EP 0 540 644 Bl Description The invention relates to the curing of epoxy
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form conmpounds having the formula: [err] These conpounds differ fromthose
of the present inventors in that th yfre O|Igﬁ) rs and both the term nal
am no groups are substituted, us meduci ng t he ftlonallty of these
conpound¥. . The applicants 35 R dﬁ‘bﬁrM- pEd-Bm di scussed above which
i s inherent W|th the use of di cyanodl am de nanely, the need to use
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carhodiimde [err] with cyananmide ([err] C = . As with the conpounds of

EP- A730640451, these di - substituted cyanoguani d| nes are substituted at both
the am ne groups.” Substituted cyanoguani di€es have al so been suggested as °
bei ng useful in the preparation of Bd)lwge@ﬂiaes as shown in US-A-3 734
868. 50 Rel ated materials have al so used as precursors to various
pharmaceutical s, ‘an exanpl e of Whl ch is US-A-4 560 690. US-A-2 455 807 'is
rel evant d‘"‘t?’Fé“ P%f‘@f‘t' Wuﬂ%ﬂﬁ%ﬂs f ORIKYIBERS: H’gts‘t ubstitytndoypnogiagigines are prepared by -
e'é'é fe Ny midg (hlHa(C 2 1. ¢ Hih the compounds

.g?’?;gg;%nhd?% g w ﬂ“eér?fansé' | ted at both the amine groups.
ubstltute cyanoguam ines have een suggested as being useful in the preparation of
polyurethanes as shown in US-A-3 734 868
50 Related materials have also been used as precursors to various pharmaceuticals, an example of which

is US-A-4 560 690.

US-A-2 455 807 is relevant to the- preferred method of preparing the substituted cyanoguanidine
compounds of the present invention. The reaction of dicyanamide with the desired substituted amine is
shown to produce the substifuted cyanoguanidine. '

55 The present invention refers to a composition comprising an epoxy resin and a curmg agent for said
epoxy resin which is a mono-substituted cyanoguanidines having the formula:



shown to produce the substituted cyanoguani di ne. 55 The present
inventipn refers to a conposition conprising an epoxy resin and a curing
agent for said epoxy resin which isﬁﬁ < L%]stitut ed cyanoguani di nes
having the formula: 2 "EP 0 540 6 Jbﬁsﬁ and Yis -Hor [err] Such
nono- substi tut ed cyanoguani di nes are soluble in various solvents such as
~acetone, nethyl ethyl 10 ketone, nethyl isobutyl ketone, and

cycl ohexanone. In service as curing agen Q‘ t he substituted cyanoguani di nes
generally will be enployed in armunts 20 wt. % of the epoxy resin,
preferably 4 to 10 wt.% In anot her ET 2the invention is a nethod for
curl.\'g epoxy resins in-which an effectlve am)unt of a substituted -
cyanoguani di nevhare RjefGHaBate ¥isov@C:ColhXed to an epoxy resin, preferably in
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- solubility characteristics sought. Further, substitution of both of the

am no gr oup&omg et Supstituted Cyasoguppidings s | corrpounds of the generic for rrul a:

30 [err] 85 such as are shown in EP-A-310,545 are | ess satisfactory :
will be shown "ﬂ?é‘? W""“T‘Pfé°ﬁ°ﬂ\?'é$f?‘f?? dor ihe, hydrpgsy) i in, ¢yanpgamidin iasof f”lﬂtc@ﬂf to P’°""’°
Cyano guani dihs s:rﬁ msﬂﬁ rmgr gnyl bstltuted cyanoguanidines do not have the improved solubility.

[err] wher e SRrclerist itution, pfapoth 19 Hee PP QrpyPsy ©f §ya"?$”6'l'd"[°e}h?t] s,
have inprg vg?:i"p%'fu ?i"e'é? fhe parent conpound and still retain a high
curing ablllty so that they are effective in anmounts of up to 20 wt.
percent, preferably 4 to 10 wt. percentucmf t he époxy resin. The

nmono- substi tut ed cyanoguani di nes of thj “H\éentlon and the di-substituted
cyanoguani di nes of EP- 50 A-310 545 n the degree of reactive
functionagkity. In order for the curing agent to react and generate a

© Cross-| i nkegucBpoxry skvva @CERAB10585 ard Risy\Gitisfactdry) @s wilb& showaBéleal s react. with the
- epoxi de radi caihs invehives hegioend that mono-substituted cyanoguanidines having the formula
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' | © RNH-C-HH,

where R is ~CH2CsHe X, or -CH2CH2Cs Ha X,
45 and X is either «H, -CHs, -OCHs, -OH or -NY2
and Y is -H or -CHs
have improved solubility over the parent compound and still retain a high curing ability so that they are
effective in amounts of up to 20 wt. percent, preferably 4 to 10 wt. percent, of the epoxy resin. -
The mono-substituted cyanoguanidines of this invention and the di-substituted cyanoguanidines of EP-
50 A-310 545 differ in the degree of reactive functionality. In order for the curing agent to react and generate a
- cross-linked epoxy based polymier network, the amine radicals react with the epoxide radicals. The degree
of reactive functionality of the cyanoguanidine will depend on the degree of functionalization for the
cyanoguanidine, which is related to the number of exchangeable nitrogen hydrogens of the cyanoguanidine.
- For example,  dicyanodiamide (cyanoguanidine) has a defined degree of functionality of four, that is, it is
55 capable of addition to four epoxide radicals. In the case of a monosubstituted cyanoguanidine the degree of
- functionality is three and .it is capable of reacting with three epoxide radicals. For a di-substituted
. cyanoguanidine as in EP-A-310 545 the degree of functionality is two, and it is capable of reacting with two
-epoxide radicals.



of reactive functionality of the cyanoguanidine will depend on the degree
of ,functi,onalization for the cyanoguanl dine, which is related to the nunber
of exchangeabl e nitrogen hydrogens 8 %gmégnoguani di ne. For exanpl e,
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soluble only in a small group of generally avail able solvents, 20

i ncl udi g GereRasgns or mani de, di met hyl sul f oxi de, di net hyl acet ani de,

N- et hyl - 2-p roI nea 0] e t resin, precur
cyanoguani gi i yrrgg e TS cYaIH" "ﬁ;f'maeﬁ °ﬁ§° ‘%EWO meayoilmglrhggﬁﬁ {]ﬁdr{::% ¥ E§IS\) &ghfso e
sol vent s, qu.l'&ﬁ%brg AL 09 cﬁgff‘t F& &L OilycidyE! (A¥endiS Viidhe! | 1dtagHRRyH
cycl ohexa Xﬂﬁ; 15 yl Q'Ejlaﬁ\ﬁ?fétanﬁ Bﬁb‘bﬁeé @Rd Ridtures TheRA. TMo@Haﬂkularly

acetone ”ﬁ{g a‘ | i Ve bele RN th loroid Qitsble RElils FHCthOBMKPRRMS oflr €
preferred gl e corrpounds of the invention are generally
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desi red amgudaist ®r Epdxe ResMast i t ut ed cyanoguani dine i s dissol ved in enough

sol Vént 40 make a sol ution containing about 13 to 45 w.% of the conpound
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particul ar lE{y-‘; q' glym dé!es bi sphenol - A ( DGEBA) types have been found to

provide su with the curing agents of

An advantage of the substituted cyanoguanidines of the invention is their ability to replace the
cyanoguanidine (dlcyanodlamlde) commonly used to cross-link epoxy resins in the preparation of reinforced
laminates for the electronics industry and without requiring the use of undesirable solvents. The methods
used to prepare such laminates are well known to those skilled in the art and need not be discussed in

.55 detail here in connection with the present invention since the procedures are not revised to accommodate
the substituted cyanoguanidines of the invention. in general, It may be stated that the fabric which is to be
used to reinforce the laminate, typically made of glass fibers, is coated with epoxy resins combined with the
crosslinking agents and a catalyst as desired. The coated fabric is then heated in order to drive off solvents:
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the invention. Catalyst for Epoxy Resins 40 In order to facilitate the
reactiopn.of the substituted cyanoguanidine with the epoxy resin it may
prove useful to enploy a catal yst. I&are are various catalyst known in the
art which can be enployed in this i ROARR4 Bhe catal yst which we believe
of fer distinct advantages over others will be free of transition netals. In

general , thengad alry folyWblib ahdd Slosdiifk) id &8 le8ins @ia Tid B¥Lslitding 38 Multiple layers of
2- phenyl I M daaed Rbriclard domidftly Rdrhbindd td!provide tRd ¥enin s&ﬁEe% Iegt?amc circuit bzardsyWhen
1- (2- cyanoetdhly! 2 pattiaPedny Is-AmiB® bty ihb stk r&iuct‘lls Ia*?é:r‘ﬂlé Jrem % Q! Brepreg™ or "B-stage”
2- et hyl i m dazatdrigl, Fudthért daping- ié Hatdi bt dulltlcoaplo®, thé)ﬁﬁhﬁﬁtbd'ﬂﬁw pridesddk 3 carried out in
4- (i et hy| eoaicnor)cohdindéus iproedshs| idniinz 1ol ttuge Sidied h-tigithoXy - N _

di met hyl benzyl am ne, 4-net hyl - N, N-di net hyl benzyl am ne, and the like.
Preparation qubﬁyaa@_u@mmge of the substituted cyanoguani di nes
of the invention is their ability to replace the cyanoguani di ne

