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This application clainms priority to European application 09 170 006.2 filed
on Sept erdvor0iilo29BB09. The entire di sclosure of the pri ecrappdioostsoon is 5
considered to be part of the disclosure of the instant application and is
hereby incorporated by reference. Any of the docunents cited herein are

i ncorporated by reference in their entirety. 10 The present invention
relates to cured epEPOXERESIN CYRING INDIEATOR COMPOSHION t he engi neering,
construction, electrical insulation, pipe relining, coating, tooling,
conposites and structural adhesives. The m xture which is cured changes the
col our depending on the degree of cure and contains a curing 15indicator.
Backgr ound Toifis tabplitatientiadns pricpiey Yo EFbPSaI@pUtatidrs 69 170 A2 filed on
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suppl i ed asncorpoategopeatcsendane is the resin and the other the hardener.
Bot h must be m xed before use. The m xed conponents have a limted shelf
life and cure. They can not be stored. 25 Properties of the cured naterials
can be changed through the fornul ati on of the epoxy resin or of the .

har dener. FBY ﬂﬁéher&%rﬂgntépﬁ'k%ﬂ MEEERs AEe | BPQROlRIEAPY T6ferease g their
containingénhﬂﬁ'q epoxy resins based on reaction product of bisphenol A

wi th epichloro gdrine are fornmulated with reactive diluents, bisphenol F
resi ns,1®poxy Novol aks, plasticizers, toughening agents, fillers to 30

i npart specific properties in ter of thermal resistance, chem cal
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tooling, composites and structural adhesives. The mixture which is cured
changes the colour depending on the degree of cure and contains a curing

15 indicator.

Background of the invention:

Epoxy resins are utilised in many applications, like coating materials, electrical
insulating materials, adhesives, structural reinforcements because the cured

20 material has excellent mechanical, electrical, thermal properties, good chemical
resistance and adhesion properties. Epoxy resin systems are generally
supplied as two components. One is the resin and the other the hardener. Both
must be mixed before use. The mixed components have a limited shelf life and
cure. They can not be stored.

25 Properties of the cured materials can be changed through the formulation of
the epoxy resin or of the hardener. For what regards epoxy resins a large
variety of resins containing liquid epoxy resins based on reaction product of
bisphenol A with epichlorohydrine are formulated with reactive diluents,
bisphenol F resins, epoxy Novolaks, plasticizers, toughening agents, fillers to

30 impart specific properties in terms of thermal resistance, chemical resistance,
mechanical and electrical properties, flame resistance, thermal conductivity,
etc.

The cured mixtures must be tested for complete curing via measurement of



WO 2011/ 029733PCT/ EP2010/ 062504 2 gl ass transition tenperature (Tg) or heat
distortion tenperature (HDT) via differential scanning calorinetry (DSC),

t her no nmewbaniiggbrzanal ysis (TMA), dynanmi ¢ nechani cal anaCysr20100645)4
dielectric properties, nmechanical properties which are | aborious nethods,
mainly if curing is done in field 5 conditions, like curing of an epoxy
adhesive for tube liners. As curing agents that are effective at anbient
tenperature or noderate tenperatures the state of the art are anines with
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| ow or high nolecular weigl ric colourants are known, and
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matrix to be dyed. US 3, 157,633 describes several nethods to produce them

and their wusedzs hawepets:/ Rk §33PeT3 Hesonbe® Ems0ae of the reaction product of
aliphatic diamines with methyl caprolactame as aminic hardener. Mechanical

values were used to characterise the cured material. EP 1 731 545 describes
20 the use of the reaction product between an epoxy resin and methylimidazol as
aminic hardener. EP 507 735 describes the use of the reaction product of
cycloaliphatic or heterocycloaliphatic diamines with polyfunctional epoxy resins
as aminic hardeners. Mechanical properties and Tg were use to control curing.
Epoxy formulations containing latent catalysts derived from salification of
25 tertiary amines are another possible class of usable products. US 4,449,246
describes one with particular reference to powder coating.
Organic colourants known can be of low or high molecular weight. Polymeric
colourants are known, and were described e.g. in US 4,284,729. They are
based on a polymeric constituent derived from polyalkylene oxides or its
30 copolymers reacted with dyestuff radicals. These polymeric colourants are
reported to have reactive groups on the end of the molecules to be able to
covalently bond to the polymeric matrix to be dyed.
US 3,157,633 describes several methods to produce them and their use as



3 fugitive dyes in several applications related to textiles. These reactive
pol yneric dyes are used to colour polyneric material. The dyes have the
capabi | i twot2o11eem3t o the matri x. Several cases are repompPeaoot2sool our
changes of these dyes as consequences35 of variations of pH This is a main
drawback in their use. To overcone this, specific structures were designed
as in US 7,019,101. Several applications can benefit froma sinple way to
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epoxy bﬁ)seqlloﬁﬂgpgéﬂtlons wher eby the curing degree can be assessed easily
and wi t hout € need for a sophisticated | aboratory. The curing degree
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most preferred is the thermal activation for its simplicity. Many products based
15 on different epoxy system compositions are available on the market for
repairing damaged pipes. They cover different needs in terms of reactivity and
final properties. US 5,017,258 describes a typical epoxy system used in this
field to balance a long pot-life with a fast curing at moderate temperature.
From US 3,030,329; WO 94/12988, WO 2005/030853 and JP 56036540
20 compositions are known that use triaryl compound-based dyes to indicate the

mixing and gel-state of epoxy resins.

Object of the invention:

It was an object of the instant invention to provide compositions, especially
25 epoxy based compositions, whereby the curing degree can be assessed easily

and without the need for a sophisticated laboratory. The curing degree should

preferably be assessable with the naked eye, ideally by a colour change.

It further was an object of the instant invention to provide an indicator for the

degree of curing, especially for epoxy based compositions, which does not
30 require the use of a sophisticated laboratory.

Summary of the invention:

The objects of the instant invention have been achieved by compositions



4 conprising at | east one epoxy resin and/or reactive diluents, at |east
one hardener for the at |east one epoxy resin, a curing indicator, wherein
t he har dewenofientshe epoxy resin is no acid and no anhyecirde2oi@nceseher ei n
t he conposition changes its col our depending on the curing degree of the 5
conposition, a process for determ ning sufficient cure of a conposition
conprising providing a conposition conprising at |east one epoxy resin and
a hardener for the epoxy resin, adding a curing indicator, to the
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temperature of 20°C; if not specified otherwise, temperature values are to be
considered as degrees centigrade (°C).

In the instant invention are the given reactions or process steps are carried out
at normal pressure/atmospheric pressure, that is at 1013 mbar.

