TWO-COMPONENT POLYURETHANE ADHESIVE FOR GLUING FIBROUS MOLDED PARTS
[00021 The invention relates to a two-component adhesive based on polyurethanes which exhibits

- elevated adhesive strength. This adhesive is furthermore intended also to be capable of gluing
substrates with uneven surfaces and of bridging crevices or interspaces with a strong adhesive bond.
[0003]W02004/029121 describes two-component polyurethane adhesives which consist of polyols
based on diols and triols and crosslink by means of polyisocyanates. Pigments, such as highly

disperse siigqy I RELREIRAISOEIPURETMNE RETEK e PSRSL NG BREYY T a pKa
value of between 2.8 and 4.5 are furthermore present as a component essential to the invention. The
addition of highly functional polyols to incrdtakReERRERsity is not described. It is moreover known
that carboxylic acids in crosslinking isocyanate groups may give rise to increased levels of bubble
formation. [0004]WO0 2002/066527 describes two-component polyurethane adhesives for derived
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auxiliary s nces and a resin, esive g crosslink: means of polyisocyanates.
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plastics substrates which must also exhibit elevated mechanical stability even when subjected to
thermal lo j ' [900 IsJikewise.k e re reinfor stics
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applied by constant vibration are high and lead to material fatigue. Environmental influences are
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epoxy adhesives. These exhibit sufficient strength, but have various processing disadvantages. For
instance, elevay@iaieiopursportgive HEE nedaseapad tnvelstofdutible fauffigiéen strength. The
substrate surfaces furthermore have to be specially prepared for gluing.

[0004]WO 2002/068527 describes two-component polyurethane adhesives for
derived timber products which contain up to 88% of oleochemical polyols, 1 to
7.5% of a low molecular weight dicl with an OH value of between 400 to 2000,
and 1 to 7.5% of a tri- to penta-functional polyol, further auxiliary substances

and a resin, the adhesive being crosslinkable by means of polyisocyanates.

[00051EP 0794977 describes two-component polyurethane adhesives which
consist of polyols, highly disperse silica, fillers and molecular sieve and

crosslink by means of polyisocyanates. Diols and triols are used as the polyols.

[0006] The above adhesives are described for giuing wood and metal; giuing
plastics substrates which must also exhibit elevated mechanical stability even

when subjected to thermal loads is not described.



[00081 The prior art adhesives have the disadvantage that the glue bonds have inadequate _
mechanical stability under various weathering and temperature conditions. Moreover they are less
suitable for gluing large areas, since the working time before the substrates are joined is not
sufficiently long. Furthermore, the adhesives are not suitable for frictionally bridging unevennesses in
the glued substrates. [0009]The object of the present invention is accordingly to provide an adhesive
which gluefOpRiglitssUlkevdsss knons dnophes wigrtitiraresinfeivedvhiastes subsigadpen time and
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3- to 14-futketieiialfpod@sl must be withstood, the loads applied by constant vibration are

high and lead to material fatigue. Environmental influences are furthermore
severe; stability must be ensured at greatly differing temperatures, as must
constant properties at different moisture levels. it is here known to glue such
components with two-component epoxy adhesives. These exhibit sufficient
strength, but have various processing disadvantages. For instance, elevated
curing temperatures are necessary in order to achieve sufficient strength. The

substrate surfaces furthermore have o be specially prepared for giuing.

[0008] The prior art adhesives have the disadvantage that the glue bonds have
inadeguate mechanical stability under various weathering and temperature
conditions. Moreover they are less suitable for gluing large areas, since the
working time before the substrates are joined is not sufficiently long.
Furthermore, the adhesives are not suitable for frictionally bridging

unevennesses in the glued substrates.

[0009] The object of the present invention is accordingly to provide an adhesive
which glues plastics substrates to one another without pretreatment, which has
a long open time and which ensures stable gluing even of uneven surfaces.
The crosslinked adhesive layers should furthermore be insensitive to moisture
and differing ambient temperatures and should remain stable in their

mechanical properties.

[0010]The object of the invention is achieved by a two-component

polyurethane adhesive consisting of a polyol component containing 2 to



c) 5 to 35 wt.% of hydrophobic polyols having a functionality between 2, 3, and 4, d) 2 to 65 wt.% of
further additives or auxiliary substances, the total being intended to amount to 100%, together with an

isocyanatgramppnsmtzpregaseddrem msihdsesy adiatesvitha NGOIKH 4atiqeBi:dftaabévé, the
crosslinked aﬁhesiv exhihiting a T9 of above 50C, [0011] The present disclosure alsodprovides the
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fiber-reinfayeretiBROPENSIEOBERANSING I Halas fob wWingh noveiHPH Mg bal Aseradingly, in

another aspect, there is provided the use of a two-component polyurethane adhesive as defined above

for gluing $HEERWIESHdESr 1Bt BEBrdRtenderbdr cBMpYStethatEfdhs. ©9BIES KitBwAMoldings

made fronadighrsitenethieiannpepliesnaenslpaigssidiapiaras sfbsH ReSOIbesednayofor example
consist of glass fibers, carbon fibers or aramid fibers which are embedded._in a plastics matrix. These

fibers ma e itrdcRided R Shaslinkes RAARESHESRFNLHING 2nbntfRRAEP Yovings. This plastics

matrix may, for example, consist of polyesters or epoxies, which react by means of suitable curing

agents a /0{ crosslinking agents to form a thermosetting polymer. Such fiber-reinforced substrates
are knOerI ) Qﬁ%Bﬁ%lﬂﬁ@@% %@@rﬂ?ﬂﬁ@;"/"&?g G 1R TBRRRY RRHELRRERIARSINA, in boat

building otdnSitiRIgCoNaPengBlCoHpesisst Woalavatagl mechanical loads. One particular area of
application for sych glued sybstrates.is as blades for wind power rotors. The manufacturing methods

for such rdlded: a{ﬂsgﬁé("gléb Rh&lriessd 12 S RAVERISE IR WP eRamplecHiahY&iahFedlin mold
cavities agdaregdniesmbne mold is here frequently constructed as a half mold. The side facing the

mold is g%jerall obts' ed gség srlooth, reaaqby-to-use surface, whijle the other side may and is usually
intended ) be futife %1%5{: QAL At e NRattiRe SrRCHRRRIPENRInues, two or more of these

substrategjare giiesl BEaMe%RNSiskIBhAGIN fokelsiuedisoarirtichaisidscemeie #708) the mold.
The surface iqould be of a structure such that the substrate parts to be glued are approximately form
fitting. Th8&iface provided for gluing may be rough and in itself uneven. Sanding or milling to form an

exact mirgy-imageo 65 wt.% of further additives or auxiliary substances, the total being
infended to amount to 100%, together with an isocyanate component prepared
from polyisocyanates in an NCO/OH ratio of 0.9:1 to 1.5:1, the crosslinked

adhesive exhibiting a T of above 50°C.

[0011] The present disclosure also provides the use of such two-component
polyurethane adhesives for gluing fiber-reinforced plastics, in particular fiber-

reinforced components for producing blades for wind power systems.

