uscs a co-extruded 5 mil thick (127
micrometers) film whicli is made up of 1 mil thick (25.4 micrometers) of a 85
Shore D hardness TPL made from chain extender and MD! (no polyol) and 4 mii
thick (101.6 micrometers) film of the 93 A Shore hardness 'IP used in Example
I. Exam* 5 uses a co-extruded 5 mil thick ( [27 micrometers) film which is
made up of 1 mil thick (25.4 micrometers) film oliEVOH and 4 rnil thick (10 .6
micrometers)of the TPU used in Example 1, 100461inc results for styrene
permeability of the the films for Examples 1-5 and if the film has sufficient
flexibility to be used in a cured-in-place pipe liner while using tile
inversion method of installation arc shown in Table 1 below; Example Film
Flexibility ASThil D814 Styrene Permeability (4"-iiii2iday 



1 YES 4800  YES 800 , NO [90 il_____ YES 79 



i  NTS  22  10047!As can be .secn from the results, the styrene permeability
is greatly reduced when using a vi.:iry hard ()5 Shore D) TRU at a 1 mil
thickness together with a so ft (93 Shore A) TPU at 4 mils thickness. Also,
the co-extruded film using FiVOFT as the [ mil harrier layer (Example 5) shows
greatly reduced styrene penneabili Ly. 100481While 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  - 16 - CLAIMS  1. A cu red in place liner for a
passageway or pipe comprising a layer of 



thermoplastic polyurethane, wherein said thermoplastic polyurethane has a
hardness 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 I, 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
(c) 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;  (ii) a second thermoplastic
layer disposed between the first and third thermoplastic layers, wherein the
second thermoplastic layer is a thermoplastic polyurethane layer, wherein said
thermoplastic  - 17 - polyurethane has a hardness of greater than f60 Shore D,
as determined according to ASTM D2240; and (iii)a third thermoplastic layer.
8. The liner of claim 7, wherein said first and said third layer are the same
or different and selected from the group consisting of thermoplastic
polyurethane polymer, co-polyamide (COPA) polymers and co-polyester polymers
(COPE).  9. The liner of claim 8, wherein said first 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 tnatcrial layer;  - 18 -
(b) a thermosettable resin containing styrene saturated into said resin
absorbent material layer;  (c) a three layer coating on at least one side of
said resin absorbent material layer, said coating comprsing:  (i) a first
thermoplastic layer in contact with said resin absorbent material layer;  (ii)
a second thermoplastic layer disposed between the first and third
thermoplastic layers, wherein the second thermoplastic layer is a
thermoplastic polyurethane layer, wherein said thermoplastic polyurethane has
a hardness greater than 60 Shore D, as determined according to ASTM D2240; and
(iii) a third 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 needle 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 thermosettabie resin is
selected from the group consisting of vinyl ester resin and polyester resin.
- 19 -  20. The method of claim 15, wherein said pipe is selected from the
group consisting of main sewer pipe, lateral sewer pipe, and gas pipe.  21.
The tethod of claim 15, wherein there are two Layers of resin absorbent
material layers.  22. The method of claim 21, wherein said pipe is at least 10
inches (25.4 cm) in diameter.  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 herein said second layer is a thermoplastic polyurethane
having a hardness greater than 80 Shore D, as determined according to AsTm
D2240. 


