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it has now been discovered that a particular family of bisurea catalysts can be obtained by reacting an
50 aryl monoisocyanate with an organic diamine, and that their use with epoxys alone or in further
combination  with polyamines provides desirable temperature-viscosity profiles during cure and

unexpected resistance to degradation in hot/wet properties, as well as retention of thermal properties.

SUMMARY OF THE INVENTION
55 According to the present invention, there are provided heat curable compositions comprising:
(a) an epoxy prepolymer or combination of prepolymers having more than one epoxide group per
molecule, and
{b)(i) an amount effective to cure said epoxy {a) of a bisurea compound comprising the reaction
product of an organic diamine with at least two moles, per mole of diamine of an aryl monoisocyanate
60  alone, or in an amount of 0.1 to 20 parts by weight per 100 parts of epoxy resin in further combination with
(bl(ii} an amount effective to cure of an amine functional aromatic curing agent.
Such compositions are useful in adhesives, potting compounds, encapsulating resins, molding resins,
coatings and the like.
Also provided are such compositions combined with fibrous reinforcements and a modifying resin. p
65  According to this aspect there are provided fiber resin matrix compositions comprising

2



Non- pr epubl i shed EP-A-113 233 describes curable conpositions conprising a
pol:yepoxi de, an aromatic urea curing agent and a condensation catalyst to
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mention Is made o most preferre |sureas ese ar§ of%'lﬁa above formula wherein X is
corrp03| tion CONga { E\Q/Iene of from 2 to 12 carbon atoms, trivalent nitrogen-interrupted alkylene of from 4 to 12
40  carbon atoms, divalent diaryl suifone of from 12 to 20 carbon atoms, R is hydrogen, amino, vinyl, methoxy
or ethinyl, and R' is hydrogen, or alkyl of 1 to 6 carbon atoms, or divalent alkylene of from 2 to 3 carbon
atoms.
The term "inertly-substituted’’ as used herein means bearing substituents which will not react with
epoxide groups, i.e., generally free of active hydrogen.

DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic of one method for preparing a fiber resin matrix prepreg tape of the present
invention.
Figure 2 is an enlarged cross-sectional view of a strip of the fiber resin matrix prepreg tape of the
50 invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The curing catalysts of this invention are prepared by reacting an aryl isocyanate with a diamine in a
solvent, such as toluene, acetonitrile, or tetrahydrofuran, in accordance with the following:
55 :
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gener P! yﬁlqm% ©4§., glassifibers hmr@geﬁhceous filaments in a curable resin compasition to form a fiber
resin matrix which can be manipulated and cured to a solid composite. Particular selection of the filament
material, epoxy prepolymer, curing agent(s), and thermoplastic resin as well as including optional
ingredients such as fillers, dyes, processing aids, etc., can give a range of curable compositions heretofore
unknown in the art and exhibiting impraoved physical properties over known materials.

50 Glass filaments useful herein are well known. Non-siliceous filament components may be of any non-
glass, non-silicon dioxide-containing material which improves the strength or other physical properties of

.the curable epoxy resin component {described /infra.). Such filaments include, but are not limited to,
filaments comprised of carbon, graphite, silicon carbide, boron, aramid, polyester, polyamide, rayon,
polybenzimidazole, polybenzothiazole, metal-coated such filaments, for exampie nickel-coated and/or

55  silver-coated graphite fibers and filaments, or combinations of such filaments. Fibers {woven or non-
woven), tows or mats of such filaments, or tapes (unwoven, flat bundles of the unidirectional filaments)
may be employed as desired. In applications demanding high stiffness to weight ratio or shear strength,
carbon fibers, graphite filaments, polyaramid filaments or nickel-plated graphite filaments, as disclosed in
assignee’s EP—A—88884 are most preferred.

60 The epoxy resins suitable for the present invention are compounds having more than one epoxnde
group per molecule available for reaction with the primary and secondary polyamines of the present
invention (described /nfra.}. Such epoxy prepolymers include but are not limited to, potygiycidyi ethers of
polyhydrie phenols, for example pyrocatechol; resorcinol; hydroquinone; 4,4'-dihydroxydiphenyl
methane; 4,4'-dihydroxy-3,3'-dimethyldipheny! methane; 4,4'-dihydroxydiphenyl dimethyl methane; 4,4'-

65 dihydroxydiphenyl methyl methane; 4,4'-dihydroxydiphenyi cyclohexane; 4,4'-dihydroxy-3,3'-dimethyi-
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45 DESCRI PTI ON OF THE DRAW NGS Figure 1 is a schematic of one method for
preparing a fiber resin matrix prepreg tape of the present invention.
Figee 2 is an enl arged cross-secti ongpP 0 £88 676aBytri p of the fiber resin
mat ryje prepreg tape of the 50 i.nvention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS Thé’ P@ﬁ’fv Svdiphang sulpkene; |op risif-Bydiexy Wgjav!
e e R e o

acetonitrile, q,amwsrr.a ridé GFcid tatalvatss BbIa ﬁ‘enf; I!otQMétﬂQest mols
[err] 65 3 5 E;Ptt@lsad;urﬁﬁﬂt ﬁhn'ﬂ’eﬁ\aflemt'dxﬁd’arbbﬁﬂldlaild @nmafoe ofi®ilihglegehalkarié arl‘dl!yalogen

cr| tical. At | ¢islyl ethen(lipl 817.632): a@apydmyéetmreofwsuwepw obmmi by @orgtensifighenets.and
Tenper at ur es Cé‘W"G‘% '%ﬁg"ﬁﬂt"iﬁ ih ‘n"é';““.nc.u i g‘ Bl and
100[ err] can beepaeﬁs.&'hyd'f %J&a‘%s Rl da.yg -an.‘f M%ﬁ%&ﬂy\/ -d.ﬁﬁ i 488 o heny
time, one ho@r memmsab:!N/N,RENTEtraaREiIaY A4 dianinGigheR HieihSneR & N@@W@l—ﬁ-dmhﬂphenyl glycidyl
conventi onal f @gler. (Sneclaumalalo rhade pf NN, NN -Sitragiyridyf-1,3-progtiene bis@rathirdibgnzogge). They
are usual |y obtaif ejdyégstw;.pngr el?}?x Inhexyl paters of arersatlcea#ahqtsannqﬁcwwlmePo'vcarboxv"c

i 13, 11 iR A e
The startings ofyobWifh ity Wl gfotl ‘t/g yptlﬁﬁﬂy substituted
easily be nade. byArémvggrb . € ylbdMRaiG ocyanat es V\:hl ch can e errp oyed are:

phenyl . |socyanat §lvcw|¥l Atbers i ol calcs mnaxampleﬂ1mnda tenetmic voaeol: d,1.1-
4- acet ami nophe "V' W‘g)@ @F wals he\Hs g/\ ﬁ’g 's°°Va“{"ate
| socyanat e, 24- fupﬁ friﬁ%mz i‘% SS gayago sﬁkta HPoFERY p?lfetﬂfll g\gﬁl gnzene; and
1-napht hyl i socyaprefeRibly4n meP BUTYFRAGH: il BeWBledtad RGH conguhgst Haling 8 idealized
| soners thereoffermatad t he |i ke Pr eferably, phenyl isocyanate will be used.
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35
: and halogen and alkyl substituted derivatives of such compounds wherein c is 2, 3 or 4 and equal to the
valence of Q; Q is a divalent, trivalent or tetravalent radical; G is —O—, NR'— or —N—; R is hydrogen or
alkyl; and d is 1 or 2 depending on the valence of G.

The most preferred epoxy compounds will include the following:

vahere)m x is an integer from 1 to 4, avanlable commercially {(where x = 1) as Araldite® MY-—720 (Ciba-
eigy

50
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55

available commercially as XD7342 {Dow Chemical);
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met hyl enedi ami ne, N, N -di’‘et hyl -1, 3- propane-di am ne, pi perazine,

