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2093035 CROSSLI NKED RESI N OF EPOXY COVPOUND AND | SOCYANATE AND PROCESg%gﬁk "
PRODUCI NG SAME 1 This invention relates to a crosslinked resin *° 7
of an epgxy conpound and an isocyanate compdurd excel - lent.in heat
resi st ay t oughness, noi sture resistance, adhesiveness etc. as well as
to a pr'S‘ for pCRARSLAYKED RESTY PRSPROXY pepMPRUND AN JSQRAANATE Adlat es -
to a prig-cess for producing resins _wiic r st_suitable for the
production of |am nates, nolded 5F9¢%F§§H@§d§§$ﬁb¢¥ﬁﬁa%ﬁ%¥1:he so-call ed
B-stage reaction internediates such as prepreg or nolding material. 10
As curing agents for curing epoxy conpounds, there have hitherto been known
acid anhydrides, alipha- tiopegl SH{EURdidn 38 NEEP RO W dsrodd el iOted IWLNJS

and the |ike. Though the epoxy conpounds cured wth these curing agents
wer e excel | ent | n GeINGS| aigRpScongd IRt b JBIGIdlite [GRIESAS exdil-
they had the fault that the heat deconposition téﬁ%erature gﬁ% t he heat
sof t eni ng t enper atlekt t ireriped t Vel 8 tamde | htoudhosss ofmeil ke Ote/d 18 tence,
resins and cured silicone resins. Therefore, they have not been able to
respond suffici entddhesivénedd, catc ems tvaklleras to a @Ericess foylproducing
reliability in electronic appliances and the |ike, and have not been
applied to usés re3pidirRsingh Furthern/ ithis Gnuentinmarelates twlyiprete

resins and silicone resins are_inferior jn toughness, adhesiveness,
moi sture resist- ¢ess for producing resins which are most suitable for

\;) the production of laminates, mol@ed articles and the {;)
like via the so-called B-stage reaction intermediates
such as preéreg or molding material. |
10 As guring agents for curing epoxy compounds,
there have hitherto been known acid anhydrides,'alipha- _
tic and aroﬁatic aminecéhpounds, phenol compounds and
the like. Though the epoxy compounds cured with these
curing agents wére excellent in adhesiveness, toughness,
15 moisture resistance, etc., they had the fault ;hat the
heat decomposition temperatufe and tﬁe heat softening @?‘
— o _f temparature thereof were lower than those of cured
polyimide resin§ and cured silicone resins. Therefore,
they have not been able to respond sufficiently to the
20 'éurrént tendency to require a high reliabi;ity in
- electronic appliances and the like, and have not been
applied to uses fequiring high reliability. On the t
other hand, polyimide resins and silicone resins are

inferior in toughness, adhesiveness, moisture resist-



-2- 1 ‘“ahce, 'processability and workability which epoxy resins have, though
they- are .superior in heat resistance, and noreover they are expensi so
that” Their use has been extremely linmted. 5 It is we hown

“that an addition reaction takes place betweer™ an epoxy conpound an /-

| sogyanat e cogpound in s f c A f L Con Ty e
oxdzgl i done cgﬁpogﬁgeés%g§5§3§§§g§g§9tﬁgdfgﬁ?g§ﬁ%éig%r9ﬁ§% a&%?#* Toshns.
[err] [err] 15 (faQqL£xa r ané - O
them , 23, 1922 ( 1838)) Bt enly 38§ 8pRCE0E th ndat PREE Larlce Tdna
conpound t o epoxy pepeBYeRd chele ak8aekpaRsiv¥@Jush BRatatR¥fti Gséthagture,
and therefore, it 1s 20 mnmuch-superior in heat resistance to the reaction
pro- ducts .of rinpeéfcekbgendIiyt ldmitedcti on of the following forrmula (11)
i n which an am ne conpounds, -an acid anhy- dride, a phenolic conmpound or
the |ike addsSto an epoxy cakpasnweld knoird &habaan- ad@itionureactionR5

err err . _
[ I ! - takes place between an epoxy compound and an isocyanate

compound in the presence of a catalyét to form é cyclic

oxazolidone compound as expressed by the following for-

mula (I):
N4 10
0.
i
Ry =NCO + c%:(cn-nzw — Mnl-n\ (1)
' | | CH =CE-Ry~
15
. (for example, G. P. Speranza and W. J. Reppel, J. Org.
Chem., 23, 1922 (1958)). In such an addition reaction
" of isocyanate compound to epoxy compound, the reaction
R\/ ' product has a cyclic structure, and therefore, it is

20 much -superior in heat resistance to the reaction pro-
ducts of ring-opehing addition reaction of the following
formula (II) in which an amine compound, an acid anhy-
dride, a phenolic cbmyound-or the like adds to an epoxy
compound to yield a chain-like structure:

‘25 | |
~=Ry-NH, + CH,~CH=-R,~— —-».-R3-N3-caz-?s-nz-—_ (II)

(o] . OB



-3- 1 That is, the cyclic structure is stiffer than the chain strutture,
and the change in notion of the main chain is smaller even though heat s,
energy is applied fromthe exterior, so that the cyclic structure has a* ~
highersglass 5 transition point. Furtherpore, unlike the chain struc-
ture, ond scission at one position in the cyclic structure does not -
resul ahy rTaatiien the RYDda Stapatpre ifo stadfernsbpasathacebabBsi tian |
tenperdat ure beco- nes higher %ﬁ%\. Iho&geﬁthe_ang—forgingEaddi ion
reaction of an PEBEGEREEe ThPBH SR &HFRFOBFEu S IRt FB3AR ctf ed
product excelle i ea : a#gp E[qg}tgle',o d.ahey ] cess had a
nunber of disadgéﬁ gﬁgséa?ﬁﬁgit :ﬁ%igia S sg% ﬁgggxggokgg?o?gge-
stability at rogftdpide)Pes Andte tHe IR i@ trdetureNhBBOE BE§REr CYPasat
roomtenperature owwng to the very high reactivity of iso- cyanate group-,
the isocyangte grangition geolint, déhattheathdre,t knlikacthenchath sheus®i sture
in the air, and so on. The very high reactivity of isocyanate conpounds is
an 20 inport anttusei rachond sgiasion akseone posicitnclin sheucpchine resin
coating materials, however, the isocya- Sg%e %;oup i s, msked with phenol,
cresol . or the |BkEUEEURR PSS %‘I‘%\tﬁ%g/ t i AWe FFONStEPE 1R BPdeFuliar

compound 1 5. -di REEENEt I Y SRR FRSIRE AL 18- SEPREER PP BYoPhic
-action of heat,mégeﬁfgyéfggenera- ]

10 Though the ring-forming addition reaction of an \h)
isécyanate compound to an epoxy compound can give a cured
produét excellent in heat resistance as menficned above,
this.p:ocess had a number of disadvantages. Thus the

_ materials used have poor stcfage stability at room
15 temperature in that the reaction progresses even at room
temperature—bwing to the very high reactivity of iso-
~ cyanate groug; the_isocygnéte group is readily denatured
by the reaétion with the moisture in the air, and so on.,
The very high reactivity_of isocyanate compounds is an p
26 important restriction on théir use., In the field of
ﬁrethane resinlcoatigg méte:ials, however, the isocya-
nate.group is masked'with pﬁendi,_cresol or the'like to
make it #tabie at room temperature in order to enhance
‘the storage stability; At the.time of curing, the
25 .masked compéund is  diséociaﬁed and the'mésking agent is
evaporated off by the action of heat, thereby regenefa-

ting the isocyanate group, which is then used in the



ting the i socyanate group, which is then used in the -4 1 curing

reacgtion, Such a nethod of masking the iso- cyanate group has been studied
§j nce a good many years ago (S. Peterson: Liebigs Ann. Chem,
(1949)). In Japanese Patent Publication NG. 4121,_095/78,_5 t hi
used as. it isy Whe%uﬁurger%%t&E%%y Such BPHP@ &Htha§a5§9ﬁ¥aEﬂ& ;£grpound.

Thgt™is, the iso- e group Is .previously reacte sklng agent
suclt” as phenol , Crc%%‘?:'at@ dridug Inla% RenOB¢alieldl sificd H' gaeanﬁaﬁs?ﬂyeaf's'
stable at roomtenperature, and this -10 urethane conpound is heated at the
tinme of curing toadisqS.i Fetersdnayiiebdgs ahh.t Chemosk5eg, 2065t (1He9 LDy .
regenerating the i socyanate group , and this generated TSocyanate group is
reacted with the epoxy grouln JapandsegPatenti PuplicasionhNoevid,095478,
working environ- 15 nent is nmarkedly polluted by the dissociated nmasking
agent . Furt heSnor &his,precesisydisnasedonas,y ifpllsewhen: curingsanoepexy ueom and
formed, the dissociated ki ng ,agent remains in the |am nate or npl ded
product whi ch pro&@ Vg%ﬁb an,ds €V@PP5PaF8mPﬁEnQppeﬁpéﬁcés'aﬁﬁe ¥ﬁ°‘

ddi t 20 t the mech | th,. heat
oI Stur 6 1 esi st anPYSRBRE. SEEUP 4% BRAVBRAN.FSSTRaRCIAED, o PRERbRaCRREnT o

by o eans, appl | GRlh® a0 leRBl, UreddT or tnd 100! b boRHLEL ¢o o

research, the pres
- urethane compound stable at room temperature, and this

'\;/' 10 urethane compound is heated at the time of curing to
dissociate and evaporate off the masking.agent thereby
regene:ﬁtiné the isoéyanate group, and thi§ generated
isocyanaté group is reacted with the epbxf group.
According to this process, however, the ﬁorkiné environ-

15 ment is markedly polluted by the dissociated masking
. agent. Furthermore,- . when a laminate or a molded article
is fo be cured and formed, the dissociated masking agent
.remains in the laminate or molded.product which §roducés
. ' voids and detériorate the appearance, and, in addition,
20 gteaﬁly decieases the mechanical strength, heat resist-
_ance, moisture resistance, etc. of the final product.
Therefore, this process is bf-no'meahs applicable to
practical uses. “.
As a result_gf extensive researéh, the present
25 inventors have solved the above-mentioned problems in
‘the prior art arising at the time of cure. That is,

théy have succeeded in obtaining a prepolymer in the B-



25 inventors have solved the above-nentioned problens in the prior art”
gTng at the tine of cure. That is, they have succeeded in obtaini.ng a,
er in the B- 1 stage stable at roomtenperature and also =~ =+ g
g therefroma cured product with excellent properties. No volatile
mat\{ey/is enmitted and the product therefore is. free fromvoids, unlike the

-

prior art materials. 5 The present”ihvention provides a crosslinked;
nag -

resin obtajne LT i.ng,o0 oIV _ i - _ ound havi
isocyanateigr%k§§?i§1 & %3IggﬂﬁeyéﬁééféﬁFégxigé’g%%%g§§g£§%$€ g at | east
one al cohol i ceHulfPen adcarBdaplodbct 6aSth ladkeAN@NE Biepastids] hengol ecul e
In an 10 anmount corresponding to 0.5 to 5, preferably 0.5 to 2.6, epoxy
equi val ent s peslatidey maittercdai emitted aanil dthed paoiduoketherefiotre cisydr oxyl
equi val ent per isocyanate equiva- lent to first react isocyanate groups of

t he i socyanatfresfiremyoddsn untike| the kg @rgmaEesialsthe epoxy 15
d, th b ' | havi t i pk
Soabie at Poom t L Mrgsent SReENEoR T dan 3 cRE=PLLTRE ee b pol yirer
t t t p ' ' J 1 | th th
o2 Comer it cd o4 ol086no AL LA tlnd 080 OBy g (han (1

the urethane ddnpeiis hakdngC U888 @ Ltd NPrduit MW &S mBlLaERte @f¢ht hen
reacting the said i socyanate groups with the epoxy groups of the epoxy

conpound. Thearcrepadyi elomgoundi having het i Xesst iome adcbhoiie hydroxyl

group apd ;t least two epoxy groups in the molecule ig an '.\;j
10 amount corresponding tb 0.5 to 5, preferably 0.5 to 2.6, '
epoxy equivalénts per isocyanate equivalent and at least
.'ohe alcoholié hydroxyl equivalent per isocyanate equiva-
lent to first_react_isocyanate groups of the isocyanate
compound with alcohélié hydroxyl groups of the epoxy
15 compoﬁnd,.thefeby forming-an epoxy prepo;ymer'having
urethane linkéges stable at room temperature: subsequently
heating the résulting prepolymer at a temperature at least
70°c.'préferablynat least 1bd°c} highér than the reaction
temperature for the formation of the brepolymer to ;,/
20 dissociate the.ﬁrethane.linkaées and regenerate the
isocyanate groﬁps: and then réadting the said isocyanate
groups with the epoxy groups of the epoxy compound.
The crqsslinked resin of the invention is thus a
‘resin which is obtained by contacting an epoxy compound
25 having at least one alcoholic hydroxyl group and at
least two epoxy groups in its molecule with an isocya-
nate compound having isocyanate grqups in ité molecule

under mild conditions, and in the proportions specified



-

resin which is obtained-by contacting an epoxy compound 25 having at | east

aneral coholic hydroxyl group and at |east two epoxy groups in i | ecul e

-_Wﬁthﬁan i socya- nate conpound having isocyanate grqups in its(igzggﬁle o
under mld conditions, and in the proportions specified a -1

aboave, .to react al coholic hydroxyl groups gy th isocyanate groups to produce
-a pLepol ymer havi ng urethane |inkages stable at room tenperature, along

with the freea exbave]r @dpEeatbealsSotipkind hydirdxyl pgronpsywhth tisenratiatteons 5
such that said urethane |inkages are dissociated to regenerate the

i socyanat e groupgrwpd rteaprpdyce e prepolymershayingouyethare giinkagedi th t he
epoxy groups of said epoxy conpound. Further, accordi tgFthis I nventi on,

there is al - 10 ¥GHCOFEIERR PPARYRA Y G ﬁ#@_&@cf”ﬁljhs ¥ TR SBNRRed resin.
The crosslinked resin O%‘géfq' %ﬁhi‘\*’g@ﬂ Laid %@é@lﬁéﬁ?%gr‘éoﬂ& RR&S ance,

heat resistanpegﬁﬁﬁﬁﬁﬁn ~aanest ve proper S, norsture"tesistance, etc.
15 =~ The T3 guch2hat! 8hid! hfedifitid A nKaghls 8rbNdEBsLL B ¥SLS I N
subj ecting an epoxy conpound having at |east one al coholic hydroxyl group
and at | east twrejemeyageothé isodyanatid dupswahll fsadcEinmy i aey@rpound
havi ng i socyanate groups in its nolecule to reaction conditions

nerated isocyanate groups with the epoxy groups of said

. epoxy compound.
\;// | Further, acéording to this invention, there is al-
10 so provided a process for producing said crosslinked
resin. ] B .
The crosslinked resin of this invention is quite
excellent in apperancé, heat resistancé. toughness,
adhesive properties,'moisturé resistance, etc.
15 The first characteristic feature of thié invention
consists in subjecting an epoxy compound having at least one
alcoholic hydroxyl group and at least two epoxy groups
in its molecﬁle with an isocyanate compound having

