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US-A 3 428 610 and US-A 4 463 126 disclose the preparation of polyurethane/polyurea elastomers

by curing NCO-functional prepolymers with aromatic diamines. These are preferably diprimary
aromatic diamines, having at least one alkyl substituent of 2-3 carbon atoms positioned ortho to
each amino group, and possibly also having methyl substituents in further positions ortho to the

20 amino groups, such as, for example, diethyltolyldiamine (DETDA).

US-A 4 463 126 describes a process for producing solvent-free elastic coatings which involves
curing NCO prepolymers based on isophorone diisocyanate (IPDI) and polyether polyols at room

temperature using sterically hindered diprimary aromatic diamines.

A disadvantage associated with such systems is that the aromatic diamines have a propensity

25 towards severe yellowing.

A further option for retarding the reaction between polyisocyanates and amines is to use secondary
amines. EP-A 403 921 and US-A 5126 170 disclose the formation of polyurea coatings by
reaction of polyaspartic esters with polyisocyanates. Polyaspartic esters possess low viscosity and
reduced reactivity towards polyisocyanates and can therefore be used for preparing solvent-free
30 coating materials having extended potlifes. An additional advantage of polyaspartic esters is that

the products are colourless.
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B) amino-functional polyaspartic esters of the general formula (I)

H 1

X N—C—COOR
H l 2 (I)

C—COOR

H2 n
in which
X is an n-valent organic radical obtained by removing the primary amino groups of
15 an n-valent polyamine,

R' and R? are identical or different organic radicals which are inert towards isocyanate

groups under the reaction conditions and
n is a whole number of at least 2.
The allophanates used in component A) are obtainable by reacting
20 Al)  one or more aliphatic and/or cycloaliphatic polyisocyanates with
A2)  one or more polyhydroxy compounds, at least one being a polyether polyol,

to give an NCO-functional polyurethane prepolymer and then subsequently subjecting its urethane

groups thus formed to partial or complete allophanatization with addition of

A3)  polyisocyanates, which can be different from those from A1), and
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catal ysts and A5) optionally stabilizers. Exanples of suitable aliphatic and
cycl oaliphatic polyisocyanates Al) are diisocyanates or triisocyanates such
as butane diisocyanate, pentane diisocyandt-e, hexane diisocyanate 5
(hexanet hyl ene diisocyanate, HDI ), 4-isocyanatonet hyl -octane

1, 8- dllsocyggg tr||s cyanat ononane, TIN) or cyclic systens, such as

4, 4" -met hyl en bi & %V%io exyl isocyanate),

3,5,5-trimethyl -1-isocyanat o- 3-i socyanat onet hyl cycl ohexane (i sophorone
diisocyanaté?)IFﬁm#mthﬂﬂ@hS@-uo,uo'-diisocyanato-l,3-dinethy|cyc|ohexane
(H6XDI). In conponents Al) to A3) it is preferred to use hexane diisocyanate

(hexamet hy| gpgngidsl SOGYRBRL Sliphatld aﬁ@'c}eloaﬁrpﬂatlc YA S BRI S A B GleOlRYWanates or
i socyanate) and/or 3,5,5-trinethyl-]-isocyanato-3-isocyanat o-

met hyl cycl oHbseaypaies s#isho s n Butane stisgeapnptce, peneE) diisockartale shrxgeem adisacyarate
|1 t HDI t d
especi al |y gf e?sfn‘?ertl%g{ﬁgs OPMAo%%Xé”a Glﬁl]b 4 1stcP rﬁlo}ﬂ g&goﬁﬁe ' léﬁ ?&B&EJ €

to use pol ylsocya t he sahe ty y conpounds
conponent Azynsoqyanamqyow; BN ¢rocyoke S)atehls,os‘uch lae 4¢Gmytﬂ1yldnedmsj(cyclb5e)@brsp@umks)

known to th erson t hat have ref ave

et onal 1 By grme iR P orV D Gine B E) JorERank ispholind ey D and
conpounds caRd @junefikobyndidN ﬁaﬁ@ﬁlg@ydlmx&i@mg{m pol yet her polyol. Suitable
pol yhydr oxy conpounds whi ch can be used in A2) are | ow nol ecul ar wei ght

dials (e.qg. etha opanedi ol , .1, 4- but ane
Frors. (e ln Spemi A e Abith FsfeRPisaise pRasb ARGy aPat ibstractinty Hscyrace,
pent agoyt hr HDW), 4,4'- ﬂ@thyleﬁébﬁ(cyﬁl@héé@l ﬁ;ocyﬂﬂité)%ﬂ/@f 3 B Gltyitnkyl- PRby@A4E9 MRk Fanato-
pol yol s and pol thloether polyols, In is preferred to use, as
pol yhydr oxy ™ méanee(xseplapg?aﬁe4lvocyg%%tlsﬁeea§ RofYisopeanate s rASRSREG e eRTeTRiredt
that are baﬁﬁgm&gmgﬁgggﬁﬁer The pol yether pol yols used in A2) preferably
have nunber-average nol ecul ar weights M of 300 to 20 000 g/nmol, with
particul ar efer;nce 1000,  to, 12 000 g/ nol, h very particular preference
25 2000 to o it ISTREfTed P o )ﬁ§5’§3§3é'§'§5 %tdrt $ @MSLYRF- an average OH
functionality of ? 1.9, with particular preference 1.95. Polyether polyols
of this ki ndsgot/hedrosy marhbamnﬂsn ofl ch]fiMféﬁlI Mﬁal is NfRRsiBiE tbyusaldnoa(fythat;iodyhydrbxy
suitag starter npl ecul e E base ﬁ‘y5|s or _usin doughg nmet a

é ( €s ave

cyani DIV@mQ?HWFOIHW(Yg tot 1 ed person t at preferably, an average functlonallty of

greater than or equal to 1.5, at least one of the compounds contained in A2) necessarily being a

polyether polyol.

