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LATENT CATALYSTS, CURE-INHIBITED EPOXY RESIN
COMPOSITIONS AND LAMINATES PREPARED THEREFROM

. This invention relates to epoxy resin
compositions containing compounds which inhibit the cure
of the epoxy resins at lower temperatures and .to latent

-catalyst cbmpositiqns for curing epoxy resins. The

invention £urther“§elates to compositions useful for
curing epoxy resins wh1ch comprise curlng agents for the
epoxy resins and the inhibitor described above. The
10 invention further relates to coatings prepared from such
- inhibited resin compositions, and to materials coated
with or encapsulated by such inhibited resin

compos1t1ons.

The invention further relates to

laminates, prepregs, encapsulated materials and
15 composites prepared from such inhibited resin

compositions.

Epoxy resins are used in a variety of
- applications, such as powder coatings, in encapsulation
20 of electrical components, in composites, in solution

:coatings, in prepregs and in laminates. In many of

’

these uses, it is desirable to partially cure the epoxy
resin in a controllable manner, such that at a later

25

" time, when desired, the epoxy resin can be fully cured.




Thi s |nvent|on rel ates to epoxy resin conpositions contalnlngmﬁﬁqpounds ' -
whi.ch inhibit the cure of the epoxy resins at |ower tenperatu Re,aqad
| at ent catal yst conpositions for curing epoxy resins. The iny

relates to conpositions useful for curing epoxy resins which li
cfiring agents for the epoxy resins and the inhibitor described above.
invention further relates to coatings prepared fromsuch inhibited resin

conpositions, ayl denyaisesaie teaged 1Wabbe0toeasﬁa5utahedubinguelgenc
i nhi bited resi 03|t|ons The invention further m _nat es,
prepr egs, enca&ﬂﬂ (FPRE%rF%ﬁ%naHHtEoﬁﬁo§P9§¥ E?ﬁbﬁréﬂ-£ﬁ8np§ﬁéﬁnce

inhibited resi pfcamusidlysts. for the rekpbikynrandnbhaveethecdompositdlaret y

B R e S

| am nates. In mmqseﬁttimﬁmsLqusteldlfﬁldektreuleonbrphrthalbyr¢ugeofhe

epoxy resi B in g P i dRANELeafChht NotaBi1fey 208 a composition
comprising an epoxy resin, a curing agent and catalyst
for the reactlon of the epoxy resin with the curing

T agent.’
10 In:sbme uses the epoxy resin, curing agent, and
catalyst are coﬁtacted in solution and then applied as a
coating on a sﬁbstrate. In such uses, in order to
achieve optimal properties in the cured epoxy resin, the
solvent or solvents must be removed. Often it is
desirable to remove these solvents before significant
curing takes place, otherwise the solvent may be
o entrapped in the cured epoxy resin, thereby adversely
affecting the final pfoperties of the cured resin.

20 Often, the solvent is removed by exposing the coated
article to elevated temperatures. At such temperatures
the epoxy resin may have a tendency to begin to cure and
entrap the solvent, thereby adversely affecting the .
final propertles.

15

25 _

Cured and partially cured epoxy resins are used
in laminates. A common process used in preparing glass
laminates involves passing a glass cloth to be coated

~with an epoxy resin composition through a bath
30 ‘containing the resin, a curing agent for the resin and a
catalyst for the curing reaction. Generally the bath
'contalns one or more organlc solvents in which the
various components are dissolved or dispersed, with a
solids contents of from 45 to 90 percent. The glass is
resident in the bath for time sufficient to coat it with



time, when desired, the epoxy resin can be fully cured.

-2-° " ‘I'n many uses it is desirable to contact a curing agent for an epoxy
resin with an epoxy resin in the presence3-of a catalyst for the reaction
and have the conposition remain stable, that is uncured for a period of
tisme. At present it is quite difficult to control the curing of an epoxy
resin and retain the stability of a, conposition conprising an epoxy resin,
a curing agent dafixtace oft the resingacurbngotgent apdxgaradyatwiom t he

curing agent. the curing reaction. Thereafter the coated glass is
' passed through a heated zone to remove reﬁaihing solvent
by'evaporatidn. Generally, this zone is at a
temperature of between 120°C and 200°C. The residence
>  time in this zone is sufficient to allow the solvents to
be completely volatilized away. Thereafter the glass
cloth, coated with the resin, curing agent and catalyst
from which the solvents have been removed, may be
partially cured by exposing it to temperatures at which
curing occﬁrs. - Such a product is referred to as a
prepreg. The prepregs may then be stacked or formed
into a shape and exposed to conditions under which the
curing agent and resin completes the cure. In general,
15 this involves contacting the various components of a
laminate at elevated temperatures under pressure, for a
. period of time sufficient for the epoxy resin to further
cure. Usuvally the pressure is provided by some kind of
a press. Once the laminate is removed from the press it
20 may, optionally, be exposed to elevated temperature for
a period of time to complete the curing reaction. In
this curing process the resin coating on the glass cloth
flows.and mixes with the coating on adjacent glass
clotbes thereby resulting in a fusing of the glass

10

25 .
layers together, via a matrix of the cured epoxy resin.
High glass transition temperatures are
desirable for many uses, therefore methods of increasing
30 the glass transition temperatures are desired. It is

further desired to significantly decrease the time
.necessary to achieve complete cure. Prepreg producers
and laminators desire a composition which facilitates
faster processing. This allows the more efficient
utilization of processing eqﬁiﬁment. In order to
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In some uses the epoxy resin, curing agent, and catalyst are contacted in
sptuti‘on and then applied as a coating on a substrate. In-such uses, in
order to achieve optimal properties.in the cured epoxy resin, the solvent
or solvents nust be rempved.” Often it is desiable to renove these sol vents
before significant curing takes place, otherw se the solvent may be
entrapped in the cured epoxy resin, thereby adversely affecting the final
properties of the resin,., Oten, the solvent -is renpyed by exposing

ured. I
t he coated articIeg?ﬁlgFE§§Fe§aFéﬁﬁNQHQﬁ%§§1Wﬁ R CREPLr AHBSETATRS dpesy
resin may have a taedejapy_stea_beg'hrigug:cwaxﬁtehmé@pai h@héOéyseﬂ?, dgiereby
U od opoxy rosi neCaPBOEEAORA AR ABEAIR JHERST eELE REcRaFALYSEs-
preparing glass | dmﬁ_atgﬁnhnﬁbyy'eﬁomssiaigxcdogisas_ssﬂlat hist ol égsceshedol t h
an epoxy resin co Ltion re .n_cqntaining the resin, _a_curi
agenlto fgr thesresréjl‘?%ﬁdkgecé}lﬁf‘égt r?glr?:%%%éx ég‘ﬁaﬁg’]r‘%&ﬂ%%‘ %in%?ﬁ?l"fdp%é’
“bat h cont ai ns “one the nbimabr paadocsoitheredy mhffecthinghehmribusmgnaponent s
are dissol ved or(ﬁé%ﬁggggesyhth a :

'Oné process commonly employed is referred to as
continuous pressing. In this process
0 the prepregs are contacted at much higher temperatures
than in conventional laminate processing for shorter
periods,_e.g.}at temperatures around 210°C for 2 to 4
minutes. It is very difficult to achieve complete cure
under such conditions. One_potential solution to this
is to add a largef amount of catalyst or accelerator to
the epoxy resin. ,Unfortunately if additional catalyst
is added in the coating bath, then the ability to remove
the solvent without significant curing of the epoxy
20 resin, or to controllably partially cure the epoxy
resin, is significantly reduced. |

Several references disclose curable epoxy resin

compositions which include as a catalyst a salt of

25 fluoroboric acid, (tetraflucrobofate, fluoboric acid,
and hydrofluorcboric acid), and fluoborates. GB 963,058
(published July 8, 1964) discloses amine salts of
hydrofluorboric acid. U.S. Patent No. 4,438,254 (issued)
March 20, 1984 to Doorakian et al.) discloses

30 phosphonium salts of tetrafluoroborate. U.S. Patent No.
3,048,552 (issued August 7, 1962 to Fang) discloses a
quaternary ammonium fluoborate salt. "Proposed
Mechanism for the Curing of Epoxy Resins with Amine—
Lewis Acid Complexes or Salts" by James J. Harris and
Samuel C. Temin, J. Ap. Pol. Sc., Vol. 10, pp. 523-534
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solids contents of from45 to 90 percent. The glass is resident in the bath
for' tire sufficient to coat it with - 3-
a mixture of the resin, curing agent- and-Zatalyst for the curing reaction.
Thereafter the coated glass is passed through a heated zone to renobve

r émai ni ng sol vent by evaporation. Generally, this zone is at a t enperature
of between 120] QAﬁCan 200[err]C. The residence tine_.in this zone is
sufficient to lhéléélvéﬁﬁs Lyoberasppral tpyoforddiphatie aRd.

Thereaf ter tf“3éﬁéﬁ§tfé0£ﬁ1négaiﬁd ﬁ&%ﬁdiﬁé.reSEGerﬁﬂrb@ﬂeﬁﬁ%”HJQQQOse
cat al yst
_ that onium salts of tetrafluoroborate (flouroboric acid)
are useful as aécéletators in epoxy resin curing
reactions. Smith U.S. Patent No. 4,318,766, Martin U.S.
5  Patent No. 4,322,456 Whiteside Jr et al U.S. Patent No.
4,410,596, Corley U. S. Patent No. 4,544,732, Corley U.S.
Patent No. 4,554,342, Corley U.S. Patent No. 4,581,436,
Goel et al U.S. Patent No. 4,766,196, and Perry, Canada

0 893,191,

Japanese 58/138729 (published August 17, 1983)
discloses thérﬁosetting molding compositions whose
essential Components_are a resin.compoﬁent consisting of
(a) epoxy resin, (b) an alkenylphenol polymer, and (¢) a
latent curing accelerator together with (d) fibers
and/or.granular fillers, wherein the alkenylphenol
polymer is dispersed and mixed as a powder in the epoxy

'resin along with the fillers. It discloses as the

20 latent cﬁring accelerator tetrasubstituted boron salts
of ammoniuﬁ compounds, phosphonium compounds, arsonium
compounds, imidazolium compounds, pyridinium compounds,
or morpholinium compounds. Only tetraphenyl or
tetrabutyl borate salts are believed to be disclosed.

15

25 .
U.S. Patent No. 3,947,395 (issued March 30,
1976 to Ogata et“al.) discloses surface coating
compositions consisting essentially of (a) at least one
 of coal tar and asphalt, (b) an epoxy resin and (c) at
30 ' least one of tetrasubstituted boron salts of onium ions
and tetfasubstituted.boron salts of imidazolium ioms,
“which are suitable for coating the surface of concrete, .
asphalt or metal. The patent is believed tc only
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fromwhich the sol vents have been renoved, may be partially cured by
-exposirng it to tenperatures at which curing occurs. Such a product is
referred to as a prepreg. The prepregs gy then be stacked or forned into
a shape and exposed to conditions under which the curing agent and resin
conpl etes the cure. In general, this involves contacting the various
conponents of a lami nate at el evated tenperatures under pressure, for a
period of tinedsstliosectetid pHENFPBY taSt( Subdtitdesd Cptiény U UBbkynt he
pressure is provided by sonme Kind of a press. Once the lam nate 1s renoved
fromthe presssﬁhtﬁay, optionally, be exposed to elevated tenperature for a
period of time to conplete the curing reaction. In this curing process the
resin coating on the glMmxkettotétfabysUasd Pakest viloh 6h6329306ng on

LR e g B A i
transitiorb t enpemponent madedésiomld mittuneanf podyepdwrds aned net hods of
noreasing  nepgl 58akFRASEE, O HIYITAIIS e® b g daddad S fUrt et

J I
desired to sig can €Crease the nme necessary to achieve conplete

cure. Prepreg pabalysts whiichagmeattdes addditiony compiexas @f Wwaron

facilitates trihalogenides with tertiary amines and imidazoles.

10 | Klarquist et al U.S. Patent No. 3,738,862 -
discloses a process.for preparing epoxy resin laminates
and accelerator compositions useful in such a process.
Suitable accelerators (catalysts) disclosed include the
stannous salts of monocarboxylic acids, lithium

15 benzoate, certain heterocyclic compounds such as the
imidazole and benzimidazole compounds and salts thereof,
. tertiary amine borates, and tertiary amines among
others. Suitable tertiary amine borates can be prepared
20 PY reacting at room temperature a tertiary amine with a

borate such as, for example, methyl borate or triethyl
borate. Suitable tertiary amine borates include, among
‘others, trimethylamine borate, triethylamine borate,
triethanolamine borate, triisopropanolamine borate,

25 benzyl-dimethylamine borate, alphamethylbenzyl,

' dimethylamine borate, dimethylamino-methyl phenol
borate, and tridimethyl aminomethyl phenol borate.
Particularly preferred is triethanolamine borate.

30 Bertram et al U.S. Patent No. 4,725,652
discloses latent catalysts for epoxy reactions prepared
‘by reacting a tetrasubstituted onium compound such as
tetrabutylphosphonium acetate acetic acid complex or an
amine compound with an acid having a weak-nucleophilic
anion such as fluoroboric acid. These catalysts provide

e ee—
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faster processing. This allows the nore efficient utlllzatlon of processing

equi prent. In order to -4-
facilitate faster processing the coated substrates nmust be exposed to

hi gher tenperatures or the epoxy resin coifpositions nmust contain higher
|level s of catalysts. Unfortunately, both solutions result in |ess control
over the curing reaction and solvent can be trapped in the final product

‘thereby affecting the ultimate prqperties.
stable latent catalysts for epoxy rESIHS for advancement

or curlng reactions.-

Copendihg applications serial no. 07/274,250

filed November 18, 1988, serial no. 07/274,227 filed

5 November 18, 1988 and serial no. 07/274,264 filed
November 18, 1988 disclose catalysts which render a
mixture of an epoxy resin and an aromatic hydroxyl-
-containing compound storage stable; howéver, these
cétalysts which are formed by contacting an imidazole

10 compound or an onium compound or an adduct of an amine
and an acid having a strong nucleophilic anion with an
acid having a weak nucleophilic anion such as fluoboric
acid result in compositions having a relatively long

15 induction time at elevated curing temperatures.

The above-described latent catalyst systems _
function so well that extreme corditions are required to
initiate the curing reaction. What is needed are cure
inhibiting compositions which do not require extreme
conditions to reverse their effect, specifically
latent catalyst systems which can accelerate curing of
epoxy resin compositions under reasonable conditions.

20

25 What is also needed is an epoxy resin composition
- that does not undergo significant cure at temperatures
at which solvents may be removed., and particularly
- an epoxy resin that can be controllably
. B~staged or partially advanced. What is further needed
30 1is an epoxy resin composition which allows the use of
. higher concentrations of curing catalysts or
accelerators, which is stable at temperatures at whlch
solvent is removed, and which allows controllable B-
-staging or partial advancement. What is further needed

is an epoxy resin composition which when coated on a

'lhmsmmui
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One process commonly enployed is referred to as continuous pressing. In
this process the prepregs are contacted at nmuch hi gher t'enperatures than,
i'n conventional |amnate processing for shorter periods, e.g. at '
tenperatures around 210[err]C for 2 to 4 mJguwes. It is very difficult to
achi eve conpl ete:cure under such conditions. One potential solution to
this is to add a |larger amount of catalyst or accelerator to the epoxy
resin.-Unfortunatety if additional catalyst is added in the coating bath,

then the ability teubstute cht td \ericed ddbuusicyliyf wiiHouwt IMdh efvé o
epoxy resin, or to.controll abl rtially cure the epoxy resin, is
significantly reduf‘}g%ﬁzc}'lng %ggéﬁ%n}ﬂatq RGeS Er scl ose curabl e epoxy
resin conpositions which include as a catalyst a salt of fluoroboric acid,
(tetrafluoroborate, fluobofireqeentlpndfdydnafiyyuprodacits pxiepareahdising

fluoborates. GB 96 Li.s , 4)_dj 0 hng-sal S

‘hydr of | uor boric améag;% gggggfe%?%w%dgﬁ% r(%s%%eﬁgﬁﬁ?g% gb?‘%f&'&iﬁ{ o]

Door aki an et & .) emtitbdessmapoperforomdififierearft tpartas | abrbberate. U S

Pat ent No. 3, 048, } + AUg el 962 E | sc e . quat.ernary

_annDniun1f|uoboraﬁég%éf%éyﬁg%§%o§ZECEss' Pt Al I °6R8%8nBi BY Yy
make the resin, a second entity may make the resin
formulations used to impregnate the reinforcing

material, and a third may make a prepreg, or other

10 article to be used. While a forth would make the final
product such as a laminate or printed circuit board.
Frequently the entity producing the prepreg or laminate
has no expertise or desire to make the formulation.

15 Therefore, it is desirable that a formulator be able to .

make a composition useful in coating the materials to bé

laminated. If the epoxy resin curing aéent and

catalyst are preformulated however, the

formulation may nmot have significant long—term storage

20 stability. Under such circumstances the faormulation may:
undergo curing and therefore not be useful to the
prepreg or laminate manufacturer. 1t would be desirable ;
therefore to provide an epoxy resin composition contain:_i.;tﬁ
a curing agent and accelerator for the cure which has

25 significant stability at ambient temperatures for several

weeks.
Further, different end users have different

processing equipment and methods for applying the epoxy
resin coatings. Such differences require different
properties in the resin. One property is the gel timg
of the resin. Different end users desire different gel
times. It is desirable to have methods for adjusting
controllably the gel time of the resins.

30
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Mechani sm for the Curing of Epoxy Resins with Am ne- Lew s Acid Conpl exes
or+ Sal'ts” by Janmes J. Harris and Sanuel C. Temn, J. Ap. Pol. Sc., Vol. 10,

pp. 523-534 _o- -5- (1966)

di scl oses fluoborate salts of aliphatic 5%d aromati ¢ am nes and pyridine.
Several patents disclose that oniumsalts of tetrafl uoroborate (flouroboric
acid) are useful as accelerators in epoxy resin curing reactions. Smth

2l S Patent 1o 3184I€§5@%“%o?r”tﬁﬁ CHRRFNY 18 “alaa B B e U S
Patent .No. 4, 594sg@yeryoafe Glps P Ronpound s gahisds inhibits the
reaction of a polyepoxide with a cur1ng agent in the
presence of a catalyst for the curing reaction at low
temperatures. More particularly, the invention relates

to an epoxy resin composition comprising

“a) a polyepoxide and

b) a cure inhibitor comprising boric acid or
10 maleic acid, or a mixture of boric acid with
at least one acid having a weak nucleophilic
anion.

In another embodiment the invention is a latent
15 catalyst system adapted for curing a polyepoxide at
elevated temperatures, the catalyst resulting from
contacting oo |

I) a catalyst for the cure of a polyepoxide

20 compound comprising an amine, heterocyclic nitrogen,
phosphine, sulfide, ammonium, phosphonium, sulfonium, or
arsonium containing compound or a mixture thereof; with

II) boric acid, or a mixture of boric acid with
25 at least one acid having a weak nucleophilic anion.

In still another embodiment, the invention
comprises an epoxy resin composition comprising

30 a) a polyepoxide;

b) a cure inhibitor comprising boric acid or
maleic acid, or a mixture of boric acid with
at least one acid hav1ng a weak nuclecphilic

anion}
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Goel et al U S. Patent No. 4,766,196, and Perry, Canada 893, 191.

Japanese 58/ 138729 (published August 17, 1983) discloses thernosetting
nol di ng conpositions whose essential comd@rents are a resin conponent
consisting of (a) epoxy resin, (b) an al kenyl phenol polyner, and (c) a

| atent curing accel erator together with (d) fibers and/or granular fillers,
wherein the al kenyl phenol, polynmer is dispersed and m xed as_a powder in the
epoxy resin along with £he & [quring agent skgndde Rokyrpexadecapabhg

accel erator tetrasubstitut ¢ RUAVE Y @i tH APEIYPDEIIP UNAELevOE@NONT UM
conpounds, arsoni um conpounds, 1 m dazolium conpounds, pyridinium conpounds,

or norphol i ni um conpounds. ‘GMRRTARYERHENnyl or tetrabutyl borate salts are
bel i eved to be disclosed. U.S. Patent No. 3,947,395 (issued March

30, 1976 to (gata et ald) diptdloassdd purd agtaloat b ahwddd oo i sti ng
essentially of (a) at |east,one gf coal. {ar .gnd asphalt. (b) an epoxy resin
~and (c) atgl east one of te Pgs@’l?g't}ﬁqﬂ 303?‘3%‘ stzwetorskuo'}f”té]i%ﬁﬁqr%hsa% d
tetrasubstituted boron salts of imdazoliumions, which are suitable for
coating the surface of.ebnoptienally, where a) is a diepoxide, a
dihydroxy hydrocarbon or halogenated
dihydroxy hydrocarbon. .

10 )
In still another embodiment the invention

relates to a composition useful for curing a'pdlyepoxide
which comprises

. .a) a curing agent capable of reacting with a

15 .
polyepoxide at elevated temperatures; and

b) an inhibiting amount of boric acid or maleic
acid, or a mixture of boric acid with at
20 least one acid having a weak nucleophilic
anionj and
c) optionally, a catalytic amount of a catalyst
useful for accelerating the reaction of a

25 polyepoxide with the curing agent.

In still another embodiment, the invention .
relates to a process for coating an article with an
epoxy resin composition comprising

30 A. contacting an article with a composition of
this inventionj;

B. optionally, passing the coated article
through a heated zone at a temperature sufficient to
cause any solvent present to evaporate but below the

* This Sheet Has Been Relilaced



asphalt or nmetal. The patent is believed to only

-6- :disclose tetra phenyl or tetra(substituted phenyl) boron salts.
Markert et al, U S Patent No. 4,631,306 discloses a nethod of manufacture
an insulating conponent made froma m xtUte of polyepoxide and a

pol yi socyanate. Disclosed is the use of latent catalysts which are the
addi tion conpl exes of boron trihal ogenides with tertiary-am nes and

i m dazol es. Klarqui st et al U S._ Patent No. 3,738, 862
temperature at which the polyepox1de undergoes

significant curing; and

C. optionally, exposing the coated article to
conditions such that the polyepoxide undergoes at least
5 -partial’ curing.

tThe invention has several advantages. A
composition comprising a polyepoxide, a curing agent, a
catalyst, and inhibitor can be exposed to temperatures

10 at which any solvent present is removed by evaporation
without significant curing of the epoxy resin.
Furthermore in the presence of the inhibitor, the
concentration of catalyst present may be significantly
higher without resulting in cure of the epoxy resin

15, composition during a solvent removal process. A higher

crosslink density may be achieved by using a larger
concentration of catalyst. The final products prépared
from these epoxy resin compositions may therefore
exhibit a higher glass transition temperature. Those
resin compositions which coﬁtain a polyepoxide, curing
agent, catalyst and inhibitor have a signifieantly
longer shelf life at ambient temperatures. The '
compositions of this invention may be processed at

25 faster speeds as a higher concentration of accelerator
may be used in processing. The compositions may also be
processed at high temperatures without adversely
affecting the final product properties, for example in
“the continuous pressing process. Further, by adjusting

30 the level of catalyst, .inhibitor, or latent catalyst,
the gel time of a resin can be controllably adjusted.

20

This invention relates to novel resin
compositions containing latent catalyst systems, and
articles containing such resin compositions or coated

laced
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di scl oses a process for preparing epoxy resin |amnates and accel erator
conposi tions useful in such a process. Suitable accelerators (catalysts)
di scl osed include the stannous salts of q@nocarboxylic acids, l.ithium
benzoate, certain .heterocyclic conmpounds such as the |n1dazole and
kenzi m dazol e conpounds and salts thereof, tertiary am ne borates, and
tertiary am nes anong ot hers. Suitable tertiary am ne borates can be

prepared by re%ﬁﬂ%@éhf?@fﬂﬁ g%‘ii:foﬁsterthabﬁeaEhBSd%EBta et e
such as, for exanple borate or triethyl  bgrate. 'S i tabl & tertiary

am ne borates|¥ﬂ¥?ﬂﬁ4°%nbﬁga0?%@?951FFPREFH9PEHFh@gbﬁrBP yepPxadRyAan ne
borate, triethaiid é@e:b@éaéﬁ atéutéoaﬁﬁﬂaﬂabﬁm:m;:bﬁgﬁh boric aC:l.d
benzyl - dlrrethylamne]-boratei g ”ﬁ Ibenz¥ dlng “¥h %%ne bor

di net hyl ani no- P& AL SHe %bra Beh,a4compas hei n| Cantd ok igRe, §HSF
bora}e Pagélcmnmd)betfiggfigylzlth:eﬁhﬁmglageme bmdfbe catalyst £Bertram
et al US at I sclos C

reactions prepgﬁgﬁhﬁyrﬁQﬁuﬁé %ﬁ%??e??g g@%f?%ﬁ?%d %% uﬁéc@ﬂ%@uﬁg ﬂéhogs

t et rabut yl phosplamy (kngaoetuges atet | anaepaxy ores x. orPreferabbycthpsund with
an acid haV'”gcggﬁﬁﬂid¥éﬂ‘%ﬁ”ﬁééﬁlé“f8¥'ﬁ%%%‘éﬁh&'é&%cmﬁﬁtﬁs Chére TESE

catal ysts provi
preferably six months or more, at ambient temperatures.

10 ' The inhibitor and catalyst could be contacted
with the polyepoxide separately, or optionally, the
inhibitor and catalyst could be contacted prior to
contacting with the polyepoxide so as to form a complex,

15 and thereafter the complex could be contacted with the

polyepoxide. In this embodiment the inhibitor may
optionally be in_admixtufe'with at least one acid having
a weak nucleophilic anion. This latent catalyst
composition can be used in any embodiment described

20 herein where both inhibitor and catalyst are
simultaneously present. '

In still another embodiment, a polyepoxide, a

‘curing agent for the polyepoxide, and an inhibitor

25 comprising boric acid or maleic acid, optionally be in
admixture with at least one acid having a weak
nucleophilic anion, could be contacted. The catalyst
useful for reacting the polyepoxide with the curing
agent could be added to the composition and thereafter

30 the composition could be used in any use of polyepoxide,
known to those skilled in the art.

In still another embodiment, a polyepoxide
could be contacted with a curing agent, an inhibitor i
comprising boric ac1d or maleic acid, optionally be 1n£;$

“ﬁﬁiiﬁ‘ﬁi‘ifﬁiﬂ m‘in



stable latent catal ysts for epoxy resins for advancenent or curing
reactj'ons. Copendi ng-applications serial no. 07/274,250 filed
Novenber 18, 1988, serial no. 07/274,22713%1ed Novenber 18, 1988 and seria
0. 07/274,264 filed Novenber 18, 1988 di scl ose catal ysts which render a

m xture of an epoxy resin and.an aromatic hydroxyl - -containing conpound
st orage stabl e; _however, se catal ysts whi g re forned contacting an
2 admixture’ w1t% £ Ql one aci %av1ng a wegk g

i m dazol e
nucleophilic anion, and a catalyst for the reaction of

an epoxy resin with the curing agent. The catalyst and

inhibitor may be added separately, or added in the form

of a preformedicomplex.' Preferably, such a composition
3 is stable at ambient temperatures for two weeks. Such a
composition exhibits no significant change in gel time
at 150°C “and 170°C over a period of 10 days, more
preferably 20 days and most preferably 30 days. This
composition could be used in any of the known uses for

10
polyepoxides i.e. epoxy resin compositions.
In another embodiment, the invention comprises
a partially cured reaction product of a polyepoxide, a
15 curing agent, wherein such partial cure occurs in the

presence of catalyst for the reaction of the curing
agent with a polyepoiide, and a cure inhibitor
comprising boric acid or-maleic acid, optionally be in
admixture with at least one acid having a weak
20 nucleophilic anion. Such partially cured product can
thereafter be used in several applications, such as
coatings, laminates, composites, encapsulants, by
contacting the partially cured product with the
appropriate substrate, reinforcing material, or the
25 like, and fully'curing the composition. The processes
for obtaining such a partially cured product are well-
-known in the art. In particular, the components are
contacted under éondition such that the curing agent and
polyepoxide undergo partial reaction. In some
‘embodiments the reactive ingredients are partially cured
on the surface of a substrate.

30

In another embodiment, the. curing agent is
contacted with a cure inhibitor comprising boric acid or
maleic acid, optionally be in admixture with at least
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conpound or an oni um conpound or an adduct of an amne and an acid having a
strong'nucl eophilic anion with an acid having a weak nucl eophilic anion
such as fluoboric acid result in conpositiyns having a relatively |ong

i nduction tinme at el evated curing tenperatures. The
above-described latent catal yst systems function so well that extrene
conditions are required to initiate the curing reaction. Wat is needed are

cure inhi biti ngyfedrRa thPEnghi CledR AGtle6abilecexhiony aadditions to

th ffact, f II I ich.
acvel or at o cur RS ALy @ & taLERBERE | ERS GHER:OF oS BRABRECRNA bns.

What is al so nqﬂﬁg@ug& i) Sy, reShﬂscoumpcsitDontﬁatadosemaotlmadergo

-significant cur at t eratures_at wh

parti cul arly  theteaftar a8, HiLR pSEydBRREAE R UBTRER RS B,
partially advamrmed ngWeandist iffang her needed is an epoxy resin conposition
whi ch all ofis the use of higher concentrations of curing catalysts or

~accel erators, which is ﬂx b+8m§fas’i%%ﬁ§ah%‘é‘%lBEdV"ﬁleEQ1%%1 be Fou@pved.
and whi ch alloms contro aging, or_ partial adyancénent. \Wat is
further neededin varidus forms. In particular the various

compositions described may be found in powder form, or
alternatively in solution or dispersion. In those
embodiments where the various compositions are in
solution or dispersion, the various components of the
composition may be separately dissolved in a solvent
suitable for that component, then the various solutions
are combined and intimately mixed. Note the solvents
for the various components are preferably chosen such
that the solvents are miscible with one another.
Intimately mixed as used herein refers to agitating a
mixture of solutions which is a relatively homogeneous
20 solution or dispersion. Alternatively, the components
may be dissolved or dispersed in the same solvent or
dispersant. In those embodiments wherein the
compositions are partially cured or advanced, the
compositions of this invention may be found in a powder
form, solution form, or coated on a particular
substrate.

10

15

25

Polyepoxide as used herein refers to a compound
_containing more than one epoxy moiety. In another
30 'embodiment_it refers to a mixture of compounds which
contains, on a?erage, more than one epoxy moiety per
molecule. Polyepoxide as used herein includes partially’
advanced epoxy resins i.e. the reaction of a polyepoxide
and a curing agent, wherein the reaction product has an

This Sheet Has Been
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I S an epoxy resin conpositi-on which when coated on a

substrate can be processed quickly w t hout negatively affecting the
ultimate properties. -Frequent |15+ or many. products prepared using
epoxy resins and cured epoxy Tresins several different entities may perform
different parts of the manufacturing process. For exanple, one entity may
make the resin, a second entity may nmake the resin fornmulations used to

| npregnat e trmaverageratnbeast .one unreacted epoxlde unit per

molecule.

Preferable compounds having an average of more

than one epoxide group per molecule which can be

5 employed herein include, epoxy resins such as, for
example} the glycidyl ethers of polyhydric phenols, i.e.
compounds having an average of more than one aromatic
hydroxyl group per molecule such as, for example,
dihydroxy phenols, biphenols, bisphenols, halogenated

10 -biphenols, halogenated bisphenols, alkylated biphenols
alkylated bisphenols, trisphenols, phenol-aldehyde
novolac resins, substituted phenol-aldehyde novolac
resins, phenol~hydrocarbon resins, substituted phenol-

15 hydrocarbon resins and any combination thereof.

Polyepoxides (polyglycidyl ethers of a
polyhydroxy hydrocarbon) are prepared by reacting an
epihalohydrin with a polyhydroxy hydrocarbon or a
halogenated polyhydroxy hydrocarbon. The preparation of
such compounds is well known in the art. See Kirk-
Othmer Encyclopaedia of Chemical Technology 3rd Ed. Vol.

9 pp 267-289.

20

25 The epihalohydrins correspond to formula 1

|
CHy — CCHaY 1

2 \o/
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material, and a third may nake a prepreg, or other article to be used.
Wiile a forth would make the final product such as a lamnate or printed
circuit board. Frequently the entity prodyging the prepreg or |am nate has
no expertise or -desire to nake the fornulation. Therefore, it is desirable
that a fornul ator be able to nake a conposition useful in coating the
materials to be lam nated. |If the epoxy resin curing agent and catal yst are
preformul at ed heherein Ythd sf ar halxgem, rpreffetably ebdigro for dntomongandr m

storage stabili U R _Cih A f [ 0 u 0
curing and theré%‘gFeBg%?eg‘g%EgefCﬁq%é’t h%gl%;rlieggeél%ﬁéérﬁ{-n% %ﬂ%ﬁgf rer.
It woul d be desardbmerehpreferably mephyls an epoxy resin conposition
containing a curing agent and accel erator for the cure which has

significant stability atpa 'ﬁ?oiyef‘ﬁ)f&?éé’éﬁor{ %ea&?é’%é‘l-efﬁegscomﬁound
Further, differept, end users “have %%f rent pr.ocessing equi pnent ahd
met hods f or? app¥¥FRgat REAERE2YPPEs;| cbon endad Qfc RVETAES MRS thafiore

di fferent pr Opeﬁfiﬁér'yno’i:hgeééfﬁharth?dﬁ*oQ@ehbieitietshe piRiferdBl yitddicor
resin. Different end uge;s deS|ra di f rggt ek times. It is desirable to
have met hods fdrOLQ; ustERhGBEBALR IP&&W&Y ngé ydrpeagbom meang herein

a compound with a hydrocarbon backbone which is
substituted with one or more halogens and more than one,
preferably two or more, primary or secondary hydroxy
moieties. The hydroxyl moieties may be aromatic
aliphatic or cycloaliphatic.

10

Among even more preferred classes of
15 polyhydroxy hydrocarbons and halogenated polyhydroxy
hydrocarbons are the dihydroxy bhenols; biphenols;
bisphenols; halogenated bisphenols; alkylated P
bisphenols; trisphenols; hydrogenated bisphenols;
novolac resins, i.e. the reaction product of phenols,
including halogenated and alkylated phenols, and simple
aldehydes, preferably formaldehyde and hydroxy
benzaldehyde; and polyalkylene glycols.

20

Preferred polyhydroxy hydrocarbons, and
halogenated polyhydroxy hydrocarbons include those
corresponding to formulas 2 to 5:

25

30
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9 According to a first embodi mnent of the invention there is provided

an epbxy resin conposition conprising: A. a pol yepoxi de;
characteri'zed in that the conposition further conprises; B. a cure
i nhi bitor conprising boric acid or mal ettf-acid, or a m xture of boric acid
with at | east one acid having a weak .nucl eophilic anion. According to
a second enbodi nent of the invention there is provided a conposition useful
for curing a pol yepoxi de or advanced epoxy resin which conprises: A
a curing agent capable of reacting with a pol yepoxi de at el evated
tenperatures; and _ B. (RBpsic acid or maleic RA)4, or a mixture of boric
acid with at | east one aci A aqving a weak nu hilic anion.
According to a thirdFRgbodi of the inve thQ5ﬁ is provided aﬁzepoxy
resin conposition conprisi ( a po X|de
‘
(R2)m (R2)m
&\ X ;
(R2)m
- @ 4
(R2)m'
T —p
R4 R4 - i

—{cr& -CH—0 >—H; 5
q

wherein:
25
Rl is separately in each occurrence Ci-ig alkylene, Cji-1¢0

haloalkylene, C4-1g9 cycloalkylene, carbonyl, sulfonyl,
sulfinyl, oxygen, sulfur, a direct bond or a moiety

- corresponding to the formula
30

,./--_--— ]
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(B) a cure inhibitor consisting essentially of boric acid in an anount from

about 0.01 to about 2.0 parts per 100 parts of polyepoxide. Accor di ng
to a fourth enbodi ment of the invention t e is provided a | atent catalyst
. for the curing of a polyepoxide resulting ffom contacting i) a

catalyst for the cure of a pol yepoxi de conpound conprising an amne, or a

. heterocyclic nitrogen, phosphine, sulfide, amonirum phosphoni um

: sul fonium or arsonium containing conpound, or a mxture of two or nore

- thereof, with ii) boric acid, or a mxture of boric acid with at |east one
aci d having a weak nucl eophilic anion. , According to-a fifth enbodi nent
of the invention there is provided a conﬁbsition according to the first
enbodi ment together with a |atent catal ysf conposition according to the
fourth enbodi nent. According to ixih, enbodi nent of the invention
there is provided a conposition conprising the partially cured reaction
product of the conposition of the second Qr fifth enbodi nents, wherein the
partially cured resin is capabl ﬁiﬂf '_,f“-: ng I_;urt her treatnent.

According to a seventh_enbodi ne Bf  t [ on there is provided a
partially cured epoxy resin conpositio pri sing the reaction product of:
i) a pol yepoxi de; ii) a curing agent w thout phenolic hydroxyl

noi eti es; iii) cure inhibitor conprising boric acid; and iv) a
cat al yst formt h?{zr eaction of_ the {at(l)lge oxide with t Curlﬂ&la%elma

is separately ach’occurrence .Ci~3 a
halogen;

R3 is separately in each occurrence C}-jg alkylene or Cs-
so cycloalkylenes;

15 R4 is separately in each occurrence hydrogen, methyl,

halomethyl, or ethyl, with the proviso that only one R4
on an ethylene unit can be methyl, halomethyl or ethyl;

wo e

20 Q is separately in each occurrence a Ci-1¢ hydrocarbyl

moiety;
Q' is separately in each occurrence hydrogen, cyano, or

a Ci-14 alkyl group;

25 m is independently in each occurrence an integer of 0 to
43 -

m' is separately in each occurrence an integer of from 0
to 33
30 .
p is a positive real number of 0 to 10;
q is a positive real number of 1 to 80.

Rl is preferably C;-3 alkylene, Ci-3
haloalkylene, carbonyl, sulfur, or a direct bond. Rl is
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10 wherein the partially cured resin is capable of undergoing further
curing. - According to an eighth enbodi nent of the invention there is
provided a process for coating an epoxy resin conposition on a reinforcing
material conprising contacting a reinfortyng nateri al wth an intimtely
m xed conposition conprising: 1) a . pol yepoxi de; i) a curing
agent whi ch does not -contain phenolic hydroxyl noieties; Iii1) cure

the curing of RREehBFFEssRblg & dixant dndy 22 aLRYLeRgs RE. and wher o
e curing o p - -J efft; an erein
Saifl curi ngoggemhoiﬁnﬁmupg%p?aeﬁe _a(mn(randfz-f)r.orrRabQut-xtnesﬁ to a:)ﬁut 30 -
parts per arts of .sai d pol.yepoxi dg. . cordin nisne

enbodi nent of Bﬁékﬁﬁgﬂlb’i B é‘reé!pq‘s S&O\}isdé’(f eEéPiYy%etF%ﬁ%d&&on}"es‘?ﬁ ting
from cont act :c nghldxo3t ahdamostnpreferably swtintledd riroddie RoUE

consi sting of (a).at ast. one .qni4m conpo t nitrogen,
phosphor us suf’FEFeE?‘_LzysgﬁT%;a%fg‘#aé‘?r#&g%ﬁ%%%%g &r’gé@gf hydr oxyl

groups; aﬁ% (ctomrespondéngf to the formula

10

15 wherein t is an average number between 1 and 6
inclusive, preferably 1 and 3, most preferably 1.
Preferably, m" is an integer of 0 to 2. Preferably, m
is an integer of 0 to 2. Preferably, p is a positive
real number of 0 to 83 and more pfeferably 0 to 4.
Preferably, q is a positive real number between 2 and
40, and more preferably between 2 and 20 and most
preferably 5 and 15. P and q represent an average
number, as the compounds to which they refer are
25 generally found as a mixture of compounds with a
distribution of the units to which p and q refer. _
Cycloalkylene as ‘used herein refers to monocyclic and
polycyclic hydrocarbon moieties.

20

30 The most preferred class of polyhydroxy
. hydrocarbons are the dihydroxy phenols.. Preferable
‘dihydroxy phenols include those which contain
substituents that are non-reactive with the phenolic
groups. Illustrative of such phenols are 2,2-bis(3,5-
dibromo—~4-hydroxyphenyl) propane; 2,2-bis(4-

This Sk
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any two or nore of the (a) and (b) conponents; with (2) boric acid; or with
(3) a Mixture of (a) boric acid and (b) at |east one acid having a weak
nucl eophilic anion; wherein the nole rat+20-f conponent (2) to conponent
(1) is fromabout 0.6:1 to about 1.35:1, or the nole ratio of conponent (3)
te conmponent (1) is fromabout 0.6:1 to about 1.35:1. According to a

tenth enbodi nent of the_invention there is provided a mixture, conprising
(A) at |east onEYéSWmné'é:}t HTARRPSM %7@@58%5'rﬁﬂ@]tqm‘li'vi ci nal

epoxi de group pﬁ?d%h?@h'e%yl@“%x(d?éa&;cﬁﬁéﬂ W4~ yduitisiheepll) th@ehihe
contacting (1) Isas% oné .conmpound 3% cted fromthe gr ‘Qﬂ%fléélgg of
(a) at |east on&!dnPdm (‘,’5215915‘? YR/ el v tertéb’é’{ﬁq; Sﬁglsp 542801 fur
?r)arsenif; (b)dibrbﬁ?&ﬁ,6HdimEEM?kiﬁghyﬁg?%w%pheﬂngﬂangdng;dmhs;(é?ﬁ

c) a mxture of_an .or re e.(s _an ne . 2 W

(2) boric q@id;ﬂg?réfyﬁgfgylgoﬁ ! p#ﬁfb$4b§ﬁ%?§iﬁﬂ?éﬁiﬁfﬁﬁﬁﬁfi4%ast
one aci d havi ngreseeaknoiickaedphydrogrinome whhe preferred )dihydmexent s
(A) and (B) are d.i nt, [ QL ty

of m 111l es o?ﬁ?é%“%ﬁeﬁ?ﬁgéﬁﬂée%%%ﬂ%@é%%m Rt} hreeane
0.05: 1 to aboufbigphenol A) and) 2,Rebisi(é-hydrexy3o qrtmnyb)
conmponent (Bl) bfoﬁéﬂglabout 0.6:1to ~about 1.35:1; or (iii) the
nole ratio of conponent (B3) to conmponent (Bl) is.-fromabout 0.6:1 to about
"1.35:1. © 10 According to an el eventh odi t of .the invention there is
provided a m xture conpfSsu§§d-Rersiy g‘gs)'t" ' qtcﬁﬁﬁﬁﬁﬂ D FIRPYUD
average of noregitina lcatbbiathain and one or more of the hydrogens

replaced with a halogen. Haloalkyl also means compounds
wherein all of the hydrogen atoms have been replaced by

15 halogen atoms. Alkylene as used herein refers to a
divalent alkyl moiety.

The term hydpocarbyl as employed herein péans
any aliphatic, cycloaliphatic, aromatic, aryl |
substituted aliphatic or cycloaliphatie, or aliphatic or
cycloaliphatic substituted aromatic groups. The
aliphatic groups can be saturated or unsaturated.
Likewise, the term hydrocarbyloxy means a hydrocarbyl
group having an oxygen linkage between it and the carbon
25 atom to which it is attached.

20

The polyepoxides preferably correspond to one
of formulas 6 to 9.

30

Tl



epoxi de group per nolecule; (B) at |east one conpound containing an average
or nor'‘¢ than 1 aromatic hydroxyl group per nolecule; and (C a sufficient
anount to catalyze the reaction between cgyponents (A) and (B) of a

catal ytic product resulting fromcontacting (1) at |east one conpound
selected fromthe group consisting of (a) at |east one oni um conpound of
the el enment nitrogen, phosphorus, sulfur or arsenic; (b) at |east one am ne
compound; and (c) a m xture of any two or nore of the (a) and (b)
conponents; with (2) boric acid; or with (3) a mxture of (a) boric acid
and (b) at | east one acid having a weak nucl eophilic anion; wherein

(i) conponents (A) (R (C) @wmp,enployeqd in arfBmts. Wm(B#)mprow de Y ratio
of | 1'i moNgs, of coMpopen (Cfper e, of co oet(A)Ioffrom

about 0. 05: app 0l c
conponent ( @hCERQT R B to &

1.35:1; or 4) the mMs#e ratio onpgA 0 conp (Cl)gs from
“about 0. 6: 1 to about 1.35:1. Acctording to a twel fth enbedi ment of the

invention there is prqvided the product resulting fromreacting the mxture
of the eighth or ninth enbodi nents.

6
(R)m (R2)m (R2)m (R)m
R ‘l‘ rlz
CH2|CCH20 R1 CHzCCHzOfé- RI CH,C CH,
\/ | - \o/
o] OH . r
; 7
R
_
CH,CCH,0
N/ Rm
R R
| - I
CH,CCH,0 R3 R3 CH,C- CH, 8
\/ \/
8 S 6]
(R%)m (R
- 4 R4
. R }i T
CH2<|ZCH2 CH-CH-0 CH,C - CH, 9
\/
o]
_ q

whereln Rl, R2 R3, R4, m, m' and q are as defined
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According to a thirteenth enbodi ment of the invention there is provided a

process' for coating articles which process conprises: (I') applying to
the surface of a suitable artlcle a m xt4y e conprising: (A at

| east one conpound contai ni ng"an average of nore than about 1

vi ci nal epoxy group per nolecul e; (B) at |east one conmpound
contai ning an average of nore than about 1 aromatic

hydroxyl group gefgngl gﬁgiﬁlve real number Ufeoc%roaﬁﬂ.' c Méﬁi‘&bl@s%t' ng
from contacting, one _conpqun romthe group

eas C
consisting of: 18 & Pgs t}ﬁ? 5?aie9§FhGHéO@nquPcéﬁpo&M@ Fosthe el enent
ni trogen, phosppeéférably 1 to 5. PrefelchblyQr saigeal gositive real( b) at

I t f t
than () and ?e TR nquomfehand mogh) PrRERFALLE: &, 6 A (HAL of (3 4
m xture of (a) ﬁhﬂlvazmaulamdréﬁ¢ra2dleashemeanaasdpbsumngearwmdk

I hi | i% I d
(1) ouri n a Lﬁﬂfjs cba’f e%l artlc e é.t QQEI gggkééeopﬁmger@rag % Y onuse oh

(I'l) curing the EF 5t 8Pe 16 cause the
applied comprunds erefecred; tandonﬁenala d15tr1 ution of units.

Preferable epoxide compounds are the glyeidyl
ethers of compounds having an average of more than one

10 aliphatic hydroxyl group per molecule such as, for
example, aliphatic diols, polyether diols, polyether
triols, polyether tetrols and any combination thereof.
Also preferable are the alkylene oxide adduects of

15 compounds containing an average of more than one

aromatic hydroxyl group per molecule such as, for
example, the ethylene oxide, propylene oxide, or
butylene oxide addubtts of dihydroxy phenols, biphenols,
bisphenols, halogenated bisphenols, alkylated

20 bisphenols, trisphenols, phenol-aldehyde novolac resins,
halogenated phenol-aldehyde novolac resins, alkylated
phenol-aldehyde novolac resins, hydrocarbon-phenol
resins, hydrocarbon~halogenated phenol resins, or
hydrocarbon-alkylated phenol resins,or any combination

25 thereof and the'like.

Preferable epoxy resins include,"for'example,
the diglycidyl ethers of resorcinol, catechol,
hydroquinone, biphenol, bisphenol A, bisphenol AP (1,1-
30 -bis(4-hydroxylphenyl)-1i-phenyl ethane), bisphenol F,
_bisphenol K, tetrabromabisphehol A, phenol-formaldehyde
‘novolac resins, alkyl substituted phenol-formaldehyde
resins, phenol-hydroxybenzaldehyde resins, cresol-
hydroxybenzaldehyde resins, dicyclopentadiene-phenol
resins, dieyclopentadiene~substituted phenol resins



S,

ns,

'.de

i (i) conponent (ICD I's enpl oyed in an anpunt mhlch provi des
bout 0.05 nole to about 100 noles of catalytic

AT

t per epoxide : equLégLent contai ned in conponent (1A);

Bonponents (1 C1) and (IC2) are enpl oyed in anmounts which provide a
| ggof noles of component (1C2) per nole of component (I1Cl) of . e
ijbout 0.6:1 to about 1.4:1; - (iii1) conmponents (I1Cl) and

yRare enpl ashdne i;&hém:;b peerailetayl - tetrabr'omobxphéﬁbﬂ.(} of

of conpo
fbout 0 np %éhQéééiﬁﬁfgrQPHPm%HHP??ggfcoEﬁB%%%%iof?EéﬁyhﬁﬂﬂlQﬁC@BF are
ofed in anmnyt ot ida i@y i tieereofati o of nol es of conponent (1C3a) to
§ of fromabout 0.1:1 to about 0.9: 1. According to a fourteenth

L o i S
‘ t|ng53a|ddvanﬂhdwapqunﬂnsInuwhumhhls_theabeech1QMUpEOéoqpro£|ng

—

| east gpe, B oUW B UELEr PhellDs Fel BRs FPOULi In
epoxy group per nDI one ound
ning an magewrmmdxhﬁrmmydmca ons or a habﬂimﬁl%d

Kyl Or oup geesi vAR'i%eH ltfiereof. Such polyhydroxy hydrocarbons have

been described previously. Alternatively, a polyepoxide
can be reacted with a carboxyl substituted hydrocarbon.
A carboxyl substituted hydrocarbon is a compound with a
hydrocarbon backbone and one or more carboxyl moieties,
preferably more than one, and most preferably two.
Preferably such compounds correspond to formula 10;

10

15
RS (COOH), 10

wherein RS is C1-40 hydrocarbyl moiety optionally
containing oxygen along the backbone, and u is an
integer of one or greater. RS is preferably a Ci-40
straight or branched chain alkane or alkene, optionally
containing oxygen. Preferably u is 1 to 4, and most
preferably 2. Fatty acids and fatty acid dimers are
among the useful carboxylic acid substituted
hydrocarbons. Included in the fatty acids. are caproic
acid, caprylic acid, capric acid, octanoic acid,
versatic acid, decanoic acid, lauric acid, myristic
acid, palmitic acid, stearic acid, palmitoleic acid,
30 oleic acid, linoleic acid, linolenic acid, erucic acid,
pentadecanoic acid, margaric acid, arachidic acid, and

20

25

‘dimers thereof.

In one preferred embodimer*""
polyhydroxy hydrocarbons or halogfﬂ

i
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(3) the catal ytic product resulting fromcontacting (a) a¥
| ast one conmpound sel ected fromthe group consisting of:

(i) —at least one onium conpound of the slenent ni t rogen,

phosphorus, sulfur or arsenic; (ii) at least” one
am ne conpound; and (iii) a mxture of any two or
more of the (i) and (ii) conponents wth

(b) boric acid, Of Wt 4 one or more cafﬁafygtg¥§§gfg8ﬁ8daC|d having a

(i) boric acid an
weak nucleopmIhxﬂzanaxbonsuhre reacted yifhopheopalyglyadédyl ether of

sol vent s; 4 Boryijarak) Yoo RiBIAEof “REPIEaRRLR OeEL 9aL 1 bhe L hUS

"treated relnforC|n sul t abl e neans;
(C) subjecting Qh@rqme tReogedures nf@rcpwgfgmgaS%Chraaerea‘ptwnaare

tenperature  well knowd fd\. FIEEOYEE, anyeéo""l’ﬁé‘tl!&ﬁ&%bﬁ' oPNESGxyRY be _

present insthe_m xture applied tp g 58 ?forC|ng su ftrate :
material: and Resins' by H. Lee an k. Wevilie (1 7) McGraw Hill, New

' York, and U.S. Patent Nos. 2,633,458; 3,477,9905 ,

3,821,243 3,907,719, 3,975,397; and 4,071,477. '

Optionally, a small amount of a monohydroxy substituted

hydrocarbon can be included in the reaction mixture.

10

In another embodiment, the polyepoxide is the
reaction product of a polyepoxide and a compound
containing more than one isocyanate moiety, a

15 polyisocyanate. Preferably the polyepoxide is an epoxy-
terminated polyoxazolidoné having from 5 teo 30,
preferably 5 to 20, most preferably 10 to 20 weight

i percent isocyanate content and having from 50 to 100
percent of the original isocyanate groups converted to

20 oxazolidone rings and from 0 to 50 percent of the
original isocyanate groups converted to isocyanurate
rings whenever prepared according to the process
described herein.

25 Epoxy-terminated polyoxazolidone (isocyanate
""modified epoxy resin) are preferably prepared by the
process which comprises reacting a polyepoxlde campound:'
with a polyisocyanate compound in the presence of a
. catalyst for the reaction of the epoxy and isocyanate
30 groups at an elevated temperature. Preferably the
,process involves first adding (1) from 5 to 30,
preferably 5 to 20, most preferably from 10 to 20,
weight percent of the polyisocyanate compound within a
period of time of from 3 to 90, preferably 15 to 60,
most preferably 20 to 45, minutes to (2) a mixture

| l 38, 27HA-F . ~24- " “i\iii\e\\i‘a\s\\‘a\i(\ﬁ\i%‘c\ |




W - b}
11 ;§ (D) heating the product fromstep (C) so as to partlally cure {9
t be t us applied curable m xture thereby formng a "B-staged"
re |nﬁwr0|ng substrate material ; and wherein
(i) cgnponent (A3) is enpl oyed in an anBaRC whi ch provi des
f romggbout 0.05 nole to about 100 noles of catalytic
produ t per epoxide equivalent contained in conponent

(A1) ;3§ comprising (&) erBQZBnEBt %AéﬁéfaggPiéshp gaeggnpkgg%d in

anounis
ggénpofdent (A3b)pyefierably 80 to 90, weig ht pergent of tbappatiepexide of

from gbout 0.6:c, §é§g§@§%%d S&) from 0. O}Oto Ztnpreférébiy 0.02 to 1,

(iii):pconmponents anount s
i ch prOV|dea¥Qﬁﬁ|RfQﬁe?ﬁb¥$ &* 3oﬁ9naeht vesght ppercent of the

mol e i¢f CO”DO”%@t%%ySQ CW%?QHEt Qr@e&t&@eébﬁéin based on the
1. 4: % ands(iv) caomnponents, (A3c Cllg & | n,amounts which
Newviide a rati &0 HﬁﬂQﬁﬁQEEQBH%%ngﬁ? é %hée(% ndsaRfom apout

0.1:Ifto abﬁUtﬁ%ﬁ&i@ocyana&ﬁxéﬁﬁbﬂﬁnao aTﬁefﬁﬁfﬂﬁheeﬁbodhefehfoérthe
Lg\r/rggf : ?gstmﬁ[g‘#%ow ded a %rrgéegls_efg Sompﬁfﬁ}t | gbgg I am nat es or
.ggi nfqrci ng sulpriefairabin etZOfb to d8026) rndstsl peeﬂedabhypbltmc to

| 160°C, for a period of time from 5 to 180, preferably 30
to 120, most preferably 60 to 90, minutes. The

: conversion of isocyanate groups to the oxazolidone and
isocyanurate rings is controlled in any of the following

. om

10

manners:

Xy~ 15
: : (i) by increasing the reaction temperature

at a given amount of the catalyst and a given amount of
the polyisocyanate compound used when higher conversion
to oxazolidone rings is desiredj. or

20
(ii) by increasing the amount of the

catalyst at a given reaction temperature and a given
amount of the polyisocyanate compound used when higher
conversion to oxazolidone rings is desired; or

(iii) by increasing the amount of the

nd polyisocyanate used at a given amount of the catalyst
and a given reaction temperature when higher conversion
to isocyanurate rings is desired; or

30
(iv) by increasing the rate of addition of

:the polyisocyanate compound at a given reaction
temperature, given amount of the catalyst and given

a amounts of the polyepoxide and polyisocyanate compounds
when higher conversion to isocyanurate rings is desired.