\_ ' isocyanate groups in its molecule to reaction conditions

- 20 to react



&

20 to react - 6- : - the al coholic hydroxyl
groups with the isocyanate groups, thereby form ng a prepolymer havirng .- .
uretAane | i'nkages stable at roomtenperature. Though this reac- tion can j
t ak ace. even at |low tenperatures, it isgam 5 pl eted rapidly upon
heatyvy. However, since the disso- ciation of the fornmed urethane |inkages-._
or side remnc- tipe@saléshdébie Wyl droups giith thepdsecwanatéhe reacti on’.
~is advantageously carried out at a tenperature of 200 C or bel ow, and
preferably 100 groupsel therdlly forming 4 prepolymed hdwing hnethane

i nvention, the isocya- nate groups are masked w th al coholic_  hydroxyl

groups in the fliskagescetahie af oM (AFDSrATYTEeyer THPUGR EPERVERRFDN has

a very good storage stability and has a pot l'ife of _at |east.two hs in

E_he fo][rr}_of ? pFé%?_eﬁa‘_iStak%_rp_ oI #a?gﬂﬁe“?ﬁr %ggﬁ-gét_é e?‘sg\?&}:ﬁe
ime o i pal c i WA=l e S e he ane

| i nkages a%d reé%%%?g%%ﬁ%fﬁpgl&%ﬁ#ﬁa}ig\?&upg&%ﬁ’%&? hgg?‘géeﬁ%rga?gégé

i socyanate group$agfén’SACLEE MiikbERPSLHENLNInkaged’ Bro%¥aaal keadl done
rings. Since the epoxy conmpound which is the .mask- ing agent for the

i socyanat e gr oupidrecéan atakd pXadwlate oo highage teinperatareo| ghel e matter
I s generated. Accordingly, shaped articles formed fromresins of the
i nvention are fresctiom isialvanthgeonsla canried pus- at a temperature
of 200°C or below, and preferably 100%¢ or below. -
10 As mentioned above, in this invention, thé isocya- e
nate groupé aré maskéd with'alcohoiic hydroxyl groups
in the_first place. .Therefore,_the_prepolymer of this
.inQention has_a.Qery good storagé stability and has a
; _ pot life of at least two months in the form of a prepreg
15 or a molding material in éhe B-stage.
o At the time of.final cure, this prepolymer is
heated to dis#ociate the urethane linkages and regenerate
the isocyanate groups, and the regenerated isgqyanate

E groups are reacted with epoxy gfoups tolfo:m oxazoli- h P

20 ~"done rings. Since the epoxy compound which is the mask-

_ing agent for the isocyanate group reacts at the final
curing stage, too, no volatile matter is_generated.
Accordingly, shaped articles formed from resins of the
invention are free from voids and have excellent pro-

25 perties., This is greatly different.from where the iso~
cyanate -groups are masked with phenol or cresol, in

which the phenol or cresol is volatilised in the final

curing



5 perties. This is greatly different fromwhere the i so- cyanate groups

are masked with phenol or cresol, in which the phenol or cresol
gyotatilised in the final curing 71 .Jeﬁqilon Further, if aﬁéz%ast one
menber selected fromthe group consisting of am ne conpounds C xylic

aci d anhydrides, phgBeiofiQvol ac conpounds, polyvinyl- phenol 5  conpounds
qg/b|5|n1de conpounds exists in the stage of final cure, various |inkages
cam be introduced and an exEetthet, cifHsati héasit poroslumdmbier ese Inatesl pfrasuict )
havi ng characteristic features corresponding to them can be obtai ned. . For
exanpl e, in the ptheegreupfconsishing 10f aminerccdrpowndsctaarbioxylidhagidup
consi sting of am ne conPounds carboxylic acid anhydrides, phenol. novol ac

conpounds and pol §BhYigF %énoph%%ﬂ%)%mla% ‘F%EQ‘FWbMitmmﬂiounds

and the. epoxy gro can ake addition to th oxa i.done ring
formation dued15 $ ?eﬁ‘&$ Bf‘ns %e??’??l%“’é‘iﬂ)x?‘ ‘hn’ﬂ‘ HfiF3gs, of

Chat ﬁegéﬁfﬁddbféﬁ%?t ﬁtisgéxc FESRE P fagdd e ”rﬁf*%"cﬁ%%#“k%ﬁftw Uhe

excel | ent tough- @fééll@ﬂ@eéiXEQ éir@§|§t 65 ch t he 20

conventional cured epoxy resins ave urther, |S|n1 conpound

exists in the staggvohglcharaétéfiseic features corresponding to them can
be obtained. fﬁt.éxample, in the'presence of at least

10 one member selected from the group consisting of amine
coﬁpounds, carboxy;ic acid énhydrides, pheno; novolac
compounds and poiyvinyl phenol compoundé, A'reaction

' beween these compounds'and the epoxy group can take
place in'addition to the oxazolidone ting formation due

15 t? ghe_reaction bgtween the epoxy group and the isc-

h cyanate group dissociated and regenerated frbm thé
urethane linkage, so that the cured proauct has excel-
lent heat éesistance in addition io the excellent tough-
ness, adhesiveness, moistutg resistance, etc. which the

}*’ | 20 conventional cured epoxy resins have. Further, if a
bisimide compound exists in the stage of final cure, an
imide linkage is introduéed'into the cured product owing
éo the thermal polyme:izatioﬁ of the bisimide, so that
the heat resistance of the cured product becomes higher.

25 -When . = a bigimide compdund and at least one compound

- selected from . - amine compounds,

carboxylic acid anhydrides, phendl novolac compounds and



.imde linkage is introduced into the cured product owing to the thernal’
pol yneri zation of the bisimde, so that the heat resistance of the cured

product -becomes higher. 25 Wen a bi sim de conpound and at |east *
one cogﬁggnd selected from am ne conpounds,
car box aci d anhydri des, phenol novolgc conpounds and 1

pol yvi nyl - phenol conpounds are present at the final. curing stage, not onl /"
i's an oxazol i qeslerwinyd -phenol dompounds-are (presedndt whethehfinaboyaring
‘group and the epoxy group, but also various other reactions naz t ake pl ace.
Exanpl es 5 of stade., &k o9AY dpeaRhexazelifone ing formefodust TP nEeni si mi de

d, t bet ' h d ] d, d
Che’ pol year bR HomaeivaRR, ther 1EESvipgET e A0, 88 BERRE.SE0RF The "
pol yvi nyl -phegglt_%&@%owgh?ggdo@hag%s&&&?g £akde pdgibae cg and
e conpound.

10 the bisim e cured product therefore has excellen eat

resi stance, 5t QRS readtaohCa08 SthéBhérmdl (pblyiferilzakion 6fCthéleating is
necessary at the time of final cure, and the heating tenperature is

pref erabl y 50-biXinG dereromppuefler abtgadtion O tireen\itheoepoxyt hempeundng 0 15

tenperature is at |least 70 C higher than the aforenention- ed reaction

~tenperature f@nd dtha piaepceperyndr . dedi Fp RAVTATPOPYAREgasid) ankye
i ace cut f10; GH{ds 'the BRepolBekSiAd comfodd 2 shed Fon P APT Bheddi ®

compound, and'a reaction between: the amine compound and &,)

'10 the bisimide;cqmpound._ The cured product. therefore has
excellent heaf resistance, toughness, adhesiveness, mois-
ture resi#ﬁancé, etc. Heafing is neéessary at the time of
final cure, and the heaﬁing'temperétu:q.is preferably 50~
300°C, more preferably 100-200°C. Moreover, the heating

15 temperature is'ét least 70dc.higher ﬁhan thé aforemention-
ed reaction teﬁpératufe'for forming a'prepolyﬁer having

;urethane iihkaées. If the'hgéting temperature is less

" than 50°C, the curing reaction cannot take place

sufficiently. If it is more than 300°¢, decompositiqn \J

20 reactions and the like can take place in addition to the
curing reaction so that_the properties of cured product
- are deteriorated. _ .
The urethane linkage formed by masking the iso~
cyanate group with the alcoholic hydroxyl group in this
25 invention has a higher dissociation tempefature than the
_hitherto known urethane linkage formed by masking the iso-
cyanate groups with phenolic hydroxyl groups. Therefore,
the dissociation of the urethane linkage and the form-

ation of free isocyanate groups can-

»



20 reactions and the like can take place in addition to the curing reaction
sosthat«the properties of cured product are deteriorated. The ureth
YinKage formed by masking the iso- cyanate group with the al coholi c@

hydroxyl group in this 25 invention has & R gher di ssociation tenperature

than the hithert ur t%}_@n | ¥30 d s i $0- anat e
graups with p engﬁgg yar (é'y g?’é’l}!ps. T%éérae&o.ré, l%?'ﬁe 'S?g@%c.%g??ﬁggf %ﬁé’
uret hane "nkage#ﬂ%id&“ﬁféFéEré&'ﬂB%‘ﬁ%ﬂ&ﬂ%&e‘%EciﬁgahggﬂrQQH etdture -
1 not take place in,” for exanple, the drying step for “pre- paring a

prepreg for |am ndfeading P Hort priepartinge akpeadage wb2Biha’ mAtER2ALNY 2
B-stage nolding material, and hence,, a very stable prepreg, nolding.

material and 5 and Herlce ,can veryolstabled praprexamubdddhgt hatpreass anaf
this invention will be explained belowwith reference to reaction fornul ae:
10 [err] 15 5  the like can be obtaine@s [err] [err] [err] [err]
An example of the process of this invention
will be explained below with reference to reaction

formulae:

oH

W .10 ' | |
OCN-R;~NCO + CH,~CH-R,-CH-Ry~CE~CH,
0
1 l . .
?3
o R
I
NH-C-0-CB~R;~CH~CH
2
. N/
\ - R | ; ©(1I1)
20 : 1 '

\NH-C-O-?H-RB-CH-CH

: 2



-10- [err] [err] [err] [errj 0 [érr]'lo 15
CH [err] ferr] 20 I

[err] N
[err] [err]

-

&l

-

In the’ng; e fornulas, [err] represent iudqaeudently organi ¢ groups having®
at | eas\##he carbon atom First, as shown in forrmula (I11), the iso- 5°

cyanat-e group of the isocyanate conpound is reacted with the al coholic

[

hydroxyl ‘group of the epoxy compound to produce an epoxy prepol yner stablews

at roomtenperature. Then, an ami.ne conpound, .-for exanple, is added

| | CcH
1 o | 2
“\CE
I
B
/NH—C_-O-Cﬁ-R3-_CH-;:Hz
R : ' - -
s 1 | o +  HyN-R,-NH,
\Nn-c—o-ca-ns-cn-cn
i \/? .
o 1;2 o
CH
o]
CH,
10

: C CH _ 23 OH
" _ '//LH-CQ: o '\céz
Ry | \c“z
— Ng— c¢° _-N/
T % |
\3_/,12 Ry
20 cg\\ oR \‘T
Ry én-na—fﬂ- ca,

(V)




to thé prepolymer and final cure is carried out. Thus, 10 as shown i&;iﬁ&
forula«(1V), the formation of an oxazoli- done ring by the isocyana

gr 6up- epoxy group reaction, the reaction bfimeen the amino group and the
isocyanate group and so on'take pl ace, and*thé cured product be- cones

quite excell I n heat I stance tou hnes 15_noi gturg resksiance,
hen a carboiyllc acid an- i &ﬁﬁdabogep 853Piﬁﬁvthc gmﬁp mn%“% é

Polyvi iyl - phenol GaERQuRd naagdadehtnbRqlheBoL¥aRRs Radfdg! 0N ates

pl ace between th& pPOXy ‘gr oup group o etween t he

epoxy group and Hihe Q¥§B§£YEtGhOUp 20 of the phenol novol ac or
pol yvi nyl - phenol conmpoun In addition to the formati on of an oxazoli done

ring by the isocyanate gropgreRgxssJkRgRn’ 2ACEbeRulanfItie, ctiedigsoduct
al so has the sane structure as in the conven- tional cured epoxy resin as

in the case §f acdgangtengfbupavéneheotpocgdnat@hcompobnd cisaredetedtwitted a
cured product sinultaneously having so excellent heat: resist- ance as not
to be seen in thsheoalerhpdial hydrowydpgroup of the-epexyncompoumd to
excel | ent adhesi veness, toughness, npois- ture resistance, etc. which the
convent i onal curEH°€E§§yaﬂeSPﬁSYhEFEPOFHW?ﬁeFtableaﬁﬁl§9ﬂ$dt§@£ﬁﬁﬁﬁ#ﬁ?1s
present in the 5 final rlng stggg a thernmal pohénerlzat on f §§
doubl e bond of the b|5|n1d EBHpGBn 3ﬁe§?ﬂ?ﬁ€@d rtﬁﬁ?@P S added

to the_prepolymer and -final cure is carried out. Thus,

N 10 as shown in formula (IV), the formation of an oxazoli-
done ring by the Esocyanate group-epoxy group reaction,
the reaction between thg amino group and@ the isocyanate
group anduso on take place, and the cured product be-
comes quite excellent in heat resistance, toughness,

15- moisture resistance, etc. When a carboxylic acid an-
hydride, a phenol novolac compound or a polyvinyl-phenol
coﬁpound is added to this preéolymer, a reaction takes
place between the epoxy group and the acid anhydride
group or between the epoxy group and the hydrokyl grohp

20 of the phenol novolac or polyvinyl-phenol compound, in
addition to the formation of an oxazolidone ring by the
isocyanate group-epoxy group reéétion, and the cured
product also has the same structure as in'the conven-
tional cured époxy'iesin as in the case of adding an

25 amine compcund. Thus, there can be obtained a cured

product simultaneously having so excellent heat reslst-

ance as not to be seen in the conventional cured epoxy



£

so occurs an addition of the am no group to the double bond in the presence

of ansZgd ne conpound, so that the imde group is introduced into the  cured.
prod‘%ﬁ?’Tﬁus, 10 a cured product having an excell ent heat resistance,
t oughRegs, adhesi veness, noisture resistance, etc. and very well bal anced

properties can be obtained In this inrva®i-on, the epoxy conpound having at
| east one al coholic hydroxyl group and at |east two epoxy 15 groupsin iss>
mol ecul e Inay heesisedndi ther estellent adhegiivienesse ﬁPPEhﬁﬁs%pdﬂﬁl%bnpound

free from al coholic hydroxyl groups | es of ds hayi | east -
one al cohol i c tarer SRPLs§RBER aftE at"’h’éﬁ%% 8?)97”8 BupSThe h%‘%’%' _

nol ecul es |nclude di I&pldyl et hers hav- i ng al coholic hydroxyl groups
obt ai ned by t e &S R3R < of eplchlorohydrln and Bi sphenol A, Bisphenol F or

hydr ogenat ed Blsphe@ggtﬁerdlgkygl5&g1ﬁg&gﬂébﬁ?5ﬁhaglalgeégéua Ty deroxy |
groups obtained by the reaction of nethyl tituted epichlorohydrin and:

Bi sphenols A, 3G ndi10lonelicdyl seagera theinml Palymerizabidnoe§| tiye odpeblst ai ned
by the reaction of epichlorohydrin and o benzoi ¢ aci d; _conpounds
obt ai ned byparbcra qu @evbnsmmgdeh@omrviwak@%@éeceﬁ BB@yB\‘eﬁ%rﬂ)’dUnds
such as propy- a | ene télaé butylene trlg gge é egilke to
gl yci dyl et herse M"ﬁa?&d AAbBLeR bt q%é“&ﬂﬁ/@-ﬁé‘ﬁ’t 8n XY Tonmpounds;
and so.on. On the %Fh%&eh%QQSeﬁégngfeéncgmine compound, so that the
imide group is introduced into the cured product Thus, W
10 a cured product having an excellent heat resistance,
toughness, adhesiveness, moisture resistance, etc. and
very well balanced properties can be obtained,
In this invention, the epoxy compound having at
least one alcoholic hydroxyl group and at least two €poxy
15 groupsin its molecule may be used either alone or in |
admixture with an epoxy compound free from alcoﬁolic
hydroxyl-groups.--Examplés of compounds having at least
one alcoholic hydroxyl group and at least two epoxy
groupsin their molecules include diglycidyl ethers hav- \;/
20 ing alcoholic hydroxyl groups obtained by the reaction '
of epichlorohydrin and Bisphenol A, Bisphenol F or
hydrogenated Bisphenol A; diglycid&l ethers having
alcoholic hydroxyl groups obtained by the reaction of B-
methyl-substituted epichlorochydrin and Bisphenol A;
25 diglycidyl ethers having alcoholic hydroxyl groups
obtained by the reaction of epichlorohydrin and  oxy-
benzoic.acid: compounds obtained by, partially converting

the hydroxyl groups of polyol compounds, such as propy-



epoxy ‘conpounds free from al coholic hydroxyl groups 5 include polygl ygeidyl
ethers of phenol novolac or cresol novolac; diglycidyl ethers of polégéﬁric
phendbl s such as * resorcinol, hydroquinone, catechol and the like;

di gl ycidyl esters of aromatic dicarboxyliC 33 Os; vi nyl - cycl ohexene

di epoxi de; di.qycl apent adi.ene di xide; 10, dial ycidyl,.net hyl hydant.oin;
trigl ycidyl isbey edﬁ'éi%’gwgﬁneet%épé AR eﬁ?oﬁ’l"&iec'o | YRGSy |
group obtai ned by _t act i IoGhl dri nd . Bi ol A

Bi sphenol F, hydr _(?gdehﬁea sg' F&tlgﬁs}'p até%o g?’@&)%;t?gl%?éc aggl"% q‘&lﬁgﬁggggy}ipggﬁer S
free fron1a|cohohdbﬁsgudagywaﬁa < ¥R Oﬁhﬁkﬁﬁdchhe&h%ahaécbkgﬁélggtWEe” B-

met hyl - substi tuted epi.chl orohydrin and Bi sphenol A; brom nated products of
the above-nentioned ep@pox3oreonpaunds freed fremalcohdie hEG&GxQEO)gfou s
conmpounds havi ng al coholic hydroxyl group, excellent are the diglycidyl 20
et hers havi ng 5an dmlagie polygliyeidyd @thexfs 4¥0phefidd dewvolad brorresol
Bi sphenol A and epi chl orohydrin, which produce cured products excellent in
el ectrical proper -navddac; ciglysidydn@tderssiofc podyhydnd cnwphenodse suebt as
| argely produced industrially. If the average nol ecul ar 25 weight is |ess
than 400, the cont@fersinglyotwdroauincne, catesholsagd $he Likeat the

AR IR T AT SRR R S e

| cyclohexene diepoxide; dicyclopentadiene diepoxide;
o/ ~© 10 diglycidyl methylhydantoin; triglycidyl isocyanurate;
diélycidyl'ethers free from alcoholic hydroxyl group
obtained by the reaction between epichlorohydrin and
Bisphenol A, Bisphenol F, hydrogenated Bisphenol A or
| oxybenzoic acid; diglycidyl ethers free from alcoholic
15 hydroxyl group obtained by the reactions'betwéen g~

. methyl-substituted epichlorohydrin and Bisphenol A;
brominated.products of the above-mentioned epoxy com-
pounds; and so on. Among these epoxy compounds having

alcoholic hydroxyl group, excellent are the diglycidyl

T

20 ethers having an average molecular weight of 400-1,000

derived from Bisphenol A and epichlorohydrin, which

- produce cured products excellent in electrical proper-

ties, toughness and adhesiveness, and which are most
| iargely produced industrially. If the averade molecular
25 -weight is less than 400; the content of alcoholic
hydroxyl éroup'is so small that the action as-a masking-

agent for isocyanate group decreases and a B-stage com-




| f. the-nol ecul ar weight is nore than 1,000, the cross- |inking density of
-t he ffgb cured product is too low and the heat resistance is reduced. 5

on, exanples of the |socyag gte conpound having isocyanate
group§in its nDIecuIe i n- clude net hane

I n th nvent i

| socyanat e,

»

et hane- |, 2- di i spoyndakeabhat agerobmdtenpeyasate, i9uaboeicule ded sosvaiw] e, -~
but ane- 1 4-di i socyanate, propane-l, 3-diisocyanate, 10 trans-vinylene

di i socyanat e, 2:Butheembldedlasowgﬁghte;sZmneehyhbuthneeo theli csosg-<anat e,

pent ane-1,5-dili
hexane- 1, 6 dii

socya- nate, 2, 2- dlneth{lpentane 1, 5-dii socyanate,
éboyangtéena@pYaﬁé the.- § nsbc9ana§epr@@ughexs goo low

d||socyanate nonane-| ,9-diisocyanate, i decane-|l,_10- 15 diisocyanate,

di met hyl si | ane
[err]-1,3-dinet
dllsocyanat§ [
[err]-dinethyl

andsshe heat, rﬂFBﬁEﬂ?Fe §$|aﬁéue9¢socyanate
Do Zen% o8 EH5RELErmhceshabis' B LA, BE5EFRece

Yot

T ek, R, o 6 B e
L 8Yhagrk BRhRECALLEEECUARPL 2 o EHEREIEXALE err?yg%+ ggcyanat e,

[err]-1,5-dinet
cyclohexanel

I I socyanat e, |cyc exy ane-

1, 3- phenyl €ne dbh&&neﬂlﬁmaaﬁzs&cﬁaﬁQEQy|Bﬁ&aﬂé*i?2¥éﬂﬁéscy3n4té Iyl ene
diiso- 25 cyanate, 2,5-tolylene diisocyanate, 2,6-tolylene d||so- cyanat e,

3,5-tolyl ene di

beaaueamtc-dﬂiabeyahaeeheprépdne—ﬂy3&@219@098nadephenyl

et her-2, 4-dii socyanate, naptha-

10

15

20

25

trans~-vinylene dixsocyanate, 2-butene-1 4-dzzsocyanate,
z-mgthylbugane-l,4-dizsocyanate, pentane-l,5-diisocya-
nate, 2,zbdimethylpentane-l,5-diisocyanate; hexane-1,6-
diisocyan;te, heptane—l,7-diisocyanate,_octane-l.s-
dilsocyanate, nonane-1 9-diisocyanate, decane-1,10-
diisocyanate, dimethylsilane dixsocyanate. dzphenyl-
silane diisocyanate, w,w'-l,3-dimethylbenzene diiso-
cjanate, w,u'-l,@—dimethylbenzene diisocyaqate, 0, w'=
1,3rdimethylcyclohexane diisocyanate, u,u'—l,@-diméthyi—
cyclohexahe diisocyanate, w,w'~1l,3-dimethylnaphthalene
diisqpyana;e u,u'-1,4—dimethylnaphthalene diisocyanate,
m,u'-l,S-Gimethylnaphthalene diisocyanate,_cyélohexane-

1,3-diisocyanate, cYélohexane-l,4-diisocyanate, dicyclo-

_hexylmethane-4,4!ediisocyanate, 1,3-phenylene diiso-

cyanate, 1l,4-phenylene diisocyanate, 2,4-tolylene diiso-
cyanate, 2,5-tolylene diisocyanate, 2,6-tolylene diiso-
cyanate, 3,5-tolylene diisocyanate, diphenyl ether-4,4'-

diisocyanate, diphenyl ether-2,4-diisocyanate, naptha-

|socyanate

o/



1 | 'erfe- 1, 4- di i socyanat e, -napht hal ene- 1, 5-di i socyanat e,

bi phenyl - 4, 4' -di i socyanate, 3,[err]-dine thyl bi phenyl-4,4"- d||socyan;~a
2, 3- di met hoxybi phenyl - 4, 4' - di i socyanat e, di phenyl net hane-4,4'-diiso ,& e,
3, 3" -di met hoxydi - 5 phenyl et hane- 4, 4' -di i socyanat e,

4, [err]-dinet hoxydi phenyl - met hane- 3, 3' _dijissacyanat e, dlphenyl
swfi-de-4,4"'-diiso- cyanate, diphenylsulfone-4,4'-diisocyanate, polynethy-
| enepol yphany! i1epeyxanalaiibscpdreied Meidphithallehesh; 5eqdbieddrarteene
triisocyanate, tris (4-phenyl i1socya-- 10 nat e t hi ophosphate),

[ err]-di phenyl mdipheayled; 4! sdiisgayremateand, Bihedimegthybbipidnyds-4, 4éi-r

pol ynmers such as diners, triners, tetraners, pentaners and the |ike. Sone

of these conpouﬁBéSHGVénaﬁerS%C@%ﬂﬁﬂQQQQXWPHQ PRYLN: AT EEkAEYanAL®p| es of
whi ch f f 2,4-1 0l | di
5 Loryl ene d: FABEPH iwggﬁin%‘tb‘?ywdéﬁé%wg 8§2ﬁ3t 3 %ﬁ’dx%"?’i?&m ene

d| | socyanat a Xangr | %?g

2, 4- tonIeﬁg p§eththﬁgn§2§6§: qf% 5 foI ﬁrﬁene ocy nate and
hexane- 1, 6- di | smaaabea,anddﬂwbﬁhatet ha!paéﬁyyseﬁilﬁd&mwt-da&@al-l ent in
heat resistance can be obtained ow ng to the high heat stability of the

i socyanur at e rimganbnethﬂiphen&%ﬂdkﬁonEPMe4prdpbsocyanaté.tpuiymaﬁhy-conpound
havi ng at | east _one al coholic hydroxyl group and the isocyanate
conpound nay be 16Bepel¥Bhenyt ohiqcyanate, ﬁFéPPS@Hl@?ﬁRaQQMSF%%ﬁ?’used in a

Rer odui val ant  GHaRBERy ot eR L TR onyshade, “Bhkd X Fbrers G010

10 riate thiophosphate), 3,3',4,4'-diphenylmethane tetraiso-

cyanate and the like, as well as their'polymers such as
- dimers, trimers, tetramers, pentamers and the like,
Some of these compounds have an isocyanurate ring in the
molecule, examples of which are preferably trimers of
15 2,4-toiylene diisocyanate, 2,5=-tolylene diisécyanate.
2,6-tolylene diisocyanate and 3,5-tolylene diisocyanate,
a trimer of hexane-~l,6-diisocyanate, a copolymer of
2,4~tolylene, 2,5-tolylene, 2,6-tolylene or 3,5-toly-
k/ lene diisocyanate and hexane-l,6-diisocyanate, and when
20 they are used a product excellent in heat resistance
can be obtained owing to the high heat stability of the
isocyanurate ring.'
In this invention, the proportions of the epoxy
compound having at least one alcoholic hydroxyl group
25 and the isocyanate compound may be selected appropri-
. ately provided that they é:e used in a proportion of |
Ah 0.5 fo 5, preferably 0.5 to 2.6.lequivalents of epoxy

group per equivalent of isocyanate group and at least one



-16- 1 equi val ent of al coholic hydroxyl group per equival ent of <

' te group. If the anmbunt of the epoxy group is less than 0.5 )
kNt per. equi val ent of isocyanate group, there is a tendency that = *
M efhane | inkages 5 or free isocyanat_.el roups remain in the final .
cureg;proa duct so that the heat resistance gnd noi sture resistance of the-
cured product decr egﬁggqo fa rRAPLY p C valen s
equi val ent s, tﬂe p_r%%%?il'éo%égff oxazo ilg'gne&?i. ng-i ngfg.ﬁggf Fﬁgl eggriedlzrgdagt
becores 10 small, ﬂ£61c td e SupC o £l adec Adun tOD £ theoepoxyhgpdupi Lst he:
anmount of the al coholi®c hydroxyl group is |less than one equival ent per

equi val ent of i socysst chan cyBE equinajentmper eguifadenits ofy dsacyanakai ns

in the epoxy prepolyner, so that the storage stability de- 15 creases. _
Exanpl es of the angreupontherel isabltendenay thak @anyosreibRNge LAnkaEasi ¢

am nes such as ethyl enedi - am ne, propyl enedi ani ne,, diethyl enetriam_.ne

i mi no- bi sprop§l anPrefree i isocyanakegrauRt ramain, in, whe, Finad chrRRFRAE,

di et hyl am nopr opyl am ne,

e hvl - ne. i
e o Ak an P B A AR A, e

; - l £, lqﬂ% %hBﬁ )
1,3-dianinoc%clohe?ghgégi%@éﬁ%?@ﬁé§§é§§§§§éggégﬁd:ﬁﬁg |Oe; abgngFPEBgﬁgggs
. such as o-phenyl engghzy gt o6 FREGEDY' WAV Xontl,PRORY IpRepdratone o

di am no-

TR
Pt | A

oxazolidone ring in the final_cured product becomés \_)-
10 small, and heat resistance decreases. On the other
hand, if the amount of the alcoholic hydroxyl group is
less thén one equivalent per equivalent of isocyanate
- group, a large amount of free isocyanate remains in the
epoxy prepolymer, so that the storage stability de-_
15 . creases.. ' '

Examples of the amine cqmpoqnd usable in this
invention include aliphatic amines such as ethylenedi-
amine, propylenediamine, diethylenetriamine, imino-
bispropylaﬁine, triethylenefetramine,-tetraethylene- \.)