[0011a] Accordingly, in another aspect, there is provided the use of a two-
component polyurethane adhesive as defined above for gluing metal, plastics or

foam substrates or fiber composite materials.



sﬁape to the counterpart to be glued is not necessary. Pretreatment of the surfaces to be glued is not
required when using the adhesive according to the invention. A dust- and grease-free surface is

sufficient foD epjtiaation obidingdheside; fleeruseobl prigieythisibanecessasitd (02dQncaithe parts
have been produced in th old, ane known working method involves covering the surfaces on the
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hydrophobiglgirf the indbsivecisrobtmonts K056t wdydreihaltied elgaHartosl deann@nkof the polyol
component. Suitable polyols are, for.example, liguid polyhydroxy compoun ith on average two to
four hydr&)a/rg ﬁp?%@r %}o%%ﬂfl'&? %@cﬁfb%%@e@fﬁ%@ égé?r%\egxﬁpnﬁ?egiqgﬁ%l E:iSV\PI';/) rophobic
polyols. Theseramst@sieThohtandaitianigd wiithodeefobiaiokdialdedaintscaalio Rashaerivatives, for
example phosgene or diphenyl carbonate, with diols. Low molecular weight aliphatic diols are, for
example, suitable here. OH-functional polybutadienes, as are for example available under the trade
name "Pdyed],Sual aldadmsused, asdrydiopinpiic polxolsdetuhedcampesilibnsadtesdiagdo the
invention. [0017]Th lecular, weight of these polyols is generally between 3 d 50Q0 g/mol,
oreforaot PRI e TS0 15 S568 IR B SRS RroRfls Balge A Semay be
determindddiygGREMBIALR] Yoachaliyeubtamisd pesaikimtmtiserbydiorhabic patimie ofbigochemical
origin. "O ﬁ)%chigical lyols" are taken to melgg\i)}ﬂ%/r?ﬁs a%ed%n natyral oils and fats, for example the
reaction proadutteds 8@5%&%6 f%[t@ StibstanR 4] o-,odi- &r ﬁél Ghctibrat #ESho ?or glycerol
esters of lnagufaatomity teidslasbilantraldeasivpastiaiprsubstihded vutishydsexytgmiups. Such
polyester polyols may be produced, far example, by complete ring, opening of epoxidized, triglycerides,
o SRR ABaARG HE SO BRI 8 SR B L SP SRR e e L G1e Wich may be
used for rirtgeapefing shthddepoxiflz et tridlyeesiddstinad tide sudibzaia ratitanolbprohasabsrisopropanol,
butanol, hexanol, 2- exanol fatty alcohols with 6.t C atoms, cyclohexanol, benzyl alcohol,

L retharty TKBIGAR D! T8 oL R IEP G VAR, DG EALCRS: (HBGeR hvcol,
trimethyldipstpaney gty Gaot ingrethyitiegtarferpemtaaxgtitnitolrsovitaleand ether group-containing
hydroxyl compounds such as alkyl glycols or oligomeric glycols and oligomeric glycerols. [0019]A
further group of oleochemical polyols are ring-opening and transesterification products of epoxidized
fatty acid esters of lower alcohols, i.e. of epoxidized fatty acid methyl, ethyl, propyl or butyl esters.
Preference is here given to the ring-opening or transesterification products with alcohols of a
functionality of 2 to 4, in particular the reaction products with ethylene glycol, propylene glycol,
oligomeric ethylene glycols, oligomeric propylene glycols, glycerol, trimethylolpropane or
pentaerythritol. [0020] For the purposes of the invention, it is also possible to use oleochemical polyols
which are obtainable by the transesterification of di- or polyfunctional alcohols such as for example the

addition product of ethylene oxide or propylene oxide onto glycerol with triglycerides, such as for
example palm oil, peanut oil, rapeseed oil, cottonseed oil, soy oil, sunflower oil and linseed oil.
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[0021] Particular preference is given to the use of castor oil and dimer diols as hydrophobic
oleochemical polyols together with those polyester polyols which are produced by complete ring
opening of epoxidized triglycerides of a fat mixture containing at least in part an olefinically
unsaturated fatty acid with one or more alcohols having 1 to 12 C atoms and subsequent partial
transesterification of the triglyceride derivatives to yield alkyl ester polyols having 1 to 12 C atoms in

the alkyl rei@Re Thdbe sieBRiIRAChItBoRRISIHRY I h eSS IR BireatiBei b iBRrably of
100 to 300 {f3e, BalqeUis gfawma beingragrRipdmalshoabry 8 ARdReIwiAgAE glmol. [0022]
I

The functionality of the hydrophobic polyols should on average amount to 2.2 to 4, In particular above
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number of Qs LERMPSHO YR BYHaRRDIE Relvekeaspgommercially obtainable. [0023] The quantity of
the hydrophobic polyols should be between 5 and 50 wt.%, in particular up to 35 wt.%. The quantity

also depends on the strength of the hydrophobicity of the polyols. Relative to the mixture of all the

polyols, thftd@‘ﬁf]@ﬁdé QORI OPROR IS FBRER) IPOMBARUIENCE RS SIIRHCRBRAGRENt are more
highly functionalized polyols having 3 to 14 OH groups, in particular 4 to 9 OH groups. These polyols

increase tHaeHRLIIANIELASIBPYEINS SBR SEFaeRRIdDRIO WA BIdeut She drpideadpRRPEomprise
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appropriate number of OH groups, in particular tetritols, gentitols or hexitols or those based on

disaccharid@snirieéelyriespoptingaiRfirishaPaisshsHIe8HaNH /iNsarteuIBF N iNgBgenated

sugar alcohpiglich @adsed: Examplpgaie saitohdagiiiel, Ry Eraiabrangheiel, adonitol,
arabitol, ribitol, xylitol, dulcitol, ribose, xylose, lyxose, glucose, galactose, mannose, allose, altrose,

gulose, ido8dragescanddRAIRBB8E! (RibseCostrrpRBIInEcSIHRERAuIESa AN SY&actosamine,
‘rhamnose, gighaxPee tSURDSRviatiBREHTEShBARse LR alig sk SeRiosR, Rpiibiese. SenHebiose, |

rutinose. The corresponding ethoxylation and propoxylation products having up to 15 alkylene oxide
units may AEPBEGEUsIPeINSKENrean ResppBEHasiAgHds%r 6 OH groups, which
comprise at least one tertiary amino group. Examples of these are propondated or ethoxylated

reaction products of C3 to C6 diamines or triamines. Ethoxylation and propoxylation products of
ethylenedidffihaldiesivwaremapagihprlyurethane adhesive according to the invention is

flowable, but may in particular also exhibit thixotropic properties. It consists of a
polyol component and an isocyanate component. These are mixed immediately
before application. The polyol component must contain various polyfunctional
polyols. This is intended to ensure sufficient crosslinking for a mechanical
stable glue bond, even on exposure to thermal loads. It must also be ensured
by selection of the various polyols that sufficient hydrophobic'ity of the adhesive

is obtained.

[0016]A hydrophobic polyol is one component of the polyol component.
Suitable polyols are, for example, liquid polyhydroxy compounds with on
average two to four hydroxyl groups per molecule. Polycarbonate polyols are,
for example, suitable as hydrophobic polyols. These are esters of carbonic acid
which are obtained by reacting carbonic acid derivatives, for example
phosgene or diphenyl carbonate, with diols. Low molecular weight aliphatic
diols are, for example, suitable here. OH-functional polybutadienes, as are for
example available under the trade name "Poly-bd", may also be used as
hydrophobic polyols for the compositions according to the invention.