20 In the instant invention the term “curing degree” or “degree of curing” is to be
understood as an expression of how far the curing reaction has proceeded
between its start (where no reaction at all has taken place) and its end (where
the reaction has proceeded as far as possible, the system being fully cured
then). Furthermore, this term is known in the art and needs no further

25 explanation.

In the context of the instant invention the term “sufficient cure” means a curing
degree, which is defined by the respective artisan using the invention, as he
desires for the respective application, and can thus vary.

Usually and in preferred embodiments of the instant invention the term

30 “sufficient cure” is equivalent to “fully cured” or “complete curing’, i.e., the
curing reaction cannot proceed any further, as this usually is the desired curing

degree.



curing process, based on epoxy resin(s) that cure with hardeners, in
particular with amnic systens, and additionally containing curing

i ndi cat orwo 2otwieb73are 5 pol yneric dyes, were found. Thugca/Erb@apesngd
effective control of the curing degre& of epoxy-based conpositions was
found. The system according to the instant invention is mainly useful in
field applications, where no sophisticated | aboratory equipnent is
available to verify that the epoxy systemis fully cured. 10 In principle
any known &eiailed desciiptionn be used in the instant invention. In one
enbodi ment |r‘?fth§ehf?1s'taﬁﬁtﬁ\Oénfi&%’%{%Edw&Bti{;H& s chsﬁgé‘sthgeﬁ gcﬁoq;hs%%riﬂrﬁethq
sel ected from the group consisting of €poxy glycidylether of bispRenol A,
epoxy gl ycicdyihgtdrecess, baiseptmnepoky resin(s) thatduremith eaaeneMgviolpakticugsi ns
and m xtures thereof. 15 Accor daH&% to the instant invention the epox
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acrylate derivatives and m xtures thereof. In one enbodi nent of the instant

i nvention the epoxy conponents are selected 25 fromthe group consisting
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i nst ant i nkeneobn t he hardeners are selected fromthe group consisting of

har deney, ased.on.aljphatic,. cycloaliphatic, hetero e r tic
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diglycidylether,  neopentylglycol  diglycidylether, polypropylene glycol

20 diglycidylether, multifunctional epoxy diluents including trimethylolpropane
triglycidylether, epoxydized castor oil, epoxydized soy bean oil, epoxy acrylate

derivatives and mixtures thereof.

In one embodiment of the instant invention the epoxy components are selected
25 from the group consisting epoxy glycidylether of bisphenol A, epoxy
glycidylether of bisphenol F, butanediol diglycidylether, hexanediol
diglycidylether, trimethylolpropane triglycidylether, epoxydized soy bean oil and

mixtures thereof.

30 Curing agents, which are usable as hardeners in the instant invention are in
principle any of those known in the art for the curing of epoxies.
In the instant invention the hardeners for the epoxies are not acids and not
their anhydrides.



In one enbodi nent of the instant invention the hardeners/curing agents are
used in a deviation fromthe stoichionetric ratio, wwth respect to the
epoxy gromppressat in the epoxy resin, of +/-20% preferairbyrond2sad% nore
preferably +/-5% In one enbodi nent, the hardeners/curing agents are used
in 15 a stoichionetric ratio, with respect to the epoxy groups present in

t he epoxy resin. In the instant invention catalysts for the

honopol yneri sati on of the eg&xy resins can al so be used as hardeners. In
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and m xtures reo Accor dll ngly, In the instant 1 nvention the term
"har dener" greuwp eoonsipiing afupolyetiByeageatinepaisaphorend ydighise, dedyathered
above, or cat.al g/sta f.O{ th horrgpol ynmerisation, particularly those

descri bed &HY0ES 8P PEHES EiWSe% 11/ 029733PCT/ EP2010/ 062504 7 preferably
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rubbers, grafted silicones to epoxy, hybrid epoxy-PU, hybrids of
epoxyacr yl giagingsdisepReianesdigrineand nixefres PEd t ougheni ng agents are
sel ect fromthe group consisting of functionalized rubbers, liquid
rubbers and m xtures 5 thereof. The epoxy resin system of the instant
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di fferent pueferaklyed-a8anin one embodiment, the hardeners/curing agents are used in
15 a stoichiometric ratio, with respect to the epoxy groups present in the epoxy

resin.

In the instant invention catalysts for the homopolymerisation of the epoxy

resins can also be used as hardeners. In one embodiment they are selected
20 from tertiary amines or its salts.

In one embodiment they are selected from the group consisting of

benzyldimethylamine, 2,4,6-tris(dimethylaminomethyl)phenol, their salts with

2-ethylhexanoic acid and mixtures thereof.

In another embodiment the catalysts are selected from the group consisting of
25 dimethylbenzyl amine, 2,4 ,6-tris(dimethylaminomethyl)phenol,

tri 2-ethylhexanoate of 2,4 ,6-tris(dimethylaminomethyl)phenol,

1-methylimidazole and mixtures thereof.
Accordingly, in the instant invention the term “hardener” can encompass curing
30 agents, particularly those described above, or catalysts for the

homopolymerisation, particularly those described above, or both.

The instant invention's compositions can contain toughening agents. They are



be added to the epoxy resin systens to fulfil specific needs, w thout
affecting 15 the final results in terns of traceability of the curing

t hr ough cwbauri/oearszat i on. According to the instant inverCrmrdileysean be
selected fromthe group consisting of7air rel ease, wetting agents,

def oaners, coupling agents and m xtures thereof. These are exanples of such
subst ances, typically used in the field to reach these targets. 20 The
epoxy resin formulations can contain non-reactive substances acting as
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These maj ephglprare preferably selected fromthe group consisting of
carbonates, 30 quartz, alum na hydrates, silico-allum nates, phenolic
resins, acrylic resins and m xtures thereof. Mre preferably fillers are
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formul ations, with the proviso that they are conpatible wth epox% resins.
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Lexi kon - ImsigkeecsitibrEofuckf ar ben, pages 83 to 85, keyword
"Brandschutzmttel ™, Thienme, 1998, though in principle any other flane
retardants conpatible with epoxy resins can be used, also. 10 According to
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According to the instant invention they can be selected from the group
consisting of air release, wetting agents, defoamers, coupling agents and
mixtures thereof. These are examples of such substances, typically used in the
field to reach these targets.

20
The epoxy resin formulations can contain non-reactive substances acting as
plasticisers, including various phthalates, high boiling alcohols, liquid
hydrocarbon resins, organic carbonates, various diols and high boiling esters.
Preferred plasticizers are selected from the group consisting of benzyl alcohol,
25 polypropylene glycol, phthalates and mixtures thereof.

Inorganic or organic fillers can also be used in the instant invention's epoxy
formulations. They are of various particle sizes, depending on use. These
materials are preferably selected from the group consisting of carbonates,
30 quartz, alumina hydrates, silico-alluminates, phenolic resins, acrylic resins and
mixtures thereof. More preferably fillers are selected from the group consisting

of aluminium hydroxide, calcium carbonate, quartz and mixtures thereof.