Suitable polyhydroxy compounds which can be used in A2) are low molecular weight diols (e.g.
1,2-ethanediol, 1,3- and 1,2-propanediol, 1,4-butanediol), triols (e.g. glycerol, trimethylolpropane)
20 and tetraols (e.g. pentaerythritol), polyether polyols, polyester polyols, polycarbonate polyols and
polythioether polyols. In A2) it is preferred to use, as polyhydroxy compounds, exclusively

substances of the aforementioned kind that are based on polyether.

The polyether polyols used in A2) preferably have number-average molecular weights M, of 300
to 20 000 g/mol, with particular preference 1000 to 12 000 g/mol, with very particular preference
25 2000 to 6000 g/mol.

They further possess preferably an average OH functionality of > 1.9, with particular preference
>1.95.

Polyether polyols of this kind are obtainable in a conventional manner by alkoxylation of suitable

starter molecules with base catalysis or using double metal cyanide (DMC) compounds.

30 Particularly suitable polyether polyols of component A2) are those of the aforementioned kind

having an unsaturated end group content of less than or equal to 0.02 milliequivalents per gram of



30 Particularly suitable polyether polyols of conponent A2) are those of the
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The preparation of the polyurethane prepolymers, containing isocyanate groups, as intermediates is
20 accomplished by reaction of the polyhydroxy compounds of component A2) with excess amounts
of the polyisocyanates from Al). The reaction takes place in general at temperatures from 20 to
140°C, preferably at 40 to 100°C, with the use where appropriate of catalysts known per se from
polyurethane chemistry, such as tin soaps, for example, e.g. dibutyltin dilaurate, or tertiary amines,

e.g. triethylamine or diazabicyclooctane.

25 The allophanatization then takes place thereafter by reaction of the polyurethane prepolymers
containing isocyanate groups with polyisocyanates A3), which can be the same as or different from
those of component A1), with the addition of suitable catalysts A4) for the allophanatization.
Typically thereafter the acidic additives of component A5) are added for stabilization and excess
polyisocyanate is removed from the product by means, for example, of thin-film distillation or

30 extraction.

The molar ratio of the OH groups of the compounds of component A2) to the NCO groups of the
polyisocyanates from Al) and A3) is preferably 1:1.5 to 1:20, with particular preference 1:2 to
1:15, with very particular preference 1:2 to 1:10.
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The aforementioned acid additives can also be used to deactivate the allophanatization catalyst.
Furthermore, they improve the stability of the allophanates prepared in accordance with the
20 invention, having this effect, for example, under thermal load in the course of thin-film distillation

or else after the preparation, during storage of the products.

The acidic additives are generally added in an amount at least sufficient for the molar ratio of the
acidic centres of the acidic additive and of the catalyst to amount to at least 1:1. It is nevertheless

preferred to add an excess of the acidic additive.

25 Where acidic additives are used at all they are preferably organic acids such as carboxylic acids or

acid halides such as benzoy| chloride or isophthaloyl dichloride.

Where excess diisocyanate is to be separated off, thin-film distillation is the preferred method and
is carried out generally at temperatures from 100 to 160°C under a pressure of 0.01 to 3 mbar. The
residual monomer content thereafter is preferably less than 1% by weight, with particular

30 preference less than 0.5% by weight (diisocyanate).

The process steps overall can be carried out optionally in the presence of inert solvents. By inert

solvents are meant those which do react with the reactants under the prevailing reaction conditions.
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general fornula’(
3 mbar down to a residual monomer content of less than 1%, preferably less than 0.5%. Following
20 the thin-film distillation it is possible if desired to add further stabilizer.

Such allophanates, used in the two-component coating systems claimed, correspond typically to

the general formula (II),
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in which