[0027) The molecular weight of such more highly functionalized polyols may amount to 120 to 3000
g/mol, in particular 250 to 2000 g/mol. [0028] Polyether polyols may also be used. Examples of these
are reaction products of 3- to 6-functional alcohols which may be produced by reaction with ethylene
oxide or propylene oxide, for example polypropylene glycols. A further group of suitable polyether
polyols are polytetramethylene glycols which may for example be produced by acidic polymerization of

tetrahydrof[fam7 THeemolelegidaiveigighst diethepelraheipdly dsnegdivehaveems88R 206land 6000
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polyols may e used, with ether pol sugar polyols Th particular being suitable
individuallynoolgsalaniweight[DH36E Thryrherdairimirad diokd plyols generally bear OH groups. In
another embodiment, however, it is also possible for at least a proportion of -SH or -NHR groups also
to be present as reactive functional groups. [0031) Due to the number of reactive OH or NH groups,
the more h[§RYSLihdsiohaliva poetspraasbder éatide\h ihpuhityp difiels Htgaatiigmiistible with
water. The guantity ' nctionali r ' I Id:he adjusted
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crude MDI acitig, quaithy aagiostatrbstixpastialyufickstityiedd rephobicnixitrgropslinkeed yield a
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Occur. [003310dditiest d5gbagideamponanichthibevoing nisng puigaretaairdadhidsivéaccording to
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those with Lo BNIS) WEaT Bty 1R oS LB o T o B B hich are
obtained byfeathing kpoxdzadilatigiightideohdrolite lacneibemehy, ftharempledranséd.
Examples r n diet L, colshexanedjgl, outanediol,
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and the polyBuRIRIe 9IX99lRaRMEHNY A RSARS NS BRYIGN GBSO R HEHIRIiR LB 4RRSAt units.

glycerol, trimethylolethane, pentaerythritol, sorbitol and ether group-containing

hydroxyl compounds such as alkyl glycols or oligomeric glycols and oligomeric

glycerois.

[0019]A further group of oleochemical polyols are ring-opening and
transesterification products of epoxidized fatty acid esters of lower alcohols, i.e.
of epoxidized fatty acid methyl, ethyl, propyl or butyl esters. Preference is here
given to the ring-opening or transesterification products with alcohols of a
functionality of 2 to 4, in parficular the reaction products with ethylene glycol,
propylene glycol, oligomeric ethylene glycols, oligomeric propylene glycols,

glycerol, frimethyloipropane or pentaerythritol.

[0020] For the purposes of the invention, it is also possibie to use oleochemical
polyols which are obtainable by the transesterification of di- or polyfunctional
alcohols such as for exampie the addition product of ethylene oxide or
propylene oxide onto glycerol with triglycerides, such as for example paim oil,

peanut oil, rapeseed cil, cottonseed oil, soy oil, sunflower oil and linseed oil.



[0034] Further suitable polyester polyols may be produced by polycondensation. Difunctional and/or
small quantities of trifunctional alcohols may accordingly be condensed with a deficit of dicarboxylic
acids and/or tricarboxylic acids or the reactive derivatives thereof to form polyester polyols. Aromatic
or aliphatic carboxylic acids may be used. Suitable dicarboxylic acids are for example adipic acid or
succinic acid and the higher homologs thereof with up to 16 C atoms, as are furthermore unsaturated
dicarboxylic acids such as maleic acid or fumaric acid, aromatic dicarboxylic acids, in particular

phthalic acj ﬁncaﬁ’gﬁxy "SISFJS‘ %trgerﬁ#’%'t%aﬁ % %%'%S‘S'% {E‘P'Bf AR Al ﬁuo%(%'%‘p'e’

suitable as IC acl e use V|duaII or as mixtures of two or
more therebfdPoprestar ptelyol's‘eme}adirpdtmimtamwhac wahfbcbhgxbe m@m pliyrdtiodinisar, branched

or cycloallphatlc di Is Qﬁ!ﬁ # f 0 r payti u ly suitable.
Particularly swtg % are e%a%r?e%rﬁ éi é%ghnﬁe%ﬁygglo e%%%g o?sngl(r)pgen yl glycol or
mixtures. Rammnardmstatalvig a’cidaﬁrmthas‘eam@i@ﬁm@ﬁmﬂsrﬂadﬁaﬁysacﬁmut'ameazelalc

acid, suberig agid, sebagiecid auadiple g5id or fiiges tharqol, 1035 Ihe palyestgydiols should

have a lowhe INg point or e I|qU| room temperature. Molecular weig ay preferab y be
between 1%&0eaifidtB0D0 of el tlhly prrigiel Tevvelisies fofyieitioatiity esteppayok dav@@,in general

they shoulcﬁ1 beI n eol 8&? p](-g'lh?q%o%@ﬁ%éﬁ grer%%\é%nt&g%%}iar%eg ) ég rﬁ)eg/ gjigc% tg\)@lsublllty of

the hydrop dbié ard po e polyol component shou tain wt.% of at

least one poydrster! paiesSao XD 1ot 400f pyefmpbbbiof pblib ke aBR05 thesTnwtestdpeiyiginctional
polyols Wlth 310 14 ry substances. A preferred
embodlment sﬁou@qu %%rﬁé%%g%%vé%@% P/egt%?%%%%%q%w%@wt % of hydrophobic polyols, 10

to 30 wt.% of polyfunctional polyols together with additives. The total of the percentages of the polyol

components Bﬁﬂfrﬂ R AT 4R (ER%(?%EBS:%%{@SIQ%‘M @Roél?er}?'%g%égr{{‘f'“e”ce on

the necessary pr pe ies o osslln sive quantl poI oIs 4 OH groups
is too low, $offcetat éohe;smhwﬂﬁhehdmﬁ\é 4l GV r@stamdaiﬁhdaqumdy ibbeiBgeppobible may have

an influenceon 6 leaclnkodenshiotine gt luemare-bas a niyence ag,p dlacs

transition temperature uant ro ho IC polyols is'not su echanical defects,
such as gahymbbieebmaxallgelsmee:bun@m@fyﬁrieﬂwnah}ealso be a negative impact on the open
time necessary for processing. [0038] Polyfunctional isocyanates are suitable as the polyisocyanates
in the isocyanate component. Suitable isocyanates preferably contain on average 2 to

[0023] The quantity of the hydrophobic polyols should be between 5 and

50 wt.%, in particular up to 35 wt.%. The quantity also depends on the strength
of the hydrophobicity of the polyols. Relative to the mixture of all the polyols,

the intention is to obtain a hydrophobic mixture.

[0024]A further essential component are more highly functionalized polyols
having 3 fo 14 OH groups, in particular 4 to © OH groups. These polyols
increase the crosslink density of the polymers and provide improved cohesion.

They may comprise mixtures of polyols.

[0025] Examples of such polyols are sugar alcohols which comprise an
appropriate number of OH groups, in particiu!ar fetritols, pentitols or hexitols or
those based on disaccharides. The cdrresponding sugars may also be used,
but it is in particular the hydrogenated sugar alcohols which are used.
Examples are sorbitol, inositol, mannitol, threitol, erythritol, adonitol, arabitol,
ribitol, xylitol, duicitol, ribose, xylose, lyxose, glucose, galactose, mannose,