(di cyanodi ani dE'P cU@iarAgents of fkeciaveniion anay e prepared beriqus mstfiodssknown toHpse skilled in the
prepar at i ¥n aﬁf F"F ExamRles thenather;oh Maw &J- Qg CGhera., 12, 4B7-#48n#42H49 (1847t ang Cardc(J. Chem.
wi t hout req ?1 0'1‘7?@ (1943) faﬁct'méfs?rv'mh@%amém@dwnm@nm%&ueweggwa@t@n with
pr epar e sucﬁ“ %?ttgge"é'fa Wa“%ﬁ'my't"{ia'ﬂ'ﬁ%'8“'3%(‘1"]"1“é'a°'1 rpactionawith ammapia) vieldesa)
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toidrive off solvents 4 EP 0 540 644 Bl and to cure (polyrrerlze and .
cro$slink) the epoxy resins and the crosslinking agents. Miltiple |ayers of.
coated fabric are commonly c I ned t oHprovi deRtheNHzam nat es needed for

el ectronic circuit boards. WieQ only a|part|al urk s carrled out t he

resulting product is often ref ?I"r'bd ENrNas 'h'“pﬁ rérNor " B- st age”

mat eri al .2Further curing is IRgfer carried out RY conplete the |aninate.
These processes are carried o in 5 batch or ti nuous processes famliar
to those skill ed |n the art. Preparat|on of the Substituted Cyanoguani di nes
The curi ng gal; °ﬁ9'@m' FERNHSN) profeyabivdeiused. syely3sSediurmdicyaneieide Moawn
to those sk nine %Vebenqéisﬂ'l{ﬂﬂ’ i@ lo splventy-gych as

Chem , a eﬂdzjzan: % rox:m oly 5101 ;Eﬂ C(llfs:c THehiormp L. " dipragamide
(1948)) reagﬂdsd $I‘r$ %Jg §g yﬂ ﬂm?s$heéb tto ;&ogq(imfﬁ%ho of tlrﬁr:tl:lfecégseyyﬂ%p

by reacti oncm,lg,

ut 100‘ to 110 C will
N- cyano- S n'ﬁrtng'%mﬁ\l abéuﬂg {0 6@ rTﬁ ¥E‘L s&ggﬁhe sul E?}i S
a substi taht @ghnsgiaiidalia Necdlens bﬁl?srtj tﬁétlomﬁ tf‘@ggh c‘l Ic a use sohds e
729- 737 (194ifb)at) wahéd, iMRon rédRsdived 2 seu. e 0 et Ve i

di azoniumsalt with di cyanodi am de to yi eI d a substi tut ed aryl -azo-

di cyanod| anmEMAMRLE 1t ri azene which thermal |y deconposes to yield nit rogen and
t he orrespondlng substi- tuted cyanoguani dine. The inventors consider the
met hod i e US- Sydthesisrof 8tBenzybdi¢yenodiemida (BADIGY):c196.200¢ (16830 rolps) @PBenkylgnine ¥l ka. 1560
subst i t ut edméphbiiagolzang ehiangedsinto B liter Jmpdkaclindnbgtiolnaiasiemigippadavth gedensércakiitign fynel

the fol | owi AY meskenicab linge Clor #is regjrradoreptigmnixtuee. isaddded 00Q.56r g [55.0 mL, 1.020 moles) of
concentrated sulfuric acid in 400 mL of butanol dropwise, final pH is 7 to 8. To the above reaction mixture is

added 182.57 g (2.050 moles) of sodium dicyanamide and 40 mL of water, the reaction mixture is heated

45 with stirring to 100°C and maintained at 100°C £ 5+C for 6.5 hrs, during the course of the reflux 95 mL of
water is added to the reaction. To the cooled reaction mixture is added an excess of water (3 liters), the
butanol is azeotropically distilled off. Upon cooling a precipitate separates from the oil, which is filtered off

and then washed with 1000 mL of 5% sodium hydroxide solution, filtered, washed with 1000 mL of 5%

. acetic acid solution, filtered and washed with 1000 mL of water. The white: crystalline solid is then
50 recrystallized from boiling water, yielding 185.8 g (61.4% yield) of white crystalline product, m.p. 109-

110°C (Lit. m.p. 108-1089); Elemental Analysis, Found C 61.99%, H 6.08%, N 30. 57%, Calculated C
62.04%, H-5.80%, N 32.16%. '

EXAMPLE 2
65
Synthesis of N-Benzyl-chyanodlamlde (BZDICY): 4905 g (500 mL, 4.58 moles) of benzylamine is
charged into a 5 liter 3-neck round bottom flask equipped with condenser, addition funnel and mechanical
stirrer. To the stirred, chilled (2-5°C) benzylamine is added 4489 g (378 mL, 458 moles) of concentrated
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In practice, a netal salt of dicyanam de (CN-NHCN) preferably is used,
such as _sodi um di cyanani de. The sel ected substituted am ne, for exanple,
benzyl ani ne may be di ssol ved |n a@a‘&%@ﬂﬁ ol vent, such as 30 butanol,
et hanol ,- propanol. and water, drochloric acid to forma
slurry. Sodium dicyananide is added In an approxi mately stoichionetric

quantity. FRRochBACcidOR alrste fiaf ihduftd tHakihe Ahctib® MRkRFeobd foF eld6dd ¥aeH, TRb Rdtiioh Sl
and at prewssiies s - GbADRERERG (1.9 ROGPofaurh QlcyzRar@s & AGtedfand ho el RBAAT Y
to conpl et @& Reed WA Sring Mo 100" CTaRd MBihtdinecPat 11 BOFTEESAL Ubres.50Nirs. A YIS liters df Vated toVthd |
be used Wi fstitrelt iaction Atbitir® Bndt dlI6E tol20H Bgeridht The madtion diktufeas!filiered BRE therdiirised withi 15
used, ;t he %ot sfavater.iThe chyadliinb lpducd fsfstimeacith g7 Sisis Dt 5% bdiiin Byairoxidy askign N 2.0 hise

i s r&Cover ditbrdaly rirsed) withal. 17i litsa b veater, tiebdWat 1i7N iters of 5% wichtioadid solutian, titeted ahds wasbetd,

t he sol i ds willr 85 flitetst o wetdr. Theawhitectrystallinp solickis thendiissgh e iretl6 ditadof anejretch bid fitterdd tor om
sol uti on. PONPeE hsable materl ehmethanolofolubipnBis raeigdd- idi &0, liters dhif avater] and( BIDfilterep;
196. 20 g ( Yielding 477 26976 fyieldbef Mttegrystallingpradustam.p1 BRIOMC. of hut anol are
charged Pnto a 5 liter 3-neck round bottom fl ask equi pped with condenser,
addi tion f GXAMPLES( mechani cal stirrer. To this stirred reaction mixture is
added 100. 56& 55. fur | C ac

mL of butan PR 'y -«-9' 3] E’g\f n‘L thrﬁﬁ’e
" Suse 10 L e e CE 2 5 ﬁ%ﬁﬁ g :ﬂ
o aﬁso&ﬂ:‘&a‘gné?kldetfﬂ

the reac Y i

) of EH% fatdd t

fore) “Ter f&aﬁdﬁs 7 aamf i

added to th eatademts{.m 1o 180 401 e oo e of

vvater (3 | igs.60 ML of Weli? .éoaaaém@ thel 15acBBE DS the Bbdical rbattdhi iikthrb .sedadai‘ - exbdRO Bf veelpld NY
%‘( Ci bt BeR), BHRMRaAN RSazbdiopitaiy Bistibd off. WborCédoling af grdclpRéte Sbparafes @6 el TwhivR S ed
1000 mkereaf off2a enl ivaliedwith 1080 Ge oS5 Wddivahydiokilid SiuBiéh, fitbraNedhedi viith 1400Q8L Nl
of 5% acet ot5% atdlic acld wblution ,filtéred areirvaashed rwith oo sid olwatdn The OBiteTtrysdliingvadlidlis thdhe
whi t e crystetystalitied Somi biling walee 1yieliig r168.3 WG % i yisi)l of white) daystaliine grodact, en.p. 137-
yi el di ng 19%8°8; §le(hertal Alysise IFoind 0F 62:84%, ¢ 82676t N1129.16% Gaicolated (C, 6370, H1HB%, N
[err] . (l2t 29./%. 108-109); Elenental Analysis, Found C 61.99% H 6.08% N
30.57% Calculated C 62.04% H 5.80% N 32.16% EXAMPLE 2 55 Synthesis of
N- Benzy| - DEX§MRI&H ani de (BZDI'CY) 490.5 g (500 m., 4.58 noles) of

benzyl amine is charged into a Il.ter 3- neck round bottomf]lask equip
with condense® nthe _, a 9' e -l-;.n abat 1)=g Hyanegiamie _._, Z Y) P g'ﬂj H@'? rg%hox—
chilled 3?2"?"? 2% % ﬁ 'ggd ' '"°° reLg q“'pped
Wi ndens i o hc IO
fﬁnfe?hr at mL 08 g} ¢ é&tr £ su u cécn b i Li ro %a(s} % e reac on
a er 8 ue S

fos L 8 mide
heat ed to Jd w.ta@ sk g & nlin a?% 1683‘2:5% o % 699 E mniem: mﬁ o 76
added an,gl 1&f WateiGe bddBd fE‘t teb&ion. To :%fx!ufe i me& Xeess bf (3 liters),
mai nt ai ned 4@thubadi fslazdoRbpidiPdittiiies o \disb nJeoém hrp%e ite® soP@4tEY frdnPthd BIE whith Is'ifidled
reacti on Mo b tRertitdheadll with Wo600mIC S15% sadeﬁumyetbi.aeT RtidnEfelet, OvhskBdWith 7 600I nfL. of 5%
filtered anehtié Aea souftBe ditorddt hdlwdshdd with 1000 B of\witerd Thd it EryStilimb | doEis then
proUt | S retystallizad frov tobilin. water, | vilding 1088 g {EM0830M6Id) 10T White lcayxtaliile pBailict] th.0rB1/08%C2. O
hrs,™f i |4 e Eleaiental iAnalysts, FaubdC $8.62%, H 6.0886, N26.58%,c0alculstbd € 15880%\iH 393%, W727J44%er s of
5% acetic acid solution, filtered and washed with 2.5 liters of water. The
white crysEXMRLES solid is then dissolved in 1.6 liter of methanol and
filtered to rem)ve an ) | nsol ubI e materl al , _the nethanol solution is added
'to 8.0 lit pthe A danin ,'a'-'-h o @ldﬂ(}ﬂzOM)Qf Nedimetidamprobenagl of
%afu%i"WH\ l,