Sheet Has Been Re laced
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said "B-staged" reinforcing substrate materi al having been prepared by:
(A) saturating said reinforcing substrate with a curable m xture

conpri si ng: (1) at |east gge conmpound cont ai ni ng an aver ag
of nore than about 1 _ “é¥Tci nal epoxy group per nolecule
(2) at least one conpound containing an average of nore than about 1
aromati ¢ hydroxyl group per nolecul e; . (3) the catalytic

e Soritnd |1 om FAE" 5L 8Besides, ppgtap for ehis( BhboRlinkitlaAl®
(i) at |east odcscniimdcdmi{nbgﬁome lharepal yisocyangte compounds
phosphor us, SULGuEWS" oS Gireddrdad!ny ERmANe ¥ N

conmpound; and (111) a mxture of any t or nore of the (i)

and (ii) conmponents; with (b) _.boric acid; or with
(c) a mxture of (i) boric acid ah@=CFN),2R6| east dde acid having a

weak nucl epphilic anion; and ) (4) optionally one or nore
sol vents; wherein R6 is substituted or unsubstituted aliphatic,

aromati¢’ or heterocyclic polyvalent group and v has an
average value of greater than 1 to less than 5,
preferably from 1.5 to 4, most preferably from 2 to 3.
10 Examples of preferable polyisocyanates include 4,4'-
methylene bis(phenylisocyanate) (MDI) and isomers
thereof, higher functional homologs of MDI (commonly
designated as "polymeric MDI"), toluene diisocyanate
(TDI) such as 2,4-toluene diisocyanate and 2,6-toluene
KS diisocyanate, m~xylylene diisocyanate, hexamethylene
diisocyanate (HMDI) and isophoronediisocyanate.
f  Mixtures of any two or more polyisocyanates can also be
used in the practice of the present invention. Other
preferable polyisocyanate compounds are described in

20
U.S. Patent Nos. 3,313,747; 4,066,628 and 4,742,146.

More preferred polyisocyanate compounds are
4,4'-methylene bis(phenylisocyanate) (MDI) and -isomers
thereof, polymeric MDI and toluene diisocyanate (TDI).
The most preferred polyisocyanate compounds are 4,4'—
methylene bis(phenylisocyanate), isomers thereof and

polymeric MDI.

25

A suitable catalyst is employed to facilitate
reaction of the polyepoxide compound with the
:polyisocyanate compound. Examples of useful catalysts
include zinc carboxylate, organozinc chelate compound,
trialkyl aluminum, quaternary phosphonium and ammonium
salts, tertiary amines and imidazole compounds. The

30
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t oget

th . eit
or any of the i T@ﬁ%@%ia}@1¢%§€1§’bérﬁﬁtgyl lmidazoleyy 25

from
pl aci
so
(i) ¢
from
£poxi
conpo
whi ch
conpo
(i)
whi ch
nol e

e

(B) optionally renoving excess solution fromthe thus

{;d“reinforcing substrate material by any suitable

(C subjecting the thus treated reinforcing substrate

ifal to a _ _ t enper at wa¥-whi ch renpves any sol vent
tfal which may be present

I-n- the m xture applied to
einforcing substrate material; and
step (C) so as to partially cure the thus _applied

e- i xt ur PTREREBOdf atphysks' Bre dgddazodiencomponpdsubst rat e

al; PA+ticaBaeTP) | PPeFeRrad Eata1¥s tisha ree Pulghdily1CUmim Al

her, optiaogpall er. Qr ,hoth_of the uaéjde | ayers
yidi

brmatdhrl
5ai d " B- stigidbzo e ndsd c4 P4 ' shiethiydeaerbie(2aethyls4—methyd! | |)

th mbl ed ' ' ' f / t d
{0 1% T hAR R g, Cafalivety 16, BenePR L BT etin Wier oin

)gpongnt (2hunts '@frpfmmdfl)lﬂla?oaapulpteﬁbtablgr Ov0deto 1, most

hbout 0. 05 e 1 catakyijpc_product,per

He equi van’{I%%%%&aYﬁn&?n&ioﬁpéﬁeﬁg%éé&)? rdent’ bdSed on the (i)

nent s ( A3a@omtrichéd\3mighte efiptbgepolyeparidescompound and

provi de 4 o) b r .

nent (ABa%%lgﬁérho%?anu% 8 Eﬁ T(‘ﬁéo éﬁgﬁf Tfﬁgl%ly isocyanate

conpggentconpwmd &1 emplgyed eivngnogoount afofnes 5 to 30,

provi de ada#d f I CREPPNGR p i

pbf conpon nte%éAt%a yo;pfﬁn%boufapg.g:%f%ﬁég})%u?é to 20, welght.:
percent, the weight percent being based on the combined
weight of the polyepoxide and polyisocyanate reactants.
The polyepoxide compound is employed in an amount of

15 from 70 to 95, preferably 80 to 95, most preferably 80

to 90, weight percent, the weight percent being based on
the combined weight of the polyepoxide and

polyisocyanate reactants.

20 Preferably the catalyst is added to the
reaction vessel containing the polyepoxide prior to the
start of the addition of polyisocyanate compound. The
catalyst can be dissolved in a suitable solvent prior to
the addition to the polyepoxide to improve
homogenization if desired. The temperature at which the
catalyst is added is not critical. In general the
catalyst is added at a temperature lower than the
reaction temperature. The temperature is then raised

25

30 "and the reaction temperature maintained while the
controlled addition of the polyisocyanate to the mixture
of the catalyst and the polyepoxide is started. The
polyisocyanate is added to the reaction vessel within a
period of time of from 3 to 90, preferably 15 to 60,
most preferably 20 to 45, minutes while maintaining the

e

¥

(D) heating the product .



1.4:1; and (iv) conponents (A3ci) and (A3cii) are enployed in anmunts whi cl

provides a ratio of noles of conponent (A3ci) to (A3cii) of from about
0.1:1 to about 0.9:1. According to i xt eent h enbodi nent of the

invention there is provided the use as é3¥ﬁ?e i nhibitor for an epoxy resin 5
conposition of boric acid, maleic acid, or a mxture of boric acid with at §-.

| east one acid having a weak nucl eophilic anion. - According to a
sevent eent h enbpgi 0 2 2k tio ' y**Bg} of boric
acid, maleic ac?%{lgg?{)g ?ne{fp EF%E})Q?% bor :Tcﬁegge?dvﬁatoﬁ{gt Te sétmﬁrnélesgsci d havin
a weak nucl eoptrairtained aétesnthe compledie @ddd tdongipledd® resin
conposi tion. .?olgfhsggyx&at:'teonpbaa 'fi;‘é\tf[iﬁ:d' o@d;tapiea?@s-fn%np@r%&im@ﬁ o
conprising a pol yepoxi de, curi agent, a cata , SN i itor can be
cxposed To tenpRrarereeli 1anten Ry Basichr apesally (0 otk iRpres-
evaporation w ttwusesegal{i enat redeitionobft hheopolyepaxide rcosipound and
Furthernmor& in t,he presence of the irnhibitor, the.concentration of catalys
present nay be E‘?@nﬁ?fﬁhﬁ?ﬂ/’aﬁ?gﬁefm%ptoﬁ&&t lrgegﬁf‘filuﬁﬁei%n n&#é gf'et'h’e Hhoxy
resin conpositithe dabbsegca 66l xesvlvemtvalr ptheesdiiqaildi gleactdmass! i nk
ilegsijty may be &Cﬂizeeﬁ/?g by using

10 those compounds known to the skilled artisan to react
with polyepoxides or advanced epoxy resins to form

Curing agents useful in this invention are _ %

#

hardened final products. Included among such useful
curing agents are materials which are acidic or
15 alkaline.

SRS L e

Examples of preferable curing agents include
among others, aromatic polyhydroxy containing compounds
as described hereinbefore. The polybasic acids and
their anhydrides, such as, for example, the di-, tri-,

20
and higher carboxylic acids as oxalic acid, phthalic

acid, terphtalic acid, succinic acid, alkyl and alkenyl- ?f

substituted succinic acids, tartaric acid, and
particularly the polymerized unsaturated acids, such as
25 for example those containing at least 10 carbon atoms,
and preferably more than 14 carbon atoms, as for
instance dodecenedioic acid, 10,12-eicosadienedioic
acid, and anhydrides such as phthalic anhydride,
_succinic anhydride, maleic anhydride, nadic anhydride
30 (endo-cis-bicyclo—-(2,21)-5 heptene 2,3 dicarboxylic
‘anhydride), nadic methyl anhydride (methyl bicyclo
-(2.21) heptene 2,3 dicarboxylic anhydride isomers),

pyromellitic anhydride and trimellitic anhydride. Gtheri; :

types of acids that are useful are those containing
sulfur, nitrogen, phosphorus or halogens; chloridic

This Sheet Has Bee
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E - .,4.
a | algfer concentration of catalyst. The final products prepared fromthese 52
epoxug esin conpositions may therefore exhibit a higher glass transition .
tenpaeefat ure. Those resin conpositions which contain a pol yepoxi de, curing

¥ catal yst and inhibitor 'have a sigmn+29eantly | onger shelf life at
tenperatures. The conpositions of this invention_ my be processed
3 er speeds as a higher concentration of accelerator..may be used in
4si ng. The conpositions may also be processed at high tenperatures
adver sel gcadlf,ebenzgnehephosphonianpeswl foryl viipoopicnierseid
af fectyi ng the fi L ' ' - for exanple in the continuous
pressijng processaég&EngggﬁﬁﬁgﬁggﬁiéfggﬁgéameIeveI of catalyst, inhibitor
Yor | atjent catal yst, the gel tine of a resin can be control|ably adjusted.
eBhi s ifnvention rel ates t @therl prefenrednposingoagenbat analudel shent

Gl st SVSte”Eszﬁd-éﬁhit%'i?xi’iz%og&ﬁﬁﬂd&ss,u%ét?%é“, CEEP Sk dmgre, O coat ed

3

1) _conmponent, (1,C) I's enpl’'oyed i.n an anpunt i ch provi des
fimom ‘doout 3 liethylene @FG@@%ﬂQath%ﬁihﬁlgﬂﬁ)QRﬂﬁﬁﬂkﬂecatalytic
produgt per epoxdfleyandiamide, benzddUHnidlit, elladited, |gycnanweent (1A);

cyclohexylamine, benzyldimethylamine, benzylamine,

diethylaniline, triethanolamine, piperidine,

tetramethylpiperamine, N,N-dibutyl-1,3-propane diamine,

N,N-diethyl-1,3-propane diamine, 1,2-diamino-2-

methylpropane. 2,3-diamino-2-methylbutane, 2,3-diamino-

2-methylpentane, 2,4-diamino-2,6~dimethyloctane,
dibutylamine, dioctylamine, dinonylamine,

15 distearylamide, diallylamine, dicyclohexylamine%
methylethylamine, ethylcyclohexylamine, pyrrolidine,
2-methylpyrrolidine, tetrahydropyridine, i
2-methylpiperidine, 2,6-dimethylpiperidine,
diaminopyridine and meta-phenylene diamine, and soluble

20 adducts of amines and polyepoxides and their salté, such

as described in U.S. Patent No. 2,651,589 and U.S.

Patent No. 2,640,037. Still other examples include the

acetone soluble reaction products of polyamines and

monoepoxides, the acetone soluble reaction products of
polyamines with unsaturated nitriles, such as
acrylonitrile, imidazoline compounds as obtained by
reacting monocarboxylic acids with polyamines, sulfur
and/or phosphorus—containing polyamines as obtained by
reacting a mercaptan or phosphine containing active
hydrogen with an epoxide halide to form a halohydrin,
dehydrochlorinating and then reacting the resulting
product with a polyamine, soluble reaction product of
polyamines with acrylate, and many other types of
reaction products of the amines.
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(i) conponents (ICl) and (I C2) are enployed in anounts which provide a
ratio of noles of conponent (IC2) per nole of conponent (ICl) of
fromabout 0.6:1 to about 1.4:1, (iii) conponents (ICl) and
(1C3) are enployed in anbunt$ which prOV|§g rati o of
nol es of conponent (JC3) per nole of conponent (I1Cl) of
fromabout 0.6:1 to about 1.4:1; and (iv) conponents (1C3a) and (I'C3b) are
enpl oyed in anounts whi CBLRIQVipddierd aﬁtﬂu@ Qg éHHsEScHa‘t w%@mséd C3a) to
(1 C3b) of from about 1P1 to abogi - gordlng g a fourteenth
enbodi ment  of | O s BOFOR HEF & 9%#99. aed soppbexes P& bBrOPari ng
"B-staged” reinfiriflngpsidetwitle aminesy! éthérehaﬁdopheaomerrprFa-dedel— (A
saturating said QF&@%%%C' ng gﬁbstﬁgte mﬁtg a cugabLe nixﬂy qQnpLiSing:
(1) at least one B-toht 3EnFig SHCRVBP aBeU B 2HBr & ﬂﬁﬁ SnoddiF
vi ci nal epoxy grahlpmiate ,dmd weher salts, suéR)asaziheafluowborateqund

Fvar oxyl ar oup. AEte i ot 18PaB uhd fain, Flupsilicaref BHBFERBLS i ng

from contactingacids and partiak a;saerSeaStpbmephozrp@uaadléeaadt pdrtiah t he
group CO”S'St'”%sQ%rs as phosphoric acid aﬁd)pa?fléfaéétﬁPQ QHEEEP onpoung

of the element nitr %. or us ur or
arsenic; including n'buRYl)OrEEOFQ%EﬂhQﬁEh%ﬁ¢nedk%ﬁhﬁhnd and
(iii) a mxgdr eonth%%YmtsVHhaftre HHE mxé@&flﬁe@i@bﬁésﬁhﬁwponent S;

W th boric acid; or wt (c) a

m xt ure of

Another type curing agent to be employed
includes polyamides containing active amino and/or
carboxyl groups, and preferably those containing a
plurality of amino hydrogen atoms. Examples of
polybasic material used in making these polyamides
include, among others, 1,10-decanedioic acid,
1,12-dodecanedienedioic acid, 1,20-eicosadienedioic
acid, l,l4-tetradecanedioic acid, 1,18-octadecanedioic
20 acid and dimerized and trimerized fatty acids as

described above. Amines used in making the polyamides
include preferably the aliphatic and cycloaliphatic
polyamines as ethylene diamine, diethylene triamine,
triethylene tetramine, tetraethylene pentamine,

15

25 l,4~diamino-butane, 1,3-diaminobutane, hexamethylene
diamine and 3-(N-isopropylamino)propylamine. Especially
preferred polyamides are those derived from the ’
aliphatic polyamides containing no more than 12 carbon

30 atoms and polymeric fatty acids obtained by dimerizing

and/or trimerizing ethylenically unsaturated fatty acids E;E.
.containing up to 25 carbon atoms. These preferred { BN
polyamides preferably have a viscosity between 10 and
750 poises at 40°C, and preferably 20 to 250 poises at

ﬂm mmH%Bwnmﬁmm

L

38,2T4A-F -30-




H

(ii) at least one acid having a
(4) optionally one or nore solvents;
the thus treated reinforcing

(C) subjecting the thus

by any suitabl e neanst31~

treaﬁ%-»reinforcing substrate material to a tenperature whi ch
renovgs any sol vent naterial mhich nay be present in the mxture
appl gl to said, reinfofc str er|

11 {0y 0% hfebdrredcnplyamines abspfiags gmipg satees of 59
the t¥s appli edo 450. curable m xture thereby formng a "B-staged"
rei nf-of ci ng substrate materi al ; and wherein

) S onent (89, L, SRV Lge g RGh UGS Agics are chose
produgt per epohadedeqnlmelamnncomaaaﬁﬂbnrpmmhunnemwntalnlng methylol
ic % 5  substituents.
ial ¢ “preferred curing agents are the aromatic
' hydroxyl containing compounds described herein,
anhydrides of polybasic acids, polyamines and amides.
10 More preferred curing agents include the preferred
aromatic hydroxyl compounds described herein, aliphatic
polyamines, polyglyColdiamines, polyoxypropylene
diamines, polyoxypropylenetriamines, amidoamines,
imidazolines, reactive polyamides, ketimines,
araliphatic polyamines (i.e. xylylenediamine),
cycloaliphatic amines (i.e. isphoronediamine or
diaminocyclohexane) menthane diamine, 3,3—dimethy1—4,AL
diamino-dicyclohexylmethane, heterocyclic amines
(aminoethyl piperazine), aromatic polyamines, (methylene
dianiline), diamino diphenyl sulfone, mannich base,
phenalkamine and N,N'N''-tris(6-aminohexyl) melamine.
Most preferred are cyanamide, dicyandiamide, and its
derivatives, diaminodiphenyl sulphone and methylene

25 dianiline.

15

20

s

ly | Catalysts useful in this invention are those
catalysts which catalyze the reaction of a polyepoxide
m ~ with a curing agent, and which remain latent in the

'g 30 presence of the inhibitor at lower temperatures. Latent
:ids ‘means herein that the catalyst does not. catalyze the
‘reaction at the lower temperatures. Preferably the

i catalyst is latent at temperatures of 150°C or below,

t .and more preferably at 160°C or below. Latency is

' demonstrated by significantly higher stroke cure times

eet Has Been Replaced -
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(A):
amount's

conponent (A3b) per
fromabout 0.6:.1 to about

(iii) conponents (A3a) and (A3c) are enpl oyed in anmobunts .

whi ch provide a.,rati.q of.
nol e of conpon rti’t ,&3}5 ’tﬂrﬂ%fbresq‘ﬁ

(i1) conponents (A3a) and (A3b) are enpl oyed |f'
whi ch R

of co

'éb’o%

rovide a ratio of noles of

nol e of conponent (A3a) of
1.4:1;

onent E%gcégﬁPared to

1.4:1; and (i v):outpqamta:m (tm}mt)ommhxﬁmlthe aimhEbptoyed Exampbest s fihi

prOV|de a rati

0.1:1 to about
i nvention t her phios phime ,dde

Bt cgt&‘i?{?ﬁ’%‘ e (Culipdyld (ORERLALL pellp

~about

f

’the
fkt TOgeDy eqmmmm, ophmanhnawm,or

conposi tes whi %Qs%%‘iﬁ%:c% VE 01.e!£ cﬁs. Ctﬁ&fé" @Eé{-@&?d" .
rei nfOI‘CI strate materi a ESI reag, size and ape . sal ( 5
" B- st aged" r e| GREALYISE Ss @Fst rté’t% h%ﬁ%ﬁchic iDL TRE/N RRG ABING y -

(A) saturatingcsatdingngf %ﬁzl

at

| east one co

ound co

conpri si ng:

aver age of nDréthQEtEEBGyli

ol ecul e;
of nore than about 1
nmol ecul e; 10
contacting

P ddPievell ihbre Prafdfréd Xéstifounds
I ni ng an

represented &?}) the o&alt %Jl*éagf&g@%c%,&%&%t@?eu 231 from

nt a
nitrogen containin \ﬁQﬂRﬂHnéﬁmmy group per
(2) at least one conpound containing an averag&

Among preferable cababysts cahgdthageé group per
1

t he group consisting of

(i) at

| east one onium f

conpound of the ele %I : Formula 13 phosphor us,
sul fur or arsenic; (il a} east one am ne
15 R8 +f R8 +f
(RT)g-Z-R9 x-£ (RT)g-Z=R9 x-£
R10
20
wherein each of R7, R8, R?9 and RI0 is independently a
hydrocarbyl group having from 1 to 18, preferably from 1
to 9, carbon atoms, or a hydrocarbyl group having from 1
25 to 18, preferably from 1 to 9 carbon atoms which group
also contains one or more oxygen, sulfur, halogen, or
nitrogen atoms or two of such R7T, R8, R9 and R10 groups
can combine to form a heterocyeclic ring containing one
30 or more atoms other than carbon atoms; each X is the

anion portion of an acid of a relatively strong
nucleophilic acid; Z is phosphorus, nitrogen, sulfur or :
‘arsenic; f has a value equal to the valence of the anion“-éﬁ
X; and g has a value of zero or 1 depending on the

valence of Z.
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gl i

conpfj d and (iii) a mxture of any two or nore of the (i)

and @&f ) conponents; wth (b) boric acid; or with
(c)-fé m xture of (i) boric acid and (||433u | east one acid haV|ng a
weak Eucl eophi.li ¢ ani on; and (4) optionally one or nore

S, 1 1c
v |onaIIy renovi ng excess sol ution fronlthe thus treated reinforcing
subst*r ate nmaterial by arBarstidulbdelyesustable onium of Qminej eonpogndbe

sl o s LB P B SRR R G T rBrhunmamrg, sbyLindphenyl

in thg m xture phpsphdniomsace tatienf ethiyld rdipbenydt @hosphardym and

igat t he t | th
é@pﬂ o N9 thea @EpgiEladd il APy (GdmaPes tguraty bl yhsggﬁoabem us
reinﬁ@‘0|n subzeetate, tetrabutyl phommm@mnam acetaqaaseﬁSGeaggdng two or

ore g r es¢bhpfex$ Uk t AR 8hii 3hen3ae phesphoRiua dnbrtdd] ethyl

s triphenyl phosphonium iodide, tetrébuty;'phosphonium

: chloride; tetrabutyl phosphonium iodide;

tetrabutylphosphonium hydroxide, tetrabutylammonium

hydroxide, tetraethylammonium hydroxide,

tetramethylammonium hydroxide, N-methylmorpholine,

2-methylimidazole, triethylamine, N,N,N',N'-

-tetramethylethylenediamine, ethyltri(2-hydroxyethyl)-

. ammonium hydroxide, ethyltri(2-ethoxyethyl)ammonium

15 hydroxide, triethyl(2- thloethylethyl)ammonlum hydroxide,
N—methyl-N-methylenemethanam1n1um acetate, N-methyl-N-
-methylenemethanaminium acetate.acetic acid complex, N-
methyl-N-methylenemethanaminium chloride, N-methyl-N-‘
-methylenemethanaminium iodide, N-methylpyridinium

10

20 acetate, N-methylpyridinium acetatesacetic acid complex,
N-methylpyridinium chloride, N-methylpyridinium iodide,
1-ethyl-2,3-dimethylimidazolium acetate, 1-ethyl-2,3~

n 1 ~dimethyl-imidazolium acetatesacetic acid complex,
@ 1 25 1-ethyl-2,3-dimethylimidazolium chloride, 1-ethyl-2,3-

P ~-dimethyl-imidazolium iodide, N-methylquinolinium
acetate, N-methylquinolinium acetatesacetic acid

S complex, N-methylquinolinium chloride,
© N-methylquinolinium iodide, N-methyl-1,3,5-triazinium
30 acetate, N-methyl-1,3,5-triazinium acetates.acetic acid
complex, N-methyl-1,3,5-triazinium chloride, N-methyl-
ZZn "~1,3,5~triazinium iodide and any combination thereof.

The amine compounds which can be suitably
employed herein include, for example, primary,

et Has Been Rcﬁaoed /
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ejther, or both of the outside |ayers or any of the I nternedi ate | ayers

being a material different fromsaid "B-staged" reinforcing
substrate material; and (rrer) pIaC|qg‘the assenbled material in a
device for, applylng heat and pressure so as to cure the

"B-staged” ‘reinforcing naterial; and wherein ' (1)

conponent- (A3) is enployed in an anount which provides.

from about 0.05s88badapy}00erdliasywf LaipHatiic; Ryedexl iMatic, aromat1e
epoxi de equi val ent cgntalne i n _conponent (Al); (1

conponents (A3aY'an8 ?Kgﬁycgﬁg &WiRed in anpunts 7 . -

whi ch provide a ratio of conponent (A3b) per nore of
conponent (A3a) of fromPaieferdbXe Ind-ladiertodyal il amines which can be

t A |
Wi ch provi de «cPaiPBear RREE AN SrRaRdEh sRESE sBptaRpInE suitavly from
mol e of corfponehtt¢/8Q) mérersmisably Ereml 2t $oaBiut most suitably from
1.4:1; and ('V)ZCQ ?@enééré@ﬁchloﬁgd (ﬁ%%%lhui&?%i”@%%¥%?ﬁbpﬁg 'Hé%vm'%h

provides a ratio fes™o onent m about
0.1:1 to about {P@#qde’ fOPA@E@WQlﬁg e 1§W%ﬂéenﬂheéhﬁéémﬁﬁﬁb of the

i nvention theregpsethPranede ! hg- H?BpﬁiaﬁlﬁﬁrethHLBbBB?lEﬁﬁn%Q epoxy resif
conposition of boric acid, naleic acid, m xt.ur bori¢ acid with at

| east one aeid z%HQKP%Pﬂﬁ%&mh%§PeéﬁHPFPEyéﬁPbHe' dllsﬂEEBPJ ABiNG 1

sevent eent errtmﬂmﬁréﬁylmmeyeaﬁtymamhﬁée ﬁsbﬁtyyadedet,he use of borig -

d I i d, t th_at dh
vk nucl cophiia b uiAs £6a pePRYhBREVLiRLne; apRBibafioedin

conposi tion. therBuf J hventi on has several advantages. A conposi tion L
conprising a pol yepoxide, a curing agent, a catalyst, and inhibitor can b _

exposed 10 tenperaturesAﬁﬂnEhbSQf§Q¥ed tertiary amines that may be
' 15 used as catalysts are those mono- or polyamines having
an open chain or cyclic structure which have all of the
amine hydrogen replaced by suitable substituents, such
as hydrocarbon radicals, and preferably aliphatic,

5o ¢ycloaliphatic or aromatic radicals. Examples of these
amines include, among others, methyl diethanol amine,
triethylamine, tributylamine, dimethyl benzylamine,
triphenylamine, tricyclohexyl amine, byridine and

quinoline. Preferred amines are the trialkyl,-
25 tricycloalkyl and triaryl amines, such as triethylamine,
triphenylamine, tri(2,3-dimethylcyclohexyl)amine, and
the alkyl dialkanol amines, such as methyl diethanol
amines and the trialkanolamines such as triethanolamine.
Weak tertiary amines, e.g., amines that in aqueous
solutions give a pH less than 10, are particularly
preferred.

30 -
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#8 - present is removed by evaporation without significant curing of the
of: t ¢4 epoxy resin. Furthernore in the presence of the inhibitor, the

&g ration of catalyst present may be significantly higher w thout
ng in‘cure of the epoxy resin compd®Ttion during a solvent renoval
i%. A bhigher crosslink density may be achieved by using
11d 34 | arger concentiation of catalyst. The final products prepared from
Pesa poxy resin conp05|t|ons y therefore exhipit a higher gl ass
tF&fgigion tenperature. EF’rR%"elq' nPE% BER |5ﬁ§tWEha‘E €ain a

pol yefdoxi de, cuatoglagabbrscairel xb%tnzqfldum&?ltamd“@\am@ tabigge fi cant |y
shel f i he conpositions of this

nt 't
i on may b 1$?ggggb@§ngpe§§§ﬁea e s as a hi gher concentration of

ator may be used in processing. The conpositions nmay al so be

pmcégsed at h| gh t enpelPrefreeablide rare mamuafdﬁmmm@lmatml
. h
SR i n T he SREoaRfiNBAEELY Aroisl dldr herdhBeyRIlYy Se Bl difind

Pevel; Jof cat al y@compoundbu and, aor epaxynresinahpying aa @erlertaageeocﬁ nmneasu n
can bq control | &l “fi?gnal ePoPi'd% EPYER! bRP MB1dkhie,C stRvelad,esin

conpoﬁltlons contalnln
for example, an adduct of 2-methylimidazole and the
diglycidyl-ether of bisphenol A. These adducts can
easily be prepared by reacting the secondary amine
compound with the epoxy resin at a temperature of from
25°C to 50°C, preferably from 60°C to 125°C, more
. preferably from 80°C to 100°C. The secondary amine

10

15 compound and the epoxy resin are employed in amounts

g- i B * which provide a ratio of moles of secondary amine

he cbmpound per epoxide group of from 1:1 to 5:1,

h ' preferably from 1:1 to 3:1, more preferably from :1 to
1.5:1. The adducts can-be prepared in the presence of

se

20 any suitable solvent such as, for example, alcohols,
ethers, glycol ethers and ketones.

Examples of heterocyclic nitrogen compounds
| useful herein include those described in Copending,
e, 25 allowed patent application titled "Latent, Curable,
" Catalyzed Mixtures of Epoxy Containing and Phenolic

Hydroxyl Containing Compounds" Serial No 07/274,250
1e. filed November 18, 1988.

30 Preferable heterocyclic secondary and tertiary
amines or nitrogen-containing compounds which can be
:Employed herein include, for example, imidazoles,
imidazolidines, imidazolines, oxazoles, pyrroles,
thiazoles, pyridines, pyrazines, morphclines,
pyridazines, pyrimidines, pyrrolidines, pyrazoles,
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systeng, .and articles containing such resin conpositions or coated

-12- with such resin conpositions. In one enbodi nent, the inventionis a %

conposi tion conprising a pol yepoxide in ng_presence of a cure inhibitor
conprising boric acid or maleic acid. Such a conposition could at sone
| ater time be conbined with curing agent and/or catalyst for the curing
reaction and thereafter can be used in one of many known uses for an epoxy

resin. Preferablguittxa 1GHE¥,siduiMhi6l sied)] eplithialez bnédangh imobibness, noref

preferably six nonths or nore, .at anpi t enpe ure .
i nhi bi tor and c&ZNES oc it 4ﬂ}§§ﬂn%Ré%if%ﬂj??ééi?fﬁﬁ%%bo&$%%a§%pggateIy,
or optionally, phenarsazines, phenothiazines, pyrrolines, indolines,

| piperidines, pipefazines and combinations thereof.

5 . Among a more preferréd class of heterocyclic
nitrogén containing compounds useful as catalysts are
those possessing in the heterocyclic ring (1) a
substituted C=N-C group and (2) a secondary amino group,
including the imidazoles, such as the substituted '

10 imidazoles and benzimidazoles according to formulas 14

e

and 15:
1 14 15 R
° | ] s
RU—~C—N
Ru—c/\c—-—N
2 ST St
\N/ © RU-C : —_RM :
Y
25 ;Im 'L”

respectively, wherein Rl is independently in each
occurrence selected from hydrogen atoms, halogen atoms,
or an organic radical, such as a hydrocarbon radical or
-a substituted hydrocarbon radical, for example, the
:ester, ether, amide, imide, amino, halogen, or mercapto
substituted hydrocarbon radicals. Alternatively two ‘
adjacent Rll can combine to form a 5~ or 6-membered
ring. Especially preferred imidazoles are those wherein:

30
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poiyéﬁ xide so as to form=-a conplex, and thereafter the conplex could be

cont agfed with the polyepOX|de In this emodi nent the inhibitor may
optlo'}LIy be in adm xture with at | east e acid having a weak

nucl ebghilic anion. This latent catalyst conposition can be used in any
enbod%;-nt descri bed herein where both inhibitor and catalyst are

si mul ¢4neously grasent 4 dro en o%mg&;{_&éa%h@é é@fdgﬁﬁﬂ?geferably an

polyep_X|de a curing adent E an
conpri §i ng bori @yl o2 lﬁ%mxﬂ-o: axpaoaéév enayp}osékieny&dmaw&r,ea\hlqatryalt

| east :qne acid hpwi Eh P&&ié&ﬂ?'|hﬁdth9E1cﬁQH¥@beh6%@t%ﬁhﬁﬁlﬁﬁ
cat al y4t useful for reeacting poxi th the Curing agent coul d be

~added#fo the cofiare than iﬂe?éHL’PéraFﬂEscorrpoleon could be used in
-any us of pol yepoxi de, known to those-skilled in the art. In
'stilli3nothgr enbodi nentA @opel uewilléa a@tslcéllpmwrofctm dHemias oty i ol

‘ggent, fan inhibifor COLrH)azc 89 594! GefRSidihz0TLE' EnThdingPERRRE 'Y PO 1N

: “ propertles and structural formulas is found in the book

up, ‘ by Klaus Hofmann entitled "Imidazole and Its Derivates"

published by Interscience Publishers, Inc., New York

4 10 (1953). Examples of imidazoles include, among others,

imidazole, benzimidazole and substituted examples of

preferable substituted imidazoles include: 2-methyl
imidazole; 2-ethylimidazole, 2-propylimidazole,
2-butylimidazole, 2-pentylimidazole, 2-hexylimidazole,
2-cyclohexylimidazole, 2-phenylimidazole,
2-nohy1imidazole, 2-undecylimidazole,
2¥heptadecylimida£ole, 2-phenyl-4-methylimidazole,
1-benzylimidazole, 1-ethyl-2-methylbenzimidazole,

20 2-methyl-5,6-benzimidazole, 1-vinylimidazole, 1-allyl-2-
~-methylimidazole, 2-cyanoimidazole; 2-chloroimidazole,
2-bromoimidazole, 1-(2-hydroxypropyl)-2-methylimidazole,
2-phenyl-4,5-dimethylolimidazole, 2-phenyl-d-methyl-5-
-hydroxymethylimidazole, 2-chloromethylbenzimidazole,

25 2-hydroxybenzimidazole, 2-ethyl-4-methyl imidazole;
2-cyclohexyl-4-methyl imidazoles; 4-butyl-5-ethyl
imidazole; 2-butoxy—-4-allyl imidazole;
2-carboethyoxybutyl, 4—methyl-imidazdle; 2-octyl-4-hexyl

1S, 39 imidazole; 2-methyl-5-ethyl imidazole; 2-ethyl-4-(2-

or -ethylamino) imidazole; 2-methyl—-4-mercaptoethyl

-imidazole; 2,5-chloro—~4-ethyl imidazole; and mixtures :

1to thereof. Especially preferred are the alkyl-substituted

" imidazoles; 2,5-chloro-4-ethyl imidazole; and phenyl

substituted imidazoles, and mixtures thereof. Even more

15
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- 13- admi xture with at |east one acid having a weak nucl eophilic ani orgy
and a'catal yst for the reaction of an epoxy resin with the curing agent.
The catal yst and inhibitor may be added separately, or. added in the form:
a prefornmed conplex. Preferably, such a‘&gnposition is stable at anbient g
t.enperatures for two weeks. Such a conposition exhibits no significant Z
change in gel tinme at 150[err]C and 170[err] C over a period of 10 days,

more preferably 2Q days, and npst porefegab days., .Thi s, conposjtion couk

be used in any%d’ie%tarfé‘y%(ﬁ/ﬁ? [2'3%3&61'{ pb‘FVé%%‘i %E?T?'éhyiep%@ggﬁgin .

conpositions.. imidazole; 1,2-dimethylimidazole; and 2-phenyl -
imidazole. Especially preferred is 2-methyl imidazole.

Pyrazole compounds which can be employed herein
5 include those which catalyze the curing of a polyepoxide
and areiwell—known to those skilled in the art.
Preferrgd pyrazole compounds include pyrazole,
1-methylpyrazole, 3-methylpyrazole, 4-butylpyrazoale,
1-methyl-3-propylpyrazole, 3-ethy1¥5—methylpyrazole,

10 1=-(3~hydroxypropyl ) pyrazole, S-phenylpyrazole,
5-benzylpyrazole, 1-phenyl-3-methylpyrazole,
}-cyanopyrazole, 3-chloropyrazole, and 4-bromo-i-methyl-
pyrazole.

15 , Oxazole compounds which can be employed herein

arelthose which catalyze curing of a polyepoxide and are
well-known to those skilled in the art. Preferred
oxazole compounds include oxazole, M-ﬁethyloxazole,
2-methyloxaque, Jj-butyloxazole, 2-methyl-5-

=0 -propyloxazole, 2-ethyl-li-methyloxazole, 2-(3-
-hydroxypropyl)oxazole, ld-phenyloxazole, 5-
bénzyloxazole, 2-phenyl-5-methyloxazole, 2-cyanooxazole,
4-chlorooxazole, and 4-bromo-2-methyloxazole.

25

Imidazolidine compounds which can be employed
herein are those which catalyze curing of a polyepoxide
and are well-known to thbse skilled in the art.-
Preferable imidazolidine compounds include

30 imidazolidine, 1-methylimidazolidine,
2-methylimidazolidine, Y4-butylimidazolidine,
1-methyl-3-propylimidazolidine, 1-ethyl-4-methyl-
imidazolidine, 1-(3-hydroxypropyl)imidazolidine,
2-phenylimidazolidine, 1-benzylimidazolidine,
2-phenyl-i-methylimidazolidine, Y4~cyanoimidazolidine,
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«f}her enbodi nent, the invention conprises a partially cured reaction

of a polyepOX|de a curing agent, wherein such partial cure.occurs

& presence of catal yst for the reactg n of the curing agent with a

polyf;nX|de and a cure inhi'bitor conprisiig boric acid or maleic acid,

nucléé
sever%
encap§

appr op
the cd
&re

under
ﬁﬁﬁth

PP {
aci d, i

M
-

le;

de

ARl 'y be in adm xture with at .| east one acid having a weak

hilic anion. Such partlally cured product can thereafter be used in

app'lcatu-oc.rmfoﬁq @ﬁ&?i‘&tﬂ@s 4LBRoRBLYS, conposites,

il ants, by con éﬁ l'y cured product with the
i at e substmeshylimi %ﬁ%%ﬂgnﬁat5rPHﬂ°r8FmiﬁézP#&91nSndaPQIIy curing

posi ti on.5 MyeomsOrassesy { onighkalningesuch a partially cured product

w@ | - -known in the art. In particular t he conponents are contacted

condi tion such that the curin t and pol xi de arjial
#hn. I n some enbodi HBAREOLReCP dﬁ? F@Hééﬁfggmqy Wq %}?iﬁed

surf gce %&éiﬁhdﬁﬁrwﬂibh catalyzelﬂhenophcngenbadtmantanuhareurrng
2, SOt acted Pl U8 S ASDS OpkES 1 BATER! Ph8%aHEL ErgPLAaBiem™ o1 o

thiazole compounds include thiazole, 2-methylthiazole,
5-methylthiazole, U4-butylthiazole, 2-methyl-4-
-propylthiazole, Y4-ethyl-5-methylthiazole,
2-(3-hydroxypropyl)thiazole, 2-phenylthiazole,
2-benzylthiazole, U4-phenyl-5-methylthiazole,
2-cyanothiazole, 5-chlorothiazole, and
5-bromo-2-methylthiazole.

10

15 Pyrrole compounds which can be employed herein
are those which catalyze the curing reaction and are
well-knwon to those skilled in the art. Preferred
pyrrole compounds include pyrrole, l1-methylpyrrole,

o0 2-methylpyrrole; 3-butylpyrrole, 1-methyl-2-
-propylpyrrole, 2-ethyl-3-methylpyrrole,
1<(3-hydroxypropyl)pyrrole, 2-phenylpyrrole,
1-benzylpyrrole, 2-phenyl-1-methylpyrrole,
3-cyanopyrrole, 3-chloropyrrole, and

25 2-bromo-l-methylpyrrole.

Pyridine compounds which can be employed herein
are those which catalyze the curing reaction and are
well-knwon to those skilled in the art. Preferable

302 pyridine compounds include pyridine, 2-methylpyridine,
3-methylpyridine, 4-butylpyridine,
" 2-methyl-3-propylpyridine, 3-ethyl- H-methylpyrldlne,
4-(3-hydroxypropyl)pyridine, 2-phenylpyridine,
3-benzylpyridine, Y4-phenyl-2-methylpyridine,
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-14-  one acid having a weak nucl eophilic anion, and, optionally, a
catal yst for the cure of a polyepoxide by the curing agent. This
conpasition is at some tine-thereafter e§gotacted with pol yepoxi de and

subjected to curing conditions. The conpositions described herei .

may be found in various forns. In particular the various conpositions
described may be found in powder form or alternatively in solution or
di spersion. | rB3t¢ianopybdiment 2~ehbtoropyeidineouandonpositions are in

sol ution or mzﬁuggg ‘5L$gi%f.ﬁfy§dgggponents of the:conposition may be

separately dissolved 1n a so vgn
Pyrazine compounds which can be employed herein
are those which catalyze the curing reaction and are
5 well-known to those skilled in the art. Preferable

pyrazide compounds include pyrazine, 2-methylpyrazine,
3-methylpyrazine, 2-butylpyrazine,
2-methyl-5-propylpyrazine, 2—ethyl-6-methylpyrazine,
2-(3-hydroxypropyl)pyfazine, 2-phenylpyrazine,
2-benzylpyrazine, 2—phenyl-3-methjlpyrazine,
2-cyanopyrazine, 2-chloropyrazine, and
2-bromo~5-methylpyrazine.

10

Pyridazine compounds which can be employed
15 herein are those which catalyze the curing reaction and
are well~known to those skilled in the art. Pyridazine
compounds include, for example, pyridazine, ;;
3-methylpyridazine, 4-methylpyridazine, ' '
3—but&lpyridazine, 3-methyl-4-propylpyridazine,

20 3-ethyl-6-methylpyridazine, 4-(3-hydroxypropyl)-
pyridazine, 3-phenylpyridazine, Y4-benzylpyridazine,
4-phenyl-5-methylpyridazine, UY-cyanopyridazine,
Y~chloropyridazine, and 3-bromo-5-methylpyridazine.

25

Pyrrolidine compounds which can be employed
herein are those which catalyze the curing reaction and
are well-known to those skilled in the art. Preferable
pyrrolidine compounds include pyrrolidine, 1-methyl-

30 - pyrrolidine, Y4-phenylpyrrolidine, 2-methylpyrrolidine,
3—methylpyrrolidine, 1-butylpyrrolidine,
-, 1-methyl-2-propylpyrrolidine, 3-ethyl~44methy1-
pyrrolidine, 2-(3-hydroxypropyl)pyrrolidine,

1™

20

25
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or that conponent, then the various solutions are conbi ned and

i nt m xed. Note the solvents for the various conponents are

pr ef chosen such that the sol vents _f{E m sci bl e with one anot her.

I nti m xed as used heregi-n refers to agitating a m xture of solutions
Whi ¢ rel ati vel y honbgeneous sol ution or. dispersion. Aternatively,

t he ents may be dissolved or dispersed in the sane solvent or

. In yh o tiall
dvancedsﬁsﬁgqu%dhgpﬁm@ﬁl s i nvent i oérl;s %{e@?‘!gﬁfldl ?n g
m soeuchéﬁr‘p@wﬂro(%rldd@a,e@nﬂn griramqcinmgt rrglidine.

e as used herein refers to a conpound containing nore than one
ty. In anot herM&*”ﬂ!Mmtcdaxﬁpé@xﬁ@é swh Del mﬁtUeeenbloyenounds

ai ns,_ on avera re than.one . .e | et er Iec
dde as 8EBLRerd ﬁ Fgglst‘}dé‘g‘ ﬁ%ﬁqy%d@%é%"%d&? ’h(gn and
i o of apepPRkYEPROWA 2id tamw igkd 1dgentin Whe @nt & n@emnm
ﬁhas an
morphollne compounds include morpholine,
M—methylmorphollne,_3-methylmorphollne, j-butyl-
morpholine, Y-methyl-3-propylmorpholine,
2-ethyl-3-methylmorpholine, u—(3-hydroxyprobyl)-
10 morpholine, 2-phenylmorpholine, 4~-benzylmorpholine,
3-phenyl-1-methylmorpholine, 3-cyanomorpholine,
' 3-chloromorpholine, and 3-bromo-i-methylmorpholine.

Pyrimidine compounds which can be employed

15 herein are those which catalyze the curing reaction and
are well-known to those skilled in the art. Preferable
pyrimidine compounds include pyrimidine, i
2-methylpyrimidine, Y-methylpyrimidine,

1 20 2-butylpyrimidine, 2-methyl-4-propylpyrimidine,

E Y-ethyl-5-methylpyrimidine, 2-(3-hydroxy-

' propyl)pyrimidine, 2-phenylpyrimidine, 2-benzyl-

pyrimidine, Y4-phenyl-2-methylpyrimidine, Yj-cyano-

pyrimidine, 2-chloropyrimidine, and Y-bromo-2-methyl-

ind
.ne

25 pyrimidine.

nd Quinoxaline compounds which can be employed

e herein are those which catalyze the curing reaction and
_ well-known to those skilled in the art. Preferable
’ 30.'quinoxaline compounds include quinoxaline,
2-methylquinoxaline, 5-methy1quinoialine,
‘2-butylquinoxaline, 2-methyl-3-propylquinoxaline,
5-ethyl-6-methylquinoxaline, 2-(3-hydroxy-
propyl)quinoxaline, 2-phenquuinoxaline, 5-benzyl-
quinoxaline, 2-phenyl- S-methquulnoxallne,wﬁwi

i '\\
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-15- |, average at |east one unreacted epoxide unit per nolecule.

Pref erabl e conpounds having an average of nore than one epoxide group per
nol ecul e whi ch can be enpl oyed . herein ingjade, epoxy resins such as, for
exanpl e, the glycidyl ethers of polyhydric phenols, i.e. compounds haV|ng
an average of nore than one aromatic hydroxyl group per nol ecul e such as,
for exanple, dihydroxy phenols, biphenols, bisphenols, hal ogenated

bi phenol s, halogeegaadqbnaphammhsnaﬂ4qﬂhﬂmaﬁuﬁnphaﬂdhs,ahhﬁlated

bi sphenol s, tri S5... ls ovol ac resins, substltuted
220580025 -AEAGh oAt S 2

phenol - al dehyde novo

Quinazoline compounds which can be employed
herein are those which catalyie the curing reaction and

5 are well-known to those skilled in the art. Preferable
quinazdline compounds include quinazoline,
2-methyiquinazoline, 4-methylquinazoline,
2-butylquinazoline, 2-methyl- 4-propquu1nazollne,
5~ethyl-6-methylquinazoline, :
2~(3-hydroxypropyl)quinazoline, 2-pheny1quinazoline,
2-~-benzylquinazoline, 2-~-phenyl-4-methylquinazoline,
Y~cyanoquinazoline, 4-chloroquinazoline, and
2-bromo-4-methylquinazoline.

10

15 Phthalazine compounds which can be employed
herein are those which cataiyze the curing reaction and
are well-known to those skilled in the art. Preferable
phthalazine compounds include phthala;ine,
1-methy1phtha1azine; 6-methylphthalazine,
1-butylphthalazine, 1-methyl- 4—propylphtha1az1ne,
1-ethyl-6-methylphthalazine,
1-(3-hydroxypropyl)phthalazine, 5-phenylphthalazine,
1-benzylphthalazine, 1-phenyl-4-methylphthalazine,
25 1l1-cyanophthalazine, 1-chlorophthalazine, and
1-bromo-4-methylphthalazine.

20

Quinoline compounds which can be employed
herein are those which catalyzé"the curing reaction and
30 ' are well-known to those skilled in the art. Preferable
quinoline compounds include quinoline,_
2-methylquinoline, 3-methylquinoline, K-butyiquinoline,
5-methyl-2-propylquinoline, 2—ethy1—3-methquuinoline,
3-(3-hydroxypropyl)quinoline, 3-phenylquinoline,
4-benzylquinoline, 3-phenyl-2-methylquinoline, 3-cyano-
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3heno|-hydrocarbon resins, substituted phenol - hydrocarbon resins
conbi nati on t hereof. Pol yepoxi des (pol yglycidyl ethers of

a pol yiiilldroxy hydrocarbon) are prepared by _reacting an epi hal ohydrin with a
pol yhygioxy hydrocarbon or a Hélogenated"ééryhydroxy hydrocarbon. The
prepar#&fgion of such conpounds is well known in the art. See Kirk- O hner
Encycl @ifaedi a of Chem cal Technology 3rd Ed. Vol. 9 pp 267-289

;%‘?lOhydr'6EEE§T{§§PoﬁgéﬁfoL8EGthl%ne, and 2-bromo-3-methyl- [err]
B B quinoline. _ : -

Purine compounds which can be employed herein

are those which catalyze the curing readtion and are
5 well-known to those skilled in the art. Preferable

purine compounds include purine, 2-methylpurine,
§-methylpurine, G-butylpurine, 2-methyl-8-propylpurine,
6-ethyl-8-methylpurine, 8-(3-hydroxypropyl)purine,
2-phenylpurine, 2-benzylpurine, 6-phenyl-2-methylpurine,
8-cyanopurine, 2-chloropurine, and
8-bromo-2-methylpurine.

and
dle

10

Indazole compounds which"cap be employed herein
are those which catalyze the curing'reaction and are
well-known to those skilled in the art. Preferable
and indazole compounds include indazole, 1-methylindazole,
le § 3-methylinddzole, 1-butylindazole,
| "1-methy1-3-propylindaiole, 1-ethyl-5-methylindazole,

20 3-(3-hydroxypropyl)indazole, 3-phenyliqdazole,
6-benzylindazole, 6-phenyl-l-methyl-indazole,
3-cyanoindazole, 5-chloroindazole, and
3-bromo-1-methylindazole.

15

25 . Indoie compounds which can be employed herein
are those which catalyze the curing reaction and are
well-known to those skilled in the art. Preferable
indole compounds include indole, 1-methylindole,

nd ~ 2-methylindole, 3-butylindole, 1-methyl-2-propylindole,

3 30 2-ethyl-3-methylindole, 1-(3-hydroxypropyl)indole,

2-phenylindole, 1-benzyl-indole,

2, *2-pheny1-1-methylindole, 2-cyanoindole, S5-chloroindole,

, and 3—bromo—1-methy}indole. ’

. -—\_
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-16- wherein Y is a hal ogen, preferably chloro or brono, and nost
ﬁfefeﬁably chloro; and Ris hydrogen or (Jerr] alkyl, and nore preferably
nmet hyl . Pol yhydr oxy hydrocarbon neans herein a conmpound with a

hydr ocar bon backbone and on average noreldtthan one primary or secondary
hydroxy noieties, preferably two or nore. Hal ogenated pol yhydroxy

hydr ocar bon neans herein a conpound with a hydrocarbon backbone which is
substituted with one or nore hal ogens and nore than one, preferably two or
more, primary or secondingohydiaey compeunds. wiiehhpanobg emmloved may be

aromatic aliph )ﬁﬁ() é%?”fﬁgéghﬁﬁiﬁh caﬁa}yze @HP”GuFYﬁE'FEéétﬁbﬂfﬁhﬁed

cl asses of poly ydrocar bons-and ogenat ed pol

hydrOCarbonsaﬂﬁrqrw#ﬁh+5anwmyt®h§h©$§ SEth%%o%% th?sﬁﬁﬁno?§e¥ﬁgﬁaé§nated
bi sphenol s; al kﬂﬂcﬁiﬁ&ﬁié%ﬁ%éudériﬁehﬁwl ﬁndaydimepat ed bi sphenol s;
novol ac reSInsIJmé%h;{T;J§f¥§i§Q,pégmgg f1ngb 1z1né,

5 3-buty11ndollz1ne, 5-methyl-1-propylindolizine,
2-ethyl=l-methyl-indolizine, ,
6-(3~hydroxypropyl)indolizine, 3-phenylindolizine,
7T-benzylindolizine, 2-phenyl-3-methylindolizine,
5-cyanoindolizine, T-chloroindolizine, and
3-bromo-5-methylindolizine.

10

Phenazine compounds which can be employed
herein inelude are those which catalyze the curing
reactlon and are well-known to those skilled in the art.
Preferable phenazine compounds include phenaz1ne,
1-methylphenazine, 2-methylphenazine, 2-butylphepazine,
1-methyl-7-propylphenazine, 1-ethyl-u-Methylphenazine,
2-(3-hydroxypropyl)phenazine, 1-phenylphenazine,

20 1-benzylphenazine, 1-phenyl-7T-methylphenazine,
2-cyanophenazine, 1-chlorophenazine, and
1-bromo-2-methyl-phenazine.

15

Phenarsazine compounds which can be embloyed

25 herein are those which catalyze the curing reaction and
are well-known to thése skilled in the art. Preferable
phenarsazine compounds include phenarsaz1ne,
1-methylphenarsaz1ne, 2—methylphenarsaz1ne,

. 4-butylphenarsazine, 1-methyl-6-propylphenarsazine,

30 2-ethyl-3-methylphenarsazine, 1-(3-hydroxypropy1)-
.phenarsazine, Y-phenylphenarsazine, 3-benzyl-
phenarsazine, 2-phenyl-7-methylphenarsazine,
3-cyanophenarsazine, l-chlorophenarsazine, and 1-bromo-
8-methylphenarsazine.
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%g hal ogenat ed and al kyl at ed phenols, and sinple al dehydes, “j

pr ef y formal dehyde and hydroxy benzal dehyde; and pol yal kyl ene gl ycol s.
Pr d pol yhydroxy hydrocarbons, and hal ogenat ed pol yhydr oxy
it bons i ncl-ude those corresponding“?b formulas 2 to 5:

[err]

Phenothiazine compounds which can be employed
herein are those which catalyze the curing reaction and
are well-known to those skilled in the art. Preferable
phenothiazine compounds include phenothiazine,
10-methylphenothiazine, 1-methylphenothiazine,

5 2-butylphenothiazine, 1O-methyl-u-propylphenothlaz1ne,
2-ethyl=3-methylphenothiazine,
4-(3-hydroxypropyl)phenothiazine,
10-phenylphenothiazine, 1- benzylphenoth1az1ne,
10-phenyl-4-methylphenothiazine, T-cyanophenothiazine,
4-chlorophenothiazine, and
4-bromo~-10-methylphenothiazine.

10

Pyrroline compounds which can be employed
herein are those which catalyze the curing reaction and
are well-known to those skilled in the art. Preferable
pyrroline compounds include pyrrgline,
2-methy1pyrrol1ne, N—methyl-pyrroiine, 5-butylpyrroline,
5-methyl 1-propyl-pyrroline, 1-ethyl-3-methylpyrroline,
20 1-(3-hydroxy-propyl)pyrroline, 5-phenylpyrroline,

1-benzylpyrroline, 1-phenyl-lU-methylpyrroline,
3~-cyanopyrroline, 5-chloropyrroline, and
2-bromo-1-methylpyrroline. '

. t . _;_;'.,. 1 5

1 25 " Preferable indoline compounds which can be
employed herein are those which catalyze the curing
reaction and are well-known to those skilled in the art.
Preferable indoline compounds include, for example,
indoline, l1-methylindoline, 2-methylindoline,
3-butylindoline, 1-methyl-2-propyl-indoline,
2-ethyl-2-methylindoline, 1-(3—hydroxy—propyl)indoline,
i-phenylindoline, 1-benzylindoline,
1-phenyl-2-methylindoline, 5-cyanoindoline,
T-chloroindoline, and 5-bromo-1;methylindolin.