allose, altrose, gulose, idose, talose, fructose, sorbose, psicose, tegatose,



5, preferably up to 4 NCO groups. Suitable isocyanates are 1,5-naphthylene diisocyanate, 2,4- or
4,4'-diphenylmethane diisocyanate (MDI), hydrogenated MDI (H12MDI), xylylene diisocyanate (XDI),
m- and p-tetramethylxylylene diisocyanate (TMXDI), 4,4'-diphenyldimethylmethane diisocyanate, di-
and tetraalkyldiphenylmethane diisocyanate, 4,4'-dibenzyl diisocyanate, 1,3-phenylene diisocyanate,
1,4-phenyiene diisocyanate, the isomers of tolylene diisocyanate (TDI),
1-methy1-2dedijsbogenaivgpcionmiane 0B BZigkescmatdtisieesne, digitoxose, sucrose,
1,6-diisocygnato-2, 2. 4ctrimeth %%)ée SHiseeyanaitsméest HIREEIgXaARinose. The
1-isocyana’%ocmoestﬁy%@ﬁéﬁ%arﬁ@- , ,5-%ﬁ?nogj'ﬁ%cyclo%e.xane’(l DI), tetran"'!ethoxybutane
1,4-diisocyermesponding 1 2thdisdeiianatentie pappaxgatino cpadictH D RViNG e Hrattpacld
diisocyanatsg, dicycl il cyclohexane 1,4-diisocyanate, ethylene diisocyanate
or phthalicégﬂ%ﬁg-%%%%ﬁﬁg;% %fséfgg ﬁ)%%%‘?lt is also possible to use low molecular prepolymers,
namely oligomers with a plurality of isocyanate groups, i.e. reaction products of MDI or TDI with low
molecular yej jols, .suc fore Iqqg, co}, diethyleneglycal peapylgRs.glycol,
dipropylen@%@ﬁfg&?@%y e%%g\?/cél?%ﬂ&gzgg)%gomg@ are obtained in theeevemf an excess of
monomericpolpisee\airiassimtietprisshamisiaisisu ThExasipia WegataEheameryidtaere generally
below 1500 g/mol. M ] janall etlgrpq' inated from thereaction pEgdyel by distillation.
Isocyanur<';1['P(L,(‘:]s,er{aihnO B&%%@oé%ﬁ&%ygﬁgggg%o}é@%mp es_o HDI or IPDI, are als§) suite?k%tfle, as are
carbodiimideniquepecydiieenphoduisimel ditbyisredieminerase M par{ooy) aupakle and cycloaliphatic
polyisocyanates may be used; their reactivity may be increased by elevated temperatures or catalysts.
Aromatic polyisocyanates are, however, preferably preferred, as are oligomerized NCO-terminal
“adducts pr¢pRR&y Fremniceahiarvseigbl afosvatic teotydnaivy duadienpigrewralimEgfaNols. The
=_poly|socyaré%;|% ﬁ{‘{’o“LPzBrFJ%VSBB’QS}%PWBM&Méﬂg@%@éﬁr@n@?“.ﬂ Th(aT _two-comppnent _
polyurethane adhesives accordingo thé invention may additionally contain auxiliary materials, which
are preferably admixed wholly or partially with the polyol component. These are taken to mean
substances \YHENAE gpnera 0 3mal guandities Eardslo Bogibethe RoReIeSOf the
adhesive iieéﬂggiﬁ%fe gitﬁ-:%:?n?r& %?%ﬁ#p?gg\%s%;%gwét%g bghavior, stability, rate of reaction,
bubble formatidncistarhge ttifé suachmsid @l cottblsshishdiay Servicedthachbierraetian Wéhintended
application. Ex les of auxili t i level Se LAling RGNS,
thixotropingeﬁ]g)’z%}t% 82%a?y§é¥%réﬁ)§@a§?s, ygtss? %ﬂ%%@ga%g& s%%‘?%as?%%sers and wetting agents.

10042)Catajystp mésatsbise podiifor xdyn{scannmaolimtpapthadriedyankaghchtants which are

used are thg conventi r ¢ c uﬁ Kn TyNale] @pgﬁglﬁd Demistr ch as for
example irﬁ%&’ﬁ%@%ﬁ%z& §r g&%gig&%?rt%lgﬂ?n%c m ou%ﬁ%?%(%rgglg% of t e?se areﬁig-ﬁgicarbonyl
compoundswiizoniasueteigirai(theacetytiyetiosates iatsinpatoaraihdehyanstid Qdrapeunds of di-

tetravalegLtin, | t] i S icarboxylat th di
proiainsc I AR EAE R Rk v R el

dialkoxylates, such as for exampfe dibutyltin“dilaurate, dibutyltin
dibutyltin maleate, tin(ll) octoate. In particular, tertiary amines or amidines may be used as catalysts,

optionally n sonpARAgR 1L 1A BnYe:staed U BRGN ALY AAS) WG BAbere considered

;are both ac in particular cyclic compounds. Examples’are tetramethyibutanediamine,
bis(dimethyteniyieibethpolylplethor sugaliaapitydoperins!eD ABICODFUL AP IRARAIEHABY(51428)-undecene,
2,2'-dimorpgolir?éqgir%thyl ether, dimethylpiperazine or mixtures of the above-stated amines. Another
preferred efbodiment of the two-component polyurethane adhesive according to the invention
proceeds without catalysts. [0043]The adhesive according to the invention may furthermore optionally

contain addfaa%r\ z&#&oﬁ@wﬂéﬁ%ﬂ%’%%&% %gﬂgq} ggrt%%yms; RffhstpEssent

invention to'mea ilizers o / s stabilizers. Examples of these are the
conventionaroboditessial Fterisedly Hirslerse pressohiefioroattHasasher PErrpoiaudtitSddor

benzotriazolgs angey, Bmes o e 1AL A iadeifl A HayrStaglizen) pe.

[0031]Due to the number of reactive OH or NH groups, the more highly
functionalized polyols have a relatively high polarity. They are partially miscible
with water. The quantity of the more highly functionalized and the hydrophobic
polyols should be adjusted such that the mixture still exhibits hydrophobic



[0044] Resins may furthermore optionally be present. These may comprise natural resins or synthetic
resins. Examples of these are shellac, rosin, tall oil resins, gum resins or wood resins, hydrocarbon,
terpene, coumarone/indene, furan, alkyd, glycerol ester, urea, melamine, polyamide resins, in
particular also aldehyde, ketone or phenolic resins. The resins generally have a low melting point and
are advantageous among other things for improved compatibility of the components. One particular
embodimeRteReRiRssiHsseshtinray D8 ¢roapBaspeFtd e alininafitpWrtdritpe EnasE8e may then
aiso react Wi I RSOV ARECIREELATAP sty e AR oMY MG K darRgiween 5 and
30 wt.%. [0045]The compositions according to the invention may moreover contain still further, per se
known auxife@iesateteaicassaie deltidmdditsuch as for example plasticizers, thixotroping agents,
coloring pastes or pigments. Suitable fillers are inorganic compounds which are not reactive towards
isocyanates. Examples of suitable fillers and pigments are natural, ground chalk, precipitated chalk,
barytes, tal@ @52 hicsintsie tesh ks atapainalioyiiepieR isxrieseaighinyewadeonhntdde, zinc
sulfate or heop, e WBIEiakaRioA Rt hRAPRIRMANNIRoFUHLEIR0 Bp pecent as a

filler. The fillers s resent in finely divided form, for €xample of 1'to 200 pm, in particular up to

50 pm, in s8, Bdtitiey mbycaise b Rhribsdale pitndhtsratirsqaadtifpisinge AlskgigBlyments
should am%ﬂ#&%ﬁ%&%&@&%&ﬂ&éf@&%:&%ﬂ%ﬁ@ BioBiTheABRNER! filgrs has an
n'the hardness

influence o of the crosslinked adhesive. Viscosity may also be’influenced by the
quantity arf@aeldetrifaingkfifles. fyodug)Takiadeiioadsalikasiaavrie shBHNAHASS Mo veHESnto any
reactions o4 pEGRMIAYARRRIIANS MY ISIEHABR AN IEaRH MIAHPTIBBRIBIALRLIGIRFSInking
reaction. In particular, no additives, Tfor example carboxylic acids, which promote the formation of
‘bubbles in #g@thesive should be added. The adhesive according to the invention should furthermore
' preferably contain no organic solvents which are for example volatile at temperatures of up to 120C.
Plasticizers should also in particular not be present. [00471 The ratio of the isocyanate groups present

in the isocy@6&@] forfiydhent esanatioH epBusy prtsart ithehdwotyermbgaaetampiiiaiiiange of

