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OF PI PE SYSTEMS. ETC. 5 The invention relates to a curable resin 11 SEP 2008
conposition for use in (re)lining containing a curable resin dissolved in a
copol yner i sapéspeisgee nononer to which an initiator and op&t/RpGIYe10t her
addi tives have been added. The invention also relates to the use of such a
curabl e resin conposition in flexible, sleeve-shaped objects 10 for use in
(re)lining. The invention further relates to a process for (re)lining a
tube, tank or vessel with such a flexible, sleeve-shaped object. In the
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situations where the lining is provided either for the first time or for any subsequent
time. ‘

25 Until now various (re)lining techniques have been known. Generally
use is made of flexible, sleeve-shaped objects, impregnated with a curable resin
composition, of such dimensions, that the hollow object or system that is to be lined
internally can be adequately lined therewith. This method is also known as
"Schlauchrelining" in German. The flexible, sleeve-shaped objects used in (re)lining

30 usually consist of at least one waterproof layer that is impermeable to the uncured resin
(barrier layer) and of a supporting or reinforcing material that is impregnated with a
curable resin composition. The layer that is impermeable to the uncured resin is usually
to a certain extent permeable to the solvent in which the resin composition is
incorporated. The supporting material generally determines the thickness of the

35 (re)lining. The supporting material can also ensure mechanical strength and as such -



optionally in conmbination with any fillers present - also function as a
reinforcing material. In the (re)lining applied until now by the ersggr}
skilled in the art use is generally made especially of vinyl este 'W@
unsat ur at edverodgeemuer resins (UPs) or 5 epoxy resins di sseiygdoddesst yrene.
I'n approxi mately 80%of the (re)lining.gctivities carried out in practice
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It is true that a UV cure gives less penetration problems, but the
odour problems are still considerable, in the phase during which application of the
25 (re)lining is prepared, but also during the curing thereof, all the more so since in that
case volatile styrene can escape into the gas phase that is present above the (re)lining
that is being cured. This is the case even at the prevailing overpressure during curing,
and is subsequently manifested in particular when the gas phase used is ultimately
relieved of pressure. Use of a UV cure in combination with a process liquid instead of a
30 process gas for internal pressurization of the (re)lining in the hollow system of course
also presents the problem of styrene diffusion to the process liquid. When a (re)lining is
subjected to UV curing, the protective layer (barrier layer) is optionally removed after
curing.
A resin composition commonly used for hot-cure (re)lining from the
35  prior art is known from for example EP-A-0391270. That resin composition consists of
an unsaturated bolyester resin (UP resin) that is soluble in styrene or methyl



WO 03/093381 PCT/ NLO3/ 00321 -3- nethacrylate and a thernoplastic that is
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only suitabl ng applicati'ons) have never gained entrance to the
(re)lining Another dlfference between coatings and (re)linings is the fact that

coatings are generally applied to an external surface. It is true that (thin) coating layers
are also applied to the inside of hollow objects, tubes, hollow fibres and the like, but on
the one hand these are usually applied so as to adhere to that inside, and on the other
25 hand they also serve another purpose than in the case of (re)lining. It should
furthermore be noted that floor or wall finishing layers are not considered to be coatings
in the framework of this application. .
As a consequence, coatings are actually never considered to be
"structural layers”, while (re)linings are. As regards structural properties they are
30 therefore more comparable to structural objects to be produced using "closed-mould"
techniques.
While it is true that improvements have ailready been sought — in
coating applications - by replacing styrene in these applications with other components
(see for example JP-A-09151225 and JP-A-10158364), but these systems (which are
35 only suitable for coating applications) have never gained entrance to the (re)lining
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These resin manIoaey tandsthetefore baused fapiredlinindrasintethie pepceeded-itvdivingesibens  and
t herefore do not have a long pot |ife. They cannot therefore be used for
(re)lining YRy the processes involving flexible sleeves. 30 There have
been ot her efforts to | IPFA101168364i describiesa carablletresin bompositidnamonsistohguwf ” resi n
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are recommended for amongst other things cement lining, but this, too, does not

25 concern (re)lining in the sense as meant in the present application. These compositions
act as a binder, as it were, and consequently they are actually used in particular as a
type of primer. These resin compositions, too, are rapidly hardening cold-cure systems
and therefore do not have a long pot life. They cannot therefore be used for (re)lining
using the processes involving flexible sleeves.

30 There have been other efforts to limit the diffusion and to obtain "low-
odour" resin compositions, but these have so far still proved to be inadequate.
Examples of such laborious alternative methods are the application of other barrier
layers, such as polyamide. The volatile components such as styrene cannot diffuse
through the polyamide layer. A disadvantage of such a polyamide layer, when used for

35 hot curing, is that the sleeve-shaped objects are no tonger flexible, which makes it
difficult to introduce them into the pipe systems.
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It is a further advantage of resin compositions according to the
invention that they have a sufficiently long stability (pot life) in storage after
impregnation, in the presence of the curing system, without curing starting. Moreover
the mechanical properties (both measured in the laminate or in the flexible, sleeve-

25 shaped objects, and in the ultimately cured (re)lining end products) are excellent. The
curing properties are also good, if desired in the presence of fillers, additives, inhibitors,
etc.