30
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Preférable piperidine compounds which can be
employed herein are those thch,eatalyze the curing
reaction and are well-known to those skilled in the art.
Preferable piperidine compounds include plperidlne,
1-methylpiperidine, 2-methy1p1per1d1ne,
3-butylpiperidine, 1-methyl-2-propylpiperidine,
2-ethyl-4-methylpiperidine, 1-(3-hydroxypropyl)-
piperidfhe, 1-phenylpiperidine, 1-benzylpiperidine,
1-phenyl-2-methylpiperidine, 4-cyanopiperidine,
3-chloropiperidine, and 4~bromo-1eMethylpiperidine.

Piperézine compounds which can be employed
herein are those which catalyze the curing reaction and
are well-known to those skilled in the art. Preferable
piperazine compounds include piperazine,
l-methylpiperazine, 2-methylpiperazine,
3-butylpiperazine, 1-methyl-h-propylpiperazine,
1-ethyl-3-methylpiperazine, 1(3-hydroxypropyl)-
piperazine, 2-phenylpiperazine, l-benzylpiperazine,
1-methyl-3-phenylpiperazine, 2~-cyanopiperazine, .
2-chloropiperazine, and 1,l4-dimethyl-2-bromopiperazine.

The inhibitor is boric acid or maleic acid.
Boric acid as used herein refers to boric acid or
derivatives thereof, including metaboric acid and boric
anhydride. It is believed that boric acid and its
derivatives are all capable of functioning as an \
inhibitor when added to the compositions of the
invention either in the form added or in a converted
form. Boric acid is preferred over maleic acid.
Inhibitor as used herein shall mean a compound which

“functions to retard the curing reaction at lower

temperatures, preferably, 140°C or lower, more
preferably 150°C or lower. Inhibition is demonstrated
by a longer stroke cure time (gel time) for compositions
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M. R err] is separately in each occurrence'C[err] al kyl ene, (err]
3 ‘,.Iene,

C err] cycl oal kyl ene, carbonyl, sulfonyl, sulfinyl, oxygen,

a direct bond or a noiety corresp&Pging to the fornul a
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containing the inhibitor as compared to like
compositions not containing the inhibitor. -

The inhibitor and catalysts may be separately
added to the. compositions of this invention, or may be
added as a complex. The complex is formed by contacting
and intimately mixing a solution of the inhibitor with a
solution of the catalyst. Optionally, an acid having a
weak nucleophilic anion may be present. Such contacting
generally is performed at ambientutemperature,"although
other temperatures may be used_fof example temperatures
of from 0°C to 100°C, more preferably from 20°C to 60°C.
The time of contacting is that sufficient to complete
formation of the complex, and depends on the temperature
used, with from 1 to 120 minutes preferred, and from 10
to 60 minutes more preferred. The solvents used for
each component are preferably miscible. Most preferably
the Same solvent is used. Preferred solvents for the
catalyst and the inhibitor are polar solvents, with
alcohols being preferred. Lower alcohols are even more
preferred, with methanol most preferred. Alternatively,
the components of the complex may be contacted neat, in
the absence of solvent and reacted as described.

In preferred embodiments the solvents for boric -
acid used in coating compositions of this invention are
polar solvents which do not contain active hydrogen
atoms or dihydroxy and trihydroxy hydrocarbons
optionally containing ether moieties. Examples of polar
solvents without active hydrogen atoms are n-methyl
pyrrolidinone, dimethylsulfoxide.

The di and trihydroxy hydrocarbons which
optionally contain ether moieties, are low molecular
weight hydrocarbons or glycol ethers having two or three
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(R2) .
hal ogen; R e

cycl oal kyl ene;
r ethyl, with the proviso that only one R4 on an ethylene unit

hal onet hyl , o

can be nethyl,

H R2 is separately in each occurrence Cferr] al kyl or

rr] s separately in each occurrence (Jerr] alkylene or (err]

R4 is separately in each occurrence hydrogen, nethyl,

hal onet hyl or ethyl; ~48-~
hydroxy groups. Preferred are C,_, di or trihydroxy
compounds. Examples include 1,2 propane diol,
diethyleﬂeglycol, ethylene glycol and glycerine. The use
of C,-Cy di or trihydroxy cbmpodnds as solvents for boric
acid in the coating compositions of this invention

"results in increased.gel times for the compositions.
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Further, gompositionS'containing boric acid in such
solvents demonstrate stability as demonstrated by
consistent gel times over a period of several days. It
has been further discovered that when Co.4 di or
trihydroxy compoundé are used to solvents for boric acid
in compositions of this invention, laminates prepared
therefrom can be treated in treaters at significantly

faster speeds.

The amount of the inhibitor present relative the
catalyst in the compoéition can be adjusted to adjust the
gel time of the epoxy resin composition. At a desired
catalysé level the relative amount of inhibitor can be
decreased to decrease the gel time. To increase the gel
time the amount of inhibitor can be increased without
changing the catalyst level. '

Alternatively, the catalytic products of the present
invention can be prepared in situ in the presence of the
epoxy resin by adding each component to the epoxy resin
in any order under essentially the same conditions as

mentioned above.

The Molar ratio of inhibitor, and optional acid with
a weak nucleophilic anion, to catalyst is‘that ratio
which is sufficient to inhibit the reaction of the
pblyepoxide or advanced epoxy resin as exhibited by an
increase in gel time as compared to a like composition
free of inhibitor. Simple experimentation can determine
the particular levels of inhibitor and optional acid with
a weak nucleophiiic anion which will cause the
aforementioned increase in gel time but Stlll allow a
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. | - -, [',-’ .
Qis Separately I n each occurrence a CJerr] hydrocarbyl nmoiety; Q is O
separately in each occurrence hydrogen, cyano, or a (ferr] alkyl group; m

"is irglependently in each occurrence an |nteger of 0to 4, n is separately
in edch occurrence an integer of from@9%o 3 p is a positive real nunber
of Ogo 10; q is a positive real nunber of 1 to 80. : Rlerr] is
pref4§ably Cerr] alkylene, (ferr] hal oal kyl ene, carbonyl, sulfur, or a

dire?b bond. 5¥§¢féte cure at elevated temperatures. A preferable

3 Molar ratio range of inhibitor, and optlonal acid with a
weak nucleophilic anion, to catalyst where up to 2.0 phr
of boric acid is used, is from 0.1:1.0 to 4.0:1.0, with
a more preferred range being from 0.4:1.0 to 3.0:1.0,
with an even more preferred range of 0.7:1.0 to 1.4:1.0
with the most preferred range being 0.75:1.0 to
1.35:1.0.

The most preferred ratios depend upon which
onium or amine compound is mixed with the boric acid or
the particular mixture of boric acid and acid having a
weak nucleophilic anion. For example, the preferred
ratio of moles of boric acid or mixture of boric acid
and acid having a weak nueleophilic'anion per mole of
imidazole compound is from 0.85:1 to 1.12:1 while the
most preferred ratio is in the range of from 0.93:1 to i
1.1:1. For phosphonium compounds, the preferred ratio
is from 0.95:1 to 1.35:1, more preferably from 1.1:1 to
1.25:1 moles of acid per mole of phosphonium compound.
For other catalysts, it is easy to determine the optimum
ratios of boric acid to onium or amine compound by
mixing the components togéther in various ratios and
conducting simple, routine experiments. When the amount
of boric acid or mixture of boric acid and. acid having a-
weak nucleophiiié anion is less than about 0.6 mole per
mole of imidazole the catalyst is less latent and begins
to approach the reactivity of the original imidazole _
prior to reaction with the acid or acid salt. When the
amount of boric acid or mixture of boric acid and acid
having a weak nucleophilic anion is more than about 1.4
moles per mole of phosphonium, the catalyst becomes less
latent. When the amount of acid or acid salt is more

This Sheet Has Been Re

(MR i

38,274A-F | -49-




-19- | nore preferably a direct bond, Clerr] alkylene, or fluorinated b
propyl ene (=C(CF[err])[err]-). Rerr] is nost preferably propylene. R2 is |
~preferably nmethyl, bromo or chtoro; and nost preferably nethyl or brono. :
is preferably C[err] al kyl ene or poncchDc nmoi ety corresponding to the

f.or mul a

than about 1.14 moles per mole of 1m1dazole, the
catalyst becomes less latent. '

When a mixture of boric acid and an acid having
a weak nucleophilic anion are employed, they are
5 employed in an amount which provides a ratio of moles of
boric acid to moles of acid having a weak nucleophilic
- anion of from 0.1:1 to 0.9:1, preferably from 0.2:1 to
0.8:1, more preferably from 0.3:1 to 0.7:1.

10 The catalytic products of the present invention
can be employed alone or in combination with other
catalysts, preferably catalytic products resulting from
reacting the onium or amine compounds or a combination
thereof with an inorganic acid containing a weak

15 nucleophile. By the term "weak nucleophile” or "weak
nucleophilic", it is meant that the material has a
nucleophilicity value "n" of greater than'zero and less
than 2.5 as described by C. G. Swain and C. B. Scott in

59 J- Am. Chem. Society, Vol. 75, p 141 (1953).

Preferable inorganic acids having a weak
nucleophilic anion or weak nucleophile include, for
examplé, fluoboric acid,'fluoarsenic acid, fluoantimonic
acid, fluophosphoric acid, chloroboriec acid,
chloroarsenic acid, chloroantimonic acid,
chlorophosphoric acid, perchloric acid, chloric acid,

_bromiec acid, iodic acid and any combination thereof.
The most preferable is fluoboric acid.

25

30
Fluoboric acid is sometimes referred to as

fluoroboric acid or hydrogen tetrafluoroborate. Any of
these expressions refer to the chemical represented by
the formula, HBF4.
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mﬂggein t is an average number between 1 and 6 inclusive, preferably 1|and’
3, f st preferably 1. Preferably, m is an integer of 0 to 2. Preferab y,8m
n integer of 0 to 2. Preferably, RS a positive real nunber of 8 to 8;
andgnore preferably 0 to 4. -Preferably,” q is a positive real nunber etgeen
2-a$d"40, and nore preferably between 2 and 20 and nost preferably 5han
15. %P and q represent an average nunber, as the conpounds to which they

refegr are general |V [ DandnasebBltindi QheC@gBeWQasWht Sotpdisyrlinut | on of

theffunits to and ref er as used
mongcyclic angmf f%?%l ?Qﬁy hydrocabon o nost preferred

cl ags of. pol ynﬁommm@mwmmwm y U dpk il oind! Slene! ©
u

rorfroactsve Bech KB RBr, 1% bt L bkl o mansit amerm = o
bi s(3, 5- catalyss- tonryathexyemmwlaum@mct&o& bigdd*-an

inhibitor. In this embodiment the diepoxide undergoes
reaction with both the dihydroxyhydrocarbon or
halogenated dihydroxy hydrocarbon and the curing agent.
Thus the diepoxide is advanced in situ during the
reaction. In one embodiment, the diepoxide, dihydroxy
‘hydrocarbon or halogenated dihydroxy hydrocarbon and
inhibitor can be contacted prior to the addition of the
curing agent and catalyst. Those polyfunctlonal
dihydroxyhydrocarbons or halogenated dihydroxy
15 hydrocarbons useful are well-known in the art see for
example Lee and Neville, supré; and Bertram U.S. Patent

No. 4,594,291, col. 8 lines 24 to 36.

10

All concentrations of components used in this

20 invention are quoted in parts by weight of components
per hundred parts of resin (phr). Such hundred parts of
resin refers spec1f1cally to the polyepoxide included in
the composition. The amount of curing agent which may
be present may vary depending upon the particular curing
25 agent used. Generally preferred amounts of curing agent
are from 0.5 to 30 parts of curing agent per hundred
parts of resin. More preferably from 1.0 to 10.0, and
most preferably from 2 to 4 parts. In the embodiment
where the curing agent is an aromatic hydroxyl-
—containing compounds such curing agent may be employed
in amounts which provide a ratio of aromatic hydroxyl
groups to epoxy groups preferably from 0.05:1 to 20. 1,
more preferably from 0.1:1 to 10.1, most preferably from
0.2:1 te 5.1. The catalysts are employed in a
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-20-" ..hydr oxyphenyl) propane; 2, 2-bis(3,5-dichloro-4- hydroxyphenyl) :
propane; bis (4-hydroxyphenyl) nethane; 1, 1-bis(4-hydroxyphenyl)-1-phenyl}:
et hane; 1,1'-bis(2,6- dibrono-3,5-dinethyl-4 hydroxy phenyl) propane; bis}
(4- hydroxyphenyl) sul fone; bis (4-hydr henyl ) sul fide; resorcinol and
hydr oqui none. The preferred ‘di hydroxy phenolic conpound is

2, 2- bi s(4-hydroxyphenyl ) propane (bisphenol A) and :
As .used herein

R R PN N WL L
hydrogens repl egpd o€t bhe bpbrgeresiial,oalitl salmeo crossd iawipgunds whereiT
al | of the hydsogen aipms, ave, pesh eRlAGed by akodeR AOTE Algsy! ene ¢
about .01 to 10 parts per hundred parts of resin, with
from .05 to 5.0 parts per hundred parts of resin being
>  more preferred and from 0.1 to 2.0 catalyst per hundred
parts of:resin being most preferred. Alternatively, the
quantity of catalyst is stated in millimoles per epoxy
equivalent preferably from 0.05 to 100, more preferably
from 0.1 to 50, even more preferable from 0.5 to 20, .
most preferably from 1 to 10 millimoles of catalyst per
epoxide equivalent. The amount of inhibitor used is
that amount which significantly increases the stroke
 cure time (gel time) of a composition when compared to a
15 similar composition not containing the inhibitor. 1In
one embodimeﬁt, the inhibitor is present in amounts up
to 2.0 phr, more preferably up to 1.5 phr. Preferably
0.05 phr or more of inhibitor is used, more preferably
0.1 phr or more is used. In those embodiments where an
20 equivalent amount of catalyst is used, or where a
complex of inhibitor and catalyst is prepared prior to
contacting with the polyepoxide, up to 5.0 phr inhibitor
may be used, provided the stroke cure rate is

10

25 significantly increased.

The compositions of this invention can be used
to coat any article for which a coating is desired.
Such article can be coated, with the composition, and

30 ‘the coating can be partially cured or fully cured. In

that the embodiment where the coating is partially
cured, the article may be further processed and the
partially cured resin can be finally cured. The article

coated can be any substrate, for example metal, cement
In a preferred embodiment the ]

and reinforcing material.
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dLv%«ﬂn al kyl noiety. The term hydrocarbyl as enployed herein
neaﬁF any aliphatic, cycloaliphatic, aromatic, aryl substituted aliphatic
or dycloaliphatic, or aliphatic or cyeb8aliphatic substituted aromatic
groups. The aliphatic groups can be saturated or unsaturated. Li kewi se, the
ter if hydr ocar byl oxy nmeans a -hydrocar byl group having an oxygen |inkage
betvigen it and the carbon atomto which it is attached. The

bpoxi des 3 Bis & greiafnrcing matenial ofom| composites or

apol
" laminates.

The reinforcing material which may be coated
with the compoéitions of this invention include any

5 material which would be used by the skilled artisam in .
formation of composites, prepregs and laminates.
-Examﬁles of the forms of such materials are cloth, mesh,
web, fibers, or the like. Preferably, such materials
are made from glass, fiberglass, paper, plastics such as
aromatic polyamides and graphite. Preferred materials
include glass or fiberglass, in cloth or web form.
Other additives may also be present including fillers,
dyes, pigments, surfactaqps'and flow control agents.

15 Compositions containing polyepoxide, curing.

‘agent, catalyst and inhibitor may be contacted with an
. article used in any method known to those skilled in the
‘art. Examples of such contacting methods include powder
coating, spray coating, and contacting the article with
a bath containing the composition. In a preferred
embodiment the article is contacted with the composition
in a bath. Preferably the bath contains a solids levels
of from 50 to 75 percent solids. In such a bath the
25 various components of the epoxy resin compositions are
dissolved or suspended in the bath. A single solvent .
may be used for the bath, but in many applications a
separate solvent is used for each.component added to the
mixture. It is preferable that the various solvents
useéd be miscible with one another. Such solvents or
diluents, include those which are volatile and escape
from the composition prior to cure. Preferred solvents
for the epoxy resins are ketones, including acetone and
methylethylketone. Preferred solvents for the curing
agents are slightly polar solvents, amldes. e. g. DMF,

20

or
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ether alcohols, e.g., methyl, ethyl, propyl or butyl
ethers of ethylene glycol, diethylene glycol, propylene
glycol or dipropylene glycol for example, ethylene
glycol monomethyl ether, 1 methoxy—2-propanol. The

| catalysts and inhibitors are preferably dissolved in

polar solvents, in particular alcohols, preferably lower
alkanols_and most preferably methanol.

In one embodiment, the invention is a process
for preparing prepregs from the resin composition and
the reinforcing material.  Such process comprises
contacting the reinforcing material with an intimately
mixed bath comprising: a polyepoxide in a solvent; a
curing agent for the polyepoxide in a solvent; an
inhibitor comprising boric acid or maleic acid in a
polar solvent; and a compound which:catalyzes the curing

of the polyepoxlde with the curlng agent in a polar
solvent. The coating occurs under condition such that
the reinforcing material is coated with epoxy resin,
curing agent, inhibitor, and catalyst. Thereafter the
coated reinforcing materials are passed through a heated
zone at a temperature sufficient to cause the solvents
to evaporate, but below the temperature which the
polyepoxide undergoes significant cure during the
residence time in the heated zone. The reinforcing
material preferably has a residence time in the bath of
from 0.1 min to 10 min, more preferably from 0.3 min to
8 min, and most preferably from 0.5 min to 3 min. The
temperature of such bath is preferably from 0°C to 100°C,
more preferably from 10°C to 40°C and most preferably
from 15°C to 30°C. The residence time of the coated
reinforcing material in the heated zome is from 0.5 to
15 min, more preferably from 1 to 10 min, and most
preferably from 1.5 to 5 min. Thé’temperature of the
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heated zone is sufficient to cause any solvents
remaining to volatilize away yet not so high as to
result in a complete curing of the components.
Preferable temperatures of such zone are from 80°C to
230°C, more preferably from 100°C to 200°C, and most
preferably from 140°C to 190°C. Preferably there is some
means in the heated zone to remove the volatile solvent,
either by pass1ng an inert gas through the oven, or
drawing a slight vacuum on the oven. In many
embodiments the coated materials are exposed to zones of
‘increasing temperature. The first zones are designed to
cause the solvent to volatilize so it can be removed.
The later zonmes are designed to result in partial cure
of the polyepoxide, i.e. so called B-staging.

In some embodiments the coated article may be
then transported to another location for further
processing, or alternatively the material may be further
processed immediately after solvent removal. In such
further processing, several segments or parts of the
coated reinforcing material are brought in contact with
one another. Thereafter, the contacted parts are
exposed to elevated pressures and temperatures )
sufficient to cause the epoxy resin to cure wherein the
resin on adjacent parts react to form a continuous epoxy
resin matrix between and about the reinforcing material.
Before being cured the parts may be cut and stacked or
folded and stacked into a part of desired shape and
thickness. The pressures use can be anywhere from 1 to
200 kg/cm?2, with from 10 to 100 kg/cm? being preferred.
The temperature used to cure the resin in the parts or
laminates, depends upon the particular residence time,
pressure used, and resin used. P;eférred temperature
which may be used are from 100 to 190°C, more preferably

38 927’4A-F "'55‘
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Is a positive real nunber of 0 to 40; and
-22- s is a positive real nunber of 0 to 10. Preferably, r is a
nunber of 0 to 10, and npst preferably 1 to 5. Preferably,
nunber of 0 to 8;-8fd nost preferably l1to4 Al of

R[err], Rlerr], Rlerr], m nm and q are as defined

_from 120°C to 180°C, and most preferably from 140°C to

175°C. The residence times may be anywhere from 30 min
to 300 min, more preferably from 45 to 200 min, and most
preferably from 60 to 180 min. One embodiment of such a
process-is known as a continuous process. In such
process, the reinforcing material is taken from the oven
and apprgpriately arranged into the desired shape and
thickness and pressed at very high temperatures for
short times, in partlcular such high temperatures are
from 180 to 250°C, more preferably 190°C to 210°C, at
times of 1 to 10 min and from 2 to 5 min. Such high
speed pressing allows for the more efficient utilization
of processing equipment. In such embodiments the.
preferred reinforcing material is a glass, web or woven

cloth.

i In some embodiments it is desirable to subject
the laminate or final product to a post cure outside of
the press. This step is designed to complete the curing
reaction. The post cure_ié usually performed at from
130°C to 200°C for from 20 to 200 minutes. This post
cure step may be performed in a vacuum to remove any
components which may volatilize. -

The ultimate coated reinforced parts prepared
from the composition of this invention often demonstrate
a higher Tg than where the compositions not within the
scope of this invention are used. In some embodiments
the Tg is at least 5°C higher than parts prepared
similarly using conventional resins. More preférably
the Tg is increased by at least 10°C. The parts
prepared using. the composition of this invention,
demonstrate a higher solvent resistance, e.g.,
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gi abl es referred to herein as positive real nunbers, i.e. r and s,

ane_,?erage nunbers as the conpounds referred to contain a distribution of

Pref erabl e epoxi de conpaegnds are the glycidyl ethers of

conbe*nds havi ng an average of nore than one aliphatic hydroxyl group per

benol s,

r.d&ar bo

#l e such as, for exanpl e, aliphatic diols, polyether diols, polyether
& polyether tetrols and any conbi nation thereof Al so preferable are
M kyl ene oxidemoastrate & pbckoupdef cbessi thag hn0apersgatol-methyilhan
_domatic hydoax for exanple, the ethylene
& propyl engs'ox}s 19 Qf Eée?\%e(g%%%&gd%%%@%mo? ﬁrhydroxy phenol s,
®ol s, bisphenols, an enated bi sphenol s, al kyl at ed bi sphenol s,

j , phenol -ald ¢mmoracsueb|parthaengebatea hhgheb—&hdﬁh&ﬂe
$.C resins, éff&fﬁhﬁ@epﬁ%”@h@ﬂ-eg ﬁ%fﬂ"éﬂ@xc §Sidfvent entrapped.

g ar bo?]5 phe esi ni
al ky&t LOrPHLAEAONSSs 9 lzhl%rgnmqmtpmﬁemmfemubme

hydrocar ogenate phenol “resin

Tonger agbe enavy sidirddiil WapdYe XS codifarld! K6’ 9/

et herf of resorglnol cat
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.on
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art gormulatlons.

The following examples are presented to
illustrate the invention and are not intended to limit
the scope of the claims. Unless otherwise stated all
parts and percentages are by weight.

Examples
Example 1 - Preparation of Varnish

A varnish is prepared by mixing and blending
four solutions with agitation in a container for
approximately 30 minutes. The four solutions comprise
125 parts of a brominated epoxy resin having a bromine
content of 20 percent and an epoxy equivalent weight of
430, prepared from the diglycidyl ether of bisphenol A
and tetrabromobisphenol A which is dissolved in

methylethylketone (MEK) with on 80 percent
solids (non-volatiles) content; 2.19 parts of boric acid
solution (20 percent in methanol); 36 parts of a
solution of dicyandiamide (7.5 percent) dissolved in
monomethylether of propylene glycol (69.9 percent) and
dlmethylformamlde (22.6 percent); 4 parts of 2-methyl
imidazole (2-MI) solution (10 percent in methanol).

AT | (1] ]

5T



hydr oqui none,

bi phenol, bi sphenol A, bisphenol AP (1, 1-

-'Bi s(4- hydr oxyl phenyl ) - 1- phenyl ethane), bisphenol F, bisphenol K,
t et r abr onobi sphenol A, phenol - f or mal dehyde novol ac resins, alkyl

stbstituted phenol -fornal dehyde resins, =p8enol - hydr oxybenzal dehyde resi ns,

cresol - hydroxybenzal dehyde resins, di cycl opent adi ene- phenol . resins,
di cycl opent adi ene-substituted phenol resins
-23- tetranethylblphenol__tetranethyl-tetrabronnblphenol

tetramet hyl t ri AX3BBBE

t her eof .
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A and any conmbi nati on

A second varnish is prepared by m1x1ng and
blending the following four solutions with simple
agitation in a container for approximately 30 minutes:
125 parts of a brominated epoxy resin having a bromine
content of 20 percent and an epoxy equivalent weight of
430, prepared from the diglycidyl ether of bisphenol A
and tetrabromobisphenol A dissolved in methylethylketone
(MEK) to have 80 percent solids content; 1.65 parts of
boric acid solution (20 percent in methanol); 40 parts
of dicyandiamide (7.5 percent) dissolved in monomethyl
ether of propylene glycol (69.9 percent) and ' '
dimethylformamide (22.6 percent); and 3.5 parts of 2-
-methyl imidazole (2-MI) solution (10 percent in
methanol).

Example 3 - Preparation of Vérnish

A solution containing 62.2 parts of a
polyglycidylether of 2,2-bis(4~hydroxy-phenyl) propane
having an epoxide equivalent weight of about 180, 32.8
parts of tetrabromobisphenol A, and 5.0 parts of
monomethyl ether of propylene glycol is prepared by
blending and mixing the polyglycidyl ether and
tetrabromobisphenol A (TBBA) at room temperature and
héating to 130°C. Approximately 30 min is required to
obtain a homogeneous mixture. The mixture is cooled to
70°C and the monomethyl ether of propylene glycol is
added. Another 30 minutes is required to obtain a
homogeneous solution. ' '

A third varnish is prepared by mixing and
blending the above described solution with the following
three solutions with simple agitation in a container for
approximately 30 minutes: 1.57 parts of boric acid
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ks
A

In o%e enbodi ment pol yepoxi.des refers to an advanced epoxy resin which is
the geaction product of one or nore pol yepoxi des, as described previously,
wi thgone or nore pol yhydroxy hydrocarbons or a hal ogenated derivative

. tshergof. Such pol yhydroxy hydrocarbons k8%9e been descri bed previously.

Al tegnatively, a pol yepoxide can be reacted with a carboxyl substituted

hydrgcarbon. A carboxyl substituted hydrocarbon js .a conpound with a

hydrgcar bon backhone and one or nore carboxyl noieties, preferably nore
thangone, and #edutian {2bipereent Pinfoethagokdihdéedppants of respond to

forngl a 10; i i ami (§£¥Ea rds T is
d erg] hydrocagéggﬁ%%ﬁgﬁ}{ﬁiqzjéﬂ o%?éé%%%aoggggeﬁﬂaﬁghgmgkgﬁggckbone,

and § is an inféjer &f @ﬁ@nﬁl%ﬂ%xsﬁ§éhkq 919 BeprentlaBrd a Jerr]

strakgght or br digeetylfaichaalidn o 22,6 k&PCeneP} | 2R@! BY8CRALRISNIGE oxygen.
Pref @rably u |2_1 tg 3é.an% noﬁ%bprg{erably é atty acids and fatty acid
di mefis ar e. anpAgRERBYds dmidazaln, satetion L nrere Edlﬁyﬁﬁég%QR%x;

| ncl gded i% the fatty acids are caproic acid, caprylic acid, capric acid, .
foct alioi ¢ aci d, Example 4 - Preparation of Varnish :

~ A fourth varnishis prepared by blending and

mixing the following four solutions by simple agitation
10 in a container for approximately 30 minutes: 125 parts
of a brominated epoxy resin having a bromine content of
20 percent and an epoxy equivalent weight of 418,
prepared from the diglycidyl ether of bisphenol A and
tetrabromobisphenol A dissolved in methylethylketone to
have 80 percent solids content; 4.5 parts of a boric
-acid solution (20 percent in methanol); 40 parts of
dicyandiamide (7.5 percent) dissolved in monomethyl
ether of propylene glycol (69.9 percent) and
5g dimethylformamide (22.6 percent); and 1.6 parts of a

2-methyl imidazole solution (50 percent in methanol).

ne

M TR

P LA

15

Example 5 - Preparation of Varmnish - not an Example of
. the Invention

T B T e T i o b d 2 Sopb e 3 ¥k S e e Eor S TR R
L R R R SR R R LA R ¥ d

25 " A varnish is prepared by mixing and blending

H the following three solutions by simple agitation in a
o i container for approximately 30 minutes: 125 parts of a
brominated epoxy resin having a bromine content of 20
percent and an epoxy equivalent weight of 430, prepared
from the diglycidyl ether of bisphenol A and
tetrabromobisphenol A which is dissolved in
methylethylketone (MEK) with an 80 percent solids (non-
volatiles) content; 40 parts of dicyandiamide (7.5
percent) dissolved in monomethyl ether of polypropylene
glycol (69.9 percent) and dimethylformamide (22.6

B U TR S
pdes L7 o ot Ao et T P e e
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versat.ic acid, decanoic acid,
stearic acid, palmtoleic acid,
~erucic acid, pentadecanoic acrd nargarrg acrd

ther eof .
hydrocarbons or

ol eic acid,

I n one preferred enbodrnent a one or
" hal ogenat ed derivatives

| auric acid, nyristic acid, palmtic acid,
| i nol ei ¢ aci d,
arachidic acid,

nor e pol yhydr oxy

i nol enic acid,.
and dinmersg

-24-

t hereof and one or

nor e car boxyl

substituted hydrocarbons are

are
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reacted with t*}?eﬂ&dftgw%ﬁd”leﬁgfﬁ et z—raetuwdiﬂmaﬁemogadm@thanol
hal ogenat ed derévairve t

'Example 6 — Preparation of Varnish — not an Example of

‘from the diglycidyl ether of bisphenol A and

her eof Prose ures for perf ornrng such a reaction
percent solution

the Invention

" A varnish is prepared by mixing and blending
the following three solutions by simple agitation in a
container for approximately 30 minutes: 125 parts of a
brominated epoxy resin having a bromine content of 20
percent and an epoxy_equivalent weight of 430, prepared

tetrabromobisphenol A which is dissolved in
methylethylketone (MEK) with an 80 percent solids (non-
volatiles) content; 40 parts of dicyandiamide (7.5
percent) dissolved in monomethyl ether of polypropylene
glycol (69.9 percent) and dimethylformamide (22.6
percent); and 2.5 partsiof 2-methyl imidazole in
methanol (10 percent solutiomn).

Example 7 — Preparation of Varmish

A varnish is prepared by mixing and blending
the following four solutions by simple agitation in a
container for approximately 30 minutes: 125 parts of a
brominated epoxy resin having a bromine content of 20
percent and an epoxy equivalent weight of 430, prepared
from the diglycidyl ether of bisphenol A and
tetrabromobisphenol A dissolved in methylethylketone
(MEK), and having an 80 percent solids contentj 40 parts
of dicyandiamide (7.5 percent) dissolved in monomethyl
.ether of propylene glycol (69.9 percent) and
dimethylformamide (22.6 percent); and 1.67 parts of a
solution resulting from mixing 82.1 parts of 2-methyl
imidazole and 63.65 parts of boric acid dissolved in

38,2T4A-F
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.

f'knomn in the art. See "The Handbook of Epoxy Resi ns" by H Lee and K-

wel 1

Nevif I'e (1967) McGaw Hill, New York, and U S. Patent Nos. 2,633, 458;
3,437,990, 3,821, 243, 3, 907 719, 3,975 3 and 4,071,477. Optionally, a
smafg anount of a nnnohydroxy substltup d hydrocarbon can be included in

?eactlon m xt ure. In anot her enbodi ment, the polyepOX|de S

o Lo BT s, B SRR Doy Pech RO P AL ebLeaa ¢ | 57

nnstﬁpreferabbﬁuﬂldn& 20 wei ght percent isocyanate content and having™from

S50t 100 percent of the original isocyanate groups converted to

%l i done E?%@iﬁa“hfJ(ﬁgé#éfhéikﬂebﬁevarﬂiSHhe original isocyanate
WS conve enever prepared according to the

#ss described herein. Qxy-ter g\ at ed poI xazolldone
g yangte nDdlfled‘%p%R§uFé§FnF°&Félﬁﬂéﬁe b&y %y the process

£ conpri %1ygﬁyﬂﬂdy1étﬂa¥36¥KZ;ﬁebtgﬁﬁehydruxyhphenylylpoopanete

compgund in av1%re§?“§3paré§ of tetrabromoblsphenol A, and 5.0

g parts of acetone is prepared by blending and mixing the

%. polyglycidyl ether and tetrabromobisphenol A (TBBA) at

g 10 room temperature and heating to 130°C. Approximately 30
min is required to obtain a homogeneous mixture. The
mixture is cooled to 70°C and the acetone is added.

d

Another 30 minutes is required to obtain a homogeneous

solution.
15

A éarnish is prepared by mixing and blending
the above described solution with the following three
solutions with simple agitation in a container for
approximately'30 minutes: 38 parts of dicyandiamide (7.5
percent) dissolved in monomethyl ether of propylene
glycol (69.9 percent) and dimethylformamide (22.6
percent); and 1.425 parts of the product resulting from
mixing 82.1 parts of 2-methyl imidazole and 63.65 parts
o5 of boric acid dissolved in 97.1 parts of methanol

resulting in a solution having 60 percent solids.

20

W
(=7
APt

Example 9 - Preparation of Varnish

A varnish is prepared by blending and mixing
the following three solutions by simple agitation in a
container for approximately 30 minutes; 125 parts of

30

> sak) e ’, i LY et rok s
D sse ol - ly LTk i BN = Tl WL e e T B TR caace ! o
AR b A b Sl o oA D, T SRS T e v i e piramar RS IR T AR L . .
s “p:;u,,..:gn\e;_..,v.-..):‘x?_.:,,__;.._.;_.-_ e feiipa et oo 0 2 RN Gl 9 A 4 )

a:.. & brominated epoxy resin having a bromine content of 20
G B percent and an epoxy equivalent weight of 430, preparcd
from the diglycidyl ether of bisphenol A and a
tetrabromobisphenol A dissolved in methylethylketone

This Sheet Has Been Reﬁlaced
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catalyst for the reaction of the epoxy and isocyanate groups at an elevatenf
tégperature. Preferably the process involves first adding (1) from5 to 30, ]

preferably 5 to

20, nost preferably from10 to 20, wei ght percent of the

pol yi socyanate conmpound within a period T

15:to0 60, nost preferably 20 to 45, nminutes to (2) a mixture

- 25- "conprising (a) from70 to 95, preferably 80 to 95, nost preferabl y ¥
W) O£ nbe' B6 BRLYBRY U788 TRARL Y dPpd ey S 01 1O §

80 to 90, meigh(
2, preferably O.
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dicyandiamide (7.5 percent) dissolved ia monomethyl
ether of propylene glycol (69.9 percent) and
dimethylformaﬁide (22.6 percent); and 3.17 parts of the
product resulting from mixing 82.1 parts of 2-methyl
imidazole and 63.65 parts of boric acid dissolved in
97.1 parts of methanol to give 60 percent solids.

Example 10 — Preparation of Varnish — not an Example of
the Invention

A varnish is prepared by blending and mixing
the following solutions by simple agitation in a
container for approximately 30 minutes; 58.95 parts of
the glycidyl polyether of 2,2-bis (4-hydroxy~-phenyl)
propane having an epoxide equivalent weight of about
1805 31.05 parts of tetrabromobisphenol A and 10 parts
of methylethylketone; 40.8 parts of dicyandiamide (7.5
percent) dissolved in monomethyl ether of propylene
glycol (69.9 percent) and dimethylformamide (22.6
percent); and 5.4 parts of 2-ethyl, 4-methyl imidazole
dissolved in methanol (10 percent solution).

Example 11 - Preparation of Varnish - not an Example of
the Invention

A laminating varnish is prepared by mixing and
blending the following solutions by simple agitation in
a container for approximately 30 minutes at room

" temperature. 125 parts of brominated epoxy resin having

a bromine content of 21.5 percent and an epoxy
‘equivalent weight of 520, prepared from the diglycidyl
ether of bisphenol-A and a tetrabromobisphenol A
dissolved in methylethylketone (MEK) to have 80 percent

solids contentj 40 parts of dicyandiamide (7.5 percent). j:

i
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Time of from3 to 90, preferably
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preferably 0.02 to 0.1, weight~percent “of the catal yst, said weight
per cefqt ages bei ng based on the conbined weight of the pol yepoxi de conpound
“ahd plpl yi socyanate conpound; The nixturs is thereafter heated to a

#ature of from110[err]C to 200[er PC,'preferany 120[err]C to

% to 180, preferably 30 to 120, nost preferably 60 to 90, m nutes. The

-Esion of Vgﬂﬁyfggq I e okgd ' a ri ngs
rolled d|]'n any o eifﬂe&#&gﬁ%g\?%g ﬁgiril%r#f ?Hf"@gpﬁeﬁ‘(‘i ?ngro‘i

fsi ng t hd 6%dbtpancantheand udtmathyl formamideuh22ehp pasceatdiysndand a
ganount gf SRR di 81N gbeheppBMEr SiON tO
gi done ri nq‘fiiﬁcsweg red; “or fmt84zoLE IHS‘??FI)Mﬁy [ F]C?Gfa’.gi ngﬁtehe anount
B catal ySOMLIPYYaen reaction tenperature and a given amount of the
iZocyanat e conpound used when hi gher conversion to oxazolidone rings is

desir@d; 6r Prepregs and iEl@ctyic¢Al rkatingrddcPoepaniatdbnt Peocedures
pol yi §ocyanat € used at a gi ven amount of the catal yst

Prepregs Preparation

of % The varnishes of Examples 2 to 5 and 7 to 13
- g are applied to woven E glass type 7628 available from
'L 10 INTER GLASS by pulling the cloth through a resin bath
E containing the laminating varnish and then up through a
§ doctor bar set at 0.5 mm to 1.5 mm and then through
staged heating zones of an oven with temperatures

33
varying from 140°C to 190°C for Examples 2 to 5 and from
'- 15 150°C to 170°C for Examples 7 to 13. The total length of
:s heating zone is 3 m. The glass cloth is ‘passed through
5 the resin bath and the heating zones at a rate of 0.8 to
. 3.2m/min. The parameters of the horizontal treater used
;é 20 are adjusted to produce prepregs with the following
e characteristics:
Test Method
of ¥
# 55 Rest gel time at 170°C 60-120 sec  NEMA LI 1-12.19
g s Flow at 170°C 2-25-percent NEMA LI 1-14.32
in Volatiles < 1 percent
_ Resin content 37-44 NEMA LI 1-12.16
. percent
ing ‘ 30
1 ﬁ NEMA refers herein to the National Electrical

Manufacturers Association. The above described tests
are performed according to the test procedures
corresponding to the numbers provided. Such test

heet Has Been Reraced
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and a given reaction tenperature when higher conversion to isocyanurate
rings is desired; or (iv) by increasing the rate of addition
of the polyisocyanate conpound at a given_ﬁggction tenperature, given
amount of the catal yst and given anobunts or 'the pol yepoxi de and

p& yi socyanat e conpounds when hi gher conversion to isocyanurate rings is
desired. The pol yepoxi des useful for this enbodi nent

are described hergifgfipfés P BOLY13854¥PRbA RRMACUAIRh is located 2101
| L. StFeet N.W., Su?te 300, Washington DC 20037.

" Laminate Preparation

The laminates are obtained from 8 plies of
3 prepreg (15 cm x 15 cm) laid up between two sheets of
' copper, foil and pressed in a laboratory press.

Test Methods

10 Varnish Properties Measurements o .

Gel Time Measurement

The gel time of different varnishes is measured
by reacting the mixture on the surface of a hot plate at
150°C, 160°C and: 170°C. The temperature is calibrated by

i

15

Signotherm temperature indicators.

Glass Transition Temperature Measurements

29 The glass transition temperature is measured on .
film prepared from the varnish formulation used for gel
time measurement. The films are cured on a hot plate
170°C for 30 min. Samples are run at 10°C/min. The
glass transition temperature is measured by a Mettler TA
2000 DTA at a heating rate of 10°C/min. The inflection
point minus 5°C of the endothermic response was taken as

25

the glass transition temperature.
36' Prepreg Properties MEasurements

. Gel Time Measurements - Stroke cure

The partially cured resin is removed from the

glass fibers, and put on accurately regulated hot plate atf

170°C. It is then stroked with a metal wire unatil

This Sheet Has Been T
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are represented by formula“11:" - (C=C=N)[err]

fr] 11 wherein R err] is substituted or unsubstituted aliphatic,
n@tic or heterocyclic polyvalent graogg-and v has an average val ue of
greager than 1 to less than 5 preferably from1.5 to 4, nost preferably
fron§2 to 3. Exanples of preferabl e polyi socyanates |nclude 4,4' - methyl ene
bls(ghenyllsocyanate) (MDI) and isoners thereof, higher functlonal honol ogs

. zigéh (gozn?rgglaiam:gmmgs 'Dhéyﬁ!?ﬁeCfMiﬁh theé _6_iﬂenecdhtaoty@rfattexle( TDI)
o ne 0 e diisocyana X ene
dllszcianale §§ﬁhéﬁh9fq§§?gﬁ$§oggﬁﬁﬁtg $Rff?18ﬁd1355§58F§§§dg?s anat e.

M xt gres of agelt idme annneqnﬂyea@bywnayesfcaheapsepbegused in the
prac@i ce of the present invention. her preferable polyisocyanate
conpgunds ar e yg gnht Nos. 3,313,747, 4,066, 628 and
4, 74§, 146. q_%%fl]_%q)é lle!#errf)icai’S pol yi socyanat e corrpounds are
'4,4FE}-th§Iene bls(phenyllsocyanate) (MDI) and isoners thereof, polyneric
fVDI #nd tol uene di i socyasampl @ Tof ) prepcegoapppeaimated ypdly caoay dihica
CO”DgindS are i weighed to the nearest 0.001 gram (Wj).
The sample is placed in a circulating air oven
10 at 163°C for 15 minutes and on removal it is placed
immediately in a desicator to cool. When cool, the
sample is reweighed and the weight recorded as W2. The
volatile content is calculated from:
ired | -
; percent volatiles = (Wl - W2) x 100
eat® 15 R
d by §
3 Resin Content
The resin content is measured by simply
i-onit? 20 weighing an exactly determined surface of prepreg, and
gelﬁxﬂ comparing with the weight of the same area of glass
. cloth. The resin content is given by the:
x TAE 25 _ _
fon . Weight of the Weight of the
n as Resin content square of prepreg — square of glass
(percent) = x 100
(Weight of the square of prepreg)
Thﬁfﬁiﬁ LD

38,271“\—5‘ -65-




met hyl ene bi s(phenylisocyanate), isoners thereof and pol yneric M
A'suitable catalyst is enployed to facilitate reaction of the pol yepoxide
. conpound with the polyisocyanate conpound. Exanples of useful catalysts

I ncl ude zinc carboxyl ate, organozinc<ﬂu#@§? conmpound, trial kyl al um num
guat ernary phosphoni um and anmoni um salts, tertiary am nes and i m dazol e
The - 27- preferred

conpounds.

catal ysts are i
2- phenyl i m daz

gldazgle conpounds. Particularly, preferred catalysts are
aw Megspgement 4asol e, 1-nethyl im dazol e,

2-ethyl-4-nmethyl imdazole and 4, 4" -net hyl ene- hi s(2- et hyl - 4-net hyl

10
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The flow test indicates the extent of the
B-staging and it simulates the behavior of the resin
system within the pressing operation. According to NEMA
LI 1-14.32 procedure six plies of prepreg of determined
size are weighed to the nearest 0.0l gram, stacked
together with their edges in careful alignment, fastened
tdgether and loaded into the preheated press. The
temperature of the press plates is 170°C and pressure is
14 kg/cm2. After 10 minutes the specimen is removed and
allowed to cool. Then the flowed resin is removed by
cutting and ﬁeighing to the nearest 0.01 gram. The
resin flow is calculated from the equation:

(Initial weight - weight without flowed resin) x 100

percent flow = Initial weight

Flow Measurement
(Prepregs obtained from continuous pressing process)

Six samples, 10 cm x 10 cm are cut in a prepreg
sheet and stuck between two copper foils;*“the shiny
copper side facing the prepreg and acting as release
sheets. The lab press is heated to 210°C, with a
pressure of 30 bars. Pressing time of 1 minute obtains a
flow sample. The sample is weighed and a 50 cm2 disk is
punched out of the 100 cm2 sample. Flow is given as:

Sample weight — 2 x (disk weight) 'x 100

‘percent flow = Initial weight'
i

38,2T4A-F : -66-
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2}

i m dazgl e). The catalyst is generally enployed in an anount of from0.01
to 2; gporeferably 0.02 to 1, nobst preferably 0.02 to 0.1, weight percent
gfon the conbi ned weight of the pol%é oxi de conpound and
polyl*ocyanate conpound used. The polyis ianate conpound i s enployed in
gunt of from5 to 30, preferably 5 to 20, nost preferably 10 to 20,
fi. percent, the weight.percent being based on the conbined weight of

i yepOX|dega§g Eglzh;o&éanate reactants. The pol yepoxi de compound is
enplioged in an 0 to 95, preferably 80 to 95, nost
#bly 80 to 90, weight percent, the weight percent ‘bei ng based on

Jhbi ned weChbemichlt Resisitasmexi de and pol yi socyanate reactants.
Prefedably the catalyst is added to the reaction vessel containing the

polyec}X|de prior to th (# &getpﬁe g%+ 'gg}o{e$9g¥5%§§¥ga?ﬁgego und.

gﬁg cgal yst can. be dISS surta ven e addition
t he§ pol ygpoxetehed ﬂ-apﬂ-mehoﬁomwé icgh arte d-’e!sﬂsr seighed t@d)edhl?neé at

#di ch 3 he catal yg 3p agﬁﬁ@egs ﬁofn-faféé éﬁ?tyrr‘dhw %N&@%@Izyﬁ s
added fat a tenperature.l ower than t Il on t.enper at .Jhe tenperature
i s thdb raised The pieces are drled and then welghed, t e pick-up is

aed taken as the gain in weight.
10 Glass Transition Temperature Measurements

The glass transition temperature of laminates
is measured by a Mettler TA 2000 DTA at a heating rate
of 10°C/min. The inflection point minus 5°C of the

15 endothermic response is taken as the glass transition:
temperature.

Moisture Resistance

Twelve pieces of etched laminates 6 cm x 1.5 cm
are placed in a pressure cooker during 30, 60, or 90
minutes at 120°C under 1.2 atm. steam. Then, after
being dried are dipped (20 seconds) in a tin solder bath
(260°C). The moisture absorption is determined by
25 observation from the formation of blisters.

20

s 2 i Copper Peel Strength
.is ¢

The binding strength between the copper and the
-epoxy resin is determined through the strength needed to
peel the copper off a laminate. The copper peel
strength test is performed according to IPC test Method
2.4.8 Peel Strength, Metal Fort. A 10 cm x 10 cm square
of copper foil is laminated to a laminate of the
invention. The specimens are tested for peel strength
at room temperature. The copper foil is peeled back

This Sheet Hag
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and the reaction tenperature maintained while the controlled addition of
t he pol yi socyanate to the m xture of the catalyst and the pol yepoxide is

started. The polyisocyanate is added to igge reaction vessel within a period

of time of from-3 to 90, preferably 15 to 60, nost preferably 20 to 45,

m Autes while maintaining the - 28-
reaction tenperature. The reaction tenperature is -nmaintained after the
conpl ete addi t i appprdxihigr 8Dy yoseCciaBhl € sbotha RPehieodfofpedlndsof from5 to

150 et orab o e Lty el Bl 2ial KeohLo BB, TLB ool AR
is clamped on a horizontal surface with the peeled metal
strip projecting upward for 1 inch. The end of the foil
is gripped between the jaws of the clamp such that the

3 jaws cover the full width of the metal strip and are
parallel to the line of peel. Force is exerted in the
vertical plane, and the metal foil is pulled at 2 inches
per minute. The load is observed and converted to
pounds per inch of width. The final peel strength is
the average of three tests.

10

The gel times of varnishes from Examples 1 to 6
are measured. The results are compiled in Table I.

15 Table A compiles the components of the
varnishes prepared in Examplés 1 to 11. The epoxy
resins are prepared from a diglycidyl ether of bisphenol
A, with the exception of Example 3 where bisphenol A is

5o Uused in place of tetrabromobisphenol A.

In Examples 1, 2, 4-7, 9 and 11 the epoxy resin
is added as a solution of 80 percent by weight solids.
Dicyanamide is added as a solution of 7.5 percent

25 solids. Boric acid, uncomplexed is added as a 20 ;

percent solids solution in methanol. Uncomplexed 2-MI
is added as a solution of 10 percent solids in methanol,
in Example 4 the solution has 50 percent solids. In
Examples 7-9 the boric acid and 2-MI are added as a

30 complex in methanol 60 percent by weight solids. The
weight percent of boric acid in the complex is 26.2
‘percent, and of 2-MI is 33.4 percent. In Example 10 the .

catalyst is 2 ethyl-4 methyl imidazole in a 10 percent
by weight solution.
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13
t he pol yi socyanate conpound is conducted neat, i.e., in the absence of a
sol vent or other liquid reaction diluent. Curing agents useful in
this%invention are those conpounds- known to the skilled artisan to react
wi t hipol yepoxi des or advanced epoxy resi %o form hardened final pr oduct s.
| ncl dded anmpng such useful curing agents are materials which afe acidic -or=--"
arkaklne Exanpl es of preferable curing agents include anong
ot hekls, aromatic pol yhydroxy contai ni ng conpounds as descri bed
hereunbefore. The pol ybasic acids and t hydri des, such as, for
.eaxanple the di-, tri-, and higher carb £§§¢$c£a0|ds as oxalic aC|d

h-thail I ¢ aci d, [rerpntartT achqg,—succT nfc_acr o, dJ{ andargenyt—=
ubs#i t ut ed sugci nfc acids, icyanamid |Bpﬂadhﬂ¢ rticularly the polyne i zed
idnsatiur ated acifds, | suResis fgr RGN e |t hofBALontlai n2di at | e§&ompl®xcal bon
_aton#, and pre ?%
dodetenccl ok It | "ol Pat feardmane | pars @g*;tﬁ;g;%ﬁ ?3? o] e
g 1| 125|100 | 36 | 27 |219] 55 | 4 0.4
2 11251100 ) 40 | 30 jJ165) .33 |35 ] .35 | no
10 3 - 95 |39.2} 26 J1.57] .31 | 3.8 | .38 | no
4 1251100} 40 | 30|45} 9 | 16 .8 | no
6 % 5*1125]1100} 40 | 30§ - - 1 1 no
* 6* | 125|100 | 40 | 3.0 | 25| .25 | no
£ 7 11251100} 40 | 3.0 - .44 - | .56 | yes | 1.67
1578 95 | 38 |285) - | .37 | - | 48 | yes |1.425
o1 9 | 125|100} 40 3'0E - .83 - 1.06 | yes | 3.17
o 10*} 100 | 90 | 40.8|3.06} - - 54} 54 | no
' 11*p 1251100 | 40 | 3.0 - - 1.0 .1 no
20 * Not an example ot the invention
in
: 25
11,
30
:he
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(.endo-ci s-bi cycl 0-(2,21)-5 heptene 2,3 dicarboxylic anhydride), nadic

net hyl anhydride (nethyl bicyclo (2.21) heptene 2,3 dicarboxylic anhydride
i soners), pyronellitic anhydride and tri b|ItIC anhydrlde Q her types of
acids that. are-useful are those contalnlgz sul fur, nitrogen, phosphorus or
hal ogens; chloridic - 29- acid, benzene
phosphoni ¢, sul fonyl dipropionic acid bis(4- carboxyphenyl)an1de

O her preferred curing agents include the am no-containing conmpounds, such
as, for exanple, diethylene triamne, triethylene tetram ne,

TABLE I

GEL TIMES OF DIFFERENT VARNISHES
' AT DIFFERENT TEMPERATURES

Gel Time at | Gel time at | Gel time at x :
5 Examples | 750eC (sec) | 160°C (sec) | 170°C (sec) 1:% :
1. 445 319 203 150
2 390 271 172 148
3 310 220 . 140 148 R 10
10 4 353 240 161 152 -
G** 362 245 171 125
6** 194 133 - 88 134
15 ¥ The glass transition temperatures are measured on film 15_
obtaihed by curing the different varnishes at 170°C '
for 30 min. .
%% Not ah example of the invention. !
20
20

Laminate Preparation and Testing

Laminates are prepared using varnishes from
Examples 2, 3, 4, 5. The properties of such laminates 25
25 are determined using the procedures described
hereinbefore. The prepregs obtalned from varnishes from
Examples 2 to 4 are pressed for 40 min in the press at
165°C (10 min heating from room temperature to 165°C and
. 30 minutes at 165°C) with controlled pressures to obtain
30 laminate thickness of 1.3 to 1.6 mm. A prepreg prepared
..using a second sample of a varnish from Example 4 is
pressed at 200°C for 5 minutes at 30 kg/cm2. Laminates
from Example 5 are prepared using the folilowing press

30

cycle. ' L

C

i \\\ i o
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i : Y
di-eyaridi am de, benzoguani m ne, nel am ne, pyridine, cycl ohexyl am ne, A)
benzylgdi met hyl am ne, benzyl am ne, diethylaniline, triethanol am ne,

pi perigdi ne, tetramethyl pi peram ne, N, N-di butyl -1, 3-propane di an ne,

N, N- di%et hyl - 1, 3- propane di ani ne, 1, 2-di am ho-2- net hyl propane.

2;-3- difgam no- 2- met hyl but ane, 2, 3-di am no- 2-net hyl pent ane, )

i#am no-2, 6- di net hyl oct ane, di butyl am ne, dioctylam ne, dinonylam ne,

yl am de, diallylam ne, dicyclohexylam ne, nethylethylan ne,

cl ohexyl am ne, pyrrolidine, 2-nmethyl pyrrolidine, tetrahydropyridine,

gyl pi peridine, 2,6-dinethyl piperidine, diamnopyridine and '
net a- ghenyl ene di am ne, and sol ubl e adduct sPeesaureefkgddmdd Fémexi(adsn yand
theirfﬁ';salts, such as described in U S Patent No. 2,651,589 and U.S. Patent

No. 25640, 0B/. RGbom! teﬁbE?&tﬁférflﬂoeingE' ude the agetone sol uble reaction

produgt s ofzpol:( am nes 339 nonoepoxi des, the acetone sol uble readPi on

produgts of ~po é?a?n’ﬂ@s} th unsaturated nitril'es40such as acrylogptrile,

i m dagol i ne3 ¢ dGpalints PoofDEanpBT kY feeact i ng moppcar boxyl i c aci fg with

pol yagi nes, sul fur and/ior phosphorus-contai ning pol yam nes as obtai ned by

react éng a nercaptan or phosphi ne containing active hydrogen with an

epoxi.é‘ée hal i deThe reswlashadreYupiled in Table II.

i 10

. 15

i =

_.
es : 25
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at . ———
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dehydrochl orinating and then reacti ng the resulting product with a
pol yam ne, solubl e reaction product of polyanmnes with acrylate, and many
other types of reaction products of the f@-es.