equivalence, it bei I ' i ISO ! to
moisture pr%%ﬁ%?gr?tagegﬂﬁ&%@%wcO/gtﬁﬁa%ﬁﬁﬁfﬁﬁog @oﬁ%ﬁ%ﬁ&%& g%@l.&l, in

particular 12@igsonits: €igto 43 iatansyeaipbieisparguitasenwititife SHatestéa aHaiolot tak invention
' produced, py (oo cingL e poebamRneshdadiissaiiphaidracbiiaaauie mixed,

then any s ractions in the mixture should be dissolved. This’may also be assisted by heating. The
auxiliary mégaciiRgalownencdehize daighligiesbels Withmarieredntsht BoaxBARBEbERept low, for

example thgguipribapigalesmavdiniedieediinupt G alecalatsjice. she AbbgdngH audliary

substances may be mixed into the isocyanate component. The two components are Stored
separately ghtilalséiexengsiolthewta ipgiebripeReiere @ Yadle d ieRGle MTMEIRIRIORIERN per se

and the mixguye i?d@&;aili S 19 bgolied. 0 i8dhesive\AcRardipg.tg the
invention sﬁé%l assu %%mg?(ﬁgdpggﬁ/@for?n at appl%ﬁgrﬁéﬁgggggrgﬁé.ﬁtwedgﬁo and 40C. It

should be dptiketbidensaierbrdipmpreacoalygniliciablyene abyaol 206 dhaROLBEWERE The
adhesive %@fg&@g@@gf Qtioo S IBRALIRAL SUONARIGLROB] S cs: lakge areas often
e glued and in or

‘haveto b er to allow accurate alignment of the substrate parts to be glued, a long
‘open time is necessary. According to the invention, an open time of more than 30 min, in particular of

above 00 il ia AEIENEN- RABBIZC KSR MeRiBR Perpgof e WhiS ke ey
two-compohent adhesive has been completely mixed, remains for'proper processing before the
consistencyoivberadmssitierhdsifingigagligaad/or small quantities of trifunctional alcohols

may accordingly be condensed with a deficit of dicarboxylic acids and/or
tricarboxylic acids or the reactive derivatives thereof to form polyester polyols.
Aromatic or aliphatic carboxylic acids may be used. Suitable dicarboxylic acids
are for example adipic acid or succinic acid and the higher homologs thereof
with up to 16 C atoms, as are furthermore unsaturated dicarboxylic acids such
as maleic acid or fumaric acid, aromatic dicarboxylic acids, in particular phthalic
acid, isophthalic acid or terephthalic acid. Citric acid or trimellitic acid are, for

example, suitable as tricarboxylic acids. The stated acids may be used



to the onset of the reaction to such an extent that application, flow out on the substrate and good
adhesion may no longer be achieved. The change in the adhesive composition may here be due to the
intended crosslinking reactions, but secondary reactions may also have a negative impact on pot life.
[0051] The long open time may be influenced by the quantity of the hydrophobic alcohols. If the
guantity of hydrophobic polyols is too low, an adequate open time is not obtained. The adhesive
crosslinks ragidigeaty mbdte séf sissefvBeotefonerd ibareely Stalyepiaic palfierpefrredte of

reaction a en:time; T s t |.c n han 2 wt.%,
in particulg}Eii @s%@%‘%@&wﬁggﬁﬁ ?’e@tﬁﬁgﬁ 0. ?wt@ﬁ%0§f]£§€@%ﬁi%%$ﬁﬁé fEﬁ:(gfriéponents itis
achieved triiptae fadresvepizepesne ed | fsgrahsitdouemperdione ¢ Toipts, 58 tparodanfy particular of

recuired mEURENEA) S I A AT SNy of 8 oo BSUE A obiained

ity vated mechanical stability of the crosslink

thanks to thidebldeterphasrdinterpertyhgdrmroohhydiophoBrriiuNatly suitabée gutidarmgonal polyol.
The adhesiygs suitaple a}ﬁc?ﬂj@gaigr%‘? yanian iR rﬁé“é‘é{??ﬁ%@ Sig%ﬁé‘éﬂ ‘%ﬁ%%?i&r%%%'“k'“g- Itis
found in this connection that an inadequate quantity of the hydrophobic alcohols reésults in an
inconstant $9t@tiex@ugure adimoistiteoNocdttier) tieetlkelinvention, after immersion of a test specimen
in water (1000 h, distilled water, 25C), the glass transition temperature should deviate by at most 20%
from the initial value. [0053] In a further embodiment, it is possible for the adhesive to comprise at

least two gi¥B3rhhaiipoikesissrdioieshohidskevn @ drwsnettisgipoiringp dratlisgishautadrere be below

the first gl ifion t . Thi T9 I inat t f _
500 o LroRpete, MRS . ot iy B b e Baladh SRR S T
example, béQﬁ@@meH B‘ywmemigmtn@emdmasmffera@m@ngiim afnapmwrenielt tene@rature of from
-10Cto +7%%ng}'§i S!?\%"Wsﬂ%t%e%tgriwaﬂ]o]io%QcMP?h@”Bgﬂre@tQ%igg 159 %%izr}:mtageous

because they promote miscibility of the hydrophobic and polar polyols.

[0036] The polyol component should contain 2 fo 30 wi.% of at least one
polyester polyol, 5 to 50 wt.% of hydrophobic polyols and 5 to 35 wt.% of
polyfunctional polyols with 3 to 14 OH groups, and 2 to 85 wt.% of additives or
auxiliary substances. A preferred embodiment should contain 5 to 20 wt.% of
polyester polyols, 10 to 30 wt.% of hydrophaobic polyols, 10 to 30 wt.% of
polyfunctional polyols fogether with additives. The total of the percentages of
the polyol component should here amount o 100%.

[0037] The various polyol components have an influence on the necessary
properties of the crosslinked adhesive. If the quantity of polyols with 3 to 14 OH
groups is too low, sufficient cohesion of the adhesive is not obtained. The
quantity of these polyols may have an influence on the crosslink density of the
adhesive; it furthermore has an influence on the glass transition temperature. If
the quantity of the hydrophobic polyols is not sufficient, mechanical defects,
such as gas bubbles, may be caused on gluing. There may also be a negative

impact on the open time necessary for processing.

[0038] Polyfunctional isocyanates are suitable as the polyisocyanates in the

isocyanate component. Suitable isocyanates preferably contain on average 2 to



[0054] The two-component polyurethane adhesive according to the invention may in particular be used
for gluing fiber composite materials. The substrates are here produced as a molded part. The surface
to be glued should here be free of contaminants; it may be used directly from the production process.
Provisional protection of such surfaces by a protective woven fabric, which is then removed before
further processing, is also conventional. The adhesive according to the invention is applied onto this
surface in theftefarably layetobéadd ©OsporsipsayBuitalenEss waanates 1ar¢o D emeTittefiatieer substrate
is then applj !gp‘ﬁ optjopally d ﬁ%] xed,: ' p@;ﬁﬁ the stil le adhesive is
distributed %ﬁ#ﬁ)@ﬂ y 0%;2 f%'e %lﬁb%%iat(ﬁé%%?ie. ﬂéﬁ&@%@%@%ﬁe IaI érﬁfiérggi&%?s possible
to ensure tMPurEl/aiviBdse xvitresuditaesy anbte g X arevieveled qutatigmethekivigiand the
substrates gome EE%F@‘t?Sﬁ‘ﬁh%rﬁg,”tﬁ?&*-@ﬁﬁé@'&ﬁ%’t@?ﬂ@%?n@e%j%%r L Fis may progeed at
ambient temperature; crosslinking' may optionally also be accelerated by €levated temperatures of up
to 90C. AfttetcralglidiihgniieeatiasiydisoayeiateiodHe-thbentivhdigubitaretaaled-piechanical
strength. e ibits a sheak tho Pa.me oD 5. [0056]In
order to irﬁ%%e%%%%?it r?fkg/%bhe% ﬁg%rgaéjeﬁg%%ﬁgghg ri%higskl%\fg Fés 8@3@%%@& to subject
the glued stilstrysate o BR), tréatratnt gt dedisodymnatihesiichbsadeshdu@-hdsobgaadfosted to an
elevated temperalure o d-190 i f betyeen.30 mj d rs. Without
being tied to a pcggrﬁc%lhla& ‘lff'gé{rgys,glé/%%agééﬁzrlh%ﬁti{%%%@éf%/%%%r%es\{\t(g—i#ttggnca\{lé&r%{éﬁ%z’gé b%%ﬁ'é crosslink
sites and crpethifihexioraains, bossyatiagomstaphs seoivarchiaradignistiowetbge i tie xanecomponent