In the resin composition use is made in the invention of a curable
resin (A). This curable resin (A) can be an unsaturated polyester resin, a vinyl ester

30 resin, a vinyl ester urethane resin or a mixture of such resins.

Suitable unsaturated polyester resins that can be used in the resin
composition according to the invention are polyesters obtained by reaction of organic
compounds that contain carboxyl and/or alcohol groups. At least one of the starting
compounds contains unsaturated compounds. Examples are maleate resins,

35 isophthalic acidic resins, isophthalic acid / neopentyl glycol resins, orthophthalic acidic
resins, orthophthalic acidic / neopentyl glycol resins, terephthalic acidic resins,
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B A 534107 the BTIPLOGHTHE om Mg RyfsiaeR Bandhis RafEvyiCEfester ishetindo o
ur et ha_nte_ di r@cbehderg_}&BaN ?:446’4101@2.t‘f953)_eparﬂﬂ._rmhptyrsof up ®sdnd ifol)dingB.t he resin
conposi tion accordin . , i ) . 0
Pr g}) erably this quan'? i t§u'ﬁbrle]5§v"g@%é%g{a%rg@ah%ﬁegmp%&V\%gm\ﬁwg.g@?‘%ﬂtbz?esél&ﬁn 8si ble for
the resin caobgictionphisaeyaopieiwith a eolitindrid sleahat angrpriagolyypient aaine anhwiditidi ti ves
(conponefyt s b Rdxyhik{A TmbthachTe B&RpRes AP kddwhnltomn OBIA-884¥eds geRar atel y) . The

resin conposition can for exanBIe al so contain anti-shrinkage conmpounds,

t hi xot r opi ¢ HdeH4s UScArE18898, GB-As2217722 DE-AREFI0PNE FE-2 32407 resin

conposi ti on preferdtll e ving dsi urivaRiregiMis AlidPestomnirainase aimetiticRmtent (D) 1-30
wt. % of a nononer-free,_unsat g(ﬁged, mtxed ressl E‘§ that is |iquid ﬁt room
tenperature, the total Of€ SYH@PRAUgREtY pidPYR (pdy ke re3in f’?l’@p“dttﬂ%ﬁ?ﬁ@ gt p)

(B), (O andné yertiniigs B&Weer BE and 20ivt. oy Preferatdyrihgiantity s betwbéredo &sd n
m'xture,ﬁ)cc ' to the 30 invention preferably lies between 5 and 40 wt. %

dj.n
relativeto 0h"‘ét'?'ot al weight of the
It is possible for the resin composition according to the invention to

also contain additives (components other than the components explicitly mentioned
separately). The resin composition can for example also contain anti-shrinkage
compounds, thixotropic agents, thickeners, etc.

25 Preferably the curable resin composition according to the invention
also contains as component (D) 1-30 wt.% of a monomer-free, unsaturated mixed resin
that is liquid at room temperature, the total of the weight percentages of the
components (A), (B), (C) and (D) being 100.

The quantity of component (D) in the resin mixture according to the

30 invention preferably lies between 5 and 40 wt.% relative to the total weight of the
components of (A) up to and including (D).

The curable resin compositions according to the invention in addition
preferably contain a filler (E), in a weight ratio of 0.2:1 to 3:1 relative to the total weight
of the components (A), (B), (C) and (D), the total of the weight percentages of the

35 components (A), (B), (C) and (D) being 100.



conponents of (A) up to and including (D). The curable resin conpositions
according to the invention in addition preferably contain a filler 1($5P 2006
a weight ratio of 0.2:1 to 3:1 relative to the total weight of the’
conponent s wWwa\Ww3nssiBy, (C) and (D), the total of the weight ppengefioages of the
35 components (A), (B), (© and (D) beipg 100. 1 1 SEP 2006 WO 03/093381
PCT/ NL0O3/ 00321 -7- The curable resin conpositions according to the invention
contain a copolynerizable free nononer (B). Preferably (B) is chosen from
the series fornmed by viThe turable nesireconspositibinydccstdingaa ¢he ineeritiolodntain at yr ene,

hyl h > , |
ot hacry at SopERGzabl e ot B8 Bleitranl ) € GloSerrGmtiEd s bBBI P OPY
( BDDVA) , t rivinyhipluene, qymethyl styfene teérbibutylishrene, (nethgDnethacryiaten®MA)l ol pr opane
tri th o0t
o ot oout S B Mo RE PARIAT Hycraoltg i adhyiate P Raa) Ak SsC e