25 Q'and Q? independently of one another are the radical of a linear and/or cyclic

aliphatic diisocyanate of the type stated, preferably -(CH,)¢-,



ORr HNOR(Il) z OCNO in which 25 QL and @ i ndependently of one
another are the radical of a linear and/or cyclic aliphatic diisocyanate of
the type stated, preferably -(CH2)6-, 7 R3 and R4 independently of one

anot her are hydrogen or a Cl1-C4 al kyl radi’eal, R3 and R4 being preferably
hydr ogen and/ or nethyl groups and it being possible in each repeating unit

k for the definigkhion of R3._and R4.to. bhe different,, Y is radi cal, gf
starter m)llgcah gu of the tylf)lgepse?(l;é? %?f%lg\a}?or%%ergreﬁl ﬁ%’ Fofid (IL/LP@ a“?'q(r)a?hc b B oa@,

and hence z is a nunber frRVbehgtpeeférablyhidrbgeaandion mahyltgraaps hreit bisigy pasible in
different starter nol ecul es, need. not. o our se .be a whole nu r, and al so
k corresponds preferably t??C%reﬂfﬁ?BEP“‘blfI-%ﬁﬁé'ﬁﬁ?‘t‘%?fta% @Ekf fo egf?er‘l’%r t he

nunber - aver age nol ecul ar wei ght of the polyether on which the structure 10
is based toYbe 300 to 20 0®hegadicdl pf astattammiotelcle 8f thAltytpe plated dliae g @ Btratioendity
correspond preferably to t%gﬁg%aal formula (111), 33 RRIAO O+ ~04 /-~
~0O | NOLTft kY+0 REFC IR R HN---kO (111) OCN O OCN'O i n
which 15 Qis the radical of a linear and/or cyclic aliphatic diisocyanate
of the typez stated, prefeisablunber {ohi)26t0,6, RBichrad aRésultnafepe nateoftdiffererft starter

another are hydrogen or a r%‘l_ecclzl?esarllleé(&/ rllot Efa c%lugsgLé a %ol@ggmber, and also

k corresponds preferably to a number of monomer units sufficient for the
number-average molecular weight of the polyether on which the structure

10 is based to be 300 to 20 000 g/mol, and
m is 1 or3.

Allophanates obtained correspond preferably to the general formula (III),
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in which
15 Q is the radical of a linear and/or cyclic aliphatic diisocyanate of the type
stated, preferably -(CH,)¢-,
R®and R* independently of one another are hydrogen or a C;-C, alkyl radical, R* and

R* being preferably hydrogen and/or methyl groups and it being possible in

each repeating unit m for the definition of R’ and R* to be different,
20 Y is the radical of a difunctional starter molecule of the type stated, and

k corresponds to a number of monomer units sufficient for the number-
average molecular weight of the polyether on which the structure is based

to be 300 to 20 000 g/mol, and

m is 1or3.



R4 being preferably hydrogen and/or nmethyl groups and it being possible in
each repeating unit in for the definition of R3 and R4 to be different, 20 Y
is the radical of a difunctional starter nolecule of the type stated, and k
corresponds to a nunber of mononmer units gsufficient for the nunber- aver age
nmol ecul ar wei ght of the polyether on which the structure is based to be 300
to 20 000 g/mol, and in islor3. -8- Since polyols based on polynerized
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hydrogen. 5 The allophanates ,used in accordance with the invention in A)
typical |y Hatecwseber hBaandfe arefyirogeh ar wei ghts of 700 to 50 000 g/ nol,
preferably 1500 to 8000 g/nol and with particular preference 1500 to 4000
g/ nol .5 The TanleIaupﬂslaﬂﬂéseﬁsedusedcdolrdaam:wttﬁlammvwitioh ih 9 typiealiyt hava rumbéy-average

typically haye viscosijti 500, t 00 as, .prefe abI OOto
57000 mpa ST PERIS 108 P OB} i cHEETepo DR God Ol iy B ihrapeuti ¢ 1
very parti cpbgfagncgqg@(ﬁtaaogmg/ﬁlapm 1000 to 3500 nPas. The group X in fornula
(1) of the pol yaspartl c esters of conponent B) is based preferably on an

n-val ent p e ected fr t he group consi f et hyl enedi n
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2, 6- hexahydr ot ol yl enedi am ne, 2,4'- and/or 4,4'- diam nodi cycl ohexyl met hane,
3,3 -di et Ik gfbud X thi W A Gﬁlthle @b@@hﬂﬂi&bh&@%f cénpbnéit-B)ris dased preferably on an

met hyl di cycl ohexyl net han d. pol yet her pol yam nes w th ali tically
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1, 4- di ami nobut ane, 6- di ami nohexane 2,2,4- 20 and/ or

2, 4, 4-tri nenethyi-1 § d@nynmm,he)@ddehammoundecane 1,12-diaminododecane,  1-amino-3,3,5-
1- am 0 3, %rnﬁet {/ nc}ﬂlﬁtlﬁ/et & gﬂ%& Eytl M(JrQMQﬂﬁldrotolylenediamine, 2,4¢- and/or 4,4¢-

4,4 - | ami no
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With particular preference the group X is based on 1,4-diaminobutane, 1,6-diaminohexane, 2,2,4-
20 and/or 2,4,4-trimethyl-1,6-diaminohexane, 1-amino-3,3,5-trimethyl-5-aminomethylcyclohexane,

4,4‘-diaminodicyclohexylmethane or 3,3¢-dimethyl-4,4¢-diaminodicyclohexylmethane.

In respect of the radicals R' and R? the phrase "inert towards isocyanate groups under the reaction

conditions" means that these radicals do not have groups containing Zerewitinoff-active hydrogen

(CH acidic compounds; cf. Rémpp Chemie Lexikon, Georg Thieme Verlag Stuttgart) such as OH,
25 NH or SH.