polyurethan [ rdi h i permi reduetion | sslinking time or in
the temper o p e e R S e Sh e T S TR e
manufacturlrigrpitecepsrsate alshing d udieskeds fatbp eeidueiise cyirmige atingniomexyyiiketisade limited or
‘avoided. (00 neegurs e pahesivasASsRINGL e Ientan ALcmehanigglly siable even a
elevated temperatures.’In this way, gaps, crevices or cavities of up to m in‘size mayabe filled with
the adhesiesidnsyiseoyseadcetndmsgigiue bond. The glue bond is also stable on exposure to
fluctuating loads, as arise when the blade is used as a rotor. The vibrations, changes in temperature or
elevated exposure to moisture brought about by various environmental influences do not weaken the
glue bond. [OO%H] T e dtsitowirss Biarimpleseillovtratei gy entipoly 0850 | rrohsg teligaityetsA: molecular

weight = 2000, RIeRASH,"OMApIHaRd JRaRed i A BrbaNSL BB TDPwitn
low molecular weight diols, such as for example ethylene glycol, diethylene

glycol, propylene glycol, dipropylene glycol or firiethylene glycol. These

: oligomeré are obtained in the event of an excess of monomeric polyisocyanate

in the presence of diols. The molecular weight of the diols is here generally

below 1500 g/mol. Monomers may optionally be eliminated from the reaction

product by distillation. Isocyanurates and biurets of isocyanates, for example of

HD! or IPDI, are also suitable, as are carbodiimide-liquefied diphenylmethane

diisocyanate or crude MDI.

[0040] Aliphatic and cycloaliphatic polyisocyanates may be used; their reactivity
may be increased by elevated iemperatures or catalysts. Aromatic
polyisocyanates are, however, preferably preferred, as are oligomerized NCO-
terminal adducts prepared from the above-stated aromatic isocyanates and low
molecular weight diols. The polyisocyanates should preferably be flowable at

room temperature.

10



Hydrophobic polyol: castor oil Polyol B1: molecular weight = 700; polyether polyol; f = 3 Polyol B2:
N,N,NN"-tetra(2-hydroxypropyl)ethylenediamine; f = 4 [0060] The constituents of the polyol component
(quantity by weight) are mixed at room temperature. The adhesive is produced by mixing the polyol
component with the isocyanate; within 30 minutes suitable test specimens are produced and then
cured. [0061] Curing: 48 h at 40C. Example Starting material 1 2

[0041] The two-component polyurethane adhesives according to the .invention

may additionally contain auxiliary materials, which are preferably admixed
wholly or partially with the polyol component. These are taken to mean
substances which are generally added in small gquantities in order fo modify the
properties of the adhesive in a desired direction, for example viscosity, wetting
behavior, stability, rate of reaction, bubble formation, storage life or adhesion,
and also to adjust service characteristics to the intended application. Examples
of auxiliary substances are fillers, leveling agents, deaerating agents,
thixotroping agents, catalysts, antioxidants, dyes, desiccants, resins,
plasticizers and wetting agents:

[0042] Catalysts may also be used, for example when using aliphatic
isocyanates. Catalysts which are used are the conventional organometallic
compounds known in polyurethane chemistry, such as for example iron
compounds or also in particular tin compounds. Examples of these are 1,3-
dicarbonyl compounds of iron, such as iron(lll) acetylacetonate, and in
particular the organotin compounds of di- or tetravalent tin, in particular Sn(l)
carboxylates or dialkyl-Sn(lV) dicarboxylates or the corresponding
dialkoxylates, such as for example dibutylfin dilaurate, dibutyltin diacetate,
dioctyltin diacetate, dibutyltin maleate, tin(ll) octoate. In particular, tertiary
amines or amidines may be used as catalysts, optionally in combination with
the above-stated tin compounds. Amines which may here be considered are
both acyclic and in particular cyclic compounds. Examples are
tetramethylbutanediamine, bis(dimethylaminoethanol) ether, 1,4-diazabicyclo-
octane (DABCO), 1,8-diazabicycio-(5.4.0)-undecene, 2,2'-dimorpholinodiethyl
ether, dimethylpiperazine or mixtures of the above-stated amines. Another
preferred embodiment of the two-component polyurethane adhesive according
to the invention proceeds without catalysts.

[0043]The adhesive according to the invention may furthermore optionally
contain additional stabilizers. "Stabilizers”" should be understood for the
purposes of the present invention to mean antioxidants, UV stabilizers or

hydrolysis stabilizers. Examples of these are the conventional commercial

11



Polyol component Castor oil 30 30 Polyol B1 25 /.

sterically hindered phenols and/or thioethers and/or substituted benzotriazoles
and/or amines of the "HALS" (Hindered Amine Light Stabilizer) type.

[0044]Resins may furthermore optionally be present. These may comprise
natural resins or synthetic resins. Examples of these are shellac, rosin, tall oil
resins, gum resins or wood resins, hydrocarbon, terpene, coumarone/indene,
furan, alkyd, glycerol ester, urea, melamine, polyamide resins, in particular also
aldehyde, ketone or phenolic resins. The resins generally have a low melting
point and are advantageous among other things for improved compatibility of
the components. One particular embodiment uses resins confaining OH
groups, in particular a plurality of OH groups. These may then also react with
the isocyanates. In a preferred embodiment, the guantity may amount to
between 5 and 30 wt.%.

[0045] The compositions according to the invention may moreover contain still
further, per se known auxiliary substances and additives, such as for example
plasticizers, thixotroping agents, coloring pastes or pigments. Suitable fillers
are inorganic compounds which are not reactive towards isocyanates.
.Examples of suitable fillers and pigments are natural, ground chalk, precipitated
chalk, barytes, talcum, mica, carbon black, titanium dioxide, iron oxides,
aluminum oxide, zinc oxide, zinc sulfate or silicon dioxide. Water-absorbing
powders, for example zeolite, may also be present as a filler. The fillers should
be present in finely divided form, for example of 1 to 200 um, in particular up to
50 um, in size, but they may also be nanoscale pigments. The quantity of the
fillers and pigments should amount to from 0 to 60 wt.%, in particular from 5 to
40 wt.%. The quantity of fillers has an influence on the hardness of the
crosslinked adhesive. Viscosity may also be influenced by the guantity and
selection of the filler.

[0046] The additives are selected such that do not enter into any reactions or
secondary reactions with isocyanates, at least not over the duration of the
crosslinking reaction. In particular, no additives, for example carboxylic acids,

which promote the formation of bubbles in the adhesive should be added. The

12



Polyol B2 ./. 10 Polyester polyol A 13 14 Calcium carbonate 20 20

adhesive according to the invention shouid furthermore preferably contain no
organic solvents which are for exampie volatile at temperatures of up to 120°C.