20 pentamine, diethylaminopropylamine, aminoethylethanol-
amine, mpxylylenédiamine,-tetrachloro-pdxylylenediamine,
cyanoethylated diethylenetriémine and the like; ali-
cyclic amines such as methanediamine, N-aminoethyl-
piperazine, 1,3-diaminocyclohexane, isopho:bnediamine

25 and the like; aromatic amines such as o-phenylenedi-
amine, m-phenylenediamine, p-phenylenediamine, diamino-

diphenyl ether, diaminodiphenyl, sulfone, diaminodi-



di phenyF et her, diam nodi phenyl sul fone, dian nodi- - 17 - ,
phenyl met hane, benzidine, 4,4'-bis(o-toluidine), 4,4 - thiodianiline, /.
di arfi si.di ne, "net hyl enebi s(o-chl oroani - line), 2,4-toluenedi am ne, S
bi s(3, 4-di am nophenyl ) - sul fone, diam ngdi4olyl sul fone, 2{3
2, 6-di.am nopyridine, 4- 5 chl or o- o- phenyl enedi am ne,

4-qet hoxy- 6-met iHenp1naRAknel, cBEHE AL NG, £} AiBbEAEANTIdIRe)Nd 4 a8 -l i ke;
secondary and tertiary am nes such as piperidine, pyrrolidine, norpholine,
N- et hyl nor phol ithdodinnidine, Btanysidineptmytiylemsbis(o-chloroani-

tris(di met hyl am nonet hyl ) phenol and the 10 |ike; polyam deshaving term nal
anm no groups prddnedd Rrdmtpbluenediamined biisd, aningphesyilam ne or di-
et hyl enetri am ne; _di cyandi am des boron trifluoride-am ne conples ,imn dazole
conpounds and $&l§ene, ddARinaditolybewlfeneni hebrHiAinapyridine, 4-

di cyandi am ¢e ar articu. 15, la useful on .the I nt_.that the storage
StabiTity | 8t nenabEpzactheny endiidntiF, - petnaky BRI nsohany-
anhydri des usablig i Sl NKEDE | ples dt [ A ' ni c
anhydri de, succil%lngaé%ﬂ?/'grei'dé, Q%}R&:éﬁ‘i} %]o ecen%e?tr}rc}gé;ﬁ %%gr?h?g??de,

tricarballylic anayderdtary Bifes 86eN 24 PideriaifYl Oigyrddidinds,

chl orendi ¢ anhydri de, nal eic anhydride-vinyl ether copo- |lyner, naleic

anhydri de- st yr emorpapdlinesr N-nathglnorpliylinge, pyeiditeadtenzyldicr i de,
hexahydr opht hal i ¢ an-
methylamine, tris(dimethylaminomethyl)phenol and the

~ 10 like} polyamides having terminal amino groupsproduced
from linolenic acid dimer and ethylenediamine or di-
ethylenetriamine; dicyandiamides boron trifluoride-amine
complexes:imidazole compdunds and so on. Among them,
aromatic amine qompounds and dicyandiamide are particu-
15 larly useful.on the point that the storage stability in
the B stage is good.
Examples of the carboxylic acid anhydrides
usable in this invention include phthalic anhydride,
K\/,_. ' itaconic anhydgide, succinic anhydride,
20 c T dédecenylsuccinic anhydride, tricarballylic
| énhydride, linocleic acid édduct.ot mﬁleic anhydride,
chlorendic anhyd?ide; maleic anhydride-vinyl ether copé-
lymer,'maleic anhydride-styrene copolymer, nadic an-
hydride, methylnadic anhydride, hexahydrophthalic an-
25 hydride, meﬁhylhexahydrbphthalic anhydride, tetrahydrd-
,phthalic anhydride, methyltetrahydrophthalic anhydride,

trimellitic anhydride, pyromellitic anhydride, cyclo-



r

25 hydride, net hyl hexahydrophthalic anhydride, tetrahydro- phthalicq
anhydride, nethyltetrahydrophthalic anhydride, trinellitic anhydride, .
pyrozggaitic anhydri de, cycl o- -18- 1 pent ane-tetracarboxylic

anhyadxide, .benzophenone-tetra- carboxylig ghhydride, benzotetracarboxylic
anhydride, ethylene glycol-bis(trimellitate), glycerin-tris(tri- mellitate)
and the like. S5pentane~tetbSc@FBoRY1 IO ValBRLNIN0 betzophahbne-tetiras -

i nvention are agvantageousry t hose produced by reacting a phenol such as
phenol , cresol, cxyberolict anhepdhidehdrenzote txdqariotyl ial kohydytides! |

resorci nol, hydroqui none, pyrocatechol, rogal | ol or. the like with

f or mal dehyde, ~pethibenel diygob-bbs(taimelkitate) i ghyrerinaseied t¥i-an acid
-catal yst. The pol yinxl-phenol conmpounds usable in this invention are

pol yners conpri@ﬁﬁélﬁé Fﬁeaﬁﬂnﬁh%rfgh%nit o-vi nyl phenol , mvi nyl phenol ,

p- vi nyl phenol or a m xjure thereof [e e .f ol | ;
fornul ae; 35 - ﬁfeﬁ’f“ \he Yﬁf%rgéﬁo;%f%d%aél% 1%10%19.‘#(,1?%58#1:10:1
atanms. Sai d pol yyin u : _ [ h
ol yrrer 21 ng. ¢ niEe) APRRBAGpSAERY P RARILE Y HodtAAng o Shienc]. suc
exanpl e, thermabgPphyfBi| Zaresdl, kyDénol pPntFimsthylpteril,orldyliphenblke.
The bi si m de conpounds unsable in this inven-

alkenylphenol, resorcinol, hydroquinone, pyrocatechol,

pyrogallol or the like with formaldehyde, paraformaldehyde
10  or the,liké_in the presence of an acid catalyst, The
polyvinyl—phenol.compoﬁnds usable in this invention are

polymers:compfising as the monomeric unit o-vinylphenol,

i m-vinylphenol, - R p~vinylphenol or a mixture
? thereof as represented by the following formulae:
'  .’ - . o -
15 '_—5?2 B SO e N
: _ X
” ' 63 n ' €§32;; n
o .'. ' _ ' L -
- /

_wherein X represents one ot.more'halogen:atoms.
-Saidipolyvinylphenol éompounds can be produced
' easily by polymerizing the vinylphenols of the above-
mentioned formulae by, for example, thérmal'poiymeriza-
20 tion, ionic polymerization or the like. |

The bisimide compounds unsable in this inven-




- - 1971 tion are advantageously conpounds represented by the
followng formula: Co Co [err] wherein [err] represents a

di vafent organic residue having carbon-carbon doubl e bond and [err]
represents a divalent organic residue havinggat | east two carbon ato
Exanpl es of said bisimde conpound include N, [err]-ethylene- 10 .
bignal ei m da, [ ervionharamatkaheagebushyl compaimdd efeprevented by the -
phenyl ene- bi snal ei mi de, [err] -p-phenyl ene-bisnal ei m de,

N, N -4, [err] - di pfodtiomingaferprsatl ei m de, NN -4, 4' - . _
di phenyl et her-bi smal ei mde, N, N -4,[err]-di phenyl sul fone- bisnal ei m de,
N, N =4, 4" -di cycl ohexyl net hane- bi snal e- 15 I m de, : o

N, N[ err] -di net hyl enecycl o- hexane- bi sngle- i m de, .
N, N - m xyl yl ene- bi smal ei m de, N,N'-q?%kggyl- cyﬁéﬁ%’xane-bisnaleinide and
the like. In this invention, when g’ | edst qne nbek, se- iected fromthe
group consisting of amine conpounds,%20/" ca 6R$Kic ai d anhydri des, phenol

noval ac conpounds and pol yvi nyl - phend*®conpounds 1@®“ni xed with the
pr epol yner 3btained by reacting the/or an al coholic hydroxyl group of the

epoxy. conpoond hayi ng.al goholic hydroxyl. grqQup wth an.i socyanate, group of
t he pol yi socyana ?Egﬂrﬁoghd,regglesgtﬁéé %rqgf?ﬁté)%?’@a‘?ﬁer@é Bﬁnh@ghﬁg be
51510, 20070 Bl XadBRG M BTIAF S RO SupRbhtl dsolBlheSeT
organic residue ha&ing at least two carbon atoms.

~ Examples of said bisimide compound includé N,N'-ethylene-
10 bismaleimide, ﬁ,N'-hexamethylene-bismaieimide. N,N'-m-
phenylene-biémaleimide, N,N'-p-phenyléene-bismaleimide,
N,N'~4,4'-diphenylmethane-bismaleimide, N,N'-4,4'~
diphenylether-bismaleimide, N,N'-4,4'-diphenylsulfone-
bismaleimide, N.N'-4,4'-d§cyclohexy1methane-bismale—

15 imide, N.N'-a,af-4,4'-diméthylenecyclq:pexane-bismale-
imide, N,N'-m-xylylene-bismaleimide, N,N'-diphenyl-
cyclohexane~-bismaleimide and the like.

i,j . __-”'In this invention, when at least one member se-
‘Tected from the group consisting of amine compounds,
20 cafboig?ié'adid anhydfides, phenol novolac compounds and
- poly&ia;i-§h§nol compounds is'miked with the prepolymer
obtained by reacting the/or an alcoholic hydroxyl group
of the.epoxy.compound having alcoholic hydroxyl group
with an isocyanate group of the pélyisgcyanate compound,
25 | the proportions of the compounds may be selected appro-
priately depending on the purposes; Preferably, how-

ever, 0.1-2 equivalenté of amine, 0.1-2 equivalents of

acid



acid -20- 1 anhydride or 0.1-2 equival ents of hydroxyl group is uséd

per egUhval ent of. the epoxy group of said prepolyner. If the anmpbunt exceeds
2 equ ents, the am ne conpound, the polycarboxylic acid anhydride, the -’
phenol™ ovolac 5 conpound or -t he pol yvi @@ =phenol conpound is apt to

remai n unreacted so that heat resistance, noisture resistance and chen1ca|

resi stance decr anhwdaide 1r & Her2 qu]ﬁ"{ﬁsxﬁ#g hydroxyd (E%rﬁ@r%e hegs
amount of the bisimde co also be sel ect a ri at.el
dependi ng upon HfF rﬁ%‘ﬁd’s’gpse l{TP PR ERRMP 9 %glé wei ght
I b ht of th
b si m de conpourk 19 A egﬁéﬁ%ea%@icﬁ%ﬁ?c el a%ﬁ‘%{‘é”.%o@au%d

beconme so brittl dqggﬂ W\ﬁﬂz
conmpound i s use‘:g.‘et ?1%{% anéous use an odreganl C ?erom de |s useful

because it renmarderddund e oafetﬁaywdyn-p;ﬂmtabmﬁduﬂdwlfslarwmd on, the
addition of a catalyst is useful because it enables the reaction to

progress 20. noreemain dnteatitdd)e sntttatshealt ttusidtamse, abiddiuree
conventional | yused as urethane group-fornmng catal yst or as oxazolidone

ring-formng catmdsigtance endrgiemiozal e tance demease.al yort thecl ude
quat ernary amoni um salts such as cetyltrimeth | ammoni um bromi de, cetyltri-
other hand, in mixing a bisimide compound, the amount of
the bisimide compound may also be selected appropriately o
10 depénding ﬁpon the purposes. Preferably, howgver, it is e
100 parts by weight' or less per 10 parts by weight of
the prepolymer. If the amount of the bisimide compound
is larger than the above, the cured product is apt to
become so brittle that the toughness decreases. When a .
15 bisimide compound is zuséd, a simultaneocus use - of an
'organic'peroxide is useful because it remarkably enhances
the curing'velocity.
In this invepticn, the addition of a catalyst
is useful because it enables the reaction to progress \;j
20. moré‘rapidly. As the catalyst of this invention, those
conventionallyused as urethane group-forming catalyst or
as oxazolidone ring-forming catélyst may be employed.
Examples of said catalyst include quaternary ammonium
salts such as éetyitrimethylammonium bromide, cetylt;i-
25 methylammonium chloride, dodgcyltrimethylammonium

iodide, trimethyldodecylammonium iodide, trimethyl-

dodecylammonium chloride and the like; metal halides



25 met*hyl ammroni um chl ori de, dodecyl tri net hyl anmoni um i odi de, : _
trimethy] dodecyl ammoni um i odi de, trinmethyl- dodecyl anmoni um chl ori de/

t.he i ke; netal halides -21- 1 such as lithiumchloride, tin c 'de,
iron chloride, zinc.-chloride, alumnumctl 8*ite and the |ike; netal

A nam | 50 32%%%‘363@%% &k’&‘ﬂ%%@ iR ipzRaba REbR Sh8E LSS,
mages um et hox! G NLE 1l K1t AIBRGAEN IS LRLITERNT! BbLAS

conmpounds such a etra uty trime ydr oxi rmeth

di chloride, di bUM‘deQd@s' @ﬁrdatgﬁeﬁﬁﬁhliﬁ% Eb%ﬁ aénilk:fi‘xgﬁz%éoﬁi’a@o“”ds such

as 2-nethylimdazole, 2-ethyl-"10 i mdazol e, 2-phenylimdazol

2- et hyl - 4- net hy| ipgedazdium bitoxddel,- AlRiAun As8pzopoxide, aluminum phe-
1- benzyl - 2-met hyli m dazol e, 2-isopropylim dazol e,

1- cyanoet hyl 52- nmidixildeny dadaiam bthpxddeuhphgaesﬁhgleéhanl&glanadahele

1-cyanoet hyl - 2-i'sopropyl i m dazol e, | -cyanoethyl -2-phenyl i m dazol e, 15
2- undecyl i mi dazolldke2- icopadde npaphrhenates, o:geyamesamiﬁc compounds such:
2-undecyl i m dazol e, 1-azine-2-nethylim dazogle, |-azi

2-ethyl - 4- nethyhﬁﬁ<i§£ﬁ§b“tfiééﬂnetﬁiﬂﬁ&BU}FﬂﬁlBXQBPEiﬁﬁd ghwethyltin

benzy! di met hy! anfRgIpFiSe o fLBaaLEad ahindRets; b Ehg) LEke 7 “una

Lol by one: e anmiEae, MY sﬁﬁﬁ A" 3-BaEb LA FRER B 2 ooy

— 10 imidazole, 2-phenylimidazole, 2-ethyl-4-methylimidazole, -

2fpheny1-4fmethyllmidazole. lebenzyl-z-methylimidazole,
2-isoprbpYIimidazcle, l-cyanoethyl-2-methylimidazole,
l=cyancethyl-2-ethyl-4-methylimidazole, l-cyancethyl-
2-isopropylimidazole, l-cyanoethyl-2-phenylimidazole,

15 z—uhdecjlimidazole,_z-heptadecylimidazole, l-cyanoethyl-
2-undecylimidazole, lfazine-z-ﬁethylimidazole,.1-azine-
-2-ethy1-4-methylimidazoie, l-azine-2-undecylimidazole
and the like.. Further, various amines such as tri-

f._ methylamine, triethylamine, benzyldimethylamine, tris-

20 (dimethylaminomethyl)phenol, tetramethylbutanediamine,
N-methylmorpholine, N-ethylmorpholine, triethylene-
diamine and the like also have a catalytic action.