white ¢ sfl%nypq ﬁ 8 ole ged into a glass liner for an 850 cc
@ autoclave. pélass liner'is pl \mhm a autoclave and then 10. 0 g of ammonia and 850 psi (58,6 bar)

hydrogen at 25°C. The reactor is then heated to 70°*C over a 1.5 hour period and maintained at 70°C for 5
hrs. The reaction mixture is then allowed to cool to ambient temperature. The reaction mixture is filtered
through a fritted glass filter to remove the catalyst; and the filtrate is concentrated under vacuum to yield a
50 yellow liquid (crude yield 73.53 g, 97.9%)
Three comparable reaction runs were combined (crude yields of 73.53 g, 8860 g. and 76.93 g) and
vacuum distilled to yield a colorless liquid of 183.0 g (81 2%), b.p. 125°C/2.4 mm (3,2 mbar) (Lit. b.p. 158-
- 159°C/25 mm (33,3 mbar)).
Synthesis of N'-4-(N,N- D|methylammo)benzyl)-ducyanodlamlde (DMABZDICY) 61.4 g (0.408 moles) of
55 4-(N,N-dimethylamino)benzylamine and Ca. 310 mL of butanol are charged into a 2 liter 3-neck round
bottom flask equipped with condenser, addition funnel and mechanical stirrer. To this stirred reaction
mixture is added 22.43 g (12.2 mL, 0.229 moles) of concentrated sulfuric acid in 90 mL of butanol dropwise.
To the above reaction mixture is added 40.72 g (0.457 moles) of sodium dicyanamide and 10 mL of water,




Synt hesi s of N-(4-Methyl benzyl)-di cyanodi am de (MBZDI CY): 200.00 g (1.650
nok es) of. 4-net hyl ben- zylam ne and ca. 1400 nL of butanol are charged into
a5 liter 3-neck round bottom flask equi pped with 15 condenser, addition
funne! and nechanical stirrer. To tHiFs08#9 64481 r eaction nixture i s added
90.65 g (50.0 nL, 0.924 noles) of concentrated sulfuric acid in 370 niL of

butanol dro rgétlo Tr9 xtBJa% i QX it St Q& g@& ko%o IE éﬁ%aﬁnt&t?&%ﬁ% l@'% f§r 5. Qllzf 1du§r$g§the

nol es) of sQgi Ly

heated with e%eksr 5fwaar f ‘%ifl Sthé iuta%ﬂlqs %&%ﬁéﬂ?%&dﬁ& tI Rhpbr co B@ soparatd
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but anol is ambaesckyeRiiRaliby ethasol: IvJaieﬁ(dMIi)fweldiJ@(sa 26 (523%ibld} ofgrBCdritallind Stoduct, m.p.
separ at es f rierdoine; Esrhental\Rralykis,iFurkdi G 616318l HOT2b%AN G284 rCalaIsBE d 60i79%, H.E.086,M-
of 5% sodi ursek4gelr oxi de solution, filtered, washed with 1000 nL of 5% acetic
acid solution, filtered and washed with 1000 nL of water. The white

crystal | ime EXAMPEEG s .t hen recrystallized fromboiling water, yielding 168.3
g (54.1%yield) of whi ne product . 137- [err]; Elenental
Anal ysi s, Fou Rynihesisof Ald X B X BEAS P! ¢-hgdsoxyberzylanin sulfety

N 25 29. 77% MB’:S"H"*’S ' 'i“ . ju ' @%wp%meww Dean-
( MOBZDI CY) : ’ 'XB'fel n f"ﬁ AW ; _ 4 ydieiide- 93,9 g of
1230 i of B 'Fy &.ﬁoé g{ ‘Bs te'gpe d?ﬁ B re s
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ifalngreﬁ?r;t?: U;“nH E»H % t an()&' Q %r@ eto IBK)and

reacti on i )fJaHﬁgdew' gsa@;dd o;leﬁéan 2 ot reBi30 Ol €5 e Icyg"nam AR

of water, the reaction mxture iIs heated with stirring to [err] and
mal nt ai ned @w{na{gj for 6.0 hrs., during the course of the reflux 76 35 nL
of water is added 1o the reaction. To the cool ed reaction m xture is added
an excess of vEshad dicyhnddidmideSyas tdsted drlits 361ability 1A varbeOpotenpal Gotlenis atl rodini thrhpehtuddsf .
Upon coola nincempnie of (05 § atoh veepaided ©S10fgrad thetshiectad sojventtunti laftar 30-i5 minawe of vigbious
and then wasfréng td ledh ing@aent feilechtp ABY/dissolie. Tiw regults @rei retrtsttih thifaliowing teblé.er ed,
washed with 1000 nmL of 5% acetic acid solution, filtered and washed with
1000 mL of water. The white crystalline B®LEA is then recrystallized from
boiling water, yielding 103.8 g (34.8% yvield) of white crystalline product,
mp. 91 -B¥3%C, 40 El enent al Aswemsi s, Found C 58.s6ig8fiy, g} 06% N 26. 58%
Cal cul.ated C 58.80% H 5. 930 | s of _
4- (N, N- Di met hyl ani no) benzy! dnf 2 v} ehes . |
N, N- di net hyl ani nobenzal - 45 dagggagm 6.1815 g of| Ranky Nickel, and 200 nL of
ethanol were charged into a gj jiner for an 850 autpcl ave. The gl ass
l'iner is placed within an aytg ,%ve and then 10. 0 gy&f a nia and 850 psi
(58,6 bar) hydrogen at [err]|.nm othy? Rétdria" ist en he?ted o [err] over a
1.5 hour period and nai ntalreéjhyegce{a@rr] for 5 olfie repction mxture is
thensal l owed 'to cool to anbilefiunt sdsRer at ure. The re@&tlon mxture is
filteredshrough a fritted gliassmefilter to rengve &gy catjal yst; and the
filtrate is concentrated undesthywaegiyosl t o yi el d |a 50.3sel | liquid (crude
yield 73.53 g, 97.9% Three |coopylanedicel r eact i or] r urmdswer ef conbi ned (crude
yields of 73.53 g, 88.60 g. |ahohellig p@B®ligpne and vgcuwrnddi stif led to yield a
colorless liquid of 183.0 g|(dutypether b.p. [err]| C 2.8m (3,2 nbar) (Lit.
b.p. 158%[err] /25 nm (33, 3 e¥889!)). Synt hesis |of 0325 _ '
N -4- (N, N-D net hyl am no) benzyl ) - di cyanodi am de (DMABZDI CY): 61.4 g (0.408
nol es) of 55 Ay Dénelii aReaRdianiide i WA to¥tb@ BcHBing RChd Shme PrdRedite. Oss Ehuﬁ 8504 wad ©
charged i nt gissbivad iniatetdne Ind1Aethy! BRI RetoreQut @15 d Wadeseh@Y intireiliold dfolGRENIEEAER! .,
addi tion funnel and nechanical stirrer. To this stirred reaction mxture is
added 22. 913555&&2&2 m., 0.229 noles) of concentrated sulfuric acid in 90 nL
of butanol dropw se. To t he above reaction mxture is added 40.72 g (0.457

mol es) of s odiSalybility (tgsmafm shbstitutad cyanogeanidines)idicyanodiamide) was conducted by using a weight
ratio of the compound to solvent of 1:10. The sample was agitated slightly and dissolution recorded at
25°C; complete dissolution receives a rating of +, partial dissolution is +5, and no dissolution is rated as -.
The sample was then heated to 50°C for 30 minutes and the solubility recorded usmg the same rating
system.
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EP 0O 540 644 Bl the reaction mxture is heated with stirring to [err] and

mai ntained at [err] for 5.5 hrs.
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M EXAMPLE 9
g0 —TL=2
Part A: 3.10 g of BZDICY was dissolved in 5.60 g of 1-methoxy-2-propanol and heated to 50°C for 30
minutes with stirring. 0.050 g of 2-Methyl-imidazole (2Ml) and 8.92 g of methyl ethyl ketone (MEK) was
" added to the above solution with stirring.
Part B: 2.0 g of acetone was added to 50.0 g of Dow epoxy 71808 resin (diglycidyl Bisphenol-A
(DGEBA) and brominated DGEBA) and mixed well. .
Part A and Part B were mixed together and allowed to age for 24 hours. The resin varnish was then B-
Staged on a hot plate in a thin casting pan. The B-Staged resin was ground into fine powder and then cured
. at 170°C in a hydraulic press at 1379 kPa. The polymer had the following properties as a function of cure.
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rati o of the compound to solvent of 1:10. The sanple was agitated slightly
and di ssolution recorded at [err]; conplete dissolution receives a rating

of +, partial dissolution is [err] g%ﬁﬁi olutionis rated as -. 5 The
sarrple was then heated to [err] for and the solubility recorded -
using the sanme rating system 7 EP 0- 540 644 Bl TABLE B Experi nment al

Solubility for Substituted Benzyl Beyanothantdesy 5 Sol vent '

Subst it ut ed Benzyl - Di cyanodi ani de ‘[_EEEITEE;#DE&EL, e [err] = 25 50 25
50 25 50 25 50 25 o 50|Acesong¢ _ + +

- .t + + - 1 10 [efr] 780 Met hyl et hyl +
+ o + + + ; 20 + &ery] ketone(MEK) 1

- I\/E\f’hoxy- 2- Pr opanol + + + 80 + 90 + - + +
+ MEK/'1 -nethoxy-2-prop- + 60 + 93 + + - o+