N- (2- am noet hyl ) pi perazi ne and 1, 3- propanediamine. - In general, the resin
conpesitions of this invention are prepared by m xi ng the pol yepoxi de
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e.g., 1 epoxide ui v nt t .qugyf\ﬁézfﬁgably 1.0to
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3.0 NH equival gnt and qs .
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conmbi ngd with am

m xtures thereof, nmay be addr a catal yst
conposition before the reactj tii mate properties, in
known pays. Applications can
i mrersion or dip-coating, sprs onvedl ent net hod. The

prepared by enbeddi ng 45 filament s . 0. ss fibers and/or
non-sijJiceous filaments in a curable '
resin matrix which can be mani pulatgd and curéd to a solid conposite.
Particul ar selection of the filage Xy, prepol yner, curing
agent (s), and thernopl astic rsj g optional ingredients
such as fillers, dyes, proce a range of curable
conpositions heretofore unknd pi §i ng i nproved physi cal
properties over known naterjé ' useful herein are
wel I known. Non-siliceous f any non- gl ass,
non-silicon dioxi de=eQntaifing materi al which inproves t\he strgngth or

ot her $hysical pr8pefti f the curable epoxy resin co scki bed
infra.). Such filanents include, but are not limted to,
conpr i sed aaflaladdatiercidly aPERON®, 1081 (Shelipn car bi de, boron, arami d, pol yester,
pol yam de, rayon, pol ybenzi m dazol e, pol ybenzothi azol e, netal -coated such
filamefdts, for exanple nickel-coated and silver-coated graphite

fibers and filanments, or conbinations such ™\l anents. Fibers (woven or
non- woven), tows or Se) uch fil apes A un en, flat
bundles of the unidifecgtional \fil amentls) g?l yed as Yesired. In
appl i cé&ti ons denmandi htgh stj ff ness MBI%ht ifo or ,shegr strength,
carbon fibers, graphjt ilangnts, poly mdA#i|amept s oy ckel - pl at ed
graphite filanents, jasNdisckOsell in assjgnee's EP-A- e nost
preferred. 60 The epoxy resins suitabl ent invention are
conpousads havi ng han one e i de nol ecul e avai |l abl e for

and sgcond i N pr esent:
CHZ

60
wherein Y is 1 or 2, X is —O— or —N—, R®isHor CH; and nis. 2 to 8.
Compounds in which X is —O— are available as a mixture under the tradename DEN—438 from Dow
Chemical Company.
Also preferred are N,N,O-triglycidyl compounds of meta- and para-hydroxyanitine, e.g., represented by
65  the formula:



invention (described infra.). Such epoxy prepolyners include but are not
liimted to, polyglycidyl ethers of polyhydrie phenols, for exanple
pyrocatechol resorci nol ; hydroqui none; 4, 4'-di hydroxydi phenyl nethane;

= di hydr oxy- 3, 3' - di met hyl di phenEP 0ct53:526 B14 - di hydr oxydi phenyl
d| t hyl - met hane; 4,4'- 65 di hydroxydi phenyl nethyl_gret hane;
4,4'-dihydroxydipheny| cycl ohgxagne; 4,4'-di hy V=3, X -dinethyl- 4 EP
0153 576 Bl di phenyl propangZSéKQ-di oxygi sul phone; or
tris-(4-h%droxyphenyl) met h S y her 2he chlorination and
brom natidn products of the above-nentroned di phenols; polyglycidyl ethers

of novol acs thisefire avhiRBelundd? ti tRdstaine ARALDPERQIBYH 0510 from qralgerydr i ¢ phenol s
wi t h al dehydesin peteranl atig hpotl@mincapaatid earh@oiund | canvehtipnplive seedcior @I’urlwlsu,lch epomde

catal ysts); '_;Sct?adyl’e e!el#et"sthﬁf '"mnpmerﬁ?r SXYPRIR | fneando ;ﬂ “’?
> of t he"’sd’ﬁP'qgﬂ ammo rc Fry m @ %‘yﬂ:l %ﬁ?? nl:h ;Et%z o

di hal ogendf'k ineils ?t‘fei‘ eI
S‘Ol Iyg?yglgggiu n(?h se C mgf?{s“lEyr%mqucal Sntz(a)lﬁf:%nl'\ nks %cslal Le] sarles ofrralyamme

| ong- chai n hal ogen par atfins containing at I east 2 haI ogen at ons (U K
1,024, 288F. Qther suitable conpoungs include pol yepoxy conpounds based on
aromati c am nes and epi chl orohydr| ; ' -di glycidyl-aniline;

N, N -di net hyl -N, N -di gl yci dyl - nmet hane;

N,NNN ,N -tetraglycidyl-4,4"-dg and

N- di gl yciayl - 4- am nophenyl gl yci : : ntion is nmade of

N, N N,N -tetraglycidyl-1, 3-propy\ene bi st=4—am nobepizoate). dycidyl esters
an%gr epoxycycl ohexyl esters of ayomatic, aliphat?¥c and cycl oaliphatic

polycar boxylic acids, for exanple phthalic acid diglycidyl ether and adipic
ester di gisyCwhbtein aizd of8, /G I dlog@SIIGT & afd, ah 2818 idDAler o PEiVdénS organiclhydidkarbdn, Rétero-
aromati c or oteouped ihpdr attarhpndplcarblsmmydi |hadra®rh¢naaﬂl9aﬂror de\l-anmhejt/ Rayrbé erephred for

diol or 11n res 1’ln sfta n ﬁﬁz ohyeﬂrg yr ple according t;‘y methods
t
revanyir oo SEERE g ?fofs f?ﬂ ma g Tt
groups, agpe a %f&*&i aﬂep SHfin LSbov f¥rmula in
exanpl e of lwHietbBischiyerdge, c,—lcsétkhutr@n |amld,x:gh ynﬂérmb:tnialéh; Eladlcill’of vaddnbey b, Gblected
propane; pengitier {e 'hr(i’ti)ld“'e{m! pycerdiging #é (ERbol wherel valsste iptegersddrom 2 to 12,
Triglycidyl Tt —pol ygl yci dyl t hi oet hers of poI yval ent thiols,
for exanple of bis rrerc orret hyI benzene; gnd .20 diglycid

met hyl ene
sul phone, are also suifghl& Preferaply t y prepoly ponent wi | |
BrE roeR @d or mriCGE, 5@ A 372l ogen
Ronpgunds, wher e\ is 2, 3or 4

be selected from o--.
and equal to the valence of Q Q is i valent, tri vaI ent or tetraval ent

and al kyl substituted \erl
radical; §is -0-, NR- or -N; Ris hydr ogen or

.4

783
-CH, CH,- -cnz-c‘:-caz- ., or (2)
(Y 45 CHB

a trivalent group consisting of
|
—N—
50

and —(CH,),—CH—{(CH,),—, wherein n and m are the same or different integers from 1 to 4.
More preferred curing agents are the following:

0 o]
55 1 - i NE
_ H,N C-0- (CH,);-0-C o

60  wherein z is an integer of from 2 to 12, preferably 2 to 6,

65



alkyl; and d is 1 or 2 depending on the valence of G The nost preferred

epoxy conpounds will .include the following: 40 [err] wherein x is an

|ntvger froml tq 4, available commercially (where x = 1) as Araldite[err]
MY-¢20 (Ciba- Geigy); 50 3 55 avkER &193&76mBLial |y as XD7342 (Dow

Chem cal ); 60 65 5 EP O 576 81 [err] lp al\l able comercially as

DER331 (Dow Chemi cal) or & @l 828 (Shel )'

[err] 25 30 35 avail able iCa

[err] 0 wherein Y is 1 or is -0- or -N-, err is Hor Perr] and nis

2 to 8. Conmpounds in ' I's -0- are avail able ay m xt ure under the

tradenanme DEN- 438 from Déw Chem cal Conpany. Al so pref%erred are

N, N, Otri gJé'X%inq %Q_an @ﬁg‘g?gg‘sz f1:2’rygéf§5bha£|g far a- hydr oxyani line, e.g.,

repr esgnt e ormul a

| i 0
- HZN C-O-Y-'-O-C Nﬁz v
15 : .

wherein Y is —CH,CH,OCH,CH,OCH,CH,—,

p31 (Shell): 40 45

CH

w | 3 '
) l ' -CHZ 52° ’

—
% - C|H-3
-an-Ocnz- -CH -CI-Cl-lz- ’ i or
» cH,

)
i
% CH -o-c@ CR,-0-C NH,
0 |
: CH ;  CH-0-C NH,
40

i '
CH ‘H -0~

0
1}
50 N o~-C NH2 ; and
3
85 5
H3C-t!!- -OKCH ) O—C —CH ’

wherein z is an integer of from 2 to 12, preferably 2 to 6. :
In the most preferred compounds, the primary diamine will include one or more of a compound of the
formula:

50



EP 0153 576 Bl 2 These are avail abl e under the tradenane ARALDI TE[err]
0500, 0510 fromC ba-Ceigy. In general any pol yam noaromati c conpound
cogventionally used for curing such | nmers can be used in this
i ﬁ?f'fept ion. For exanple, m and p- pheﬁx‘hggsp#ﬁ%‘ydl am no- 10 napht hal ene,
4, 4' - di am nodi phenyl net hane, _
3, 3' -di am nodi phenyl sul f one G vJbe used.
Among these, 3,3'-dianm nodiﬁ) t hose

series of polyam ne curing agents are of the formula: 15 [err]. 20 25

wherein a is 2wbereigR' lﬁelwdsodeymmgemml, &y.| manyl,anyi is arcintegeXof fone2 1 1 2/ plefaribly@rto 6, and
trival ent orgafiogt Hﬁ%&'&ﬁeﬁ Hére, Cﬂmkﬁdl :ir:m@r lr'sap!fesdcm R?ee#Sbiomommaﬂon with other
substi tut ed”’hymn iﬂgﬁ%ﬁﬁﬁ{slﬁtc ns beneflt from emc |on o er |n n a tsu jent to
correspondi NG whgakt infakbv nafic]-prod %ﬁsﬁne oy 31 oy
exanpl e, accor eisisgndayo famirb Oitfer KieG61 doRditibnk. rSuU\ rlésmd?ﬁﬁ Bélpresbntliben nlousiyrhnd also in the
addi ti on, EP- Afom k@8O interhenstrating pelveglarqumt Peotitulady useful imgbik ydpadtiacolvethienrgsins
succi ni ni de anBerves FAT bisphpae! Adne iseieierokydritnapg whinh ieludefreneatingemitn gf thetamedia:y e

cl eavage. 30 Preferred aromatic pol yam ne curing agents (b)(ii) are
conpounds according to e above for #a in which Ris hy gogen

al kyl, or phenyl and X{fis a di t atrjpadent radical (0f val enge a,
o- . (” ﬁg’f(‘-ﬂz—réﬁr‘]" y is

selected either fro

an integer of from2 t

[err] a trivalent group nsisting of -N- 50 and [err] wherein

the sane or different integers from1l1l to 4. Mre preferred curing agents
are~the foll owP p°' e&weﬂ-l"de@esm@men fremi te geaction pexgect ob bisghemsiAZanti @ sliBstituted phthalic
preferably ¥ ¢ rl 5su? equently reacted with m-phenylenedlamme and containing units of the formula:

30 /U@ |
35 -\ : i :
wherein n in each is a number sdfﬁéient to brovude a molecular weight in the range of 20,000 to 60,000.
Amounts of 5 to 30, preferably 10 to 20 parts by weight per 100 parts by weight of epoxy prepolymer can be
40 used. Such polymers are available commercially, respectively, from Union Carbide Co., Danbury, CT,

U.S.A., under the tradename PKHH resin and from General Electric Company, Fairfield, CT, U.S.A., under
the tradename, ULTEM resin. Their use in epoxy systems is descnbed in the above-mentioned

EP—A—0133281.
, Other resins which can be used as thermoplastlc modifiers include reactive and non-reactive
W, 45  butadiene-styrene-acrylonitrile core-shell modifiers, polyurethanes, nylons, carboxylated acrylonitrile-

butadiene elastomers, e.g., those described in the above-mentioned U.S. 3,894,113, and many others. They
will, in general, have molecular weights in the range of 5,000 to 60,000, and will be used in amounts set
forth above.

One method of forming the fiber matrix composition of the invention is illustrated in the drawings. As

50 seen in Figure 1, the basic fiber matrix material is produced by delivering fiber 2 through conventional
eyeboards 4 and 6 to a pressure roller assembly 8. The resin composition is coated in a layer 10 from a
conventional film coating applicator 12 onto a substrate such as release paper 14 and passed through the
pressure roller assembly 8. Release paper 16 is also delivered to the pressure roller assembly 8.

The pressure rollers 8 are set at a temperature and pressure for imbedding the fibers 2 in the resin layer

55 10 to form a fiber matrix composition 18. Practice has taught that a temperature in the range of 88°C (190°F)
and pressures of 454 kg (one thousand pounds) over 38.1 cm (fifteen inch) centers are suitable for
producing fiber resin prepreg tape 18.

The fibers 2, the substrate 14 with resin layer 10 and the release paper 16 are delivered to the pressure
rollers 8 and passed therethrough at the rate of 1.5—6.1 meters/min (5—20 feet/minute).

60 - The feed of fiber 2 and resin layer 10 to the pressure rollers 8 is selected to produce a fiber matrix of
about twenty to sixty weight percent resin and about eighty to forty weight percent fiber. For example, one
hundred twenty spools of 6K carbon fibers are delivered within a twelve inch width to the pressure rollers 8
with a layer of resin 0.044 to 0.00635 kg/m? (0.009 to 0.0013 pounds per square foot). The resulting fiber
resin matrix 18 resuits in a generally parallel array of fibers, shown by Figure 2.

65 Fillers, pigments, dyes, and other such conventional additives and processing aids may be added to

9




EP 0 153 576 B1 5 [err] whierein z is an integer from2 to 12, preferably 2
to 6, 10 [err] wherein Y is [err] 20
[err]- 60 wherein z.is an integer of from2 to 12, preferably 2 to 6. In the

nost.pf ef erred conpounds, the prjpar i am will include one or nore of a
conpound of the fornula: 65 8 ég&’ésg%%" Bl [err] wherein [err] is

hydr.ogen @ fibe? ialrix@bipbsitioRs & the IBInBYH befd8 Eurihg kSinfdbnéd thE Br8perfs of e Fha résth 12,
pr ef er abl sonipodite. 6, and nost preferably 3. Al so contenplated are the use of

such co mpou A USfOI'W'mmnnlai wid ﬂluwamhe)mrh@pe @Mﬁmtmammp evhqmmrn'egedsm@hv afs

e ne“en2ast sl i
Ly gne LU B %,shfgﬁ'F@aﬁocﬁﬂzﬁ”fe hTn S e Gm%@%@ﬁfb

b@ Mélnra pr (i’e

COMPOST t | @ReiBE AR mhixeit! WALH

suf fi ci engregalymef BRI dhe IpBiPd’rﬂHéB fenk Bre iR foP I ORMUtes, @Rd cSHRARE h

t oughnes shisurduichtelygisasirgdin, Acd thelidixtudais deglassaehr wrsingtes. The lifjaid tesin és thenghearedniota wet

condi t on%molslacqwcur@sfwr?shoeam Bé°c ne fs B hourpatd ﬁé’ms?s e gptermingd pmcqun@smr m

At
ll d ur

knO\Nn aS myﬁﬁgﬂlﬁ anﬁ%’lﬁ (H r\!x? u ontﬁ% ﬁz&y lcag%na er, an was
aspect ar gk B NG SR Lo 191 M Plat WEthdd
and whi cmowmtmuiepdapgafeasa&mem t&idlfonﬁﬁlﬁeffaﬁrﬁ&ih@ts aaén dﬂrd’y th ases “wet” and
pol yet her Tdm"“d&Vetesfensto denditipaidg far oyn weeks at@HCtimoversing dtidigitledivatiyi srjph rtedtind\atand
a substf t WedPyhmaensitestions SW&/EEE'E@st?}B?Squent ly reacted with :

m phenyl enedi am ne and cont ai ni ng unts,0f-the fornula: [err] wherein nin

; d Hdm
each is a NuypbGries ok iifti@ith tiddrddd wea‘&e&ramwe GHin solitioB bt hddtohifle LR BRKAYIOT
20, 000 t Oisd@yaridfdGind the corresponding diamines for 0.5 to 2.0 hours, and isolating by filtration. The reactants
20 used and the products obtained are outlined in Table 1:

Y
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50
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| o« .
Anmpunts of 5 to 30, preferably 10 to 20 parts by weight per 100 parts
wei ght of epoxy -prepol yner can be 40 wused. Such polyners are avail abl

by
e

comrercially, respectively, from Union_ Carhi d% C& Danbury, CT, U. S A,
g 4%

urad,e,p the tradename PKHH resin and f fin@dR3 tric Conpany,
Fairfield, CT, U S. A, under the tradename, ULTEM resin. Their use in

epoxy

systens is described i the above-nentioned EP-A-0133281. Ot her resins

whi ch can be used asgtder nophastic godifiers includg reactjve and_‘
non-reactive 45 but Editene-sfyrene-&rylonifrile c@e-shel§ nodifi
pol yuret hanes, nyl on§ Zcarbogyl ated jacrylonitrile- butadiene el astorrer
e.g., those describel@@n themabove-mentioned U. S. 894, 113, and many
others. They will, in general, have nolecular weights in the range of
to ‘60,000, and will be used in anounts set forth above. One neth f
formng the fiber matrix co ositi@df the invention is iIIustr@ i
alTis

drawi ngs. As 50 seen in Fi e 1, basic fiber matrix nmateri
produced by delivering fibé t hroggh co tion yeb s £ 6
pressure roller assenbly g§_.%he ™T#n co tion coat i n @=ithyer

froma conventional filmgoadingSpdicatory12 qni@ a sybsprate h a

[92)

b5, 000

ijn the

Lo a
10

[2)

rel ease paper 14 and -passe,d hr oysgh |t he Br_egsur%,r;_ | er ass enbl § 8. ]Rel ease
paper 16 is also delivereg_t the_;:gress ol | Pse enBly yr8 TRe esfsure

rollers 8 are setuht a tenperature and pressure orslrrbe
inthe resin | ayes55 10 to~forma i ber matrix cefiposition 38. Rfact
has taughtthat a

rrperature:::ln the::"ange of' 88[ err (1 O[err]]) and
pressures of 454 B i

(one tholsand”p&inds) d¥er 38. fifteen i dth)

centers are suitafffe for @r_oﬂucr Rl & bergrLein Q;_erireg ta 18=Ir;'=e fi
2, the substrate §f with ggsén | e, 10 gadit he geldpaseqpad
delivered to the Bfessy exlOll ers 8,_and Qgséed @thr rat