15 with the epoxy, the hardener or both, to a second colour. This curing

i ndicator is an organic colourant. The curing indicator can be prem xed

wi th the wendames73sr with the epoxy resin. In order to wromiEPRe10f0bIS0LUri Ng
of epoxy resins with hardeners, in pasticular amnes, the colourant has to
be stable in the epoxy resin at various 20 tenperatures. On the other hand
the col ourant should not react with the hardener. The pol yneric
colourants enployed in the instant invention consist of chronpphores which
are cheni cdiurfreroarsi fﬂ&)’“%dﬁfﬁ’féaﬁtsh@% g peded itgdhgriasigst imenting’ SpePY¥ier s

par i cul ar Ly il iigh Ol P orBLEDIREEH o HATRL DAL GIRWAN Sodiped 10 the

i nst ant |nvent|on ar escrl line 67 to

gol Iurm 2, Olﬁmmpﬂes eoé gngm thertﬁ)zogd Ua@kéddla}?ld bleJuhan Blellggnw] Qﬁaglee 35)1I2urm

, line 40 or S 4 4,729, coO ne to colu

Ut 55 o (OGS Bl TYCHD 1998 agsin FoTmes dgkat 60" | Saiton.s BaSs T IheE s
line 42.5 146437 d@dYﬁuféh?éJe@géo' kgﬂgrqoekbéms@n&eﬂn%a%%sm@neaé' HUR%B@ room
tenperature and 'show a vi scosi t ow 5000 cps, so that they can easily
m xed withLekkoapoxy leskes and/ obrudkéargendemages W83 to 85, keyword

2011/ 029733 0/.0625 9 Acc ing, to the insta nvent.i on

ol yrror 1 ¢ rac;m%aﬁvé R s ot higEno a5ty dnodest ol AR R nBtidadems o
suppl i ed byefdrddntl @omiRitidld @ithépofy Pesingichh B¢ @dddy ausef ul  col our - changi ng
curing indicators to nonitor the curing of epoxy resins with am nes and are

thus preferred colourants of the instant 5 invention. Particularly

: : - _. .
Cel cot of  PsTHRS doafls ARt BRREGRH FilokPehdBolhd By, MOKER: Bodid e
87-13, Reado i épdﬁe)/handex%sys‘tdrrmowhunﬂa@r thbejuemg of1Re bystene exenpl ary

enmbodi nent _of the inst i nventi on, e ur changes fro |0Iet to bl ue
oo of The: Fuligg o b ayS Ciinis, SEorilebes Hha i cOI prang s il RaReans sy

enbodi nent ’du?lﬂpocHé GBI B U féu}mgflth'@ Blout §11tRE téPﬁ %ﬂgﬁge %'nmacf%ze of

systens where tertiary am ne s salts based rdener re used. In
one enbodi r@@lﬂurdfrhlcms thestesnit ofrthermixbne dfike eatbusfchangingotyring irtdlcator

col our HOsS| le to emplo Qr__nor | ymeri c col ourants as
curi ngqﬁdl\”@@}t@? qofxyt&l?%?r%ﬁﬂgpmbﬁ?{h\pr&?868871@&8&11%(3 are used as curing
i ndi cat or, Ttrf@yu@r@gmmaeggldgobﬁ@rqymho/c@bgrmoxy resin or to the hardener, or
to both, V\/nereby is also possible to add one/sone of themto the one

conmponent ( é@cswmrmﬁ&a&ym be pregpifed athoihgrqrdgnenon with S epooifsdThent
(hardener qf SBEX¥)-monitor the curing of epoxy resins with hardeners, in particular
amines, the colourant has to be stable in the epoxy resin at various
20 temperatures. On the other hand the colourant should not react with the
hardener.

The polymeric colourants employed in the instant invention consist of

chromophores which are chemically bound to polymers having reactive groups,
25 the polymers particularly being polyols.

Preferred examples of colourants used in the instant invention are those

described in US 3,157,633, column 1, line 67 to column 2, line 2, column 2, line

47 to 61 and column 2, line 69 to column 3, line 40 or described in

US 4,284,729, column 1, line 60 to column 2, line 38 or described in
30 US 7,019,101 B2 column 6, line 14 to column 8, line 42.

It is advantageous if the polymeric colourants are liquid at room temperature

and show a viscosity below 5000 cps, so that they can be easily mixed with the

epoxy resins and/or the gardeners.



Thus it is possible to colour both the epoxy resin and the hardener in
different colours, so that they can be easily be distinguished by just

| ooki ng awotbam29138 i s even possible to distinguish difieraproepe2sys or

di fferent hardeners by specific coloups providing an even nore
sophi sti cated nore-conponent system 25 The only proviso is that the
resul ti ng epoxy/ hardener conpositions change their col our upon curing. In
one enbodi ment, additional binders can be added to the instant invention's
systens i né0Gardigg pta yibst drsdanty dnyentiosr spolyeieficaceurpalsy in@uaiageNoss0 | n
one enbodi L { f ant
“nvent i on coaineciier, 1 A3ind BERRUMA subBied URRIkeATSR ! 1T
2011/ 02973:@%&%&5%2301@13%2(@@&@1&1)9@@ dueuagtmdrtatdsrartd;errwmtborthe ftfurmg bfeast
one epoxy resin, C east one curing indicator, ich s nmerjc

col ourant GORYY JEF EN AT RBFaraviiniés Pieteriade 6P F@Vsb éﬂﬁBiyners
havi ng @pag%kyﬁogroups wherein the hardener for the epoxy resin is no acid
and no anhydri and 5 wherein the conposition changes its col our

dependi ng cEiartIMadwrﬂre@r@@gpeb/mriq h@ourafﬁsﬁqcbw'ngltn tbeeinstand dnwentiorof t he

I nstant i nventi 05| tions.qf | nst t a aI I y
conpr 1 se 187G RRte et B Skl Riting: & BrBa WBbn P e ForRinich RER
agents, t higyol3 qRésctmt@idINasX P56 ahdnfixpaesitkéreof.i | | ers, air rel ease,
wetting agents, defoamers, coupling agents, non-reactive substances acting

as plasticisers, |norgan|c or organic fillers and mixtures thereof. 15 In

further (fm?r?% yt bbdi é?'ﬁtof ‘térﬂ']nvérﬂ?onc?ﬁ@%l'oh'r Hén&és )
I’s ? Ieafs?'[g g/ fnve

|nstant |nven |on c one epoxy I'nan reac
di luents, bjolet ﬂmahsldemecaé@bfphmaay/séemdargoraenuapobase@&ardenmd m)araithdareast
one curing ngpnlp 6}’tyoermbé’)\gllmcemt co%uP%hXHSé'ué" fFo?rll lI”earc])tr v(l:(gieﬂgtolranrgge/red in
case of systems where tertiary amines or its salts based hardener were used.
15 In one embodiment of the instant invention, instead of one polymeric colourant,
it is possible to employ two or more polymeric colourants as curing indicator.
If two or more polymeric colourants are used as curing indicator, they can be
added to only the epoxy resin or to the hardener, or to both, whereby it is also
possible to add one/some of them to the one component (epoxy or hardener)
20 and the other(s) to the other component (hardener or epoxy).
Thus it is possible to colour both the epoxy resin and the hardener in different
colours, so that they can be easily be distinguished by just looking at them. It is
even possible to distinguish different epoxy or different hardeners by specific
colours providing an even more sophisticated more-component system.
25 The only proviso is that the resulting epoxy/hardener compositions change

their colour upon curing.