+ + anol (50:50) 15 N, I\I-IID):VllFreth forani%e | + + + 4+ +
+ + + + + ( et hyl W f pxi de + + +

+ +0 + + + +150 1 (19$50] N, N- Di met hyl acet ani de
+ + + + o+ + 180 15 + + 20 (DVAC)
N-Met hyl - 2- pyrrol i di no- + + _+3680, 128 + + +

+ + ne (NWP) Ethyl acetate + - +
Met hanol The final polymer properties after 360 minutes-of cure at 170 * C: Tg by differential scanning calorimeter
e -+ 55 (DSQEt=h 4380 C. Tg by thermomechanical apalysis (FMA) = 117:5°C, ag = 4613 ppp/* C, a1s0 + 10424
+ + Tolpe®fi€- (a) benzyl dicyanodi amide (b) 4-methyl -benzyl

di cyanodi am de 30 (c) 4-net hoxy benzyl di cyanodi.am de (d)

4- (di et hyI nzyI di cyanodl am de (e) 4- hydroxy benzyl di cyanodi am de

cyanoguani di ﬁ' enzy

c anoguanldl | I .
( K/DBZ DI CY). Jn@ te EEB %H‘ eﬁgs éfe%d# fﬁ% X)E Z\F/&e) ¥ i np res?no g}gg{,‘l o?'sPBeqm G
but are 3§orre dvg fxed Lrﬁ alovitd 1d e lfor 24 hgurs]-QhQreglfa vrfidnl vad 18R B-
di ss 0| ved '9?&95d §0a kbt BIEte I a AR BN/ ped - ﬂém& re8iR Gad \Galn8 Shid e b&del anfd(iﬂen 3ted
at 170 C in a hydraulic press at 1379 kPa.
The polymer had the followmg properties as a function of cure.

TaQLe Bﬁho o on Y rou tac e t
am ho hydrog inute % it g % EY 3%&?{' iyﬁ%’nqme .g? k§‘¥le ﬁ' kgt:;nszEgK()Se
ov

30

Time (min.) | Tg(*C)
0 44
10 78
o 20 79
30 80
60 o1
90 96
Co 120 97
St 150 97
“@ 180 101
360 116

~ The final polymer properties after 360 minutes of cure at 170 C: Tg (DSC) 116°C, Tg (TMA) =
. 45 108t9°C, ag = 4627 ppm/*C, arg0 = 111£2 ppm/*C.

EXAMPLE 11

Comga!'ative

Part A: 1.12 g of DICY was dissolved in 6.92 g of Dimethylformamide (DMF) and 5.60 g of 1-methoxy-2-

propanol and heated to 50 *C for 30 minutes with stirring. 0.050 g of 2-Methyl-imidazole (2MI) was added

to the above solution with stirring.
. Part B: 20 g of acetone was added to 50.0 g of Dow epoxy 71808 resin (dlglycndyl Bisphenol-A
85 (DGEBA) and brominated DGEBA) and mixed well.

Part A and Part B were mixed together and allowed to age for 24 hours The resin varnish was then B-

Staged on a hot plate in a thin casting pan. The B-Staged resin was ground into fine powder and then cured
at170*Cina hydraul:c press at 1379 kPa.

50



m nutes with stirring. 0.050 g of 2-Methyl-imdazole (2M) and 6.92 g of
met hyl ethyl ketone (MEK) was added to the above solution with stirring. 45
Part B: 2.0 g of acetone was added to-50.0 of Dow epoxy 71808 resin

(di gl yci dyl Bi sphenol - A ( DGEBA) an&mmm%ed DGEBA) and mi xed wel | . Part
A and Part B were m xed together and allowed to age for 24 hours. The resin

parl sh Wadnd BifhoPhad e diing Bro rﬁagtasp#uaﬂﬁnafreu@ thin casting pan. The

B- St aged res S groun |ne po and then cured at [err] in a
hydraulic press.at 1379 kPa. The petyrer—hpa—ttre—foll ow ng properties as a
function of cure. 50 55 8 EP o|5uMe e piTofi' el (nin.) Tg [err] O

48 10 78 5 0 47 20 80 30
90 oY 93 90 99 ‘120 10 | 01 880

150 104 180 115 360 20 | 26 8Fhe| fi nal pol yner properties
after 360 mnutes of cure at [err}: T@0by i ffdreptial scanning calorineter

5 (DSC) = [err], Tg by thernomechani @il a1al%9§i's (TMA) = [err] = 46 3 ppn
*C, [errip = 1044 ppmi[err] . EXAMPLE B8 20 Par{ A 3.10 g of BZDI CY was
di ssolved in 5.60 g of 1 -nethoxy{2- p‘r"’Bpan“ﬁE HAd heated to 50 C for 30
mnutes with stirring. 0.050 g of |Benz¥I di et [f¥l afi ne (BDMA) and 6.92 g of
met hyl ethyl . ketone (MEK) was adde¢d tJ't he ab e $olution with stirring.
Part B: 2.0 g of acetone was added_tao~50 0 Dw epoxy 71808 resin -
(di gl yci Gyl Bi sphenol -A 25 (DGEBA) and br oni nat ed DCGEBA) and mi xed wel | .
‘Part A and PaTte filkal pelyraer propestiest afieycs360 sinutas of caielabi9AC1 v (BS@ 1 328°S4THAMAL = 11he
resin var nizCwas= et pBv/*Stagped 18ht BrprofCpl ate in a thin casting pan. The
B- St aged resin was ground into-fine powder and then cured at [err] in a
hyd&g ul i g [EXAMBLE12 1379 kPa. The pol ymer had the foll owng properties as a
funCtion of cure. 30 Time (mn.) Tg [err] O 44 10 78 20
79 35 . Comparative 30 - 80

Part A: 1.12 g of DICY was dissolved in 5.20 g of 1-methoxy-2-propanol and 6.92 g of DMF heated to
50°C for 30 minutes with stirring. 0 044 g of 2-Methyl-imidazole (2MI) was added to the above solution
.with stirring.

Part B: 50.0 g of Dow epoxy 71881 resin (diglycidyl Bisphenol-A (DGEBA) and brominated DGEBA).

. Part A and Part B were mixed together and allowed to age for 24 hours. The resin varnish was then B-
Staged on a hot plate in a thin casting pan. The B-Staged resin was ground into fine powder and then cured
at 170 C in a hydraulic press at 1379 kPa.

The polymer had the following properties as a function of cure.

25

30

Time (min.) | Tg (*C)
_ 0 44
35 10 80
- 20 . 83
. . .30 70
: ‘ 60 83
"\l ' 90 110
“@ . 120 114
: 150 118
180 128
360 130

The final polymer properties after 360 minutes of cure at 170°C: Tg (DSC) = 130°C, Tg (TMA) =
1148 £ 43°C, ay = 34.6 £ 6.6 ppm/*C, a1s0 = 91.1 £ 5.0 ppm/*C.

EXAMPLE 13
© 50
Comgaratlv

Part A: 2.09 g of DICY was dissolved in 5.20 g of 1-methoxy-2-propanol and 8. 92 g of DMF heated to
50°C for 30 minutes with stirring. 0.044 g of 2-Methyl-|m|dazole (2Ml) was added to the above solution
55 with stirring.
Part B: 50.0 g of Dow epoxy 71881 resin (dlglycldyl Blsphenol-A (DGEBA) and brommated DGEBA).
Part A and Part B were mixed together and allowed to age for 24 hours. The resin vamish was then B-
Staged on a hot plate in a thin casting pan. The B-Staged resin was ground into fine powder and then cured
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60 91 90 96 120 97 150 97 40
180 -, 101 360 116 The final polyner properties after 360
m nutes of cure at 170 C Tg (DSC) = 116 C, (TMA) 45 TJerr] 467
ppm[err] = 111l[err]2 ppm [err]. ExaRP f‘é arative 50 Part A 1.12 g
of DICY was dissolved in 6.92 g of Drrethylforrramde (DMF) and 5.60 g of
1rrethoxy2 ﬁlc&‘sg [err] for 30 mnutes with stirring.
0.050 g of % QE”J@F{% gf @Mgﬁl 9 the above solution with
stirring. Par acet ne was ded to 50.0 g of Dow epoxy 71808
resin (diglycidyl Bi sphenol A 55 BSEBA) bromni nat ed DGEBA) and m xed
wel |7 Part, A and Part B were nixed ) lad8 CBllowed t o age for 24
hour® The resin varnish was then B t plate in a thin
casting pan. The B-Staged resin was| ground ijntoedi e powder and then cured
at [err] in a hydraulic press at 1379 k&a. 6P |0 540 644 Bl The pol yner
had the follow ng properties as a fluhct8®n gf c8te. | Tine (mn.) Tg ( C 5
0 1047 10 80 20 78 94 60 95 10 -
90 - 111 120 119 150 125 360 128
15 The final polymer properties aft 8 of cure at [err]: Tg
(DSC) = [err], Tg (TMA) = 116 + [er [err] = 100 5 ppm
[err]. EXAMPLE 12 20 Conparative P DI CY was dissolved in
5.20 g of ™-nethoxy-2-propanol and ated to 25 [err]
for 30 mnutes with stirring. 0.044 g of 2-Methyl-im dazol e (2M) was added
to t he above shaitinabpolymer properties after 180 minutes of cure at 170°C: Tg (DSC) = 118°C, Tg (TMA) =
.120£3°C, ag = 33%7 ppm/*C, a1g0 = 1176 ppm/°C. . . _

‘o P EXAMPLE 14
Comparative

Part A; 1.67 g of DICY was drssolved in 5.20 g of 1-methoxy-2-propanol and 692 g of DMF heated to -
50°C for 30 minutes with stirring. 0.044 g of 2-Methyl-imidazole (2Ml) was added to the above solution
with stirring.

Part B: 50.0 g of Dow epoxy 71881 resin {diglycidyl Bisphenol-A (DGEBA) and brommated DGEBA).