1.5-6.1 neters/m fj(5-20 feef/ mnutg). feed of flber and
resin layer 10 to&lhe Press rol @ @el ec@
matrix of about t® ntygto s per and to

forty wei ght percent fTber. For exanpl e, one hundred twenty spools of
carbon fibers arengelivered within a twelve inch width to the pressur g
rollers 8 with a P yer of resin 0.04% to 0.00635 kg/[err] (0.009 to 0
pounds per squaregioot). The resulti®Rg fiber resin matrix 18 results

generally parall egjarray of fdbers, §hown by. Figure 2. 65 Filg ers
pi gnents, dyes, a
may be added to 9g
i nvention before
conposite. The fo

EP 0153§76 Bl ‘tfe fiber, matrix,conposition
ring to imfluenc ent he pr?jpertle of thelflnal

l om ng exa‘q_plesvm I |Ilustratet ne pr eofzthe
present invention and are pravi ded By way 0*
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denonstration and not by way of limtation. 5 The foll ow ng procedure
is used to prepare and cure neat resin conpositions: the epoxide prepolyner
is nmelted, and m xed with the bisurea at 100[err] for 10 mnutes. If a
poiz,@ﬂ ne is used, the epoxide pr ep nmer and the pol yam de conponent are
m xed at 135[err] for 10 minutesE Ji@ﬁ?‘@dﬁo 100[ err], the bisurea
catalyst is mxed in, and the m'xtug%nr, sgegdagsed for 10 m nutes. The
l'iquid resi ncdnpobitind domipficitl bribgbx prEBbIdmer) theCddtalet $fCixardplB @}l biSnedtand dith awé |
and for 3 diffleentsdigmindsB@¢re rprdp@ed Rnd gelrtimecwesn@meats avers made isotherwallyon S8¢°GL Fot 0
fromthg %Eﬁl? 'g% @Ps‘tsh%b'?‘{ﬁ?al“e\ﬂﬁ\/ﬁ f e B Hgﬁ- 33???55@‘@?@? hwag @laq ingluded. The
descri bed -\ d796) the R [ P1aed BIA58 Pe'@R8AI cal anal ysis was
performed on a Dupont 981 Dynam c Mechani cal Anal yzer, and [err] was
defined as the tenperature at which the | oss tangent, tan [err], is a

maxi mum ASTM D4065 test nmethod covers this type of [err] rreasurerrent
Condi t i"0ni ng before testing is described by the phrases "wet" and "dry".
"Wet" refers to conditioning for two weeks at 71[err], inmrersing in
distilled water, prior to testing at 15 93[err]. "Dry" means testing a
sanpl e, as prepared at 23[err]. Exanples 1-6 The series of substituted

bi sured§ were prepared by stirring solutions of acetonitrile of phenyl

i socyanate and the corresponding diamnes for 0.5 to 2.0 hours, and
isolating by filtration. The reactants 20 used and the products obt ai ned
are outlined in Table 1: 25 30 35 40 45 50 60 65 10 EP 0153 576 Bl EP
0153 576 Bl Exanples 7 and 8 Conpositions conprising an epoxy prepol yner,
thekgat al yst of Exanple 2, alone, and with two

25
30

35

45
50
55
60

65
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di fferent diam nes were prepared and gel tine neasurenents were nade
I sothermal |y at-180[err]. For conpari son purposes, a bisurea catal yst of
the prior art, US. 3,386,955 Exanple 1, was also included. The 5
fopnul ations used and the results BR Q1883576 Bkt forth in Table 2. 10 15
20 25 30 35 40 45 50 55 60 65 12 EP 0153 576 Bl >1 13 EP 0153576 Bl
Exanpl es 9-13 The general procedure for form ng neat resin conpositions was
used with two catal ysts according to this invention. For conparison
pur poses, an uncatal yzed, cured conposition was prepared, as well as one
catalyzed with the bisurea of the prior art. The fornul ations used and the

roperties obtained are sel, fqrth p in,Table 3, 10 15 _20 25
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30 35 40 45 50 55 60 65 14 EP O 153 576 B1 O [err]" EP 0153 576 Bl
[err] 16 EP 0153576 Bl The degradation in strength and thernal
properties caused. by the prior art catalyst is aneliorated by using the
catamysts of this invention. Exanple 14 5 The neat resin procedure was
nodi fied by curing at 121. 1[err]232901@5?§ Bdr 1.5 hours and the degree of
cure was determ ned by differenti al 55 &id]_glacal orinmetry (DSC). The

formul at i on 1@EBeRMPErocddlre A6t riirdddheVGesiH dompYifons was used with two catalysts according to

N, N, N, N thisatvenatiinymr chthpadsoh’ pufbostd] an aitafaieéety burétbdompbsition@hs plapargd) @\eédi-adone

di gl yci dytatainzedwittgde bisgreakf theipriothirp Frerigrimulatiorisaisesl and e peopelrtibsabtained ateisetforth

pr oducf ol Tﬁwéﬁyl i socyanate and N, N -diethyl -1, 3-propane- diam ne (Ex. 2),
7. The degree of cure by DSC was 80% 'showi ng excellent |atent catalytic
activity. Exanple 15 Two fiber resin matrix formnul ati ons were prepared from
t he f.01I0I owi ng materials: -

5
20
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corrpoﬁent A
conponent (a)

supra.) catalysts (5)(i )
wrrp: di met hyl - 20

CELION[err] 6K high strain graphite fiber 15
ARALDI TE[ err] My720 EPON[ err] 1031 (see formul ae,

tol uene-2, 4-di i socyanate reaction product
EP 0153576 B1"  ,;ine (control); phenyl

i socyanate reaction product with N, N -diethyl-1, 3-propanedi am ne (Ex. 2)

(curing agent) (b)(ii)

pol ymer nodifier

génerally in Figurg

trimet hyl ene bi s-(p-am nobenzoate) 25
pol yet her al cohol (PKHH) Using an apparatus shown
t he structure::%hom geg:er%éy in

(c)

1, preprgg tapes lof

Fiigure 2, were pre tred:gSO < i Exanpl é e @ © e~

1HA* 15 (28% ~Resi n=M xture (parts by wei ght) ©c «

NfJN, N, N -tetraggl yci dyl -4, 4' -di am nodi phenyl ) net hane 100 100 35

Tfi net hyl ene biE (p ra- am nobenzoat e) 02808  n ABed

Ppl ymer nodifie *mr e < | i NoeHor g N0

talyst (TDI/OBER) S S co ® - (BEx. 2

her ei n) 4 1.4 (72% Fil anent

&
(parts by wei gh®
about 1.5% *
ephi chl orohydri ®
conpar ed agai nsg
invol ved- were ag
conpressive stre
described in D.w
275- 280. Conpr ef
B. A~ Byers,
tested by subj e
in. b, per inch§
tip i npacter wh§
‘cutout). The pa¥
in Table 4, as §

[

TABLE 3.

Bt

NASS\

BISUREA-CATALYZED EPOXY-POLAM

45 (6K graphite fibers having a strain to failuremof

™~

| **oReaqtion prqduct of bisphenct®A &nd & & m
(ghi on €ar bi de, PKH 50 These sanpd&s Were Sur &8~ and
comerci al epoxy resin matrixes. The sheets of resin

foll ows: Quasi-Isotropic:16 sheets [(+4510/90)2]s. The
gt h was_neasured on ia nodikf i ed ASTMZRI5specEne 2

H. mp5 Vol séhcraft €t al ., Conpdsi t gsg O ., o8t ~pages
s5i Ve streéngth after inmpact was neasured as described in
Report No. CR 159293, August, 1980. Jhispropgrty, is

[ing a cyredd ami natg specfen tq 66724 oyl es/ get (1500

ofi| noniBal thickness inpact with a G &2 di ameser spheri cal
e supported by a rigid base (e.g., 8.89 cm (3.5 in) steel
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65 17 " EP 0 153 576 B1 EP 0153 576 Bl The data denonstrate that the
rernforced, cured conposition according to this invention (Exanple 15) does

t wwgat al yzed nmatri x conpositiEMO 16345726 B1

Exanple 16 A resin conposition is prepared by mxing the follow ng (by
weight) (a) N,NN,N-tetraglycidyl-4,4"'- diamno di phenyl nethane
100 parts 10 (b) Polyether polyinmde resin (CGeneral Electric Utem

fornul a above) : , 15 parts 15 . (c)
trimethyl ene lay s(p-am no- benzoate) - Wd ©~ - 48 gparts (d)
reaction proddggt of &hen§l isocylanate land N, N - dréo‘l hyd - 28 2.%3

' 1,-3- propanedi am ne (agat al yst) - 1.4 parts A prepregy tape is prepared

foll owing the general procedure of Example 15, with a 35 to 45 preferably
40% resin/ 55 (o 65, preferably, 60% graphi t% | oading.., Wiep this is fornmed
into lLami@ate& by tI8 prgcedure jof Exgnple 14, eReel lgnt Kual ¥y conposites
are produgled. Preferted ranges of. conpositions af& (&, 2% 94-126 parts;
-15.75 parts; (c) 45.6-50.4 parts; and (d), 0.5-2.5 parts. It is
seen that@the present invention produces articles of manufacture with
benef i ci all pré&perties; nmking t_hlem usqful i a v88 ety of Bapphi&ati ons.