cont ent Qoesinybesterkcidenedip! dimethaceate HFEDM/&. trigthylepe glycqllimethacsylatehe
conponent s ((AEGDMA) Qridethylolpedpare I&ﬁnétﬁaoryalé)nmlslwg,r SriepoRRt iy Héﬂ]acglate
(JN0) |

copol yneri z ree nononer (B) is butane nmet hacryl ate (BDDVA) or
e oy pr opy PERA) AEEF1o88 O 1 HIGRY1SEHIGeRIERALRL PRI EIS A ABHEN (B) | M L he
resi n conpoghéthadiylate contdhtdbes not éxceed 20/wIkirelativeite thetotanweightdfethe30 and 70
wt.% Preferably this,quantity |ies bhetween 40 and 60 wt.% 15 The best
results are cggwﬁgvﬂa@%gﬁo ?'Pfiex'ﬁlﬂf"%‘@' resin conposition according to the

i nventi df contai ns < 10Muast.pyefetaplydhe cepolyirerizatid figd moederherg By isdutanediolal cul at ed
as wm. % of tf ' , (© and (D). Mre in
particular t |eetbg%r?|hte‘g§|r?%%)? f%@@@%ﬁ%@@'é‘ﬁ@?% ntion contains < 2

Wt . % styrene and/ or et Fiye quastityaf free aoaomend 8} indhexfesingsmpositioreageersding 20

conposi ti on 1afHeQRENASh fidd HeRWEdNth© 80 bisd FOWDYEPRfefatlly s QUanfilyYiE§B&weEn Met hyl
nmet hacryl ate. he curabl e resin conpositions according to the invention

In t
conmponent (/?Pq"Q 6}9r"\§=f°/6r ably an unsaturated polyester resin, in particular
preferallsy an isopht hathebesteduls 4reBchievedwHenapd Ediable GesitEdingosifieppent vl

gl ycol resin, an. orthophthalic 25 aci cheopentyl glycol resipn or a

di cycl opent é&F%rH'Qg tetbe inveiion qontainsg 3)‘?‘"{( é)s?yré)m 56%"1" g"%’ﬁgmegﬁcfy%t%he resin
conposi ti on cakqlatedi asgwt.% of thé totalweight bfthe corBparents (A I(B), ctyas@r(Df.rom i ni ti ators
which are suitable for ngher.mall are sui '

photo-initiation. Ther predup ?Wgﬁi%'!stng ﬁe&%&%‘%&‘ '?'baﬁfgr&%ljtlf’ﬁ'ﬁegi%{fﬁn ifL’I 'Irllian?eg?/n
conposi t i on contajms eghwt Babtyrenet dral/dr ingsthyth methastylate; exostrrptedabhb jthecresin by
20 composition according to invention is completely free of styrene or methyl
methacrylate.

In the curable resin compositions according to the invention
component (A) is preferably an unsaturated polyester resin, in particular preferably an
isophthalic acidic resin, an isophthalic acid / neopentyl glycol resin, an orthophthalic

25  acid / neopentyl glycol resin or a dicyclopentadiene resin.

The initiator (C), which is applied in the resin composition according
to the invention, is as a rule chosen from initiators which are suitable for thermal curing
and/or are suitable for curing by photo-initiation. Thermal curing is understood to be
curing of the resin composition (impregnated in the flexible, sleeve-shaped objects) by

30 means of heat originating from heated water or gas used to pressurize the (re)lining.
Photo-initiation is understood to be curing using irradiation with light of a suitable
wavelength (photo irradiation). This is also referred to as UV cure. The light energy is
generally supplied via lamps placed or moved forward in the hollow objects.

The quantity of component (C) in the resin composition according to

35 the invention as a rule lies between 0.1 and 10 wt.%. Preferably this quantity lies
between 0.5 and 5 wt.%, even more preferably between 1 and 3.5 wt.%.



30 neans of heat originating fromheated water or gas used to pressurize the
(re)lining. Photo-initiation is understood to be curing using i rr\aﬂd‘iFaPtZO&ﬁw
with light of a suitable wavelength (photo irradiation). This is also
referred t ev@es/dodssgure. The |ight energy is generally suppbiegsioosa | anps

pl aced or noved forward in the hollow ofjfects. The quantity of conponent (C)
in the resin conposition according to 35 the invention as a rule lies
between 0.1 and 10 wt. % Preferably this quantity lies between 0.5 and 5
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conposi tions according t I'nventron I's her ore prefe suitabl e
for thermal iddigtiog. and/ or for curi ng by photo irradiation. The initiator