Part A and Part B were mixed together and allowed to age for 24 hours. The resin varnish was then B-
Staged on a hot plate in a thin casting pan. The B-Staged resin was ground into fine powder and then cured
at 170°C in a hydraulic press at 1379 kPa.

The polymer had the following properties as a function of cure.

25

30

. Time (min.) | Tg (*C)
35 , 0 —
10 62
20 69
O 30 - 81
o o 60 . 88
: : 80 93
" 120 98
150 103
180 - 110
360 113
45

The final polymer properties after 360 minutes of cure at 170*C: Tg (DSC) = 113°C, Tg (TMA) = 124
t5°C,ag = 40 = 3 ppm/*C, a130 = 91.2 4 ppm/*C. _

s0 EXAMPLE 15

Part A: 3.08 g of BZDICY was dissolved in 5.20 g of 1-methoxy-2-propanol and heated to 50°C for 30
. minutes with stirring. 0.044 g of 2-Methyl-imidazole (2MI) and 6.92 g of methyl ethyl ketone (MEK) was
added to the above solution with stirring.
55 Part B: 50.0 g of Dow epoxy 71881 resin (diglycidyl BlsphenoI-A (DGEBA) and brominated DGEBA).
Part A and Part B were mixed together and allowed to age for 24 hours. The resin varnish was then B-
Staged on a hot plate in a thin casting pan. The B-Staged resin was ground into fine powder and then cured
at 170 C in a hydraulic press at 1379 kPa.

1"



with stirring. Part B: 50.0 g of Dow epoxy 71881 resin (diglycidyl
Bi sphengl.-A (DGEBA) and brom nated DGEBA). Part A and Part B were m xed
toget her and allowed to age for 24 hours. The resin varnish was then B-
Staged on a hot plate in a thin cadP #3094 Birhe B- Staged resin was ground
into fine powder and then cured at [err] in a hydraulic press at 1379 kPa.
30 The pol a function of cure. Tine
(min.) p X’iz%oly}ﬂ%phatd% f&B%&%E%eQQQP%R%:?%&% 83 30 70 60
83 90 110 120 114 1p +-6—18 126 360 :
130 45 The final pol ymer properti asT"a?{"Bﬂ*) B (¥)nlit es of cure at [err]: Tg
(DSQL 830 C, Tg (TMA) = 114.8 errjo= 34.6406.6 ppm J[err] =91.1 5.0
ppn [err]. EXAMPLE 13 50 Conparativeipart|{ A g2.0p g of DI CY was dissol ved
in 5.20 g of 1-nethoxy-2-propanol|and26.92( g é# OW heated to [err] for 30
mnutes with stirring. 0.044 g of|2-M3hyl}inedazple (2M) was added to the
above sol ution 55 with stirring. P&t B 5040 g of Dow epoxy 71881 resin
(di gl ycitlyl Bi sphenol - A (DGEBA) apd bP®nmi nht e@0 DJEBA). Part A and Part B
were mixed together and allowed tp adéof or 249ﬁouLs. The resin varnish was
then B- Staged on a hot plate in p tHPH ca:,ti‘g% pan. The B-Staged resin was
ground into fine powder and then furd8 10| 8% 0| 540 644 Bl at 170 * Cin
a hydraul ic press at 1379 kPa. Thk pr?P?mpr ha@'t hle ol | ow ng properties as

a functi'dn of cure. Time (mn.) Tg [err] O 46 10 65 20
66 30 Th@finallgblymer properties after 360 minutes of cure at 170°*C: Tg (DSC) = 1066C, Tg (TMA) = 1628
90 t§4Cle0= 34 £ 3 ppm/*G8xiz0 = 102 = 4 ppm/*C.

x{ 20 EXAMPLE 16

Part A: 3.34 g of MBZDICY was dissolved in 5.20 g of 1-methoxy-2-propanol and heated to 50 °C for 30
minutes with stirring. 0.044 g of 2-Methyl-|m|dazole (2MI) and 6.92 g of MEK was added to the above
solution with stirring.

Part B: 50.0 g of Dow epoxy 71881 resin (diglycidyl Bisphenol-A (DGEBA) and brommated DGEBA).

Part A and Part B were mixed together and allowed to age for 24 hours. The resin varnish was then B-
Staged on a hot plate in a thin casting pan. The B-Staged resin was ground into fine powder and then cured
at 170°C in a hydraulic press at 1379 kPa. .

The polymer had the following properties as a function of cure.

25

30

Time (min) | Tg (*C)

0 33
10 89

. 20 o1
30 . 93
60 103
90 105
o | 120 108
4 : 150 . M2
40 : 180 115
360 126

The final polymer properties after 360 minutés of cure at 170°C: Tg (DSC) = 126°C, Tg (TMA) =
45 118t8°C, ag = 2722 ppm/°C, a1z0 = 10522 ppm/°C. .

EXAMPLE 17

Part A: 5.78 g of BZDICY was dissolved in 5.20 g of 1-methoxy-2-propanol and heated to 50°C for 30

50 minutes with stirring. 0.044 g of 2-Methyl-imidazole (2MI) and 6.92 g of methyl ethyl ketone (MEK) was
added to the above solution with stirring.

Part B: 50.0 g of Dow epoxy 71881 resin (dlglyc1dyl Bisphenol-A (DGEBA) and brominated DGEBA).

Part A and Part B were mixed together and allowed to age for 24 hours. The resin varnish was then B-

. Staged on a hot plate in a thin casting pan. The B-Staged resin was ground into fine powder and then cured
55 at 170°C in a hydraulic press at 1379 kPa.

The polymer had the following properties as a function of cure.

12



150 111 180 118 15

360, o 118 _ 118 The final polynmer properties
after 180 minutes of cure at [err] [err] Tg (TMA) - = [err] = 337
ppm [err] = 1176 ppnl [err]. 20 Exﬁ-\%lg&l@(% arative Part A 1.67 g of
.DI CY was dissolved in 5.20 g of 1-net hoxy 2- propanol and 6.92 g of DWF _
heated to 50 C for 30 minutes withpst+rrgr—6—044 g of 2-Methyl-ini dazol e
(2M) was added to the above sol ut M"ﬂ'ﬁ) 5t 196 Phy. Part B: 50.0 g of Dow
epoxy 71881 resin (diglycidyl Bisphenol oA (PCER4) fnd brom nat ed DGEBA) .
Part A and Part B were m xed toget her aod all owed {o age for 24 hours. The
resin var#i sh was then B- Staged on a 2t plate2inja thin casting pan. The

B- Staged resin was ground into fing powder fnd8heph cured at 170Cin a°
hydraul i c press at 1379 kPa. The polyn®P ha¢l t18& fpllowi ng properties as a

function of cure. Tine(nmin.) Tg [erlgg 35{10 97 62 20 69 30
81 60 88 40 . 120 101 : 90 93
120 10 98 150 103 180 150 119 38 113 45 The fi nal

pol yrer properties after 360 ninut¢s ogocura at217pC Tg (DSC) [err] Tg
(TMA) 124 [err] = 40 [err] 3 ppmi Le®®1 =l01"Barf] 4 ppri[err]. 50
EXAMPLE 15 Part A 3.08 g of BzDI CY was di ssol ved in 5.20 g of '

1- met hoxy 2- pr Thp dime bolymenl properties cifter 36¢ minpths éf@nre 301701 S:Lige®SGY % W3S Ci Tar(TMY). = 102
0.044 g of 288t dyydt 47 vt de/OCen {2198 ahoP®: G2 g of nethyl ethyl ketone (MEK)
was added to the above solution with stirring. 55 Part B: 50.0 g of Dow
epoxy 71881 EXAMPLE 18jj g| ycr dyI B| sphenol - A (DC;EBA) and brom' nat ed DC;EBA)
Part A and Part B were et her and al for 24 hours

nm_xed
Sr»%gézrt'ei.“wmwa 7§» &waz%tr?'?é b AT e

hydraullc pre

1011 ow ng pr opart # ;aa pa% = %ﬁﬁﬁiﬁﬁ?ﬁ% O i ot B i Tocon.

0 taged on a hot piate in a thin casting pan. The B-Staged resin was ground into fine powder and then cured
at 170°*C in a hydraulic press at 1379 kPa.
The polymer had the following properties as a function of curs.

Time (min.) | Tg (°C)
% 0 4
10 76
20 82
30 81
25 60 90
20 98
120 100
150 107
Co . - 180 109
o _ 360 113
40
The final polymer properties after 360 minutes of cure at 170*C: Tg (DSC) = 113°C.
. EXAMPLE 19
45

Part A: 3.10 g of BZDICY was dissolved in 5.60 g of 1-methoxy-2-propanol and heated to 50°C for 30
minutes with stirring. 0.044 g of Benzyldimethylamine (BDMA) and 6.92 ‘g of methyl ethyl ketone (MEK)
was added to the above solution with stirring.

Part B: 50.0 g of Dow epoxy 71881 resin (diglycidyl Bisphenol-A (DGEBA) and brominated DGEBA).

50 Part A and Part B were mixed together and allowed to age for 24 hours. The resin varnish was then B-
" " Staged on a hot plate in a thin casting pan. The B-Staged resin was ground into fine powder and then cured
at 170 C in a hydraulic press at 1379 kPa.