3

Many-'varigti oM wil I~ sugJest thensel'ves to thosemskil@ed Fn tHiS art in
l.i ght of §lhe foregoing detailed description. 30 Cainms 1. A heat curable
conposi tign conprising - ' : '
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(a% an epoxy prepol yner or conbination prepolyners having nmore than one
epoxy group per. nol ecul e, and 35~ (b) a curing catalyst for said epoxy
conprising (i) an anount effective gp QU153 576dBIpoxy of a bi surea conpound
ecqnpri si ng the reaction product of an organic diamne with a |east two
moPMes, per ) eThordeg ;‘ﬁ'{fw stgathand thejmalippeitistrayser v e Pripr actFatalystds arpriiprated oy
al one, or (i qu g fregaresmoibs fvetior o 20 parts by weight per 100 parts by
wei ght of epoxy resin in further 40 conbidpid”@@n W th an ami ne functional
aromatic clri nngugaeattresm:brocédLm idifiedby cengke i 2111804 250°F) fok &6 ouls anh eve@bdrecssdd cute
bi;sur ea corrdej‘ﬁ \ pi ere'ft'atﬁﬁ@"f’@rcﬁml'aetw@ C@-The fogulatigh employed)in iparts:py weight,
dijval ent org ‘égfg} Hyl?ﬁ‘ 1nod|?1 ‘QY %r ﬂr hso?l ;:r:gtréﬂl-é lgl'\{mdyl ether %9 :;:
h¢t er o- i Nt er I %aabméwf bsa sc Rbe 8 ENGI] et et y& %‘ﬂmfé’a
hydrocar bdf radical, R i s hydrogen, a nonoval ent hydrocar bon ra | ca

am no or hydrocar bon substltut ed am no rExipiel 15 a cyano radical, a

hiydr ocar bonoxy FYRifiRenresigmalix formwlations werryarenaradeom the foowingimatarials:and R i s,

i hdependent |y, hydr nonoval e s e an
inertly-substitut edéaﬁ?g?egggr bon rad:&ElﬁPN EQ&%Q% go%q'de Pb@? a dival ent

al kyl ene radi cal orcomperrent s} 55 sulABAlmmOea}mmch radical. 3. A conposition
as defined in Caim2 wherein in saﬁm'ﬂﬂ@a‘réepfemmmmra()b)(l) X |s a

dj val ent al kyl ene r f from
nj t rogen- izt er r upt eﬁgyﬁgkq@ne r adi cajmz" cog;%'s s ‘Z‘Iéﬁﬁaﬁ&pﬁ’f F'\Ybl ent
afyl ene or polyaryl ene rad| cal of - 6with NN -diefhl pr@ﬁaﬂ@arﬁlhe@ ent

ppl yaryl ene radical of 6 to 30 carbon atons interrupted wth -[err] -0 -,
- _\;Wor -S2-  gr oupdeuringageat) ()i |  trinethyiene bisfp-amingbnzoptenoval ent

hydrocar bep radi cal ly-s rocarbon radical, Ris
hydr ogen, cyano, arﬁoﬁgeﬁ%&'ﬁﬁ(é ngettﬂetr%%n ‘}BMHH and Rl is hydrogen

al kyl of 1 to GUQﬁMpahmmomrgyheralfy ifOFitjide 12pre;ﬂ5d3@pbsa:t haBtrudiire 8hotkin\g2hez&lly in
al kyl ene of ffigyrm22were pBperad:bon atons. 4. A conposition as defined in Caim
3 whereingn said b]E Fa conpound (b) (i), X is divalent %kyle of from2
to 12 carbon atons, “trP¥al ent nitrogen-interrupted al kyl é&& of {¥om4 to 12
carbon atons, dival pg¥k) Rein Mikrelbarsy weighy of from 12 to 20 carbon atons, R
i's hydrogen, amino, vinyl, nmetnoxy or ethinyl, and [err] is 19 EP 0153
576 Bl The,data denﬂrﬁ@!'M’Eeéfa(lgheiév'ﬂﬁedi?@h?ﬁild\ee\é)d’etheuﬁ ed cdfposi tiQ9n

accor di ng to this ”FrY eb(sgxaran;)ml obe l)oadoes not | ose i t§8,{1ot/ é
conpressi on strengt h [ERE™4S’ the other two cCat al yzed matrix

conposi tions (15A*) Polymer modlfier** 10 10
40 . Catalyst (TDVDMA) 1 —
(Ex. 2 herein) — 1.4
- {72%) Filament (parts by weight)
o/ (6K graphite fibers having a strain to failure of about 1.5%)

* Control
o ** Reaction product of bisphenol A and ephlchlorohydrm (Unlon Carbide, PKHH)
These samples were cured and compared against commercial epoxy resin matrixes. The sheets of
resin invoilved were as follows:
Quasi-Isotropic: 16 sheets [(+45/0/90),],.
The compressive strength was measured on a modified ASTM D695 specimen described in D. H.
§8  Woolsencraft et al., Composites, Oct., 1981, pages 275—280. Compressive strength after impact was
measured as described in B.A. Byers, NASA Report No. CR 159293, August, 1980. This property is tested by
subjecting a cured laminate specimen to 6672 joules/meter (1500 in.ib, per inch) of nominal thickness
impact with a 0.62 diameter spherical tip impacter while supported by a rigid base (e.g., 8.89 cm (3.5 in)
steel cutout). The panel is then tested in compression. The resuits are set forth in Table 4, as follows:
60

65
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5 . Exanpl-e 16 A resin
conposition is prepared by mxing the follow ng (by weight) (a)
N,N,N,N-tetraglycidyl-4,4"- dianino d|7oheq§/ nmet hane 100 parts
10.(b) Pol yether polyim de re§f Q &78 ectric Utem fornula above)
15()5arts 15 (C) trimet hyl ene bi s(p-am no- benzoate)
48 parts (d) reaction product of phenyl isocyanate and N, N -diethyl- 20

1, 3- propaneg| am ne (catal yst) 1.4 partgg A prepreg tape is prepared
foll ow ng i general procedure of Exanple 1 E\M a 35 to 45 preferably
40% resi@/sbafto 65, preferably, 60% graphite #oadfng. Wen this is forned
into | angnates by the procedure of Exanple 1 exgellent quality conposites

are pro ceg Preferred ranges of conpositio % (a), 25 94-126 parts;
(b), 14.2% 75 parts; (c) 45.6-50.4 parts; ), 0'5 2.5 parts. It is
seen tha® €df present invention produces arti f maﬁuf acture with
benef i ciﬁl%’$ operti es maki ng them useful in ety of applications.
Many var@atTpns will T suggest thensel ves to t illed inthis art in

li ght ofa &8 foregoi & detail &l description. 30 Cains 1. A heat curable
conposi t§&®kconprising (a) an epoxy prepol ymer or conbination prepol yners
havi ng n¥re=t han one epoxy group per nol ecul e, and 35 (b) a curing
catal yst for said epoxy conprising (i) an anount eff f ective to cure said
epoxy of @, bjsurea conpound conprising the react product of an organic
di am ne WI& a least two noles, per nole of di , of%@an aryl

er% socydraf e, which is either used alone, orB®&#®) in gn am)urg of 0.1to
20 part su i ght per 100 parts by wei ght of resin in further 40
coibi nat$ ith an amine fundional aromatic g agent. 2. A

conposi tséﬁ s defingd in Caign 1 wherein said bisurea conpound (b)(i) is
of the 34| a 50 wherein X is a divalent organic hydrocarbon radical, a
di val ent®™&r=trival ent hetero-interrupted hydrocagbpn radical, or a dival ent

i nertdy-substituted hydrocarbon radical, i s hy&lrpgen, a nonoval ent
hydr qgjar bon;f adi cal , an am no or hydrocar@n su tut ed am o radical, a
cyanggfradical , a hydrocarbonoxy radical organ i xbstl.,; utled such:
radi ogll ,= [err}g s, i ndeaaendent |y, hydrdgen ov | ent® hydr ocar bon
> X - ' i
radi cal ,= s E .
'mx
85
20 ™~ < [ ) 5
O Qe 6 6 0: N
< x
Ot-: o ™ ~ wn 8 & % >
QW= n o« ® v
9.
~ g Bd 2 2 %@
T g R 8 308 2% § 8 -
i 0 < (<} n
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239 i8] 5! g !
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an ifnertly-substituted hydrocarbon radical, a single-bond, or a divalent

al kyl ene radical - or inertly- 55 wsubstituted such radical. 3. A conposition
~as defined in Caim2 wherein in said bisurea conpound (b)(i) Xis a

di valent al kyl ene radical of from2 ER 0A5:5B6nBdtons, a trival ent

ni trogen-interr uifeRiabkystE wathlh fitlort, dirds@orGoshidh BRbkafk QIR irferiod k&AL
ar Y1 e o  poles st e M ot e ool b e Rl Bl e
pol yaryl ene r zdinpesitiond (18A*%.0 30 carbon atons interrupted with -[err]-, -0,