In one embodiment, additional binders can be added to the instant invention's
systems including polyesters, polyethers, acrylates, polyurethanes.

30
In one embodiment of the instant invention, the compositions of the instant
invention comprise

a) atleast one epoxy resin and/or reactive diluents,



20chr onophores which are chem cally bound to pol yners having reactive
groups, wherein the hardener for the epoxy resin is no acid and no

anhydri deyoand/oebmssei n t he conposition changes its col orcTawpen@ds1sgs on t he
curing degree of the conposition, or @5 consist of a) at |east one epoxy
resin and/or reactive diluents, b) a hardener for the at |east one epoxy
resin, c) at least one curing indicator, which is a polyneric col ourant
consi sting of chronophores which are chemcally bound to pol ymers having
reactive 30gr @lifeast ghg hardeaer for ke aklepstore epp¥iesid group consi sting of

tougheni no SIS Sas! K RLARPSARART WK &'a HolinB LhithFald RISl
rel ease, wetting agents, defoalers,’ coupling agents, non-reactive siibstances
acting afs_ W%&M%&@WE@%&&E%&!&??I&@M% q@l;&aénﬁdiaaﬁngs rea}oniae@ﬁodms,or
organic fillers, m xture er eof , erein the hardener for the epoxy
o s nNES BRI HIpG IS M W6 AC RO BBGYEI T AManges |t s
col our p | 6d?ﬁp : | & i

enbodi meqflt %\gggrt@%emi@nstan@t?%@/gﬂ%ﬁ%fﬁ? %Ie)'otgg?ﬁg’gﬁt8| n(ghgqbfﬁrelﬁ@rqg genet of

i nventi on ¢todsorpPOositionA30 to 100 parts epoxy resin mxture consisting of

one or nore, preferably one, epoxy resin(s) or consisting of one
or nore, preferably one, epoxy 10resin(s) and one or nore, preferably one,

reactive dihusid embodiret0oftthdanstant AUEMBBAT $he compositions of the instant
invention additionally comprise

10 d) additives selected from the group consisting of toughening agents,

thixotropic additives or fine particle fillers, air release, wetting agents,

defoamers, coupling agents,non-reactive substances acting as plasticisers,

inorganic or organic fillers and mixtures thereof.

15 In further embodiments of the instant invention, the compositions of the instant
invention consist of
a) at least one epoxy resin and/or reactive diluents,
b) a hardener for the at least one epoxy resin, and
C) at least one curing indicator, which is a polymeric colourant consisting of
20 chromophores which are chemically bound to polymers having reactive
groups,
wherein the hardener for the epoxy resin is no acid and no anhydride, and
wherein the composition changes its colour depending on the curing degree of
the composition, or
25 consist of
a) at least one epoxy resin and/or reactive diluents,
b) a hardener for the at least one epoxy resin,
C) at least one curing indicator, which is a polymeric colourant consisting of
chromophores which are chemically bound to polymers having reactive
30 groups, and
d) additives selected from the group consisting of toughening agents,
thixotropic additives or fine particle fillers, air release, wetting agents,
defoamers, coupling agents,non-reactive substances acting as



CO to 30 parts plasticizers, 0 to 80 parts of inorganic or organic
fillers, 0,001 to 3 parts of curing indicator, which is a polyneric

col our antwbd2enomeds8i ng of chronophores which are chem caclrgErbawncksvo

pol ymers having reactive groups, Facuri ng agents, preferably amnic
hardeners, in stoichionmetric ratio with respect to epoxy groups present in
the resin or wwth variation respect to stoichionetric ratio of +/-20%or 20
FbO,5 to 25% catal ysts for hompo pol ymerisation, wherein the hardener for

t he epoxy resi nPiastigisessiiaoBeniher angapd filtess aaddnixkeesithererd conposi ti on
changes it | [k : - [fyon. . 25
I n anot her%ﬁ%@ﬁhﬁg}%ﬁ%r{]@r %s%gﬁfﬁéﬁi/@%tﬁgéaﬁ]ngr&%%gggm%?}ésn of the

I nst ant i nwé@redntheassrsdsitidn cAafgéoitd @0lcuardepeagingyon ¢sé Burimg deyeee of
consi sting of one or, nore, preferably one, epoxy resin(s) or consisting of
one or nor éN€GPEOEHIONY one, epoxy resin(s) and one or nore, preferably
one, reagtive diluent(s), 30 BO to 30 parts tougheners, CO to 20 parts

pl asticizers, O to 60 parts fillers, 0,005 to 2 parts curing indicator,
whi ch is alpanerembodiyvenuphtite iNganD irvedion 3 ¥RCTORRRBGIIDG6a60%e instant

invention consist of:
A 30 to 100 parts epoxy resin mixture consisting of one or more, preferably
one, epoxy resin(s) or consisting of one or more, preferably one, epoxy
10 resin(s) and one or more, preferably one, reactive diluent(s),
0 to 40 parts tougheners,
0 to 30 parts plasticizers,
0 to 80 parts of inorganic or organic fillers,

m O O W

0,001 to 3 parts of curing indicator, which is a polymeric colourant
15 consisting of chromophores which are chemically bound to polymers
having reactive groups,

Fa curing agents, preferably aminic hardeners, in stoichiometric ratio with
respect to epoxy groups present in the resin or with variation respect to
stoichiometric ratio of +/-20% or

20 Fb  0,5to 25% catalysts for homo polymerisation,

wherein the hardener for the epoxy resin is no acid and no anhydride, and

wherein the composition changes its colour depending on the curing degree of

the composition. .