Plasticizers should also in particular not be present.

[0047] The ratio of the isocyanate groups present in the isocyanate component
to the OH groups present in the polyol is generally in the range of equivalence,
it being convenient to provide a slight excess of isocyanate groups with regard
to moisture present on the surface. The NCO/OH ratio should amount to
between 0.90:1 and 1.5:1, in particular 1.0:1 to 1.3:1.

[0048] The two-component polyurethane adhesive according to the invention is
produced by firstly producing the polyol component. To this end, the liquid
polyols may be mixed, then any solid fractions in the mixture should be
dissolved. This may also be assisted by heating. The auxiliary materials are
then admixed and dispersed. The moisture content should here be kept low, for
example the quantity of water may be reduced by using molecular sieves.
Some of the inert auxiliary substances may also be mixed into the isocyanate
component. The two components are stored separately until use. For use,
these two components are mixed together in a manner known per se and the

mixture is applied to the substrates to be glued.

[0049] The adhesive according to the invention should assume a liquid to pasty
form at application temperature, i.e. between 10 and 40°C. It should be
applicable as a fiim or bead and, on application, should not run on the
substrate. The adhesive mixture according fo the invention is in particular

thixotropic.

[0050] Since large areas often have to be glued and in order to allow accurate
alignment of the substrate paris to be glued, a long open time is necessary.
According to the invention, an open time of more than 30 min, in particular of
above 60 min, is achieved. Open time is taken to mean the period of time
which, once the two-component adhesive has been completely mixed, remains

for proper processing before the consistency of the adhesive has changed due

13



Aerosil R 202 5 4 DABCO 0.5 0.5 Stabilizers 0.5 0.5

to the onset of the reaction to such an extent that application, flow out on the
substrate and good adhesion may no longer be achieved. The change in the
adhesive composition may here be due to the intended crosslinking reactions,

but secondary reactions may also have a negative impact on pot life.

[0051] The long open time may be influenced by the quantity of the hydrophobic
alcohols. If the quantity of hydrophobic polyols is too low, an adequate open
time is not obtained. The adhesive crosslinks rapidly and bubbles are observed
to form. The catalyst may also influence the rate of reaction and open time. The
water content of the polyol component should amount to less than 2 wt.%, in
particular less than 1 wt.%, preferably less than 0.5 wt.%.

[0052] By selection of the components it is achieved that the adhesive presents
a glass transition temperature (Tg) of 50°C to 130°C, in particular of 60 to
110°C (measured by DSC, DIN 11357). The elevated Ty is necessary in order
to obtain the required mechanical stability. Elevated mechanical stability of the
crosslinked adhesives is obtained thanks to the selection according fo the
invention of hydrophobic polyols and the polyfunctional polyol. The adhesives
suitable according to the invention yield a hydrophobic network after
crosslinking. It is found in this connection that an inadequate quantity of the
hydrophobic alcohols results in an inconstant T, on exposure to moisture.
According to the invention, after immersion of a test specimen in water (1000 h,
distilled water, 25°C), the glass transition temperature should deviate by at
most 20% from the initial value.

[0053]in a further embodiment, it is possible for the adhesive to comprise at
least two glass transition temperatures. The second glass ftransition
temperature should here be below the first glass transition temperature. This
second Ty may for example be in a temperature range from -50°C to +70°C, in
particular from -10°C to +40°C.

The structural stability-ef the glue bond may, for example, be measured by

means of the modulus of elasticity. At a measurement temperature of from
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Zeolites 5.0 2.0 Isocyanate component Crude MDI NCO:OH 1.05 NCO:OH 1.05

-10°C to +70°C, this should be greater than 1000 MPa (similar to DIN EN

1SO 527).

[0054] The two-component polyurethane adhesive according to the invention

may in particular be used for gluing fiber composite materials. The substrates

are here produced as a molded part. The surface to be glued should here be

free of contaminants; it may be used directly from the production process.

Provisional protection of such surfaces by a protective woven fabric, which is

then removed before further processing, is also conventional. The adhesive

according to the invention is applied onto this surface in the form of a layer,

bead or spots. Layer thickness may be up to 2 cm. The further substrate is then

applied, aligned and optionally pressed and fixed. As this happens, the still

flowable adhesive is distributed uniformly over the substrate surface. Thanks to

the elevated layer thickness, it is possible to ensure that unevennesses of the

surfaces to be glued are leveled out with adhesive and the substrates come

into extensive contact.

[0055] The glue bond is then cured. This may proceed at ambient temperature;

crosslinking may optionally also be accelerated by elevated temperatures of up

to 90°C. Afier crosslinking, the adhesive according to the invention exhibits

elevated mechanical strength. A glue bond exhibits a shear sfrength of above

15 MPa measured to DIN EN 1465,

[0056] In order to improve a glue bond, it may be advantageous, once the

adhesive has crosslinked, to subject the glued substrates to a heat treatment

process. The adhesive bond should here be adjusted to an elevated

temperature of between 40 and 100°C for a period of between 30 min and 24

hours. Without being tied to a particular theory, it is assumed that this gives

rises to internal ordering of the crosslink sites and crystalline domains, so

resulting in stable service characteristics. Use of the two-component

polyurethane adhesives according to the invention here permits a reduction in

crossiinking time or in the temperature required. The loads to which the

i5



1 2 Modulus of elasticity (approx.) T9 2000 MPa 55C 2200 MPa

composite materials are exposed during the manufacturing process are also

reduced as a consequence. Heat treatment may likewise be limited or avoided.

[0057]1Once cured, the adhesives according to the invention are mechanically
stable even at elevated temperatures. In this way, gaps, crevices or cavities of
up to 2 mm in size may be filled with the adhesive and give rise {o a strong glue
bond. The giue bond is also stable on exposure to fluctuating loads, as arise
when the blade is used as a rotor. The vibrations, changes in temperature or
elevated exposure to moisture brought about by various environmental

influences do not weaken the giue bond.

[0058] The following Examples illustrate the invention.
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60C T9 (after immersion in water)-approx. 45C approx. 50C [0062]A layer of the polyol component is
mixed with 1% water, then mixed with the same quantity of MDI and cured at room temperature as a
body approx. 1 cm thick, 5 cm in diameter. A solid body containing only few bubbles is obtained.
Example 3 (Comparison) [0063]A composition according to Example 1 was produced, with the
provision that castor oil (hydrophobic polyol) was replaced by a corresponding quantity of a
polyethylene glycol (molecular weight approx. 1000, 3-functional). The quantity of zeolite was reduced

to 1. [0059] Polyester polyol A: molecular weight = 2000; prepared from adipic acid
reacted with butanediol and hexanediol; =2
Hydrophobic polyol: castor oil
Polyol B1: molecular weight = 700; polyether polyol; f= 3
Polyol B2: N,N,N'N"-tetra(2-hydroxypropyl)ethylenediamine; f = 4

[0060] The constituents of the polyol component (quantity by weight) are mixed
at room temperature. The adhesive is produced by mixing the polyol
component with the isocyanate; within 30 minutes suitable test specimens are

produced and then cured.

[0061] Curing: 48 h at 40°C.