R' and R? independently of one another are preferably C, to Cyo alkyl radicals, with particular

preference methyl or ethyl radicals.
Where X is based on 2,4,4*-triamino-5-methyldicyclohexylmethane preferably R! = R = ethyl.
In formula (I) n is preferably a whole number from 2 to 6, with particular preference 2 to 4.

30 The amino-functional polyaspartic esters B) are prepared conventionally by reacting the

corresponding primary polyamines of the formula



(CH acj dic compounds; cf. Ronpp Chem e Lexi kon, CGeorg Thi ene Verl ag
Stuttgart) such as OH, 25 NHor SH R and R2 independently of one another
are preferably C, to Co alkyl radicals, with particular preference nethyl
or ethyl radicals. Were X is based on -9-
2,4,4" -triam no-5-nethyl di cycl ohexyl met hane preferably R = RZ = ethyl. In
formula (1) nis preferably a whole nugaé{ Lron12 to 6, with particular
preference 2 to 4. 30 The am no-functi ol yaspartic esters B) are
prepared conventionally by reacting the corresponding primry polyam nes of
t he for nul avithOmal®de piNRiRiatic wdtérhofithé ginerabforthiulaari ¢ esters of the general
formula R OOC CH=CH OOOR2 Suitable pol yam nes are the di am nes specified
above as a basis for the group X géqﬁ@l uitable maleic or fumaric
esters are dinethyl naleate, dlethyP ma eé?gcgg) utyl naleate and the
correspondi % fumari c esters. The preparation of the am no-functional
pol yaspar t i Qtakle pelyanppesrarefhe diamines &eé‘ée‘%%b&i"? arppanis fertheagreup Xakes pl ace
preferably within the tenperature range fromO to 100C, the starting
materisal s [Eangles @MLitab&dmiaRicpsrof@iatit @8tSrsSAi€ irhdlidtl thaléate; alidihyd thdlete) dabtiey10
group there |s at | east one eferabl 10 exactly one, olefinic double
bond: af t ermal§te ar“éé‘l?t‘iOHﬁSpP[‘d‘Pgs BBE%F%?% if desired, to separate off, by
distillatlon, starting materials enployed in excess. The reaction may take
pl ace in bulhe ;xaerpaianoﬁ bethe piisefaaiondl wljaipaklceseal Befiba tIidJﬂlitediStalm‘iﬂg ratedibls
et hanol, pro ang or _dioxane or m xtures of suc %olvents I n
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particul ar preference 1:1 1. To prepare t vvo conponent ‘coat i ng
syst elfs of emélyqu,emﬁ%dwbée 'Pcwdu affed thel reechin dinie mossible, df degirsdedo shipataterile by
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convention nlque such prayl ng, pp! ng, |ng, i ng,

br ushi ng orprepsmqelorﬁgultaAfetsetveﬁtb ascfhlaagnedfaflolt ethanehpvapase] \or disixerendirsnix@es pof esbnt |
the coatin Sivh Qen cure under anbient conditions or else at higher
tenperatureg 81> for exanpl e, 40 to 200C. The stated coating materials can

be applied for exarrpl e to netals, plastics, ceramc, glass and al so
In the two-component coating systems of the invention the ratio of free or blocked amino groups to

15 free NCO groups is preferably 0.5:1 to 1.5:1, with particular preference 1:1 to 1.5:1.

To prepare the two-component coating systems of the invention the individual components are

mixed with one another.

The stated coating materials may be applied to surfaces by the conventional techniques such as
spraying, dipping, flooding, rolling, brushing or pouring. After flashing off to remove any solvents
20 present, the coatings then cure under ambient conditions or else at higher temperatures of, for

example, 40 to 200°C.

The stated coating materials can be applied for example to metals, plastics, ceramic, glass and also
natural substances, it being possible for the stated substrates to have been subjected beforehand to

any pretreatment that may be necessary.



nat ural substances, it being possible for the stated substrates to have been
subj ected beforehand to any pretreatnent that nmay be necessary. -10-
Exanpl es: The NCO contents were determ ned by back-titrating di-n-butylam ne
added in excess with hydrochloric acid. gJlhe viscosities were determ ned
using a rotation visconeter from Haake at 23C. 5 Unless indicated

ot herwi se, all percentages are by weight. Preparation of prepolyner 1
2520. 7 g ofExhepkste 1, 6-dii socyanate were first adm xed with 90 ng of

i sopht hal oyl dichloride and then the m xture was heated to 100C with

stirring. t iLnt, LS8, . : URK 7 o) .
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cat al ysi s hpdserdricea)d. (The sviscorities exbrg) deenpened ossingre rotat®n 0dscpmegery fromotiaeke wei ght
2000 g/ nol 3§}1 nunber 56, theoretical functionality 2). The reaction

m xture wad subsequently heated at 100C wuntil an NCO content of 26.1% had
been reached. Then the tenperature was | owered to 90C and the reaction

m xt use, f dnlesshindigatechatherwésetallparceiitag@@rerby weifghtzi nc(11) bi s(2- et hyl hexanoat e)
was stirred until the NCO content was 24.3% After 360 ng of isophthal oyl

di chl ori de phag 863t pddRfer 15 t he excess hexane 1, 6-diisocyanate was renoved
by means of thin-fifmdrstillation at 0.5 nbar and 140C. This gave a clear,

col ourl ess _product, having . an NCO content of 5.9% a viscosity of 2070 as
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pol y 13 / mr:%&t%%;,ﬁ@%gp@g({ungt@ﬁ%@?@ggﬁﬂs &%mesw A &%%@Q%ht ARogymyre ogh