0- .Still other curing agents that nay be used
trlfl uoride and conpl exes of boron trifluoride with amines, ethers and
phenols. Friedel- -Crafts netals salts, such as al um num chI oride, zinc :
chloride, and other salts, such as zinc fluorborate, nagnesium perchlorate
and zinc fluosilicate: inorganic aci dsABand Ipart i al esters as phosphoric :

i ncl ude boron §

acid and partial pp_, RESIN FORMULATIONS, VARNISHES; PREPREGS AND
" LAMINATES PROPERTIES
4
5 Example 2 3 5* 5
' | il
TREATER'SETTING
Oven temp.zones _
172 (°C) 148/183 | 150/190| 150/171| 154/182| 150/170 i
10 |Winding speed . - ' 1
m/min) - 1.5 3 0.85 2 2.6 i
VARNISH §
PROPERTIES i
Gel time 170°C (sec) 172 140 161 161 171
Viscosity (Ford Cup 28 27 40 40 44
No 4, sec) -

15 15
PREPREG
PROPERTIES
% Resin content 40.7 39 46.5 44 37.5
% Volatiles 0.2 0.2 |, 0.2 0.2 0.2
Rest gel time, 66 54 - 65 140
170°C (sec) .

20 |% Flow 11.2 13.8 6.6 18 25.7 120
Appearance good | excell. | good | good | good :
LAMINATE
PROPERTIES
Tg (°C) 143 142 148 152 127 i
g emical ( 0.6 0.2 0.4 0.3 -0.5 i

esistance (% NMP | . :

25 | ickeap) - : 25
Blister Resistance 60 60 - - 60
(PCT MIN) '

Copper Peel 18 18 17 18 21
Strength (N/cm)
* Not an example of the invention
30 30

Laminates prepared from varnishes of Examples

7-11 are tested for properties as described

’771??‘177/1»1////:/:/?17““




esters as phosphorl c aci d and partial esters thereof including n-butyl
or.t hg 1t hi ophosphate, diethyl orthophosphate and hexaethyltetraphosphate.
Anot ger type curing agent to be enpl oy€fB+ ncl udes pol yan des containing
actie ami no and/or carboxyl groups, and preferably those containing a
pl: urql ity of am no hydrogen atoms. Exanples of polybasic material used in
maki lgig t hese pol yam des include, anobng others, 1,10-decanedioic acid,

1, 124dedecanedi enedi oiTheaqinepriegs-ehtained ofxatt ovaratshes Examples 7

1, 144t et r adecapgdi @i récgges§e38 3Iq@ecamedww‘Adaigbfmﬁhciﬂﬁﬁn@ed and

tr| rlzedfatté aci g descri be dve. 'Am ngs used In maklngthe
pol yani des i nBF&8# aEelbrht y The prepress cobtained| ErpmpExenples) Jani nes

as ethyl ene dandi e, adeeﬁb&hsaa atl 210°€ £6Fi 2tindc3emifLL anTRe,
tetr 'et hyI ene_pent am ne di am nQ- but ane, di amj,nobut ane,
hexa encPtFSFHFE ﬁﬁdtge(RF??SpFSp?P&n?FO%Br CHi RENEEEPOYSa |y
pr ef rre polpressiesyele.t hose derived fromthe aliphatic pol yam des
cont ﬁl ning no nore than 12 carbon atons and polyneric fatty acids obtained
by dr“rrerl zing and/or trimerizing ettTABERITEL |y unsaturated fatty acids
cont al ning up to 25 cm-blanREsmEFORMBMTmONSerVARNISHES,
. PREPREG AND LAMINATES PROPERTIES

10 - Example 7 8. 11*

VARNISH
PROPERTIES .
Gel time170°C (sec) 147 119 300
Viscosity (Ford Cup 29 20 21
No 4, sec)

15 PREPREG
PROPERTIES : . ‘
% Resin content 43 41 40
% Volatiles 0.17 0.26 -
Rest gel time, -i 60 104 139
170°C (sec) .
20 % Flow 14.3 21.6 11.8
Appearance good good good

LAMINATE
PROPERTIES
(obtained from 30
min at 165°C)

Tﬁ (deg Q) 142 142 122
Chemical 0.2 0.2 3.3
resistance (% NMP :
pick-up) . - '

Blister resistance 30 30 30
(PCT MIN)
Copper peel 17.2 17 20
strength (N/cm)

30 ~ % Not an example of the invention

25

Laminates are prepared from Examplés 9,10. The
I. properties of the varnishes, prepreg and laminates are
compiled in Table III A. ‘

wamee e u||\|u\|||\nu| mﬁ““’




pol yam des preferably have a viscosity between 10 and 750 poises at
40[err]C, and preferably 20 to 250 poises at

- 31- 40[err] C. Preferred pol yam des algg-have am ne val ues of 50 to 450.
Still another group of curing agents are those based on nel am ne reaction
pr-oducts containi ng nethylol substituents. Preferred curing

agents are the aromatic hydroxyl containing conpounds described herein,

. . TABLE III A
FR—-4 RESIN FORMULATIONS FOR CONTINUOUS
PRESSING TECHNOLOGY - CURED RESINS, PREPREGS
- AND LAMINATES PROPERTIES

2 Example 9 10
VARNISH PROPERTIES
Gel time170°C (sec) 91 106
Viscosity (Ford Cup No 4, sec) 28 19
' PREPREG PROPERTIES _
0 % Resin content - 40.7 42
% Volatiles 0.1 0.1-
% Flow 4.5 3.5
Appearance good good
LAMINATE PROPERTIES
(obtained from 2 and 3 min
15 at 210°C)
Tg (deg Cl/)** :
2 min 145/145 136/136
3 min 146/147 136/135
i |Chemical resistance (% NMP
pick-up) :
2 min 0.1 0.5
20 3 min 0.05 0.5
Copper peel strength (N/cm) 17 18
** The Tg is determined twice for the same
sample and both values are reported. The
second determlnatlon is made after the '
25 sample is cooled from the previous test.
The glass transition temperature and solvent
resistance of laminates from varnishes of Example 7 and 1%
30 are measured. Results compiled in Table IV.
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anhydrldes of pol

alip

pol y
ketl

atic pol yam

nes

zno di phenyl
-tri

pi per azi ne),

ybasi ¢ aci ds,

nes,

sul f.one,

pol ygl ycol di am nes_
xypropylenetrlan1nes am doam nes,

arallphatlc pol yam nes (i.e

i sphor onedi am ne or di am nocycl ohexane) nent hane di am ne,

-4, 4- di am no-di cycl ohexyl et hane,

aromati c pol yam nes,
manni ch basegaghgnaifkam ne and N, N N

(( 6- am nohexyl ) ne¢EASS ETRANSTTROR' EEMPERATEREYANPTSAEVENTCYandi am de,

pol yam nes and am des.
agen%s i ncl ude the preferred aromatic hydroxyl

xnyIenedlan1ne)

More preferred curing
conpounds descri bed herein,

gglyoxypropylene di am nes,
|n1dazollnes

reactive polyan1des

het er ocycl i ¢ am nes
(et hyl ene di aniline),

cycl oal i phatic

and ijts derivativeRESTSTANCE WEASUREDUFROMNEARINAYES hpFe ERANPRES! i ne.
2 in this invention are7tANBeltatal ysts which catalyze the

Catak;sts usefu

reaci§ on of a pol yepoxi de with a curlnq agent

the @ esencB of t

and which remain- latent in

|sdseimelp

erein
rat ures.

t effperat ur gs. ten
t hat % he catal yst f@ dact 3: th f/\emép
Prefdyably the caLa?ysr—rsﬂﬁﬂwnn-zm-TtmpE
1 7 Tg{°0 125 142 145 146
g % NMP pick-up 0.3 0.16 0.16 0.15
% :
k 10 11+ Tg(°C)’ 107 122 123 124
. 96NMPpmbup 4.4 33 2.5 24
i * Not an example of the invention

15
N-methyl pyrrolidone (NMP).

20

25
t .
and ﬁ

30"
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The top number is the glass transition temperature.

The

bottom number is the percent weight gain when exposed to
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and nore preferably at 160C or bel ow. Latency is denonstrated by
si_gnificantly higher stroke cure tines

-32-

contai ning the inhibitor.
cont ai ni ng an ne,
arsoni um or sul foni um noi eti es.

10

15

20

25

30

phosphi ne,

COMPARISON OF TREATER PARAMETERS AND

when the inhibitor is present as.qganpared to conpositions not
Exanpl es of preferred catal ysts are conpounds

het erocyclic nitrogen, amoni um phosphoni um

More preferred catalysts are the _
het erocyclic nitrogen and am ne contai ni ng conpounds and even nore
preferred conpounds are heterocylic nitrogen containing conpounds.

- TABLE V

PREPREG

PROPERTIES FOR EXAMPLES 7,8 AND 5

Examples

7

8

5*

VARNISH GEL TIME
(1702C, sec)

147

119

171

OVEN TEMP.
(recorded)

Zone 1 (deg Q)
Zone 2{(deg C)

150
170

145
165

150
170

GAP (mm)

0.6 0.6

0.75 . 0.65

WINDING SPEED
(m/min)

2.5 2.8

2.3 2.6

PREPREG PROP.
Resin content (%)

39.8 421

412 430

395 375

Rest gel time at
170°C (sec)

102 126

104 108

116 140

Flow (%)

6.7

183

21.6 23

176  25.7

Appearance

good good

good good

good good

* Not an Example of the lnvention.

Films, prepregs and laminates prepared from
varnishes of Examples 1 to 11 demonstrate that resin
compositions of the invention prepare cured and
partially cured products having significantly higher
glass transition temperatures than resin compositions
not within the scope of the invention.

Example 12

An isocyanate modified epoxy resin is prepared

‘by the process described below from the following

components; 400 parts of a polyglycidyl ether of 2,2-
-bis(4-hydroxy-phenyl) propane (bisphenol A) having an
epoxide equivalent weight of about 1803 260 parts of

38,2TU4A~F

~76-
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Annng preferabl e catalysts are those represented by the follow ng formul as
12. o 13 Formula 12 Formula 13 [err]

wherdi n each of Rlerr], Rerr], Rerr] <@fa Rlerr] is independently a

hydr gcar byl group having from1l to 18, preferably from1l to 9, carbon
atonE or a hydrocarbyl group having from1l to 18, preferably fromlto 9

carb at ons I C roup al so cont gi ns ,one_ or nnre oxygen Ifur hal ogen,
or nu rogen angﬂﬂnﬁg atqd BP°§McﬁeRP8rWFt ORI ReRCant] & r] gr oups

can c§prrb| ne t cpdtent peépapedcErom ithe d98lycidyd @rmer of 2,2-bis(4~
~hydroxy-3,5 dibromo—phenyl) propane
(tetrabromobisphenol A) and 2 2-b1s(4—hydroxy-3 5-
-dibromo—phenyl) propane (tetrabromobisphenol A); 0.6
parts 2-phenyl imidazole dissolved in an equal amount of
methanol; 90 parts methylene diphenyl diisocyanate
(availabie from The Dow Chemical Company under the
trademark Voranate* M 220) and 250 parts of
10 methylethylketone. The resin is prepared by the
following procedure.

T B o7 < i
W )

LRt

L AEn. e I,

The liquid epoxy resin and brominated epoxy

2
*
&
¥

resin are charged to a reactor. The mixture is stirred
15 and heated under a nitrogen atmosphere to about 90°C.

The catalyst of 2-phenyl imidazole is added to the

mixture once it reaches 90°C. The mixture is heated to

150°C. Methylenediphenyl diisocyanate is added over a

period of 30 to 45 minutes. The reaction temperature is
20 maintained between 155 and 175°C during the addition.
The mixture is heated on addition 30 minutes. A portion
1s removed and titrated to determine the epoxy content.
It is determined to be 12 percent. The mixture is
-cooled to 130°C and methylethylketone is added.

25
-133.33 parts of the isocyanate modified epoxy
resin solution is blended with 2.5 parts of a boric acid
in methanol solution (20 percent) (0.5 phr boric acid);
42.66 parts of dicyandiamide (7.5 percent) in wmonomethyl

30 ether of propylene glycol (69.9 percent) and

ad dimethylformamide (22.6 percent) solution, (3.2‘phr);
and a 1.1 parts of 50 percent 2-methyl imidazole in

il methanol (0.55 phr), at room temperature for 30 minutes.

an
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or- nore atons ot her than carbon atons;

acid of a relatively strong nucleophilic acid; Z is phosphorus,

sul fur or arsenic; f to fhe val ence of the anion X and d :.

has a val ue equal

each X is the anion portion of an
ni trogen,

has a val ue of .zero or 1 depending on t e/ 8ral ence of - Z.

- 33-

catal ysts incl ude,

Particul arly suitable onium or am ne conpounds useful
phosphoni um acet at e,

for exanple,

et hyl tri phenyl

ethyltriphenyl BARSRPENI Y. Not an Example of the invention

10

15

20

25

30

133.33 parts of the isocyanate modified epoxy
-resin prepared as in Example 12 are blended with, 42.66.
parts of a dicyandiamide (7.5 percent) in monoethylether
of propylene glycol (69.9 percent) and dimethylformamide
(22.6 percent) solution and 0.18 parts of 50 percent

2-methyl imidazole in methanol (0.09 phr) at room

temperature for 30 minutes

Prepregs and” laminates are prepared u‘sing the
varnishes of Examples 12 and 13. The properties of the
varnishes, prepregs, and laminates are determined by the

processes described above. The results are compiled in

both values are reported.

-78-

Table VI.
Table VI
| i| Example12 | Example 13*
VARNISH PROPERTIES |
Gel time (170°C) sec 191 253
Viscosity (Ford cup No.4, sec) - 28 30
Treating parameter. 154/174 150/178
Oven temp. (Zone 1/2, C°)
Winding speed (m/min) 2.1 1.8
PREPREG PROPERTIES
Resin Content (%) 44 43
Gel Time (170°C, sec) 70 115
Flow (%) 16.5
LAMINATE PROPERTIES
(45 min at 175°C)
Tg (°CiM)** 179/182 155/165
NMP pick-up (%) 0.11 0.18
* Not an example of the invention

%% The Tg is determined twice for the same sample and
: The second determination 18
made after the sample is cooled from the previous test.
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oL

acetate.acetic acid ‘conpl ex, tetrabutyl phosphonium acet ate, tetrabutyl
phpsqhonl um acet ate. acetic acid conplex, ethyltriphenyl phosphonium
chl:-orli de, ethyl triphenyl phosphonium i od-{ le, tetrabutyl phosphonium

chl or| de, tetrabutyl phosphoni um i odide et rabut yl phosphoni um hydr oxi de,
t et r @ut yl ammoni um hydr oxi de, tetraethyl ammoni um hydr oxi de,

t et r gret hyl anmoni um hydr oxi de, N-net hyl nor phol i ne, 2-methyli m dazol e,

triethylamine, NN N, |VExaﬁﬁié§”F2h¥h&tb3|@H@G' #HhfClaminates prepared
ethy@trl(Z-hydrE eth | )- anmqni um hydr oxJ de,
et hyljtri (2- et hokxy h?PP&NnﬁﬁﬁkﬂIﬁRﬂRﬂﬁkﬁ$°ns of this ‘invention - -
trlethyl(z thlOaéﬁdhgthitbaﬁﬁvﬁe#“ébéyénﬁ#&hs1t1on temperatures than
&\ methh hyl - N—netmﬁaenenethananbﬁlun1acetate Qi
_ et Byl enenet harBAF i BRF¥ELRLR the jscaps @ cﬁiﬂ é‘)@aws' The gel time
':Flr’ét h_ | I\I—rreré hﬁl eaénskhmpamdmmms:mﬁaﬂa.— thawt fié -dk1 time of Example 12,
eet iyl enerfet ha ium i odi_de y ni um acef at e,
: ;-ylpyrldlnpgﬁigcet e A& %%?é?i?ﬁ%i;ﬁﬁ t%%lb§r9d9%|5h¥ and
chl orli de, N-net hyheycadadysm ilediale,ofl - Btéh}ﬂk& o) ohgreo hss i phgazol i um .

acet dte, 1-ethyExsmpgle- BhneohyB-i m dazoli um acetate. acetic aci d conpl ex,
1-ethHyl -2, 3-di net hyl i m dazol i um chloride, 1-ethyl-2,3-

et e VARSI 0. e
chlori de, 10 of a brominated epoxy re31n aving a bromlne content of
1e : 20 percent and an epoxy equivalent weight of 418,
‘he % prepared from the diglycidyl ether of bisphenol A and
: tetrabromobisphenol A dissolved in methylethylketone (80
percent solids); 40 parts of a solution of dicyandiamide
15 (7.5 percent) in monomethyl ether of propylenme glycol
(69.9 percent) and dimethylformamide (22.6 percent), (3
phr); a catalyst and in Examples 15, 17 and 19 boric |
acid. The relative amounts of catalyst and boric acid
are compiled in Table VIII. The gel time and glass
transition temperature are measured of films cured at
170°C for 30, and 60 minutes prepared from the
varnishes. The results are compiled in Table VII.

0
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N: net hyl qui nol i nium i odide, N-nmethyl-1,3,5-triazinium acetate,
N-net hyl -1, 3,5-triazinium acetate. acetic acid conpl ex,

N-net hyl -1, 3,5-triazi nium chl ori de, N—netaél -1,3,5-triaziniumiodi de and
any conbi nation. t hereof. The am

enpl oyed herein include, for exanple, primary,

- 34- secondary, tertiary, aliphatic, cycloaliphatic, aromatic or

het erocycl i c am nes.
be enployed herein include, those containing suitably from

Table VII
. Glass
| Boric Varnish | rransition
- Oc
5 E;?em: Catalyst phr | “acid
phr l1s0l160]170] 54 €0
. .oc °c oC h .
min | min
14* | Ethyltriphenyl | 0.2 0 - |- {3071 -~ 131
phosphonium
10 acetate.Acetic
acid complex X
15 |Ethyltriphenyi ] 1.0 [ 0.524 | - | -- [391] -- | 140
phosphonium
acetate.Acetic
acid complex
15 16* |butyl 02| o0 |366]299]240{ 130 138
: : dimethyl
amine
f il 17 |butyl 1.0 1 0.524 | - 13471245} 136 | 143
dimethyl
amine
20 ——
18* |Diisobutyl 0.2 -- -~ ] - 510} -- --
- |amine
19 |Diisobutyl AR EREE
| “famine ' 780
* Not an example of the invention
25 '

Examples 20-40

Varnishes are prepared from three different
. resins using varying amounts of curing agent,

30 dicyandiamide; inhibitor, boric acid; and catalyst,
2-methyl imidazole. Resin A is brominated epoxy resin
-having a bromine content of 20 percent and an epoxy
equivalent weight of 418, prepared from the diglycidyl
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v

1 to 60, nore suitably from2 to 27, nost suitably from 2 to 18, carbon
atons. Particularly preferable am nes include, for exanple, ethylam ne,

di ethyl ami ne, triethylam ne, n-propyl arBde, di-n-propyl am ne,
tri-n-propyl anm ne, isopropylam ne, diisopropylamne, triisopropylam ne,

but yl.am ne, dibutylam ne, tributylam ne and nethyl di butyl am ne,-

conbi pati ons thereof. . . Anong preferred tertiary am nes _that nmay be
used as cat al yRthexr of Hobsphemol 4rand| yatrabsonebisphenobpéndissiod ved

cycli® structurig Wy ggﬁékgﬁéfggetbgoa?gp@é@ydgggf@speplaced by suitable

substituents, such as on radicals, and preferably aliphatic,
cycloaliphatic or aromatic.radicals. Exanples of these ,am nes include,
anong:-ot hers, nethyl diResaRoP afi REomipatedyeRAKNerefinyFLF@ ne,

di methyl benzylbauite tdonthety | ¥ e, péFe&E| b am @poRe. equivdleatand

qui noki ne. Prefer.r arg are the trial kyl.,, tricycloalkyl _and tgiaryl
ani nes, such a?elll&i&tﬁrﬁ gﬁ:sné’,rqf??ﬁén{ﬁ%% JJ.g]chu?y ether of
tri(23-di net hplicphenod\A ard net e trdbidigolsd dphertb ol kadwl ami nes, such as
met hyli di et hangl . am.nes d.the tgd al kanol am nes. such as triethanol am ne.
Veak tertiary BRRECEhFKecaie A0 hertent Rolads: -
_ Resin C is a brominated epoxy resin having a
10 bromine content of 20 percent and an epoxy equivalent
weight of 430, prepared from the diglycidyl ether of

bisphenol A and tetrabromobisphenol A dissolved in
methylethylketone (80 percent solids content).

15 The resin solutions are blended with
dicyandiamide (7.5 percent) in monomethyl ether of
propylene glycol (69.9 percent) and dimethylformamide
(22.6 percent); boric acid in methanol (20 percent boric
acid); and 2-methyl imidazole in methanol (10 percent
2-methyl imidazole); at ambient temperature with
agitation for about 30 minutes. The gel time of each
varnish is determined at 150°C, 160°C and 170°C. A film
is prepared from each resin, which is cured for 30
25 minutgs at 170°C, the films from Examples 33 to 38 are
cured for 60 minutes. The glass transition temperature
of the films are determined. The results are compiled
in Table VIII.

20

LA RN R Y AT B R AT TR
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solutions give a pHless than 10, are particularly preferred.

- 35- Especially preferred tertiary am ne accelerators are
benzyl di met hyl am ne and tris- dinethyl am_genet hyl phenol .

Preferabl e are the adducts of any aliphatic, cycloaliphatic, aromatic or

het erocyclic secondary am ne conmpounds and an epoxy resin having an average g

of nore than one vicinal epoxide group per nolecule, such as,

- - . Table VIII
Eiam | g [Sarng | 8086 | catayst | 2 T
ple phr 150 | 160§ 170 | °C
5 | phr phr - °C oc |cl
20 | A 3 033 | 02 | 1086 |484|303] 134 |
21 | A 3 033 | 03 | 532 |340]212] 148 ;
2 | A 3 033 | 04 | 353 |232]152] 148 f
10| 23 | A 3 | 033 | 05 | 250 |163|100] 153
24 [ A | 27 | 0437 | 03 | 662 [454|278| 137
25 | A | 27 | 0437 | 04 | 445 |319|203] 149 _
26 | A | 27 | 0437 | 05 | 288 |230|141| 146 i
51 27 ] A | 27 [ 0437 | 06 | 221 |170] 91 | 153 ;
28 [.A | 27 | 0524 | 03 | 751 | 508339 | 147
29 | A | 27 | 0524 | 04 | 528 |390|256] 147 :
30 | A | 27 | 0524 | 05 | 386 |274)|16a] 148
ol 31 | A |27 [ 0524 | 06 | 283 [200]132] 158 §‘
32 [ B | 27 | 065 | 06 | 319 | - |158|153**
33 |. 8 2.7 075 | 065 | 292 | - | 156 [157**
34 | B | 27 | 07 | 065 | 286 | = | 142|149 g
35 [ ¢ [ 27 [ o065 | 06 | 347 | — |165]|156**
136 | ¢ | 27 | 075 | 065 | 313 | - | 155 [157° i
37 | C | 27 07 | 065 | 293 | - | 148 |152*
38 | Cc | 27 0.8 0.8 | 205 | 162|100 154
39 | C 025 | 03 | 342 |234|165| 147
301 40 C 0.25 04 | 233 |163] 98 | 144

** 60 min resident time at 170°C
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gxanpl e, an adduct of 2-nethylinmi dazole and the diglycidyl ether of
henol A. These adducts can easily be prepared by reacting the secondary
b conpound with the epoxy resin at agFanerature of from25[err]Cto
er]C, preferably from60[err]C to 125[err]C, nore preferably from =
Er]C to 100[err]C. The secondary ani ne conpound and the epoxy resin are

enpl Pyed in anounts which provide a ratio of noles of secondary am ne
conpund per eBxansiedriup of from1:1 to 5:1, preferably from1:1 to 3:1,
nmoregpreferably from.: 0 1.5:1. The adducts can be prepared in the

$nce of any suitablg solveni such as, fo xanpl e, alcohqls, ethers,
| ethers and keto Syarnlsh °°mEf&ﬁﬁP§siag RéF@PoE&bFﬁﬁHﬂtﬂm@en

hunds usefGW.BérgardsudﬁMkadimysndé@nid@eﬁ7{ﬂ ﬁbﬁcéﬂ¥mgina|ioged
at e@t applicaty Lkl gd "l.aten rabl e al yze ures o oxy
gbntlining andﬁﬁﬁgﬁ%k%gaHﬁﬁﬁ%ﬁﬂé%xé%é@f#?&?g%%ﬂﬂ%ﬁd€6&ggrP%fcﬂﬁté7g§é4,250
§ Novebber digethgdformamide (Zﬁfﬁeyetnenﬁﬁﬁeﬂc&ypéftss%ﬁohdﬁfy agd
gary am ne ' - i, i oLl j ep€ 0
ner cfn | nol ude2od 120, BEREEY T ditiABIY ke ' £ 4R "Gt Prallfiy)
: imidazole (50 percent) in methanol is prepared, as
described in Example 1. The Gel time of the varnish is
measured at 150 and 170°C periodically over a eleven day

10 period. The results are compiled in Table IX.

Table IX
Varnish Storage Stability at Room Temperature

15 No. of Days 0 3 4 5 11

Gel Time at 386 381 - 387 386
150°C (sec)

Gel Time at 164 173 171 173 | 172
170°C (sec)

20

Example 41 shows a composition of this
invention is stable for 1l days.

Examples 42 to 48

25

Varnishes are prepared by blending a 125.part§W%'h‘
of a brominated epoxy resin having a bromine content of
20 percent and an epoxy equivalent weight of 418,
prepared from the diglycidyl ether of bisphenol A and
tetrabromobisphenol A, dissolved in methylethylketone
(80 percent solids); 40 parts of a solution of
dicyandiamide (7.5 percent) in monomethyl ether of
propylene glycol (69.9 percent) and dimethylformamide
(22.6 percent), (3 phr); a catalyst (pyridine or
triphenyl phosphine) and in Examples 44 and 47 an

8
4
:
£

30

5
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i.m dazol i di nes, imdazolines, oxazoles, pyrroles, thiazoles, pyridines,
pyrazi nes, norpholines, pyridazines, pyrimdines, pyrrolidines, pyrazoles,
- 36- qui noxal i nes, quinazolines, phthgQzines, quinolines, purines,:-

i ndazol es,_indol es, indol azines, phenazines, phenarsazines, phenothiazines§
pyrrolines, indolines, piperidines, piperazines and conbi nations thereof. ¥
Anong a nore preferred class of heterocyclic nitrogen containing conpounds §

useful as catajiyRipifbe bROBErReSaRId.NJ The gl e dey ldasudetl (1Tha
relative amounts of catalyst and boric acid and results
.are compiled in Table X.

Table X
5 . - . o i
E_xa.mple - Catalyst phr Boric Acid phr ﬁ;{,fg‘(‘feg;
42* | Pyridine 0.2 - - 361
43* Pyridine 04 - 308
10] 44 Pyridine 14 1 319
45* Pyridine 1.5 - 223
46* Triphenyl 0.2 - 395
phosphine
47 Triphenyl 1.5 1 354
15 phosphine _ .
48* Triphenyl 1.5 - 202
phosphine .

AT RN b

¥ Not an example of the invention

20 Examples 49 to 90

Varnishes with different levels of catalyst,
curing agent, and inhibitor are prepared by the
following procedure. The stroke cure rate, gel time,

25 and the glass transition temperature are determined. é
The amounts of components, gel times and glass :
transition temperatutes are compiled in Table XI.

mrn s A ARG WIS S

A 20 percent solution of boric acid in methanol
30 'is added to a brominated epoxy resin prepared by
advancing the diglycidyl ether of bisphenol A with
"tetrabrqmobi.sphenol A to 4.7 to 5.0 percent epoxide, |
then back blending with diglycidyl ether of bisphenol A
to a 9.8 to 10.1 percent epoxide, the final product is

- * j. ’
‘diluted to 80 percent solids in acetone. The mixture 1S

This Sheet Has Been Replaced

e S (MM

2!

3(



: : 6J
substituted C=N-C group and (2) a secondary amino group, including the
i m dazol es, such as the substituted im dazol es and benzi m dazol es accordi ng
to farnmulas 14 and 15: 14 -85~ 15 [err]
[err].

stirred till homogeneous, then allowed to stand for
different time intervals at ambient temperature. To

1e

S R -

this solution is added a 10 percent solution of
dicyandiamide (10 percent by weight dicyandiamide in a
50/50 mixture of dimethyl formamide and monomethyl ether
of propylene glycol stirred till homogeneous), then a 40

CIAT

percent solution of 2-methyl imidazole in methanol is
added and stirred till homogeneous. This solution is

FRRLRNT - '-"L‘.!Lr.,m“-'.!!h ey
U

~ then allowed to stand at ambient temperature 2 hours
10 before gel times or cured products are made.

Gel time is determined via a stroke-cure
procedure at 175°C. Glass transition temperatures were
. determined via differential scanning caloriﬁetry (psc)
g 15 4t a heating rate of 10°C per minute, using the mid-
point of the transition.

20

25

30
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respect.ively, wherein R err] is independently in each occurrence sel ected
from hydrogen atons, hal ogen atons, or an organic radical, such as a

hydr ocar bon radi cal or a substltuted hydrﬁ%arbon radi cal, for exanple, the
ester, ether, am de, imde, am no, haloge or nercapto substituted

hyer ocarbon radicals. Alternatively two adjacent R err] can conbine to fprn1§

a 5- or 6-nenbered ring. Especially preferred i m dazoles are those wherein

- 37- Rlerr] is hydrogen or hydrocarbon radical and preferably an
Table XI

exam | Boricaaid | Z0ESHL | IR [Gel Time | 14 oy | Sfand

5 | (phr) (phr) | (hrs)
49 0.4 035 | 25 | 246* 146 24

50 " 0.4 0.35 3 246* 145 24

51.. 0.4 075 3 87.5*% 135 24

10l 52 04 | 075 2.5 86.5* 140 24
53 0.8 0.75 25 186* | 143 | 24

54 0.8 0.75 3 181.5 142 24

55 0.8 0.35 3 288 148 24

5 56 0.8 035 | 25 349.5 154 24
57 0.6 0.55 275 |:189.5 149 24

58 0.6 0.55 275 | 197 148 24

59 06 | o055 | 275 190 140 | o

60 0.6 0.55 2.75 214 | 144 | 15

201 61 0.6 0.55 2.75 232 149 24
62 0.6 . 0.55 2.75 232 150 12

63 1.01 0.55 275 | 278 156 1.5

64 1.51 0.55 2.75 270 158 1.5

25| 65 1.01 055 | 275 270 157 24
66 1.51 055 | 275 268 161 24

67 1.01 0.55 275 273 154 12

68 1.51 0.55 2.75 270 — 1 12
30| 69 | 1.01 0.35 25 | - 157 15
70 1.51 0.35 25 | - | 162 15
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al kyl ; al kenyl, cycloal kyl, cycloal kenyl, aryl, alkaryl or aryl al kyl

radi cal s, and partlcularly t hose contalnéfg no nore than 15 carbon atons.

A nore detail ed description-of -the che ry of the im dazol es and
benzi m dazol es including their properties and structural fornulas is found
in the book by Klaus Hof mann entitled "I m dazole and Its Derivates™ -

publ i.shed by Interscience Publishers, Inc., New York (1953). Exanples of

i m dazol es include, anong others, imdazole, benzinidazole and substituted

exanpl es of preferable substit gl . 2-methyl imdazol e;
2- et hyl i m dazgl 2-propylim dazgﬁé rsslda(uzﬁcgq '%Cdz’; 2-pentyl i mdazol e,

o b s i Tood ;;Lf:ec Stang
2- phényl - 4- ddphre, | ¢ g ("0 81'?3
1-et hyl - 2-3ref hyl bepzi m dazol p t hyl -
% ZLP%LBFL?S Snlp “;?LD§ -fh dg§§ - : Z h’PithazoIe,
2- phenyl - 4, 5} di7@et hy! Digri dagol 8.552- p enxl754- tmdsr = 153 1
-hydroxyneth oy Lu.c, H-or-orethy e erE-a—e
2-hydr oxybenkbi Adabol e0-6- et hyl 085wt byl 21781 dd201189 146 2
ol 74 0.6 055 | 275 201 149 3
75 0.6 055 | 275 202 6
76 0.2 - 0.175 | 2 353 140 2
77 | o2 0175 . | 25 349 147 | 12-16
e L 0.2 035 | 25 140 | 138 | 12-16
79 02 | 035 | 2 162 142 | 12-16
80 04 0.35 2 | 298 151 [ 12:16
! 81 0.4 0.35 25 | 260 | 149 | 1216
¢ 82 0.4 0.175 | 25 451 150 | 12-16
§ 201 g3 0.4 0.175 2 571 140 [ 12-16
| 84 0.3 0.2625 | 2.25 290 — | 12-16
85 0.3 0.2625 | 2.25 284 | 149 | 12416 |
86 0.8 0.175 2 583 | 148 | 12-16
25| 87 | 08 0.175 2.5 485 149 | 12-16
88 0.8 0.35 2.5 360 153 | 12-16
89 08 | 035 2 433 153 | 12-16
90 1.4 0.263 2.25 232 154 | 12-16
30l 91 | 14 0.263 225 | 230 155 | 12-16

* Stroke time for Examples 48-58 are the average of
two samples
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2- cyc]ohexyl

2- but oxy- 4-al | yl
4- hexyl
i m dazol e;

2-octyl -

- et hyl am no)

2.5-chl or o- 4- et hyl
are the al kyl
phenyl

- 38-

10

15

20

25

30

4- et hyl

-substituted i m dazol es;
substi t

' based on the three components.

I m dazol e;
4- met hyl -i m dazol e;

I m dazol es; 4-butyl-5-ethyl
2- car boet hyoxybut yl ,
i m dazol e; 2-nethy|-5-et€él i m dazol e; 2-ethyl-4-(2-
2- met hyl - 4- mer cap¥Bet hyl 1 m dazol e;

and m xtures thereof.
2, 5-chl oro-:4-ethyl

i m dazol e;

i m dazol e;
i m dazol e; and

xeaqnl sdaQZé)I_ 10£‘nd m Xtures thereof. Even nore

The following components are employed in the
Examples 92-102.

Solution A

» One mole of 2-methylimidazole is mixed with
1.03 moles of aqueous fluoroboric acid in the presence
of a sufficient quantity of methanol such that the
weight of 2-methylimidazole and- solid fluoroboric acid
is 40 to 50 percent by weight of the total mixture.

Solution B

One mole of 2-methylimidezole is mixed with
1.03 moles of boric acid in the presence of an amount of
water approximately equal to the weight of the boric
acid and a sufficient amount of methanol such that the
weight of 2-methylimidazole and boric acid is 40 to 50
percent by weight of the total mixture.

Catalyst Preparation

The catalysts used in the following Examples
use either Solution A or B, or blends thereof.
Alternately, the catalysts are prepared by adding,
either a mixture or separately, fluoboric acid and boric
acid to 2-methylimidazole and diluting the resulting
mixture with methanol to 40 percent to 50 percent solids
It is generally
preferable to digest the resulting mixtures for 16 to 24

“hours at 50°C to 60°C before use.
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S ad
preferred are 2-nethyl imdazole; 2-ethyl-4-nethyl imdazole;
1,2- di met hyl i m dazol e; and 2-phenyl imidazole. Especially preferred is
2- met hyl i m dazole. . Pyrazol e ceggpounds which can be enpl oyed
herein include those which catalyze the curing of a pol yepoxide and are
wel I't known to those skilled in the art. Preferred pyrazol e conmpounds
|nclude pyrazol e, 1-methyl pyrazole, 3-nethylpyrazole, 4-butyl pyrazole,
1- met hyl - 3- pr oRATALYSTolAe-1 SobuhjbnSAgethispyabadyst is used

1- (3¢ hydr oxypropyl ) pyrazol e; mm nzyl pyrazol e,
1- phenyl - 3- net hyl pyrazol e, csgsggéég FEQL gfggopyrazole— and

4- br.ono- 1- net hyl - §razole. . +Oxazol e congounds whi ch can be

6N¢H$yed hereiE_ZAEJﬂ&kaJﬁﬁkﬂtéaﬂaﬁyzbheﬁr¢ﬂ§ ysh bél?éﬁﬁﬁﬂdénaﬁ@-are

wel I known to those skill edorréhtﬂﬁ gbtc t%,ef &;111,@( ds |ncI ude
o] 4- buty '

ovabIe éinethyloxazole 2- met hy xazole oxazo e - et
-prdpylox oIeE Eil-4 nethyloxazole - hydr oxypro I)oxazole
4- phenyl oxazol A% ﬁ& L ED“ZBphghyF %ﬁﬁ%%ﬁ??okﬁzﬁ?ga

2- cyenooxazol e, 4-chl or ooxaﬁmﬁ@dlgﬂdlyl o pEP-wixEAPYy| oxazol e.

CATALYST 1-A Solution B, this catalyst is stored in an
10 oven at 60°C for 24-hours before using.

CATALYST 2 A quantity of Solution A sufficient to give
0.2 moles of 2-methylimidazole is mixed
with a quantity of Solution B sufficient to
15 give 0.1 moles of 2-methylimidazole. This
e | catalyst is used immediately after mixing.

CATALYST 2-A A quantity of Solution A sufficient to give
' 0.2 moles of 2-methylimidazole is mixed

20 with a quantity of Solution B sufficient to
give 0.1 moles of 2-methylimidazole. This
combined solution is then stored in an oven
at 60°C for 24-hours before using.

1 RO D A P NP PG IR A L e 2

o5 CATALYST 3 A quantity of Solution A sufficient to give
' 0.2 moles of 2-methylimidazole is mixed

¢ with a quantity of Solution B sufficient to
give 0.2 moles of 2-methylimidazole. This
s catalyst is used immediately after mixing.
30 -
y CATALYST 3-A A quantity of Solution A sufficient to give

0.2 moles of 2-methylimidazole is mixed _
-with a quantity of Solution B sufficient to -
give 0.2 moles of 2-methylimidazole. This

o —" .
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| m dazol i di ne conpounds whi ch can be enpl oyed herein are those which

catal yze curing of a pol yepoxide and are well-known to those skilled in the
art. Preferabl e imdazolidine conpounds include im dazolidine,

1- et hyl i ni dazol i di ne, 2-nethylini dazol itA%re, 4-butylini dazolidi ne

1-smet hyl - 3-'propyl i mi dazol i di ne, 1-ethyl-4-nethyl- inmdazolidine,

1- (3- hydroxypropyl )i m dazol i di ne, 2-phenyli m dazoli dine,

1-b limd l'i di ne, 2-ph l,-1-nmethylimd I
4-C§2ﬁgihrhaggﬁihih2? P %%&bfh@ﬁ sgiﬁglongslgﬁen storeggln an oven
at 60°C for 24-hours before using.

CATALYST 4 A quantity of Solution A sufficient to give
0.1 moles of 2-methylimidazole is mixed
5 : with a quantity of Solution B sufficient to
give 0.1 moles of 2-methylimidazole. This
catalyst is used immediately after mixing.

CATALYST 5 A quantity of Solution A sufficient to give
10 g 0.1 moles of 2-methylimidazole is mixed
with a quantity of Solution B sufficient to
give 0.2 moles of 2-methylimidazolé. This
catalyst is used immediately after mixing.

15 Examﬁles 92 -97

Viscosity Stability

To an 80 percent solution by weight in
propylene glycol monomethylether acetate of (1) the
diglycidyl ether of bisphenbl A having an epoxide
equivalent weight of 181.5 and (2) the para, para isomer

-of bisphenol A mixed at a molar ratio of 0.98 mole of

bisphenol A per mole of epoxy, are added portions of the

25 above catalyst solutions sufficient to give a molar |
ratio of 2-methylimidazole to epoxy of 3 to 9 millimoles
per mole as shown in Table XII. The initial viscosity
measured at 25°C is recorded.

20

'30.' A portion of the samples are then stored in
an oven at 50°C. Periodically samples are removed and
“the viscosity, measured at 25°C, is recorded. The
viscosity data and percent increase in viscosity
relative to the second day is recorded in Table XII.
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4-.chl oroi m dazol i di ne, 4-brono-1- -nethylim dazolidine,

5-¢hl oroi m dazol i di ne, and 5-brono-1-nethylim dazolidine.

Thi azol e conpounds which can be enpl oyed dyerein are those which catal yze
the curing reaction and are well-known to those skilled in the art.

Pref erabl e thiazal e conpounds include thiazole, 2-nethylthiazole,
5-nmethyl t hi azol e, 4-butylthiazole, 2-nethyl-4- -propylthiazole, '

4- et hyl - 5- met hyhédhéezel ey 2- (3- hydroxypropyl ) thi azol e, 2-phenylthiazole,
2-benzyl t hi azol e, 4-phenyl -5-net hyl t hi azol e, 2-cyanot hi azol e,

5- chlorothlazole and 5;br ono- 2- nﬁthylthlazo rrole ounds
whi ch can be enpl oyed th‘& A MG L3R I t¥aof ﬁ'@st%éz% i on
and are welI-kmmnm¢tumg03heskehbedonnofhanaepox?raﬁehradppynbaue conpounds

ety 2 CoresmRdd I 008 Enefl BF, BRBHIDE, Epng cataIVBLS' Bikh an
1- (3_hydroﬁ&pr@mﬂﬁxnandﬂhnsﬁh@hehy&pydesbe;bed above, but without a

' solvent:. The bisphenol is dissolved in the epoxy by
heating to approximately 100°C to 150°C, then cooled to
approximately 60°C and the catalyst added and stirred
until homogeneous. The change in viscosity with time at
150°C is then recorded. The period before a notable
change in viscosity is observed is recorded in Table
XIII, as the induction time. The slope of the the line

w

10

obtained from plotting the log of viscosity vs time is
15 recorded in Table XIII, as the relative rate of

¥ reactivity.
§
%
1
§ 20
2
25
s
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1-benzyl pyrrol e, 2-phenyl-1-nethylpyrrole, 3-cyanopyrrole, 3-chloropyrrole,jg
and 2-brono- 1- et hyl pyrrol e. Pyri di ne conpounds whi ch can be '
enpl oyed herein are those which catalyze the curing reaction and are
wel | -knwon to those skilled in the art.~B#aferable pyri di ne conpounds
i ncl ude pyridine, 2-nethylpyridine, 3-nethylpyridine, 4-butylpyridine,
2- met hyl - 3- propyl pyri di ne, 3-ethyl -4-nethyl pyri di ne,

4- ( 3- hydr oxypropyl ) pyridi ne, 2-phenyl pyridi ne, 3-benzyl pyri di ne,

4- phenyl - 2- et hyl pyri di ne, - 40-
) - Table XII
Ex. 92]1Ex. 93
5 Catalyst - {
Type 2 3
| Amounta 3 3
. Init. Vise.
cps 1583 1558 :
. ¢
10 1 Day Visec. : t
eps 1740 1760 |
Paes 1.740 | 1.760 |
4 Incr.c 10 13 5
5 Day Visc. : : i
cps 2202 | 2143 !
1 Paes 2.202 | 2.443
> % Incr. 27 39
T Day Visc.
cps 2423 3391 !
Paes 2.423 | 3.391 :
4 Incr. 39 93 3
20 12 Day Visc. _
eps 3495 |- 7058 i
% Incr.b 101 301 H
4 milliequivalents of ;
catalyst per equivalent :
of epoxide. |
25 b rounded to the nearest
30 - . _ — e - =

38,2TUA-F
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3icyanopyri di ne, 2-chl oropyridi ne, and 3-brono-5-net hyl pyri di ne.

Pyrazi ne conpounds which can be enployed herein are those which catalyze
the curing reaction and are well-known tg3those skilled in the art.

Pref erabl e pyrazi ne conpounds i nclude pyrazi ne, 2-mnethyl pyrazine,

3-met hyl pyrazi ne, 2-butyl pyrazi ne, 2-nethyl-5-propyl pyrazine,

2- et hyl - 6- net hyl pyrazi ne, 2-(3-hydroxypropyl)pyrazi ne, 2-phenyl pyrazine,

2- benzyl pyrazi ne, 2-phenyl -3-nethyl pyrazi ne,

2- cyanopyr azi ne, . 2-chl or opyrazi ne, and 2-brono-5-net hyl pyrazi ne.

Pyrlda2|ne conpounds whi ch can be ennimyedthleln are those which catalyze

equivalent of epoxide.
b Not determined.

the curing reactig art .
il T S K v
3-ethy|-6-§m¢hylpyridaﬂbne, 4-9%hqu&géy MY hites eRatéon
92 2 3 21 68
93 3 3 19 67
94 1-4 3 'NDb NDb
10 95 2-A 3 | 17 76
. 96 5 9 8 130
97 3-A 3 15 81
98 A-1 9 85 | y2°-
15 99 1 4.5 10 84
; 100 1 9 5 240
101 2 20 68 ,_
102 3 20 | 67~ |
t‘ 20 & Milliequivalents of catalyst per

Examples 103 - 109

23 The varnishes of Examples 103-109 are prepared
by blending a 80 percent solution of a brominated epoxy
resin, prepared by the reaction of the diglycidyl ether
of bisphenol—-A with tetrabromobisphenol-A and having an

30 -epoxide equivalent weight of 445, in methyl ethyl

ketone, either a 10 percent or a 20 percent solution of
boric acid (BA) in different solvents, a 7.5 percent

" solution of dicyandiamide dissolved in l-methoxy-2-
—propanol (69.9 percent) and dimethylformamide (22.6
percent), and a 10 percent solution of 2-methyl
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pyridazine; 3-
4-.phenyl - 5- net

3- br ono- 5- net hyl pyri dazi ne.

enpl oyed her ei
wel | -known ' to
I ncl ude pyrrol
2- met hyl pyrr ol

phenyl pyri dazi ne, 4-benzyl pyri dazi ne,

hyl pyri dazi ne, 4-cyanopyri dazi ne, 4-chloropyridazine, and
Pyrrolidi ne conmpounds which can be
n are those which catalyze thg.curing reaction and are
those skilled in the art. Préferable pyrrolidine conpounds
i di ne, 1-methyl- pyrrolidine, 4-phenylpyrrolidine,

i di ne, 3-nethylpyrrolidine, 1-butylpyrrolidine,

1- et hyl - 2- pr opylimad42d 1d NE2-MF ¢t D! mét HEABYL - wuéreésdnneolunon is

2- (3- hydr oxypr

OpVEQ:ps‘/ bcilérgdencf 'with the boric acid solution for
approximately 2 hours at room temperature until a
homogeneous solution is obtained. Dicyandiamide
solution followed by 2-MI solution are then added and
mixed for approximately 2 hours prior to testing. The
gel time of each varnish is determined on the heated
surface of a hot plate controlled at 170°C and the
resulting film is cured on the hot plate for a period of

10 30 minutes. The'glass transition temperatures and gel

times are reported in Table XIV. The compositions
contain the following amounts of reactive components:
resin solution 125 parts, dicyandiamide 2.8 phr, boric
acid (BA) 0.4 phr, 2-methylimidazole 0.45 phr.

15
Table XIV !
Geltime 173°C sec | Tg Film, °C
ageing days
E;Ia:x Solvent for Boric acid geing cay 3(6"::1” Sgl;ggt
ol s | a 170°C
103 {1,2 propanediol (10 % BA) | 206 | 212 | 213 145 187
104 die)thyleneglycol (20 % 197 | 198 | 193 149 245
BA .
105 |ethyleneglycol (20 % BA) | 206 | 206 | 213 147 197
106 |N-methylpryrrolidone(10 | 195 | 197 | - 148 202
% BA)
107 |methanol (20 % BA) 11831188 | 186 150 65
108 |glycerine (20 % BA) 301 {303| -. 144 290
109 }DMSO (20 % BA) 184 ] 185 | 186 150 189 ¢
This Sheet Has Been R
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1«phenyl - 2- met hyl pyrrol i di ne, 2-cyanopyrrolidine, 2-chloropyrrolidine, and
2- brono- 1- net hyl pyrrolidi ne. Mor phol i ne conpounds whi ch can be
enpl oyed herein are those which catalyze +9®-curing reaction and are

wel | -known to those skilled in the art. Preferabl e norpholine conpounds

I ncl ude nor phol i ne, 4-nethyl norpholine, 3-nethyl norpholine, 4-butyl-

nmor phol i ne, 4-net hyl - 3- propyl nor phol i ne, 2-ethyl - 3-net hyl nor phol i ne,

4- ( 3- hydr oxypro m | 115 phenyl nor phol i ne, 4-benzyl nor phol i ne,
3- phenyl - 1- met hyl nor phol i ne, 3-cyanonor phol i ne, 3-chl oronor phol i ne, and

3'br°”D'4'”Ethy|”Drph°|i@ﬁﬁﬂiﬁfnish?gwéfWﬁg&§€¥§%gPPHngslTﬁiSQ can be

enpl oyed herein are those catalyze t reaptlon.ang are

wel | -known to t hRESePAKed| ageprdime 4o the areshad desoribed nin dixpophes

i ncl ude pyri i di 1¢2-POgEERYEPY " NUHENSL dAw@hi! PY IduffifH i

2-butyl pyrigdine, 2- rrei héﬂg propyld/i?ri m di 2@14 edt“ﬁil)}‘fH E@W%%)yllpsilrllmr'ﬁ%i ne,

2- (3- hydr ox?— prhyAGESt ehrtPRefOx psFems dnstead mdhzy| -

€ 2-methylimidazole. The composition contains the
following reactive components, resin solution 125 parts,

boric acid (BA) 0.4 phr, dicyandiamide 2.7 phr, BDMA 0.8

of ‘o phr. The results of gel time and glass transition
1 testing are compiled in Table XV.
Table XV
c Geltime 170°C sec Ta Film. C
a i fim,
15 E;laem Solvent for Boric acid geing days cugring on
2hrs | 24hrs 80 min 170°C
110 [1,2 propanediol (10% BA)| 370 | 337 | 136
1 111 gf:)*chyleneglycol (10% 337 283 139
| 20
. 1 112 ]ethyleneglycol (20 % BA) 362 320 135
113 |glycerine (20 % BA) 483 441 133
] 114 |DMSO (20 % BA) 338 289 139
=] 115 |Methanol (20 % BA) 332 275 139
25 -
Examples 116 - 128
7] o The varnishes of Examples 116-128 are prepared
3 by blending a 79.5 percent solution of a brominated
] epoxy resin, prepared by the reaction of the diglycidyl

“ether of bisphenol A with tetrabromobisphenol A and
having an epoxide equivalent weight of 446, in methyl
ethyl ketone, a 10 percent solution of boric acid in
methanol, a 7.5 percent solution of dicyandiamide
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pyri mdi ne, 4-phenyl-2-nethyl pyrimdine, 4-cyano- pyrimdine,

2-chl oropyrim di ne, and 4-brono-2-nethyl- pyrim dine. Qui noxal i ne
conpounds whi ch can be enpl oyed herein are those which catalyze the curing §
reaction and wel | -known to those skilled%m the art. Preferabl e quinoxaline
commpounds i ncl ude qui noxal i ne, 2-nethyl qui noxal i ne, 5-nethyl qui noxal i ne,
2- but yl qui noxal i ne, 2- nethyl 3- propyl qui noxal i ne, -

5 phonyl qut nox 1 TRETEE I, Bt ERAkTal ErerBpaBhin PIs S BERTERT AR i ne.
d1methylformam1de (22.6 percent), and a 10 percent
solution of 2~methy11m1dazole (2-MI) in methanol. The
resin solution is first blended with the boric acid
solution for approximately 2 hours at room temperature

2 until a homogeneous solution is obtained. Dicyandiamide
solution followed by 2-methylimidazole solution are then %
added and mixed for approximately 2 hours prior to
testing. The gel time of each varnish is determined on
the heated surface of a hot plate controlled at 170°C

and the resulting film is cured on the hot plate for a

period of 45 minutes. Subsequent analyses of the cured

film by DSC gives the Tg results reported in the table.

The gel time of the aged varnishes (24 and 48 hours) is

15 reported. The amounts of inhibitor, curing agent and

catalyst in parts-per-hundred parts of resin are
contained in Table XVI. .

10
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~42- - 2-cyanoqui noxal i ne, 2-chl oroqui noxal i ne, and

2-:br ono- 5- net hyl qui noxal i ne. Qui nazol i ne conpounds which can be

enpl oyed herein are those which catalyze the curing reaction and are

‘wel | -known to those skilled in the art. Pr&f-erabl e qui nazoline conpounds

I Acl ude qui nazol i ne, 2-nethyl qui nazol i ne, 4-nethyl qui nazoli ne,

2- but yl qui nazol i ne, 2-nethyl -4-propyl qui nazol i ne,

5- et hyl - 6- nethquU|nazoI|ne 2- (3-hydroxyp ogvt)quinazoline,
L gui nazol i | - hyl

2- phenyl qui nazol i = | ne,
4- cyanoqui nazolin @% g 4-- t hyl qui nazgl i ne. -
Pht hal azi ne conpo |ch canibe h hose which gatalyze
the curing reacti ﬁﬁ Iﬁﬁp t hosé |IIed in n@Ftart.
Pref erabl e pht hal risbRRES RAfC ntncla2|Te 1met hyl pht ha| azi ne,
6- met hyl pht hal azi pe, | 2h ] 24h 48}1
s > 116 | 0,01 | 25 [0,03]313]292]295 121
1 _ 117-} 0,01 3.5 0,03 | 246 | 227 | 241 137
118 0,01 2,510,13] 150 | 142 | 150 134
119 | 0,01 | 3,5}0,13[137{ 131134 140
10 120 | 0,11 2,5 10,13} 255 } 404 | 415 **133
121 0,11 3,5 10,03 272 | 279 | 261 138
122 | 0,11 | 2,5 ]0,13|205] 238 | 239 137
123 0,11 3,510,131 159 | 183 | 182 144
15 124 0,06 | 3 |0,08]203|214]223 138
125* 0 3 ]10,08]| 144 ] 168 | 167 138
126 0,11 7] 3 0051283315} - 134
127* 1 O 3 {005]1971197} - 138
20 128 0,06 3 {0,05§2521273} - 137

* Varnishes 125 and 127 are comparative examples
** Tg is obtained from a 90 min cured film

Examples 116-128 demonstrate that an increase in boric
25 acid concentration when catalyst and curing agent
concentrations remain stable results in increased gel
times of the composition; Further the Tg of the cured
films remain relatively stable or increase with the
increase in boric acid concentration.