The above-mentioned catalysts are useful
- because, if at least one of.them is added, the reaction

25 progresses rapidly. The catalyst may be added at the

time of reactiné the isocyanate group with the aicqholic

hydroxyl group to form a prepolymer, or it may also be



The above-nentioned catal ysts are useful because, if at |east one of fhem

is ed, the reaction 25 progresses rapidly. The catal yst may be added at
th of reacting the isocyanate group with the al coholic hydroxyl gfroup
to m a prepol yner, *or it may al so be - 22 - 1 added at -the stage of
final cure. If necessary, various addi22ves such as flanme--- retardant,

pi ghent, dye, reinforcing -agent and the like-, fillers, and the like, naxﬁ

be added 1n added iatyciie @tage of finéﬁheclprQ)cess for produ0| ng a crosslinkéd
resin of- this invention can advanta eousl be a Iled to t he production of
a laninate. [|n t} fecessarys.vpRiPHad £lomeacti ng one

equi val ent of ya-,- - conp V. t s, in--the
nol ecul e 10 W?aﬁf‘%aﬁ‘ 88%}508?{8 hgﬁfﬁggﬁ?£$‘g§ﬁe %%Q‘ EB%O?# hydroxyl
group and ate{pasis twaaewlmupﬁaynbé headdd &n Wi iRvaRe2BRYUN
corresponding to 0 '5to 5, preferab y 0.5 to 2.6, equivalents per

i socyanats equi valtprikesat fbeapro@ieing cd ntosslivikedx yestfubyal ent per

i socyanate 15 equivalent to first react i|Isocyanate groups of-the i socyanate
conmpound wi tthis cioiventdomy daoxativgnbagesowsly e aqppliiedorpothd, t hereby -
form ng an epox prepolyner havi ng -- urethane |inkages stable at room

t enper at ur e, PERAUHHAT Pladdiapinatene r s rasey ArBénasepound and/ or

at 20 least ong b”ée%*%%%uc%he%yegefa&?ﬂé "$nd ré)qlPivaTe%ts Le"dn%socya- —
' " nate compound having isocyanate groupe in"the molecule \;j

10 with an epoxy compound having at least one alcoholic
hydroxyl group and at least two ep6§Y groﬁps.in:the mole-
'eule in an amount correspondiﬁg td.O.S to 5;“preferably
0.5 to 2.6, equivalents per isccyanate equivaieht and at

" least one alcbhoiic hydroxyl equivalent per isocyanate

15 equivalent to first react isocyanate groups of the

isocyanate compound with alcoholic hydroxyl gfaups of the .
epoxy compound, thereby forming an epexy prepolymer having
urethane linkages stable at room temperature, optionally
adding to the prepolymer a bisimide compound and/or at - \;j

20 least one member selected from the group consisting of
amine compounds, polycarboxylic-acid anhydrides, phenol
novolac compqunds. and_polyvinylephenél.compounds to
prepare a resin composition, impfegnating'a fibrous

_ substrate with said resin composition, superposing at

25 least one sheet of the resin-impregnated substrate on a -
metellic foil, pressing the resulting asseﬁhly with
heating at a temperature at least ?Ogc, preferably at
least 100°c, higher.than the reaction temperature for



~ami ne cofrpounds, pol ycar-boxylic-aci d anhydrides, phenol novol ac conpounds,
and .pol yvi nyl - phenol - conpounds to -- prepare a resin. IV
cenpdsition, inpregnating a fibrous substrate with said resin coﬂézgtrohf
superposing at - 25 |l east one sheet of the resin-inpregnated substrate o a
metallic foil, pressing the-resulting asse Wi th heating at a
terfperature at least 70 C, preferably at T 100 C, higher than the

reaction tenpeygat . - a j Olks ; r | ymer to

di ssociate t hei ure %aifno?"laltrjﬂ?ggég gﬁﬁl?ie%#ﬁ%tetohgﬁgégéggﬁgt gﬁ)%r oups; and
then reacting the,SdihrdeSAGHRAGES S URSgendrh i hRPBBcPansPE Pfodps epoxy
conpound. 5 The fibrous substrate which may be used in this invention
i ncl udes fi brous ard ethenl xeakitihgcthie bsaidisocyanatedgwotipsrestisthd or
exanpl e, fabrics such as polyester fibre, polyvinyl alcohol fiber,

pol yam de fiber, €DKy lgroups. of3the jepoxy |qo n fabrics; fabrics of
carbon fiber; paper; and th foils which may, be used

in this invent?on incﬁﬁﬁbfégﬁbése?ﬂ???r%ﬂ?uﬂﬂxgﬁﬁhﬁylPegB?ﬁdf%RI?h%ﬂ<:kel
foil and the l'I“%ndﬂﬂii%ﬁy%P@%&hggafiﬂfoéL ng@@iaHSthigRJggﬁeﬁgtfhpre-

sur face-rougheni ng treatne
gnated with resins, for example, fabrics such as polyester

fibre, polyvinyl alcohol fiber, polyamide fiber, and the



coating with an adhesive. This invention is explained in nore detail bel ow

refe ARG to Exanpl es and the acconpanying drawi ngs in which Figs. 1.and 2
sho Eg%geued absorption 10 spectra of the prepolynmers obtained in Exanpl é -
1. S & Exanples are nerely by way of T Rdstration and not by way of

were di sool Joa- To5%s sPEsoR. tf8r§Fé’ﬁéi 3???2;3%%% i St-’t%ai%%%?a&”fx)u
et her having anaﬁHeEﬁQel kecul ar melﬁggag_fa?iguhzggagggt8$8§¥8§?§|va ent

of about 340 and an al coholic hydroxyl equivalent 0 Pned by

20 the reactiogngk Bhvehedeh Analddaericepparokydil,nal 9egk12- gBLAY!
I mdazole to obtain a solution of a con-bgentrati6nao?ﬂggé§b§8&éfgﬁ§;EThis

sol ution was hefioéd,t aigR€lafdilt andedheTahke, nehdsmayt eoptionalayt of
heating and stirring, the infrared absorption spectrum?25 of the solution
was neasur el byhavei heen sSihbjessetfiodobgurfiscesrough&iRtng. t¥bsatmenyl brof the
‘nmeasurenment is shown in Eig. 1. Five hours after the start of heating _
-24- 1 - and stFPREARI whASh anr adkesimeer pti on spectrum of the solution was

agai n measured by the sang get.od'as aboye, to_obtain the result shown in
Fig. 2. The absorption of TRi8C}ANERELIGRAS SKP22inedcin) mapscdetailn Fig.

1, dis,- below referring to Examples and the accompanying
drawings in whiéh]?igs. 1l and 2 show infrared absorption .
10 spectra of the prepolymers obtained in Example 1. said e
Examples are merely by way of illustration and not by |

way of limitation.

Bxample 1
' ' 15 . In 950 g of methyl ethyl ketone (MEK) were
. dissolved 100 g of 2,4-tolylene.diisocyanate, 850 g of
diglycidyl ether having an-averagé molecular weight'of
aoubt 700,.an epoxy equivalent of about 340 and an
-aleoholic hydroxyl equivalgnt of about 700 obtained by
20 the reaction of Bisphenol A-and epichlorohydrin, and
2 g of z-methyl.imidazole to obtain a solution of a con—.
centration of 50% by weight. This solution was héated
to 70°C and stirred. Ten minutes after the start of
héating and.stirring, the infrared absorption spectrum
25 of the solution was measured by a liquid film method by
the use of KRS-5. The result of the measurement is -

shown in Fig. 1. Five hours after the start of heating




and thes absorption of the urethane |inkage at 1730[err] in Fig.2 5 .

appeared in Fig. 2/is greater than that in Fig. 1. The absorption of~gpoxy
group at 910 cm shows no change. Fromthese facts, it,can be un ood

that the isocyanate group of 2,4-to|y|eﬁé3ﬁrﬁocyanate was nmasked b he

al cohal i ¢ hydr oxafg %@r&ﬂ{dg,epea@y LORREY 8¥britich Qﬁé@r&ﬁ??ﬁtﬁg@ e at

room tenperature was fornme Then, a varnish was prepared by a 70 g of

4, - di ani nodi phegnA €16 Ones tagdte mieddined by tHeC N WRLHIC RS aBoRE,
i mpregnating a glass cloth with the var- nish and drying it at [err] for 5

m nutes. Ten shegd soltaimfthideresuelt eghovrr dpRiqan 2ane Theotabsorptdohhes
resulting assenbly was pl aced between two cqpper foils having a thickness

of 35 pm after igggyanat QI AL ¢cmt” [chserviedr i Fdges lundds~a,
pressure of 40 k@PentheoabseEPhian hiL¥ dﬁﬁ%&a’ﬁ ddPF2gR Akt ﬁﬁ%v‘?‘ﬂ?’ a0 Fig.2
t hi ckness 20 of2pPeRyAd imiBigioud/is Gxaater: than shatatid Fig.alhi gh -

flexural strength at high tenperatures and excell ent heat resistance as
shown in Table ér.r}’qiﬁbﬁ‘géﬁﬁ‘té{'gf" PRIFH FEUR AR I S goSBO¥FoBEh to show

2 LON Coun Testundd AR A BlhE 5 0 o s B "
e DLEPLe0 VS UG SO O 4 ARRIEIGIE b ocarilel s, Bileg
l'ami nate by the alcoholic hydroxyl group of epoxy compound and
Kv} 10 a prepolymer stable at room témperature was formed.
| ~ Then, a varnish was prepared by adding 70 g of
4,4'-diaminodiphenylsulfone to the solution. A prepreg
was prepar;d by impregnating a glass cloth with the var-
nish and drying it at 130°C for S.min&tes. Ten sheets
15 of. the prepreg we:e_put on one another and the resulting
- assembly was placed between twd copper foils having a
thickness of 35 um, after which it was press-molded at
170°C for 2 hours under a pressure of 40'kg/cm2'to .
. obtain a double copper-clad laminate having a thickness
20 of 1.6 mm. This double copper-clad laminate had a high
flexural strehgth_at high temperatures and excellent
heat resistance as shown in Table 2. The result of
punching test was also good enough to show a high tough-
ness, its.solderiﬁg heat-resistance did not decrease
25 e§en_after boiling treatment, and its moisture resist-
ance was excellent. Whén the prepreg was allowed to

stand at room temperature for 30 days and thereafter



havi ng quite the same -good appearance as the appearance obtai nabl e by’
nol gf gy the prepreg just after its pre- paration. Further, as shown‘in
ﬁ\_ihe perfor- 5 mance -of the copper-clad | am nate were as

pt as those of the | am nate obtgiged_ by nolding just after the
prepardtion of prepreg. Mreover, the period of tine taken until the flow
of the resiin i prblg-RoEREEY EREPEEwdd Sovtaided i dicopder4dlald aminates -t
measured. The results are shown in Table 1, which denonstrate that the
flow of the reravihg gatter ehe cgamesgond rappesranae ad khe hppeai anice
initial value, even after the | apse of 60 days.- A multi-layer board (6-
| ayers) havi ngohtahnaklelby melding the prapweg piugtiraften dha IB¥epr epreg.
The pre- preg exhi bited quite excellent noldability and process- ability in
the many st epsPaFakiiPR: - | BYEEheBar3s pPRoNR ain't"?ﬁ}?_f"%/r?cdl dden PeFEOFAr ati on of
i nner |ayer materi al ul ti-layer form drillin t hr ough-.hol e pl ati ng,
20 prepar aPi on™3Pce PEaERe FPR ?chihé?{gbkpiﬁqzi tﬂﬁﬂ%f%#%f?"ﬁb?ﬁined
exhi bi ted not exge n o4 | S dd g "6 ' ' rengt h
of copper foil Qpéxfhéﬁpr%grgﬁl!ﬁﬂg%?éa% no?oﬁa"ﬁ on %%ﬁggfyggﬁﬂ%
smear, nanmely pbgpaghesbRNopl peéstdgl 0 copper foils of 25 inner |ayer, at
the tine of drrlling, so that connect- -ions of plated through holes are
very good. - 26 - ' Moreover, the period of time taken until the

P

flow of the resin in'the'prépreg bédamg 1/5 of the ini- i_/
10 tial value was measured. The results are shown in Table

1, which demonstrate that the flow of the resin in the

‘prepreg was maintained more than 1/5 of the initial

'value,-even.aftér the lapse of 60 days.

- A multi-layer board (6 layefs) havihé'a thick-

.15 ness of 2.2 mm was prepared from the'prebreg. The pte-

preg exhibited quite excellent moldability and process-

ability in thé-manY'stepé'of multi-layer board prepara-

. tion including preparation of inner layer material,

C

-multi-layer forming, drilling, through-hole plating,
20 preparation of surface ciicuit, etc. The 6-1ayef board
. thus obtaihed-éxhibited not only ‘excellent soldering
heat-resistance and bonding strength of copper foil to
theiprepreg, but also no formation of the so-calléd
smear, namely the adhesion of resin to copper foils of
25 . inner layer, at the time of drilling, so that connect-~.

‘ions of plated through holes are very good,

i



1 Exanple 2 I'n 600 g of MEK were dissolved 100 g of _
di phenylnet hane-4,[err]-diisocyanate, 500 g of diglycidyl ether hgwing an
avefage nol ecul ar wei ght of about 950, 5_ 9 &N epoxy equi val ent oéﬁ%ﬁ%ut 480
and an al coholic hydroxyl equival ent of about 50 obtained by the ti on
of Bi sphenol 1A aggaﬁgightorohydrin, 2 g of 2-phenyl- imdazole, to prepare
a\solution of a concentration of 50% by weight. In the sane nmanner as in

Exanple 1, the 10 sol uti opnveeo S§idcf MERIwers dDssdlyea ey dde infra-
red absorption spectrumwas neasured to find that the isocyanate group had

been masked by ta&iphénplnéthahec4 pky+diisogyariatde 30Xy abrgiglytidyl a
prepol yner stable at roomtenperature was fornmed. The solution was 15

i ntroduced int o eshey bavingcannverage melrculax | veighthrahabdumestas
recovered. A nolding natérial was pw;garéd by m xi ng together 190 g of the
recovered prepol JRefPORY eARIivVRLARE ARV HASE AN an peahadisilica, 1 g

O ot LU 01} e oBo7. Sl uS e ol 568 ‘ol tndd 5, 20, serlie and
0l ding mater: aiOF bt £ ald TRt £ B8 et o
o, 2051, el SAGRSIN P o DRSS aSlatRog bl il el b 1
1700C for 5 m nU§E® By Owé {ghe Al L0H - QK OShr manner as in Example 1, the
o . 10 solution was stirred at 70°C for 6 hours and the infra-
red'absorption spectrum was measured to f£ind that the
isocyanate group had been masked by the al&oﬁolic
hydroxyl group of the epoxy compound and a prepolymer
stable at room temperature was formed. The solution was
15 iqtroduced.intozﬁlg’of n-hexane, _.and. the resulting prepo-
. lymer was recovered. A molding material was prepared by
mixing toggther 190 g of the recovered prepolymer, 12 g
of nadic anhydride, 500 g of powdery silica, 1 g of
. | lithium chloride, 0.5 g of carbon black and 1 g of.zinc
20 stearate and kneading the resulting mixture on a hot
roll at 70°C for 10 minutes. The spiral flow measured
fust after the kneading was 85 cm. After allowing this
molding material to stand at room temperatdre for 30
'déys, its spiral flow was again measured to obtain a
25 result of 82 cm which:demonstrated that only a slight

change toock place. When this molding material was

molded at 170°C for 5 minutes and then after-baked at



- 27 - 1. 170C for. 16 hours, its glass transition point was as high as -
[err], denonstrating such excellent heat resist- ance that none of the ,
conventhg al epoxy resin nol ded articleg.q%d;.S Exanple 3 In 600 g of MEX"®
wer e dhgéa ved 100 g of _