(C) Is preferably an or gedinfiaRe{Eé Hn‘éferélflyéh&agﬁlb péfokiad, &fa coﬁmbﬁd%ﬁor%f nor e
organic perOX|des each time/optionally in conbination wWth a cobalt

conpound® THWO &f HarR YI8Ms BerPydes. gaehtimeioptinallyds comBipationaYith a5pbak cor di ng t o
the inventig®mpatm.chosen fromthe group of hydroperOX| des and/ or ketone

per oxi des. Ketone pero%u des that are sui %@ for the. jnventi.on a\&e for

exanpl e net hyl -ethyl 10 'R%?'SHECBE'PBB‘!?%%S‘*(’N/‘E fFesin CUPRIPLIR AGHRIIR FORE de,

met hyl - i sobutvehtidresre chogearfm the groupat hydromeed ddes gndiopketdae pérozidgd. es of
itable h d

Py oper ox! QSRS e84k BrE RGHE or BF UL et BRMASHEL ., o1

per oxi dd$ dmmherpetwuedMEKB)c|0d@ghexanmememxidp methykeinotidyi-kptone perdaide.s ;

i benzoy! PisAfion LiTEAGe. ExamledlcPRSAK!ropd EiiePhekmdke! OPE! OX de

and/ or MEKP e co ound opt I onal used acts as an accelerator. A
sui tabl e coli‘dﬂ&op@f@wﬁeaﬁ@itel@tﬂ)dhy(tﬁm'@ cobal t octoate or cobalt

napht henat e. Phot o-i ni t 11 Sdrexiddised ah Bis Bk ladhikt@rd &rSUGNRétBISb %roiléﬂé% resin
conposition according to the invention are described DE- A- 1694149,

US- A- 371529#N @thﬂfqm'deszBfetﬁaw e rhasen pepxidg. '%_8’!12?2‘503" EFfOA'dgm'wnand
NL- A- 84@370&yd@mheae@bety(hyhrd@bﬂixmelaﬁu/br mERPSTﬁ&@dbage&abasrﬂ dpﬂd)ﬁa'llyat or
radi cals via an nzoi n ethers nzil

ot al o and J591 36938 AR AFEISRoR Awsuige Eoti B3RP EH 1A Y 4pOpIE coRC A I ce

initiator radcewdithaphthenaté.er nol ecul ar hydrogen abstraction; in these redox

FYSLers o ogen d0neds B WA 3% b0l O R R Al AReBBien o1
pref erabl y a@cedrding & the Gweontidnare Id9$dnibe¢mﬂ5-A1jB%MQpHSS"pBT‘rﬁé%.)&RiAJOBS
20 US-A-4071424, EP-A-185423, EP-A-97012 and NL-A-8403706.

Examples are (i) photo-initiators that generate initiator radicals via an
intramolecular fission, such as benzoin ethers, benzil ketals and acyl phosphine oxides
or (ii) photo-initiators that produce initiator radicals via intermolecular hydrogen
abstraction; in these redox systems a hydrogen donor is required as co-initiator, such

25  as (di)ketones plus a reducing agent.

The initiator (C) is a photo-initiator, preferably a bis (2,4,6-
trimethylbenzoyl) phenylphosphine oxide.

Suitable unsaturated mixed resins (D) in the resin composition
according to the invention are resins that contain an unsaturation, are low molecular

30 and have a flexibilizing effect. Preferably the unsaturated mixed resin is bisphenol A
resins and/or maleate or fumarate resins with a glycol tail and/or a monoalcoholic
terminal group (benzylalcohol, 2-ethylhexanol, etc.).

Suitable fillers (E) for the resin composition according to the invention
are for example aluminium trihydrate, calcium carbonate, mica, microcrystalline silica,

35 quartz powder, barite and/or talc.



Sui tabl e unsaturated m xed resins (D) in the resin conposition according to
the invention are resins that contain an unsaturation, are | ow nol ecu{ "?rSEP%hB
and have a flexibilizing effect. Preferably the unsat urated mxed resinis
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and/ or a nonoal coholic term nal group.§benzyl al cohol, 2-ethyl hexanol,

etc.). Suitable fillers (E) for the resin conposition according to the
invention are for exanple alumniumtrihydrate, cal cium carbonate, nica,
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in 5 theSdedbe #?ﬁCF'BtPP theripvantiorewith fﬁsawtgﬁh%eg%ﬁrucquwgase at legstgne of

conposi t i oNspe irfdc886fthe aleem shatpb@ oﬁjéétfb@ﬁng%r@fdeﬁ With 2l NG 18/8AMacs obj ect

bei ng provided Wlt | I's inperneable to the curable
resin conposTPraifd 'T"H%q‘? b’g’ﬁreﬁé CSWPP%W% orcing material of which the

flexible, sleeve- Shape'dhe)hjp(pbﬂlngeﬂ&irﬁdr&ng maferial of whihl the flexidld)sieége-web or
needl e felt silic fib car.bon