-S- or -SOZ groups, wherein [err] is hydrE:(t)| elréh a 60 nonoval ent

hydr ocar bon r adi : o - ti "‘g'ﬁ’ drocarbpon radical, Ris
hydr ogen, cyano,&gdﬁ%n%(%?%ioﬁ%%%%??%g?n%ﬁg et ﬂ'%gl“?e’ ng'e tZerr] I s hydrogen,

al Kyl of 1-to 6 carbon at ons fa)arnN,NoN-trdghcilig-a@ar bon at ons, or a dival ent
al gzl ene of from2 to 3 carbon atiamiee dighenA matpesi ti on1@spadefined in Caim
3 wherein in said bisurea cogpoyn B) Ghmigaekis di val ent al kyl ene of from 2
to 12 carbon atons, trival ent nif‘ﬂ% ;JH 'gl“fe fIft ed al kyl ene of from4 to 12
carbon atons, divalent 65 diaremuddoeftf OF Trom 12 toszQqcarbon atons, R
i s hydrogen, am no, vinyl, nmetnoxy or ethinyl. and [err] is 19 EP 0153
576 Bl hydfogen, or al kyl of (el ttoméhdeneibistp-amiomrs, or di val ent al kyl ene of
from2 to 3 carbon atons. 5. A (PG?ﬁSEEﬁtion as defined iPe%im 2 wherein in

conpound (b)(i) Xis 5 d)  reacti duct of phenvl [err]
[err] is [err] and Ris -H. é é:m%ﬁ?m?ngd?angwdefi ned in Caim2 wherein
i n. compoun@ (b) (i) Xis 10 1,3-propanediamine (catalyst) 1.4 parts [err]

Ris -CH2CH3, and Ris-H . 7. A cpnpo,sition as defined in Caim2 wherein in

co und (b) (i 4&% Plie rg?j%%e is ;;repta,lreds &I{I' wmgh the'gecr;eral procedure of Example 15, with a 35 tq 4§ preferably
: sin referably, it ing. his,is f into lamj b

anfER and [ or of Eamle W, stborah Sl AL arg, e e fompd o gmingigs b ?Sﬁs’% o

cofrpound (B3 (183--12K parss; [t 1a25-arBl5i8ams ¢k) pE6--40.490akts;-ank (dY).0.5A-2BFRASI L1 0N as

defined i n d ai ntigseghthatthepresentinyantion pebdidsy grtigles)f manuldsture with beneficial properties, making

[efr] Ris-H, ‘*qg%;sg{%'?LVﬂf'gwaf piigtionsVany vaiistionsidl! wesrst theraseips toghopeskiiled ip s art

end of which iI'sd AREfoPgegdstalpd dsserPlidhd 10. A conposition as defined in

Cl ai m 2 wher eicaimsn conpound (b) (i) X is the trivalent radical 30

1. A heat curable composition comprising
{a) an epoxy prepolymer or combination prepolymers having more than one epoxy group per
molecule, and
35 (b} a curing catalyst for said epoxy comprising
(i) an amount effective to cure said epoxy of a bisurea compound comprising the reaction product of an
organic diamine with a least two moles, per mole of diamine, of an aryl monoisocyanate, which is either
used alone, or
(i) in an amount of 0.1 to 20 parts by weight per 100 parts by weight of epoxy resin in further
40 combination with an amine functional aromatic curing agent. ,
2. A composition as defined in Claim 1 wherein said bisurea compound (b)(i} is of the formula

50 wherein X is a divalent organic hydrocarbon radical, a divalent or trivalent hetero-interrupted hydrocarbon
radical, or a divalent inertly-substituted hydrocarbon radical, R is hydrogen, a monovalent hydrocarbon
radical, an amino or hydrocarbon substituted amino radical, a cyano radical, a hydrocarbonoxy radical or
an inertly-substituted such radical, and R! is, independently, hydrogen, a monovalent hydrocarbon radical,
an inertly-substituted hydrocarbon radical, a single bond, or a divalent alkylene radical or inertly-

55 substituted such radical.

3. A composition as defined in Claim 2 wherein in said bisurea compound (b)(i) X is a divalent alkylene
radical of from 2 to 12 carbon atoms, a trivalent nitrogen-interrupted alkylene radical of 4 to 12 carbon
atoms, a divalent arylene or polyarylene radical of 6 to 12 carbon atoms or a divalent polyarylene radical of
6 to 30 carbon atoms interrupted with —CR?*—, —0—, —S— or —S0O,— groups, wherein R? is hydrogen, a

60 monovalent hydrocarbon radical or an inertly-substituted hydrocarbon radical, R is hydrogen, cyano,
amino, methoxy, vinyl or ethinyl, and R’ is hydrogen, alkyl of 1 to 6 carbon atoms, aryl of 6 to 12 carbon
atoms, or a divalent alkylene of from 2 to 3 carbon atoms.

4. A composition as defined in Claim 3 wherein in said bisurea compound (b)(i), X is divalent alkylene
of from 2 to 12 carbon atoms, trivalent nitrogen-interrupted alkylene of from 4 to 12 carbon atoms, divalent

65 diaryl sulfone of from 12 to 20 carbon atoms, R is hydrogen, amino, vinyl, methoxy or ethinyl, and R'is
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[drr] Ris-H one [err] is -Hand the other [err] is [err] one end of which
i§ linked to the single-bonded N.in X. 35 PatentansprOche 1. H tzehartbare
Masse, unfassend (a) ein Epoxy-Prapol yneres oder eine Konbination von
Prapol ymeren m't nmehr als einer Epepqyysgsrg B! ekul und 40 - (b)
ef*rien Hartungsgat aa{ﬂysator fr das erwahnte Epoxy, unfassend (i) eine zur
Hartung des 0§st| j?&g%ﬁg;n%ﬁmgté;g?fﬁﬁfdéiﬁj‘ygq TSt qoqarding 1ediinigventint el 15)
das Reakt i OngRboGikt (16AHES. OF GANT SEhBI H dfififsSame i nifehe aiher drovpralvzeg matrix
Mol des Diamins, eines Arylnono- isocyanats, die entweder allein verwendet
wird oder® (ii) in einer Menge von 0,1 biexadfle@®@w chtsteile pro 100
-~ Gewi cht steil e QeSIEBPYTHEA RRrepated i mixing thetfollpwing (Kowbiphat i on nit ei nem .
aromat i schen Hartungsrrittel(a)rn'k mm_ftern tgi n L,i_tit. 2. Masse genmaB Anspruch
1, wobei die bis-Harnstoffver baiﬁgfg E y &ee f ol ge{bﬁgafsor mel hat

5o

B méth
50~~~~~~ H~~~~ X NC Q) 5 Wobeip g(syf Ort el nen di val enten organi schen

Kohl enwasser st of frest, ei ndb dPehsttenpadyimadessirt ri val ent en Het er o-

unt er br ochenen Kohl enwasser st ofSepesaliElegiie Vitethnen di val ent en,

i nert-substituierten Kohl ennasS&P¥? $i%Fest steht, R fdJPP¥Esserstoff, einen

nmonoval eng en Kohl enwasser stgf f rigithyierd BISP-amiFoN0- oder Kohl enwasser -

stoff-substituierten Am norestbengiafpn Cyanor est, ei nems parts

Kohl enwasser st of f oxyrest oder fur einen inert- substituierten derartigen

Rest steht und R unabhangi'Ql f§pctioRa@dyct pighenylei nen nonoval ent en Kohl en- 60

wasserstesfrest, einen inert-spisPictam r(‘ﬂfggfq enwassepstof frest, eine

Ei nf achbi ndung oder ei nen dival enten ylenr sg oder eI hen

| ngxt - subst i t uh ereprea tape iscaréniagpd folBe Y tstgehdral pdaceddns SIEXGRPIEHS with G 36 tdB pleferably

wobei in det“? ir%sl’f:ﬁ :h%st' BTPYP@'(VtﬁOI%’CHI it¢ lopqing. Wited (bfs isforraqd inti \earlintesén the procedure

Al kyl enr gst gm_ 26 :IQ $Jﬁ'§£§ﬁi%ﬁ§?( )a‘ggﬁ%e&pf:@;:;ﬁ%rf rg&rlrgarﬂa §PE 9y compositions are (a),

St i Ckst Of f - UN 67 BéoR 1366 BroAinKi| cAlRssbcublstartbie bimah ol §ﬁ:§ﬁ%§$ Hies, g;'sl&%‘

di val ent en Ayl waful iodesrieRalf ypliystions. Msky vatistiohs Wil Suggést sBN&J 16 tHosd SRINBAInGMs art

oder einen &1 kght efteafarepeing detsiled desgrintioni t 6 bi s 30 Kohl enst of f at onen,

pnt er'brog‘helahI rch -CR2-, --, 20 11111111 1711111 11111111112121211 * C L
*

S 0 153 576 BI,- oder -SM2- G uppen steht, wobei R2 for

Wasser st of f, ei. naRatiedR6abapdshidn KahpRMYasser st of frest oder einen
i nert-substit kst eppxKaindrolywas se catiphdioe ptepsly@bis, hakng Mhior¥\asamesriet dpboky gloyiaHas
Met hoxy, Vi fiplecyerapd ]
i 35 (,b) a curing catalyst for said epoxy comprising
(I). an .amc.)unt e_ffective to cure said epoxy of a bisurea compound comprising the reaction product of an
organic diamine with a least two moles, per mole of diamine, of an aryl monoisocyanate, which is either
used alone, or _ ' : '
(ii_) in an amount of 0.1 to 20 parts by weight per 100 parts by weight of epoxy resin in further
40 combination with an amine functional aromatic curing agent.
2. A composition as defined in Claim 1 wherein said bisurea compound (b)(i) is of the formula