2000 el cal unctlonal reactl1on m xture
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hed. Ther | d d [
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m xture, fofF Z1ne
et hyl hexangat @jctionanixsitd, I'ff)lﬁﬁvihg'lﬂ‘id addhion NEQ 60 oy enino(@3 bR -2y Ihaheite), L d8s ng

of isophthal oyl dichloride had bee dded, the excess ane
1, 6-dii soc;staff?éﬂ@ﬂﬂsag Nl ispier 37 e 436t S0 O sqphihainy e e hashbest 260 ar
and }40C.  the excess hexane 1,6-diisocyanate was removed by means of thin-film distillation at 0.5 mbar and

140°C.

This gave a clear, colourless product having an NCO content of 5.9%, a viscosity of 2070 mPas
(23°C) and a residual free HDI content of < 0.03%.

Preparation of prepolymer 2

20 1003.4 g of hexane 1,6-diisocyanate were first admixed with 40 mg of isophthaloy! dichloride and
then the mixture was heated to 100°C with stirring. At that point, over the course of 3 hours,
796.3 g of a polytetramethylene glycol were added (= polytetrahydrofuran, molar weight
2000 g/mol, OH number 56, theoretical functionality 2). The reaction mixture was subsequently
heated at 100°C until an NCO content of 26.0% had been reached. Then the temperature was
25 lowered to 90°C and the reaction mixture, following the addition of 140 mg of zinc(Il) bis(2-
ethylhexanoate), was stirred until the NCO content was 24.2%. After 140 mg of isophthaloyl
dichloride had been added, the excess hexane 1,6-diisocyanate was removed by means of thin-film

distillation at 0.5 mbar and 140°C.

This gave a clear, colourless product having an NCO content of 5.9%, a viscosity of 17 300 mPas

30 (23°C) and a residual free HDI content of 0.06%.

Preparation of prepolymer 3




This gave a clear, colourless product having an NCO content of 5.9% a
viscosity of 17 300 nPas 30 (23C) and a residual free HDI content of 0.06%
Preparation of prepolyner 3 -11- 77.3 g of hexane 1,6-diisocyanate were
first adm xed with 4 ng of isophthal oyl -dilehl oride and then the m xture was
heated to 100C with stirring. At that point, over the course of 3 hours,

122.7 f | | | ded, whj had .b d b
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2). The reaction mxture s subsequent|y heated at 100C wuntil an NCO
content of 1%%-7@0/8%@053% peaghed]. werp @fldddnwhich had bsen, prepaiad by dirane of MSGoC

and the rqafafyki@Nbietel) Bunsdt@ale@VWroips tBRteRALD 0N RRq/QRS mdfhr WReigH: 400MEA0)oH

bi s(2- et hyl hexanoate), was stirred until the NCO content was 16. 7% After
20 ng Sof i Juphend, diepretiral Hunstipepdith2)d The eactipdaigture as subgemenlyhherigd et 100°C
1,6-diisoc 0= .St i 7 ar
and 10" 1408 Y EOSOUENRY TP ohaTRE T Red Ttk e RRlAle MaC I ARAE el i s
3. 2% a vi Shosadtipn ofixtBk8H1InPag the( RiEHpn ahzh mg rEsndipbis@redgyllidRinoaten tvenstiretl <

0.03% Prepar.aLi f prepoly 4. (cC arative exanpl At 100C 321. 4 of
nexane 1. o0 5 dyah P BT R e AT S s Byl sRbadt pif een dged o5
stirring, wxédds Bhfing | @-ddikociad®d Wiy @mvv&nyy @kihe df thihifth distidlaiimen opr @parad by
means of DMC catalysis (base-free) (unsaturated groups content < 0.01

meq/ gl,O mol df0\ei ght 2000 g/nol, OH nunber 56, theoretical functionality 2).
Thereafter the m xture was heated at 100C with stirring until an NCO

content of Tk gk watear,@aldbeks pFoduttdiahing ah INCCaclditdnt 6N3.0%, 4 4B costy of 3 thomiay |

phosphate, finally, the exc hexan -di i socyanate was renoved by neans
of thin-fi Iér.? @6“ @f‘?‘i‘ﬂlg'ﬁ? ﬁfﬁ&‘im‘lﬁ‘? Sfeﬁ‘ﬂ;gg%'and 140C. This gave a clear,

col ourl ess product having an NCO content of 3.15% a viscosity of 1596 nPas
(23C) and 2repasitidnef prégodyandridi(cangratasing examplke) 0. 03% Al | ophanate 1 (conparative
exanpl e) An al |l ophanate was used which was prepared starting froma prinmary
al cohol and o o HDL , 4:: i . 0 f . (%, and
a viscosi tyAtg@%4€?§§g§s&(%%e. Eé'rdg%g %lﬁgoﬁagp Q%Bﬁ% @é)g%?rh? iccg:{lrgésqofe(r3 IT%%4£' {% (2
nol ) Of di etilrjng, withed84 gnefl £ palygegdyleneogiyeod evhath BedCheash tpnepmteidriyyi mepns @f ZICg (2