T hres.  bor ohapdl i Chieios hexabBie atfirds HeB Ry ol fef of BT R B0 (o
exanpl e 1|Qev|ﬁare(sr qusrizfibreBoceron filwés, beroa fi brfesbneialf iboes, asbestqsljlbaas, silk fibres,

pol yet hyl ene, f b £k ﬂéﬂfdr%%&gélé%ﬁ%r”o?ﬁﬁ 3 ﬁtg%%ge% ﬁdrgg cbﬁor’fﬂ?es‘agﬁk can

readily de m ne Tibres on or .desired
property of ﬁbrﬁé P@Y&fhmnﬁrf@resear‘dn@ﬁtf bres. B@nemomswllecbartb@m tamreadilyar e used for

exanpl e for d%%ln@fﬂtné Qﬂt%blb'ﬁbﬂe'é f&‘*y Sacific bﬁﬁﬁc&ﬁ‘ah%\“ﬁe@ﬂé@ p?od%h%ftrhbg' dity are

desirable. The barrier er that 1's inperneable to the cufable resin
conposi t i on Stry¢tHray ﬂ'&'ﬁ“e!"sm P(fﬂfmécp%fpmhﬁbr?%%@tus%@’ S’Fa"f'ﬂ’l%f‘g@PlP'&é@s(ﬁ t he

sl eeve- sigapashidd Bwiwdight and b Alhrrighfity Bl‘é‘déeffréht'é ene, polypropylene, polyan de
etc. Finally the presenthlnventlon re)lining

e a et hod for
20 a tube, tank or vess W’E"H'%Ye”h@L ge'm§f‘lg%\§’etfh§ﬁﬁﬁ@g'%ﬂ]‘&e'f‘p%sé&aescr| bed
above, wher and kst |stﬁievuﬂédent|ableest ohle@fthe-saifaqes df thejsizele-shapedtobjedticad i nto a

LA Sl B A oSS, AR, 200 D oLt i (D) 2Lt
the inside of the wall Khallyike prebent invertionaito providdsdor 2methed al(re)lamg (c) t he
cur abl e jnesizt, GOTRRY: Ve RS Alliold, YidelE shdpel'oBlebt asSdeREMSESBBOE IngRY €Ct 1S
(a) the flexible, sleeve-shaped object is introduced into a tube, tank or vessel, and
then
(b) is pressurized therein with (i) a liquid or (ii) a gas, so that the flexible, sleeve-
shaped object is forced against the inside of the wall of the tube, the tank or the
25 vessel, and
(c) the curable resin composition present in the flexible, sleeve-shaped object is
cured thermally in the case of (i) or (ii), or by photo-irradiation in the case of (ii).
The material from which a tube, tank or vessel itself is made can be
chosen from a large series of suitable materials, for example cement, concrete,
30 sandstone, GFK, polymer concrete, metal, steel, PVC, etc.
The invention will now be elucidated further on the basis of a few
examples, without however being limited to the compositions shown in the examples.
Four resin compositions (resin mixtures) were made with
compositions as indicated in Table 1.
35



cured thermally in the case of (i) or (ii), or by photo-irradiation in the

case of (ii). The material fromwhich a tube, tank or vessel itself]]SEhiie
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invention wll now be elucidated furthep.on the basis of a few exanples,
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resin dissolved in 1,4-BDDVA (35 W .%on total).
resin is prepared as foll ows:
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nunber of 2063@ maleic anhydride, 127 g orthophthalic anhydride, 206 g neopenty! glycol, 10 g
propylene glycol and 40 g diethylene glycol are heated to 210 °C within 2 hours while
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being stirred continuously in a standard polycondensation reactor, use being made of a

vacuum (to max. 0.1 bar). The synthesis is ended at an acid number of 20-30 mg
KOH/g and a viscosity at 120 °C of 60-100 dPa.s. After reaching the end point the
temperature is lowered to 160 °C and from 190 °C, after the addition of 0.03 g

monotert-butyl hydroquinone, dissolving in 500 g 1,4-BDDMA is started.

Resin B

Unsaturated polyester resin dissolved in 1,4-BDDMA (35 wt.% on total).
The unsaturated polyester resin is prepared as follows:

211 g maleic anhydride, 166 g orthophthalic anhydride, 267 g neopentyl glycol, 12 g

propylene glycol and 52 g diethylene glycol are heated to 210 °C within 2 hours while

being stirred continuously in a standard polycondensation reactor, use being made of a

vacuum (to max. 0.1 bar). The synthesis is ended at an acid number of 20-30 mg
KOH/g and a viscosity at 120 °C of 60-100 dPa.s. After reaching the end point the
temperature is lowered to 160 °C and from 190 °C, after the addition of 0.04 g

monotert-butyl hydroquinone, dissolving in 350 g 1,4-BDDMA is started.

Resin C

Monomer-free unsaturated mixed resin, liquid at room temperature.