P Rl 0 B
a9 . : R T _@/R
_ X~4=N—C—N
2

50  wherein X is a divalent organic hydrocarbon radical, a divalent or trivalent hetero-interrupted hydrocarbon
radical, or a divalent inertly-substituted hydrocarbon radical, R is hydrogen, a monovalent hydrocarbon
radical, an amino or hydrocarbon substituted amino radical, a cyano radical, a hydrocarbonoxy radical or
an inertly-substituted such radical, and R' is, independently, hydrogen, a monovalent hydrocarbon radical,
an inertly-substituted hydrocarbon radical, a single bond, or a divalent alkylene radical or inertly-

55. substituted such radical. _

3. A composition as defined in Claim 2 wherein in said bisurea compound (b){i) X is a divalent alkylene
radical of from 2 to 12 carbon atoms, a trivalent nitrogen-interrupted alkylene radical of 4 to 12 carbon
atoms, a divalent arylene or polyarylene radical of 6 to 12 carbon atoms or a divalent polyarylene radical of
6 to 30 carbon atoms interrupted with —CR®—, —0—, —S— or —S0O,— groups, wherein R? is hydrogen, a

60 monovalent hydrocarbon radical or an inertly-substituted hydrocarbon radicai, R is hydrogen, cyano,
amino, methoxy, vinyl or ethinyl, and R’ is hydrogen, alkyl of 1 to 6 carbon atoms, aryl of 6 to 12 carbon
atoms, or a divalent alkylene of from 2 to 3 carbon atoms.

4. A composition as defined in Claim 3 wherein in said bisurea compound (b){i), X is divalent alkylene
of from 2 to 12 carbon atoms, trivalent nitrogen-interrupted alkylene of from 4 to 12 carbon atoms, divalent

65 diaryl suifone of from 12 to 20 carbon atoms, R is hydrogen, amino, vinyl, metnoxy or ethinyi, and R’ is

ARG L

MU LT 2 A e i e

)
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Et hinyl steht und R fO Wasserstoff, Alkyl mt 1 bis 6 Kohl enstof fat onen,
Aryl mt 6 bis 12 Kohlenstoff- atomen oder ein divalentes Alkylen mt 2 bis
3 Kohl enst of fatonen steht. 5 4. Masse gemAS Anspruch 3, wobei in der
bi-s-Har nst of f verbi ndung (b) (i) f : eghqes Alkylen mt 2 bis 12
KoshF’enst of fatonmen, trival entes [ g‘s%o??-kuﬁﬁer brochenes Alkylen mt 4 bis
12 Kohl ehydredenadraivelref 1 ¢ & carimmtagansDoradivalestdiNytene ofi ftom 2tolsi carba atoms.

Kohi enst of f afA¢RPACsition 3¢ defireq i Clajn 2 yeveteingp pompeundhdNi) Wiy | | Met hoxy oder

Et hinyl steht und RI fOr Wasserstoff rh_AI kyl -mi't 1 bis 6

Kohl efst of f at omen oder dival entes Al kylefi'mit 2 bis 3 Kohl enstof f at onen
steht. 1@'is—CHg.anMRIseHgenal 3 Anspruch 2, wobei in Verbindung (b)(i) X for
4CH2t -, st ¢hih composition as dyfipedsintaim @ wdherRinfin pompdund G X is75 6. Masse genmaS
Anspruch 2, wobei in Verbindung (b)(i fur -4CH2+, - steht, R fO -CH2CH3
'steht™und R fur -H steht. 20 7. ssé"'gemaB Anspruch 2, wobei in

Ver bi nduRrgis HH.(H,, akdfras —4 CH2gh, steht, Rund R far -H steht. 25 8.
Masse gemnal3AApwpositioh a@ definedieiClaim 2 Videdeinrial comgpo(ind (pI) X366 far 4CH2+r, steht, R
und RI fOr -H steht. 30 9. Masse gemaB Anspruch 2, wobei in Verbindung
(b) (i X fOr +CH24T, steht, R far -H %Fﬁﬁr', ein R far eine Einfachbindung
steht undndandedesenRl fO +CH2#, steht, dessen 35 eines Ende an die

Ei nf achbi ndBiAgospdeitiop s définéd in Dhhim MameRinge catpodmsEN0ls 2, wWobei in

Ver bi ndung (b) (i) X far den trivalen Rest -CH2-CH2-N CH2-CH2-, 40 steht, R
fOr -0 steht, ein R far -H steht undt§Hdvandere R fO +CH24 steht, dessen
ei nes Enggy didq g ejnf ach gebundenen N in X verknOpft ist. Revendications
45 T. Conpas AlchidPositidR bEBdlivédin SRR b WheiQiflah Sdddalind @Xi) ¥ Pr epol ynere epoxy ou
una—€tonbi nai son de prepol yneres comportant plus d' un groupe epoxy par

mol eesil e, et (b) un catal yseur de durd€Hgsnent pour |edit 6poxyde,

conpr enagy —5I-(|), one R’ izg él' gin ji Sond 8 ¥ égtﬁér Re}cs]c ?o 2%h4 otjw%icqlilsrlﬁkesdﬁg e rs]i'% Ig Hgnldt
epoxyde, " 14ria G&%Qﬁ&n%fedeﬁa/egﬁn |bﬁfﬂ®ﬁ§eﬁ£%mpound (b)) X Is the trivalent radical

i
30 —CHy—CH,—N—CH,—CH,—,

R is —H, one R' is —H and the other R' is 4-CH,}s-, one end of which is linked to the single-bonded N in X.

35 Patentanspriiche

1. Hitzehértbare Masse, umfassend

{a) ein Epoxy-Prapolymeres oder eine Kombination von Prépolymeren mit mehr als einer Epoxygruppe
pro Molekal und

40 (b} einen Hartungskatalysator fiir das erwéhnte Epoxy, umfassend

(i) eine zur Hartung des Epoxy wirksame Menge einer bis-Harnstoffverbindung, umfassend das
Reaktionsprodukt eines organischen Diamins mit mindestens 2 Mol, pro Mol des Diamins, eines Aryimono-
isocyanats, die entweder allein verwendet wird oder

(i) in einer Menge von 0,1 bis 20 Gewichtsteile pro 100 Gewichtsteile des Epoxyharzes in weiterer

\_/45 Kombination mit einem aromatischen Hartungsmittel mit Aminfunktionalitit.
2. Masse gemaR Anspruch 1, wobei die bis-Harnstoffverbindung (b)(i} die folgende Formel hat

1l .
i R Q B R
50 1 i |
_ 2

% wobei X fiir einen divalenten organischen Kohlenwasserstoffrest, einen divalenten oder trivalenten Hetero-

unterbrochenen Kohlenwasserstoffrest oder einen divalenten, inert-substituierten Kohienwasserstoffrest
steht, R fir Wasserstoff, einen monovalenten Kohlenwasserstoffrest, einen Amino- oder Kohlenwasser-
stoff-substituierten Aminorest, einen Cyanorest, einen Kohlenwasserstoffoxyrest oder fiir einen inert-
substituierten derartigen Rest steht und R' unabhingig fir Wasserstoff, einen monovalenten Kohlen-

60  wasserstoffrest, einen inert-substituierten Kohlenwasserstoffrest, eine Einfachbindung oder einen
divalenten Alkylenrest oder einen Inert-substituierten derartigen Rest steht.