€q.) of 4, 4cat_alysis (base-free) (unsaturated groups content < 0.01 meq/g, molar weight 2000 g/mol, OH

number 56, theoretical functionality 2). Thereafter the mixture was heated at 100°C with stirring
until an NCO content of 20.7% was reached. Following the addition of 140 mg of dibutyl

phosphate, finally, the excess hexane 1,6-diisocyanate was removed by means of thin-film

20 distillation at 0.5 mbar and 140°C.

This gave a clear, colourless product having an NCO content of 3.15%, a viscosity of 1596 mPas

(23°C) and a residual free HDI content of < 0.03%.

Allophanate 1 (comparative example)

An allophanate was used which was prepared starting from a primary alcohol and was based on

25 HDI, and which had an NCO content of 19.7% and a viscosity of 415 mPas (23°C).

Preparation of polyaspartic ester 1

344 g (2 mol) of diethyl maleate were added dropwise at 50°C with stirring to 210 g (2 eq.) of 4,4‘-

diaminodicyclohexylmethane. When addition was complete the mixture was stirred at 60°C under

an N, atmosphere for 90 h, with dewatering at 1 mbar during the last two hours. This gave a liquid
30 product having an equivalent weight of 277 g.

Preparation of polyaspartic ester 2



di am nodi cycl ohexyl met hane. When addition was conplete the m xture was
stirred at 60C under an N2 atnosphere for 90 h, with dewatering at 1 nbar
during the last two hours. This gave a liquid 30 product having an

equi val ent wei ght of 277 g. Preparation_qE_poIvaspartic ester 2 12 344 g (2
nmol ) of diethyl naleate were added dropwiSe at 50C with stirring to 238 g (2
eq.) of 3,3 - dinethyl-4,4 -diam nodi cycl ohexyl net hane. Wen additi on was
conpl et e t hEwi41g (B ol dRthybinhledte dere atlded Ueopwisdart 5GP viNEh stitriipp R8s ¢ (X @) oF06,3h,
wth dewatering at 1 nhar. during the | t wo. hours. his gave a |iqu
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Pr epol ynmer sy koandndér 3R, athQphad 8 90%h, GaRipRitading/f 1exualg Wersst i Bsurat
roomtenperature wth the am no-functional polyaspartic esters 1 and 2
respect i vel This gaye a ligyid grodyct Rpxipangq eﬂ&'ﬂ’i“é‘ltd‘felghgf?f 1% Corresponding films were
then applied to a glass plate using a 150 mdoctor. The conposition and
propers i es @bdictiéh &Ra4tinggs are summarized in Table 1. 10 Table 1. Exanples 1
to 6 - Conpositions and filmproperties Exanples 1 2 3 4 5 6 Polyaspartic
ester 1 [0],27.9 - 27.9.- 41 4. Polyaspartjc ester, 2 . -:29.0 - 29.0 43.5
b epol yner Brelmeryf g0 and anchupiafi Y FRBPHble Sl Seledhises B omPpsitbid s

[ 0] 33.h6 33with ththNGﬁﬂJﬁciti&nﬂﬁolizasi;arGBe§tér§..l @bd l're"sp&ﬁvél%blb%vifri]g an NEO/MNAdtratiof o 24
mn 5 10 3 in 6 8 10 min 10 min .mn mn Pendul um hardness; (1 pm
G el Cartpronig; v wgge - apRBed Bio shsh PE 4SnE SnbbaTh dbeeadeD

DI N 53505 noothpoditish and PldpBities/6F thecodfingd Grekdmadzed i Pable TeNnsi | e strength 1 SO EN
527: n.d. n.d. Breaking stress: (Nﬁh) 2.41.6 1.1 1.0 n.d. n.d

10 Table 1: Examples 1 to 6 - Compositions and film properties
Examples 1 2 3 4 5 6
Polyaspartic ester 1 [g] 27.9 - 27.9 - 41.4
Polyaspartic ester 2 [g] - 29.0 - 29.0 43.5
Prepolymer 1 [g] 70.0 70.0 - -
Prepolymer 2 [g] - - 75.0 75.0
Allophanate 1 [g] 33.6 33.6
NH:NCO 1:1.05 | 1:1.05 | 1:1.05 | 1:1.05 | 1:1.05 § 1:1.05
Potlife 24min | 5h10 | 38 min | 6h 18 | 10 min | 10 min

min min

Pendulum hardness: (150 pm n.d. nd.
wet film)
After 7d 32¢ 40 49 56 n.d. n.d.
Shore hardness D: DIN 53505 n.d. n.d.
After 7d 27 18 16 13 n.d. n.d.
Tensile strength ISO EN 527: n.d. n.d.
Breaking stress: (MPa) 2.4 1.6 1.1 1.0 n.d. n.d.
std. dev. 0.3 0.01 0.1 0.06 n.d. n.d.
Nominal breaking extension: (%) | 51.8 65.1 45.6 57.6 n.d. n.d.
std. dev. 11.5 5.5 4.7 4.8 n.d. n.d.
Tear propagation tests DIN n.d. n.d.
53515:
(N/mm) 3.3 2.3 1.9 1.5 n.d. n.d.
std. dev. 0.3 0.4 0.4 0.2 n.d. n.d.