25 In another embodiment of the instant invention, the compositions of the instant
invention consist of:

A 50 to 100 parts epoxy resin mixture consisting of one or more, preferably
one, epoxy resin(s) or consisting of one or more, preferably one, epoxy
resin(s) and one or more, preferably one, reactive diluent(s),

30 0 to 30 parts tougheners,
0 to 20 parts plasticizers,

0 to 60 parts fillers,

m O O @

0,005 to 2 parts curing indicator, which is a polymeric colourant



12 consi sting of chronophores which are chemcally bound to pol ynmers having
reactive groups, Facuring agents, preferably am nic hardeners, in
st oi chi orwoRLT/RAL3E 0 respect to epoxy group CORCEMP2@0/0¢E04 ati on
+/-15% respect to it or 5 Fbfrom 1 to220% catal yst for hono pol yneri sation,
wherein the hardener for the epoxy resin is no acid and no anhydride, and
wherein the conposition changes its col our depending on the curing degree
of the conposition. 10 In yet another enbodi ment of the instant invention,
t he conpositi on§oBpisting 9fnshmonheres twhiah cargs Femisilly Appund @ PPWNEE epoxy
resin m xture C%%%ini;trje%ti% p&ﬁ)sor nore, preferably one, epoxy resin(s) or
consi sting of one orF nore, 8re erably one, epoxy resin(s) and one or nore,
prefer albl y Fene, cueagt iagentiibl plr@ﬂér(ab]ly ldlrﬁinlaﬁ) haordgﬁer;sartrs dtoicp loanetris, rdld to 10
parts plasticizer, to 5 arts fillers, EO,01 to arts curing
PR cator - whi cRSRER (& BpoReBraureryERERVarRianstr TRy sPokeRlafdlior es whi ch
are chemgc y 5} | R&§dd groups, Facuring agents,
preferag yapﬂetlj'm n?@”*ﬂi}%%?ﬁg@g;@%ﬂ?gﬁg{“ o drtlgﬁi’ 0 respect to epoxy group
present i nwheseingbermasdengnfor tha epoxyoresireispexacid@nst md enhydide,iandr at i o
-F/-10% Orthe%irnotWezcotrr? 15% caﬁal st.far hor&D %ol yner i §nat ion

position € anges its colour dependig on the curing degree of

the composition.

10 In yet another embodiment of the instant invention, the compositions of the
instant invention consist of:

A 60 to 95 parts epoxy resin mixture consisting of one or more, preferably
one, epoxy resin(s) or consisting of one or more, preferably one, epoxy
resin(s) and one or more, preferably one, reactive diluent(s),

15 0 to 20 parts tougheners,
2 to 10 parts plasticizer,

0 to 50 parts fillers,

m O O @

0,01 to 1 parts curing indicator, which is a polymeric colourant consisting
of chromophores which are chemically bound to polymers having
20 reactive groups,

Fa curing agents, preferably aminic hardeners, in stoichiometric ratio
respect to epoxy group present in the resin or with variation respect to
stoichiometric ratio +/-10%, or

Fb  from 2 to 15% catalyst for homo polymerisation,

25 wherein the hardener for the epoxy resin is no acid and no anhydride, and
wherein the composition changes its colour depending on the curing degree of

the composition.

It is preferred that the compositions of the instant invention which change their
30 colour depending on the curing degree of the composition change their colour
from a first colour before curing to a second colour after curing, when the

composition is fully cured.



25 wherein the hardener for the epoxy resin is no acid and no anhydri de,
and wherein the conposition changes its col our depending on the curing
degree ofwoheiwmpapesition. It is preferred that the conmposiEPR@0®615D4 t he

i nstant invention which change their B0 col our depending on the curing
degree of the conposition change their colour froma first colour before
curing to a second colour after curing, when the conpositionis fully
cured. WD 2011/029733PCT/ EP2010/ 062504 13 In the instant invention the
phenomrenon Ifthe dngi@nt divenfion e phanemenent plecRlart ickande isoighdert icoenf t he
system and i u e t T on
has been p %@gﬁh%’%gﬁmfggk%céfé %fséégﬂ ?néq“ﬁnﬁ??@? #%@Mgh?ﬁﬁghgpggggxy

systens. 5 té'rinpetamne"lgThmqhheabmeaonf hadhdeenspraiveni tovbatparticaaripaisefiulgtoat e as
for exanple trj phen ane dyes woul d. The invention relates also to

processes N[N %FHB'&Q 9??89)% yﬁtﬁ@sepoxy resin conpositions according to
thi's | neNtiRN ciindMictdiBStor S &f MRE |RSBINE FRR |bHeé‘65ho@rfﬁ et 8 tf@ree%é%ﬁ@c the

epoxy resin conposition using the disclosed conpositi ns The i nst ant

i nventi on alighemémnatrenetdyes wowdess for determining sufficient, especially
conplete, curing of a conposition conprising i) providing a conposition
conprising at |east one epoxy resin and a 15hardener for the epoxy resin,

i) addi ng Tde in9aftio®nElatay bIRG toNstoeassys fortheprepartipll MBIl sp@! relmnt
consi sting of chronophores which are chemcally bound to pol ymers having

reactive greuResitianstansoedingyo trisiimvention biamdng thenariows pﬂ@staue@téoandn xed
CONposifq O, tr?é)ué bt fRP 6>P e%H{b&ﬂB&%ﬂQhhF%ftﬁte%é&Ss&d’wM@ Bﬂgpos'“on
ITS C our. n e

until the conp 03| on c cess ac to the
i nst ant |nvent|on t he conpounds descri bed above are used. 25 The |nstant

i nvention so.relates tg the use o neric colou nts .as cur
i ndi cat or s, EhdIIARE {THeEn '88v€|39e§‘?,1?{e§eg° %%IR}’F?E%% 25 C@ﬁ‘?rﬁrﬂif‘@garsé

especially complete, curing of a composition comprising
i) providing a composition comprising at least one epoxy resin and a
15 hardener for the epoxy resin,

i) adding at least one curing indicator, which is a polymeric colourant
consisting of chromophores which are chemically bound to polymers
having reactive groups, to the epoxy resin, the hardener and/or the
already mixed composition,

20 iii) applying curing conditions to the coloured composition until the
composition changes its colour.

In the process according to the instant invention the compounds described
above are used.

25
The instant invention also relates to the use of polymeric colourants as curing

indicators, wherein the above described polymeric colourants are used.
A further embodiment of the instant invention relates to the use of the
30 compositions described above for coating and casting applications and/or in

pipe relining systems.