3. Masse geméR Anspruch 2, wobei in der bis-Harnstoffverbindung (b}{i) X fiir einen divalenten
Alkylenrest mit 2 bis 12 Kohlenstoffatomen, einen trivalenten Stickstoff-unterbrochenen Alkylenrest mit 4
bis 12 Kohlenstoffatomen, einen divalenten Arylen- oder Polyarylenrest mit 6 bis 12 Kohlenstoffatomen

65  oder einen divalenten Polyarylenrest mit 6 bis 30 Kohienstoffatomen, unterbrochen durch —CR%—, —0—,

20
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conpfenant |e produit de r6action d' une diam ne organi que avec au noins 2
nmol ep, par nol e.de dianine, d'un nonoi socyanate d'aryle qui est présent,
soit|seul, soit (11) en une quantit6 de 0,1 a 20r£art|es en poids, pour 100
parties de resine epoxy, A nouveau erER Ai535Z®Bhvec un agent dur ci sseur

ar orati que A foRctjqQp %mz_nampééa steht, w%be.@fap%ssws% ehfeh Monbihiehted RBRbrwabdeRfbtrest
1, dans | aquel bgerlkiéh ihertSUBRAGSHAIKShIEHWRASseL: s)stéhS.TR forawv dssurdtoft, €ydno, Methoxy, Vinyl oder
2 dans | aquel | Ethiyksdht urd R'ef0li Wasserstotfikytmie 1 Keh lendseffatonienyAriiemit 6 bigr12 Kohlenstoff-
radi cal hydr,ocatpsnedss eipalivalantesifkyien rif 2 9'&?%?

vl gresllylen mit 2
neter oatomed. g ggam%g% TS e o R pos toon i
L., | 111111 1 igi s Diaryisul is KSM ofbtdmBn Stelt FEfuk WSsser&oﬂSAmlHdﬂ \ﬁHmethoxy
d' hydrogene ou otét Ethasti stehk uriyRdl fup Wasdemtotf oder?ikybrhie Nbis 6 Kohlensitifgarherentiendivalpntes Alkylen
am no subsUtumMSﬁwl stolfateraentaiatit-ocar bones, un radi cal cyano, un radical
hydr ocar boné? oxy Biass 9?'@1"5 pasgruch, b, wobejdn Verbiadyng M)NE st it uant's i nert es:
et Rl est, ind6épendanment, un atone d' hydr ogepg.ou un radical hydr ocar bone
nonoval ent un _radi cal hydrocarbone substitue par des substituants inertes,
5 une Ssi rrpl esﬂehtan’smm—augstammwchfﬁw—Hatehyl ene bival ent ou un tel radical
substitue p# dest Massstgemifapnspruchdrvabsi in Yerbiggng k% 8h sel on | a
revendi cation 2, caract6ris6e en ce que, da NgH lLedit conpos6 bis-uree
(b)(l), X est un radical alkylene bival ent ayaﬁ’f de 2 a 12 atones de
carbone, un radier@R fal kygh,CALstént uivbR fint—tHoyedit de 4 a 12 atomes de carbone,
i nterronpu par de’.Massegemil Ansprugtl R.oedbeidn Yeérbindungilll@l>efit ou un radi cal
pol yaryl ene ayant de 6 a 12 atones de car bo_rz_g u un radi cal pol yaryl bne
ayant 6 a 30 atones de carbons, interronpu t 3‘5 -0--, S ou par des
gr du—p’es - CR2 olqentoRfdnd RZuelAlBlentin atone d' hydrogene ou un groupe
hydr ocar bones nonos: MaesetgemeR fispich awobbiyia Vabiadungrie(ilsotiést | t u6 par des
substituants inertes; R est un atone d' hydrq bne OuU un groups cyano, am no,
met hoxy, vinyle ou 6thinyle; et R est un a R d' hydr ogbne ou un groupe
al kyl e ayant dgf, Rufld RLANER sff, Carbons, aryle ayant de 6 A 12 atones de
carbone, ousun radlmaée@hkuh%mcEQWbemv&yiaminga)a)Lxﬁr atomes de carbone. 75
4. Conposition selon la revendication 3, caracteris6e en ce que, dans ledit
conpos6 bis-uree (b)(I) X est un radical af"l@'#’%ne bi val ent ayant de 2 a 12
atones de carbq I t 1 n
carbons, i ntger re%Etquur eﬁaf;%\gf{ﬁ ;q'}eaﬁfgéhéﬂ StC?I al?‘e dgﬂﬁdgﬁg‘ %)‘12 vﬁ?ﬁ%&ﬁﬁsgﬁﬁw
de 12 a 20 at OrTES10jMa£hal’gbﬁiT§/,\nsB‘uGS2 mneuatmmmimb}mknoqb:rrmwwnRgstoups
am no, vinyls, nmethoxy ou 6thinyle; et-R est un atone d' hydrogbne ou un
radi cal al kyle ayant de 1 A 6 atones de a ong &4pn_radical alkyl ene
bi val ent 20, ayant 2 ou 3 atones de car B —CQ' _8gzr1'po§|t|on selon la

revendi cati on Zteh€ &kRCiHSdNE 6 RETIr A sﬁuﬂmddasmdére RUFONROH B §téht,(degsen dnéEhde mit dem
) einfach gebundenen N in X verknipft ist.

Revendications

1. Composition thermodurcissable comprenant
{a) un prépolymére époxy ou une combinaison de prépolyméres comportant plus d’un groupe époxy
par molécule, et
{b) un catalyseur de durcissement pour ledit époxyde, comprenant
s0 () une quantité, efficace pour le durcissement dudit époxyde, d'un compose de type bis-urée
comprenant le produit de réaction d’une diamine organique avec au moins 2 moles, par mole de diamine,
d’un monoisocyanate d’aryle qui est présent, soit seul, soit
(1) en une quantité de 0,1 & 20 parties en pmds, pour 100 parties de résine époxy, & nouveau en
combinaison avec un agent durcisseur aromatique a fonction amine.
55 2. Composition selon la revendication 1, dans laquelle ledit.composé bis-urée (b)(1} est de formule

' Rl <|>l ;| R '
1
60 X N—C—N—@
. . 5

dans laquelle X est un radical organique hydrocarboné bivaient, un radical hydrocarboné blvalentdou
65 trivalent interrompu par des hétéroatomes, ou un radical hydrocarboné bivalent substitué par des
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ree e CH2)qgr, 25 R est -CH3, et
R est -H 6. Conposition selon’la revendication 2, caractb6risee en ce que,
dans |l e conpos6 (b)(l), X est -CH24r, 30 Rl est -CH2CH3, et R est -H 7.
Conposi tion selon la revendi catgmrg assmcaﬁrl see on ce que, dans

conpose th& ahts ifarfeS R d5TiA dlamePhydfigens G urlJadid Warbkarin B
o everiiat B e Sl ot D el iﬁ‘?@
+CH2h-, éu)m tatradaaamﬂtuéwmess stu&antsG@dﬂ@Q&t mleennme@ famiriant avam a:wdrdgnn

caract 6r¢tst8era¢cal belrepadondimorsvhientom qe sHbstige paCle3 Iaut;stlwsnts Rerwt -

un_ R ® estregiipiaaian gu Ik nem”gtwe ! cals ar des sybstity
oo o RS s S T Sl T

caracter 1 zséi&né%VHeC‘cerbﬂhhe intdtedhpu p@r de0TRYS @in rylé il en Hiﬁa’i lpoftyAry¥
50 - CH2- &hir-de BlaGkidtookiR de cafBoasdu unHiadicahpdarydie ayank &4 3d atxaan rde cdﬁ:oneSbterrﬁ'rﬁM
dont W@nepasxtQeni-Se auspar [dpssgroupes '—Gd o =S R‘Bﬁ@tlumros'vnd bisirRgene OGEN GBS 22
hydrocarboné monovalent ou un groupe hydrocarboné substitué par des substituants inertes; R est un
atome d'hydrogéne ou un groupe cyano, amino, méthoxy, vinyle ou éthinyle; et R' est un atome
d’hydrogéne ou un groupe alkyle ayant de 1 4 6 atomes de carbone, aryle ayant de 6 3 12 atomes de
carbone, ou un radical alkyléne bivalent ayant 2 ou 3 atomes de carbone.
5 4. Composition selon la revendication 3, caractérisée en ce que, dans ledit composé bis-urée (b){l}, X
est un radical alkyléne bivalent ayant de 2 4 12 atomes de carbone, un radical akyléne trivalent ayantde 4 a
12 atomes de carbone, interrompu par de |"azote, un radical diaryisulfone bivalent ayant de 12 4 20 atomes
de carbone; R est un atome d'hydrogéne ou un groupe amino, vinyle, méthoxy ou éthinyle; et R' est un
atome d’hydrogéne ou un radical alkyle ayant de 1 & 6 atomes de carbone, ou un radical alkyléne bivalent
20 ayant 2 ou 3 atomes de carbone.
5. Composition selon la revendication 2, caractérisée en ce que, dans le composé (b)), X est

\/ ~CHhs

25 R'est —CH,, et R est —H.
8. Composition selon la revendication 2, caractérisée en ce que, dans le composé (b){l), X est

+CH 2')5-1

0 R est —CH,CH,, et R est —H
7. Composition selon ia revendication 2, caractérisée en ce que, dans le composé (b}1), X est

~+CHzle,

35 etR etR'sont—H.
8. Composition selon la revendication 2, caractérisée en cé que, dans e compose (b)(l), X est

~+CHar,

4 etRetRsont —H.
9. Composition selon la revendication 2, caractérisée en ce que, dans le composé (b)(l), X est

—+CHz}y,
\— & Rest —H, un R est une simple liaison et I'autre R' est CH,}z, dont une extrémité est liée a 1a simple
liaison.
10. Compaosition selon la revendlcatlon 2, caracterlsee en ce que, dans le composé (b)(l), X est le radical
trivalent
50 |
H,—CH,—N—CH,—CH,—,
R est—H, un R' est —H et I'autre R est 4-CH_}z, dont une extrémité est liée & I'azote a simple liaison dans
X.
55

60

65
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