n.d. not determined; potlife is the time within which the compositions can still be processed to a

film

The prepolymers 1 and 2 containing allophanate groups are based on building blocks which are in
principle the same. On the basis of their high compatibility, high functionality and good
15 flexibilizing properties, films were obtained which within 24 h were non-tacky, flexible, tough and

clear.



std. dev. 0.3 0.01 0.1 0.06 n.d. n.d. Nom nal breaking extension: (% 51.8
65.1 45.6 57.6 n.d. n.d. std. dev. 11.5 5.5 4.7 4.8 n.d. n.d. Tear
propagation tests DOIN n.d. n.d. 53515 (Nm 3.3 2.3 1.9 1.5 n.d. n.d.
std. dev. 0.3 0.4 0.4 0.2 n.d. n.d. n.d.-lRet determ ned; potlife is the tine
Wi thin which the conpositions can still be processed to a film The

pr epol yner s,,1 d, 2 nt al,ni | | .ophanat e grou r ased on. buil din

b1 coks whi o ARE e bR e Fin GERR RGN RERE o PR Bfiafipa iklisd bide
conpat i bi | itbay jt vk ghpdssibletto dnamireyanamdcigoioal prdpertfeb.exi bi | i zi ng properties,
films were obtained which within 24 h were non-tacky, flexible, tough and
clear. 13- MiihRl! ophanate 1, on the other hand, curing was very rapid, but
the filns were so brittle that it was inpossible to determ ne any
mechani cal properties. Curing tests The prepolyners 1, 3 and 4 (conparative
exanpl e) V\éﬁ@ mispebanesy 1r Hand 34%@%% EXYPRle) Vére mixedyafi reemfteparaterg ayith the
pol yaspartic.:es : i . ¢ 1.0%:n1. X1 ng,
Phe’ ol ar onenilichs RRAGRHIECER, dheliyal REOAIRIad B es, Atiore pent
conposi t i orrlandompesitoos iwege fibadlyavasointo dilms Benrh ithinls Blreecanposition asd thencufmpl e
2. Table 2: anpl to 9 Exanpl es 9 Polyaspartic ester | [g] 18.4
7.4 9.2 Prbéag%f({/{rlpnﬁftﬁiﬁl%ﬁarig{ngnqqggfl&%"érzmr 3[g] - 36.8 Prepolyner 4 [(g]
45,2 NHNCO 1:1.05 1:1.05 1:1.05 Potlife mn 35 60 150 Curing (after 24
h) yes yes Table20Ex¥mpiesaistotdhe prepol ymers 1 and 3 containing al | ophanate
groups gave clear, flexible and tack-free

Examples 7 8 9
Polyaspartic ester 1 [g] 18.4 7.4 9.2
Prepolymer 1 [g] 493 -
Prepolymer 3 [g] - 36.8
Prepolymer 4 [g] 45,2
NH:NCO 1:1.05 | 1:1.05 | 1:1.05
Potlife [min] 35 60 150
Curing (after 24 h) yes yes no
10 Whereas the prepolymers 1 and 3 containing allophanate groups gave clear, flexible and tack-free

films after 24 h, the prepolymer 4 (without allophanate groups) did not exhibit complete curing

(same NCO content as prepolymer 3).



films after 24 h, the prepolynmer 4 (w thout allophanate groups) did not
exhibit co i-ng (sanme NCO content as prepol yner 3 133
PCT/ EP2006%§3§@§®3%041146-V\0 -14- Cainms 1. Two- conpone%’tCT%:ngg?&%dggé;ft ens
at | east c®MSG4$146WB) a pol yi socyanate prepol yner havi ng pol yet her groups
attached via all ophanate groups and 5 BJ4am no-functional polyaspartic
esters of the general formula (I) X NGCGOOOR1IH1 2 H11 CCOOR H2 n (I)
in which X js an n-valent organic radical obtained by renoving the primary
amno gro f an n-valent polyamine, 10 R and R2 are identical or
different organic radicals which are inert towards isocyanate groups under
t he reacti dn coidiotcompeneanubating systemsdiddast comptieng of at | east 2. 2.

Two- conponent coating systenms according to Claim 1, characterized in that
the all ophanat us W : i

al i phatic and/ or%cyc'l;g)g?}?sgﬁ});tn?tg%é IO;@?}%{;?SV&%PQ?&\E\%%%gugfaté%\%dgﬁgﬁgépgmg

pol yhydr oxy conpoundgrouptandeast one being a pol yet her polyol, to give an
NCO- functi onal pol yuret hane prepol yner and then subsequently subjecting its
ur et hgne groups ghhus o Q6 TR bl PAYdspaHic QferEHMR dg%h&apéohmmpatl zation with
addi tion of A3) polyisocyanates, which can be different fromthose fromAl),
and 20 A4) catalysts and

—COOR

—COOR
2 n

X—TN—
H

ITO—OXI

ey
in which

X is an n-valent organic radical obtained by removing the primary amino

groups of an n-valent polyamine,

10 R'and R? are identical or different organic radicals which are inert towards

isocyanate groups under the reaction conditions and
n is a whole number of at least 2.