[ err]-tRrpetshyl - '~ L Jvd A y 1% el vl A.5QGYanur ate -
(trimer of Z, 4- tléuélcerg:{ii]{ésgcdf}%;'t g’)@ %3‘%’?0%‘15’{5?‘%% ?&igy% %g#h%rg havi ngs .
an average nol egul [ o cOf fahdis ' SUNR o 5116 f =340,
and an_alcohoIiC'ﬁedféﬁj?mtéﬁivalentéggﬁﬁﬁgh 700¥%btaﬁﬁgge%%a?hg§?g§§tion

of Bisphenol A aitecpind Qiche firdHe Tthventitnad- @ioxy réisiaZz foldea

prepare a solu- 15 tion of a concentration of 50% by weight. In the sane
manner as in Exapdielels HaA& solution was stirred at 70C for 4 hours and

the infrared absorption spectrumwas neasured to find that the isocyanate
group had bé&en masked. . 1n quite the sanme manner as in Exanple 1, a.20

gl ass-cloth was i npregnated with the solution, dried and pressed to obtain
a doubl e copper EXa®PYed nat e having a thickness of 1.6 nm The

performances of this double copper-clad_|am nate are sho in Table |,
whi-ch demon- strate that t¥k § '%a&ée%@ o in éﬁ'l‘éqiy‘ggglol @nt"afi n 25 heat
resi stance and is alsq exgellent, i i re.esistance and el ectrica
properties. As St lfif 22 ,17#%%??;3%%%&}ﬁquﬁﬂééﬁﬁiﬁ;ﬁqTqﬁig &31

stability and §goevanurate (trimer of 2,4-tolylene diisocyanate),

10 500 g of diglycidyl ether having an average molecular
. weight of about 760,.an epoxy equivalent'of'abqut 340,
and an alcoholic hydroxyl equivalent of aboﬁt 700
- obtained by the reaction of Bispgenol A and epichloro-
hydrin and 2 g 6£ 2-methylimidazole éo“prepare a solu- -
1S tion of a concentration of 50% by weight. In the same
manner as in Example 1, the solution was stirred at 70°C
for 4 hours and the infrargd absorption spectrum was
measuréd to find that the"isdcyanate group had been
masked. In quite the same manner as in Example 1, a \;}
20 glass-cloth was impregnated with the solution, dried and
pressed to obtain a double copper-clad laminate having a
thickness of 1.6 mm. The performances of this double
copper-clad laminate are shown in Table 1, which demoh-
strate that the laminate is particularly'excellent in
25 ' heat resistance and is also excellent in moisture
resistance and éle;trical‘properties.' As shown ih Table

-1, this prepreg is excellent in storage stability and



28 - 1 -.shows that the change of flow of resin with the |lapse of tinme is
very slight. Exanple 4 5 In 850 g of MEK were dissolved 10Q g
of*2,4- tolylene diisocyanate, 750 g of diglycidyl ether having anzaéﬂgge
nnlecular wei ght of about 950, an epoxy e&%ivalent of about 480 and

al cohalic hygro g%ygﬂ ryg; ct| e0f£10
Bi sphenol A gnd %‘lﬁ)l‘gﬂl or%drl no();h °§C¥L 2-met h 3:%2 g to %r efp?are a

soMution of a CoPGRa!t { Rt $Fy 051 R DY melght In the sane manner as in
Exanple 1, the solutlon mas stirred at-[err] for 5 hours and the infra- red

absorption_spectrun1mas nmeasured to find that the 15 isocyanate group had
been masked. A varnish was pre- pared by adding to this solution 50 g of a
pol yvi nyl conpoutxampteaised by thermal pol ymerization of p-vinyl- pheno
and havi ng an average nol ecul ar wei ght of about 8, 000 and a hydr oxyl

equival ent d3 about 120. 3R B8Q & RE MBR wane diksacdived 100 gofpi2edr, a
2 Goubl e copper -EP B ”ati&%“o%&ﬁ%es-av s{ﬂ”'ai*r%&%‘i g thez hoviogn |
Loughness. 25 AR SUFEREAeIdlat il dh et e FBp e Bhoe change.
of tlow of resi neé;@i\}ﬁém?r@fr%d’é t&d "fhd I Blcoholic hydroxyl
equivalent of about 500 obiained by the reaction of

2 . 10 - Bisphenol A and epichlorhydrin, and 2 g of 2-methyl-
imidazole to prepare a solution of a concentration of
50% by we;ght. In the same manner as in Exﬁmple 1, the
solution was stirred at 70°C for 5 hours and the infra-
red absorgtion spectrum was measured to find that the
15 isocyanate group had been masked. A varnish was pre-
| pared by adding.to this solution 50 g of a polyvinyl
compound obtained by thermal polymerization of p-vinyl-
phenol and having an average molecular weight of abqut.

8,000 and a hydroxyl equivalent of about 120. In quite

¢

20 the same manner as in Example 1, a glass clpth was
impregnated with this varnish, dried and pressed to
obtain a double copper-clad laminate having a thickness
of 1.6 mm. As shown in Table 2, this double copper-clad
laminate was excellent in heat resistance, toughness,

25 moisture resistance, etc. Aas shown in Table 1, the
| change of flow of reéin in this prepreg with the lapse

of time was very small.



>

of time was very small. -29- 1 Exanple 5 In 600 g of MEK were
di ssol ved 100 g of di phenyl net hane-4, 4'-diisocyanate, 500-g of diglycidyl -;
et her vi.ng an average nol ecul ar wei ght gh about 950, 5 an epoxy
equivfggft of about 480, and an al cohol irc“Aydr oxyl equival ent of about 500
obt ai | by the.%gﬁﬁ- tkon of Bisphenol A and epichlorohydrin, and 2 g of
2- phenylin}dazg ) %8 Brepare a solution of a concentra- tion of [err]. by

weight. In the same manngp g OiB gfgggkewgge 3isgg?v§8|966°§E&@S stirred

at 70C for 6 hours and the infrafe orption spectrum was asured to

find that the iéi’ﬁuéﬂ?!.ﬁeﬁh&ué-had'befﬂsﬁaﬁkﬁﬂtéﬂdseo pgege!l gigiveiapl e at
roomtenperature was forned. The sol ution was poured into n-hexane ‘and the

resul ting prepoéyher nWaeiig ancaowragé. molesulainge igher bl absst Pgspar ed by
m xi ng together 200 g of this prepolyner, 70 g of a phenol novol ac having a
sof t eni ng p®i nt anf epbpyt eqadva&lenhdof abdubx$80¢qandadmnaledhabieit 100

synt hesi zed by quite the same nethod as in Exanple 1, 500 g of powdery 20
silica, 1 g of hygrP¥¥iceaEuivaient gf abeutpH800hrhtained by gthe reac—
stearate and kneading_the resulting m. xture on a hot roll at 70C for 10
mnutes. The sﬁfﬁ’%u gF|B§PPB§P° f%e@@h@iﬁ’@iﬁ?ﬂﬁy‘aﬁénsz%% 2\HeRf t ¥ s

mol di ng nater[a£h¥§§lf£18¥§gl£9 %&aggeﬁﬁréognkéfggfégtgEGafggncentra-

“tion of 50% by weight. In‘the-same manner as in Examplé

10 1, the solution was stirred at 70°C for 6 hours and the
infrared absorptién spectrum was measured tg find that
the isocyanate group had been masked and a prepélymer
_stable.at room temperature was formed. The solution was
poured into n-hexane and the resulting prepolymer was

15 recovered. A moIdipg material was prepafed'by mixing

| togethér.zoo_g of thié prepolymer, 70 g of a phenol
-ndvolac having a softening point of'about 100°C, and a
hydroxyl eghivalent of about 100 synthesized by quite
the same method as in Example 1, 500 g of powdery . \;)

20 silica, 1 g of lithium chloride, 2 g of carbon black and
4 g of zinc stearate and kneading the resulting mixture
on a hot roll at 70°C for 10 minutes. The spiral flow
juét after the kneading was 82 cm. When this molding
'material was allowed to stand at room temperature for

25 30 days and thereafter its spiral flow was meaéured; the
result was 80 cﬁ, demonstrating that only a slight

change took place. When this molding material was



25 30'days and thereafter its spiral flow was neasured, the y It was 80
cm denonstrating that only a slight change took place. We ils nol di ng
materi al was - 30 -1 nmot ded at [err] for 5 m nutes and o

after-baked at [err] for 16 hours, the glas¥ tTansition point t he nol ded

duct hi ) h | . ded - duct shqowed h | | ent
Fesi st ance t it | MR A 19YE dak oA 08, thes ALTSFBAkSR: AfI o5 |
had.” Exanpl e 6 | f ' f, .
[ 2r r], 4?{? [ reret hyln"'-@,Q% %o?fr r#—E iﬁé@éﬁc?‘é‘%g&%%%%ﬁ&*gﬁypiﬂt Pgowﬁnur ate
tri f 2,4-1 I i euyg foy ko ixd '
giwralr ggtra ?mlécul a(r?‘{%llvel g t&oédig{)%ut % "Z‘%Q‘egggfzghg:: ég‘ide)r%egwggggﬁﬁggg, o
and an al cohol i ¢ dik Gndwedl WacH %éﬁl@@%s&%agf%aitm% msnathr%pgt i on

of Bi sphenol A and epichloro- 15 hydrin, and 2 g 2-met hyl i m dazo

prepare a solsi- tdoivelitibral Gpuniresin GolddY artidlgy hadl t he sanme
manner as in Exanple 1, the solution was stirred at 70C for 10 hours and
the infrared absorption spectrumwas neasured to find that the isocyanate
group had been 20 masked. A varnish was prepared by adding to this sol u-
tion 40 g of. 4, 4'Exammlenddi phenyl met hane to obtain a honogeneous sol ution
and then further adding thereto a solution of 10Q g of _
4,4',4"~trimethyl-3,3',3"-triisocyanate 2,4,6-triphenyl
~— .10 isocyanurate (trimer of 2,4-tolylene diisocyanate),
500 g of diglycidyl ether having an average molecular
weight of about 700, an epoxy equiva;ent of about 340,
and an alcoholic hydroxyl equivalent of about 700
obtained by the reaction of Bisphenol A and epichloro-
15 hydrin, and 2 g of 2-methylimidazole, to prepare a solu-
. tion of a concentration of 50% by weight. In the same
manner as in Example 1, the solution was stirred at 70°C
for.10 hours and the infrared absorption spectrum was
<o ﬁeasured to find that the isocyanate group had been
20 masked. A varnish was preparéd by adding to this solu-
tion 40 g of 4,4'-diaminodiphenylmethane to obtain a
homogeneous soiution and then further adding thereto a
solution of 100 g of N,N'=4,4'~-diphenylmethane~bismale~
imide in 400 g of dimethylformamide. In quite the same
25 manner as in Example 1, a glass cloth was impregnated

with the varnish, dried and pressed to obtain a copper-

clad laminate. As shown in Table 2, this copper-clad



imde in 400 g of dinethylformam de. In quite the same 25 manner as in
Exa e 1, a glass cloth was inpregnated with the varnish, dried and:

&

pre to obtain a copper- clad |aminate. As shown in Table 2, this .
cop | ad -31- 1 | am nate was qoi 88 excellent in heat resistance and
was K0 excellent in toughness si re resistance, etc shown. in
Table |, the chamyBage rp mﬂBFt?egFﬁe xePﬁléon%BFeﬁeﬁ}?ﬁa?ﬁ% PAPSHRST tinge

V1Y, 11 9Tk SRR EYATREG gt By B ke Ehadbasobes 200 9

2-met hyl i m dazgleghuh' ¢RATELTeST) Uth@"chhnde BEEIbI 0L 1Besth Ofn ol ER | Wy

V\Blght In the sane manner as in e solution was stirre

70C for 5 hourg rg?geghaltﬁfEaéegaggéobgttgﬁesgggtgggymgelagensured to flnd
that the isocyanate group had been masked Then, a VvarniSh was prepared by

addi ng, tosthis solution, 400 g of 15 diglycidyl ether -having an average
nol ecul ar wei ght of about 380, an epoxy equi val ent of about 190, and an

al cohol i ¢ hydr Cempaegtivel Bramplez&ro obtai ned by the reaction of Bisphenol
- A and epichlorohydrin. In quite the sane manner as in Exanple 1, a gl ass
cloth was 20 inpregnat e@nwA68 ghPE MEKnwene dissalved 30@59edftbyﬁbtaln a

doubl e copper-clad_lamn &e haV|n a thickness of 1.6 mm However, nmany
voi ds wer e forﬁgay;gnphpi socyana e, 260 g of phenol, and 2 g of

' 2-methylimidazole to prepare a solution of a'concentra;

10 tion of 50% by weight. In the same manner as in Example
1, the solution u%s stirred at 70°C for 5 hours and the
infrared absorption spectrum was meamsured to ‘find that
the isocyanate groué-had been masked.  Then, a varnish
was prepared by adding, to this solution, 400 g of

'15. diglycidyl ether having an average molecular weight of
about 380, an epoxy equivalent of about 190, and an
alcoholic hydroxyl equivalent of zero obtained by the
reaction of Bisphenol A and epichlorohydrin. 1In quite
the same manner as in Example 1, a glass cloth was \_/

20 impregnated with this varnish, dried and pressed to
obtain a double copper-clad laminate having a thickness
of 1.6 nm. However, many voids were formed in this
double copper-clad laminate, and accordinglj i£ was
gquite inferior in mechanical streﬁgth, soldering heat-

25 resistance, etc. and could not be used practically.

-



doubl e copper-clad | am nate, and accordingly it was quite i nfesg
mechani cal strength, soldering heat- 25 resistance, etc. ang oul d not;-be
used: practically. - 32 -1 Conpar ative Exanple 2 In 700{d40ly MEK wefe

di ssol ved 100 g of 2,4- tolylene diisocyan®2,- 600 g of diglye+rdyl ether -

having an average nol ecul ar wei ght of about 950, an epoxy 5. equivalent of
about 480, add afcmPasAsive ﬁ%&ﬂ&%ﬁ 2cqui.val ent of about 500 obtai ned by

twfr;e'%egftﬁ' [0 prepar 6 a var APCrO8r & oo iE h%‘%l%'s.” g423p13e9, hougiBh 2 b0 h
Uhi o varni ah, or ERYARRe, Adsosyiphter %?Regéied?&aﬁigﬁﬁi %ﬁgégﬁ%ﬁdﬂ o
obtain a copper - %hﬁQvE%Q#%aﬁﬁl égowaxbﬂtTéﬁlﬁb uttb ? %*for 30

| am nate was so poor 1n | sture resrstance t

m nutes and Bhenequrvumdnkaoﬁle@buQn4coltandsahdancahoiﬁechybfbﬁyfrs
occured in 20 seconds or less. This is probably because the isocyanate

group was not nuekedvadenteldndboatd S0enobtadneyd byceheseexevbor gfoups
remained in the final 20 cured-product. Further, as shown in Table 1,
this prepreg shoRdsphenody Agand epicshjorahydrine hagsd gf ofi Remethylew of
resin, and there&%&%az%&% ELPQEL%S%Eeg varnish of a concentration of
508 by weight.
" Without heating nor stirring this varnish,
glass cloth was impregnated with this varnish, dried and
'press-molded in the same manner as in Example 1 to
- obtain a cépper—clad laminate. AS shown in Table 2,
this copper=clad laminate was so poor in moisture
15 resistance that, when boiled for 30 minutes and then
' allowed to float on molten solder at 260°C, blisters
occured in 20 seconds or less. This is probably because
the .isocyanate group was not masked beforehand, and '
hence, many free isocyanate groups remained in the final
20 cured-product. Further, as shown in Table 1, this
prepreg showed a very great change with the lapse of
time of flow of resin, and therefore, the flow reached

1/5 of the initial vlaue in 5 hours.