KOH g and a viscosity at 120 C of 60-100 dPa.s. After reaching the end point
the tenperature is lowered to 160 C and from 190 C, after the add”isgpnmé
0.04 g nonotert-butyl hydroqui none, dissolving in 350 g 1,4-BDDVA i s
started. 2%wdesdiossse Monomer-free unsaturated m xed resin, P&,ﬂ%ﬁ,og}l room
tenperature. 1 1 SEP 2006 WO 03/09338144RCT/ NLO3/ 00321 -11- This m xed resin
was obt ai ned by heating 938 g pol ypropyl ene gl ycol bisphenol A 89 g
fumaric acid and 0.12 g hydroqui none within 2 hours to 210 C with continuous
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met hacr yl at grdsih dded dropwi se, upon which the reaction tenperature rises to
80 C. At 9Q C stirring is continued until the remaining i socyanate content

) g ( )
has dr opped iRyl peiesurethgng resinen the pasis of W4-8BBMA y at 100 C approxi mately 750
nPa. s). The Thesbbve vinyl BStePire@@ne Wisinwdd obtdinddbyThiving 1aHitdbutyitiddiRdraterone.  As
reactive thinnegr 650ny 1.#-8 V: iss 1 addnd. ThI I? sj-n.has Ivi cosity of
appr oxi mat el"§}°§%69|‘ﬁ95%§ mii %%%‘H’m%?%éﬁ??cé@“%ﬁrfﬁe“lonf:&%cge%pr ﬁ"e“f""l al): The
nmechani dal  piyepids bddesl dibpwisee Stirringiigéantioued foreshour.Theh880g hydiroxyprapasur ed,
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cobal t oct o®0&Catidingris crntiplesituntil tbe remnairiag ised¢yanate contelht hi8-drofpekOedobel ) and
an extra p b ° rSeidde o396 cand are
stated in Tgﬁr@!gﬁ/ ?’%ﬁﬁéf%%hitgta@ arégg p{??' Ht ‘B%‘Fﬁ%e Ptg'faé)s'!t:m %ﬁ@ﬁé%gd al so

stated i n Tawhd. .29 mppotegibutyl-bydreguinaret Af@astive ithinms §6Q 9ledBRADMAIS N i xture 1
m xture 43 ma&&éﬂﬁh@régi#ﬁéérfvigcosﬂ_ﬁéﬁgklagéihﬁ@Iysigo@PE@. 37 57 21 strength [Mra]

E- nodul us 1 SO 527-2 4116 2000 3130
Mechanical properties (unreinforced material):
The mechanical properties of the unreinforced resin mixtures were

measured, after curing at 50°C in the presence of 0.8% bis (4-tert-butylcyclohexyl)

20 peroxydicarbonate + 1.0% tert butyl perbenzoate + 1.0% of a 1% solution of cobalt
octoate and an aliphatic ester (accelerator NL-49-P (AKZO Nobel) and an extra
postcure of 24 hours at 60°C followed by 24 hours at 80°C, and are stated in Table 2.
The ISO standards of the used test methods are also stated in Table 2. -

25 Table2
Test method Resin Resin Resin Resin
mixture 1 mixture 2 mixture 3 mixture 4

Tensile ISO 527-2 54 37 57 21
strength [MPa]
E-modulus ISO 527-2 4116 2000 3130 2150
[MPa]
Elongation at | 1ISO 527-2 1.4 24 21 1.0
break [%]
HDT [°C] ISO 75-Ae 180 71 97 78




[ MPa] El ongation at 1SO 527-2 1.4 2.4 2.1 1.0 break [Vol HDT [C] |SO 75-Ae
180 71 97 78 1 1 SEP 2006 WD 03/093351 PCT/NL03100321 -12- Curing
properties (unreinforced material): The resin mxtures 1 up to AnldSEm 2006 di ng
4 were cureb eoe®sC With the addition of 0.8%bis (4-terpehPuiyddpys! ohexyl)
per oxydi carbonate + 1.0%tert butyl pefhenzoate + 1.0% of a 1% sol uti on of
cobalt octoate and an aliphatic ester 5 (accelerator NL-49-P (AKZO Nobel).
The curing properties are stated in Table 3. Table 3 Curing at 60C Resin
m Xt ur e ResiCuringpropertidsgunreinfoxdedrreatéteat) N m xture 1 2 3 4 Celling tine
[mMn] 27 10 17 20 Peak ¢ L t ol | 70 160 155
Mechani cal properties: ihﬁﬁh%'g%fefgﬁi l#gtoIég%%%g’td?é%ép%@f’%dcﬁ%%g@thproduced
by nmeans of the addition df 98¢ bis ddrtertbutyicyaiohexy) pecqxpdicarbonpteratlcd% tert ptyl yest er
needl e Fel t gadol 150, 0P8 YEEHLEn BFicRbn BBl B Bh 2t kg Mechani cal

abl e 4. IS ta es t

properties are stated in abl'e al so gi t he |1 SO standards
of the t&st (aecciaseter Ns48-F (AKZOMiobedt Eiesurng PoRerdies areritatag inhkablechl properti es
of the (re)lining lam nate. 15 Table 4 Conposition in grans Lam nate Resin
mxture 1 100,  Al2(OH) 2 filler 40 Air rel ease agent (BYK-A515) 0.2 Bis
(4-tert-but y"l-aé’if'c?ohexyl) per oxydi carbonate 0.8 Tert butyl perbenzoate 1.0