According to the instant invention, the curing degree of the epoxy systems can



A further enbodi ment of the instant invention relates to the use of the 30
conposi tions descri bed above for coating and casting applications and/or in
pi pe rel iwongiispstzens. WO 2011/ 029733PCT/ EP2010/ 062504 péThP20m0061505 ed by
t he col our change of the epoxy system4 Usually and in preferred

enbodi nents of the instant invention, only full curing is of interest and
assessed and thus the col our change can be assessed with 5 the naked eye.
It is a particular advantage of the instant invention that the col our
change of DReMEPLRredPYbesARChangeHd thaepaxy systeehtion is so cl ear and
distinct that it can be assessed wth the naked eye. Due to this
advantage it is possible to verify that the epoxy systemis fully cured 10
even in ardisuallpheidein prefieraaiembddimentsyofcthebiessmtenventioer iohly fulecuring ng

degree (with | aboratory equi nt), especially in pipe relinin ,
appl | cat | o Of SUGEShATHBISEEREN GHY iR BerDiedr et Far BeiAsetne iy
det ect tﬂ‘etﬁélz’hbﬁéd g%%_epoxy resins according to the instant invention. Anrong

t hem pi pe relining represents a relevant case due to the difficulties in
assessi ng tithis gopanpieulas @dyaofagei gighe ayitagt ingeotion that tke eblovf chaerge of the

floor/street., The various odi,ments of the instant inventipn,.including

those of |t RYSEEReAtE MEior e AR IveRHnb ien Gt @ RTBRHER it 595,87

desired nmapReessetPwithénd R¥REd eg8. Wi | | now be expl ai ned by way of the

following non-limting exanples. EX 1 - Curabl e epoxy c%gposi tion 1:
U

ampl e
25 An epoxPUfQﬁQ’rﬁh‘isa@@‘tﬁﬂté%ltdii ﬁpﬁgib@o Op\éﬁrif)é thaat thecﬁEPiOdWiV%t&ﬁé Icpead n

Eoi k 3 o _ j i : ; ¢
() Koty O20E Sl 1 ooy 905 ol Ghistoh o) B5E iy Seldd o,
2- et hyl hexgwithti@barbtaty €q6igmeérst),cespechafilyanmipimenedlimng apelivationd, 2 parts of

Several applications can benefit from the simple way to detect the curing of
epoxy resins according to the instant invention. Among them pipe relining

15 represents a relevant case due to the difficulties in assessing the proper cure
of pipe laying below the level of the floor/street.

The various embodiments of the instant invention, including those of the
dependent claims, can be combined with each other in any desired manner.

20
The invention will now be explained by way of the following non-limiting

examples.

Example 1 - Curable epoxy composition 1:

25 An epoxy formulation containing 80 parts of liquid bisphenol A resin
(Epikote 828EL) with 15 parts of butanediol diglycidylether and 5 parts of
benzyl alcohol was prepared and homogenised. As hardener 99,8 parts of
tri 2-ethylhexanoate of 2,4,6-tris(dimethylaminomethyl)phenol, 0,2 parts of
Reactint blue X7473-47 were used. The hardener was blue. 100 parts of the

30 epoxy formulation were mixed with 5 parts of the hardener described. The
mixture was initially light blue but it turned to orange after curing for 2 hours at
80°C or for 4 hours at 70°C. The Tg of 79°C, measured via differential
scanning calorimetry (DSC model Perkin Elmer Pyris 6; ASTM D 3418-82)



Reactint blue X7473-47 were used. The hardener was blue. 100 parts of the
30 epoxy fornulation were mxed with 5 parts of the hardener described. The
m xture wse 20ni/i2p@Bly |ight blue but it turned to orangecafdresioosrsong for 2
hours at 80C or for 4 hours at 70C. T#se Tg of 79C, neasured via
differential scanning calorinetry (DSC nodel Perkin Elner Pyris 6; ASTM D
3418-82) WD 2011/ 029733PCT/ EP2010/ 062504 15 indicated full curing. Exanple
2 - Curable epoxy conposition 2: A resin was obtained by m xing 75 parts
of liquid bidipateddll AUFBGi n (DER 331) 5 with 10 parts of |iquid bisphenol F
resin (Epi kote 862) and 15 parts of hexanedi ol diglycidylether. The

obt ai ned m xture was carefully honogeni zed avoi ding air trapping. As

har dener agxanple@ {Ourtdbisepoxeodmpositioni2xt ure of 99,8 parts of benzyl

di et hyl am ne and 0,2 parts of Reactint blye 87-13 was pyepared._ Th

nar denor - whs RGNS CHBAIESEEY STBROdLRYS O Aalidk BEPNERPIA T690ALER BEY) wer e
m xed wig h GiPafd saé BATHRNE! bisEABNBL ! Hedn REpikal 869) Yarkd U WA ebr bu

it turned to orange after curing for 2 hours at 80C or for 4 hours at 70C.
The Tg of &BRanediakdighycidylatesC IhaSotMainey n8xigpg wasliceegfeldy fhomogamizety. 15

Exanmpl e 3 - Curabl ition 3: : f L.at i d
by xi ng SOKUT it SRRPING oiF d sttt Ao B THiENEREh' SitnittEepafTe of
but anedi ol gdi gbyrs Bfl 88 dirkBtHRAdrhmeohn&IB2 hdtsgbl Redytiet bloe 8741 Pajdss of
benzyl al cohol and 0,01 parts of Reactint blue 87-13. The m xture was

careful |y RoeRRjeri zEe ahardenag wes voletr 499inajts Tieeppralfopne@ird fReH | i ght
blue. T - [y I.am J i T-403

For m At s SassTOGh 8 B ARG ERFBRLEPne IVEEH Sl BT e ar s
of har denewioldhkutnit xtinnee toasrangetaftdr| gurinigofoet2 laoutsi 4t 8@ACher fdérod bbues af t er

via DRC. (ASED 1591 d009) eBEC mdsuten sinSe s HEatghed) andiceliet ll
stability @fhhe col oured hardener fromexanple 1. The hardener was

prepared according to the conposition of exanple 1. After 5 hours at 70C no
change of col our has been observed so the conbi nation

15 Example 3 - Curable epoxy composition 3:

An epoxy formulation was prepared by mixing 80,99 parts of liquid bisphenol A
resin (DER 331) with 5parts of butanediol diglycidylether, 10 parts of
C1-Cis-glycidylether, 4 parts of benzyl alcohol and 0,01 parts of
Reactint blue 87-13. The mixture was carefully homogenized avoiding air
20 trapping. The final product was light blue. The hardener was a
polyoxypropylene glycol triamine (Jeffamine T-403 form Huntsman). 100 parts
of epoxy formulated resin was mixed with 45 parts of hardener. The mixture
was initially violet and it turned to blue after curing at room temperature or for
2 hours at 80°C. The Tg of 54°C measured via DSC (ASTM D 3418-82)
25 indicated full curing.

Example 4 - Thermal stability of the coloured hardener from example 1:

The hardener was prepared according to the composition of example 1. After
5 hours at 70°C no change of colour has been observed so the combination
30 was thermally stable for the curing period. After heating the hardener at 70°C

for 60 hours only a small change of tone from blue to green-blue was observed.