The polymer had the following properties as a function of cure.
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10 82 20 87 30 94 60 . - 94 10 _
90, .. 90 120 95 150 100 180 ~ 100 360 101
15 The final polymer properties after 360 minutes of cure at [err]: Tg
(DSC)- 101 C, Tg (TMA) = 102 [err[EP-0840 844 BIpny [err] = 102 4 ppm
[err]. EXAMPLE 16 20 Part A: 3.34 g of MBZDICY was dissolved in 5.20 g of 1.
- met hoxy- 2- propanol and heated toJerr] for 30 minutes with stirring. 0.044
g of 2-Methyl'-imdazole (2M) and]| 6ri@@(mn)of TgEKCMAs added to the above
solution with stirring. 25  Parf B 0.0/ g @ Dpw epoxy 71881 resin
(diglycidyl Bisphenol-A (DGEBA) apd b@@ninateaoDGEBA). Part A and Part B
merﬁ;gixid toget her and allowed tp agegfor|24ggours. The resin varni sh was
t herB- Staged on a hot plate in & thigs caftifpg ppn. The B- St aged resin was
~ground into fine powder and then ¢ureggat |errid ip a hydraulic press at
1379 kPa. The pol yner had the fol fowi1sg prepentiep as a function of cure.

30 Time (mn.) -Tg [err] O 331800 124 B9 20 91 35
30 10 93 60 103 90 360105] 12@2 106 150 112 40
180 115 360 126 The Trnal polyner properties after 360

nmnutes of ¢ - : i | 1707080y (Bsd>= 1228C] g (FMAY/2ppaTT
lerr] = 105_23#}3%[_: %,i’i&;@&%@fﬁiﬁ%&@&?‘iﬂgﬁ% g 0 Rt s?ol ved
in 5.20 g of 1 -frethoxy-2-propanol- and heated to [err] for 30 50 m nut es
W th sti®rigameEfi4 g of 2-Methyl -imdazole (2M) and 6.92 g of nethyl

et hyl ketone (WVEK)” was added to the above solution with stirring. Part B:
50.0 g of Doparepao g #3FbICYeedsiséahed lin/E60y bf Bhetixixe-2otopanol DEHSNY ta§8° C for 30
broni nat ed Dfsinb®$ witPatining0.044ch Gt (timBihyiamisoHhiNcdiethyingazylamine APMBRVIA) ont 8.92 g chge
for: 24 hour s MEKlwes adeled to theeabpvesshiution with ftisingB- St ag}ed on a hot plate in a thin
castihg Pan. Pahe: 5B0SichGewlenorsT188\wasin (gistydidy! Bisphenol A (AGERM) areihromipatpdi DREBAL 1 e

55 at [err] Pat AnardyRirtBuvere mixpcisgether anppjioyed te;age for 24 hours. The resin varnish was then B-
’ Staged on a hot plate in a thin casting pan. The B-Staged resin was ground into fine powder and then cured

at 170*C in a hydraulic press at 1379 kPa.
The polymer had the following properties as a function of cure.

Time (min.) | Tg (*C)

0 25

' 30 48

% . 80 - 89
90 111

120 113

150 118

180 17

% 360 117

, The final polymer properties after 360 minutes of cure at 170°C: Tg (DSC) = 117'(_3, Tg (TMA) = 104
U 3 °C,ag = 46.95 £ 2.7 ppm/*C, argo = 107.9 = 2.2 ppm/*C.

EXAMPLE 21

Part A: 3.62 g of MOBZDICY was dissolved in 5.20 g of 1-methoxy-2-propanol and heated to 50°C for
30 minutes with stirring. 0.044 g of 2-Methyl-imidazole (2Ml) and 6.92 g of methyl ethy! ketone (MEK)
45 was added to the above solution with stirring. '
Part B: 50.0 g of Dow epoxy 71881 resin (diglycidyl Bisphenol-A (DGEBA) and brominated DGEBA).
Part A and Part B were mixed together and allowed to age for 24 hours. The resin varnish was then B-
Staged on a hot plaie in a thin casting pan. The ‘B-Staged resin was ground into fine powder and then cured
at 170°C in a hydraulic press at 1379 kPa.
50 The polymer had the following properties as & function of cure.

55
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The polyner had the follow ng properties as a function of cure. 12 EP O

540 644, B1 Time (mn.) Tg [err] O 43 10 87 5
20 89 30 . 85 60 97 120 101 10
150 - 103 -. 180 1%?2°%‘68& Bl 113 The final pol yner

.properties after 360 m nutes of cure at [err]: Tg (DSC) = [err], Tg (TMA) =
102 [err] = 47 [err] 4 ppm [err] —T@-&—A—En-t— r]. EXAMPLE 18 Part A:
4.62 g of BzZDICY was dissolved in % 2@egmp) 1178 & hoxy- 2- propanol and
heated to 50 * C for 30 20 m nuffes wioth ¢tirasi ng. 0.044 g of
2-Methyl -im dazole (2M) and 6.92 ¢ of WEK \as add¢d to t he above sol ution
with stirsing. Part B: 50.0 g of Ddw epdxy 1188 r¢sin (diglycidyl

Bi spfienol - A (DGEBA) and brom nat ed |DGEB) . Par t91A and Part B were m xed
toget her and allowed to age for 24fhour®. The r¥sip varni sh was then B-
Staged on a hot plate in a thin cagtindan]| TH® B{Staged resin was ground
into fine powder and then cured 25| at¥err] i #7a fydraulic press at 1379
kPa. The ol ymer had the foll-owi ng|prop¥rti ¢s ?%’; al|function of cure. Tine

(nin) Tg ("O 30 1 0 41 10
76 20 82 30 81 60 L3680 oq offS 98 120 100
150 107 180 109 360 . 113 40 The final pol yner

properti eg -af t Ere fid8Dolpherpropsrtiesfafter A6@ minute efrquie: at 179 COWAPSS) § 425°C. THAMRL E 109
45 Part- A 336G @ B9 BERPPOYCvme i8RV Cn 5.60 g of 1
- met hoxy- 2- pé&ﬂ%‘{‘é’éz and heated to 50 C for. 30

Lo Part A: 3.86 g of DMABZDICY was dissolved in 5.20 g of 1-methoxy-2-propanol and heated to 50 °C for
Nt 20 30 minutes with stirring. Then 6.92 g of MEK was added to the above solution with stirring.
Part B: 50.0 g of Dow epoxy 71881 resin (diglycidy! Bisphenol-A (DGEBA) and brominated DGEBA).
Part A and Part B were mixed together and allowed to age for 24 hours. The resin varnish was then B-
Staged on a hot plate in a thin casting pan. The B-Staged resin was ground into fine powder and then cured
at 170°C in a hydraulic press at 1379 kPa.
The polymer had the following properties as a function of cure.

Time (min.) | Tg (*C)

30 0 54
30 86

60 93

90 108

120 110

25 150 114
180 119

360 . 125

\‘1 The final polymer properties after 360 minutes of cure at 170°C: Tg (DSC) 126°C, Tg (TMA) =

40 10425° C. ag = 457 ppm/*C, aiz0 = 104£2 ppm/*C.
EXAMPLE 23

Part A: 3.86 g of DMABZDICY was dissolved in 5.20 g of 1-methoxy-2-propanol and heated to 50 °C for
45 30 minutes with stirring. 0.044 g of 2-Methyl-imidazole (2MI) and 6.92 g of methyl ethyl ketone (MEK)
was added to the above solution with stirring.
Part B: 50.0 g of Dow epoxy 71881 resin (diglycidyl Bisphenol-A (DGEBA) and brominated DGEBA).
Part A and Part B were mixed together and allowed to age for 24 hours. The resin varnish was then B-
~ Staged on a hot plats in a thin casting pan. The B-Staged resin was ground into fine powder and then cured
50 at 170°C in a hydraulic press at 1379 kPa. '
The polymer had the following properties as-a function of cure.
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mnutes with stirring. 0.044 g of Benzyl di net hyl am ne (BDMA) and 6.92 g of
nmet hyl .et hyl ketone (MEK) was added to the above solution with stirring.
Part B: 50.0 g of Dow epoxy 71881 resin yci dyl Bi sphenol - A (DGEBA) and
brom-'nat ed DGEBA). 50 Part A affl 4540 %gkere m xed t ogether and al | owed
to age for 24 hours. The resin varnish was then B- Staged on a hot plate in
a thin casting pan. The B-Staged gesiA—was—grewrd into fine powder and then
cured at 170 Cin a hydraulic p-ress'""@&("'i!@?QTﬂl%P) The pol yner had the

foll owi ng properties as a function of gure 53 13 EP 0 540 644 Bl Tine

(mMinp.) Tg[err] O 31 30 30 683 98 90 : 108 120
1-12\‘}505 117 180 124 10 60 - g8
360 122 The final polymer propesties afiaer| 360 ninutes of cure at

170 C Tg (DSC) =122 C, Tg (TMA)| = 12B t [ ennd 34 39 [err] 5 ppm [err] =
102 4 ppm [err]. EXAMPLE 20 Parf A158. 10 g188 HzDI CY was di ssolved in
5.60 g of 1 -nethoxy-2-propanol and Hé&ted td260 |C for 30 mnutes with
stirring -0.044 g of 4-(dinmethyl aji n@%2 N, N- ditd®t Hyl benzyl ami ne (DVBDMVA) and
6.92 g of MEK was added to the above solution with stirring. 20 Part B:
50.0 g of DowWne fraK Bolyed Propériieel diter( 360 Ghidisds (b turBlab 000ty bsCPSERBSY ¢, aigdTmA) = _
br om nat ed148€Ei6N, = Rasdpphv - DehsPar f2685pprecn xed together and all owed to age
for 24 hours. The resin varnish was then B- Staged on a hot plate in a thin
casting %ammnezs- Staged resin was ground into fine powder and then cured
at [err] in a hydraulic press at 1379 kPa. 25 The pol yner had the foll ow ng
properties Rt #80otof BADIOY wawidissolver ind.60 1gi ofi 19methipxy-J-peppafol @nd heated to S5 fGRO

46 30 minutes with stirring. 0.090 g of 1-(2-cyanoethyI)-2-ethyeemethyllmldazolq3Q)Ey@ was added tq the

120 20 1a_|lgglefgletlon wuth stumng 16 18

360™ Y ?@F em“r T;'B ¥ %%spaag.ffbﬁ ;%Ahﬂ“ﬁ BW@E‘*‘*&? DERRA- at

3"_(7)(7) 9C Tg é go (E ilj in a%rxcas pan. The B Etage resin was groun mto f| ] powder apmer cured -
) lic press at 1379 kPa. .