Cobal t oct dat®ing bt 80°€0T UtR&®H miktle TRexnrdtturel [ ®esinfmikilEA] Résh-miiiire ©
E- nodul us [|MPa] | SO 178 41190 11 SE322006 -13 3 4
Gelling time [min] | 27 10 17 20
Peak time [min] 40 18 25 25
Exothermic [°C] 105 70 160 1565
Mechanical properties:
10 Of (re)lining laminate (6 mm thickness) produced by means of

vacuum injection, with as the supporting material polyester needle felt cured at 80°C
between 2 metal heating plates, the mechanical properties are stated in Table 4. This
table also gives the ISO standards of the test methods used for the determination of
the mechanical properties of the (re)lining laminate.
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Table 4
Composition in grams Laminate
Resin mixture 1 100
Al(OH);s filler 40
Air release agent (BYK-A515) 0.2
Bis (4-tert-butylcyclohexyl) peroxydicarbonate | 0.8
Tert butyl perbenzoate 1.0
Cobailt octoate (1% solution) 1.0
Flexural strength [MPa] 1ISO 178 52

E-modulus [MPa] ISO 178 4190




CLAIM5 Use of a curable resin conmposition containing a curable resin

di ssolved in a copolynerizable nononer and an initiator, in a flexi h?lggp 2006
sl eeve- shaped object, <characterized in that (1) the curable resin "
conposition consists of (A) 30-70 w-1/6 of an unsaturated pol yester resin,
a vinyl ester resin, a vinyl ester urethane resin or a mxture of such
resins, (B) 30-70 wL% of a copol yneri zable free nononmer or a m xture
thereof, it being understood that the wt% of styrene and/or nethyl
nethacrylate therein does not exceed 20 @t.% and (C) 0.05-5 wt%of an
initiator, the total of the weight percentages of the conponents (A),(B) and
(C being 100: and in that (ii) the flexible, sleeve-shaped object consists
of a supporting or reinforcing material that has been |Inpregnated with the
said curable resin conposition; and in that (i0) at |east one of the
surfaces of the flexible, sleeve shaped object is provided with a barrier

| ayer that Is inperneable to the curable reglaid®nposition. 2. Use of a
curabl e resin conposition according to claim1l, characterized in that the
resin conposition also contains (E) a filler In a weight ratio of 0.2:1 to
3:1 relative th t heUsdpia cuRHe REin 65mRasiion eastpitinatpLaiapesindsrovedina o) the
total of the wei ght cgpelyreritabipasorniet srel andnitieborein adleiBie, sldeBy-shaped ofj&lt, bei ng
100. 3. Use of a cyrable; é@ﬁlﬂ% corrp05| tion according to any one of clains
1-2, characterized Int t he copol ynerizabl e free nononer (B) has been
chosen from the sefl es f&eﬁéﬁblﬁi‘a"&ﬂﬁ%mi"’éﬂrﬁ%%“sa met hyl styrene, tert
butyl styrene, nethyA) neskhacwydbal ey ulspitratedelykstbr nesit eadmy ést¢raesin, a vinyl

nydroxypropyl nmethacty! at gueMjidnetditd s mitlsibudiibgtee. but anedi o
di et haoryl ato, triethyl energwé,"l acré ate trimet hyl ol propane
(4

tri met hacryate, phef@xyet #% (P42 FYRelymenizahle fee oppmer of a migureshersotdt r ab) e
resin conposition accordi bgng undetstiodthdt the vt sigrenz end/ommdtindtnethhoylate

copol yneri zabl e free nonomg;elﬁ&e;)”;@gg&%gbwg%nﬁ;ﬁacryI ate or hydroxypropyl
met hacrylate. 1 1 SEP 2006 a curable resin conmposition

according to any on “lot cPEF ﬁﬂ"f‘f’ 9fan '“@HQF ‘acterized in that the resin
conposi tion cont ai nthedotalf fits4eighy parrratagesigfdite compohsrits (e (B)aod ;G)a:eeg 100;
cal cul ated as W . % Qfgihlaeet ot al wei ght of the conponents (A),
(i) the flexible, sleeve-shaped object consists of a supporting or reinforcing
materlal that has been Impregnated with the said curable resin composition; and in
that
(i) at [east one of the surfaces of the flexible, slseve-shaped object is
provided with a barrier layer that is imnpermeable to the curable resin composition.
2. Use of a curable resin composition according to claim 1, characterized in that the