Example 1 2
Starting material

Polyol component

Castor oil 30 30
Polyol B1 25 A

Polyol B2 | A 10
Polyester polyol A 13 14
Caicium carbonate 20 20
Aerosil R 202 . 5 4

DABCO 0.5 0.5
Stabilizers 0.5 0.5
Zeolites 5.0 2.0

Isocyanate component _
Crude MDI NCO:0OH 1.05 | NCO:0OH 1.05
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[0064] On curing, it was found that a thick adhesive bead exhibited bubbles and was consequently not
mechanically stable. A mixture of the polyol components with 1% water and with the same quantity of
isocyanate likewise hardened with vigorous bubble formation. Example 4 (Comparison) [0065]A
mixture according to Example 2 is produced. Polyol B is replaced by a polyether diol (molecular weight

800). [0066] The adhesive cures. It is found, however, thaf the glass transition temperature exhibits a
value of below 40C. The mechanical properties ofithe adhesive (fér example modulus of elasticity)
were inadequate. CLAIMS 1.)A two-component polyurethane adhesive cansisting of a poiyol
component contdipdidus of elasticity 2000 MPa 2200 MPa

(approx.)

Ty 55°C 60°C

Ty (after immersion in . approx. 45°C | approx. 50°C

water)

[0062] A layer of the-polyol component is mixed with 1% water, then mixed with
the same quantity of MDI and cured at room temperature as a body approx.

1 em thick, 5 cm in diameter. A solid body containing only few bubbles is
obtained.

Example 3 (Comparison)
[0063] A composition according fo Example 1 was produced, with the provision
that castor oil (hydrophobic_polyoi) was replaced by a corresponding quantity of

a polyethylene glycol (molecular weight approx. 1000, 3-functional). The
quantity of zeolite was reduced to 1.

[0064] On curing, it was found that a thick adhesive bead exhibited bubbles and
was consequently not mechanically stable.
A mixture of the polyol components with 1% water and with the same quantity

of isocyanate likewise hardened with vigorous bubble formation.

Example 4 (Comparison)
[0065] A mixture according to Example 2 is produced. Polyol B is replaced by a
polyether diol (molecular weight 800).

[0066] The adhesive cures. It is found, however, that the glass transition

temperature exhibits a value of below 40°C. The mechanical properties of the

adhesive (for example modulus of elasticity) were inadequate.
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a) 2 to 30 wt.% of at least one polyester diol with a molecular weight of above 1000 g/mol, b) 5 to 35
wt.% of at least one 3- to 14-functional polyol c) 5 to 35 wt.% of hydrophobic polyols having a
functionality between 2, 3, and 4, 2 to 65 wt.% of further additives or auxiliary substances, the total
being intended to amount to 100%, together with an isocyanate component prepared from
polyisocyanates in an NCO/OH ratio of 0.9:1 to 1.5:1, the crosslinked adhesive exhibiting a Tg of
above 50C. 2.)The two-component polyurethane adhesive according to claim 1, wherein the
hydrophobic poiyol c) is selected from polycar polybutadienes or oleochemical polyols. 3.The
two-component polyurethane adhesive according to either one of claim 1 or claim 2, wherein the
polyester diol is synthesized from low molecular weight linear aliphatic, cycloaliphatic and/or branched

diols and afihatia ciggbaxdls A WEVAMRIERYLARI " W ILARRQC §fmg. ipgiggfioutar of
g/mol. o -

component containing

a) 2 to 30 wt.% of at least one polyester diol with a molecular weight
of above 1000 g/mol,

b) 5 to 35 wt.% of at least one 3- to 14-functional polyol

c) 5 to 35wt% of hydrophobic polyols having a functionality
between 2. 3, and 4,

d). 2 to 65 wt% of further additives or auxiliary substances, the total
being intended to amount to 100%,

together with an isocyanaie component prepared from polyisocyanates

in an NCO/OH ratio of 0.9:1 to 1.5:1, the crossiinked adhesive exhibiting

a Ty of above 50°C.

2.)  The tiwo-component polyurethane adhesive according fo claim 1,
wherein the hydrophobic polyol ¢) is selecied from polycarbonates,

polybutadienes or oleochemical polyois.

3.)  The two-component polyurethane adhesive according to either one of
claim 1 or claim 2, wherein the polyester diol is synthesized from low
molecutar weight finear aliphatic, cycloaliphatic and/or branched diols
and aliphatic dicarboxylic acids, with a molecular weight of up fo
15000 g/mol, in particular of 1500 to 8000 g/mol.

4.)  The two-component poiyurethane adhesive according to any one of
claims 1 to 3, wherein the polyol b) ts a polyol presenting 3- to 9-OH
groups, selected from sugar alcohols, polyether polyols or polyols

containing amino groups.
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4.)The two-component polyurethane adhesive according to any one of claims 1 to 3, wherein the
polyol b). is a polyol presenting 3- to 9-OH groups, selected from sugar alcohols, polyether polyols or
polyols containing amino groups. 5.) The two-component polyurethane adhesive according to any one
of claims 1 to 3, wherein resins, in particular resins comprising one or more OH groups, are present as
an additive. 6.) The two-component polyurethane adhesive according to any one of claims 1 to 4,
wherein arématic Eb@iéwyaﬁmeemtuseﬂfufgfmﬂm&dbem'penamqndmgethaaeyadjmiwé according

to any one of cIan‘Q%r’HQ ?tﬁvge{}%@}@% ?QgﬁEIV% %Oé#%[}?ap? esé'olJ‘vent Bk garti%ur!%r arl%)ocrgntains no

in
plasticizers. 8.) The two-component polyure hane esive accor ing 1 %ne B LIARS 1 to 6,
wherein the crossfititeiieictasive bt asEnaidditive.60C and below 130C. 9.) The two-component
polyurethane adhesive according to claim 8, wherein the crosslinked adhesive exhibits hydrophobic
properties such that, after immersion in water, the glass transition temperature T9 deviates by less
than 20% ffojm the h@natwaaummomenhaaw{wmm@oaeadhesmuag:mrmygme arofaione 1D 9, wherein

the crosslinked adfiggve £xhIbIG PSRN H AN R BRI A0S TIRL T84,

7.)  The two-component polyurethane adhesive according to any one of
claims 1 to 5, wherein the adhesive contains no solvents, in particular

also contains no plasticizers.

8.) The two-component polyurethane adhesive according to any one of
claims 1 to 6, wherein the crosslinked adhesive exhibits a Ty of above
60°C and below 130°C. '

8.) The two-component polyurethane adhesive according to claim 8,
wherein the crosslinked adhesive exhibits hydrophobic properties such
that, after immersion in water, the glass transition temperature T,

deviates by less than 20% from the initial value.

10.) The two-component according to any one of claims 1 to 9, wherein the

crosslinked adhesive exhibits a second Tq which is below the first T,

11.) The two-component polyurethane adhesive according to any one of
claims 1 to 10, wherein, after crosslinking, the adhesive exhibits a
modulus of elasticity of greater than 1000 MPa at a temperature of
between -10°C and 70°C.

12.)  Use of a two-component polyurethane adhesive according to claims 1 fo
11 for gluing metal, plastics or foam substrates or fiber composite

Mmaterials,
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A1.) The two-component polyurethane adhesive according to any one of claims 1 to 10, wherein, after
crosslinking, the adhesive exhibits a modulus of elasticity of greater than 1000 MPa at a temperature
of between -10C and 70C. 12.) Use of a two-component polyurethane adhesive according to claims 1
to 11 for gluing metal, plastics or foam substrates or fiber composite materials. 13.) The use according
to claim 12 for gluing molded parts based on glass fibers, carbon fibers, textile fibers in a polyester or

polyepoxy rriafrix. THe) Tte asecadry dmglairdlaith i giuteinmridded Puitg baddddopagiasyith an
uneven surface.

fibers, carbon fibers, textile fibers in a polyester or polyepoxy matrix.

14.) The use according to claim 12 or claim 13 for gluing molded parts with

an uneven surface,
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