Example 5 - Thermal stability of the coloured hardener from example 2:




30 was thermally stable for the curing period. After heating the hardener
at 70C for 60 hours only a small change of tone from blue to green-blue was
obser ved. wd@o2Gid73829733PCT/ EP2010/ 062504 16 The har denecTm®3oipnesas ed
according to the conposition of exanplée 2. After 5 hours at 70C no change
of col our was observed. The hardener was thermally stable. After 60 hours
at 70C only a small change of colour fromviolet to violet-red occurred. 5
Exanpl e 6 - Curabl e epoxy conposition 6: An epoxy formnulation according to

exanpl e 1 V&e b@@@QEéWGSADW@CCMHQJMN&? sempastian agexamplee2. After
conposi t i on h’éur% gf*p)oecl noT*&ﬁaHQéd§Pecro| %egbéé’rfv?go é”r?abrégngro%é” ning
to green-blue 00 parts of "epoXy Tormnmulated resin i'n exa
wer e m xed therially slables Afternao denes at THOECromltyua esrmals change afl golbluerogr een
but it turne to Qra e after curing for 2 hours at 80C or 4 hours at 70C
The Tg of YISt RedQigHERA OPGHN f%% (ASTM D 3418-82) indicated full curing. 15
Exanpl e 57 - Curabl e epoxy conposition 7: An epoxy m xture was fornmnul at ed
according to exarrpl e 2. The hardener was aged according to exanple 5, that
means agi ndexanple B 3 10i06:100 parts of epoxy resin
formul ati on, were mxed arts, of hardener. The nixt 5|n|t|ally
Al i ufhatd

vi ol et - r ed "BUEPPYY F?IF%%F'% a8?‘§r‘?¢ﬂeg 1g €XPMPIF T s brerag 6" or
for 4 hour r@éar@@caccﬂﬁ@lnﬁgoothe%péﬁﬁéwb@‘éxﬁh@)l@$CThéSTé‘v‘H@n§|4%38§ Lt

indicated full curin 8 Curabl e e conposition 8:
of liquid mrs@@]éﬁurs at [{*xs: wrouﬁosm)envbéue &eartwqf lereyy frimuaied resin i qui d

b spheng) BeCeibil (FRbkRAe 9hak: mhacP Bt Bhberanstlenb ohgl Yl cpdier anc

0, 01% of Rea bl ue ned ue m Xt ureé ‘was car
honogeni zednuaakty diueggmern buijtpunged Iherdrayedefier cudisg for 2 hburretalny!()'ﬁi dazol e.

100 parts of the e res in or Iu on were Im xed t
nar doner - HROHSEID Gas 1A 1G Al {018 uBastred ar Ao (6STH P-7AE-87) or
curing for j&y; B%HSfuﬁ.Tcan%QOC The Tg of 128C neasured via DSC (ASTM D

3418-82) indicated full Curing. Exanple 9 - Epoxy systemfor pipe relining
9:

15 Example 7 - Curable epoxy composition 7:

An epoxy mixture was formulated according to example 2. The hardener was
aged according to example 5, that means aging was done for 60 hours at 70°C.
100 parts of epoxy resin formulation were mixed with 5 parts of hardener. The
mixture was initially violet-red but it turned to orange after curing for 2 hours at

20 80°C or for 4hours at 70°C. The Tg of 85°C, measured via DSC
(ASTM D 3418-82) indicated full curing.

Example 8 - Curable epoxy composition 8:

75 parts of liquid bisphenol A resin (DER 331) were mixed with 10 parts of
25 liquid bisphenol F resin (Epikote 862), 15 parts of hexanediol diglycidylether
and 0,01% of Reactint blue 87-13. The obtained blue mixture was carefully
homogenized avoiding air trapping. The hardener was pure 1-methylimidazole.
100 parts of the epoxy resin formulation were mixed with 5 parts of hardener.
The mixture was initially blue but it turned to dark-red after curing for 6 hours at
30 90°C. The Tg of 128°C measured via DSC (ASTM D 3418-82) indicated full

curing.

Example 9 - Epoxy system for pipe relining 9:




WO 2011/ 029733PCT/ EP2010/ 062504 17 The fornul ati on described in exanple 1
was used to inpregnate a felt liner. The liner was inserted in the pipe.
The syst ewoiopweegrat ed-felt-1iner-pi pe was cured for 2 rowrP2a/o83¢ Proper
cure of the systemwas shown by the ewi dent change of colour fromblue to
orange. 5 Exanple 10 (Epoxy systemfor pipe relining 10): An epoxy

formul ated product as described in exanple 7 was filled with 50% of

al um ni um hydroxi de. The obtai ned di spersion was treated under vacuum at 20
nbar for 20Ne fifedation deserbes & exapplall avas uske teeisiRreghgtepa dalidinaras

i ght 10 blye. ;. T [y v e.0of 2, -
tris(dinet r-lry%l%alﬁr‘l] ér:rﬁNrr%%a E}r%%?%ﬁelﬁztﬁg %% ﬁp-)}f'aé tsgs%wﬁjgg%ﬂ% geraotrrﬁqltgltlrll%rrfﬂ Rgrméasn’i xed
wi th 3 par tcared fora dewmsrat SUTE. Mraper eureast thaisysizinh wakishlotvnbby thedevideht
turned to %an e ?fter (a;furigﬁj for 2 hours at 80C or 4 hours at 70C. The Tg
of 80C, ne&85anes o ralogsEo @ 1D 5818e82) indicated full curing. 15 WO
2011/ 02%733PCT/ EP2010/ 062504 18 Epoxy resin curing indicator d ains:
Conposition conprising a) at | east one epoxy resin and/or reactive

di l uents, Example 10 (Epoxy system for pipe relining 10):

An epoxy formulated product as described in example 7 was filled with 50% of
aluminium hydroxide. The obtained dispersion was treated under vacuum at
20 mbar for 20 minutes to eliminate trapped air. The resulting product was light

10 blue. The hardener wused was tri 2-ethylhexanoate of 2,4,6-
tris(dimethylaminomethyl)phenol. 100 parts of epoxy formulation were mixed
with 3 parts of hardener. The mixture was initially light blue but it turned to
orange after curing for 2 hours at 80°C or 4 hours at 70°C. The Tg of 80°C,
measured via DSC (ASTM D 3418-82) indicated full curing.