25 The polymer had the follownng propertios as a function of cure.

Time (min.) | Tg (*C)
0 23
s 10 80
: 20 . - 90
. 30 80
60 96
a0 100
25 120 110
150 116
. 180 116
360 120

40 The final polymer properties after 360 minutes of cure at 170°C: Tg (DSC) = 120°C, Tg (TMA) = 122
£2°C,ag = 3425 ppm/*C, a130 = 92 £ 5.ppm/*C.

EXAMPLE 25

45 Part A: 2.40 g of BZDICY was dissolved in 12.60 g of 1-methoxy-2-propanol and heated to 50°C for 30
minutes with stirring. 0.15 g of 2-Methyl-imidazole (2MI) and 15.50 g of methyl sthyl ketone (MEK) was
added to the above solution with stirring.

Part B: 69.50 g of Dow epoxy 71881 resin (diglycidyl Blsphenol-A (DGEBA) and brominated DGEBA).
Part A and Part B were mixed together and allowed to age for 24 hours. The resin varnish was then B-
50 Staged on a hot plate in a thin casting pan. The B-Staged resin was ground into fine powder and then cured
' at 170°*C in a hydraulic press at 1379 kPa.
The polymer had the following properties as a function of cure.

55
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40 EXAMPLE 21 Part A, 3..62 g of MOBZDI CY was dissolved in 5.20 g of

1- et hoxy; 2- pr opanol ‘and heated to [err] for 30 mnutes with stirring.
0.044 g of 2-Methyl-inidazole (2M) and 6.92 g of nethyl ethyl ketone (MEK)
45 ‘was added to the above sol uti orEP/# 540 648iBT i ng. Part B: 50.0 g of Dow
epoxy 71881 resin (diglycidyl Bisphenol-A (DGEBA) and brom nated DGEBA) .
Part A and Part B were m xed together_and allowed to age for 24 hours. The
resin varni sh was then B- Staged on| arii@imif) at'Eg(i-o) a thin casting pan. The

B- St aged resin was ground into fine owd an enjcured at [err] in a
hydraulic press at 1379 kPa. 50 The ha the follow ng properties
as g funct;on of cure. 55 14 EP D 54@ 644 Blgling (min.) Tg [err] O
43 1v° 86 5 107 20 87
30 91 60 90 90 1@% 120 447 107 10 '
150 109 180 115 360 150125] Thagf i Hal pol ymer properties

after 360 mnutes of cure at [err]:|Tg {gPSC) | = 124[efr] Tg (TMA) = 109 [err]
= 39 [err]up8ppm [err] = 1003ppm [ err]seo EXAMPL2922| Part A: 3.86 g of
DMABZDI CY was dissolved in 5.20 g ot —=methoOXy-2-pr opanol and heated to

[err] for 30 m th5|rr|
above sol uti g @éﬁﬁaﬂafﬁ'ﬂ% ort so '?,'9; ‘%%u "%o?/vdvgg% y Tgr es#ﬁﬁw
(diglycidyl Bi sphenbl d nat ed DCEBA) . Part A and Part B
were. m xedst ggeiipel 2gand aI | owed t o age for 24 hours. The resin varnish was
then B- Staged—om a hot plate in a thin casting pan. The B-Staged resin was
ground i rto i pgt ARWHGIof ABZDIEY @8s dissbisd iRb.2d ¢ O ombtioxi-2ipyoRrliAndhe 6B 30 €8 for 30
1379 kPa. 25 rhinGted @ty $tering k4 ighet 4f(d@inbtiydning)-RINGiRdtIbRRzyRMina (IMBTOMA) @hd 692 g of
C ur Q*/ Ti me, ( M MEK wasldgidgdtb the above solution wittbstirridgl
256 BHtB: 50.0 g of D@3epBXy 71881 resin (digiHcidyP Bisphenol-A (DAEBA) drid(rominated DGERBA).
Part A and Part B were mixed together and allowed to age for 24 hours. The resin varnish was then B-
Staged on a hot plate in a thin casting pan. The B- Staged resin was ground into fine powder and then cured
at 170 C in a hydraulic press at 1379 kPa.

D

25 The polymer had the following properties as a function of cure.
Time (min.) | Tg (*C)
0 34
: 30 .90
50 60 82
' 90 113
120 120
150 121
180 123
- % 360 127

R The final polymer properties after 360 minutes of cure at 170°*C: Tg (DSC) = 127+C, Tg (TMA)} = 112
N £1°C,ag = 53¢ 4 ppm/*C, ar1s0 = 126 £ 6 ppm/*C.

EXAMPLE 27

Two substituted cyanoguanidines, N-Benzyl-dicyanodiamide (BZDICY and N-(4-Methylbenzyl)-
dicyanodiamide (MBZDICY), were used to prepare epoxy laminates. Four accelerators were tested for each
45 of the two cyanoguanidines. Formulations using Dow 71881 epoxy resins were compounded with 7.75 parts
of BZDICY for 100 parts of epoxy or 8.37 parts of MBZDICY per 100 parts of epoxy. The BZDICY and
MBZDICY were dissolved in a solvent mixture of 4 parts propylene glycol metyl ether and 5 parts MEK..
The accelerators were added until a 160 second gel time was obtained when a sample was heated on a hot
plate at 171 *C. Laminates were then prepared using the resin formulations by coating the resins onto type
s0 1080-307 glass fabric (supplied by Clark-Schwebel). Samples of laminates 305 mm x 305 mm were made
" using 2 piles of the resin coated fabric. These -were converted to a prepreg by curing in hot air for 2 to 8
minutes -at 177°C. Final curing to a finished laminate was carried out by applying pressure of 2068 kPa
(gauge) during a heating cycle including a rise up to 176.6 *C, maintaining at 176.6*C for 50 minutes, and
then cooling to 20°C over 15 minutes. The resulting laminates were tested for properties related to their
s5 performance as electronic circuit boards and compared with similar laminates made using dicyanodiamide
(cyanoguanidine). The results of these tests are summarized in the following table.
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180 119 360 . , 125 The final polyner properties after 360
m nut.es.of cure at [err]: Tg (DSC) = 125 C, Tg (TMA) = 40 [err]= 45[err]7
ppm [err] = 104[err]2 ppm [err]. EXAMPLE 23 Part ‘A: 3.86 g of DMABZDI CY
was di‘'ssolved in 5.20 g of | -nethdRAMIBMERIN0l and heated to ~ [err] for
45 30 mnutes with stirring. 0.044 g of 2-Methyl-im dazole (2M) and.
6.92 g of nethyl ethyl ketone (MEK) was added to the above solution with
stirring. Part B: 50.0 g of Dow epoxy 71881 resin (diglycidyl Bisphenol-A
"(DGEBA) and brom nated DGEBA). <Part A and Part Bmvvekbm'ked t oget her and
allqwed to age for 24 hou s'f-j Tﬁe. resin varnigh was hen §§ Sikaged on a hot
pl at%i nga thin casting pan. The B-Staged resin was ground into fine powdle

~and en cured 50 at [’_eﬂ ] _d nga hydraul i c press at mk87%kPa. The pol yner
had the foll owi ng propas egl ag a fgnctilon of cuEe.g'ES Bw oFEP 0 540 644
BL Time (nin.) Tg [er@sp 6 30 93™5" _ -
- 60 98 90 ig 1, 120 114 150 - o 126 180. 120
10 - 10 360 & ~ud25sdhesf i nal pol yner

5

properties after 360 rrinﬁ‘es of curé at Terr]: TG (DST) &9 efr], Tg (TMR)
[err] = 429 ppml [err] = [12615qppnm [err]. BEXAVMPLE 2%.LPart A: 4.60 g of
BZDI CY was dissolved in 5) 68| gzof ismethoxy-2-pr8pa@es abe¢ heated to [err]
for 30 minutes with stirring. 0.098°g of ~ & = =&~ ®& =~

1- (2- cydhoet hyl ) - 2- et hyl - B@ret hyl i ni dazol e (LEM was, added to the 20

above solution with stierE dart B 58 0 diof WBowpoX§A71881 resin

(di gl yci dyl Bi sphenol - A ( and® br oed nated DEE ® & and Part B
were m xed together and @ Bwed to age for 2@ hours The_resin varni sh was

ground into fine powde@ on caed &t [Ar] S ERyBBul & press at

r

thep B- ,taged on a hoﬂ.5 %{3 &n a4 hin _castIng ean‘.‘!“!'hé"lﬂ- St aged resin was
h .

1379 kPa. The pol yner ghe foll owi ng properties as a function of cure.
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30 90 60 . .96 90 100 120 110 35

150 . . 115 180 116 360 120 40 The final polynmer
propertles after 360 m nutes of curépag“h? gi 19 (DSC) = [err] Tg (TMA) =
122 [err] =34 5 ppm J[err] 92 5 pp ﬂerr] EXAMPLE 25 45 Part A:
2.40 g of BZDI CY was di ssol ved in 12.60 g of 1 -nethoxy-2-propanol and
heated to 50 C for 30 mnutes with stirring. 0.15 g of 2-Methyk-im dazole
(2M) and 15.50 g of nethyl ethyl ketone (MEK) was added to'§ He above
solution with stirring. Part B: 69.50 g of Dow epoxy 71881 n.-,esgnw
(diglycidyl Bisphenol-A (DGEBA) and brom nated DCEBA). Part $A Bn§ Part B
were m Xed together and allowed to age for 24 hours. The red vérnl sh was
then B- 50 Staged on a hot plate in a thin casting pan. The &B- taged resin
was ground into fine powder and then cured at 170 Cin a hy&a@l,&c press at
1379 kPa. The polynmer had the follow ng properties as a fung i®n8of cure.
55 16 , EP 0 540 644 Bl Tine (min.) Tg [err] O 36'3’%0:- 80 5
60 84 90 107 120 117 150 119 1 124 10
360 129 The final polyner pr opertl es after 360 m nut 203 f ®cure at

ccept

[err] Tg (DSC) [err] Tg (TMA) [err] o 4211 ppm [err] 7§;{)n1[err]
15 EXAMPLE 26 Part A:- 3.38 g of HBZDt:ﬁ:YgNas di ssol ved in 5.