2. Two-component coating systems according to Claim 1, characterized in that the

allophanates used in A) are prepared by reacting
15 Al)  one or more aliphatic and/or cycloaliphatic polyisocyanates with
A2)  one or more polyhydroxy compounds, at least one being a polyether polyol,

to give an NCO-functional polyurethane prepolymer and then subsequently subjecting its

urethane groups thus formed to partial or complete allophanatization with addition of
A3)  polyisocyanates, which can be different from those from A1), and

20 A4)  catalysts and
AS5)  optionally stabilizers.

3. Two-component coating systems according to Claim 2, characterized in that the
allophanates used in A) are prepared using, in components Al) and A3), hexane

diisocyanate (hexamethylene diisocyanate, HDI), 4,4'-methylenebis(cyclohexyl isocyanate)



A5) optionally stabilizers. 3. Two-conponent coating systens according to

Claim2, characterized in that the allophanates used in A) are prepared

usi ng, in conponents Al) and A3), hexane diisocyanate (hexanethyl ene

di i socyanate, HDI), 4,4'-nethyl enebis(cyclschexyl isocyanate) 15- and/or

3,5,5-trimethyl -1-isocyanat o- 3-i socyanat onet hyl cycl ohexane (i sophorone

di i socyanate, |PD) as |yl so ates. 4. .Two-CoO nent coating st ens

according to C &"h°2 or Bgsy %‘Hﬁﬁé@?’éﬁ%’%ﬂoﬁﬁSotcﬁaé‘fmﬁggﬂy&?'%l%?ﬁ'ﬁat es(?%f’hot"?ﬂff

sane type are uskidodysnafe, IDDRApoAJocydmates. Two- conponent coating systens

according to any one of Clainms 2 to 4, characterized in that zinc(ll)

conpounds aye usgd as catal yst.s for the all.ophanatization in Ad). 6.

Twor component cotaariehultetblie S geRuted 3 ohint 2147 B cBrrdised in

zinc(H conpounmddyisesemaas of the sudeltype abi wéPinef huhdgaxpnoate), zinc(l1)

bi s(n-octoate), zinc(ll) bis- (stearate) or m xtures thereof. 10 7.

Two- coymponent coati ng systens. accordi ng t,o any one Saiys 2 10 6,. .

characteri zge?d i ﬁﬁw?'ﬁ%?p%%qtfg% it rsysp% Sy% grdgl 30 égyeanee(f(c lﬁlsn?s\/zeﬁoyL" f}rlla”}f%",z ed[ fese

pol yol s havi ng nhathéwc(hempamds #re usdub edtalysss fghths aldphedati24da in 4465000 g/ nol ,

an average OH functionality of? 1.95 and a degree of unsaturated end groups

of less th or Ry .07, [N rdange . Wit = 5 8.

Two- conpongt coat | %Aén *’ts?g"é e%tlﬁ%%msnﬁc%ﬁrg%%@ gﬁ”eﬁ{mg’f Qlarggrgs%(g%?gﬁaji%?ﬁc(ﬂ)

characteri zed i rcompbatds tused aml Amc(abis@-etify lHehan o)), grire(s bisth-dctvete); aipednlls of

conponent A2) to the NCO. groups af the polyisocyanates fromAl) and A3) is

1:2 to 1:10. 9. (m?@gl?fd%‘ﬁg’ﬁetsﬂge&igi ng systens according to any one of O ainms

2 to 8, characterized in that stabilizers used in A5) are organic or

i nor gihi ¢ ati ds, Twetangvatitdestingrsygehessordiig td @ny Goadfi Qlgims@btiodd, nizdpdceerizedim

t wo- conponent coat.in st according to any .of ., one of Clains to 9. 11.

Substrat es coat etgatvﬂog'ﬁﬁl\ébﬁ‘ﬁ?‘ﬁﬁé‘realgﬁ(gf”ﬁ’gﬁael?'dn ézgzi tpﬁs_’t(?.og'(’ls having num&er'average
molecular weights M, of 2000 to 6000 g/mol, an average OH functionality of > 1.95 and a

degree of unsaturated end groups of less than or equal to 0.01 meq/g in accordance with

ASTM D2849-69.

15 8. Two-component coating systems according to any one of Claims 2 to 7, characterized in
that the molar ratio of the OH groups of the compounds of component A2) to the NCO-
groups of the polyisocyanates from Al) and A3)is 1:2 to 1:10.

9. Two-component coating systems according to any one of Claims 2 to 8, characterized in

that stabilizers used in A5) are organic or inorganic acids, acid halides or esters.

20 10. Coatings obtainable from two-component coating systems according to any of one of

Claims 1 to 9.

11. Substrates coated with coatings according to Claim 10.