30
. Examples 129 - 137

The varnishes of Examples 129-137 are prepared
by mixing and blending the following three solutions by
simple agitation in a container for approximately 2

. This Sheet Has Been R
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1- butyl pht hal azi ne, 1-nethyl -4-propyl pht hal azi ne,

1- et hyl - 6- net hyl pht hal azi ne, 1-(3-hydroxypropyl) pht hal azi ne,

5- phenyl pht hal azi ne, 1-benzyl pht hal azi ne, § phenyl - 4- met hyl pht hal azi ne,

1- cyanopht hal azi ne, 1-chl oropht hal azi ne, g d 1- br ono- 4- net hyl pht hal azi ne.
Qui nol i ne conmpounds whi ch can be enpl oyed herein are those which catal yze
the curing reaction and are well-known to those skilled in the art.

Preferabl e quin CONMPOgESy i u n hwl @Ui Gl 4 e,
3- et hyl qui nol i ﬁ*ed‘“isbu{% e B o e e e B e oY

2- et hyl - 3- met hy|Rﬂ}|m 8%, 0 %#ﬁpas&ﬁybvéﬁwmbféﬁmﬂ @rommﬁwe RS otnne,
4- benzyl qui nol i r&e&g&leﬁMeeur@i-hwéﬂghaobfnsbouc 350 and an epoxide

equivalent weight of about 180, 38 parts,
tetrabromobisphenol—~A, 25.9 parts, phenolic novolac,

3 obtained from S.I.R. under the trade name Sirfen 0-1100
and methyl ethyl ketome, 25 parts, is prepared by
blending and mixing the components at a temperature of
from'SO to 60°C until a homogengous solution is. obtained

(approximately 2 hours). The second solution is 10 percent

10
boric acid methanol. The third solution is ZMI 10 percent
2-methylimidazole in methanol.
The resin solution is first blended with the .
15 boric acid solution for approximately 2 hours at room

: temperature. 2-MI solution is then added and mixed for
approximately 2 hours prior to testing. The gel time of
'each varnish is determinated on the heated surface of a
hot plate controlled at 170°C and the resulting film is

20 cured on the hot plate for a period of 90 minutes. The
result are reported on Table XVII.

25
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-‘43- ‘'~ qui noline, 4-chloroquinoline, and 2-brono-3-nethyl- quinoline.

Puri ne conpounds which can be enpl oyed herein are those which catal yze the
curing reaction and are well-known to those skilled in the art. Preferable
purine conpounds include purine, 2-nethyLB rine, 8-methyl purine,
6-but yl purine, 2-nmethyl-8-propyl purine, 6<éthyl-8-nethyl purine,

8- (3- hydr oxypropyl ) purine, 2-phenyl purine, 2-benzyl puri ne,

6- phenyl - 2- met hyl puri ne, 8-cyanopurine, 2-chloropurine, and

8- br ono- 2- net hyl puri ne. | ndazol e conpounds whi ch can be enpl oyed
herein are those which catalyze the curing reaction and-are well-known to

irhose skilled in the art. Preferable ¢pgdpzokgrgonpounds include indazole,
—gugv#rn§az

1- net hyl i ndazol e, 3-nethvlindazol e, 1% ol e,
| Boric | 2-MI |Geltime| o
Example | . iq phr| phr [170;sec| © T9°C
0 3 _129* 0o | o1 [ 234 136
' 130 [ 01 0,1 269 -
: : 131774 ~-.0,2 0,1 304 |. )
1ed ) 132 . 0,3 01 | 315 ] 136
:rcen: 10 133 0,6 0,1 348 141
cent 134* | o0 0,2 126 143
135 0,2 0,2 161 144
136** 0,2 0.2 153 -
: 15 137 0,6 0,2 169 146
r
Sf ¥Examples 129 and 134 are comparative

examples

¥* Resin solution (1) is first blended
with boric acid solution and aged in an
20 oven at 60°C for a period of 5 days.
The aged solution is blended with 2-MI
solution at room temperature for
approximately 2 hours.

"w

25
Examples 129-137 demonstrate for a phenolic
cure system that increases in boriec acid result in
longer gel times without significant effects on the
30 glass transition temperature of the cured films.

*. Examples 138 - 139

The varnishes Examples 138 and 139 are prepared
by mixing a blend of resin comprising a glyecidyl ether
of b;sphenol A having an EEW of about 180 and a polymer
of hexamethoxy methylmelamine and bishpenol A, with a _

eet Has Been Reﬁaced —_
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1~ et hyl - 3- propyl i ndazol e, 1-ethyl-5-nethylindazol e,
3-.(3-hydroxypropyl)indazol e, 3-phenylindazole, 6-benzylindazol e,

6- phenyl - 1- met hyl -i ndazol e, 3-cyanoi ndazol e, 5-chl oroi ndazol e, and

3- brono- 1- net hyl i ndazol e. | ndot B0@enpounds whi ch can be enpl oyed
herein are those which catalyze the curing reaction and are well-known to
those skilled in the art. Preferable indole conpounds include indole,

1-met hylindol e, 2-nmethylindole, 3-butylindole, 1-nethyl-2-propylindole,

2- et hyl - 3- met hyhamid|agid -3aluktenxspdopy PymatbYE, lglﬂﬁéﬁ}ﬁl ud ion

1- benzy! - i ndol g pfe"PRVhered®t Whi Rdeh&no2)¢yaraendeken 3scifliense ndol e,
and 3- brono- 1- nethyllnd

ol e
‘blended w1th the boric acid solution for approximately 2
hours at room temperature. The homogeneous mixture is

then mixed with 2-MI solution for approximately 2 hours

5 prior to testing. The gel time and Tg are reported in
Table XVIII.
0. ‘Table XVIII
Exam | Boric }2-Mi] Geltime Tg °C min at’
ple | acidphr | phr| 170°C; sec 170°C
138* 0 0,2 176 133
15 139 0,6 0,2 270 129
¥ Example 138 is a comparative example
Examples 140-141
20 The varnishes of Examples 140-141 are prepared

by blending and mixing the following components at room
temperature for approximately one hour, a glycidyl
polyether of 2,2-bis (ld-hydroxyphenyl) propane having an
epoxy equivalent weight of about 180, 100 parts

25 methyltetrahydrophtalic anhydride, 80 parts, a boric
acid solution (10 percent in methanol) and
benzyldimethylamine (BDMA). The parts of bric acid and
BDMA are reported in Table XIX. The gel time and Tg of
cured films are measured. The gel time is measured by
the following method. 20 g of the curing agent
:formulation are weighed in a test tube; a metal wire is ,
placed into the formulation, it is attached to the gel
timer, the tube is dipped in an oil bath at 140°C. When
the metal wire cannot be moved anymore, the composition
is gelled. The time from dipping the tube into the oil

30
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-44- I ndol i zi ne conpounds whi ch can be enpl oyed herein are

t hose which catalyze the curing reaction-and are well-known to those
skilled in the art. Preferable indolizine compounds include indol azi ne,

1- met hyl i ndol i zi ne, 2-nethylindolizine,~®butylindolizine,

5-mret hyl - 1- propyl i ndol i zi ne, 2-ethyl-1-nethyl -indoli zi ne,
6-(3-hydroxypropy|)indolizine 3 phenyl i ndol i zi ne, 7-benzylindoli zi ne,

2- phenyl - 3- et hyl i.ndol i an0|ndo i zi ne, ., 7-chl oroindolizine, and
5 br ome. 5 rot by S hethe S X8 CaBAgk.BORE’ 45 HRRRUC AN todn a5
enployF?-Eerelmﬂmmﬂtxmhéucﬁffﬁﬁecybﬁéhfeﬁtahgzellhglcurﬁngchegahb@n andd
are wel | -known t o se skilled in the art abl e nds
i ncl ude phenazﬁh’@ Q‘r%e%?r%%%aifﬁe"“% hﬁtﬁ?lgﬂg;ﬁgﬁheg §°BEFyP6 g@?#
1- et hyl - 7- pr ogyidoHéh dwures dbt et 397C .4- rittenyigehditaviare compiled in
2-(3-hydroxyprqgﬂi%p@g&gglne 1- phenyl phenazi ne,

5
': Table XIX
Exam | Boric 15'12 Gel time Ta°c
10 ple } acid phr phr 140°C; sec g
140* 0 0,5 302 110
141 0,5 0,5 341 90
i_ixample 140 is a comparative example
15
20
Thisllslliialillailﬁilelnli{leﬂll
25
30
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1ﬂbenzy|pﬁéﬁEETﬁE"‘I‘ﬁh%nyl-7-nethy|phenazine, 2- cyanophenazi ne,

1-¢hl or naﬂmnﬁm: ficel- br ono- 2- net hyl - phenazi ne. Phenar sazi ne
conpound enployed herein are those which catalyze the curing
reaction known to those skil-l&é@-in the art. Preferable
phenarsa2|ne co i ncl ude phenarsazi ne, 1-nethyl phenarsazine,

2- nethylphenarsa2|ne 4- but yl phenar sazi ne, 1-nethyl -6-propyl phenar sazi ne,
2- et hyl - 3- met hyl phenar sazi ne, 1-(3-hydroxyphemgl )- phenarsazi ne,

4- phenyl phenar sazi ne, 3-benzyl - phenarsazine,

2- phenyl - 7- net hyl phenar sazi ne, 3-cyanophenarsazi ne, 1-chlorophénarsazi ne,

and 1-brono- 8-net hyl phesyaregdikperesin composition comprising
A. a polyepoxide; characterized in that the
5 composition further comprises
B. ° a cure inhibitor comprising boric acid or maleic
acid, or _.a mixture of boric acid with at least one acid
having a weak nucleophilic anion. '

10 2.1 A composition useful for curing a polyepoxide or
advanced epoxy resin which comprises
A. a curing agent capable of reacting w1th a
polyepoxide at elevated temperatures; and
B. boric acid or maleic acid, or a mixture of boric
15 acid with at least one acid having a weak nucleophilic

anion.

3. An epoxy resin composition according to Claim 1
which further comprises a curing agent capable of reacting
20 with a polyepoxide at elevated temperatures.

4. A composition according to any one of claims 1, 2

or 3 which further comprises an epoxy resin catalyst
comprising an amine, a heterocyclic nitrogen compound, a

25 phosphine, a sulfide, or an ammonium, phosphonium,-
arsonium, or sulfonium-containing compound, or é mixture of
two or more such compounds capable of accelerating the cure
of the polyepoxide with a curing agent.

30 5. A latent catalyst for the'curing of a polyepoxide
fesulting from contacting ’
i) a catalyst for the cure of a polyepoxide compound
comprising an amine, or a heterocyclic nitrogen,
phosphine, sulfide, ammonium, phosphonium,
35 sulfonium, or arsonium-containing compound, or a.

mixture of two or more thereof, with
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- 45- eJkﬁl |azine conpounds whi ch-can be enpl oyed herein are
t hose W e curing reaction and are well-known to those
skil | ed mai ef erabl e phenothi azi ne conpounds i ncl ude
phenothl yIphenoth|a2|ne 1- net hyl phenot hi azi ne,

2- butylphenoth|a2|ne 10- et hyl - 4- propylp%@%bthiazine,

2- et hyl - 3- met hyl phenot hi azi ne, 4-(3-hydroxypropyl ) phenot hi azi ne,

10- phenyl phenot hi azi ne, 1-benzyl phenot hi azi ne,

10- Elhenyl - 4- rreth hyl ﬂhenoudagﬁzi gaec:.& c%ﬂnapmﬂﬁﬁhéaaiﬁnaonc acid with at
4- chl or ophenot hi azi ne, gn rono-1 enot hj azin

Pyrrol i ne conpounds whi ?‘ﬁa@gzn% e%f%ye%v%xése?nwﬁ?g 3&%&%&& c AP e
the curing reaction and are well-known to those skllled in the art.

Pr ef bl I '
4 et hy| éym{ neB 5. ok SeRERA LA QRO hg e e REARY P kb ch e

1- et hyl - nethqepyprgﬂumgd by addlng a latent catalyst composition
c .~ according to Claim 5 to the other ingredients.

7. A composition according to any one of_Claims 4 to
_____ 6, wherein the catalyst is ethyltriphenyl phosphénium

Tr 10 acetate, ethyltriphenyl phosphonium acetate-acétic acid
complex, tetrabutyl phosphonium acetate, tetrabutyl
phosphonium acetate-.acetic acid complex, ethyltriphenyl
phosphonium chloride, ethyl triphenyl phosphonium iodide,

c tetrabutyl phosphonium chloride, tetrabutyl phosphonium

15 iodide, tetrabutylphosphonium hydroxide, tetrabutylammonium
hydroxide, tetraethylammonium hydroxide, fetramethYl-
ammonium hydroxide, ethyltri(2-ethoxyethyl )ammonium '

| hydroxide, triethyl(2-thioethylethyl )ammonium hydroxide, N-

3 methyl-N-methylenemethanaminium acetate, N-methyl-N-

20 methylenemethanaminium acetate-acetic acid complex, N-
methyl-N-methylenemethanaminium chloride, N-methyl-N-

2 methylenemethanaminium iodide, N-methylpyridinium acetate,
N-methylpyridinium acetate-acetic acid complex, N-methyl-
pyridinium chloride, N-methylpyridinium iodide, l-ethyl-

25 2,3-dimethylimidazolium acetate, 1—ethyl-2,3—diméthyl-

f imidazolium acetate-acetic acid complex, l-ethyl-2,3-

e ‘ dimethylimidazolium chloride, l-ethyl-2,3-dimethyl-
imidazolium iodide, N-methylquinolinium acetafe, N-
methylquinolinium acetate+acetic acid complex, N-methyl-

le 30 guinolinium chloride, N-methylquinolinium iodide, N—methy}—
1,3,5-triazinium acetate, N-methyl-1,3,5-triazinium ]

d acetate-acetic acid complex, N-methyl-1,3,5-triazinium
chloride, N-methyl-1l,3,5-triazinium iodide ethylamine,
diethylamine, triethylamine, n-propylamine, di-n-

L 35 propylamine, tri-n-propylamine, isopropylamine,
diisopropylamine, triisopropylamine, butylamine

38,2748 | R \l ||Il



1~ ( 3- hydr 6xy- pr opyl)

rr ne, 5-phenyl pyrroline, 1-benzylpyrroline,
1-.phenyl - Zh 1££ Trol

e 3-cyanopyrroline, 5-chloropyrroline, and
Z?bronprlj__ Preferabl e i ndoline conpounds whi ch can
bé enpl oyed ose whi ch cat al-ypé-t he curing reaction and are

wel | - known to those skllled_ln the art. Preferable indoline conpounds

I ncl ude, for exanple, indoline 1- met hyl i ndol i ne,. 2-net hyl i ndol i ne,

3- butylindoll 1 n [
1-(3- hydroxy pro%’ |%gfiqﬂ¥ker?3ﬂ?% oﬁ?@ﬁ%ﬁﬁ?ﬁﬁi}%l%%hne
1- phenyl - azmﬂem n@n o aﬁenlﬁééﬁ%ea“?- dszoling i R fREole, a

5- br ono- 1 ”Ebgﬂfdlgv'é‘thlazole, a pyridine, a pyrazine, a morpholine,
' a pyridazine, a pyrimidine, a pyrrolidine, a pyrazole, a
5 guinoxaline, a quinazoline, a phthalozine, a quinoline, a
purine, an indazole, an indole, an indolazine, a phenazine,
a phenarsazine, a phenothiazine, a pyrroline, an indoline,
a piperidine, a piperazine; or a combination of two or more
thereof; and, if present, the acid having a weak |
10 nucleophilic anion is fluoboric acid.

8. A composition according to any one of Claims 4 to
7 wherein the catalyst is a tertiary amine-containing or a

heterocyclic amine-containing compound.

15
9. A composition according to any one of claims 4 to
7 wherein the cataslyst is 2-methyl imidazole; %-ethyl, 4~
methyl -imidazole or 2-phenyl imidazole.

20 10. A composition according to any one of Claims 2,
3, 4, 6, 7, 8 or 9 wherein the curing agent is an
anhydride, a compound containing more than one aromatic
hydroxyl group, a polyamide or a polyamine.

25 11. A composition according to any one of Claims 2, 3

4, 6, 7, 8 or 9 wherein the curing agent is cyanamide,
dicyanamide, a derivative of cyanamide or dicyanamide, a
dihydroxy phenol, a biphenol, a bisphenol, a halogenated
bisphenol, an alkylated bisphenol, a trisphenol, a phenol -

30 aldehyde resin, a halogenated phenol-aldehyde novolac
résin, an alkylated phenol-aldehyde novolac resin, a
phenol-hydroxybenzaldehyde resin, an alkylated phenol-
hydroxybenzaldehyde resin, a hydrocarbon-phenol resin,
hydrocarbon-halogenated phenol resin, a hydrocarbon-

35 alkylated phenol resin, or a combination of two or more
thereof.

e Ty




""" This She eferable pi peri di ne conpounds whi ch can be enpl oyed
hereln are % alyze the curing reaction and are well -known to
t hose skil . Preferabl e piperidine conpounds incl ude
pi*peri di nel; rldlne 2- met hy-pPperi di ne, 3-butyl pi peri di ne,
1--nmet hyl - 2- propyl pi peri di ne, 2-ethyl -4-nethyl pi peridine, ..~

1- (3- hydroxypropyl)- piperidine, &-phenylpiperidine, 1-benzylpiperidine,

1-phenyl - 2- met hyl pj peri Y380 Bt AN ar clca@Oicopigird thge, and
4- br ono- 1- net hyl pi pée)rl cfg‘jné"e‘mésg I per a?I ng conpounds E“v%'/he{ch éc]an be

lenpl oyed herein are) t heRNYRAEERNGa R ?Z'é’if"ﬂ@ wiith, @ny @RAXY FeFHP ar e
wel | - known t @i Sfbn | 68 hg Bheoaipos 18 6he bR dlingeray iarey aofmosnds

| ud 1- hyl
3" butyl pi por SAaHES Bk hyb 47 pr Bny Py B0 87, A0 WPBERIR SIS ISAMRGEHESPRe,

1(3- hydrsxypw%iananlp%@ipﬁfsea bhenptrpmpegamse;bld)smqnmr azi ne,

L B) ° optionally passing the coated article through a
heated zone at a temperature sufficient to causé any
e solvents éresent to evaporate but below the temperature at
which the polyepoxide undergoes significant curing; and
10 C) optionally exp051ng the coated article to

conditions such that the polyepoxide undergoes at least

o partial curing.

13. The process of Claim 12 wherein the catalyst and
15 inhibitor are present in the form of a preformed complex

o)
14. The process according toiClaim 12 or Claim 13
wherein the epoxy resin composition is produced by mixing
i) 100 parts by weight of -a polyepoxide in a non
20 polar solvent;
ii) 0.5 to 30 parts by weight of curing agent per
hundred parts of resin, in a solvent;
iii) 0.01 to 2.0 parts by weight of boric acid per
hundred parts of resin in a polar solvent; and
} 25 iv) 0.01 to 2.0'parts by welght catalyst per hundred

parts of resin,
wherein the ratio of 1nh1b1tor to catalyst is from O. 1 1 to

4.0:1.0.

A

30 15. A process according to Claim 14 for preparing a
laminate wherein the article is a reinforcing material
wherein the process further comprises

D. forming pre-pregs of the coated reinforcing
material;
35 E. contacting the pre-pregs of the coated

reinforcing material in a desired arrangement; and

Hllllll N ) \\I\I \\ lll\
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: Lanefﬁyl 3 phenylplpera2|ne 2 cyanopi per azi ne, 2- chIoropiperaZine and

The inhibitor is boric acid or
nalelc d as used herein refers to boric acid or derivatives
thereof

aboric acid and boric anhydride. It is believed that

boric ac mlts derivatives are all cdf€s e of functioning as an
I nhi bi tor mhen added to the conpositions of the invention either in the
formadded or in a converted form  Boric acid is preferred over naleic

aci d. Inhibitor aSFUSedshgﬁgb&lggmﬁhéﬁﬁﬁhﬁédxgﬂxpEEL?fﬁgﬁ é8nebated t o
retard the curing_reaction at | oyer te ratures

[ 140[ e or
| over, nore pretfepringsppierielyr SULEi &Y ¢ %WP?Eag%%%ﬁs? Vé&ai/
| onger st r okecirgolyapokgde unmérgbBS(sﬂgnxﬁicant;cure wherein the

pressure is sufficient to allow polyepoxide on each pre-
5 preg to flow and mix with the polyepoxide or advanced epoxy

resin on adjacent pre-pregs.

16. A composition comprising the partially cured

reaction product of a composition according to any one of
10 "Claims 3, 4, or any one of Claims 6 to 10, wherein the
partially cured resin is capable of undergoing further

curing.

17. A composition according to any one of claims 1 to
15 10 characteriied in that the boric acid is contacted with
one or more of the other components of the compoéitions in
solution in a solverit which is a di- or trihydroxy

substituted hydrocarbon.

20 18. A composition according to Claims 17 wherein the
solvent is- 1,2 propanediol, ethylene glycol or glycerine.

19. The use as a cure inhibitor for an epoxy resin
composition of boric acid, maleic acid, or a mixture of
25 boric acid with at least one acid hav1ng a weak

nucleophilic anion.

20. The use of boric acid, maleic acid, or a mixture
of boric acid with at least one acid having a weak
30 nucleophilic anion to control the gel time of an epoxy

//%MZ%%@aééZéizék
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-47- ‘wcontaining the inhibitor as conpared to conpositions not containing
the inhibitor. The inhibitor and catalysts may be separately

~ added to the conpositions-of--this invention, or may be added as a conpl ex.

The conpl ex ﬂhmsm£ﬂaﬂ &MRQ cting andﬁhﬂmqmately m xi ng a sol ution of

t he |nh|b|tor gon of the catalyst. Optionally, an acid having
a weak nucle
perfornmed at a |en

y be present. Such contacting generally is
®ature, although other tenperatures may be used

~ for exanple tenperatures of fromO[err]C to 100[err]C, nore preferably
from20[err]C to 60[err]C. The time of contacting is that suffieient to
conplete formation of the conplex, and depends on the tenperature used,
with from1l to 120 mnutes preferred, and from10 to 60 m nutes nore
preferred. The solvents used for each conponent are preferably m scible.
Most preferably the sanme solvent is used. Preferred solvents for the
4

ABSTRACT

o ' i In summary, the invention is related to the
discovery of a class of compounds which comprises boric
acid or maleic acid or a mixture of boric acid with at

10 least one acid having a weak nucleophilic anion, which
inhibits the reaction of a polyepoxide with a curing
agent at low temperatures. In another embodiment the
invention is a latent catalyst system adapted for curing

a polyepoxide resulting from contacting I) a catalyst

‘for the cure of a'polyepoxide compound comprising an

15,

amine, heterocyclic nitrogen phosphine, sulfide,
phosphine, sulfide, ammonium, phosphonium, sulfonium,
arsonium, containing compound or a mixture thereof; with
59 II) boric acid, or a mixture of boric acid with at least
. an acid having a weak nucleophilic anion. Further the |
invention relates to epoxy resin compositions containing
the inhibitor or latent catalytic composition. Im still
another embodiment the invention relates to a
25 composition useful for curing a polyepoxide which

38,274A~F -109-
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cat al yst and—the—nhibi-tor _are polar solvents, with alcohols being
o preferred. Leyes PR HEO oIs are even nore preferred w t h nmet hanol nost

preferred. Al %b conponents of the conplex may be contacted
néat, in the vent and reacted as descri bed. In
preferred enb Ivents for bppgc acid used in coating

conpositions of this |nvent|on are pol ar solvents whi ch do not -contain
active hydrogen atons or dlhydroxy and trihydroxy hydrocarbons optionally
cont ai ni ng ether noigties, s. qf ,pol ar solvent. mLthoutdectlve

hydr ogen at ons GRTECFRMHE ) %9r%8ﬁi§#ﬁéﬁ8 ageNBLLPts Pords 38t The

di and trlhydrQ@ﬂéﬁ@“é@ﬁdb@ﬁsamﬁhﬁbueétanBbkicCa&hw &1ch%mlnué§&€ﬁheare

| ow nol ecul.ar wei ght rocar bon cpl..ethers havin Oor t
| acid' h gfkg wea nuc? % 81116 anionj an zonafiyeﬁ)

a catalytic amount of a catalyst useful for acceleratlng
the reaction of a polyepoxide with the curing agent,

5 wherein the inhibitor and catalyst may be present in
complex form.

10

15

20

25

30
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‘Exanpl es i ncl ude 1, 2 pnopane di ol , dlethyleneglyc
gl ycer i ne. The use ‘of - “Terr] - C[err] or trihydi
for boric acid in the coating conp05|t|ons of thi
I ncreased gel tinmes for the conpositions. Furthet,
boric acid in such solvents denonstrate stabilit
consi stent gel times over a period of seleral da‘

-48f~ hydroxy groups..

.

. P%é
ispubbed

as denonstrat ed

é?

by

Qlﬁ
i Wﬁcﬁg

s DATE 0% REGEIPT 34 Her 716

di scovered that when (err] di

or trihydroxy conpounds are uUS€d (0 solvents

for bor1ﬁ1a0|d i n-conpositions of this invention, |anm nates prepared
therefromcan b : 1 rs at significan f er S.
The anount of t e(fﬁ% Nf %Lﬁg?e t relative the c%'ﬁéﬁrﬁgﬁgﬂ SG -
conposi‘tion can}b¢ adj ust ed to ust the Description : paged ...9... to paged ..7/..
| 30 0CT 1996 & Claim(s)  : paged ./92. to paged ./9&.
[ Drawing(s) : paged ....... fo paged .. 7.
Abstract  : paged [.97. to paged ...T.

- LATENT CATALYSTS, CURE-INHIBI

TED EPOXY RESIN

COMPOSITIONS AND LAMINATES PREPARED THEREFROM

This invention relates to epoxy resin

_compositions containing compounds which inhibit the cure

of the epoxy resins at lower temperatures and to latent

catalyst compositions for curing epoxy resins.

The

invention further relates to compositions useful for

curing epoxy resins which comprise curing agents for the

epoxy resins and the inhibitor descrlbed above.

The

1nvent10n further relates to coatings pr@pared from such
inhibited resin compositions, and to materials coated
with or encapsulated by such inhibited resin

compositions.

The invention further relates to

laminates, prepregs, encapsulated materials and

composites prepared from such 1nh1b1ted resin

comp051t10ns.

_ Epoxy resins are used in a

variety of

applications, such as powder coatings, in encapsulation

of electrical components, in composites, in solution

coatings, in prepregs and in laminates.

In many of

these uses, it is desirable to partially cure the epoxy
- resin in a controllable manner, such that at a later

time, when desired, the epoxy resin cagwggmﬁplly_gp;éd:O_“

i

1




ed _cat al yst

gél‘tihe of the epoxy resin conposition. At a desij level the
rélative amount of inhibitor can be decreased to ) o)
i ncrease the gel time the anmount of inhibitor can ~ACL e e§ BET Hout

- changi ng the catalyst |evel. Al ternatively he cat al yt1 cJprfoducts

of the present .invention can be prepared in situlfi tH8 6@‘58@9@ t he
epoxy resin by adding each conponent to,the epoxy mesin in any o der under
essentially the sanme conditions as ment Foned: aboye. bl pr ratio

of inhibitor, and optional acid with a weak nucl &ephidic_ani on, to] catal yst
is that ratio which is sufficient to inhibit the reaction of the

pol yepoxi de o g¥§EC y ; res S h n.gel tine
as conpar ed t%na e%%(?%g)stl t on 1% lﬁ?‘ cgﬂ}éﬂavcta %<paegrq ntation
can det er m ne £pire apaepiozyl a'tesll@vmmfbfam |¢Pp|0myt aresamd loptukmaireaacamtem th a

weak nucl eophii & 23 ydHl Forvicke GRURE ibRC 2 WA Y Wbrlgi¥i9aR 1 1 0¢!

time but still allo
remain stable, that is uncured for a period of time. At

present it is quite difficult to control the curing of
an epoxy resin and retain the stability of a composition
comprising an epoxy resin, a curing agent and catalyst
for the reactlon of the epoxy resin with the curing

'agent.

- In-some uses the epoxy resin, curing agent, and
catalyst are contacted in solution and then applied as a
coating on a substrate. In such uses, in order to
achieve optimal properties in the cured epoxy resin, the
solvent or solvents must be removed. Often it is
desirable to remove these solvents before significant
curing takes place, otherwise the solvent may be
entrapbed in the cured epoxy resin, thereby adversely
affecting the final properties of the cured resin.
Often, the solvent is removed by exposing the coated
article to elevated temperatures. At such temperatures
the epoxy resin may have a tendency to begin to cure and
entrap the sleent, thereby adversely affecting the
final properties. '

Cured and partially cured epoxy resins are used
in laminates. A common process used in preparing glass
laminafés:involves passing a glass cloth to be coated
with én_époxy resin composition through a bath
cdntaining the resin, a curing agent for the resin and a
catalyst for the curing reaction. Generally the bath
contains one or more organlc solvents in which the
various components are dissolved or dlsperaed with a
solids. contents of from 45 to 90 percent. The glass is
resident in the bath for time sufficient to coat it with




-49-> conplete cure at elevated tenperatures. A preferable Mlar ratio

range of inhibitor, and optional acid with a we

c anion, to
catal yst where up to 2.0 phr of boric acid is u ecﬂEPL&CEMENn gwgf-r

Oto

4. 0 1.0, with a nore preferred range being fromj0.[A T 0~to3- .9, with an
even nore preferred range of 0.7:1.0 to 1.4:1.0 fwift eferred
range being 0.75:1.0 to 1.35:1.0. . The hsgh@q;.goﬁ%p aj.i os
depend upon whi ch oni um or am ne conpod%d is mke th.the bor) cfacid or

the particular mxture of boric acid and acid hpving a

‘utilization of processing equipment. In order to . . --—-— "~

ISy ——

a mixture of the resin, curing agent and catalyst for

‘the curing reaction. Thereafter the coated glass is

passed through a heated zone to. remove remalnlng solvent
by evaporation. Generally, this zone is at a
temperature of between 120°C ‘and 200°C. The residence
time in this zone is sufficient to allow the solvents to
be'completely volatilized away. Thereafter the glass
cloth, coated with the resin, curing agent and catalyst
from which the solvents have been removed, may be
partially cured by.expdsing it to temperatures at which
curing occurs. Such a product is referred to as a
prepreg. The prepfegs may then bé.stacked_or formed
into a shape and exposed to conditions under which the
curing agent and resin completes the cure. In general,
this involves contacting the various components of a
laminate at elevated temperatures under pressure, for a

. period of tlme sufficient for the epoxy resin to further

cure. Usually the pressure is prov1ded by some kind of
a press. Once the laminate is removed from the press it
may, optionally, be exposed to elevated temperature for
a period of time to complete the curing reaction. In
this curing process the resin coating on the glass cloth
flows and mixes with the coating on adjacent glass

clothes thereby'resulting in a fusing of the glass
‘layers together, via a matrix of the cured epoxy resin.

~ High glass transition temperatures are
desirable for many uses, therefore methods of increasing
the glass tran51t10n temperatures are desired. It 1is

_further desired to significantly decrease the time

necessary to achieve complete cure. Prepreg producers
and laminators desire a composition which facilitates
faster proce531ng. This allows the more efficient




M@ak%nucleophilic anion. For exanple, the preferred ratio of noles of
boric acid or m xture of boric acid and acid having.a weak-nueleephilic
ani on.per nole of indazole conpound is fromO. 85y¢n§@;%&ﬁ?£&%ﬁhl e the

nust‘ﬁre+e;Lpd ratio is in the range of from 0. 93: % +0%
phosphonlun1conﬁ6Und5-the preferred ratio is froq1 55 ﬁ%é 1, nor e
preferably from™:“4=+4 to. 1.25:1 noles of acid per nﬁ$ 3 ohi um

For. ot her catalysts it is ealiy to deteaaLua m ratios
cid:t @- ohi.um or ami ne conpound by nixifng the conponentsjtoget her

in various ratios and conducting sinple, routine—expertrrents—WEnN t he
anmount of boric acid or m xture of boric acid and acid having a weak
nucl eophi | i c é&ﬁbhltstbe535than0abﬁaﬁsom$|ﬁﬂ&3q&&t&ﬁﬂ$¥hﬁtnamaazmhetthe

catal yst i |Gesekpbenh epdnbealps cefipannionah e aRadidly valiphe

ori gi nal

i m dazo

e.prior to reaction acid sat

amount of bor¢empesHtbensi REGEeCONLBAR @l@éﬁe@ alrﬁy&&csl d3 acmqeglhsmeak

nucl eophilic @@f@@tﬁﬁ

tBQEhaQQQBt&oﬁsm¥é§%ﬂﬁﬂid“¥é%éﬁ desghoni um

t he catal yst becones ?ess [ af ent anount of acid or aC|d salt is

nor e

over the curing reactlon and solvent can be trapped in
the final product thereby affecting the ultimate

properties.

One process commonly employed is referred to as
continuous pfessing.- In this process

the prepregs are contacted at much higher temperatures

.than in conventional laminate processing for shorter:

periods, e.g. at temperatures around 210°C for 2 to &
minutes. It is very difficult to achieve complete cure
under such'conditioné. One potential solution to this
is to add a larger amount of catalyst or accelerator to
the epoxy resin. Unfortunately if additional catalyst
is added in the coating bath, then the ability to remove
the solvent without significant curing of the epoxy
resin, or to controllably partially cure the epoxy

resin, is significantly reduced.

Several references disclose curable epoxy resin
compositions which include as a catalyst a salt of
fluoroboric acid, (tetrafluoroborate, fluoboric acid,

- and hydrofluofoboric-acid),:and fluoborates. GB 963,058

(published July 8, 1964) discloses amine salts of
hydrofluqrboric:acid. U.S. Patent No. 4,438,254 (issued)
March 20, 1984 to Doorakianm et al.) discloses

phosphdnium salts of tetrafluoroborate. U.S. Patent No.
3,048,552 (issued August 7, 1962 to Fang) discloses a
quaternary ammonium fluoborate salt. ''Proposed
Meﬂhan1sm for the Curing of Epoxy Resins with Amine—

Lewis Acid Complexes or Salts" by James J. Harris and

Samuel C. Temin, J. Ap. Pol. Sc., Vol. 10, pp. 523-334



-50:' t han about 1.14 noles per nole of imdazole, ¢ nmes

| ess | atent. When a mixture of boric acid} aREPLAGEMENT SHEFT ng a
weak nucl eophilic anion are enployed, they are enpl pypt—Tmamamount i ch
provides a ratio of noles of boric acid to noles offa |§Jﬂ©@hn%§g

nucl eophilic anion of from0.1:1 to 0.9:1, preferabjy|f 2270t g (. 8: 1,
nore preferably from0.3:1 to 0.7:1. _.g5. The cht | of the
present invention can be enployed al one or in conbipati on with other

catal ysts, preferably catal ytic products resulting fromr

(1966) discloses fluoborate salts of aliphatic and
aromatic amines and pyridine. Several patents disclose
that onium salts of tetrafluoroborate (flouroboric acid)
are useful as accelerators in epoxy resin curing
reactions. Smith U.S. Patent No. 4,318,766, Martin U.S.
Patent No. 4,322,456 Whiteside Jr et al U.S. Patent No.
4,410,596, Corley U.S. Patent No. 4,544,732, Corley U.S.
Patent No. 4,554,342, Corley U.S. Patent No. 4,581,436,
Goel et al U.S. Patent No. 4,766,196, and Perry, Canada
893,191.

Japanese 58/138729 (published August 17, 1983)
discloses thermosetting molding compositions whose
essential components are a resin component consisting of
(a) epoxy resin, (b) an alkenylphenol polymer, and (¢) a
latent curing accelerator together with (d) fibers
and/or granular fillers, wherein the alkenylphenol
polymer is dispersed and mixed as a powder in the epoxy
resin along with the fillers. It discloses as the
latent curing accelerator tetrasubstituted boron salts
of ammonium compounds, phosphonium compounds, arsonium
compounds, imidazolium compounds, pyridinium compounds,
or morpholinium compounds. Only tetraphenyl or
tetrabutyl borate salts are believed to be disclosed.

U.S. Patent No. 3,947,395 (issued March 30,
1976 to Ogata et al.) discloses surface coating
compositions consisting essentially of (a) at least one
of coal tar and asphalt, (b) an epoxy resin and (c) at
least one of tetrasubstituted boron salts of onium ions
and tetrasubstituted boron salts of imidazolium ions,
which are suitable for coating the surface of concrete,
asphalt or metal. The patent is believed ts oanly




reactlng the oni um or am ne conpounds or a conbi natj T 1 an
I norgani ¢ acid containing a weak nucl eophil e.” By IhRﬂﬂﬂE@ﬁE Ei
nucl eophile" or "weak nucleophilic", it is meant {hat the materia
nucl eophilicity value "n" of greater than zero andl |esk0t0CH 19965 ps
described by C G Swain and C. B. Scott in J. Am em Society,]Mol. 75,
p 141 (1953). Pref erabl e |norgqﬂlc aC|ds ‘havi ng a Weak _
nucl eophilic ani on or weak nucl eophil e inhcl ude, exanpl e quobdric
acid, -fluoarsenic acid, fluoantinonic acid, fluophosphoric acid,

chl or obor i ¢ aci d, chl or oar seni ¢ aci d, chl or oant i noni ¢ aci d,

chl or ophosphor Bl gRl C 0 hd C
acid and any c dﬁ%?gg??oﬁggﬁ rgg?ﬁy#hggngggkgsg?gES%ggtPg ?hg Zg?,g°§§?%
Fl uoboric aci ds#kt&enmetines referred to as fluoroboric acid or hydr ogen
tetrafl uoroborate. Any of these expressions refer to the chem cal
represented by the for Mdlre/BBEIteWN], U.S. Patent No. 4,631,306

discloses a method of manufacture an insulating
component made from a mixture of polyepoxide and a
polyisocyanate. Disclosed is the use of latent
catalysts which are the addition complexes of boron
trihalogenides with tertiary amines and imidazoles.

| Klarquist et al U.S. Patent No. 3,738,862 -
discloses a process for preparing epoxy resin laminates

and accelerator compositions useful in such-a -process. - o

Suitable accelerators (catdlysts) disclosed .include the
stannous salts of monocarboxylic acids, lithium
benzoate, certain heterocyclic compounds such as the
imidazole and benzimidazole compounds and salts thereof,
tertiary amine borates, and tertiary amines among
others. Suitable tertiary amine borates can be prepared
by reacting at room temperature a tertiary amine with a
borate such as, for example, methyl borate or triethyl
borate. Suitable tertiary amine borates include, among
others, trimethylamine borate, triethylamine borate,
triethanolamine borate, triisopropanolamine borate,
benzyl-dimethylamine borate, alphamethylbenzyl,
dimethylamine borate, dimethylamino-methyl phenol
borate, and tridimethyl aminomethyl phenol borate.
Particularly preferred is triethanolamine borate.

Bertram et al U.S. Patent No. 4,725,652
discloses latent catalysts for epoxy reactions prepared
by reacting a tetrasubstituted onium compound such as
tetrabutylphosphonium acetate acetic acid complex or an
amine compound.with an acid having a weak-nucleophilic
anion such as fluoroboric acid. These catalyspg_p;q§ide”"h_

— "



-51- I n one embodi ment the epoxy resin cofiposition_ conprises a
di epoxi de, a di hdyroxyhydrocabon or hal ogenated dih dﬁ%x#b&ﬁpmﬁqrboﬂ7 an
epoxy curing agent which does not contain phenolic hthBYYFMHDkﬂ;JeS”
catal yst for the epoxy curing reaction, and an i nhifbist qa ££
enbodi nent the di epoxi de under goes reaction with b tg t Q
dlhydroxyhydrocarbon or hal ogenated d|hy9roxy hydrgoc

agent. Thus the diepoxide is advanced in‘Situ duri t he
enbodi nent, the diepoxide, dihydroxy hydrocarbon or ha
hydrocarbon and inhibitor can be contacted prior to the addition of the

curing agent ang, 81 8 lYaEenThos%aR s%fu%cgl%%%xy're51ns for advancement

or curlng reactions.

Copending applications serial no. 07/27T4,250
filed November 18, 1988, serial no. 07/274,227 filed
November 18, 1988 and serial no. 07/274,264 filed
November 18, 1988 disclose cataiysts which render a
mixture of an epoxy resin and an aromatic hydroxyl-
~containing compound storage stable; however, these
catalysts which are formed by contacting an imidazole
compound or an onium compound or an adduct of an amine
and_an_acid having a strong nucleophilie anion with an
acid having a weak nucleophilic anion such as fluoboric
acid result in compositions having a relatively long
induction time at elevated curing temperatures.

The above-described latent catalyst systems
function so well that extreme conditions are required to
initiate the curing reaction. What is needed are cure
inhibiting compositions which do not require extreme
conditions to reverse their effect, specifically
latent catalyst systems which can accelerate curing of
epoxy resin compositions under reasonable conditionms.

What is also needed is an epoxy resin composition
- that does not undergo significant cure at temperatures
at which solvents may be removed, and particularly
an epoxy resin that can be controllably
B-staged or partially advanced. What is further needed
is an epoxy resin comp051t10n which allows the use of
hlgher concentrations of curing catalysts or
accelerators, which 1is stable at temperatures at which
solvent is removed, and which allows controllable B-
~staging or partial advancement. What is further needed
1s an epoxy resin composition which when coated on a



di_hydr oxyhydrocar bons or hal ogenated di hydroxy hydrocarbons useful are
wel | -known in the art see for exanple Lee and hbMJLIe _supra,; and Bertram
‘U S. Patent No. 4,594,291, col..8 lines 24 to 36 o T“‘WNI
conceéntrations of conponent s used in this |nvenU|on are ! -duot ed* q.n parts by
melght of conponents per hundred parts of resin (phr) Such hun@red parts
of resin refers specifically to the pol yepoxi de¥ |nclu6éﬁluﬁ§%he5 f

conposi tion. The anount of curing ages3-whi ch mayibe_ present may vary
dependi ng -upon the particul ar curing agent usedi Generally" “preferred
anounts of euring agent are fromO0.5 to 30 parts~e¢»CULlng_ag§nt per
hundred part's of resin. Mre preferably from1.0 to 10.0, and nopst
preferably fsrl{hﬁlz‘attcﬁ 4Caparbs procebsedntndicielt wihehieut heegatinglagent is
an aromati c Jpdr n uch curing agent may be

enpl oyed in anDunts é?“?%ﬁﬁ%%ea ng SggF%aronatlc hydr oxyl groups to .
epoxy groups preferably fron10 05:1 to 20.1, nore preferably fromO.1:1 to
10. 1, nost preferablEréqeenoly; 1o Baty Prodattd ytepared enpinged i n a

epoxy resins and cured epoxy resins several different

entities may perform different parts of the

manufacturing process. For example, one entity may

make the resin, a second entity may make the resin
formulations used to impregnate the reinforcing

material, and a third may make a prepreg, or other
article to be used. While a forth would make the final
product such as a laminate or printed circuit-board.
Frequently the entity producing the prepreg or laminate
has no expertise or desire to make the formulation.
Therefore, it is desirable that a formulator be able to
make a comp051t10n useful ln coating the materials to be
laminated« If the epoxy resin curing agent and

catalyst are preformulated however, the

formulation may not have significant long—term storage
stability. Under such circumstances the formulation may
undergo curing and therefore not be useful to the

prepreg or laminate manufacturer. It would be desirable
therefore to provide an epoxy resin composition containiﬁs
a curing agent and accelerator for the cure which has
significant stability at ambient temperatures for several

weeks.
Further, different end users have different

processing equipment and methods for applying the epoxy
resin coatings. Such differences require different
properties in the resin. One property is the gel time
of the resin. Different end users desire different gel
times. It is desirable to have methods for adjusting
controllably the gel time of the resims. - - ---m - — --




-525- sufficient amount to result in a substantially conplete cure of the

epoxy resin, with sone crosslinking. Preferably th VS E din an
amount of from about .01 to 10 parts per hundred pargﬁgg Mﬁ Mtﬁ”gﬁfth from

.05 fo 5.0 parts per hundred parts of resin being frofe preferred nd from
0.1 to 2.0 catalyst per hundred parts of resin bei hg| m3<0 Q8Te1996r eld.
Alternatively, the quantity of catalyst_%g stated {n{mllinoles pegr [epoxy
equi val ent preferably from0.05 to 100, frore prefefably . o 50,

even nore preferable fromO0.5 to 20, nost preferably from1 to 10
mllinmoles of catal yst per epoxide equival ent. The amount of inhibitor used

(i's that amount which signidiganty v de ARG i & ated to the

_ dlscovery of a class of compounds which inhibits the

reaction of a polyepoxide with a curing agent in the
presence of a catalyst for the curing reaction at low
temperatures. More particularly, the invention relates
to an epoxy resin composition comprising

a) a polyepoxide and

b) a cure inhibitor comprising boric acid or
maleic acid, or a mixture of boric acid with
at least one acid having a weak nucleophilic

~ anion.

In another embodiment the invention is a latent
catalyst system adapted for curing a polyepoxide at
elevated temperatures, the catalyst resulting from

contagting

I) a catalyst for the cure of a polyepoxide
compound comprising an amine, heterocyclic nitrogen,
phosphine, sulfide, ammonium, phosphonium, sulfonium, or
arsonium containing compound or a mixture thereof; with

I1I) boric acid, or a mixture of boric acid with
at least one acid having a weak nucleophilic anion.

In still another embodiment, the invention
comprises an epoxy resin composition comprising

a) a polyepoxide§

b) a cure inhibitor comprising boric acid or
maleic acid, or a mixture of boric acid with
- at least one acid having a weak nuclecphilic

This Sheet Has Been Replaced
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curé time (gel time) of a conposition when conpared to a s:n}lar
conp05|t|on not containing the inhibitor. In one enbpdifentsthe- rnh;b]tor

is present in anounts up to 2.0 phr, nore preferably§up Eq,igﬁ

Preférably 0.05 phr or more of inhibitor is used, mot e! pref bﬁﬁ%o h phr
or nore is used. In those enbodi ments where an eqU|val@ﬁtmanDunL”ng :
catalyst is used, or where a conplex of_4qshibitor aﬁg catal yst is prepared
prior to cdntacting with the pol yepoxide, up to 5.0 ph?“TﬂhrbrfOfmﬂay be
used, provided the stroke cure rate is significantly increased.

"The conpositions of this invention can be used to coat any article for

which a coating is desigpdg &uﬁbngrh E6he Eaﬁ Eﬁecﬁaﬂ.?épc%ab tBpgable
conposition, and the coating can be par ot fully iured I n that

t he embodi nent where the c8 tFﬁ@cFénEaV%Fﬁl?yPBEYEHOXPQE éFtF PEaLEE be

further processed and the panpeéphtyreyged resin can be finally cured. The.
article coated can be any substrate, for exanple netal, cenent and

_reinforcing material. |J5 08£f£§£{f9,egbggfgf§gtt98r the reaction of
the polyepoxide with the curing agent; and

e) optionally, where a) is a diepoxide, a
dihydroxy hydrocarbon or halogenated
dihydroxy hydrocarbon. .

In still another embodiment the invention
relates to a composition useful for curing a polyepoxide

which comprises

a) a curing agent capable of reacting with a
polyepoxide at elevated temperatures; and

'+ b) an inhibiting amount of boric acid or maleic
acid, or a mixture of boric acid with at
least one acid having a weak nucleophilic

anionj; and

c) optionally, a catalytic amount of a catalyst
useful for accelerating the reaction of a
polyepoxide with the curing agent.

In still another embodiment, the invention
relates to a process for coating an article with an

epoxy resin composition comprising

A. contacting an article with a composition of

this invention;

B. optionally, passing the coated article
through a heated zone at a temperature sufficient to
cause any solvent present to evaporate but below the . .

heet Has Been Replaced
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-53-" article is a reinforcing material for conposites--or: I'affi nates.

The reinforcing material which may be coated with the conpositions. of this
invention inctude any material which woul d be used.by-the skil'i'ed artisan
in. formation of conposites, prepregs andjjam nates. Exanpl.es -of-the forns
of such materials are cloth, nesh, web, fibers, or-the like. Preferably,
such materials are made from gl ass, fiberglass, paper,-$tasti-cs such as
aromati c pol yam des and graphite. Preferred materials include glass or
fiberglass, intemperasureehtf whichOther padgicporddermindarpoele present

I ncl udi ng fillgiénigiggntpi ggg%é, %Hrfactants and flow control agents.

C. optionally, exposing the coated article to
conditions such that the polyepoxide undergoes at least
partial curing.

The invention has several advantages. A
composition comprising a polyepoxide, a curing agent, a
catalyst, and inhibitor can be exposed to temperatures
at which any solvent present is removed by evaporation
without significant curing of the epoxy resin.
Furthermore in the presence of the inhibitor, the
concentration of catalyst present may be significantly
higher without resultlng in cure of the epoxy resin
composition during a solvent removal process. A higher
crosslink density may be achieved by using a larger
‘concentration of catalyst. The final products prepared
from these epoxy resin compositions may therefore
exhibit a higher glass transition temperature. Those
resin compositions which contain a polyepoxide, curing
agent, catalyst and inhibitor have a significantly
longer shelf life at ambient temperatures. The
compositions of this invention may be processed at
faster speeds as a higher concentration of accelerator
may be used in processing. The compositions may also be
processed at high temperatures without adversely
affecting the final product properties, for example in
the continuous pressing process. Further, by adjusting
the level of catalyst, inhibitor,'or'latent catalyst,
the gel time of '‘a resin can be controllably adjusted.

This invention relates to novel resin
‘compositions containing latent catalyst systems, and
articles containing such resin compositions or coated

eet Has Been Reﬁaced
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Conposi tions containi ng pol yepoxi de, curing agent, YA e [T bi t or
may be contacted with an article used in any methog ﬂ@ﬁﬁi@ﬁﬁfgﬂi skilled
in_.the art. Exanples of such contacting nethods ingl §de powder coa
spray coating, and contacting the articlig with a b3th POGEHHHH t he
conposition. In a preferred enbodi nent Tthe articlefi contacted wi.th}the
conposition in a bath. Preferably the bath containg I ds reveTs )
50 to 75 percent solids. In such a bath the various wafet epoxy
resin conposi t{ppg §ﬁ§hdi-é§theemggsiﬁeﬁededmnohaeeaabaménszl ngh@ sol vent
may be used foy the bath, but n¥ l'i cati,ons a seggrate sqQlvent is
used for each EBVRRREPR A8dAJCPBPPRA ﬁPRtGPBPrFﬁlpg Br BPeVEBPELERAL Nt he
various sol venglse ?é's@ﬁcé‘ 6£i Bl euwkt hinRnBi 8ot BemprBythgSbbyeot acou

di l uents, include gose MhL&h % olatil e and.escape Eronlthe cgnE05|t|on
prior to cure OPrAEet€daSifventichop FABPEHELLIORSPHLdARE REPENLELE

i ncl udi ng acettoiwe ave ﬁﬁmhyheahwikhtﬁﬁﬁlngregentedndﬁbveﬂaSalpsttEercurlng

agents are sIlégﬂIgﬁgqégrrggégggasananlg 2eafrdr E@E be used in one of
' many known uses for_an epoxy resin. Preferably this
composition is stable for more than two months, more
preferably six months or more, at ambient temperatures.

The inhibitor and catalyst could be contacted
with the polyepoxide separately, or optionally, the
inhibitor and catalyst could be contacted prior to

.. contacting with the polyepoxide so as to form-a complex, - - -

- and thereafter the complex could be contacted with the
polyepoxide. In this embodiment the inhibitor may '
'optionélly be in admixture with at least one acid having
a weak nucleophilic anion. This latent catalyst

composition can be used in any embodiment described
herein where both inhibitor and catalyst are
simultaneously present.

In still another embodiment, a polyepoxide, a
curing agent for the polyepoxide, and an inhibitor
comprising boric acid or maleic acid, optionally be in
admixture with at least one acid having a weak
nucleophilic anion, could be contacted. The catalyst
useful for reacting the polyepoxide with the curing
agent could be added to the composition and thereafter
the composition could be used in any use of polyepoxide,
known to those skilled in the art.

In still another embodiment, a polyepoxide
could be contacted with a curing agent, an inhibitor
comprising boric acid or maleic acid, optionally be in



-54- et her alcohols, e.g., nethyl, ethyl, propyl-ot.outyl. ethers. o
et hyl ene glycol, diethylene glycol, propyl ene glyc IRE(ﬁLACIE{m‘mpghgﬂe gI ycol
for exanpl e, ethylene glycol nDnonethyI ether, 1 .} The
catal ysts and inhibitors are preferably dlssolved n pa %olvents in
particul ar al cohols, preferably |ower al kanols an £p§f e8|

nmet hanol . _ I n one enbodinent,1ghe I nvent i jonkls.a.process If gr
preparing prepregs fromthe resin conposition and {t he relnforC|ng nﬂterial.
Such process conprises contacting the reinforcing .
intimately mxed bath conprising: a polyepoxide in a solvent; a curing
agent for theagwiytpori weéthnat $ehstnbneaacid having a weak

nucleophilic anion, and a catalyst for the reaction of
an epoxy resin with the curing agent. The catalyst and
inhibitor may be added separately, or added in the form
of a preformed complex. Preferably, such a composition
is stable at ambient temperatufes for two weeks. Such a
composition exhibits no significant change in gel time
at 150°C and 170°C over a period of 10 days, more
preferably 20 days and most preferably 30 days. This
composition could be used in any of the known uses for

polyepoxides i.e. epoxy resin compositions.

In another embodiment, the invention comprises
a partially cured reaction product of a polyepoxide, a
curing agent, wherein such partial cure occurs in the
r presence of catalyst for the reaction of the curing
agent with a polyepoxide, and a cure inhibitor
comprising boric acid or-maleic acid, optionally be in
admixture with at least one acid having a weak
nucleophilic anion. Such partially cured pfoduct can
thereafter be used in several applications, such as
coatings, laminates, composites, encapsulants, by
contacting the partially cured product with the
" appropriate subétrate, reinforcing material, or the
like, and fully curing the composition. The processes
for obtaining such a partially cured product are well-
-known in the art. In particular, the components are
contacted under condition such that the curing agent and
polyepoxide undergo partial reaction. In some
embodiments the reactive ingredients are partially cured
on the surface of a substrate.