- met hoxys 2- prop%noz and heated to [er,-r] ®or 30 mnutes withStErsing. 0.044
g of 4-(dinethy@anno)- N, N-di net hyl behz am ng (DVBDMA) andh 3239 of MEK
was added to ti®@ apove solution with&sti ng% 20 Part B% g of - Dow
epoxy 71881 res!n le gl yci dyl Bi spheﬁ)l "A .DGE%A) and brom n.atedHDC;EBA)
Part ‘A and Part-B smere m xed toget her'_ é (ived to age foke o £s. The
resin vétnish \@s hen B- Staged on & h atg in a thin cgt n\-ﬁ g

B- St aged resin ﬂvas ground into fine [$owdker End‘.‘then cured at® [%r# 2n
hydraul i ¢ pressewat™ 1379 kPa. The pol yrervh 1 e foll ow ng B

n. The
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Claims
55
1. A composition comprising an epoxy resin and a substituted cyanoguanidine curing agent for said spoxy
resin characterized in that said substituted cyanoguanidine has the formula
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25 Time (min.) Tg [err], O 34 30 90 60 82 90

é(l)layrlnze(r) propertllgg éfSPer 360 mlﬁlljt égigfol%r%%%[g??] Tg J“ﬂﬂ)llmllmﬂmim“b

(TMA) = 112 [err] = 53 4 ppm[err] pprrl [err]. 40 BEXAMPLE"27% Two
substituted cyanoguam di nes, N-Benzyl -di cyanodi am de (BzD CY and .

N- (4- Met hyl benzyl) di cyanodi am de (MBZDI CY), were used to prep’age epoxy

| ami nates. Four accelerators were tested for each .45 of the t

cyanoguani di nes. Formul ati ons using Dow 71881 epoxy resins eeccvrrpounded .
vvith 7.75 parts of BzZDI CY for 100 parts of epoxy or 8.37 partﬁ gf ﬁVBZDI CcYy
per 100 pasts of epoxy. The BzZDI CY and MBZDI CY were di ssol vedgi zsol_vent
m'xt‘h‘(e of 4 parts propylene glycol netyl ether and 5 parts I\EK
accelerators were added until a 150 second gel tine was obtai eg- \Ahen a
sanpl e was heated on a hot plate at [err]. Lam nates were thej re)ared
using the resin fornulations by coating the resins onto type '50«.1@0 307

gl ass fabr'Pc (supplied by C ark-Schwebel ). Sanples of |am natgs 3(§5 nm X
305 mm were nade using 2 piles of the resin coated fabric. Thgsg Were
converted to a prepreg by curing in hot air for 2 to 8 mnut at"[err]
Final curing to a finished | am nate was c&rrl ed out by appl ylagopr%ssure of
2068 kPa (,gauge) dur-Eng a heating cyclg chl uding a rise .up t§ _

mai ntaining at [e@r]&for 50 mnutes, agd &hen c®ling to [err-g &ves 15

m nutes. The resugtlﬁg | am nat es were ies d fok properties reél

their 55 performanceu.-as el ectronic cirgui® bgar rds and corrpare;g w tg1 SI m | ar
| am nat es made us,J_ng'-dl cyanodi am de (cyan?éu@l & ne). The resul s *df it hese
tests are asummrlz'edﬁln t he fol | owi ng Ihabl ‘317“ EP 0 540° 6¢4 BE[Err)

EP 05‘/0 644 Bl [e‘ﬁr]ﬂCI ainms 55 1. A co ogtl n-corrprl si ng anse@»@ 3e5| n
and a substitut echy‘anoguanl di ne curing, aggn sai d epoxy® r@ﬁh
characterized in Lhaﬂ sai d substitut edscy%w arﬂ dine has th
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Claims

"85 : _
1. A composition comprising an epoxy resin and a substituted cyanoguanidine curing agent for said epoxy
resin characterized in that said substituted cyanoguanidine has the formula
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EP O 540 644 Bl [err] EP 0 540 644 B1 1
M. S[enrr] and Yis -Hor [err] 10 2. A nethod for curi nEl!H m |“'H|{Hh“l
conprising conbining said epoxy resin with an effective anpuh e
substituted cyanoguani di ne having tF¥Re0P# SAABI NON 15
[err] where Ris [err] or [err] and X is either -H [err], -OH or [err] 20
and Yis -Hor [err] 3. The nethod of Claim2 wherein said substituted
cyanoguanidine is present in amounts up toN&® wei ght percent. 25
Pat entansprliche 1. Zusanmensetzung nit el hem Epoxi dharz und el nem
substitui erten Cyanoguanidin als. H-rtu 2 f1r das Epoxi dhar z, dadurch
gekennzepchnet, daB das substituierte Cyanoguanidin die Formel 30 NCN 11
RN NE2 35 besinbré R,is 300 Goly R or CHaH,24MKX, oder - CH2CH2CsHAX i st und X
entweder -H. ardbBis sith@GH3CH:OHOOPELeOHNYNY St und Y gl eich -H odor -CHa ist. 4o
2. Verfahren audmis Hibert-@h von Epoxi dharzen, wel ches das Vermi schen des
Epoxi dharzes mt einer w rksamen Menge eines substitul erten Cyanoguani di ns
mt der ®ordveh mabny HF RIS geMalising combipingisald ep@IERitMil ap @iqctive amount of a
- CH2CH2CoHA X substityigsiFyangguanidinghaving thedeula 1, - CHa, - OCH3, OH oder NY2 ist und
Y gleich -H oder -CHa ist. 3. Verfahren nach Anspruch 2, bei dem das.
substitul erte Cyanoguanidin in Mengen bis NON20 Gewi chts- prozent vorhanden
ist. 52 20 : .

15 . . RNH'C-“Hz

where R is -CH2Cs Ha X, or -CH2CH2Cg He X, -
and X is either -H, -CHs, -OCHa, -OH, or -NY2 )
\/ 20 and Y is -H or -CHs

3. The method of Claim 2 wherein said substituted cyanoguanidine is present in amounts up to 20 weight
percent.

25 Patentanspriiche

1. | Zusammensetzung mit einem Epoxidharz und einem substituierten Cyanoguanidin als HErtungsmitiel
flr das Epoxidharz, dadurch gekennzeichnet, da88 das substituierte Cyanoguanidin die Formel

30

N
|
RNH-C-

NE,

35 }
besitzt, worin R -CH2CsHe X oder -CHa CHz Ce Hae X ist und
X entweder -H, -CHs, ~OCHj, OH oder NY2 ist
und Y gleich -H oder -CHs ist.

4 2. Verfahren zum Hirten von Epoxidharzen, welches das Vermischen des Epoxidharzes mit einer
wirksamen Menge eines substituierten Cyanoguanidins mit der Formel

| NCN -
4 il
RNH-C-NH, -

: umfaBt, worin R -CH2GsH¢ X oder -CH2CH2Cs He X ist und
50 - X entweder -H, ~CHa, ~-OCHs, OH oder NY ist
und Y gleich -H oder -CHs -ist. -

3. \Verfahren nach Anspruch 2, bei dem das substituierte Cyanoguanidih in Mengen bis zu 20 Gewichts-
prozent vorhanden ist. ' '

20



EP 0 540 644 Bl Revendlcatlons 1. Cdnposition conprenant .up S

et .un agent de pol ym-risation de cyanoguani di ne substi - tui—ﬁllwm[rmgﬂﬂtmm
resi ne dpoxy, caracteris~e en ce quegpgdisheasganoguani di ne substl s w
répond a la 5 formule: NCN RNH-C-NH2 10 dans | aquel l'e R est - CH26CH4X
ou - CH2CH2CsH4X, et X est soit -H, -CH3, -OCH3, -OH, soit -NY2 15 et Y
est -H ou - Qh&Feadicdtione~d4 pour pol yndri ser des r~sines epoxy conprenant |a
conbi nai son de | adite resine 6poxy avec une quantite efficace d' une )
cyanoguani di he Combestion crprengntyne [éaind Gpopy ploun agsnt de pplymérisation de cyanoguanidine substi-
NCN RNH- C- NH2 2ue pour ladite résifn $Ppeqerectiisém eaSp aueiaditaspyaneapanidingsuhsfiiyéesiepopd 3ol
X esgt soit6 -H, fompg -OCHY, -OH soit -NY2 et Y est -Hou -CH3. 30 3
Procedd selon.la revendication 2, dans |equel |adite cyanoguani di ne
substitute est presente dans des quantites aWC®i gnant 20 pour cent en
poids. 35 40 45 50 55 21 n

RNH-C-NH3
10

dans laquelle R est -CH2Cs He X ou -CH2CH2Cs He X,
et X est soit -H, -CHs, -OCHg, -OH,
soit -NYz
15 et Y est -H ou -CHs

2. Procédé pour polymériser des résines époxy comprenant la combinaison de ladite résine époxy avec
une quantité efficace d'une cyanoguanidine substituée ayant la formule : '

< | . NN
i
RNH-C-NH3
25 dans laquelle R est -CH2Cs He X ou -CH2CH2CsHe X,
ot X est soit -H, -CHgs, -OCHs, -OH,
soit -NY2

et Y est -H ou -CHs.

s0 3. Procédé selon la revendication 2, dans lequel ladite cyanoguanidine substituée est présente dans des
: quantités atteignant 20 pour cent en poids. :

35

50

55
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