25 Comparative Exémple 3
In 550 g of MEK were dissolved 100 g of 2,4-

tolylene diisocyanate, 450 g of monoglycidyl ether of



1/5 of--the initial vliaue in 5 hours. 25 Conparative Exanple 3 In 550 g of

MVEK di ssol.ved 100 g of 2, 4- tonIene d||socyanate 450 g of
. mono dyl ether of - 338 - Blspggn A havi ng a nol ecul ar melght
of a 280, an epoxy eqU|vaIent of aBotf 280, a phenolic hydroxyl

SO YePeT Lo BSRULARSD: pRield 8! pRLdEALNE | REBRE!Be MORECHE B

Exanple 1, the gkgbezamar@ﬁthsetsﬂoaedzﬁél ' §%Fhéhol D ol odys Nours and

t hen the |nfrar rptron spectrumwas neasufed to t he

| socyanate grogguidd1@RenofRakede 3861 adave' §i 68 maﬁeEﬁypﬁﬁﬁdaaulépdlng 30
g of 4,4"-diamno 10 - di phenyl sulfone to this solution, Wth which a gl ass

cloth was inpregngtegardr acdodadipness anebAcentpaeboni of asgepper - cl ad

|l aminate in the same manner as in Exanple 1. As shown in Table 2, this
copper -cl all | awekght. wainqthecsapner mannext 8s iasEsampbe,lsothaasomeﬂ
boiled for 15. 30 mnutes and then allowed to float on nolten sol der at
[err], blistertiappwascheatiedoandcshésred atc2d°C forslf shpuvsaand theruse

the i socyanate was,masked with Egenollc h droxy rouB and hence, _the
ur et hane’ | i nkab@enhsRERarsdepPAPERELPR: FBR FEH%eV%S suged 5@ £38d msked

01 20, DYAnaL el PR ESCHROMER LYoRH ARt Cakdea SORERS E 0OV
varnish was prepared by adding 30 g of 4,4'-diamino
10 diphenylsulfone to this solution, with which a glass
cloth was impregn;ted, dried and press. molded to obtain:
a copper-clad laminate in the.same manner aé in Example
1. As shown in Table 2, this copper-clad laminate was
qguite poor in water resistance, so that when boiled for
15 30 minutes and then allowed to float on molten solder at
260°C, blisters appeared in 20 seconds or less. This is
probably because the isocyanate was masked with phenollc
hydroxyl group, and hence, the urethane lxnkage had a
lower dissociation temperature, so that the masked iso- \;/ |
20 cyanate group was partially changed into'ifee'isocyanate
group during the impregnation of glass cloth and drying,
_.aﬁd the free isocyﬁnate group remained in the cured pro-

duct to resu;t in a decrease in water resistance.

25 Comparative Example 4
) In 850 g of MEK “were dissolved 100 g of 4,4"~-

'diaminodiphenylsulfone which was conventzonally used as



a decrease in water resistance. 25 Conparative Exanple 4 In 85 f MEK
wer € di ssolved 100 g of 4,[err]- diam nodi ppenyl sul fone which L
conventional ly used as -34- 1 a curing agent for epoxy resins, 750. g
of..di gl yci dylL etaecubingnggentafer agpoxyl cesinms, \ESQd af diydstcidhfl an
epoxy equival ent of about 480 obtained by the reac- tion of Bisphenol A and
epi chl or ohydr i n, ebher 2hgvihg 2an Saverage yno heclakar cwe ighprehabout &G0 sh of
a concentration of 50% by weight. In the sane nmanner as in Exanple 1, a

gl ass cloth was aRpep@x¥teduivakentiaf \abertni8Qiroktrines hesthergtedat t o

obtain a copper-clad | anmipate. The perfornpnce of this copper-clad | am nate
are shown 10 int%QBIQgZBgﬁﬁbﬁﬂ°£eﬂD %Sggh%?ERQYQEﬁﬁx) edl hitth dhe

d prod bt aj by.th i f this i i it is much
nfer : or in e%j PELREL A as 2618 O TRBLEFR Nt s B fr:”téqgfpde&ﬁtra'ai%rﬁ” ve
Ex 5 A i teri ™ t
a4 as ot ot hyPEIGR B! feidfiE. PLERCLEC Slnd'dddites P exdibiL B (5
g of p0|y9|y'_CiQY?lfigeélaéhCﬁ§§Oimﬁfﬂﬁﬁé%éémﬁﬁ A4 S R A HP | fGlkg 20

l'ar wei ght of abouf 1,400, an epoxy equivalent of about 230, and an
al cohol i ¢ hydroxyhdefites9+-no1déd €6'ebtain a copper-clad laminate.

and tRe:free isocyanate group remained in the cured pro- duct tc>r§§ult_in

The'perﬁormance of this cgéper—clad laminate are shown

e 10 in Table 2, which demonstrates that, as compared with
the cured product obtained by the curing process of this

_invention; it is mnch,infefior in heatzesistances such

as hot flekural.étrength.

15 Comparative Bxam§1e 5 -

A molding material was prepared by mixing
together 100 g of 4,4'.;'-trimethyl-3.3'.3'-triiso—
cyanate 2,4,6~-triphenyl isocyanurate, 130 g of polygly-
cidyl ether of cresol novolac having an average molecu-

20 lar weight 6: about 1,400, an epoxy equivalent of about
230, and an alcoholic hydroxyl equivalent of zero, 2 g
of 2-methylimidazole, 450 of powdery silica, 1 g of
lithium chloride, 0.5 g of carbon black and 1 g of zinc _
stearate and kneading the resulting mixture on a hot

25 roll at 70°C for 10 minutes. The spiral flow measured
just after the kneading was 88 cm. However, when the

molding'material was allowed to stand at room tempera-



of 2-nethylini dazole, 450 of powdery silica, 1 g of Jithiun1ch|orjde,‘d:5 g

of \bon black and 1 g of zinc stearate and kneading the resulting m xture
on t 25 roll at 70C for 10 minutes._Tye sSpiral flow neasured just after °
th ading was 88 cm However, when the nolding material was allowed to

stand”at ropm LileIfor 6 houds -and tHereafter GHeo Wi mill iy aalfd er the .
spiral flow was again neasured, it was as snmall as 5 cm 5 o

‘Tabl e 1 Period ffain medsuigedntit wdm 48 mmaifl rassis dm prepreg No .-

becane 1/5 of the initial value 10 Exanmple 1 : Mor e
t han 60 days Exanple 3 More -t han 60 days Exanple 4
More than 60 days Exanple 6 More than 60 . days
Conparative -Exanple.2 - -+ 0.2 days (5 hours.) 15 Conpar at i ve Exanpl e
3 25 days Conparative Example : More than 60 days
Note: 1) The flows were measured acccwiﬁhﬁft JI'S C 6487. 20
2) The prepregf were stored in an atnnf- phere at a tenperature of [err] at
a humdity df 609%- — : _ i
~ Period of time take until
the flow of resin in prepreg
No.. - became' 1/5 of the ipitial
_ value
10 Example.l More than 60 days
Example 3 ) ' - More than 60 days
Example 4 More than 60 days
Example 6 |  More than 60 days
_Comparative Example 2 . 0.2 days (5 hours.)
15 | Comparative Example 3. : - 25 days
Comparative Exmaple 4 . - More than 60 days
Note: 1) The flows were measured according to
JIS C 6487. ' \Ek

20 ) ' 2) The prepregs were stored in an atmos-
phere at a temperature of 23°C at
a humidity of 60%.



- 36 * Table 2 Pef or mances of | am nates Condi-ti ons of Per f nces
| tem of test Uni t treat nent ahd neasur enent Exanpl e é %\S

I'nsulation - A 3 x 1014 resistanc i QD
2/ 100 - . 2 x 1012 Dielectric constant3® = . A B

4.5 (1 NVHz) D 48/50 4.7 Dielectric tangent
A 0.012 (1 Mez) D- 48/50

0.%14 Fl exural Table 2 Pefdrmances of laminates °° Strength

kg/mm E-1/150 at 150C 32 E-1/200 at [err] - 16 260C,
60 sec No change float Sol dering - D-0.5/100 treat-

heat - nent foll owed by No change resi stance

260C, 60 sec flodt D27 100 tr oldonEEions @t |, Fercbzngaceé8 sec

treatment and
measurement

fl oat _ Item of test
. Example l-1

Insulation a 3 x 1014,
resistance Q
- D - 2/100 2 x 1012
Dielectric ]
constant - A : 4.5
(1 MHZ) — D - 48/50 ' 4.7
 Dielectric
. tangent - __A : 0.012
N~ | (1 MHz) — D - 48750 0.014
Flexural | A - 55
strength kg/mm | E=1/150 at 150°C - 32
. : m-— 200 at 200°C_ | 16
' 260°C, 60 sec No change
_ | £loat
Soldering P-0.5/100 treat-
heat- _ - ment followed by No change
resistance 260°C, 60 sec _ . '
float

D-2/100 treatment
followed by 260°C, | No change
60 sec float :

"Flexural - :
strength | kg/em | A 1.8
of copper .
foil _ E-1/150 at 150°C 1.5
: ' ' Boiling in tri-
N/ Chemical - chlene* for 5 No change
| resistance minutes
Punching a Good
quality - : .

Note: Example l-1l: In Example 1, the sample molded
just after prepreg preparation.

Example 1-2: In'sxample 1, the sample moldéd
-after allowing prepreg to stand
at room temperature for 60 days.

* "trichlene" signifies "grichlorocethylene”,



Fl .exural strength kg/ cm A
£ E -1-/150 at [err]

Al chl ene*for 5 - 37

s -Punchi ng A

\¢ 1-1: In Exanple 1, the sanjyy 43

1.8 of copper
1. 5 Bo ling in tri-- )

_No change resistance ’ .

. Good quality Note:

nes§) after prepreg

3 ati on. 'Exanple 1-2: In Exanple 1, the sanple mol ded after all owi Ng w

prepreg to stand at roomtenperature for 60 days. * "trichlene" signifies

"trichloroethylene". - 37 - Table 2 (Cont'd) Performances Exanple 1-2

Exanpl e 3 Exanple 4 aamﬂe6[ew][ew][ew]zk5 - . 4.3
4.6 4.4 4 . 7 5 4 .5 0.013 .
0.007 . 0.012° 0. 008 diEEEbrmanceso 008 | 0.014

0. 009 '

No change No change No change

No change 1 No change No change No change

No change No change No change No change
1.8 1.6 1.6 1.7
1.5 1.4 1.4 - 1.5

No change No changé No change No change
Good Fair Good ‘Good




55 s .
45 22 20 38 No change - No change No change No
ehange NO change No change No change No change No change
change . No change No change 1.8 - 38 - 1.6 . - 1.6
1.7 1.5 y 1.4~ 1.4 1.5 No change No cha
Noxchange No change Good Talpler2 (Cont'd) Good Good
-38- Table 2 (Cbnt d) Performances Conparative Conparative Conparative
Testing Exanple 2 Exanpl e 3 Exanpl e 4 method [err] [err] 4.6
5.1 4.8 5.3 5.5 ' 4.9 = JI'S C-6481 0.009
0. 022 0. 028 JI'S C-6481 0.035 0. 038 0.035 53
52 56 34 —C- —H-S——643116 3
3 No change Tat eredrestil}g change
Example 4 method
1 x 10%¢ 2 x 1014 1 x 10%4
_ JIS C-6481
2 x 1010 3 x 1010 2 x 1012
4.6 5.1 4.8
N 0.009 0.022 0.028 JIS C-6481
0.035 0.038 0.03S
53 52 56
34 _ 5 6_ JIS C-6481
- 16 3 3
No chanéé No change - No. change:
Blistered Blistered No change
' JIS C-6481
Blistered Blistered | No change
1.2 1.6 1.8
JIS C-6481
: 1.0 0.3 0.6
No change Swollen No change JIS C-6481
Good Good D=-617

54 52 33 40 38

Very poor




JIS C- 6481 Blistered Blistered No change 1.2 1.6

1.8 C-6481 1.0 0.3 0.6 No change Swol | en

ché - JIS CG6481 Very poor Good Good D617

1 /] "It is apparent. fromthe Exan%?es and the Conparative Exanples
tha ccording to the progesss Ypgdileht BLAN 1 S E Rt ai ned the

B—stége com pounds such as heat reS|stant varni sh, prepreg, nmolding 5 ‘e

material and th%d:ddﬁacﬁwee_ﬁaﬁﬂl%sattﬁwmamiwr& t¥ed drldle dah@ff | nal
cured product is excellent in tough- ness, heat resistance, npisture.

resi stance, adhefidge-invesstiorc. theﬁeeroa‘mrbg abtainederthel 83fgtages com=
copper-clad | ami nate as well as in other various uses such as 10 '

el ectrical insulpeings raucly iast headstregiistant vannishur girepxey,i aioldimg t he
| i ke. -The carboxylic acid anh d ides referred tqo herein for use in the

final curind st MpLenialoRand ]ebﬂ?ycﬁq% e %rﬂ?&@lﬁe@%ﬂéﬂ%hat
s compounds coniel g, dd Fitlat Rl RISk 4 DEARSe 10 tcSne

ness, heat resistance, moistufe resistance, adhesive-~
ness, etc. The;efore, it is very'useful_gs copper-clad
laminate as well as in other various uses such as

10 electrical insulating material, cast article, structural
material, and the like.

| The carboxylic acid anhy&rides réferred to

herein:for use in the final curing stage are of course
anhydrides.of polycarboxylic acids, that is compounds
containing at least two carboxylic acid g;dups.