In another embodiment, the curing agent is
contacted with a cure inhibitor comprising boric acid or
maleic acid, optionally be in admixture with at least




i nhibi tor conprising boric acid or maleic acid in a polar solvent; and a
conmpound whi ch catal yzes the curing of the polyepoxide wth the curing
agent in a polar solvent. The coating occurs ufte »
reinforcing material is coated w th epoxy resi RaﬂmﬂﬁuEﬁanﬁsT
and catal yst. Thereafter .the coated reinforcin- €

evaporate but bel ow the tenmperature whitch thel
significant cure durrng the residence tinme in

reinforcing materi eferably s ar e -e-tlne in th

071 1 1o 160 ACHbMIATS o SRS (e SRR T e TH B rAS sy
preferably fropoibdaliy, to cataly sﬂTEbfeﬂmer@uteenfﬁaspohy@pmhlde by
preferably fr QLB; C to 100[ C . nore efer ly, f rjCto

40[ err] C and % légeraﬁﬁrgf‘f rgjﬁhil [%‘P"Fli"c”*f% %tg P? %%: g%éelgetgrédence tinme
of the coate¢hameﬁﬁﬂerrqynuaeﬁedﬂw1uhtﬁniyﬁynxmhecamdrSUEjamtedStOO 15
mn, nore precfuelra,@rycg ﬁtrphljm{é) 10 min, and nost preferably from1l.5to 5

m n. The tenper

The compositions described herein may be found
in various forms. In particular the various
compositions described_may be found in powder form, or
alternatively in solution or dispersion. In those
embodiments where the various compositions are in
solution or dispersion, the various components of the
composition may be separately dissolved in.a solvent.. ...
suitable for that component, then the various solutions
are combined and intimately mixed. Note the solvents
for the various components are preferably chosen such
that the solvents are miscible with one another.
Intimately mixed as used herein refers to agitating a
mixture of solutions which is a relatively homogeneous
solution or dispersion. Alternatively, the components
may be dissolved or dispersed in the same solvent or
dispersant. In those embodiments wherein the
compositions are partially cured or advanced, the
compositions of this invention may be found in a powder
form, solution form, or coated on a particular

substrate.

PolYepoxide:as used herein refers to a compound
containing mofe_than“one epoxy moiety. In another
embodiment it refers to a mixture of compounds which
contains, on average, more than one epoxy moiety per
molecule. Polyepoxide as used herein includes partially
advanced epoxy resins'i.e. the reaction of a polyepoxide
and a curing agent, wherein the reaction product has an

\



-55! heated zone is sufficient to cause any sol vert
volatilize away yet not so high as to result in ac
conponents. Preferabl e tenperatures of such zone ar

230[err]C, nore preferably from 100[err]C to 200[ efr 6prieffer abl y
from140[err]C to 190[err]C Preferably there is spne t hefheat ed
zone to renove the volatile solvent, either by pask f hr ough
the oven, or drawing a slight vacuum od>he oven. In many Loent’s the

coated materials are exposed to zones of increasing tenperature. The first
zones are designed to cause the solvent to volatilize so it can be renoved.

The | ater zones are designed to result in QartiaL cure.of the pol yepoxi de,
i e. so Ca||eavgg§gggpﬁg.east one unreacted epoxide unit per

molecule.

Preferable compounds having an average of more
than one epoxide group per molecule which can be
employed herein include, epoxy resins such as, for
example, the glycidyl ethers of polyhydric phenols, i.e.
compounds having an average of more than one aromatic
hydroxyl group per molecule such as, for example,
dihydroxy phenols, biphenols, bisphenols, halogenated
biphenols, halogenated bisphenols, alkylated biphenols

~alkylated bisphenols, trisphenols, phenol-aldehyde
novolac resins, substituted phenol-aldehyde novolac
resins, phenol-hydrocarbon resins, substituted phenol-
hydrocarbon resins and any combination thereof.

Polyepoxides (polyglycidyl ethers of a
polyhydroxy hydrocarbon) are prepared by reacting an
epihalohydrin with a polyhydroxy hydrocarbon or a
halogenated polyhydroxy hydrocarbon. The preparation of
such compounds is well known in the art. See Kirk-
Othmer Encyclopaedia of Chemical Technology 3rd Ed. Vol.
9 pp 267-289.

The epihalohydrins correspond to formula 1

|
CHy — CCH3Y "



In Sone enbodi ments the coated article nay be t heRERUASEMENT t9MEET O] anot her
| ocation for further processing, or alternativejy ' be

furt her processed inmediately after solvent renpval f urtier
processing, several segnents or parts of the coht dqém%ﬁn

“are brought in contact with one another. Thereaft the conta
are.exposed to el evated pressures and-_tgaperatuyes sufficient tojcause the
epoxy resin to cure wherein the resin on adj acent—parts—reaet+t—~tedf Orm a
continuous epoxy resin matrix between and about the reinforcing material.
Bef ore being cured the parts may be cut and stacked or fol ded and stacked
into a part ofheesinell shapehaleigen) ckpeSerabihe ohbssores bsemoanahd
anywhere fro 0.2 K g wth.fxro /e errl,. bei ng
preferred. Thrué&?'tén%g g?ﬂ%ﬁﬁscgty%%otu‘?tédt e{% é@’(‘%&l’%&?h%gp 8 aolrkyq"

| ami nates, degrehdsompopreferglaly imethyl ¢ esi dence time, pressure used, and
resin used. Preferred tenperature which my be used are from 100 to

190[err] C, more prefepgpllydroxy hydrocarbon means herein a compound
with a hydrocarbon backbone and on average more than one
primary or secondary hydroxy moieties, preferably two or
more. Halogenated polyhydroxy hydrocarbon means herein
a compound with a hydrocarbon backbone which is
substituted with one or more halogens and more than one,
preferably two or more, primary or secondary hydroxy
moieties. The hydroxyl moieties may be aromatic

aliphatic or cycloaliphatic.

Among even more preferred classes of
polyhydroxy hydrocarbons and halogenated polyhydroxy
hydrocarbons are the dihydroxy ﬁhenols; biphenols;
bisphenols; halogenated bisphenols; alkylatéd
bisphenols; trisphenols; hydrogenated bisphenols;
novolac resins, i.e. the reaction product of phenols,
including halogenated and alkylated phenols, and simple
aldehydes, preferably formaldehyde and hydroxy
benzaldehyde; and polyalkylene glycols.

Preferred polyhydroxy hydrocarbons, and
halogenated polyhydroxy hydrocarbons include those
corresponding to formulas 2 to 5:



- 56- from120[err]C to 180[err]C, and nost preferably from 140[err]C to
175[err]C. The residence tinmes may be anywhere from 100 m n,
nmore preferably from45 to 200 mn, and nost pgefE] . o 180 m n.
One enbodi nent of ~such a process . is known as a c% i £S$
process, the reinforcing material is taken frorp tthe ov propri ately
arranged into the desired shape and thiggness ahd pﬁék hi gh

tenperatures for short times, in particular suc e b are from

180 to 250[err]C, nore preferably 190[err]C to 2 at tinped of 1 to
.10 mn and from2 to 5 mn. Such-high speed pres{sing or the nore

efficient utilization of processing-equi pnent. n such enbodi nents the

preferred reinforcing matmz,rgl is a glass, web ft2)woven cl ot h. , In

sone enbodi ments it |s%le to subj ect@—- 2

‘
(R2)m (Rm

\/
OH (R2)m
HO -——{ECH -CH - 0O 3}——- 5

wherein:

Rl is separately in each occurrence Cj-jp alkylene, Ci-10
haloalkylene; C4-1g cycloalkylene, carbonyl, sulfonyl,
sulfinyl, oxygen, sulfur, a direct bond or a moiety
corresponding to the formula '




the lTaminate or final:-product to a post cure outside of the press. This
step is designed to conplete the curing reaction. The post cure is usually
performed at from 130[err]C to 200[err]C for from20 to 200 m nutes. This
pest cure step may be performed in a vacuumto repnye any conponents whi ch

may vol atilize. - . . The-ultimte coated reln(gim red from
the conposition of this invention often denonstra Bt1l TITT HEEThgn wher e
t he conpositions not within the scope of %this inJe ] n sone
enbodi ments the Tg is at |east 5[ err]C higher thg ; imlarly
usi ng conventional resins. Mre preferably the Jgfiis pyfat | east

10[err]C. The parts prepared using the conpositi¢
denonstrate a hi gher solvent resistance, e.g.

RZ is separately in each occurrence Cj-3 alkyl or a

halogen;

R3 is separately in each occurrence 01 10 alkylene or Cs-
sp cycloalkylenes;

R4 is'separatély in each occurrence hydrogen, methyl,
halomethyl, or ethyl, with the proviso that only one R4
on an“ethylene unit can be methyl, halomethyl or ethylj;

Q is separately in each occurrence a Ci-lo hydrocarbyl

moiety;

Q' is separately in each occurrence hydrogen, cyano, or
a Ci-14 alkyl group;

m is independently in each occurrence an integer of 0 to
43

m' is separately in each occurrence an integer of from 0
to 3;

p is a positive real number of 0 to 10j
q is a pbsitive:real number of 1 to 80.

“  Rl is preferably C1-3 alkylene, C1-3
haloalkylene, carbonyl, sulfur, or a direct bond. Rl is

.~




-5?1 denonstrate a pick-up of less than 1.0 percgat N nethyl

pyrrolidone in test nethods conditions. _ HurHEpe rts
exhibit a higher thermal performance as there iintt%sﬁqgmﬂusgﬁﬂgg t
entrapped. The fornmulations of this invention prefjerlably exhibit [l ¢gnger

gel tinmes at certain tenperatures as conpared to prior3 OCT 996! 4t ijons.
The follow ng exanpl es are presented to134 | ustrate {tHe_i nventi on afd[are
not intended to limt the-scope of the clainms. Unlless otherw se stafed al
parts and percentages are by weight. Exanples Exarpte—l——PRreparatjon of

Var ni sh A varnish is prepared by nixing and bl endi ng
more preferably a direct bond, Cj;-3 alkylene, or

fluorinated propylene (=C(CF3)2-). Rl is most
preferably propylene. RZ is preferably methyl, bromo or
chloro; and most preferably methyl or brome. R3 is
preferably Cj-3 alkylene or polycyclic moiety
corresponding to the formula _

wherein t is an average number between 1 and 6
inclusive, preferably 1 and 3, most preferably 1.

' is an integer of 0 to 2. Preferably, m

Preferably, m
is an integer of 0 to 2. Preferably, p is a positive
real number of 0 to 8; and more preferably 0 to 4.
Preferably, q is a positive real number between 2 and
40, and more preferably between 2 and 20 and most
preferably 5 and 15. P and q represent an average
number, as the compounds to which they refer are
generally found as a mixture of compounds with a
distribution of the units to which p and q refer.
Cycloalkylene as used herein refers to monocyclic and

polycyclic hydrocarbon moieties.

The most preferred class of polyhydroxy
hydrocarbons are the dihydroxy phenols. Preferable
dihydroxy phenols include those which contain
substituents that are non-reactive with the phenolic
groups. Illustrative of such phenols are 2,2-bis(3,5-

dibromo~4-hydroxyphenyl) propane; 2,2-bis(4-N}g;;~;;1;;;;x;;;;‘\§



four solutions with agitation in a container for approf IWE&M@F ﬁ-jﬁelf
The four solutions conprise 125 parts of a broni nated Eppx :
bromi ne content of 20 percent and an epoxy equival ent §
prepared fromthe diglycidyl ether of bisphenol A and §

which is dissolved in met hyl et hyl ket ong (

percent solids (non-volatiles) content202 19 parts of boric aC|d sol uti
(20 percent in methanol); 36 parts of a solution of di -6

percent) dissolved in nononet hyl et her of propylene egcoI (69 9 percent)
and di net hyl f or pam de ercent) 0 n1dazo|e (2-M)
sol ution (10 %XHEBHYPP% ﬁ%?h Rgpsnes 2 ?3 B élgﬁi

hydroxyphenyl) propane; blS (4~hydroxyphenyl) methane;
1,1-bis(4-hydroxyphenyl )-1-phenyl ethane; 1,1'-bis(2,6-
dibromo-3,5-dimethyl—4 hydroxy phenyl) propane; bis (4-
hydroxyphenyl) sulfone; bis (4-hydroxyphenyl) sulfide;
resorcinol and hydroquinone. The preferred dihydroxy
phenolic compound is 2,2-bis(4~hydroxyphenyl) propane
(bisphenol A) and 2,2-bis(4-hydroxy-3,5-dibromophenyl)
propane.

As used. herein haloalkyl refers to a compound
with a carbon chain and one or more of the hydrogens

. .replaced with a halogen. Haloalkyl also means coempounds - - -~ -

wherein all of the hydrogen.atoms have been replaced by
halogen atoms. Alkylene as used herein refers to a
divalent alkyl moiety. i

. The term hydrocarbyl as employed herein means
any aliphatic, cycloaliphatic, aromatic, aryl
substituted aliphatic or cycloaliphatic, or aliphatic or
cycloaliphatic substituted aromatic groups. The
aliphatiec groups can be saturated or unsaturated.
Likewise, the term hydrocarbyloxy means a hydrocarbyl
group having an -oxygen linkage between it and the carbon

. atom to which it is attached.

The polyepoxides preferably correspond to one

of formulas 6 to 9.

T om—



-58-  Exanple 2 - Preparation of Varnish
- prepar ed by m xing and bl ending the follow ng four. solutions wth sinple

agitation in a container for approximtely 30 mnutes: 125 parts of a

hrom nated epoxy -resin F
equi val ent wei ght of 430; ,
and tetrabronobi sphenol ‘Ajdis
percent solids content; 1.65 parts o ol 0 p4rdent

40 parts of -di.cyandiam de (7.5 perce it ) dlsy Q&J;eé%n pnomet hyl

met hanol ) ;
et her of

¢i-ng a broni ne content

fromthe diglpchl GﬂMﬁﬁT“

propylene gl ycol (69.9 percent) and di Frykarnpnide (2p. 6

A second varnish is

and an epoxy
Isphenol
e Lo |have 80

in

A

percent); and 3.5 parts of 2- -nethyl inidazolek(2-M) solution (§0 percent
in methanol). Exanple 3 - Preparat|on of Var ni sh —
(R)m RZ)m R (R2)m (R2)m R
CH zccnzo CHCCH, R1 CH,C 7H 2
| \
0
. r
6
(Rz)m (Rz)m R (Rz)m (Rz)m R
CH2CCH20 CH,CCH,0 RT CH,C CH>
| - \ /
OH 0]
. r
@ R 7
[
Y (R2)m
R 2 R
| - |
CH,CCH,0" CH,C- CH,
\ /" \/ 8
.0 18]

(RZ)m (R2)

|
CHZCCHZ CH CH 0 * CHyC - CH,
2 < \O/ 9

wherein Rl, R2, R3, R4, m, m' and q are as defined
previously; r is-a positive real number of 0 to 403 and



A sol ution containing 62.2 parts of a polyglycidyl ether of

2, 2-bi s(4- hydroxy-phenyl ) propane havi ng an epoxjfee=egljval ent wei ght of
about 180, 32.8 parts of tetrabronobi sphenol A, »ﬁH?Eg@Ea‘ --nonethyl
et her of propylene glycol is prepared by bl endi L0

pol ygl yci dyl ether and tetTabronDbisphenoI A (T
heating to 130[err]C. Approximately 30 ygn is rg
hombgeneous ni xture. The mixture is cobl%ed to 7P[ e

et her of propylene glycol is added. Another 30 nlnutes I'S
obtain a honogeneous sol ution. A third: -

i xing and bl gngeng pRe1aboue-deIcriibdrogeu @ ol e rCoLEaY ng. three

solutions with sinp al_ner proxi mat el y ’30
m nutes: 1.571padt §°§11t58f5| geadj gumber of 0 to 10, and most

preferably 1 to 5. Preferably, s is a positive real
number of 0 to 8; and most preferably 1 to 4. All of
the variables referred to herein as positive real
numbers, i.e. r and s, are average numbers as the
compounds referred to contain a distribution of units.

Preferable epoxide compounds are the glycidyl
ethers of compounds having an average of more than one
aliphatic hydroxyl group per molecule such as, for
example, aliphatic diols, polyether diols, polyether

" triols, polyether tetrols and any combination thereof.
Also preferable are the alkylene oxide adducts of
compounds containing an average of more than one
aromaticihydroxyl group per molecule such as, for
example, the ethylene oxide, propylene oxide, or
butylene oxide adducts of dihydroxy phenols, biphenols,
bisphenols, halogenated bisphenols, alkylated
bisphenols, trisphenols, phenol-aldehyde novolac resins,
halogenated phenol-aldehyde novolac resins, alkylated
phenol-aldehyde novolac resins, hydrocarbon-phenol
resins, hydrocarbon-halogenated phenol resins, or
hydrocarbon~alkylated phenol resins,or any combination
thereof and the like.

Preferable epoxy resins include, for example,
the diglycidyl ethers of resorcinol, catechol,
hydroquinone, biphenol, bisphenol A, bisphenol AP (1,1-
-bis(4-hydroxylphenyl)-1-phenyl ethane), bisphenol F,
bisphenol K, tetrabromobisphenol A, phenol-formaldehyde
novolac resins, alkyl substituted phenol~formaldehyde
resins, phenol-hydroxybenzaldehyde resins, cresol-
hydroxybenzaldehyde resins, dicyclopentadiene-phenol.

resins, dicyclopentadiene-substituted phenol resins - - “”i;//;;//f



-59- solution (20 percent in nethanol); dlcyandnamkd 3;_: Aimacel
di ssol ved i n nononet hyl ether of propyl ene glycol_;6,. CEM L yRkErd f
di met hyl formam de (22.6 percent); and 3.8 parts of 24
solution (10 percent in nethanol). Exanple 4 - Prgpp
A fourth varnish is prepared by bl ending and m xi . ff qur

sol utions by sinple agitation in a container for & ' F=38Jdmjnut es:

percent and an epoxy equival ent wei ght of 418, prepared f}on1t'e gl yci dyl

et her of bisphenol A and tetrabronobi sphenol A dissolved in
nethylethylketone to have 80 percent solids content; 4.5 parts of a boric
acid sol ution q@ma@ethzhblphen@lhah@tyamaghﬁhrtgtbabnoeyamlhanp&e (7.5

percent) di ss@dpeshd thfPORPIBEENSbiphenol, tetrachlorobisphenol A and
any combination thereof.

In one embodiment polyepoxides refers to an
advanced epoxy resin which is the reaction product of
one or more polyepoxides, as described previously, with
one or more polyhydroxy hydrocarbons or a halogenated
derivative thereof. Such polyhydroxy hydrocarbons have
been described previously. Alternatively, a polyepoxide
can be reacted with a carboxyl substituted hydrocarbon.
A carboxyl substituted hydrocarbon is a compound with a
hydrocarbon backbone and one or more carboxyl moieties,
preferably more than one, and most preferably two.
Preferably such compounds correspond to formula 10;

R5 (COOH), 10

wherein R5 is Cj-40 hydrocarbyl moiety optionally
containing oxygen along the backbone, and u is an
integer of one or greater. R3 is preferably a Ci-40
straight or branched chain alkane or alkene, optionally
containing oxygen. Preferably u is 1 to 4, and most
preferably 2. Fatty acids and fatty acid dimers are
among the useful carboxylic acid substituted
hydrocarbons. Included in the fatty acids are caproic
acid, caprylic acid, capric acid, octanoic acid,
versatic acid, decanoic acid, lauric acid, myristic
acid, palmitic acid, stearic acid, palmitoleic acid,
oleic acid, linoleic acid, linolenic acid, erucic acid,
pentadecanoic acid, margaric acid, arachidic acid, and

dimers thereof.

In one preferred embodiment a one or more
polyhydroxy hydrocarbons or halogenated derivatives . . ..

T T e .

Wooos



et her of propylene-glycol (69.9 percent) and di nethyl for
percent); and 1.6 parts of a 2-nethyl im dazol-e solution
nmet hanol). Exanple 5 - Preparation of Varnish - not an E
the I nvention : A varnish is prepared by m xi ng arj
followi ng three solutions by sinple agitation in a contay
approximately 30 mnutes: 125 parts of~2#br oni nat ed epox&c. r.e
brom ne content of 20 percent and an epoxy equival ent wei ght™ 24
pr epar ed fron1the diglyci dyl ether of bisphenol A and tetrabronnblsphe v

whi ch is dissaql,ved nel h Iet | ket one (,VEK), wi th an 80 percent solids
(non- vol ati | éﬁﬁ? é 3/ t@??ﬁ R di sHRAE gugﬁgercent) di ssol ved

i n nononet hyl l'qtdrmfcatfbcmd mre)méam&cnlwiqﬂi e . g gy lopgidy largkher of
d|nethylfornag($%ﬁ§%yéioxy compound or halogenated derivative
thereof. Procedures for performing such a reaction are
well known in.the art. See "The Handbook of Epoxy
"Resins" by H. Lee and K. Neville (1967) McGraw Hill, New
York, and U.S. Patent Nos. 2,633,458; 3,477,990;
3,821,243; 3,907,719, 3,975,397; and 4,071,477.
Optionally, a small amount of a monohydroxy substituted
hydrocarbon can be included in the reaction mixture.

In another embodiment, the polyepoxide is the

reaction product of a polyepoxide and a compound. -

. containing more than one isocyanate moiety, a

| polyisocyanate. Preferably the polyepoxide is an epoxy-

 terminated polyoxazolidone having from 5 to 30,
preferably 5 to 20, most preferably 10 to 20 weight
percent isocyanate content and having from 50 to 100
percent of the original isocyanate groups converted to
oxazolidone rings and from 0 to 50 percent of the
original isocyanate groups converted to isocyanurate
rings whenever prepared according to the process
described herein.

Epoxy-terminated polyoxazolidone (isocyanate

‘modified epoxy resin) are preferably prepared by the
process which comprises reacting a pbiyepoxidégéémpdund
with a polyisocyanate compound in the presence of a
catalyst for the reaction of the epoxy and isocyanate
groups at an elevated temperature. Preferably the
process involves first adding (1) from 5 to 30,
preferably 5 to 20, most preferably from 10 to 20,
weight percent'of the polyisocyanate compound within a
period of time of from 3 to 90, preferably 15 to 60,
most preferably 20 to 45, minutes to (2) a mixture e



-60-__ percent); and 1 part of 2-nmethyl imdazole infiEES) @QMEM-(SHEHC nt
solution). Exanple 6 - Preparation of Varnish - not }an-Exakps-eo

the I nvention A varnish is prepared by m xi g land bIESQEBg the ™
foll'owing three solutions by sinple agitation in a c ntlai 3& Obdr !
approximately 30 m nutes: 125 parts of a brom nated y resjn.baw-dg fa

brom ne content of 20 percent and an epxy equival ent
prepared fromthe diglycidyl ether of sphenol A and}te
whi ch is dissolved in nethylethyl ketone (MEK) with an 80 percent solids

(non- volatiles) content; 40 parts of dicyandiamde (7.5 percent) dissol ved

il et T or i REEsheP ClPERRM 90° e X35! fftterdbly $ ko'®3, most
preferably 80 to 90, weight percent of the polyepoxide
compound and (b) from 0.01 to 2, preferably 0.02 to 1,
most preferably 0.02 to 0.1, weight percent of the
catalyst, said weight percentages being based on the
combined weight of the polyepoxide compound and
polyisocyanate compound. The mixture is thereafter
heated to a temperature of from 110°C to 200°C,
preferably 120°C to 180°C, most preferably 140°C to
160°C, for a period of time from 5 to 180, preferably 30
to 120, most preferably 60 to 90, minutes. The
conversion of isocyanate groups to the oxazolidone and
isocyanurate rings is controlled in any of the following

manner:

(i) by increasing the reaction temperature
at a given amount of the catalyst and a given amount of
the polyisocyanate compound used when higher conversion
to oxazolidone rings is desired; or

(ii) by increasing the amount of the
catalyst at a given reaction temperature and a given
amount of the polyisocyanate compound used when higher
conversion to oxazolidone rings is desired; or

(iii) by increasing the amount of the
polyisocyanate used at a given amount of the catalyst
and a given reaction temperature when higher conversion

to isocyanurate rings is desired; or

(iv) by increasing the rate of addition of

the polyisocyanate compound at a given reaction

temperature, given amount of the catalyst and given
amounts of the polyepoxide and polyisocyanate compounds
when higher conversion to isocyanurate rings is desired.

——



percent); and 2.5 parts of 2-methyl imidazole in met

solution). Exanple 7 - Preparation of Var ni sh. > . S
prepared by m xing and bl ending the foll ow ng fbput- H-t > byl sf npl e
agitation in a container for approximtely 30 ~ t bf a

equi.val ent wei ght of 430, prepared fromthe digl;cldyl ilsphenol A
and tetrabronobi sphenol A dissol ved in*ﬂérhylethllv __agd havi ng
an 80 percent solids content; 40 parts of dicyandi ani de ~5~per cent)

di ssol ved in nononet hyl ether of propylene glycol_(69.9 percent) and

di met hyl f ormam de (22. 6, perc

rts of a solytiqn resulting

nt); and 1.67
frommxing 82.1 parts i9€ Qpﬁfé'ﬁmxﬁdrﬁsdé’f(ﬂfg&arfd’%ibé{? 1;eord%e aci d

dissolved in described hereinbefore. The polyisocyanate compounds

useful are represented by formula 11:
(0=C=N)_-R6 11

wherein R6 is substituted or unsubstituted aliphatic,
aromatic or heterocyclic polyvalent group and v has an
average value of greater than 1 to less than 5,
preferably from 1.5 to 4, most preferably from 2 to 3.
Examples of preferable polyisocyanates include 4,4'-
methylene bis{phenylisocyanate) (MDI) and isomers
thereof, higher functional homologs of MDI (commonly
designated as "polymeric MDI"), toluene diisocyanate
(TDI) such as 2,4-toluene diisocyanate and 2,6—t61uene
diisocyanate, m-xylylene diisocyanate, hexamethylene
diisocyanate (HMDI) and isophoronediisocyanate.
Mixtures of any two or more polyisocyanates can also be
used in the practice of the present invention. Other
preferable polyisocyanate compounds are described in
U.S. Patent Nos. 3,313,747; 4,066,628 and 4,742,146.

More preferred polyisocyanate compounds are
4,4'-methylene bis(phenylisocyanate) (MDI) and isomers
thereof, polymeric MDI and toluene diisocyanate (TDI).
The most preferred polyisocyanate compounds are 4,4'-—
methylene bis(phenylisocyanate), isomers thereof and

polymeric MDI.

A suitable catalyst is employed to facilitate
reaction of the polyepoxide compound with the
polyisocyanate compound. Examples of useful catalysts
include zinc carboxylate, organozinc chelate compound,
trialkyl aluminum, quaternary phosphonium and ammonium
salts, tertiary amines and imidazole compounds. The

—————

—_——



-61- 97.1 parts of nethanol to give a 60 percentr%ﬂLhﬂﬁﬁﬂb utiion,

B 3
Exanpl e 8 - Preparation of Varnish A sol utign-eentaini ng! 62. 2

parts of a polyglycidylether of 2,2-bis(4-hydroxy- h%nyj)‘ﬁg@pgﬁg havi ng
32:8 parts of tetrabronobi sphenol A, and_ 5.0 parts pf@aégk Hé i's prepared
by bl ending and mixi ng the pol ygl yci dyt2&ther and tit§ abropebi-sphenol | A
(TBBA) at roomtenperature and heating to 130[err] Ci Kﬁbroxiqug%y¢36’nin
is required to obtain a honbgeneous mixture. The m Xt ure-#s=tooled to

70[err] C and the.ﬁgeégfe I s added. Anof her 30, m nutes i% required to obtain
a honogeneous RIFiRTERA catalysts mage Hpidazele compRRREgS. i xi ng and

bl endi ng Particularly, preferred catalysts are 2-phenyl imidazole
2-methyl imidazole, l-methyl imidazole, 2-ethyl-4-methyl
imidazole and 4,4'-methylene-bis(2-ethyl—-4-methyl
imidazole). The catalyst is generally employed in an
amount of from 0.01 to 2; preferably 0.02 to 1, most
preferably 0.02 to 0.1, weight percent based on the
combined weight of the polyepoxide compound and
polyisocyanate compound used. The polyisocyanate
compound is employed in an amount of from 5 to 30,
preferably 5 to 20, most preferably 10 to 20, weight
percent, the weight percent being based on the combined
weight of the polyepoxide and polyisocyanate reactants.
The'pOLYepoxide compound is employed in an amount of
from 70 to 95, preferably 80 to 95, most preferably 80
to 90, weight percent, the weight percent being based on
the combined weight of the polyepoxide and |
polyisocyanate reactants. '

w

Preferably the catalyst is added to the
reaction vessel containing the polyepoxide prior to the
start of the addition of polyisocyanate compound. The
catalyst can be dissolved in a suitable solvent prior to
the addition to the polyepoxide to improve
homogenization if desired. The temperature at which the
catalyst is added 1is not critical. In general the
catalyst is added at a temperaturé lower than the
reaction temperature. The temperatﬁre is then raised
and the reaction temperature maintained while the
controlled addition of the polyisocyanate to the mixture
of the catalyst and the polyepoxide is started. The
polyisoc&anate is added to the reaction vessel within a
period of time of from 3 to 90, preferably 15 to 60,

most preferably 20 to 45, minutes while maintaining the




the above described solution with the foll ow
agitation in a container for approximately 30
di eyandi armi de (7.5 percent) dissolved in nono Bt

®
{. 425 parts

glycol (69.9 percent) and di nethyl f ormam de (2X. & ‘
of the product resulting from m xing 82 1 partﬂ . ' {zol e and
63. 65 parts of boric acid dissolved if 37 1 par§s’ sulting in

a solution having 60 percent solids. Exanple 9\- ar=gtTon of Varnish
A varnish is prepared by blending and mxing the"tollow ng three solutions

by SiTle Aol onhn SrSemaLnsr | Ah SRRLCK I plipa% oyt g8 120 parts
epoxy equi valmeadntei méd mftéBOth@reoapkdtéradﬂiheodlgfythdyl et her of
bi sphenol A anh 2 { &4 4205 L4OPSSPREPOL b b ESPiNE Sk "ePERNY! E6 YRS One
preferably 15 to 120, most preferably 30 to 90 minutes.
In general, the reaction of the polyépoxide compound and
the polyisocyanate compound is conducted neat, i.e., in
the absence of a solvent or other liquid reaction

diluent.

Curing agents useful in this invention are
those compounds kiown to the skilled artisan to react
with polyepoxides or advanced epoxy resins to form
hardened final products. .Included among such.useful ... .. ...
curing agents are materials which are acidic or
alkaline.

Examples of preferable curing agents include
among others, aromatic polyhydroxy containing compounds
as described hereinbefore. The polybasic acids and
their anhydrides, such as, for example, the di-, tri-,
and higher carboxylic acids as oxalic acid, phthalic
acid, terphtalic acid, succinic acid, alkyl and alkenyl-
substituted succinic acids, tartaric acid, and
particularly the polymerized unsaturated acids, such as
for example those containing at least 10 carbon atoms,
and preferably more than 14 carbon atoms, as for
instance dodecenedioic acid, 10,l2-eicosadienedioilc
acid, and anhydrides such as phthalic anhydride,
succinic anhydride, maleic anhydride, nadic anhydride
(endo~cis-bicyclo-(2,21)-5 heptene 2,3 dicarboxylic
anhydride), nadic methyl anhydride (methyl bicyclo
(2.21) heptene 2,3 dicarboxylic anhydride isomers),
pyromellitic anhydride and trimellitic ‘anhydride. Other
types of acids that are useful are those containing
sulfur, nitrogen, phosphorus or halogens; chloridic

e —



(MEK) to have 80 percent solids content; 40 parts o @Hﬁxg'y S 5
percent) dissolved in nononethyl ether of propyl endg giyce .§H55?oent)
and di net hyl formam de (22.6 percent); and 3. 17 part}s jof hhe pr odu

resulting fromnmixing 82.1 parts of 2-methyl imdago e% OGR4 s of
boric acid dissolved in 97.1 parts of netdganol to pi e per ce 50/ | ds
Exanpl e 10 - Preparation of Varnish - not an Exang e of t he

| nventi on A varnish is prepared by bl endi ng arme

followi ng solutions by sinple agitation in.a container for apprOX|“.ter 30

m nutes; 58.95 aaids benzhaegphoisgionpal,ystldonyl Aiprsipdonic acid
(4-hydroxy phenyig(QLQQgggxpgﬁbﬂglqgmqag§|de equi val ent wei ght of about

Other preferred curing agents include the
amino—-containing compounds, such as, for example,
diethylene triamine, triethylene tetramine,
dicyandiamide, benzoguaniminé, melamine, pyridine,
cyclohexylamine, benzyldimethylamine, benzylamine,
diethylaniline, triethanolamine, piperidine,
tetramethylpiperamine, N,N-dibutyl-1,3-propane diamine,
N,N-diethyl-1,3~propane diamine, 1,2-diamino-2-
methylpropane. 2,3-diamino-2-methylbutane, 2,3-diamino-
2-methylpentane, 2,4~diamino-2,6~dimethyloctane,
dibutylamine, dioctylamine, dinonylamine,
distearylamide, diallylamine, dicyclohexylamine,
methylethylamine, ethylcyclohexylamine, pyrrolldlne,
2-methylpyrrolidine, tetrahydropyridine,

2-methylpiperidine, 2,6-dimethylpiperidine,
diaminopyridine and meta-phenylene diamine, and soluble
adducts of amines and polyepoxides and their salté, such
as described in U.S. Patent No. 2,651,589 and U.S.
Patent No. 2,640,037. Still other ekamples include the
acetone soluble reaction products of polyamines and
monoepoxides, the acetone soluble reaction products of
polyamines with unsaturated nitriles, such as
acrylonitrile, imidazoline compounds as obtained by
reacting monocarboxylic acids with polyamines, sulfur
and/or phosphorus—containing polyamines as obtained by
reacting a mercaptan or phosphine containing active
hydrogen with an epoxide halide to form a halohydrin,
dehydrochlorinating and then reacting the resulting
product with a polyamine, soluble reaction product of
polyamines with acrylate, and many other types of
reaction products of the amines.



180 31.05 parts of tetrabronobi sphenol A and 10 parts Qiuwwmmmmww
met hyl et hyl ket one; 40.8 parts of dicyandi ani de (=573
nonomnet hyl et her of propyl ene glycol (69.9 perce t'_,"‘
(22.6 percent); and 5.4 parts of 2-ethyl, 4-meth
met hanol (10 percent solution). Exanple 11 - Pr¢p3
an Exanpl e of the I nventi_ap. ;
prepared by m xi ng and bl endi ng the foll ow ng sol
in a container for approximately 30 m nutes at rdpm.tenperad ]
of brom nated epoxy resin having a brom ne conten 21.5 percent and an
epoxy equival ent wei gisieidfl Sahewlcuxiins dgees el hasp iy lugdder of

bi sphenol - A and f éet&abronnbLthenol di,ssolved in Iethylketone
(MEK) to havelB6MPefcBRFOBOFF4LTEgRLER: andoC EXGF 8 QﬁGPan1de (7.5
percent) trifluoride with amines, ethers and phenols. Friedel-

-Crafts metals salts, such as aluminum chloride, zinc
chloride, and other salts, such as zinc fluorborate,
magnesium perchlorate and zinc fluosilicate: inorganic
acids and partial esters as phosphoric acid and partial
esters as phosphoric acid and partial esters thereof
including n-butyl orthothiophosphate, diethyl
orthophosphate and hexaethyltetraphosphate.

Another type curing agent to be employed
includes polyamides containing active amino and/or
carboxyl groups, and preferably those containing a
plurality of amino hydrogen atoms. Examples of
polybasic material used in making these polyamides
include, among others, 1,10-decanedioic acid,
1,12—dodecanedienedfoic acid, 1,20-eicosadienedioic
acid, l,l4-tetradecanedioic acid, l,18-octadecanedioic
acid and dimerized and trimerized fatty acids as
described above. Amines used in making the polyamides
include preferably the aliphatic and cycloaliphatic
polyamines as ethylene diamine, diethylene triamine,
triethylene tetramine, tetraethylene pentamine,
l,4-diamino—-butane, l,3-diaminobutane, hexamethylene
diamine and 3-(N-isopropylamino)propylamine. Especially
preferred polyamides are those derived from the
aliphatic polyamides containing no more than 12 carbon
atoms and polymeric fatty acids obtained by dimerizing
and/or trimerizing ethylenically unsaturated fatty acids
containing up to 25 carbon atoms. These preferred
polyamides preferably have a viscosity between 10 and
750 poises at 40°C, and preferably 20 to 250 poises at




-63- —dissotved-+n-nononet-hyt—et her of polypropy
percent) and di nethyl formam de (22.6 percent); and
i mdazol e in nethanol (10 percent solution). Pr
Lam nat es Preparation Procedures Pr epr egs Prepaq
var ni shes of Exanples 2 to 5 and 7 to 13 are appl§ &
7628 available from |NTER GLASS by puldj.ng the clpti.ih
containing the |lam nating varni sh and then up through a doctor bar
0.5 mmto 1.5 nmand then through staged heating res = A
tenperatures varying_from 140[err]C to 190[err]C for Exanples 2 to 5 and
from 40°C. Preferred polyamides also have amine values of 50

to 450.

Still another group of curing agents are those
based on melamine reaction products containing methylol

substituents.

Preferred curing agents are the aromatic
hydroxyl containing compounds described herein,
anhydrides of polybasic acids, polyamines and amides.
More preferred curing agents include the preferred
aromatic hydroxyl compounds described herein, aliphatic
polyamines, polyglycoldiamines, polyoxypropylene
diamines, polyoxypropylenetriamines, amidoamines,
imidazolines, reactive polyamides, ketimines,
araliphatic polyamines (i.e. xylylenediamine),
cycloaliphatic amines (i.e. isphoronediamine or
diaminocyclohexane) menthane diamine, 3,3-dimethyl-4,4~
diamino-dicyclohexylmethane, heterocyclic amines
(aminoethyl piperazine), aromatic polyamines, (methylene
dianiline), diamino diphenyl sulfone, mannich base,
phenalkamine and N,N'N''-tris(6-aminohexyl) melamine.
Most preferred are cyanamide, dicyandiamide, and its
derivatives, diaminodiphenyl sulphone and methylene

dianiline.

Catalysts useful in this invention are those
catalysts which catalyze the reaction of a polyepoxide
with a curing agent, and which remain latent in the
presence of the inhibitor at lower temperatures. Latent
means herein that the catalyst does not catalyze the
reaction at the lower temperatures. Preferably the
catalyst is latent at temperatures of 150°C or below,
and more preferably at 160°C or below. Latency is
demonstrated by sigﬁificantly higher stroke cure times




150[err]Cto 170[err]C for Exanples 7 to 13. The ¢ tiafl
zone is 3 m The glass cloth is passed through |
heating zones at a rate of 0.8 to 3.2mnmin. The

horizontal treater used are adjusted to produce

fol |l ow ng characteristics: :

Rest gel tinme at 170[err]C 60-120 sec NEMA LI
2-25 percent NEMA LI 1-14.32 Vol ati | 682~

cont ent 37-44 NEVA LI 1-12.16

per cent NEMVA refers herein to the National Electrical

Nanut act urer s ASAOSHE! 181 TG 20016, ASSGH hed Loy ¢ per f or med

according to t test procedures “correspondi € numnbers provided.
Such test comp051tlons not contalnlng the 1nh1b1tor. Examples of

preferred catalysts are compounds containing amine,
phosphine, heterocyclic nitrogen, ammonium, phosphonium,
arsonium or sulfonium moieties. More preferred
catalysts are the heterocyclic nitrogen and amine
containing compounds and even more preferred compounds
are heterocylic nitrogen containing compounds.

Among preferable catalysts are those
represented by the following formulas 12 or 13

Formula 12 ' Formula 13
R8 +f . R8 _ +f
(RT)g-z-R9 x-f (RT)g-Z=R9 x-f
R10

wherein each of R7, R8, R9 and RIO is independently a
hydrocarbyl group having from 1 to 18, preferably from 1
to 9, carbon atoms, or a hydrocarbyl group having from 1
to 18, preferably from 1 to 9 carbon atoms which group
also contains one or more oxygen, sulfur, halogen, or
nitrogen atoms or two of such R7, R8, R9 and R0 groups
can combine to form a heterocyclic ring containing one
or more atoms other than carbon atoms; each X is the
anion portion of an acid of a relatively strong
nucleophilic acid; Z is phosphorus, nitrogen, sulfur or
arsenic; f has a value equal to the valence of the anion
X; and g has a value of zero or 1 depending on the

valence of Z. ' T e



- 64-

procedures are avail able from NEVA mhlch |s Iocated 2101 L. Street

The

N. W, Suite 300, Washi ngton DC 20037. Lam natge=
| ani nates are obtained from 8 plies of prepreg aid up
between two sheets of copper foil and pressed i a Iaboratory‘press. Test
Met hods Varnish Properties Measurenments 30 OCT 1996 '

=33~

Particularly suitable onium or amine compounds
useful as catalysts include, for example, ethyltriphenyl
phosphonium acetate, ethyltriphenyl phosphonium
acetatesacetic acid complex, tetrabutyl phosphonium
acetate, tetrabutyl phosphonium acetate-acetic acid
complex, ethyltriphenyl phosphonium chloride, ethyl
triphenyl phosphonium iodide, tetrabutyl phosphonium
chloride, tetrabutyl phosphonium iodide,
tetrabutylphosphonium hydroxide, tetrabutylammonium
hydroxide, tetraethylammonium hydroxide,
tetramethylammonium hydroxide, N-methylmorpholine,
2-methylimidazole, triethylamine, N,N,N',N'-
-tetramethylethylenediamine, ethyltri(2-hydroxyethyl)-
ammonium hydroxide, ethyltri(2-ethoxyethyl)ammonium
hydroxide, triethyl(2-thioethylethyl)ammonium hydroxide,
N-methyl-N-methylenemethanaminium acetate, N-methyl-N-
—methylenemethanamidium acetate@cetic acid complex, N-
methyl-N-methylenemethanaminium chloride, N-methyl-N-
-methylenemethanaminium iodide, N-methylpyridinium
acetate, N-methylpyridinium acetatesacetic acid complex,
N-methylpyridinium chloride, N-methylpyridinium iodide,
1-ethyl-2,3-dimethylimidazolium acetate, 1-ethyl-2,3-
-dimethyl-imidazolium acetatesacetic acid complex,
1-ethyl-2,3-dimethylimidazolium chloride, 1-ethyl-2,3-
~dimethyl-imidazolium iodide, N-methylquinolinium
acetate, N-methylquinolinium acetatesacetic acid
complex, N-methylquinolinium chloride,
N-methylquinolinium iodide, N-methyl-1,3,5-triazinium
acetate, N-methyl-1,3,5-triazinium acetatesacetic acid
complex, N-methyl-1,3,53triazinium chloride, N-methyl-
-1,3,5-triazinium iodide and any combination thereof.

The amine compounds which can be suitably
employed herein include, for example, primary, .

—_—
—_—
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Gel- Ti me Measurement - The gel tine of different v
measured by reacting the mixture on the surfad@e g% Eﬁﬂmﬂ _
150[err]C, 160[err]C and 170[err]C. The tenpe aF Bl SmGatBEQL dd DY
Si gnot hermtenperature indicators. dass Trarlsijti on Tenpe
Measur enent s The glass transition te r aBy QCF ¢ a uged on film
prepared fromthe varnish fornulation usgad for | tinme neas.
films are cured on a hot plate 170[err] C for mn.  sanpl es ar¢
10[err]C/min. The glass transition tenperaturefis peasured bw=atMettler TA
2000 DTA at a heating rate of 10[err]C m n. The inflection point m nus -

5[err] qC of theeeconobhegsntertesppnsaliphatakencgelbvhdighasdctr arsmaitdr
t enper at ur e. rties.Measurenents Gel Tine Measurenents -

P .
Stroke cure ggeﬁéggﬁﬂéggg%?i3?f9egﬂred resin is renoved fromthe gl ass

fibers, and put on accurately regul ated hot plate at
Preferable non-heterocyclic amines which can be

employed herein include, those containing suitably from
1 to 60, more suitably from 2 to 27, most suitably from
2 to 18, carbon atoms. Particularly preferable amines
include, for example, ethylamine, diethylamine,
triethylamine, n-propylamine, di-n-propylamine,
tri-n-propylamine, isopropylamine, diisopropylamine,
triisopropylamine, butylamine, dibutylamine,
tributylamine and methyldibutylamine, combinations
thereof. L -

Among ﬁreferred tertiary amines that may be
used as catalysts are those mono- or polyamines having
an open chain or cyclic structure which have all of the
amine hydrogen replaced by suitable substituents, such
as hydrocarbon radicals, and preferably aliphatic,
cycloaliphatic or aromatic radicals. Examples of these
amines include, among others, methyl diethanol amine,
triethylamine, tributylamine, dimethyl benzylamine,
triphenylamine, tricyclohexyl amine, byridine and
quinoline. Preferred amines are the trialkyl,
tricycloalkyl and triaryl amines, such as triethylamine,
triphenylamine, tri(2,3-dimethylcyclohexyl)amine, and
the alkyl dialkanol-amines, such as methyl diethanol
amines and the trialkanolamines such as triethanolamine.
Weak tertiary amines, e.g., amines that in aqueous
solutions give a pH less than 10, are particularly

preferred.




170[err]C. It is then stroked with a netal wire until
-65-" gelation occurs. The tine fromthe first contact of the resip mﬁth

the hot plate to gelation is recorded as the gel ti
t-the prepreg. Volatile Determ nation A sanp

-35-

Especially preferred tertiary amine
accelerators are benzyldimethylamine and tris-
dimethylaminomethyl phenol.

Preferable are the adducts of any aliphatic,
cycloaliphatic, aromatic or heterocyclic secondary amine
compounds and an epoxy resin having an average of more
than one vicinal epoxide group per molecule, such as,
for example, an adduct of 2-methylimidazole and the
diglycidyl "ether of bisphenol A. These adducts can
easily be prepared by reacting the secondary amine
compound with the epoxy resin at a temperature of from
25°C to 50°C, preferably from 60°C to 125°C, more
preferably from 80°C to 100°C. The secondary amine
compound and the epoxy resin are employed in amounts
which provide a ratio of moles of secondary amine
compound per epoxide group of from 1:1 to 5:1,
prefe;ably from 1:1 to 3:1, more preferably from :1 to
1.5:1. The adducts can be prepared in the presence of
any suitable solvent such as, for example, alcoholé,
ethers, glycol ethers and ketones.

Examples of heterocyclic nitrogen compounds
useful herein include those described in Copending,
allowed patent application titled '"Latent, Curable,
Catalyzed Mixtures of Epoxy Containing and Phenolic
Hydroxyl Containing Compounds" Serial No 07/274,250
filed November 18, 1988.

Preferable heterocyclic secondary and tertiary
amines or nitrogen-containing compounds which can be
employed herein include, for example, imidazoles,
imidazolidines, imidazolines, oxazolesQ pyrroles,
thiazoles, pyridines, pyrazines, morpholines,

pyridazines, pyrimidines, pyrrolidines, pyra;ples,




The sanmple is placed in a circulating air oven at 163[err]C for 15 m nutes

and on renoval it is placed immediately in a desigatQr to cool. Wen cool,
the sanple is rewei ghed and the wei ght recorded af MQEAE‘; atile content
i.s cal cut-ated from percent volatiles ={fe : ﬁﬁﬁpht-nt

The resin content—is neasured by sinply weighing farf exactly detenmifned
surface of prepreg, an aring with the melght 3ﬁbcsy ¢afof gl ass
cloth. The resin content 1S given by thg- ggﬂgh bf t he

Wi ght of the Resrn content square of prepreg 5

(percent) [err] ; ‘.
quinoxalines, quinazolines, phthalozines, quinolines,
purines, indazoles, indoles, indolazines, phenazines,
phenarsazines, phenothiazines, pyrrolines, indolines,
piperidines, piperazines and combinations thereof.

‘Among a more preferred class of heterocyclic
nitrogen containing compounds useful as catalysts are
those possessing in the heterocyclic ring (1) a
substituted C=N-C group and (2) a secondary amino group,
including the imidazoles, such as the substituted
imidazoles and benzimidazoles according to formulas 14

and 15:
a 15 R11
RU—C—N . | C
. 7/ "\
RU—-¢€ C—N
RU— —RI1 and
\N/ RU— C __RN

b \/\r/
| 11

R11

respectively, wherein Rll is independently in each
occurrence selected from hydrogen atoms, halogen atoms,
or an organic radical, such as a hydrocarbon radical or
a substituted hydrocarbon radical, for example, the
ester, ether, amide, imide, amino, halogen, or mercapto
substituted hydrocarbon radicals. Alternatively two
adjacent Rll can combine to form a 5- or 6-membered -
ring. Especially preferred imidazoles are those wherein



(Wi ght of the square of prepreg) - 66-
Fl ow Measur enent The flow test indicates the extent of the
B-staging and it sinulates the behavior of the resin systentmnthln t he

p{ess+ﬁg—eﬁe+atfeﬁ——hﬁ@cord|ng to NEMA LI 1-14.

together w-th- thelr edges in careful alignnent,
| oaded intd the preheated press. The ~37-

R1l is hydrogen or hydrocarbon radical and preferzbly an
alkyl, alkenyl, cycloalkyl, cycloalkenyl, aryl, alkaryl

or arylalkyl radicals, and particularly those containing
no more than 15 carbon atoms.

A more detailed description of the chemistry of
the imidazoles and benzimidazoles including their
properties and structural formulas is found in the book
by Klaus Hofmann entitled "Imidazole and Its Derivates"
published by Interscience Publishers, Inc., New York
(1953). Examples of imidazoles include, among others,
imidazole, benzimidazole and substituted examples of
preferable substituted imidazoles include: 2-methyl
imidazole; 2-ethylimidazole, 2-propylimidazole,
2-butylimidazole, 2-pentylimidazole, 2-hexylimidazole,
2-cyclohexylimidazole, 2-phenylimidazole,:
2-nonylimidazole, 2-undecylimidazole,
2-heptadecylimidazole, 2-phenyl-U-methylimidazole,
1-benzylimidazole, l1-ethyl-2-methylbenzimidazole,
2-methyl-5,6-benzimidazole, 1-vinylimidazole, 1-allyl-2-
—methylimidaiole, 2-cyanoimidazole, 2-chloroimidazole,
2-bromoimidazole, 1-(2-hydroxypropyl)-2-methylimidazole,
2~phenyl-4§,5-dimethylolimidazole, 2-phenyl-4-methyl-5-
-hydroxymethylimidazole, 2-chloromethylbenzimidazole,
2-hydroxybenzimidazole, 2-ethyl-4-methyl imidazole;
2-cyclohexyl-4-methyl imidazolesj; 4-butyl-5-ethyl
imidazole; 2-butoxy-4-allyl imidazole;
2-carboethyoxybutyl, 4-methyl-imidazole; 2-octyl-4-~hexyl
imidazole; 2-methyl-5-ethyl imidazole; 2-ethyl-4-(2-
—ethylamino) imidazole; 2-methyl-4-mercaptoethyl
imidazole; 2,5-chloro-4-ethyl imidazole; and mixtures
thereof. Especially preferred are the.alkyl—substituted
imidazoles; 2,5-chloro-4—ethyl imidazole; and phenyl.
substituted imidazoles, and mixtures thereof. Even more



tenperature of the press plates is 170[err]C_and_pressure Is 14 kg/cnferr].

After 10 mnutes the specinen is renpved andfa Then t he
fl.owed resin is renoved by cutting and weig L L0 7h6HEEBt 0.01 gram
The resin flow is calculated fromthe equatifong ~yi tfi al wei ght -
wei ght without flowed resin) x 100 percent rovaagc - Initial
wei ght Fl ow Measurenent (Prepregs obtalnec ﬁron1cont| ;ressing

process) Si x sanples, 10 cm x cl
stuck between two copper foils, the shiny cépps
and acting as rel ease sheets. The | ab press i s heated "‘-érr]C with a
pressure of 30 bars. Pressing tinme of 1 mnute obtains a fl ow sanple. The

sanp:e |§|W6|9béﬁeﬁﬂédaa§@ QHEEEhbldh&thaoméacue@t@yQ-agmbE@ 100hcn2 L0
.sanp © oW L ai ggg e; 1 2—d1methy§1m1dazwa, gna %—ph% Ii wei ght) x

imidazole. Espe01ally preferred is 2-methyl imidazole.

Pyrazole compounds which can be employed herein
include those which catalyze the curing of a polyepoxide
and are well-known to those skilled in the art.
Preferred pyrazole compounds include pyrazole,
1-methylpyrazole, 3-methylpyrazole, UY-butylpyrazole,
1-methyl-3~propylpyrazole, 3-ethyl-5-methylpyrazole,'
1-(3~hydroxypropyl)pyrazole, 5-phenylpyrazole,
5-benzylpyrazole,..1-phenyl-3-methylpyrazole,; - - -
1-cyanopyrazole, 3-chloropyrazole, and 4-bromo-i-methyl-

: pyrazole.

Oxazole compounds which can be employed herein
are those which catalyze curing of a polyepoxide and are
well-known to those skilled in the art. Preferred
oxazole compounds include oxazole, UY-methyloxazole,
Z—methyloxazole, 4-butyloxazole, 2-methyl-5-
-propyloxazole, 2-ethyl-4-methyloxazole, 2-(3-
-hydroxypropyl)oxazole, 4-phenyloxazole, 5-
benzyloxazole, 2-phenyl-5-methyloxazole, 2-cyanooxazole,
Y-chlorooxazole, and 4-bromo-2-methyloxazole.

Imidazolidine compounds which can be employed
herein are those which catalyze curing of a polyepoxide
and are well-known to those skilled in the art. P
Preferable imidazolidine compounds include _,’;//gé%
imidazolidine, l1-methylimidazolidine, |
2-methylimidazolidine, 4-butylimidazolidine, . N
1-methyl-3-propylimidazolidine, 1-ethyl-4-methyl-
imidazolidine, 1-(3-hydroxypropyl)imidazolidine,
2-phenylimidazolidine, 1-benzylimidazolidine,
2-phenyl-1-methylimidazolidine, 4-cyanoimidazolidine,



percent flow = “Initial weight . Lam nate Testing
Chem cal Resi stance To neasure the chen1cal" g Mance, pi eces of
etched lamnates 5 cmx 5 cmare cut, weighed and d‘pu&&,g;‘ g nutes in
N-ret hyl pyrrol i done sol vent at 23[err]C The pi ecey af e=welLt p

wei ghed; the pick-up is taken as the gain in weighy.

-39~

Y-chloroimidazolidine, 4-bromo-1-
-methylimidazolidine, 5-chloroimidazolidine, and
5-bromo~1-methylimidazolidine.

Thiazole compounds which can be employed herein
are those which catalyze the curing reaction and are
well-known to those skilled in the art. Preferable
thiazole compounds'include thiazole, 2-methylthiazole,
5-methylthiazole, 4-butylthiazole, 2-methyl-i-
-propylthiazole, Y-ethyl-5-methylthiazole,
2-(3-hydroxypropyl)thiazole, 2-phenylthiazole,
2-benzylthiazole, Y-phenyl-5-methylthiazole,
2-cyanothiazole, 5-chlorothiazole, and
5-bromo-2-methylthiazole.