resin composition also contains
(E) a filler in a weight ratio of 0.2:1 to 3:1 relative to the total weight of the
components (A), (lB), and (C),
the total of the weight percentages of the components (A), (B), and (C) being 100.
3. Use of a curable resin composition according to any one of claims 1-2,
characterized in that the copolymerizable free monomer (B) has been chosen from
the series formed by vinyl toluene, cemethyl styrene, tert butyl styrene, methy)
methacrylate, hydroxyethyl methacrylate, hydroxypropyl methacrylate. vinyl ethers,
vinyl esters, butanediol dimethacrylate, triethylene glycol dimethacrylate,
trimethylolpropane trimethacryate, phenoxyethyl methacrylate and styrene.
4. Use of a curable resin composition according to claim 3, characterized in that the
copolymerizable free monomer is butanediol dimethacrylate or hydroxypropyl
methacrylate.



(B), and (C). 6. Use of a curable resin conposition according to claim5,
characterized in that the resin conposition contains a 2 mﬁ.@bstyrﬁgggﬁ
and/ or methyl nethacrylate, is preferably conpletely free of styre d%%r
met hyl nethacrylate. 7. Use of a curable resin conposition according to any
one of clainms 1-6, characterized in that conmponent (A) is an unsaturated
pol yester resin, preferably an isophthalic acidic resin, an isophthaiic
acid / neopentyl glycol resin, an orthophthalic acid / neopentyl glycol
resin or a dicyclopentadiene resin. 8. Usg of a curable resin conposition
according to any one of clainms 1-7, characterized In that the initiator (C
IS an organi c peroxide, or a conbination of 2 or nore organic peroxides,
each tinme/optionally In conbination with a cobalt conpound. 9. Use of a
curabl e resin conposition according to any one of clains 1-7, characterized
In that the initiator (C) Is a photo-initiator Is preferably bis(2,4,6-

tri met hyl benzoyO phenyl phosphi ne oxide. 10. Use of a curable resin
conposition according to any one of clains 2-9, <characterized in that the

filler (E) hasj_ beenuggﬁe%f%%q@dﬁgwéﬁg%%?km\ég%gtme OQ%E%'S car bonat e,

mca, microcrystallrne sillc 4 3 and/or tal'e. 11.
Process for relini nghag@ctaiiged inthakthegesi eampasition coptaigs 1<) 19w45h styrege aed/er shaped

obj ect while usi Ngmathluictifdchldts ThBuISLIBOR % bitRe &t Medhi\§ thedconipofibié g, 1- 10,
characterized int tméi%.the flexible, sleeve-shaped object I's introduced
into a tube, tank oY ’ve J , and then (b) Is pressurized therein with (i) a
liquid or (11F a gadse 9@ curakle resircarnpogiion ccording todaimds, ghrracterizpe inthatdhef or ced
Ee Do able 103 1 CRAmETE Bl e Skt
;[ S © gﬂ? gd t her mal | ypq-F”(%Pa?’hé: O@Else{eégygr?e%(u If T&rg'r‘é %}lﬁ{(}r !"géynhéh%%gg%l irr ad!oat [ onJ in
the case of (#i). Useofa curable resin composition according to any one of claims 1-6,
characterized in that component (A) is an unsaturated polyester resin, preferably an
isophthalic acidic resin, an isophthalic acid / nespentyl glycol resin, an orthophthalic
acid / neopentyl glycol resin or a dicyclopentadiens resin.
8. Use of a curable resin composition according to any one of claims 1-7,
characterized in that the initiator (C) is an organic peroxide, or a combination of 2 or
more organic peroxides, each time/optionally In combination with a cobailt
compaund.
9. Use of a curable resin composition according te any one of claims 1-7,
characterized In that the initiator (C) is a photo-initiator is preferably bis(2,4,5-
trimethylbanzoyl)-phenylphosphine oxide.
10. Use of a curable resin compasition according to any one of claims 2-8,
characterized in that the filler (E) has been chosen from aluminium trihydrate,
calcium carbonate, mica, micracrystaliine silica, quartz powder, barite and/or talc.
1. Process for relining a tube, tank or vessel with a flexible, sieeve-shaped object
while using a curable resin composition according to of claims 1-10, characierized
in that
(a) the flexible, sleeve-shaped object is introduced into a tube, tank or vessel, and
then
(b) is pressurized thereln with (i) a liquid or (ii} a gas, so that the flexible, sleeve-
shaped object is forced against the inside of the wall of the tube, the tank or the
vessel, and
(¢) the curable resin composition present in the flexible, sleeve-shaped object is
cured thermally in the case of (i) or (i), or by photo-imadiation in the case of (ji).