-



Clainms 1. A crosslinked-resin obtained by reacting one equival ent of an
i socyanat e conpound havi ng i socyanate groups in the nolecule wt
coffpound having at 5 | east one al coholic hydroxyl group and at
epoxy groups in the nolecule in an anount corresponding to O.
equi val ents per isocyanate equival ent apndsst_|east one al coho{ic
eqdi val'ent per isocyanate equivalent to first react isocyanat

t he~i socyanate conpound Eiaisal cohol i ¢ hydroxyl groups of the epoxy
conpound, thereby form ng an epoxy prepol ynmer havi ng urethane |inkages
stabl e at room tknperfatancsslinkedqresin yobkadmed) byhecerctihgi ome pre- pol yner
at a tenperature at least [err] higher than the 15 reaction tenperature for
the formation ofeqHyadentorfndn i8ogyanake farpowed havhndelsesvanpke and

regenerate the i socyanate groups: d then reacting the said ispcyanate
groups with the %ER&KP d‘r“oﬁ'gé ﬁiﬁgf%p Mﬂgcﬁmﬂn‘éﬁ&%’rrﬁﬁ% resin
as clainmed ingclal , | t dyyq%o Vi t ast two
epoxy groupsq%mf%ég%é§%$%%%gﬂg$g%ho I C ﬁédroxy g?gu%eiggg?élgggt one
conpound sel ect egbdabypgrahips dinl tBE hiibTeciilied 13- @rD ¥mbRAG! LOPr SR hg

Bi sphenol A or F or hydrogenated Bi sphehol A and [err]-nethyl-substituted
or unsubstit ut ede@ &Hitohl50 ephxrir equiwakerdro peratiedcyandtet squivalege epoxy
conmpounds. 3. A crosslinked resin as claimed in claim1, wherein the

epoxy conpound iaRd ak Jiepstdprecaherhebiqihndraxyl) eqrivalent jpey
%&E}lllllllllll

isocyanate equivalent to first react isocyanate groups
10 of the isocyanate compound with alcoholic hydroxyl
groups of the epoxy compound, thereby forming an epoxy
prepolymer having urethane linkages stable at room
~ temperature; subsequently heating the reéulting pre-
polymer at a temperature at least 70°¢ higher than the
15 reaction température for the formation of the prepolymer
to dissociate the urethane linkages and regenerate the
isocyanate groupé: and then reacting the said isocyanate
groups with the epoxy groupé of the epoxy compound.
N 2. A crosslinked resin as claimed in claim 1, wherein
20 the epoxy compound having at least two epoxy groups and
at least one alcoholic hydroxyl grou§~is at leaét one
compound selected from glycidyl ethers obtained by
reaction between Bisphenol A or F or hydrogenated
Bisphenol A and p-methyl-substituted or unsubstituted
25 epichlorohydrin, and brominated products of these epoxy
compounds.
3. A crosslinked resin as claimed in claim 1, wherein

the epoxy compound is a diglycidyl ether obtained by
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* C L M S ox- - 40a - 1 reaction between Bisphenol A‘ and
epi chl orohydrin, and having an average nol ecul ar wei ght of 400 to 1,000. 4,
A cragsslinked resin as clainmed in any one of clains 1 to 3, wherein the °

i SO ate conmpound is an isocyanate 5 conpound havi ng an i socyanurate ring .
int | ecul e.. 5. A crosslinked resimgs clainmed in any one of clains 1
to 41 - 1 3, wherein the isocyanate conpound is a triner of 2,4- \oJ

t ol yere di i socyaaiion betweehyBisshenok &k yahtepichlorohyyinneand
diisocyanate or 3,5-tolylene diisocyanate, a trinmer of

hexane- 1, 6- di | $eosimtpian evezagepubieculay weighty of 4g0ykend, 0995t ol yl ene,
2,6-tolylene or 3,5-tolylene diisocyanate gnd hexgne-1, 6-diisgcyanate. 6.
A crosslinked rési nAasroegiiphednrapin 3 Fipingd,in; any; 8“3,'-°€/n%f%ﬂﬂst he

di ssoci ati on of, the urethane | k- . epql y. 1Qat
regenerate the } &8 3o V’E‘effiﬁa%geg%o%%zaxgih%é {Eﬁogﬁ’%eac P’gngge%:\%gé%_ t%ee _

r egener at ed &S HWaQ4RS _gﬂqigg@ymgrﬁq@s imenkempsleanleéed out in
t he presence of at” | east one“curing agent select- ed fromthe group

consi sting-of agj ne x @Ho@sldnkedOkgsini-as claimed in any one of claims

1l to

-

LR



boxyl i‘c~aci d anhydri des, phenol novol ac compounds and 15 pol yVi j - phenol
conpounds. 7. A crosslinked resi.n as clainmed in claimb6, i n/t he
eurihg agent. is an am ne. 8. A crosslinked resin as claine Claim7,

wherein the amne is an aromatic am ne. 20 9. -A crosslinked resin as
claimed in claim8, wherein the aromati c=afdrme is di ani nodi phenyl et her,

di anmi no- di ph |, f .. diam.nodi | met h t hyl.enebi
(o Th or oarf | ned+ iherein SHEABRRKRGAFecFomRund i ki DHAIRE, O dr ol ai

2 e AT, Yis3chahhen,oF. BOEMELAETR Ldlta | 22 CPory

prepol yner to rege rou and The

regenerated i so EofPoXa led out in
WA ussegaaticorss Sind B Ry F o]

t he presence of a bisimde conmpound. . esin as
clained in clai reditherdr bletkahbelh6sdiisécyandte or a copolymer of

N -4, 4" -di phenyl net hane- bi smal e- m de, N, N -4, 4'-di phenyl

et her - bi snef ei nididd-holylnes 2 &rtdlyliepdcn?) Getdlylerns wnlBiSHtddylbné?2. A
crosslinked resin as clained in any one of clains 6 to 9,wherein the

di ssoci ati on of dHSG¥anatee apfinRexapesl of-dkserEAMASAer is regenerate the
| socyanaie gr oue. and o e heRShial BERLECT NS A5 R o£20R1S,
1 to 5, wherein the dissociation of the urethane link-

ages of the epoxy prepolymer to fegenerate the iso-~
10 cyanate groups and the reaction between the regenerated
isocyanate groups and the epoxy Qroups has been carried
out in the presence of at least one curing agent select-
ed from the group consisting of amine compounds, polycar-
boxylic écid.anhydrides, phenol novolac compounds and
15 polyvinyl-phenol compounds..
7. A crosslinked resin as claimed in claim 6, wherein
the curing égent is an amine. | |
8. A crosslinked resin as claimed in claim 7, wherein
N " the amine is an aromatic amine,
20 9. "A crosslinked resin as claimed in claim 8, wherein
. the aroma;ic-aminé-is diaminodiphenyl ether, diamino-
' diphenylsulfone, diaminodipenylmethane or methylenebis
(o=chloroaniline) .
10. A crosslinked resin as claimed in any one of claims
25 1 to 5, wherein the dissociation of .the urethane linkages
of the epoxy prepolyﬁer to regenerate the isocyanate -
groups and the reaction bétween the regenerated isocyanate

groups and the epoxy groups has been carried out in the

presence of a bisimide compound.

S W




10 in the presence of a'bisimde conpound and at | east one nenber sel éct ed

fromthe group consisting of am ne conpounds,
phenox"/..ol ac conpounds and pol yvi nyl - phenol conpounds. 13. A crosslinked

resin
‘epoxy. \
equi val ent .

clainmed in any one of clains 15 1 to
ghpound corresponds to 0.5 to 2.6 gpaxy equival ents per isocyanate .

14. A crosslinked resin as clainmed in any one of clains'

carboxylic acid anhydrides,

e

12 wherein the anount of

1 t@g,

13, wherei n 1 ha 1nr epokys8E1 Miked e e aisc & ladmedt énpelaimr k0 AtwHeaasin 100 C
hi gher than the reaction tenp- 20 erature for the formation of the
15.the pisimidef bs qmr%mat.uﬂgdapbaeayémenheueelpwyales. n whi ch
conprises reacting one eqU|vaIent of _an i socyanate g¢oppound haV|n

i socyanat e gr of$lein N, Ne-fof bedirhenyl, ethexspismalainide Pa Ny A | east
one al coholic h dro I l.east two epo ro n the
! ipengt rilfiterteridy o7 oy cauival e

prepol yner,

mol ecul e in an

i socyanat e €§1U'1‘éa' eat céag?ﬂni&i%tem?ﬂ %&'&th& nxdaﬂgﬂn'ee&@ieaaéﬁm

i socyanat e equival ent t0

I rst react

i socyanat e gr ogpeo0b, Wherssh Cilie adfssouiation wct lBhal apéehame Myrhioxy|
of the epoxy conpound t her eby forn1ng an epoxy. prepol ynmer havi ng urethane

| i nkages st abl ageis pfothecppepelymey; istiregenerate hbeatisocydmate resulting
prepol ymer at a tenperature at |east 700C

groups and the reaction between the regenerated iso-

cyanate groups and the.epoxy'groups has been carried out

10 in the presence of a bisimide compound and at least one
member selected from the g:oﬁp'consisting of amine
compounds, ‘carboxylic acid anhydrideés, phenol novoléc.
compounds and polyvinyl-phenol compounds.

S 5 epoxy equi val ents per

per

gr oups

o

15

20

13. A crosslinked resin as claimed in any one of claims
1 to 12 wherein the amount of epoxy compound corresponds
to 0.5 to 2.6 epoxy-eqnivalenfs per isocyanate equivalent.
14. A crbsslinked resin as qlaimed in any one of claims
1 to 13, wherein the prepolymer has been heated to a
témperature at ieast ioo°c higher than the reaction temp-
erature for the formation of the prepolymer;_

15. A pfocess for producing a crosslinked epoxy resin
which comprises reacting one equivalent of an isocyanate

compound having isocyanate groups in the molecule with

‘an epoxy compound having at least one alcoholic hydroxyl

25

group and at least two epoxy groups in the molecule in
an amount corresponding to 0.5 to 5 epoxy equivalents
per isocyanate equivalent and at least one alcoholic

hydroxyl équivalent per isocyanate equivalent to first

* c L M S *



hi gher than the reaction tenperature for the formati on of the prepolyner to
di ssoci ate the urethane |inkages and regenerate the isocyanate groups; and
thén reacting the said i socyanate groups with the epoxy groups of@l epoxy -
10 conmpound. 16. A process as clainmed in claim115, wherein the di i ation
of the urethane linkage to regenerate the gysocyanate groups and the
reacti-on between the regenera- ted isocyanate groups and the epoxy groups

aré®carried 35 qdadtn isbeyanseengfoudis If Ithes i s089an®ed ctonghdd &d thr om t he
group consi sting of am ne conpounds, polycarboxylic acid anhydrides, phenol
novol ac conpouncecabelic! hydvoxyl -groupsd ofo:tpeuanoxyldompbtmd}cmmy
claimed in claim15, wherein the 20 .dissociation of the urethane |inkages
to regenerate t if@%&&y&ﬁa?@ﬁ RERPU YR baving: nEathARednkages cge-

ner at ed isocyana rou s_and the e rou s are rried out .in the
presence of a bi 4 Eea oﬁﬁB‘ﬂn%ema a% Eeggeﬁgg d‘f’ﬁ‘%l em 15,
wherein the ¢ s 39’&%%&%%%% nxpeaﬂj\rli %rhkﬁ%&gfé 1&adEGR®Y ate the

i socyanat e groups an er bet ween the regene- rated isocyanate

groups and the ¢igherJtREAStRé Crésdtiici temperBtibe £6£SEHE EdiimatibnS bl de
conmpound and at | east -44 1 one nenber selected fromthe groups

consi sting of artheepreppbymes, tpalismmdiatel theaurdthang dliniesiespaadol
regenerate the isocyanate groups: and then reacting the
\_, said isocyanate groups with the epoxy groups of the epoxy
10 compound.
16. A psocess as claimed in claim 15, wherein the
dissociation of the urethane linkages to regenerate the
isocyanate groups and the reaction between the regenera-
ted isocyanate groups and the epoxy groups are carried
15 out in the presence of at least one me:nber selected from
the gmup consisting of amine compounds. polycarboxylic
acid anhydrides. phenol novolac compounds and poly-
| vinyl-phenol compounds.
\_/ 17. A process as claimed in claim 15, wherein the
20 dissociation of the urethane linkages to regenerate the
isocyanate groups and the reaction becween the rege-
: nerated isocyanate groups and the' epoxy groups are
-carriedaout- in the presence of a bis'in;ide compoiind.
18. A process as claimed in claim 15, wherein the dis-
25 sociation of the urethane linkages to regenerate the
' isc_:__éyanate groups and the reaction between the regene-
. reced- isocyanate groups and the epoxy groups are carried

out in the presence of a bisimide compound and at least

L



novol ac conmpounds and pol-yvi nyl phenol compounds. 19. A process for

pr oduci | am nat e which conprises 5 reacting one equi val ent of an s e
I socyan onmpound -havi ng i socyanate groups in the nolecule with an epoxy
conmpound ing at | east one al coholic hydroxyl group and at |east two
epoxy greups in the nolecule in an anmounggcorresponding to 0.5 to 5 epoxy,..

equi val ents per iso- 10 cyanate equivalent and at |east one al coholic g
hydr oxyl equi Vehé thenr iseleyted €remuthal grdups donsitstimgebfi smipen- ate
groups of the isocyanate conpound with al coholic hydroxyl groups of the
epoxy conpoundcortpaunsts, polycagbarydboxyehd carh efyy PRgN@Let hane

| i nkages stable at room 15 tenperature, tjonally adding to the prepolyner
a bisinide conPRYPERRRITROWRAS aRd; Pﬁﬁgvﬁ&ioe{’}'%'ﬁﬁemqgf’gﬁ]t he group
consi sting of I ne, conpound ol y- oxVyq i.c. aci d dr enol
novol ac _corrpouﬂ%']_s, %rﬁf%%%ﬁﬁpﬁﬁg}%iﬁgoﬁ%ﬁls _eo “g‘;lgéarcg ?fr"gglgn
conposi tiong 2&5&@{@ Gid vfauh.heuafsmsuaéfaryaw Aigdunh@S hBving
conposi tion, superposlng -at Teast one sheet of the resin- inpregnated
substrate on ajssépanate igidupspins thadmbheécibes Ukithh G spasdyl vompblndeat i ng
at a tenperature at |east 700C higher than the reaction tenperature for the
25 formati on chavimg prtededaateoneoadcobotiat hydiexyk cadempe andnREges and

regenerate the_ isocyanate groups; and then reactjng, the said i socyanate
groups Wit h, t hkeadb iy reRAy groups ipdhe melpRiiR) in an amount

corresponding to 0.5 to 5 epoxy equivalents per iso- o’

lolcyanate equivalent and at least one alcoholic hydroxyl
equivalent per isocyanate equivalent to first react isocyan-
ate groups of the isocyanate compound with alcoholic
hydroxyl groups of the epoxy compound, thereby forming an
epoxy prepolymer having-urethané linkages stable at room
15 temperature, optionally adding to the prepolymer a
- bisimide c0mp6und and/or at least one member selected
from the group consisting df amine compounds, poly-
.carbokylic acid anhydrides, phenol novolac compounds, and

polyvinyl-phenol compounds to prepare a resin composition, \

20 impregmating a fibrous substrate with said resin
composition, superposing at least one sheet of the resin-
iﬁpregnated substrate on a metallic foil, pressing the
-résulting assembly with heating at a temperature at least

\% __7o°c higher than the reaction temperature for the

}5 formation of the prepolymer to dissociate the urethane
1inkagés and regenerate the isocyanate groups: and then
reacting the said isocyanate groups with the epoxy groups

of the epoxy compound.
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44a - 1 20. A process as claimed in any one of clainms 15 to 19, wherein

t he .,prepol ymer or resin conposition is heated to a tenperature at Ieast'\\
[‘ert]" higher than the reaction tenperature for the formation of the éggy
prepol yner. 5 21. A process as clainmed in any one of clainms 15 to 20,
wherein the anount of epoxy conpound corregponds to 0.5 to 2.6 epoxy

equi vglents per isocyanate equivalent., & Crosslinked resin obtainable

01T BISCeCE oS0 B haihs Sttind oo b g i 1418 11
111111 11111111%&%&@3* the prepolymer or resin composition is heated to

a temperature at least 100°¢ higher than the reaction

temperature for the formation of the prepolymer.

5 21. A process as claimed in any-one of claims 15 to 20,

wherein the amount of epoxy compound corresponds to 0.5

to 2.6 epoxy equivalents per isbcyanate equivalent.

22. A crosslinked resin obtainable by.the process of any
N one of claims 15 to 21.

10 23. A crosslinked resin, substantially as described in

any one of Examples 1 to 6 herein.
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