Pyrrole compounds which can be employed herein
are those which catalyze the curing reaction and are
well-knwon to those skilled in the art. Preferred
pyrrole compounds include pyrrole, l1-methylpyrrole,
2-methylpyrrole, 3-butylpyrrole, 1-methyl-2- -
-propylpyrrole, 2-ethyl-3-methylpyrrole,
1-(3-hydroxypropyl)pyrrole, 2-phenylpyrrole,
1-benzylpyrrole, 2-phenyl-l-methylpyrrole,
3~-cyanopyrrole, 3-chloropyrrole, and
2-bromo-1-methylpyrrole.

Pyridine compounds which can be employed herein
are those which catalyze the curing reaction and are
well-knwon to those skilled in the art. Preferable
pyridine compounds include pyridine, 2-methylpyridine,
3-methylpyridine, 4-butylpyridine,
2—methyl—3—propylpyridihe, 3-ethyl-4-methylpyridine,
4~(3-hydroxypropyl)pyridine, 2-phenylpyridine,
3-benzylpyridine, prhenyl-Z-methpryridine, e



d ass Transition Tenperature Measurenents The gl ass transition
tenperature of lamnates is neasured by a Mettler <A 2000 -DTA at a heating
rate of 10[err]C/ mn. The inflection point mnus ¥ (] C of the

endot hermi ¢ response is taken as the glass transit oﬁg&i' g

Moi st ur e Resi stance Twel ve pieces of etc -r-*--:.--ii"" ! 1.5
cmare placed in a pressure cooker during 30, 60, jo ggon1nu;-

120[err] C under 1.2 atm steam Then, _ater beingjdfi pea 20
seconds) in a tin solder bath (260[err]C). The nui sture abso ion 1s
determ ned by observation fromthe formation of blisters. Copper Peel
Strength The bi ndi ng strength between the copper and the epoxy

resin is deteBrbpadophraughet he-shiengphrioacded nadpeel the copper off a
kgghggte. The3989855 ggggtﬁ§igggggi%g§t is perforned according to I PC test
Pyrazine compounds which can be employed herein

are those which catalyze the curing reaction and are
well-known to those skilled in the art. Preferable
pyrazine compounds include pyrazine, 2-methylpyrazine,
3-methylpyrazine, 2-butylpyrazine,
2-methyl-5-propylpyrazine, 2-ethyl-b6-methylpyrazine,
2-(3-hydroxypropyl)pyrazine, 2-phenylpyrazine,
2-benzylpyrazine, 2-phenyl-3-methylpyrazine,
2-cyanopyrazine,. 2-chloropyrazine, and
2-bromo-5-methylpyrazine.

Pyridazine compounds which can be employed
herein are those which catalyze the curing reaction and
are well-known to those skilled in the art. Pyridazine
compouﬁds include, for example, pyridazine,
3-methylpyridazine, 4-methylpyridazine,
3-butylpyridazine, 3-methyl-4-propylpyridazine,
3-ethyl-6—methylpyridaiine, 4-(3-hydroxypropyl)-
pyridazine, 3~phenylpyridazine, 4-benzylpyridazine,
4-phenyl~5-methylpyridazine, 4-cyanopyridazine,
4-chloropyridazine, and 3-bromo-5-methylpyridazine.

Pyrrolidine compounds which can be employed
herein are those which catalyze the curing reaction and
are well-known to those skilled in the art. Preferable
pyrrolidine compounds include pyrrolidine, 1-methyl-
pyrrolidine, H—phenylpyrrolidihe, 2-methylpyrrolidine,
3-methylpyrrolidine, 1fbutylpyrrdlidine,
1-methyl-2-propylpyrrolidine, 3-ethyl-4-methyl-
pyrrolidine, 2-(3-hydroxypropyl)pyrrolidine,




foil is

| am nated to a lam nate of the invention. The spefipens art—te for peel
strength at roomtenperature. The copper foil ifs

- 68- approxi mately one inch, so the line of el i : hdf cul ar to the
edge of the specinmen. The specinmen is clanpe hor rface with
the .peeled netal strip projecting upward for i end off the foi

is gripped between the jaws of the clamp'such that the ] yver the full
width of the netal strip and are parallel to the |ine of peel. Force is
exerted in the

1-phenyl-2-methylpyrrolidine, 2-cyanopyrrolidine,
2-chloropyrrolidine, and 2-bromo-T1-methylpyrrolidine.

Morpholine compounds which can be employed
herein are those which catalyze the curing reaction and
are well-known to those skilled in the art. Preferable
morpholine compounds include morpholine,
Y-methylmorpholine, 3-methylmorpholine, 4-butyl-
morpholine, 4-methyl-3-propylmorpholine,
2-ethyl~3-methylmorpholine, 4-(3-hydroxypropyl)-
morpholine, 2-phenylmorpholine, Hd-benzylmorpholine,
3-phenyl-1-methylmorpholine, 3-cyanomorpholine,
3-chloromorpholine, and 3-bromo-4-methylmorpholine.

Pyrimidine compounds which can be employed
herein are those which catalyze the curing reaction and
are well-known to those skilled in the art. Preferable
pyrimidine compounds include pyrimidine,
2-methylpyrimidine, Y4-methylpyrimidine,
2-butylpyrimidine, 2-methyl-4-propylpyrimidine,
f-ethyl-5-methylpyrimidine, 2-(3-hydroxy-
propyl)pyrimidine, 2-phenylpyrimidine, 2-benzyl-
pyrimidine, Y4-phenyl-2-methylpyrimidine, 4-cyano-
pyrimidine, 2-chloropyrimidine, and U4-bromo-2-methyl-

pyrimidine.

Quinoxaline compounds which can be employed
herein are those which catalyze the curing reaction and
well-known to those skilled in the art. Preferable
quinoxaline compounds include quinoxaline,
2—methylduinoxaline, 5-methylquinoxaline,
2-butylquinoxaline, 2-methyl-3-propylquinoxaline,
5-ethyl-6-methylquinoxaline, 2-(3-hydroxy-
propyl)quinoxaline, 2-phenylquinoxaline, 5-benzyl-~
quinoxaline, 2-phenyl-5-methylquinoxaline,  ~



vertical plane, and the netal foil is pulled at 2 ing
| oad i s observed and converted to pounds per_ itnch of
pe€l- strength is the average of three tests.

varni shes from Exanples 1 t,o0 6 are neasured. The r
Table I. Tabl e A conpil es the conponents of
in Exanples 1 to 11. The epoxy resins are prepared
of bisphenol A with the exception of Fganpl'e 3 whefe bi sphend
in place of tetrabronobisphenol A I n Exanpl e3™4

the epoxy resin is added as a solution of. 80 percent by melght sords.
Di cyanam de is added as a solution of 7.5 percent solids. Boric acid,
unconpl exed i2—%@dﬁ@q®§n@xaﬁlﬂ%rCQﬂbH$dﬂd#ﬁrﬁdﬂﬂﬂﬂwéi ranget hanol .

Unconpl exed 2- N% S ag ﬁ a solutiqn of 10 percent solids in nethanol
in Exanpl e 4 £hTSBCTRBiEt §§q§6“8§FééHF solids. In Exanples 7-9 the boric
acid and 2-M are added as a conplex in nethanol 60 percent by weight
solids. The wei ght per@eintazfl iy icompuhd s whieehc argr éxe i empPiBYed

herein are those which catalyze the curing reaction and
are well-known to those skilled in the art. Preferable
quinazoline compounds include quinazoline,
2-methylquinazoline, H—methquuinazoline,
2-butylquinazoline, 2-methyl-4- propquulnazollne,
5-ethyl-6-methylquinazoline,
2-(3~hydroxypropyl)quinazoline, 2—phenquuinazoline,
'2-benzquuinazoline, 2-phenyl-U4-methylquinazoline, .. ... ..
J-~cyanoquinazoline, 4-chloroquinazoline, and

2-bromo-4-methylquinazoline.

Phthalazine compounds which can be employed
herein are those which catalyze the curing reaction and
are weil-known to those skilled in the art. Preferable
phthalazine compounds include phthala;ine,
1-methylphthalazine, 6-methylphthalazine,
1-butylphthalazine, 1-methyl-4-propylphthalazine,
1-ethyl-6-methylphthalazine,
1-(3~hydroxypropyl)phthalazine, 5-phenylphthalazine,
1-benzylphthalazine, 1-phenyl-4-methylphthalazine,
1-cyanophthalazine, 1-chlorcphthalazine, and
T~bromo-Y4-methylphthalazine.

Quinoline compounds which can be employed
herein are those which catalyze the curing reaction and
are well-known to those skilled in the art. Preferable
quinoline compounds include quinoline,
2-methylquinoline, 3-methylquinoline, 4-butylquinoline,
5-methyl-2-propylquinoline, 2-ethyl-3-methylquinoline,
" 3-(3~hydroxypropyl)quinoline, 3-phenylquinoline,
M—benzquuinolihe, 3—pheny142—méthquuinoline, 3-cyano-~

———  ~ N
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percent, and of 2-M is 33.4 percent. In Exanple 10 th¢
ethyl -4 nethyl imdazole in a 10 percent by wei ght sol
- 69- TABLE A

Boric Acid Exa - Resin | (DI CY) (BA)

npl eParts Parts Parts Parts Parts Parts Parts Parts
Sol Dicy Sol BA  Sol 2 M No Parts

~43-

quinoline, Y4-chloroquinoline, and 2-bromo-3-methyl-

quinoline.

Purine compounds which can be employed herein
are those which catalyze the curing reaction and are
well~known to those skilled in the art. Preferable
purine compounds include purine, 2-methylpurine,
S-methylpurine, 6-butylpurine, 2-methyl-8-propylpurine,

6-ethyl-8-methylpurine, 8-(3-hydroxypropyl)purine,
2-phenylpurine, 2-benzylpurine, 6-phenyl-2-methylpurine,
8-cyanopurine, 2-chloropurine, and

- 8-bromo-2-methylpurine.

Indazole compounds which can be embloyed herein
are those which catalyze the curing reactiop and are
well-known to those skilled in the art. Preferable
indazole compounds include indazole, l1-methylindazole,
3-met£&1indazole, 1-butylindazole,
1-methyl-3-propylindazole, i1-ethyl-5-methylindazole,
3~-(3-hydroxypropyl)indazole, 3-phenylindazole,
6-benzylindazole, 6-phenyl-i-methyl-indazole,
3-cyanoindazole, 5-chloroindazole, and
3-bromo-1-methylindazole.

Indole compounds which can be employed herein
are those which catalyze the curing reaction and are
well-known to those skilled in the art. Preferable
indole compounds include indole, 1-methylindole,
2-methylindole, 3~butylindole, 1-methyl-2-propylindole,
2-ethyl-3-methylindole, 1-(3-hydroxypropyl)indole,
2-phenylindocle, 1-benzyl-indole,
2-phenyl-t-methylindole, 2-cyanoindole, 5-chloroindole,
and 3-bromo-1i-methylindole. ' -



1 - 125 100 36 2.7 2.19 .55

3.0 1.65 .33 3.5 .35 no 3

. 38 no 4 125 100 40 3.0
100 40 3.0 - - - 1 .1
2.5 .25 no 7 125 100 40 3.0
8 95 38 2.85 - .37
40 3.0 - .83 - 1.06 yes
- 54 .54 no 11* 125 100 40
*Not an exanple of the invention

Indolizine compounds which can be employed
herein are those Whigh catalyze the curing reaction and
are well-known to those skilled in the art. Preferable

indolizine compounds include indolazine,
1-methylindolizine, 2-methylindolizine,
3~-butylindolizine, 5-methyl-l1-propylindolizine,
2-ethyl-1-methyl-indolizine,
6-(3-hydroxypropyl)indolizine, 3-phenylindolizine,
T-benzylindolizine, 2~phenyl-3-methylindolizine,
5-cyanoindolizine, 7-chloroindolizine, and
3-bromo-5-methylindolizine.

Phenazine compounds which can be employed
herein include are those which catalyze the curing
reaction and are well-~-known to those skilled in the art.
Preferable phenazine compounds include phenazine,
l-methylphenazine, 2-methylphenazine, 2-butylphenazine,
1-methyl-T-propylphenazine, l1-ethyl-d-methylphenazine,
2-(3-hydroxypropyl)phenazine, l1-phenylphenazine,
1-benzylphenazine, 1-phenyl-7-methylphenazine,
2-cyanophenazine, 1-chlorophenazine, and
1-bromo-2-methyl-phenazine.

Phenarsazine compounds which can be employed
herein are those which catalyze the curing reaction and
are well-known to those skilled in the art. Preferable
phenarsazine compounds include phenarsazine,
l-methylphenarsazine, 2~-methylphenarsazine,
4-butylphenarsazine, 1-methyl-6-propylphenarsazine,
2-ethyl-3-methylphenarsazine, 1-(3-hydroxypropyl)-
phenarsazine, Y4-phenylphenarsazine, 3-benzyl-
phenarsazine, 2-pheny147-methylphenarsazine, .
3-cyanophenarsazine, 1—chlorophenarsézine, and 1-bromo-

8-methylphenarsazine.



- 70 TABLE | GEL TI MES OF DI FFERENT

VARNI SHES AT DI FFERENT TEMPERATURES Gel Tinme at ———
Gel tinme at Gel tinme at Exanpl es N g =

Tg* "~ 150[err] C(sec) 160[err] C(sec) 170[err]C(sec

445 319 203 150 2

172 148 3 310 220

353 240 161 152 _yg5- 5**

171 125 6* * 194 133

glass transition tenperatures are neasured on filk

the different varnishes at 170[err]C for 30 mn.

Phenothiazine compounds which can be employed
herein are those which catalyze the curing reaction and
are well-known to those skilled in the art. Preferable
phenothiazine compounds include phenothiazine,
10~-methylphenothiazine, 1-methylphenothiazine,
2-butylphenothiazine, 10-methyl-4-propylphenothiazine,
2-ethyl-3-methylphenothiazine,
4~(3-hydroxypropyl)phenothiazine,
10—phenylphenothiézine, 1-benzylphenothiazine,
10-phenyl-4-methylphenothiazine, 7-cyanophenothiazine,
4-chlorophenothiazine, and
4~bromo-10-methylphenothiazine.

Pyrroline compounds which can be employed
herein are those which catalyze the curing reaction and
are well-known to those skilled in the art. Preferable
pyrroline compounds include pyrroline,
2-methylpyrroline, 4-methyl-pyrroline, 5-butylpyrroline,
5-methyl-1-propyl-pyrroline, 1-ethyl-3-methylpyrroline,
1-(3-hydroxy-propyl)pyrroline, 5-phenylpyrroline,
1-benzylpyrroline, 1-phenyl-4-methylpyrroline,
3-cyanopyrroline, 5-chloropyrroline, and
2-bromo~1-methylpyrroline.

. Preferable indoline compounds which can be
employed herein are those which catalyze the curing
reaction and are well-known to those skilled in the art.
Preferable indoline compounds include, for example,
indoline, 1-methylindoline, 2-methylindoline,
3-butylindoline, 1-methyl-2-propyl-indoline,
2-ethyl-2-methylindoline, 1-(3-hydroxy-propyl)indoline,
1-phenylindoline, 1-benzylindoline,
1-phenyl-2-methylindoline, 5-cyanoindoline,
T-chloroindoline, and 5-bromo-1-methylindolin.




** Not an exanpl e of the invention. Lam nate Preparation and Testing

3ymelbmi__The

‘Lam nates are prepared using varni shes from Exanpl e

properties of such |am nates are determ ned using t éﬁﬁph@EﬂWNGSSM§§C

her ei nbefore. The prepregs obtained fromvarnishes fir

pressed for 40 mn in the press at 165[err]C (10 m e

tenperature to 165[err]C and 30 m nutes at 165[err] ¢ vxﬁh%iﬂ’%l
pressures to obtain |amnnate t hi cknessttof 1.3 to 1.
using a second sanple of a varnish from Exanple 4 i§
for 5 mnutes at 30 kg/cn{err] Lam nates from Exanp
the foll owi ng press %y

eferable piperidine compounds which can be
employed herein are those which catalyze the curing
reaction and are well-known té those skilled in the art.
Preferable piperidine compounds include piperidine,
1-methylpiperidine, 2-methylpiperidine,
3-butylpiperidine, 1-methyl-2-propylpiperidine,
2-ethyl-l4-methylpiperidine, 1-(3-hydroxypropyl)-
piperidine, 1-phenylpiperidine, 1-benzylpiperidine,
1-phenyl-2~-methylpiperidine, 4-~cyanopiperidine,
3-chloropiperidine, and Y4-bromo-1-methylpiperidine.

Piperazine compounds which can be employed
hérein are those which catalyze the curing reaction and
are well-known to those skilled in the art. Preferable
piperazine compounds include piperazine,
1~-methylpiperazine, 2—meth§lpiperazine,
3-butylpiperazine, 1-methyl-U4-propylpiperazine,
1-ethyl=3-methylpiperazine, 1(3~hydroxypropyl)-
piperazine, 2-phenylpiperazine, 1-benzylpiperazine,
1-methyl-3-phenylpiperazine, 2-cyanopiperazine,
2-chloropiperazine, and 1,4~dimethyl-2-bromopiperazine.

The inhibitor is boric acid or maleic acid.
Boric acid as used herein refers to boric acid or
derivatives thereof, including metaboric acid and boric
anhydride. It is believed that boric acid and its
derivatives are all capable of fﬁnctioning as an
inhibitor when added to the compositions of the
invention either in the form added or in a converted
form. Boric acid is preferred over maleic acid.
Inhibitor as used herein shall mean a compound which
functions to retard the curing reaction at lower
temperatures, preferably, 140°C or lower, more
preferably 150°C or lower. Inhibition is demonstrated

i bed
4 are

ppar ed
rr]C

usi ng

by a longer stroke cure time (gel'time) for compositions



Pressure (kg/cnferr]) Time (mn) 1. Roomtenperature to 170[err]C
14 30 2. Keep at 170[err]C o 40

90 3. Cool to roomtenperature 40
results are conpiled in Table II.
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containing the inhibitor as compared to LIR®
compositions not containing the inhibitor.

The inhibitor and catalysts may be separately
added to the compositions of this invention, or may be
added as a complex. The complex is formed by contacting
and intimately mixing a solution of the inhibitor with a
solution of the catalyst. Optionally, an acid having a
weak nucleophilic anion may be present. Such contacting
generally is performed at ambient temperature,. although
other temperatures may be used for example temperatures
of from 0°C to 100°C, more preferably from 20°C to 60°C.
The time of contacting is that sufficient to complete
formation of the complex, and depends on the temperature
used, with from 1 to 120 minutes preferred, and from 10
to 60 minutes more preferred. The solvents used for
each component are preferably miscible. Most preferably
the same solvent is used. Preferred solvents for the
catalyst and the inhibitor are polar solvents, with
alcohols being preferred. Lower alcohols are even more
preferred, with methanol most preferred. Alternatively,
the components of the complex may be contacted neat, in
the absence of solvent and reacted as described.

In preferred embodiments the solvents for boric
acid used in coating compositions of this invention are
polar solvents which do not contain active hydrogen
atoms or dihydroxy and trihydroxy hydrocarbons
optionally containing ether moieties. Examples of polar
solvents without active hydrogen atoms are n—methyl

pyrrolidinone, dimethylsulfoxide.

The di and trihydroxy hydrocarbons which
optionally contain ether moieties, are low molecular.
welght hydrocarbons or glycol ethers having two or three
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hydroxy groups. Preferred are C,_, di or trih?ﬁ?ﬁk§
compounds. Examples include 1,2 propane diol,
diethyleﬁeglycol, ethylene glycol and glycerine. The use
of C,-Cy di or trihydroxy compounds as solvents for boric
acid in the coating compositions of this invention
results in increased gel times.for the compositions.
Further, compositions containing boric acid in such
solvents demonstrate stability as demonstrated by
consistent gel times over a period of several days. It
has been further discovered that when Cpy_y4q @i or
trihydroxy compounds are used to solvents for boric acid
in compositions of this invention, laminates prepared
therefrom can be treated in treaters at significantly
‘faster speeds.

The amount of the inhibitor present relative the
catalyst in the composition can be adjusted to adjust the
gel time of the epoxy resin composition. At a desired
catalyst level the relative amount of inhibitor can be
decreaséa to decrease the gel time. To increase the gel
time the amount of inhibitor can be increased without
changing the catalyst level.

Alternatively, the catalytic products of the present
invention can be prepared in situ in the presence of the
epoxy resin by adding each component to the epoxy resin
in any order under essentially the same conditions as

mentioned above.

The Molar ratio of inhibitor, and optional acid with
a weak nucleophilic anion, to catalyst is that ratio
which is sufficient to inhibit the reaction of the
polyepoxide or advanced epoxy resin as exhibited by an
increase in gel time as compared to a like composition
free of inhibitor. Simple experimentation can determine
the particular levels of inhibitor and optional ac1d with
a weak nucleophlllc anion which will cause the
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Wnding speed (mmn)- 1.5 3 0. S QWT'&ﬂBT /ARNI SH
‘PROPERTIES Gel tine 170C (sec) 172 140 - 161 “ ' ~schsity
(Ford Cup 28 27 40 40 44 No 4, ERTI ES
% Resin content . 40.7 39 46. 5 44 31. 0.2
0.2 0.2 0.2 0.2 " Restgel tine, 66 - 5
140 170[err]C (sec) % Flow -49-11. 2 138 25.7
Appear ance good excell. good good good LAM RTI ES
Tg (O 143 142 148 152 127 -Cheni cal 0.6
0.2 0.4 0.3 0.5 Resistance (% NWP pick-up Bl | st er, Resi stance
60 60 complete cure at ed@vatRdr temperatopirsgPedl preferables 18

17 18  Mola¥lratio range of inhibitor, and optional acid with a
weak nucleophilic anion, to catalyst where up to 2.0 phr
of boric acid is used, is from 0.1:1.0 to 4.0:1.0, with
a more preferred range being from 0.4:1.0 to 3.0:1.0,
with an even more preferred ranée of 0.7:1.0 to 1.4:1.0
with the most preferred range being 0.75:1.0 to
1.35:1.0.

The most preferred ratios depend upon which
onium or amine compound is mixed with the boric acid or
the particular mixture of boric acid and acid having a
weak nucleophilic anion.  For example, the preferred
ratio of moles of boriec acid or mixture of boric acid
and acid having a weak nucleophilic anion per mole of
imidazole compound is from 0.85:1 to 1.12:1 while the
most preferred ratio is in the range of from 0.93:1 to
1.1:1. ‘For phosphonium compounds, the preferred ratio
is from 0.95:1 to 1.35:1, more preferably from 1.1:1 to
1.25:1 moles of acid per mole of phosphonium compound.
For other catalysts, it is easy to determine the optimum
ratios of boric acid to onium or amine compound by
mixing the components together in various ratios and
conducting simple, routine experiments. When the amount
of boric acid or mixture of boric acid and acid having a
weak nucleophilic anion is less than about 0.6 mole per
mole of imidazole the catalyst is less latent and begins
to approach the reactivity of the original imidazole
prior to reaction with the acid or acid salt. When the
amount of boric acid or mixture of boric acid and acid
having a weak nucleophilic anion is more than about 1.4
moles per mole of phosphonium, the catalyst becomes less
latent. When the amount of acid or acid salt is more



Strength (N cm)_ * Not an exanple of the invention -+ - -Lam-nat es
prepared from varni shes of Exanples 7-11 are tested for properties as
descri bed herei nbefore. The properties are conplled~4n\IabIe I

- 73- The prepregs obtained from varni shes@ ) ;MYMand 11 are
pressed for 15, 30, 60 and 90 mn in_the press at PEepr egs
obt ai ned from Exanples 9 and 10 are pressed at 210Q] m ns
The : -50-

than about 1.14 moles per mole of imidazole -t

catalyst becomes less latent.

When a mixture of boric acid and an acid having
a weak nucleophilic anion are employed, they are
employed in an amount which provides a ratio of moles of
boric acid to moles of acid having a weak nucleophilic
anion of from 0.1:1 to 0.9:1, preferably from 0.2:1 to
0.8:1, more preferably from 0.3:1 to 0.7:1.

The catalytic'products of the present invention
can be employed alone or in combination with other
catalysts, preferably catalytic products resulting from
reacting the onium or amine compounds or a combinaticn
thereof with an inorganic acid containing a weak
nucleophile. By the term "weak nucleophile" or "weak
nucleophilie", it is meant that the material has a
nucleophilicity value "n" of greater than zero and less
than 2.5 as described by C. G. Swain and C. B. Scott in
J. Am. Chem. Society, Vol. 75, p 141 (1953).

Preferable inorganic acids having a weak
nucleophilic anion or weak nucleophile include, for
example, fluoboric acid, fluoarsenic acid, fluoantimonic
acid, fluophosphoric acid, chloroboric acid,
chloroarsenic acid, chloroantimonic acid,
chlorophosphoric acid. perchloric acid, chloric acid,
bromic acid, iodic acid and any combination thereof.

The most preferable is fluoboric acid.

Fluoboric acid is sometimes referred to as
fluoroboric acid or hydrogen tetrafluoroborate. Any of
these expressions refer to the chemical represented by

the formula, HBF4.

— - Y 3




pressure of the press is set at 40 kg/cnR2 conti nuoy

“TABLE 1| I | " FR-4 RESIN FORMULATI ONS, VARN Sk PREG
AND LAM NATES PROPERTI ES Exanpl e 11*
VARNI SH PROPERTI ES Gel time 170[err]C (se

300 Viscosity (Ford Cup 29 20

PREPREG PROPERTI ES % Resi n content 40

% Vol atil es 0.17 0. 26 - 60

104 139 170[err] C (sec) % Fl ow : . 21.6
11.8 Appear ance good - good good LAM NATE
PROPERTI ES " In one embodiment the epoxy resin composition

comprises a diepoxide, a dihdyroxyhydrocabon or
halogenated dihydroxyhydrocarbon, an epoxy curing agent
which does not contain phenolic hydroxyl moieties, a
catalyst for the epoxy curing reaction, and an
inhibitor. In this embodiment the diepoxide undergoes
reaction with both the dihydroxyhydrocarbon or
halogenated dihydroxy hydrocarbon and the curing agent.
Thus the diepoxide is advanced in situ during the
reaction. In one embodiment, the diepoxide, dihydroxy
hydrocarbon or halogenated dihydroxy hydrocarbon and
inhibitor can be contacted prior to the addition of the.
curing agent and catalyst. Those polyfunctional
dihydroxyhydrocarbons or halogenated dihydroxy
hydrocarbons useful are well-known in the art see for
example Lee and Neville, supra; and Bertram U.S. Patent
No. 4,594,291, col. 8 lines 24 to 36.

All concentrations of components used in this
invention are quoted in parts by weight of components
per hundred parts of resin (phr). Such hundred parts of
resin refers specifically to the polyepoxide included in
the composition. The amount of curing agent which may
be present may vary depending upon the particular curing
agent used. Generally preferred amounts of curing agent
are from 0.5 to 30 parts of curing agent per hundred
parts of resin. More preferably from 1.0 to 10.0, and
most preferably from 2 to 4 parts. In the embodiment
where the curing agent is an aromatic hydroxyl-
—containing compounds such curing agent may be employed
in amounts which provide a ratio of aromatic hydroxyl
groups to epoxy groups preferably from 0.05:1 to 20.1,
more preferably from 0.1:1 to 10.1, most preferably from
0.2:1 to 5.1. The catalysts are employed ina . - — - ——————

—————— L



detained from 30 mn at 165[err] Q) “'Tg'ngg”')RE -
0 LA

142 122 Chemi cal 0.2 :
resi stance (% NWP pi ck-up) Bl i ster resistange
30 - (PCT MN) Copper peel 17.2
strength (N cm * Not an exanple of the inventifo
prepared from Exanples 9,10. The properties of thefv
| am nates are conpiled in Table Il A -32-

sufficient amount to result in a substantially complete
cure of the epoxy resin, with some crosslinking.
Preferably the catalyst is used in an amount of from
about .0l to 10 parts per hundred parts of resin, with
from .05 to 5.0 parts per hundred parts of resin being
more preferred and from 0.1 to 2.0 catalyst per hundred
parts of resin being most preferred. Alternatively, the
quantity of catalyst is stated in millimoles per epoxy
equivalent preferably from 0.05 to 100, more preferably
from 0.1 to 50, even more preferable from 0.5 to 20,
most preferably from 1 to 10 millimoles of catalyst per
epoxide equivalent. The amount of inhibitor used is
that amount which significantly increases the stroke
cure time (gel time) of a composition when compared to a
similar composition not containing the inhibitor. 1In
one embodiment, the. inhibitor is present in amounts up
to 2.0 phr, more preferably up to 1.5 phr. Preferably
0.05 phr or more of inhibitor is used, more preferably
0.1 phr or more is used. In those embodiments where an
equivalent amount of catalyst is used, or where a
complex of inhibitor and catalyst is prepared prior to
contacting with the polyepoxide, up to 5.0 phr inhibitor
may be used, provided the stroke cure rate is

significantly increased.

_ The compositions of this invention can be used

to coat any article for which a coating is desired.

Such article can be coated, with the composition, and

the coating can be partially cured or fully cured. In
that the embodiment where the coating is partially

cured, the article may be further processed and the
partially cured resin can be finally cured. The article
coated can be any substrate, for example metal, cement

and reinforcing material. In a preferred embodiment the
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170[err] C (sec) 91 106 Vi scosity(For

19 PREPREG PROPERTIES % Resin content

Vol ati | es 0.1 =93¢ % Fl ow

3.5 Appear ance good good

article is a reinforcing material for composites or

laminates.

The re{nforcing material which may be coated
with the compositions of this invention include any
material which would be used by -the skilled artisan in
formation of composites, prepregs and laminates.
Examﬁles of the forms of such materials are cloth, mesh,
web, fibers, or the like. Preferably, such materials
are made from glass, fiberglass, paper, plastics such as
aromatic polyamides and graphite. Preferred materials
include glass or fiberglass, in cloth or web form.

Other additives may also be present including fillers,
dyes, pigments, surfactants and flow control agents.

Compositions containing polyepoxide, curing
agent, catalyst and inhibitor may be contacted with an

_article used in any method known to those skilled in the

art. Exafiples of such contacting methods include powder
coating, spray coating, and contacting the article with
a bath containing the composition. In a preferred
embodiment the article is contacted with the composition
in a bath. Preferably the bath contains a solids levels
of from 50 to 75 percent solids. In such a bath the
various components of the epoxy resin compositions are
dissolved or suspended in the bath. A single solvent
may be used for the bath, but in many applications a
separate solvent is used for each component added to the
mixture. It is preferable that the various solvents
used be miscible with one another. Such solvents or
diluents, include those which are volatile and escape
from the composition prior to cure. Preferred solvents
for the epoxy resins are ketones, including acetone and
methylethylketone. Preferred solvents for the curing
agents are slightly polar solvents, amides, e.g. DMF,




EAM NATE PROPERTIES .(obtained from2 and 3 m

* * 2

mn - 145/ 145 136/ 1REPLACEMEN T SHEET

146/ 147 136/ 135 Cheni cal resistance (% NpP—piek—tir—2 |ni n

0.1 0.5 3 mn 0. 05 pgel
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made after the sanple is cool ed fr&hthe prelious test. The

gl ass transition tenperature and sol vent resi st from

varni shes of Exanole 7 and 11 are neasured. Results conpiled in Table IV.

ether alcohols, e.g., methyl, ethyl, propyl or butyl
ethers of ethylenme glycol, diethylene glycol, propylene

glycol or diprdp}lene'glycol for example, ethylene
glycol monomethyl ether, 1 methoxy-2-propanol. The

catalysts and inhibitors are preferably dissolved in
polar solvents, in particular alcohols, preferably lower

alkanols and most preferably methanol.

In one embodiment, the invention is a process
for preparing prepregs from the resin composition and

the reinforcing material. Such process comprises

contacting the re1nforc1ng material with an intimately
mixed bath comprising: a polyepoxide in a solvent; a

curing agent for the polyepoxide in a solvent; an
inhibitor comprising boric acid or maleic acid in a

polar solvent; and a compound which catalyzes the curing

of the polyepoxide with the curing agent in a polar

solvent® The coating occurs under condition such that
the reinforcing material is coated with epoxy resin,
curing agent, inhibitor, and catalyst. Thereafter the
coated reinforcing materials are passed through a heated
zone at a temperature sufficient to cause the solvents

to evaporate, but below the temperature which the
polyepoxide undergoes significant cure during the
residence time in the heated zone. The reinforcing

material preferably has a residence time in the bath of
from 0.1 min to 10 min, more preferably from 0.3 min to
8 min, and most preferably from 0.5 min to 3 min. The
temperature of such bath is preferably from 0°C to 100°C,
more preferably from 10°C to 40°C and most preferably

from 15°C to 30°C. The residence time of the coated
reinforcing material in the heated zone is from 0.5
15 min, more preferably from 1 to 10 min, and most

preferably from 1.5 to 5 min. The temperature of the

to



-75-

7 AND 11 PressTi me(mn 15 30
Tg(Terr]C 125 - 142 145 _
0.16 0.16 0.15 S 11* Tg([err] ©
124 % NMPpi ck-up 4.4 - 3.3 2.5
the invention -55-

) "TABLE |V GLASS TRANSI TI ON TEMPERATURE
AND SCLVENT RESI STANCE MEASURED FROM LAM NATES O

heated zone is sufficient to cause any solvents
remaining to volatilize away yet not so high as to
result in a complete curing of the components.
Preferable temperatures of such zone are from 80°C to
230°C, more preferably from 100°C to 200°C, and most
preferably from 140°C to 190°C. Preferably there is some
means in the heated zone to remove the volatile solvent,
either by passing an inert gas through the oven, or
drawing a slight vacuum on the oven. In many
embodiments the coatéd materials are exposed to zones of
increasing temperature. The first zones are designed to
cause the solvent to volatilize so it can be removed.
The later zones are designed to result in partial cure
of the polyepoxide, i.e. so called B-staging.

In some embodiments the coated article may be
then trangported to another location for further
processing, or alternatively the material may be further
processed immediately after solvent removal. In such
further processing, .several segments or parts of the
coated reinforcing material are brought in contact with
one another. Thereafter, the contacted parts are
exposed to elevated pressures and temperatures
sufficient to cause the epoxy resin to cure wherein the
resin on adjacent parts react to form a continuous epoxy
resin matrix between and about the reinforcing material.
Before being cured the parts may be cut and stacked or
folded and stacked into a part of desired shape and
thickness. The pressures use can be anywhere from 1 to
200 kg/cm2, with from 10 to 100 kg/cm? being preferred.
The temperature used to cure the resin in the parts or

laminates, depends upon the particular residence time,

pressure used, and resin used. Preferred temperature
which may be used are from 100 to 190°C, more preferably
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from 120°C to 180°C, and most preferably from 140°C to
175°C. The residence times may be anywhere from 30 min
to 300 min, more preferably from 45 to 200 win, and most
preferably from 60 to 180 min. One embodiment of such a
process is known as a continuous process. In such
process, the reinforcing material is taken from the oven
and appropriately-arranged into the desired shape and
thickness and pressed at very high temperatures for
short times, in pariicular such high temperatures are
from 180 to 250°C, more preferably 190°C to 210°C, at
times of 1 to 10 min and from 2 to 5 min. Such high
speed pressing allows for the more efficient utilization

preferred reinforcing material is a glass, web or woven
cloth.

In some embodiments it is desirable to subject
the laminate or final product to a post cure outside of
the press. This step is designed to complete the curing
reaction. The post cure is usually performed at from
130°C to 200°C for from 20 to 200 minutes. This post
cure step may be performed in a vacuum to remove any
components which may volatilize.

The ultimate coated reinforced parts prepared
from the composition of this invention often demonstrate
a higher Tg than whe;e the compositions not within the
scope of this invention are used. In some embodiments
the Tg is at least 5°C higher than parts prepared
similarly using conventional resins. More preferably
the Tg is increased by at least 10°C. The parts
prepared using the composition of this invention,
demeonstrate a higher solvent resistance,. e.g.,

2, .
. e e o
e
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Furthermore such parts exhibit a higher thermal
performance as there is little or no solvent entrapped.
The formulations of this invention preferably exhibit
longer gel times at certain temperatures as compared to

prior art formulations.

The following examples are presented to
illustrate the invention and are not intended to limit
the scope of the claims. Unless otherwise stated all
parts and percentages are by weight.

Examples :

Example 1 - Preparation of Varnish

« A varnish is prepared by mixing and blending
four solutions with agitation in a container for
approximately 30 minutes. The four solutions comprise
125 parts of a brominated epoxy resin having a bromine
content of 20 percent and an epoxy equivalent weight of
430, prepared from the diglycidyl ether of bisphenol A
and tetrabromobisphenol A which is dissolved in

methylethylketone (MEK) with on 80 percent
 solids (non-volatiles) content; 2.19 parts of boric acid
solution (20 percent in methanol); 36 parts of a
solution of dicyandiamide (7.5 percent) dissolved in
monomethylether of propylene glycdl_(69.9 percent) and
dimethylformamide (22.6 percent); &4 parts of 2-methyl
imidazole (2-MI) solution (10 percent in methanmol).



not- within the scope of the invention. Exanple 12 An i socyanate
nmodified epoxy resin is prepared by the process descLNped bel ow fromthe
foll owi ng components; 400 parts of a polyglycidyl gtRer =2

-.bi’s(4- hydr oxy-phenyl) propane (bisphenol A) havi nf
wei ght of about 180; 260 parts of | -f_
brom nat ed epoxy resin with brom ne content of 49 per§@ﬁ§§T%§€rem
di gl yci dyl ether of 2,2-bis(4- _58- ‘

From t he

Example 2 - Preparation of Varnish

A second varnish is prepared by mixing and
blending the following four solutions with simple
agitation in a container for approximately 30 minutes:
125 parts of a brominated epoxy resin having a bromine
content of 20 percent and an epoxy equivalent weight of
430, prepared from the diglycidyl ether of bisphenol A
and tetrabromobisphenol A dissolved in methylethylketone
(MEK) to have 80 percent solids content; 1.65 parts of
boric acid solution (20 percent in methanol); 40 parts
of dicyandiamide (7.5 percent) dissolved in monomethyl
ether of propylene glycol (69.9 percent) and
dimethylformamide (22.6 percent); and 3.5 parts of 2-
-methyl imidazole (2-MI) solution (10 percent in
methanol).

Examplev 3 - Preparation of Varnish

A solution containing 62.2 parts of a
polyglycidylether of 2,2-bis{4-hydroxy-phenyl) propane
having an epoxide equivalent weight of about 180, 32.8
parts of tetrabromobisphenol A, and 5.0 parts of
monomethyl ether of propylene glycol is prepared by
blending and mixing the polyglycidyl ether and
tetrabromobisphenol A (TBBA) at room temperature and

" heating to 130°C. Approximately 30 min is required to
obtain a homogeneous mixture. The mixture is cooled to
70°C and the monomethyl ether of propylene glycol is
added. Another 30 minutes is required to obtain a

homogeneous solution.

A third varnish is prepared by mixing and
blending the above described solution with the following
three solutions with simple agitation in a container for
approximately 30 minutes: 1.57 parts of boric acid'-f;;;;&“ ;



-hydroxy=8~5\d|bronn phenyl ) propane (tetrabronobi sphenol A) and
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Example 4 - Preparation of Varnish

A fourth varnish is prepared by blending and
mixing the following four solutions by simple agitation
in a container for approximately 30 minutes: 125 parts
of a brominated epoxy r951n having a bromine content of
20 percent and an epoxy equivalent weight of 418,

. prepared from the diglycidyl ether of bisphenol A and
tetrabromobisphenol A dissolved in methylethylketone to

' have 80 percent solids content; 4.5 parts of a boric
acid solution (20 percent in methanol); 40 parts of
dicyandiamide (7.5 percent) dissolved in monomethyl
ether of propylene glycol (69.9 percent) and
dimethylformamide (22.6 percent); and 1.6 parts of a
2-methyl imidazole solution (50 percent in methanol).

Example 5 — Preparation of Varnish - not an Example of

the Invention

A varnish is prepared by mixing and blending
the following three solutions by simple agitation in a
container for approximately 30 minutes: 125 parts of a
brominated epoxy resin having a bromine content of 20
percent and an epoxy equivalent weight of 430, prepared
from the diglycidyl ether of bisphenol A and
tetrabromobisphenol A which is dissolved in
methylethylketone (MEK) with an 80 percent solids (non-
volatiles) content; 40 parts of dicyandiamide (7.5
percent) dissolved in monomethyl ether of polypropylene
glycol (69.9 percent) and dimethylformamide (22.6



tesin solution is bl ended with 2.5 parts of a boric acif
solution (20 percent)_io 5 phr _beric acid); 42.66 part {

¢7.5 percent) in nmononet hyl et her of propyl ene gl ycol
di met hyl f or mami de (22:'6 percent) sol ution, (3.2 phr);
percent 2-methyl imdazole ;in.nmethanol (0.55 phr), at

30 mi nut es. T - 78- Exja

Exanpl e of the invention 133.§@-parts of the

AN

epoxy resin prepared as in Exanple 12 are bl ended Wi t H

isocyanate nDdlfl

di cyandiam de (7.5 percent) in nonoethyl ether of propylene gl ycol (69.9

percent) and di net hyl f or mam de

percent); and 1 part of 2-methyl 1m1dazole in methanol

(10 percent solution).

Example 6 - Preparation of Varnish - not an Example of

the Invention

A varnish is prepared by mixing and blending

50
or

ed

A

the following three solutions by simple agitation in a
container for approximately 30 minutes: 125 parts of a
brominated epoxy resin having a bromine content of 20

percent and an epoxy equivalent weight of 430, prepared
from the d1glyc1dy1 ether of bisphenol A and
tetrabromoblsphenol A which is dissolved in
methylethylketone (MEK) with an 80 percent solids (non-—
volatiles) content; 40 parts of dicyandiamide (7.5

percent) dissolved in monomethyl ether of polypropylene

glycol (69.9 percent) and dimethylformamide (22.6
percent); and 2.5 parts of 2-methyl imidazole in

methanol (10 percent solutiom).

Example 7 — Preparation of Varnish

A varnish is prepared by mixing and blending
the following four solutions by simple agitation in a
container for approximately 30 minutes: 125 parts of a
brominated epoxy resin having a bromine content of 20
percent and an epoxy equivalent weight of 430, prepared
from the diglycidyl ether of bisphenol A and
tetrabromobisphenol A dissolved in methylethylketone
(MEK), and having an 80 percent solids content; 40 parts
of dicyandiamide (7.5 percent) dissolved in monomethyl
ether of propylene glycol (69.9 percent) and
dimethylformamide (22.6 percent); and 1.67 parts of a
solution resulting from mixing 82.1 parts of 2-methyl
imidazole and 63.65 parts of boric acid dissolved in



(22 6 percent) solution and 0.18 parts of 50 percent 2-methyl imdazole in
met hanol (0. 09 phr)—at-+oom-+tenperature for 30 mlautes. Pr epr egs .

Tand | ani nat es—are—prepared—tsing the varni shes OfRERX ANE 4 13. The
properties of the wvarnishes, prepregs, and |anijng ~-v”“~w led by the
processes descrlbed above The results are congilje .

Tabl e VI ‘ Exanpl e{12 VARNI SH
PROPERTI ES Cel tlne (170p[err]C3 SE£1 - ' 91 3
Viscosity (Ford cup No.4, sec) 28 - n Bt er
154/ 174 150/ 178 COven tenp. (Zone 1/2, - e 0] geed (m mn)
2.1 1.8 PREPREG PROPERTI ES Resin Content (@a B 44
43 Gel Tiwy (1A Idf mfihanol to givedCh 60 percen€1§b11ds

solution.

Example 8 - Preparation of Varnish

A solution containing 62.2 parts of a
polyglycidylether of 2,2-bis(4-hydroxy—phenyl) propane
having 32.8 parts of tetrabromobisphenol A, and 5.0
parts of acetone is prepared by blending and mixing the
polyglycidyl ether and tetrabromobisphenol A (TBBA) at
room temperature and heating to 130°C. Approximately 30
min is required to obtain a homogeneous mixture. The
mixture is cooled to 70°C and the acetone is added.
Another 30 minutes is required to obtain a homogeneous

solution.

A varnish is prepared by mixing and blending
the abover described solution with the following three
solutions with simple agitation in a container for
approximately 30 minutes: 38 parts of dicyandiamide (7.5
percent) dissolved in monomethyl ether of propylene
glycol (69.9 percent) and dimethylformamide (22.6
percent); and 1.425 parts of the product resulting from
mixing 82.1 parts of 2-methyl imidazole and 63.65 parts
of boric acid dissolved in 97.1 parts of methanol

resulting in a solution having 60 percent solids.

Example 9 - Preparation of Varnish

A varnish is prepared by blending and mixing
the following three solutions by simple agitation in a
container for approximately 30 minutes; 125 parts of
brominated epoxy resin haviné a bromine content of 20
percent and an epoxy equivalent weight of 430, preparcd
from the diglycidyl ether of bisphenol A and a
tetrabromobisphenol A dissolved in methylethylketone
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: n1n at 175[err]C3 Tg ([err]C I/II)* * _ 179/ 182 - 155/1 NVP
K- up( % Thls SheetHasBeen Tdcdd | 0.18 * Not amgexmmﬁexTOSHEETe
invention rmned twce for the s arpte—and otth
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(MEK) to have 80 perceﬂt solids conteht; 40 parts of
dicyandiamide (7.5 percent) dissolved in monomethyl
ether of propylene glycol (69.9 percent) and
dimethylformamide (22. 6 percent); and 3.17 parts of the
product resulting from’ m1x1ng 82.1 parts of 2-methyl
imidazole and 63.65 parts of boric acid dissolved in
97.1 parts of methanol to give 60 percent solids.

Example 10 - Preparation of Varnish — not an Example of
the Invention '

A varnish is prepared by blending and mixing
the_follpwing solutions by simple agitation in. a
container for approximately 30 minutes; 58.95 parts of
the glycidyl polyether of 2,2-bis (4-hydroxy-phenyl)
propane having an epoxide equivalent weight of about
1803 31.05 parts of tetrabromobisphenol A and 10 parts
of methylethylketone; 40.8 parts of dicyandiamide (7.5
perceﬁ%) dissolved in monomethyl ether of propylene
glycol (69.9 percent) and dimethylformamide (22.6
percent); and 5.4 parts of 2-ethyl, 4-methyl imidazole
dissolved in methanol (10 percent solution).

Example 11 - Preparation of Varnish — not an Example of
the Invention

A laminating varnish is prepared by mixing and
blending the following solutions by simple agitation in
a container for approximately 30 minutes at room
temperature. 125 parts of brominated epoxy resin having
a bromine content of 21.5 percent and an epoxy
equivalent weight of 520, prepared from the diglycidyl
ether of blsphenol—A and a tetrabromoblsphenol A
dissolved in methylethylketone (MEK) to have 80 percent
solids content; 40 parts of dicyandiamide (7.5 percent)
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Exanpl es 12 and 13 show that [am nates prepared from epoxy resin

conpositions—of this invention denonstrate better g+ass tlanblté -
tenperatures than those not within the scope of th BEBUWEMENﬂelﬁgﬂ fi me of

Exanple 13 is.gréater than the gel tinme of Exanple |14 WhiTe the cat gl yst
| evel of Exanplé:.13 is 0:09 phr and the catal yst |¢gvdl 3&)58#”8?5 121is
0.55 phr. Exanpfe.14 to 19 - Var ni shes are prepared by endi ng an
125 parts of a brom nated epoxy resiTPIravi ng a bronf n 20
percent and an epoxy equival ent wei ght of 418, preppred fromthe digljyci dyl
et her of bisphenol A and tetrabronobi sphenol A dissorved 1n

met hyl et hyl ket one (80 .percent sqlids); 40 parts of a solution of

di cyandi ani &&SEP. %MWM@W of malypronisne sl yeokol (69.9
percent) and 6di.9etpeyicleaniainde dide thylForadnidd X 7V0 iperca@) ysin@nd in
Exanpl es 15, 17 gndflg_borh%_aC|d. Thi relatlv?Fﬁﬂgyghi)of catal yst and .
boric acid ar B3E&nBEl &TmeFEYipiimigazoleria pat PeL&eRt ansi tion

t enper at ur esadlatdwagdured of filns cured at 170[err]C for 30, and 60 mi nutes
prepared fromthe varnishes. The results are conpiled in Table VII.

Prepregs and Electrical Laminates Preparation Procedures

Prepregs Preparation

The varnishes of Examples 2 to 5 and 7 to 13
are applied to woven E glass type 7628 available from
INTER GLASS by pulling the cloth through a resin bath
containing the laminating varnish and then up through a
doctor bar set at 0.5 mm to 1.5 ﬁﬁ'aﬁd”hhéﬁ“iﬁééﬁgﬁ”" o
staged heating zones of an oven with temperatures
varying from 140°C to 190°C for Examples 2 to 5 and from
150°C to 170°C for Examples 7 to 13. The total length of
heating zone is 3 m. The glass cloth is passed through
the resin bath and the heating zones at a rate of 0.8 to
3.2m/min. The parameters of the horizontal treater used
are adjusted to produce prepregs with the following
characteristics:

Test Method

Rest gel time at 170°C 60-120 sec NEMA LI 1-12.19

Flow at 170°C 2-25 percent NEMA LI 1-14.32

Volatiles _ < 1 percent

Resin content 37-44 NEMA LI 1-12.16
percent

NEMA refers herein to the National Electrical
Manufacturers Association. The above described tests
are performed according to the test procedures
corresponding to the numbers provided. Such test
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procedures are available from NEMA which 1s located 2101

. L. Street N.W., Suite 300, Washington DC 20037.

Laminate Preparation

The laminates are obtained from 8 plies of

prepreg (15 cm x 15 cm) laid up between two sheets of

copper foil and pressed in a laboratory press.

Test Methods

Varnish Properties Measurements

Gel Time Measurement

The gel time of different varnishes 1is measured
by reacting the mixture on the surface of a hot plate at
150°C, 160°C and 170°C. The temperature is calibrated by

Signotherm temperature indicators. :
L

Glass Transition Temperature Measurements

The glass transition temperature is measured on
film prepared from the varnish formulation used for gel
time measurement. The films are cured on a hot plate
170°C for 30 min. Samples are rum at 10°C/min. The
glass transition temperature is measured by a Mettler TA
2000 DTA at a heating rate of 10°C/min. The inflection
point minus 5°C of the endothermic response was taken as

the glass transition temperature.

Prepreg Properties MEasurements
Gel Time Measurements — Stroke cure

The partially cured resin is removed from the
glass fibers, and put on accurately regulated hot plate at
170°C. It is then stroked with a metal wire until
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gelation occurs. The time from the first contact of the
resin with the hot plate to gelation is recorded as the
gel time or rest reactivity of the prepreg.

Volatile Determination

A sample of prepreg approximately 10 cm x 10 cm
is weighed to the nearest 0.001 gram (W}).

The sample is placed in a circulating air oven
at 163°C for 15 minutes and on removal it is placed
immediately in a desicator to cool. When cool, the
séﬁple“is'réﬁeighed and the weight recorded as Wz. The
volatile content is calculated from:

= (Wl - W2) x 100
Wl

percent volatiles

Resin Content

The resin content is measured by simply
weighing an exactly determined surface of prepreg, and
comparing with the weight of the same area of glass
cloth. The resin content is given by the:

Weight of the Weight of the
Resin content square of prepreg — square of glass

(percent) = x 100

(Weight of the square of prepreg)

am ne



Varnlshes are prepared fromthree different resins using varying anounts of

—etrng—agents _di cyandiam de; inhibitor, boric acid; and catalyst,2=Tethyl -

- imdazole. Resin A is_bromnated epoxy resin haV|ng a bromne content of 20
percent and an epoxy equi val ent wei ght of 418, pr : 1 yci dyl
-81-  ether of, .bi sphenol A and tetrabronobi sphendl REPHAGRMANT e GHERT
nethylethylketone (80 percent solids). Rs%ﬁ‘B‘Tﬁ” rom ngt ¢d epoxy
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resin wth a brom ne content of 19 pegggent-and an je oxgcfae%w®bgnt

Flow Measurement

The flow test indicates the extent of the
B~staging and it simulates the behavior of the resin
system within the pressing operation. According to NEMA
LI 1-14.32 procedure six plies of prepreg of determined
size are weighed to the nearest 0.0l gram, stacked
together with their edges in careful alignment, fastened
together and loaded into the preheated press. The
temperature of the press plates is 170°C and pressure is
14 kg/cm2. After 10 minutes the specimen is removed and
allowed to cool. Then the flowed resin-iS"remoéed'by'“"
cutting and weighing to the nearest 0.0l gram. The
resin flow is calculated from the equation:

(Initial weight - weight without flowed resin) x 100

percent :flow = - Initial ﬁeight
S _
Flow Measurement
(Prepregs obtained from continuous pressing process)

Six samples, 10 cm x 10 cm are cut in a prepreg
sheet and stuck between two copper foils, -the shiny
copper side facing the prepreg and acting as release
sheets. The lab press is heated to 210°C, with a
pressure of 30 bars. Pressing time of 1 minute obtains a
flow sample. The sample is weighed and a 50 cm2 disk is
punched out of the 100 cm2 sample. Flow is given as:

Sample weight — 2 x (disk weight) x 100

percent flow = Initial weight




;meight of 395 prepared-fromthe diglycidyl ether of bisphenol A and

tetrabronnbLsphenQL—AhLH—nePhylethylketone 80 percent solids.
~Resin Cis a brom nated epoxy resin having a brom ne content of 20 percent
and an epoxy equival ent wei ght of 430, prepared fromthe diglycidyl ether
of bi sphenol

percent solids content). _ The resin solu
di cyandi ami de (7.5 percent) in nonone+- et her
percent) and di met hyl f ormam de (22.6 percent);

percent boric acid); and 2-nethyl imdazole in

A and tetrabronobi sphenol A di ssolved in nethyleth l ket one (80

2-met hyl imdazole); at anbient tenperature withia
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glass transition tenperature of the filnms are determ ned. The

results are conpiled &% Tabl e VI

measure t%e chemlcal resistance, pieces of
etched laminates 5 cm x 5 cm are cut, weighed and dipped
for 30 minutes in N-methylpyrrolidone solvent at 23°C.
The pieces are dried and then weighed; the pick-up is
taken as the gain in weight.