15



b) at |east one hardener for the at | east one epoxy resin, c) at |east one
curing indicator, which is a polyneric colourant consisting of chronophores
whi ch ar ewohenijeaisy bound to pol ymers having reactive gromp010xbas0£i n t he
har dener for the epoxy resin is no aci8d and no anhydri de and wherein the
col our of the conposition changes depending on the curing degree.
Conposition according to claiml1l, wherein the hardener is an amnic

har dener. Conposition according to claiml, wherein the hardener is

sel ected fromthe group consiEReXyresineuringindicateyed on al i phatic,

cycl oal i phatic, heterocyclic, aromatic am nes, polyam noam des, their
adducts with epoxy derivatives and m xtures thereof. Conposition according
to claimilClaings-ein the hardener is selected fromcatalysts for the

honopol yneri sati on. Conposition according to claim1l, wherein the curing
indicator is a polyneric colourant that consists of polyners and

chronophor gs, t Q{Eﬂp heing chem cally bound to the polyners which
have retasgt iq\'/e g:a'g)lﬂgé}? tI e%@ﬁ@ﬁ@gs bei ng pol yols. Conposition according to
claim 1l further ajonprat &3asy ode ety resiesarskdrereiaetivé douentee group consi sting
of toughening m? 20rlai/ 029733PCT/ EPZO];LO/ 062504 t19 agentsrL t hi xotropic
additives or fife pacli®ds OPFINadenerior the.ptlgast onRPPeXY,eyent s, def oamers,
coupl i ng agent scpon- rgaghbl ®neUlEfHAGCRdicEs . NBhidA R @S PoRinsei S colditbARNi C
or organic fillers and mxtures thereof. 5 7.Conposition according to claim
1 consisting of a)at coeaistingnef egurnopssres andicbr areaghemisaly | bewnd, to

10 polymers having reactive groups,

wherein the hardener for the epoxy resin is no acid and no anhydride
and
wherein the colour of the composition changes depending on the curing
degree.
15
2. Composition according to claim 1, wherein the hardener is an aminic

hardener.

3. Composition according to claim 1, wherein the hardener is selected from
20 the group consisting of hardeners based on aliphatic, cycloaliphatic,
heterocyclic, aromatic amines, polyaminoamides, their adducts with

epoxy derivatives and mixtures thereof.

4. Composition according to claim 1, wherein the hardener is selected from
25 catalysts for the homopolymerisation.

5. Composition according to claim 1, wherein the curing indicator is a
polymeric colourant that consists of polymers and chromophores, the
chromophores being chemically bound to the polymers which have

30 reactive groups, the polymers being polyols.

6. Composition according to claim 1 further comprising
d) additives selected from the group consisting of toughening



b)a hardener for the at | east one epoxy resin, and c)at |east one curing

I ndi cator, which is a polyneric colourant 10consisting of chronophores

whi ch ar ewohenieaisy bound to pol ymers having reactive @COEPI(010062504
consisting of a) at | east one epoxy r®sin and/or reactive diluents, b) a
hardener for the at |east one epoxy resin, 15c)at |east one curing

I ndi cator, which is a polyneric colourant consisting of chronophores which
are chemcally bound to gl mer s havi ng{. reactive gro.ut)s,. and d)additives
sel ected fromthe gr @gnesenSixetionls @ddittyeghenifing Befdintss fillers xak relsiase,
additives or fine parti.gc fl s, & as tfl I :

def oaners, coupling z\i’%éémi n%é]é-rﬁéactcfé\jéa@gtﬁ aﬁ%%@%gfiérggé}gss’ﬁ%ﬁgé ?ttlz\fesers,
ijnor gani c or o][ ]gani c sUbl;iIaeubesf@mdngiast plastcitbey, mrgaﬁic%mg@?id fblnercs]I and
eterm ning sufficient. cure of a conposition conprising 25i)providing a
conposi tion conpri si MYX&res BEEOhbne epoxy resin and at | east one hardener
for the ggpoxy resin, ii) adding at |east one curing indicator, which is a
pol ymeric col ourant consisting of chronophores which are chem cally bound
t o pol yner . haviGanpesiiten aecqdmgoto, claion fl leonsistirg afesi n, t he 30har dener

o e Al reag) T el ARk PR Al PREM g condi (i ons o
b) a hardener for the at least one epoxy resin, and
C) at least one curing indicator, which is a polymeric colourant

10 consisting of chromophores which are chemically bound to

polymers having reactive groups, or
consisting of
a) at least one epoxy resin and/or reactive diluents,
b) a hardener for the at least one epoxy resin,

15 C) at least one curing indicator, which is a polymeric colourant
consisting of chromophores which are chemically bound to
polymers having reactive groups, and

d) additives selected from the group consisting of toughening
agents, thixotropic additives or fine particle fillers, air release,

20 wetting agents, defoamers, coupling agents,non-reactive
substances acting as plasticisers, inorganic or organic fillers and

mixtures thereof.

8. Process for determining sufficient cure of a composition comprising
25 i) providing a composition comprising at least one epoxy resin and
at least one hardener for the epoxy resin,

i) adding at least one curing indicator, which is a polymeric
colourant consisting of chromophores which are chemically bound
to polymers having reactive groups, to the epoxy resin, the

30 hardener and/or the already mixed composition,

i) applying curing conditions to the coloured composition until the

composition changes its colour.



WO 2011/ 029733PCT/ EP2010/ 062504 20 9. Process according to claim8, wherein
the curing indicator is a polyneric colourant that consists of polyners and
chr onophoweo11vd2ersshr onophor es bei ng chemical |y bound t ecrhe2@oloyzses s whi ch
have reactive groups, the polynmers beiong polyols. 5 10. Process according
to claim8, wherein the hardener is selected fromthe group consisting of
hardeners based on aliphatic, cycloaliphatic, heterocyclic, aromatic

am nes, pol yam noam des, their adducts with epoxy derivatives and m xtures
thereof. 16 11. Rmeeess afmr9lﬁﬂrtpc,0|@m duvhaeredn e euning ndierRiPe st dpelymeric Use

according ool St T HaCPERSLES! Br CURPRLL ORy 8 bdimial the

conposi tions according to an ¢oa

applications and;hrwmomcmesebembl nhemlcarlsyt boend 1té. Usee milytbes ahiploshaveons
according to any of of clai in engi neering,

const ructi on, elr%%the&fpupﬁ’s pggqlmerspb%@grpgly% ‘ng, coating, 20tooling, for

conposi tges and structural adhesives.

10.  Process according to claim 8, wherein the hardener is selected from the
group consisting of hardeners based on aliphatic, cycloaliphatic,
heterocyclic, aromatic amines, polyaminoamides, their adducts with
epoxy derivatives and mixtures thereof.

10

11.  Use of polymeric colourants as curing indicators.
12.  Use according to claim 11, for epoxy resin compositions.

15 13. Use of the compositions according to any of of claims 1 to 7 for coating
and casting applications and/or in pipe relining systems.

14. Use of the compositions according to any of of claims 1 to 7 in
engineering, construction, electrical insulation, pipe relining, coating,

20 tooling, for composites and structural adhesives.