Glass Transition Temperature Measurements

The glass transition temperature of laminates
is measured by a Mettler TA 2000 DTA at a heating rate
of 10°C/min. The inflection point minus 5°C of -the
endothermic response is taken as the glass transition ;

temperature.
Moisture Resistance

Twelve pieces of etched laminates 6 cm x 1.5 cm
are placed in a pressure cooker during 30, 60, or 90
minutes at 120°C under 1.2 atm. steam. Then, after
being dried are dipped (20 seconds) in a tin solder bath
(260°C). The moisture absorption is determined by

observation from the formation of blisters.
Copper Peel Strength

The binding strength between the copper and the
epoxy resin is determined through the strength needed to
peel the copper off a laminate. The copper peel
strength test is performed according to IPC test Method
2.4.8 Peel Strength, Metal Fort. A 10.cm x 10 cm square
of copper foil is laminated to a laminate of the
invention. The specimens are tested for peel strength
at room temperature. The copper foil is peeled back



- 82- - Table VIII
~-BoLdiGr— . _Gel—Tire (sec) Exam Resin
<Tg pie =" hr 150
phi phr ..y Jerr]C [err]C [err]d
0.33 0.2 - 1086 : 484 303 134 21 A
532 340 212 148 22 A 3 0.33
148 -68-

approximately one inch, so the line of peel is
perpendicular to the edge of the specimen. The specimen
is clamped on a horizontal surface with the peeled metal
strip projecting upward for 1 inch. The end of the foil
is gripped between the jaws of the clamp such that the
jaws cover the full width of the ‘metal strip and are
parallel to the line of peel. Force is exerted in the
vertical plane, and the metal foil is pulled at 2 inches
per minute. The load is observed and converted to
pounds per inch of width. The final peel strength is
the average of three tests.

The gel times of varnishes from Examples 1 to 6
are measured. The results are compiled in Table I.

Table A compiles the components of the
varnishes prepared in Examples 1 to 11. The epoxy
resins “are prepared from a diglycidyl ether of bisphenol
A, with the exception of Example 3 where bisphenol A is
used in place of tetrabromobisphenol A.

In Examples 1, 2, 4-7, 9 and 11 the epoxy resin
is added as a solution of 80 percent by weight solids.
Dicyanamide is added as a solution of 7.5 percent
solids. Boric acid, uncomplexed is added as a 20
percent solids solution in methanol. Uncomplexed 2-MI
is added as a solution of 10 percent solids in methanol,
in Example 4 the solution has 50 percent solids. In
Examples 7-9 the boric acid and 2-MI are added as a
complex in methanol 60 percent by weight solids. The
weight percent of boric acid in the complex is 26.2
percent, and of 2-MI is 33.4 percent. In Example 10 the
catalyst is 2 ethyl-4 methyl imidazole in a 10 percent
by weight solution.
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28
2.7
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33
2.7
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38
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A 3 0. 33 0.5 250 163 100 ;153 Zdeny SHEET
0. 437 0.3 662 454 278 137 25 b i MR VR
445 319 203 149 26 A 2.7 0. 4B7 0.5 28
141 146 27 A 2.7  0.437 0.6 |2p13000F W | 163
A 2.7 0.524 0.3 751 508 339 {147 29 .
0.524 0.4 528 390 256 147 30 A 2.7 . 0.52
386 274 164 148 31 0. 534 06 28
132 158 32 B 2.7 o.%sg 0.6 319 -- 158 153**
B 2.7 0.75 0. 65 2977~ 156 157** 34 B
0.7 0.65 . 286 142 149** 35 C 2.7
347 165 156** 36 C 2.7 0.75 0. 65 313
157** 37 C 2.7 0. 65 293 148 152**
C 2.7 0.8 : %Rg 100 154 39 c -
0.25 0.3 342 234 165 hE 3 0. 25
233 /B3 98 144 [ * 60 mn festdent t me at T70[[errJC
Dicyanamidg Boric Acid |-
Exa Resin (DICY) (BA) 2 Ml Complex
mplg
Parts | Parts | Parts | Parts | Parts | Parts | Parts | Parts | Yes/ Parts
Sol |resini Sol | Dicy | Sol | BA | Sol | 2MI | No
1]1125] 100 36 | 2.7 {219} 55| 4 {0.4] no
2 11251100 40 | 3.0 {165] 33|35} .35 | no
3 - 95 {392 2.6 }1.57| 31 { 38| .38 | no
4 1125|100 40 [30]45]| 9 [16] 8| no |
s*1125|100]| 40 | 30| - - 1 no
6*] 125|100 40 | 3.0 25| .25 | no
1251100 40 | 30 ] - | 44| - | .56 | yes | 1.67
95 | 38 |285) - | 37| - | .48 | yes | 1.425
9 {12s|100] 40 {30 ]| - | 83| - |106] yes | 3.17
10*} 100 | 90 |40.8|3.06{ - - 54| .54 ] no
11*} 125 100 | 40 | 30| - - 110 .1 ] no

* Not an example of the invention

0.65



- 83- Exampl e 41 A varni sh conprising 125 parts of resin B, 37.33
parts of a dicyandiamde (7.5 percent) in nmononethyl ether of propyls
gl ycol (69.9 percent) and di net hyl f ormam de (22.6 per cepl)==gs gggﬁ- of
boric acid (20 percent) in nethanol; and 1.1 parts PiomiaBERYs! Sadazbl e
(50 percent) in nethanol is prepared, as descri bed e 1. .
time of the varnish is neasured at 150 and 170[err]d
el even day period. The results are g@miled in Tab
Table I X Varni sh Storage Stability at Room Tenper

- TABLE I
GEL TIMES QF DIFFERENT VARNISHES
AT DIFFERENT TEMPERATURES

cxamples | SELTITE S| Seltimess | Selen | 1o
1 445 319 203 150
2 390 271 172 - 148
3 310 220 140 148
4 353 240 161 152
gEx 362 . 245 171 125
6** 194 133 88 134

*  The glass transition temperatures are measured on film
obtained by curlng the different varnishes at 170°C

for 30, min.
%% Not an example of the invention.

Laminate Preparation and Testing

Laminates are prepared using varnishes from
Ezamples 2, 3, 4, 5. The properties of such laminates
are determined using the procedures described
hereinbefore. The prepregs obtained from varnishes from
Examples 2 to 4 are pressed for 40 min in the press at
165°C (10 min heating from room temperature to 165°C and
30 minutes at 165°C) with controlled pressures tc obtzin
laminate thickmess of 1.3 to 1.6 mm. A prepreg prepared
using a second sample of a varnish from Example & is
pressed at 200°C for 5 minutes at 30 kg/cm2. Laminates
from Example 5 are prepared using the following press

cycle.




‘No: of Days O 3 4 5 11 Gel Tine at 386

381 - - 387 386 1 50[err]C (sec) Cel Tinme at 164 173
171 173 172 1 70[err]C (sec) Exanplgw¢_ﬁ% a
corrposition of this invention is stable for 11 d afples to 48

Var ni shes are prepared by bl énding a 125 parts a"ﬁﬁgﬁ;ﬂaf%d pbxy resin
havi ng a br om ne—content—ef—26—percent and an epo equi lﬁﬂb i
418, prepared fron1§he di glycidyl ether of bisphenpl 30

t et rabr onobi sphengl ‘A, di gsol ved i n nethyl et hyl k¢t gne (80
40 parts of a solutlon of “di cyandi am dd (7.5 perde
of propyl ene glycol (69.9 percent) and di nethyl fofmam d
phr); a catalyst (pyridine or triphenyl phosphine
47 an

percent) (3
in Exanples 44 and

Pressure (kg/cm2) Time (min)

1. Room temperature to 170°C - 14 30
2. Keep at 170°C 40 90
3. Cool to room temperature 40 15

The results are compiled in Table II.
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TABLE II
FR-4 RESIN FORMULATIONS, VARNISHES, PREPREGS AND
LAMINATES PROPERTIES

time is neasured. The
are conpiled in Table X
Gel Time at Exanple
Pyri di ne

4
Example 2 3 5*
| ]

TREATER SETTING
Oven temp.zones
172 (°C) 148/183 | 150/1901 150/171) 154/182] 150/170
Winding speed -
(m/min) 1.5 3 0.85 2 2.6
VARNISH
PROPERTIES
Gel time170°C (sec) 172 14C 161 161 171
Viscosity (Ford Cup 28 27 40 40 44
No 4, sec) i
PREPREG
PROPERTIES i
% Resin content 40.7 39 46.5 44 37.5
% Volatiles 0.2 0.2 0.2 0.2 0.2
Rest gel time, 66 54 - 65 140
170°C (sec)
% Flow 11.2 13.8 6.6 18 25.7
Appearance good | excell. | good | good | good
LAMINATE
PROPERTIES _
Tqg (°C) 143 142 148 152 127
Chemical 0.6 0.2 0.4 0.3 0.5
Resistance (% NMP
pick-up)
Blister Resistance 60 60 - - 60
(PCT MIN)
Copper Peel 18 18 17 18 21
Strength (N/cm)

* Not an example of the invention

Laminates prepared from varnishes of Examples
7-11 are tested for properties as described

hereinbefore. The properties are compiled in Table III.

relative




43% Pyri di ne 0.4 - _ _Pyridine

1.1 1319  45* Pyri i | - -

223 46*  Tri phenyl 0.2 3 ' phosphi né
47 Tr i phenyl 1.5 : 1 hgsphi ne 48*
Tri phenyl € 1.5 202 % Not. an

exanpl e of the.invention® Exanples 49 to 9f._ Var nigshes with
different |evels of catalyst, curing7dgent, and inhibitor are.prepared by
the followi.ng procedure. The stroke cure rate, gel tine, and the glass
transition tenperature are determ ned. The anpbunts of conponents, gel

times and glass transition tenperatures are conpiled in Table Xl .
A 20 percent sol uti oFbé RFRATeEsciabtaingd famm vamnkdhry Bxawplesnd nat ed

epoxy resin prapalegrbypragyanceas 15g dogl ¥oi d¥d Sonenofinbicsehenol A with
press at 165°C.. The prepregs obtained from Examples 9 '
and 10 are pressed at 210°C for 2 and 3 mins. The
pressure of the press is set at 40 kg/cm? continuous

press cycle.

TABLE III
FR-4 RESIN FORMULATIONS, VARNISHES,
. PREPREG AND LAMINATES PROPERTIES

Example 7 8. 11*

VARNISH

Gel time170°C (sec) 147 119 300
Viscosity (Ford Cup - 29 20 21
No 4, sec)

PREPREG '
PROPERTIES _
% Resin content - 43 41 40
% Vdlatiles 0.17 0.26 -
Rest gel time, 60 104 139
170°C (sec)
% Flow 14.3 21.6 11.8
Appearance good good good

LAMINATE
PROPERTIES
(obtained from 30
min at 165°C)

Tg (deg C) 142 142 122
Chemical 0.2 0.2 3.3
resistance (% NMP
pick-up) .
Blister resistance 30 30 - 30
(PCT MIN)
Copper peel 17.2 17 20
strength (N/cm)

* Not an example of the invention

Laminates are prepared from Examples 9,10. The
properties of the varnishes, prepreg and laminates are
compiled in Table III A. '



t hen back bl endi ng
t epoxide, the
ure is

t et r abr onobi sphenol A to 4.7 to 5.0 percent epoxi
wi th diglycidyl ether of bisphenol A to a 9.8 to J;Q.—
final product is diluted to 80 percent solids i 2]
- 85- stirred till honpbgeneous, then allowed tojsffand
I nterval s at anbient tenperature. To this solutipn iﬁ@.%%d a 10f per cent

sol ution of dicyandiam de (10 percent by wei ght f[dijcyandi a i B96i 50/ 50

m xture of di nmethyl fornmam de and nonofiet hyl etller o ycol
stirred till honogeneous), then a 40 percent so ' i m dazol e
in methanol is -

. TABLE IIT A
FR~4 RESIN FORMULATIONS FOR CONTINUOQUS
PRESSING TECHNOLOGY - CURED RESINS, PREPREGS
AND LAMINATES PROPERTIES

Example 9 - 10
VARNISH PROPERTIES
Gel time170°C (sec) 91 ' 106
Viscosity (Ford Cup. No 4, sec) 28 19
PREPREG PROPERTIES
% Resin content 40.7 42
% Volatiles ' 0.1 0.1-
% Flow : - 45 35
Appearance good good

LAMINATE PROPERTIES
(obtained from 2 and 3 min

at 210°C)

Tg (deg C I **

2 min, . 145/145 136/136
3min « 146/147 136/135
Chemical resistance (% NMP -

pick-up)

2 min 0.1 0.5

3 min 0.05 0.5
Copper peel strength (N/cm) 17 18

*% The Tg is determined twice for the same
sample and both values are reported. The
second determination is made after the
sample i1s cooled from the previous teast.

The glass transition temperature and solvent
resistance of laminates from varnishes of Example 7 and 1

are measured. Results compiled in Table IV.

— cmammg



added and stirred till honogeneous. -This solution is then allowed to stand
at anbi ent tenperature 2 hours before gel tines or cured products are nade.
~CGel tine is deternmined via a stroke-cure proceduig at 175[err]C. 4 ass

transition tenperatures were determined via dif Jt+al _scanning
calorinmetry (DSC) at a heating rate of 10[err] Gﬁﬁg@f using the md-
poi nt of the transition. ' SHERY J86-
~75-
TABLE IV

‘GLASS TRANSITION TEMPERATURE AND SOLVENT
RESISTANCE MEASURED FROM LAMINATES OF EXAMPLES

7 AND 11
Press Time (min 18 30 60 90
7 Tg (°C) 125 142 145 146
% NMP pick-up | 0.3 0.16 0.16 0.15
11* Tg(°Q) 107 122 123 124
% NMP pick-up 4.4 3.3 2.5 24

* Not an example of thé 1invention

The top number is the glass transition temperature.

The

i bottom number is the percent weight gain when exposed to

N-methyl pyrrolidone (NMP).



Table XI' Exam . Boric audz met hyl Di cyandi Cel Tine Stand ple

(phr) i-mi-dazol (sec) Tg([err]OQ time - (phr) (phr)
(hrs) 49 ; 0.4 0.35 2.5 246* 146 24 50
0.4 0.35 - 3 - 246* 145 2] 0.75
3 87.5* - 135 .24 52 0.4 86. 5*
140 24 53 0.8 0.75 2. 24 54
0.8 0.75 3 181. 5 ~1842 0. 35
3 288 - 148 24 56 0.8 349.5
154 24 57 0.6 0.55 2. 24 58
0.6 0.55 2.75 197 148 0.55
2.75 190 140 0 60 0.6 =5 - 214
144 1.5 61 0.6 0.55 2.75 232 149— 24 62
0.6 - 0.55 75 232 TABLE] 50 - 12 1.01 0.55
2.75 278 COuwISON 105 TREPATER PARAMETERS eNB5PREPRE§ 75 270
158 1.5 65 PROPERTIESQFOR EXAMPLES; 7,8 ANfp S 157 24
Examples 7 ) 8 5%
VARNISH GEL TIME 147 119 171
(170°C, sec)
OVEN TEMP.
(recorded)
Zone 1(deg Q) 150 145 150
Zone 2 (deg C) 170 165 170
GAP (mm) 0.6 0.6 |1 1 J0.75 | 0.65
|WINDINGSPEED  R.5 28 |26 3 f23 2.6
(m/min)
PREPREG PROP. |
Resin content (%) 9.8 421 [41.2 43.0§39.5 375
Rest gel time at 102 126 104 108 1116 140
170°C (sec) - :
Flow (%) he.7 18.3 |21.6 23 )17.6 25.7
Appearance good good | good good | good good

* Not an Example of the Invention.

Films, prepregs and laminates prepared from
varnishes of Examples 1 to 11 demonstrate that resin
compositions of the invention prepare cured and
partially cured products haﬁing significantly higher
glass transition temperatures than resin compositions
not within the scope of the invention. .

Example 12

An isocyanate modified epoxy resin is prepared
by the process described below from the following
components; 400 parts of a polyglycidyl ether of 2,2-
~bis(4-hydroxy-phenyl) propane (bisphenol A) having an
epoxide equivalent weight of about 1803 260 parts of



66 1.51 — 0.55" 77 ~2.75 268 161 24 67 1.01

~0.55 2. 75 — 7273 T 154" — 12 68 - a0 54_“.;-“-;-.&_,___0 95 2.75
" 270 --- 12 69 1.01 0.35°  ; FEBLACEY, e

15 70 1.51 . .0.35 2.5 ---

-87- a . Table Xl (continu d

2-nmet hyl Dicyandi Stand Exam

Gel Time Tg (C© tine ple =T7-(phr)

(sec) (hrs)

brominated epoxy resin with bromine content of 49
percent prepared from the diglycidyl ether of 2,2-bis(4-
—~hydroxy-3,5 dibromo-phenyl) propane
(tetrabromobisphenol A) and 2,2-bis(4-hydroxy-3,5-
—-dibromo-phenyl) propane (tetrabromobisphenol A); 0.6
parts 2-phenyl imidazole dissolved in an equal amount of
methanol; 90 parts methylene diphenyl diisocyanate
(available from The Dow Chemical Company under the
trademark Voranate* M 220) and 250 parts of
methylethylketone. The resin is prepared by the
following procedure.

The liquid epoxy resin and brominated epoxy
resin are charged to a reactor. The mixture is stirred
and heated under a nitrogen atmosphere to about 90°C.
The catalyst of 2-phenyl imidazole is added to the
mixture once it reaches 90°C. The mixture is heated to
150°C. °Hethylenediphenyl diisocyanate is added over a
period of 30 to 45 minutes. The reaction temperature is
maintained between 155 and 175°C during the addition.
The mixture is heated on addition 30 minutes. A portion
is removed and titrated to determine the epoxy content.
It is determined to be 12 percent. The mixture is
cooled to 130°C and methylethylketone is added.

133.33 parts of the isocyanate modified epoxy'
resin solution is blended with 2.5 pafts of a boric acid
in methanol solution (20 percent) (0.5 phr boric acid);
42.66 parts of dicyandiamide (7.5 percent) in monomethyl
ether of propylene glycol (69.9 percent) and
dimethylformamide (22.6 percent) solution, (3.2 phr);
and a 1.1 parts of 50 percent 2-methyl imidazole in

methanol (0.55 phr), at rocm temperature for 30 minutes.



e

71 0.6- =" 0.55—"" "2.75 230 1583 0 72 0.6

0.55 2.15— 205 153 1 73 06 Qb By
- 2.75 199 146 - 2. 74 0.6 | BEMBLE ;*E*\!e BHEBT 201

149 3 75 —676 0.55 2.75 2O 6

76 0.2 ~0.175 149 l 0.2

0.175 2.5 349 147 : 12'?56 78 0-"'92'3{:T 1979% 3&3

2.5 140 1138 12-16 79 0.2 | L0355 '

162 142 12- 16 80 0.4 0.35 2 208

151 12-16 g 1 Q 5 149

1516 gy Exdlfple 13% Yot an EXamble of cife %‘iventfm&o 12-16 83

0.4 0.175 571 140 12-16 84 0.3

0. 2625 2 925 219@)3 33 parts ofjphepgisocggnate mgdified eppxys2s

2.25 284 re51n ]p‘i:%pare’d2 3 in }ﬁﬁample p?. 8are bleﬁ’dé&5w1th 42 66
583 148 87 0. 75

149  12-16 Pafé‘é‘ o a@%yandlamoiessu 5 Pel’zc%}lt) in MOEthYlgsher

12;116 89 of ﬁ'oﬁ)ylene glo:c¥l (69.9 2percent‘.) 453d dlmeﬂﬁﬁlforﬂgmiﬁe 90

. 0. 26 3
0. 263 >°332.6 pegsgne) solation pad .18 Banis % M PEF byl s
48-58 are theZa'mtéhgé. dimidazole in methanol (0.09 phr) at room

- temperature for 30 minutes.

Prepregs and laminates are prepared using the
varnishes of Examples 12 and 13. The properties of the
varnishes, prepregs, and laminates are determined by the
processes described above. The results are compiled in
Table VI.

Table VI

Example 12 Example 13*

VARNISH PROPERTIES

Gel time (170°C) sec 191 253
Viscosity (Ford cup No.4, sec) - 28 30
Treating parameter 154/174 150/178
Oven temp. (Zone 1/2, C°) '

Winding speed (m/min) 2.1 1.8
PREPREG PROPERTIES

Resin Content (%) 44 43
Gel Time (170°C, sec) 70 115
Flow (%) 16.5 —-

LAMINATE PROPERTIES
{45 min at 175°C)

Tg (°CiAl)** 179/182 155/165
NMP pick-up (%) 0.1 0.18

* Not an example of the invention

“* The Tg is determined twice for the same sample and
both values are reported. The second determlnatlon is
made after the sample is cooled from the previous test.



two sanpl es ' - 88- Exanpl es 92 - 102
The follow ng conponents are enployed in the Exanples 92-102. Solution A

[ REPLACENENT SHEET |

30 OCT 996
-79- .

o L ]

Examples 12 and 13 show that laminates prepared
from epoxy resin compositions of this invention
demonstrate better glass transition temperatures than

those not within the scope of the claims. The gel time
of Example 13 is greater than the gel time of Example 12,
while the catalyst level of Example 13 is 0.09 phr and |

the catalyst level of Example 12 is 0.55 phr.
Example 14 to 19

Varnishes are prepared by blending an 125 parts
of a brominated epoxy resin having a bromine content of
20 percent and an epoxy equivalent weight of 418, - - - - -
prepared from the diglycidyl ether of bisphenol A and
tetrabromobisphenol A dissolved in methylethylketone (80
percent solids); 40 parts of a solution of dicyandiamide
(7.5 percent) in monomethyl ether of propylene glycol
(69.9 percent) and dimethylformamide (22.6 percent), (3
phr); a catalyst and in Examples 15, 17 and 19 boric
acid. The relative amounts of catalyst and boric acid
are compiled in Table VIII. The gel time and glass
transition temperature are measured of films cured at
170°C for 30, and 60 minutes prepared from the
varnishes. The results are compiled in Table VII.



One nole of 2-nethylimdazole is mxed with 1.03 noles of aqueous

fl uor obori c—actd-t-n—the—presence of a sufficient quantity of nethanol such &
-that the weight of 2-nethylim.dazole and solid fluoroboric aC|d is 40 to 50
percent by weight of the total mixture. Solution B . .- One-nol e of

2-net hylinm dazole is mixed with 1.03 nol es "of boric acid: |n thﬁhpﬁegence CJ
an armount of water approximately equal to the wei ght of -an
a sufficient amount of nethanol such tha80+he wei ght of [2-
and boric acid is 40 to 50 percent by weight of the t-otal
Cat al yst Preparation The catal ysts used. in thefjfo
use either Solution A or B, or blends thereof. Alternat
are prepared by adding, either a m xture or separately, f1 Uobo
boric acid to 2-nethylim dazole and diluting the resulting m xture with
met hanol to 40 percent to 50 percentTgbIﬁdggﬂésed on the three conponents.

It is generally

. Glass
Boric Varnish Transition

oric- °C

E;?én Catalyst phr | acid |

phr 1150]160]170 30 | 60

OC oc oC h .
min | min
14* | Ethyltriphenyl | 0.2 0 - | - 307§ - | 131

phosphonium
' acetate.Acetic
acid complex

phosphomum
acetate.Acetic
acid complex

16* |butyl 0.2 0 |366]299}240{ 130 | 138
dimethyl

. ]amine

17 |butyl 1.0 | 0.524 | - |347]245] 136 | 143
dimethyl
amine

18* |Diisobutyl 0.2 -- - | - |510¢4 -- --
amine

19 |Diisobutyl 10los2a| - -1>1 -~ [ -
amine ' 780

* Not an example of the invention

Examples 20-40

Varnishes are prepared from three different
resins using varying amounts of curing agent,
dicyandiamide; inhibitor, boric acidj and catalyst,
2-methyl imidazole. Resin A is brominated epoxy resin
having a bromine content of 20 percent and an epoxy
equivalent weight of 418, prepared from the diglycidyl



preferable to digest the resulting mixtures for 16 to 24 hours at 50[err]C

to 60[err] C before use. _ - 89- CATALYST
A-1_Solution A this catalyst is used | mregrat-ely..
m xi ng. CATALYST A-2 Solution A this catalyst is store¢d /e
oven at 60[err]C for 24-hours before using. CATALYST 1; Boluti-e#:

catal yst is used I mredi ately after m xing.]s
-81- /

ether of bisphenol A and tetrabromobisphenol A dissolved
in methylethylketone (80 percent solids).

Resin B is brominated epoxy resin with a
bromine content of 19 percent-and an epoxy equivalent
weight of 395 prepared from the diglycidyl ether of
bisphenol A and tetrabromobisphenol A in
methylethylketone 80 percent solids.

Resin C is a brominated epoxy resin having a
bromine content of 20 percent and an epoxy equivalent
weight of 430, prepared from the diglycidyl ether of
bisphenol A and tetrabromobisphenol A dissolved in
methylethylketone (80 percent solids content).

The resin solutions are blended with
dicyandiamide (7.5 percent) in monomethyl ether of
propylene glycol (69.9 percent) and dimethylformamide
(22.6 percent); boric acid in methanol (20 percent boric
acid); and 2-methyl imidazole in methanol (10 percent
2-methyl imidazole); at ambient temperature with
agitation for about 30 minutes. The gel time of each
varnish is determined at 150°C, 160°C and 170°C. A film
is prepared from each resin, which is cured for 30
minutgs at 170°C, the films from Examples 33 to 38 are
cured for 60 minutes. The glass transition temperature
of the films are determined. The results are compiled
in Table VIII.



CATALYST 1-A Solution B, this catalyst is stored in an oven at
60[err] C for 24-hours before using. CATALYST 2 A quantity of Sol ution A

-sufficient to give 0.2 nol es of 2- nethyllm'da«z-e.l,.e%w m xed
with a quantity of Solution B sufficient to é’ﬁlfa"gﬁﬁﬁT f-85_ Of
2-nmethylimidazole. This ° catal yst is used i | a$’€EET
m xi ng. CATALYST 2- AAquantlty of Solution A sufficiept t% I ve
0.2 nol es of 2-nethylimdazole is n xed | go_ Wi cfg 19960f
Solution B sufficient to give 0.1 nol es of i m dazgl ¢.
This conbi ned solution is then stored in at
60[err] C for 24-hours before using. CATALYST 3 A quanti A
sufficient to give 0.2 noles of 2-nethylimdazole is m
with a quantity of Solution B sufficient to give 0.2 nol es of
2-met hyl i m dazole. This <@ Weiiri s used i mmediately after
m xi ng. CATALXYST 3-AA quantity of Solution A sufficient (’ro give

-1 Gel Time (sec)

Exam | pegin %é?m% g | catalyst 9
ple phr ohr phr | 1052:0 1°6C0 1%0 C
20 A 3 0.33 0.2 | 1086 {484 1303] 134
21 A 3 0.33 0.3 532 [ 3401212} 148
22 A 3 0.33 0.4 353 | 232152 148
23 A 3 0.33 0.5 | 250 | 163|100} 153

24 1 A | 27 0.437 0.3 | 662 |454)1278 | 137
25 A 2.7 0.437 0.4 445 |319]203 | 149
26 A 2.7 0.437 0.5 288 {230] 141 | 146
27 A 2.7 0.437 0.6 221 1170} 91 153
28 | A 2.7 0.524 0.3 751 | 508 {339 | 147
29 |« A 2.7 0.524 0.4 528 | 390 ] 256§ 147
30 A 2.7 0.524 0.5 386 | 274 | 164 | 148
31 A 2.7 0.524 0.6 | 283 |200]| 132} 158
32 B 2.7 0.65 0.6 319 -- {158 | 153**
33 B 2.7 0.75 0.65 292 -- | 156 | 157**
34 B 2.7 0.7 0.65 286 - | 142 | 149**
35 C 2.7 0.65 0.6 347 - | 165 | 156**
36 C 2.7 0.75 0.65 313 - | 155 {157**
37 C 2.7 0.7 0.65 293 -~ | 148 | 152**
38 C 2.7 0.8 0.8 205 | 162 | 100} 154
39 C 3 0.25 0.3 342 | 234 ] 165 | 147
40 C 3 0.25 0.4 233 | 163 ] 98 | 144

** 60 min resident time at 170 °C




‘ 0.2 nol es of 2-nethylimdazole is m xed LLh a quantlty of

Solution B sufficient to_ _ give 0.2 noles gf p& m dazol e.
- Thi s -90- LE 3T,
sol ution is*théﬁ“§?6?€6‘rﬁﬂgﬁﬁgven at 6p[prr]C 4-#/b6uf s
bef ore using. CATALYST 4 A quantity of Solution Afs 3 t 0 gi
0.1 nol es of 2- nethylln1dazole Is m xed it hal?98 t
Sol ution B sufficient to -83-
Example 41

A varnish comprising 125 parts of resin B,
37.33 parts of a dicyandiamide (7.5 percent) in
monomethyl ether of propylene glycol (69.9 percent) and
dimethylformamide (22.6 percent); 2.5 parts of boric
acid (20 percent) in methanol; and 1.1 parts of 2 methyl
imidazole (50 percent) in methanol is prepared, as
described in Example 1. The Gel time of the varnish is
measured at 150 and 170°C periodically over a eleven day
period. The results are compiled in Table IX.

Table IX
Varnish Storage Stability at Room Temperature
No.ofDays | O 3 4 5 11
Gel Time at 386 381 -- 387 - 386
150°C (sec)
Gel Timeat | 164 173 171 173 | 172
170°C (sec)

Example 41 shows a composition of this
invention is stable for 11 days.

Examples 42 to 48

Varnishes are prepared by blending a 125 parts
of a brominated epoxy resin having a bromine content of
20 percent and an epoxy equivalent weight of 418,
prepared from the diglycidyl ether of bisphenol A and
tetrabromobisphenol A, dissolved in methylethylketone
(80 percent solids); 40 parts of a solution of
dicyandiamide (7.5 percent) in monomethyl ether of
propylene glycol (69.9 percent) and dlmethylformamlde
(22.6 percent), (3 phr); a catalyst (pyridine or
triphenyl phosphine) and in Examples 44 and 47 an



g| Ve 0.1 nol'es—ef. 2-nethylinidazole. This catal yst is used

_imediately m Xing—-..CATALYST 5 A quantity of Solution A sufficient
‘to.give | es of 2nethyllmdazole|s m xed
V\nthaquantlty of Solution Bsufficient to | §ifeEd. ¥ ol es of
2-met hyl i m dazol e.- This catal yst i ' { after

m xi ng.  Exanples 92 -97 Viscosity Stability )
sol ution by weight in propylene glycol nonet hyl I;5 ()m'eﬂ%e of (1) t he
di gl ycidyl ether of bisphenol A having ah epoxi fie} equi val ent anpt of

181.5 and (2) the para, para isoner of bispheno mXed at a nplar ratio
of 0.98 nole of bisphenol A per nole of epoxy, 4re added of the

above catal yst; f
2-methylim dazo’ﬁgﬁdée)tgosoxif/l% Il]%! ldi g#ty%s pererr%'%e a%;% howh | iRgabl e
XIl. The initize aﬁmamqnnt@aaﬁ mmlm aand bosic avtdietnd results

are compiled in Table X.

Table X
; A Gel Ti
Example Catalyst phr Boric Acid phr 13003'?;?;‘
42* Pyridine 0.2 - . 361
43* Pyridine 0.4 - 308
44 Pyridine 1.1 1 : 319
45* Pyridine | 1.5 e ). 223
46* - Triphenyl 0.2 - 395
phosphine '
47 Triphenyl 1.5 1 354
phosphine
48* Triphenyl 1.5 - 202
"I, phosphine ’ -

¥ Not an example of the invention

Examples 49 to 90

Varnishes with different levels of catalyst,
curing agent, and inhibitor are prepared by the
following procedure. The stroke cure rate, gel time,
and the glass transition temperature are determined.
The amounts of components, gel times and glass
transition temperatures are compiled in Table XI.

' A 20 percent solution of boric acid in methanol
1s added to a brominated epoxy resin prepared by
advancing the diglycidyl ether of bisphenol A with
tetrabromobisphenol A to 4.7 to 5.0 percent epoxide,
then back blending with diglycidyl ether of bisphenol A
to a 9.8 to 10.1 percent epoxide, the final product is
diluted to 80 percent solids in acetone. The mixture is



A portion of the sanples are then stored in an oven at 50[err]C.
Periodically sanpl es are renoved and the viscosity, measyred .at_25[err]cC,

is .recorded. The viscosity data and percent increase in yi EE{Q@CYMEN?'@EE

to the second day is recorded in Table XlII. _

-91- Reactivity The rel ative react|V|ty of theke cataHysts for

pronoting the reaction of an epoxy with a phenolic 300C 1996
-85-

stirred till homogeneous, then allowed to stand for
different time intervals at ambient temperature. To
this solution is added a 10 percent solution of
dicyandiamide (10 percent by weight dicyandiamide in a
50/50 mixture of dimethyl formamide and monomethyl ether
of propylene glycol stirred till homogeneous), then a 40
percent solution of 2-methyl imidazole in methanol is

. added and stirred till homogeneous. This solution is
then allowed to stand at ambient temperature 2 hours

~ before gel times or cured products are made.

Gel time is determined via a stroke-cure
procedure at 175°C. Glass transition temperatures were
determined via differential scanning calorimetry (DSC)
at a heating rate of 10°C per minute, using the mid- :
point of the transition. |

<




coimpound i s obtained by blending the catal ysts with an epoxy and bi sphenol
as descri bed above, but wthout a solvent. The bisphenol is dissolved in
‘the epoxy by heating to approximately 100[err]C to 150[err] C, then tuel ed

to approximately.60[err]C and the catal yst added and silrred until
homogeneous. The change in viscosity with tine at _._150<?REPQ\G Em'eﬁHE T_'L
recorded. The period before a notable change in vi SCOJ'[*—N—S%—&M@ y
recorded in Table Xl Il, as the induction time. The sl qpg of the the Iine
obtained fromplotting the log of visce8ty vs tine i.4 decdPd@Y i B%rabl e
XIll, as the relative rate of reactivity. . -92-
Table XI
Prem B°(’F‘)§j)‘id anate | Dacyad Geainel g Q) e
(phr) (phr) (hrs)
49 0.4 0.35 2.5 246* 146 24
50 0.4 0.35 3 246* 145 24
51 0.4 0.75 3 87.5*% 135 24
52 04 | 0.75 2.5 86.5* 140 24
53 { 08 | o075 | 25 [ 186* | 143 ] 24.]. .
54 0.8 0.75 3 181.5 142 24
55 0.8 0.35 3 288 148 24
56 0.8 0.35 2.5 349.5 154 24
57 0.6 0.55 2.75 189.5 149 24
58 | « 06 0.55 2.75 197 148 24
59 0.6 0.55 2.75 190 140 0
60 0.6 0.55 2.75 214 144 1.5
61 0.6 0.55 2.75 232 149 24
62 0.6 0.55 2.75 232 150 12
63 1.01 0.55 2.75 278 156 1.5
64 1.51 0.55 2.75 270 158 1.5
65 1.01 0.55 2.75 270 157 24
66 1.51 0.55 2.75 268 161 24
67 1.01 0.55 2.75 273 154 12
68 1.51 0.55 2.75 270 - 12
69 1.01 0.35 2.5 --- 157 15
70 1.51 0.35 - 2.5 - 162 15
; -



"Table X |

3 Amount [ err]
:Pa. s 1.583
1.740 1.760
2443 Pa. s

2423 3391

Y% lncr.[e
2.202 2.443

Ex. 92 Ex. 93

3

3 Init.

Vi sc.

1.558 1 Day Visc.

[err]

10

13

% | ncr.

Cat al yst
. Cps
cps

5 Day Viéc

Type

2

1583... 1558,

R%?%EMEW&QFET

-87-

Table XI (continued)

Exam | Boric acid iﬁ?c}gtz@ﬁe D;%?é‘:i Gel Time Tg (°C) Stf?r?g
ple (phr) (phr) (phr) - (sec) (hrs)
71 0.6 0.55 275 | 230 153 0

72 0.6 0.55 2.75 205 153 1
73 0.6 0.55 2.75 199 | 146 2

74 0.6 0.55 275 201 149 3

75 0.6 0.55 2.75 202 6

76 0.2 0.175 2 353 120 | 2

77 0.2 0.175 25 | 349 147 | 12-16
78 0.2 035 25 140 138 | 12-16
79 0.2 0.35 | 2 162 142 | 12-16
80 | 04 0.35 298 151 | 12-16
81 “0.4 035 25 260 149 | 12-16
82 0.4 0.175 2.5 451 150 | 12-16
83 0.4 0.175 2 571 140 | 12-16
84 03 0.2625 | 2.25 290 - | 1216
85 0.3 0.2625 | 2.25 284 149 | 12-16
86 0.8 0.175 2 583 148 | 12-16
87 0.8 0.175 25 485 149 | 12-16
88 0.8 0.35 25 360 153 | 12-16
89 0.8 035 2 433 153 | 12-16
90 14 0.263 2.25 232 154 | 12-16
91 14 0.263 2.25 230 155 | 12-16

* Stroke time for Examples

two samples

48-58 are the average of

Pa. s

2402

cps



Pa. s

3495 7058
‘mlliequiva
t he near est

2.423 3.391 % | ncr. 39

Pa. s 3.495 7.058 %Ilncr.b __ 101

ents of catal yst per equival ent

~88-

Examples 92 - 102

93 12 Day Vi sc.

of epoxi de.|

The following components are employed in the

Examples 92-102.

Solution A

One mole of 2-methylimidazole is mixed with
1.03 moles of aqueous fluoroboric acid in the presence
of a sufficient quantity of methanol such that the
weight of 2-methylimidazole and solid fluoroboric acid

is 40 to 50 percent by weight of the total mixture.

Solution B

One mole of 2-methylimidazole is mixed with
1.03 moles of boric acid in the presence of an amount of
water approximately equal to the weight of the boriec
acid and a sufficient amount of methanol such that the
weight of 2-methylimidazole and boric acid is 40 to 50
percent by weight of the total mixture.

Catalyst Preparation

The catalysts used in the following Examples
use either Solution A or B, or blends thereof.
Alternately, the catalysts are prepared by adding,
either a mixture ob separately, fluoboriec acid and boric
acid to 2-methylimidazole and diluting the resulting
mixture with methanol to 40 percent to 50 percent solids
based on the three components. 'It is generally
preferable to digest the resulting mixtures for 16 to 24

hours at 50°C to 60°C before use.




Table-XLL1 _ Ex. Cat al yst | nducti on Rel ati ve, No.

Ti me __Reaction . Type Ant.[err] o
. Rate ' - 92 2 3 21 68 ﬁﬁiﬁéﬁﬂéﬂ\n’ SHEET

3 19 67 - 94 1-A 3 NDb NDb

95 A 3 17. 76 96 5 1 308C8 199

130 97 3-A 3 15_89 81 98} A1

9 85 42 99 1 4.5 10 34

100 1 9 5 240 101 2 20

68 102 3 9 20 67 a MIliequival ents of

catal yst per caraLyd4uiaval §61uPlofPRX! BRis caPalyphtdesefgbged.

immediately after mixing.

CATALYST A-2 Solution A, this catalyst is stored in an
oven at 60°C for 24-hours before using.

CATALYST 1 Solution B, this catalyst is used
immediately after mixing.

CATALYST 1-A Solution B, this catalyst is stored in an
oven at 60°C for 24-hours before using.

CATALYST 2 A quantity of Solution A sufficient to give
0.2 moles of 2-methylimidazole is mixed
with a quantity of Solution B sufficient to
give 0.1 moles of 2-methylimidazole. This
‘catalyst is used immediately after mixing.

CATALYST 2-AA quantity~of Solution A sufficient to give
0.2 moles of 2-methylimidazole is mixed
with a quantity of Solution B sufficient to
give 0.1 moles of 2-methylimidazole. This
combined solution is then stored in an oven
at 60°C for 24-hours before using.

CATALYST 3 A quantity of Solution A sufficient to give
' 0.2 moles of 2-methylimidazole is mixed
with a quantity of Solution B sufficient to
give 0.2 moles of 2-methylimidazole. This
catalyst is used immediately after mixing.

CATALYST 3-A A quantity of Solution A& sufficient to give
0.2 moles of 2-methylimidazole is mixed
with a quantity of Solution B sufficient to
give 0.2 moles of 2-methylimidazole. This




Exanples 103 - 109 - The varni shes of Exanpl es_l
Bybl-endi-ng—a-86-percent solution of a brom nated epr
-the reaction of the diglycidyl ether of bisphenol - |
t et r abr onobi sphenot=A-and havi ng an epoxi de eqU|vaIe'

met hyl ethyl ketone, either a 10 percent or a 20 perc

acid (BA) ind rent'tisol vents, a 7.5 percent sol utignig :

di ssol ved in 1- hoxy“2-‘-propano| (69%ghpercent) and d|nethylfornan1d-

(22.6 percent), and a 10 percent solution of 2-nethyl k=

102 dains 1. An epoxy resin conposition conprising: -

ﬁ@@é

n-. of borlc

combined solution is then stored in an oven
at 60°C .for 2U4-hours before using.

CATALYST 4 A quantity of Solution A sufficient to give
0.1 moles of 2-methylimidazole is mixed
with a quantity of .Solution B sufficient to
give 0.1 moles of 2-methylimidazole. This
catalyst is used immediately after mixing.

CATALYST 5 A quantity of Solution A sufficient to give
0.1 moles of 2-methylimidazole is mixed
with a quantity of Solution B sufficient to
givé 0;2 moles of 2-methylimidazole. This

catalyst is used immediately after mixing.

Examples 92 ~97

Viscosity Stability

To an 80 percent solution by weight in
propylene glycol monomethylether acetate of (1) the
diglycidyl ether of bisphenol A having an epoxide
equivalent weight of 181.5 and (2) the para, para isomer
of bisphenol A mixed at a molar ratio of 0.98 mole of
bisphenol A per mole of epoxy, are added portions of the
above catalyst solutions sufficient to give a molar
ratio of 2-methylimidazole to epoxy . of 3 to 9 millimoles
per mole as shown in Table XII. The initial viscosity
measured at 25°C is recorded.

~ A portion of the samples are then stored in
an oven at 50°C. Periodically samples are removed and
the viscosity, measured at 25°C, is recorded. The
viscosity data and percent increase in viscosity
relative to the second day is recorded in Table XII.



A.” a pol yepoxide; characterized in that the composition further conprises;
B. a cure inhibitor conprising boric acid or maleic acid, or a nixture of
-boric acid with at |east one acid having a weak nucleophlllc i

A conposition useful for curing a pol yepoxi de org Ir@PGXEET €si n whi ch
conpri ses: A. a curing agent capable of re§ : .yeepoxi de
at el evated tenperatures; -and B. boric aci ra

m xture of boric acid with at | east one acid hav - A8 e phi-lic

ani on. 3. An epoxy resin conposiSilon accor §i [ ch
further conprises a curing agent capable of reactfi fg"Wth a pol yepoxi de at
el evat ed tenperat ures. 4. A conposition ac i [ 0..any-efe’ of

Claims 1, 2 or 3 which further conprises an epoxy resin catal yst conprising
an anine, a hBe8eBEVLEYc njitrogen conpound, a phosphine, a sulfide, or an
amoni um phosphoni um arsoni um or' sul foni um cont ai ni ng conpound, or a .

m xture of two or mreh%uebla@mum@&c&amtweo@f thesel endhilygtishdorure of
t he polyepOX| a curin resi n, conmposition

X
conpri si ng: prom?ﬁén% bae e %%EH%” of an(%ﬁ°§chFgR %h?%??%} L€onsi sting
essential |y ofompsinnd abs dobva bnedanbynbléndbingbohe Gabdlystabwith2afi parts

f I f d
E%ni ch Furt refosbrd S8l ienat s ‘aepfP 8RS Yub ahar B U B R Caagent
whi ch does notolvemti n Tienol sphényol okyl diwselved. in the 7epoRyeb¥poxy resin
oo e a gt A" o MR ARG el y 0B 3% Afb-BROYHeh *G0D1ER! BVl

conprising an amn e rogen contdi ni osphrne, sulfide,
approximately 60°C and the catalyst added and stirred

until homogeneous. The change in viscosity with time at
150°C is then recorded. The period before a notable
change in viscosity is observed is recorded in Table
XIII, as the induction time. The slope of the the line

~ obtained from plotting the log of viscosity vs time is
reborded in Table XIII, as the relative rate of
reactivity.

<



anmoni um phosphoni um or sul f oni um cont ai ni ng conmpound capabl e of

accel erating the cure of the polyepoxide with a curing agent. 8. The
“epoxy resin conposition of Claim7 wherein the catalyst is an _anine or

het erocyclic nitrogen contai ni ng conpound. 9. Aﬁgqggqggm!gﬂggpc rdi ng
to Caim8 wherein the catalyst is an am he or het e} o :

cont ai ni ng conmpound. - 10.- A conposition accord rein
the catalyst is a tertiary -am ne-contain?dg or a he

am ne-cont ai ni ng conpound. 11. An epoxy resinjcj U ) aim 10
wherein between about 0.01 to 2.0 parts of tertiarygam ne or heterocyclic

am ne contai ni ng conpound per hundred parts of resi
12. Alatent catalyst for the curing of a pol yepoxide resultlng from

contacti ng i) a catalyst for the_cure_of a pol yepoxi de conpound
conprising an amne, or a - haPékod¢dlic nitrogen, phosphine,
sul fide, ammoni um phospho[irTm
Ex. 92}Ex. 93
Catalyst
Type 2 3
Amounta 3 3
Init. Visec.
eps 1 1583 1558
Paes ' 1-583 1-558
1 Day Visc.
. eps 1740 1760
Paes 1.740 | 1.760
% Incr.c 10 13
5 Day Vise.
cps 2202 2443
Paes 2.202 | 2.443
i % Incr. 27 39
7 Day Visec.
. eps 2423 3391
Paes 2.423 | 3.391
% Incr. 39 93
12 Day Visc.
cps 3495 7058
Pa.s 3.495 | 7.058
% Incr.b 101 301

4 milliequivalents of
catalyst per equivalent
of epoxide.

b rounded to the nearest




sul fonium or arsoni umcontai ning conpound, or a mxture of two or nore
thereof, with — "jjii_—borlc acid, or a mxture of boric acid with at
| east” one aC|d haV|ng a weak nucl eophilic anion. 13. A

tlpn accor di ng to Caimil2. 14. AREpmwrl gm:ﬂ
%i‘att'y cured reaction product of aljc

to Clain12 or‘3,.or Claim 13, wherein partially qurled_re ? cap
of undergoing further curing. 15. A conposition{a co;@ég @%:I ai
or 13 wherein the boric acid is contacted with one or§ ripre of fhe ntreﬁ
conmponents of the conpositions in solution in a solvgnt which is a di-

tri hydroxy substituted hydrocarbon 16. A conposk -Ot-cH -ng- té
Claim 15 wherein the solvent is 1, RI,OPY ﬁ qt et hyl ene gl ycol or
- glycerine. 17. A conposition g@@&ﬁd 3 o] any one of Clalns 4 to 13,.
wherein the catalfySt 1S etnyfurrpnenyl gnospnont umjacetat e, eghyl tri phenyl
phosphoni um acet Jte. agetic a i GagsApséx,| Ieduabity!] peaapheei §m acet at e,
tetrabutyl phosphoni ugi.acet atre- i d @danel ex,] @ehgkiovnplenyl
phosphoni um chl offi de, et hyl PQ Mht. Rijopironiesn ijodi @atet et jabut yl
phosphoni um chl ofjde. tetrablity hosphdni um i odi d¢, tetrabutyl phosphoni um
hydroxi de, tetrgbutylgmmoni §imp ydgoxide, 2yet ragt hyl ggnoni gm
hydr oxi de, tetra e aas = =l T
et hyl tri (2- et hoxyet hyl9Zamonjurd - hyaroj i de, 19 67
triethyl (2-thioegfhylTe a l] XIG
N- net hyl - N- met hy benenst hanand ni Ui acet a Db NDD
N- net hyl - N- net hy enenﬁthanam m4ﬂm acgtaie ac¢7|c a¢id cpepl ex} N nethyl -
et hyl enenet hanaprmrorcivt-ortoe et || ol hy: eereterrerd ni um i odi de,
: 96 5 9 8 130
97 3-4] 3 15 81
98 A< 9 85 : 4o
. 99 1 4.5 10 84
' 100 1 5 240
101 2 20 68
. _
102 3 20 67

@ Milliequivalents of catalyst per
equivalent of epoxide.
D Not determined.

Examples 103 - 109

The varnishes of Examples 103-109 are prepared
by blending a 80 percent solution of a brominated epoxy
resin, prepared by the reaction of the diglycidyl ether
of bisphenol-A with tetrabromobisphenol-A and having an
epoxide equivalent weight of 445, in methyl ethyl
ketone, either a 10 percent or a 20 percent solution of
boric acid (BA) in different solvents, a 7.5 percent
solution of dicyandiamide dissolved in l-methoxy-2-
-propanol (69.9 percent) and dimethylformamide (22.6
percent), and a 10 percent solution of 2-methyl .



CNenethyl pyreidini.um acet-at-e, N-net hyl pyri di ni um acet at £ ac_,
N- et hyl pyri di ni um chl ori de, N- et hyl pyri di ni ufn gis
‘1-ethyl -2, 3- dinethylindazolium acetate, 1-ethyl
acetate.acetic acid conplex, 1-ethyl-2,3-dinethylil
1-ethyl -2, 3-di net hyl i m dazol i um i odi de, N nethyl qui
N- et hyl qui nol i ni um acetate acetic acid conpl ex N-
chl oride, N nethylquinoliniumiodide, I\i=9t‘éthyl
N-nethyl -1, 3,5-triazinium acetate.acetic acid corrpl -
triaziniumchloride, Nnethyl-1,3,5-triazini um I odi de, ethyl am ne,

di et hyl am ne, tri et hyl.am ne, propyl am ne n- propyl am pe, . .
tri-n-propyl am e d3zodie c‘r?y‘l el %Q%ﬁ?%pylgﬁ n’ée“rt‘r?‘i’g‘éb%gﬁyllém ne,

butyl am ne, di Ritdrapidaddd Wi I@HE Moric acid solution for
104 net hyl d| but yl am.ne or ;ZI m dazol e, an im dazoli di ne, m dazol i ne,

an oxazol e, Rroxdmataly; £ Haurs, aﬁyrﬁ%ﬂ%ete@%?%i?%eunﬁl}m?‘phol ine, a

pyridazi ne, a mwmagaﬂnem,s 3olutivd dishebtaa inedz ol c pandi ankéei ne, a
[ [ ine, an ji,ndaz ndol e,

g nazol e, 2 IR QA0S & RTS8 LR Geqon o

an indoline, amp.lxpm ifdirnepproximatelineg houms qorivmato oresfing. The
gel time of each varnish is determined on the heated
surface of a hot plate controlled at 170°C and the
resulting film is cured on the hot plate for a period of
30 minutes. The glass transition temperatures and gel
times are reported in Table XIV. The compositions

contain the following amounts of reactive componentss- ~ -~ - =

resin solution 125 parts, dicyandiamide 2.8 .phr, boric
acid (BA) 0.4 phr, 2-methylimidazole 0.45 phr.

i

. " Table XIV
Geltime 17g°C sec | Tq Film, °C
ageing days :
E;Iaem Solvent for Boric acid geing day 3%urrnein Sglsggt
0 3 4 170°C
103 {1,2 propanediol (10 % BA) | 206 | 212 | 213 145 187
104 |diethyleneglycol (20 % 197 | 198 | 193 149 245
BA) :
105 [ethyleneglycol (20 % BA) | 206 | 206 ] 213 147 197
106 |N-methylpryrrolidone (10 | 195 | 197 - 148 202
% BA)
107 |methanol (20 % BA) 183 | 188 | 186 150 65
108 |glycerine (20 % BA) 301 {303 - 144 290
109 |DMSO (20 % BA) | 184|185 186 150 189




two or nore thereof; and, .if present, the acid having a weak nucl eophilic
ani on i-s-ftuoboric acid. ___ 18. A conposition according-to Caim 17
Wwherein the-catalyst is 2-nethyl imdazole; 2-d T hylgdymidazol e or
2-phenyl im-dazel.e. :: - 19. A conposition accdrding 4 qr Caim 3,
wher ei n the-gurikng d4gent -is an anhydride, a conpound nore than
one aromati é ‘hydroxyl group, a pol yam dggr#)_r a pol | 0.l A
conmposi tion according to aim2 or ai™3, whergin the curind ggent is
cyanam de, dicyananm de, a derivative of cyanam fe™0Or di cyanam de,| a

di hydroxy phenol, a bi phenol, a bisphenol, a hajogenated bisphens!l, an

al kyl ated bi Spﬁﬁﬁﬁ%le@ tinigsrhgnel ., a phenol - al dehyde resin, a hal ogenat ed,
phenol - al dehyd TT; al kyl at ed phenol - al dehyde novol ac resin,
a phenol - hydr oxybenzal dehyde resin, an_al kyl at ed phenol - hydr oxybenzal dehyde
resin, a hydrocar bon- piéit|varssi shehyalf dieamphes hbl @genbledapeencl resin, a
hydrocarbon-al kybgheddPieRslrdigs to Phe? meHY ' @ i

El ﬁA 8rdifg o glng '?o g‘%ésclﬁ'ofg d 1% ¥x S .

t her eof . . conposi tion accordi, aim 2 erein t curing
agent is cyanahPé4sl08i eyarani Nebenzaddimethyds t raariaws (BDMA) dx ysed
partially curegsepexylk@stBrCeEROSHE! sl i@ dd@f eaction product of:
1) a pol yepo§| de; . .i.1) a curing agent w thout phenolic hydroxyl

noi et i es; Trebhglimidageher or TRENSPREOSE LG CoaGaLnsathe iv) a
catal yst for thelleathporebcibe pomyepexicds Weldint 3@ 16iHiiong 12%eHar adher ei n

the partially cured resin,is,c bl ¢ of undergoi ng further curing.
P Y forte acid"(BR)CBYE pRe) dicyandiantide 2.7 phr. BOMA 0.8

phr. The results of gel time and glass transition
testing are compiled in Table XV.

Table XV
Geltime 170°C sec .

ageing days - Tg Film, C
Exlaem Solvent for Boric acid geing day curing on
P 60 min 170°C

2 hrs 24 hrs
110 } 1,2 propanediol (10 % BA) 370 337 136
111 | diethyleneglycol (10 % 337 283 139
BA)

112 }ethyleneglycol (20 % BA) 362 320 135
113 |glycerine (20 % BA) 483 441 133
114 |} DMSO (20 % BA) 338 289 139
115 | Methanol (20 % BA) 332 275 139

Examples 116 - 128

The varnishes of Examples 116-128 are prepared
by blending a 79.5 percent solution of a brominated
epoxy resin, prepared by the reaction of the diglycidyl
ether of bisphenol A with tetrabromobisphenol A and
having an epcxide equivalent weight of 446, in methyl
ethyl ketone, a 10 percent solution of boric acid in

methanol, a 7.5 percent solution of dicyandiamide



23 A process for coating an epoxy resin conposition on a reinforcHAg-——
material conprising contacting a reinforcing materialwth-ar—rt+mately
m xed conposition conpri sing: i) a pol yepoxi dagp{,AGEMEN]'iSHEﬁTC Iri ng

agent whi ch does not contain phenolic hydroxyl noief T1)|lcure

I nhi bitor conprising boric acid; and Iv) a cqnpo allyzes
the curing of the polyepoxide with the_ggLing ugg Qﬁ?c‘%ﬁ

105 wherein said curing agent is enployed in an anoun frem-abkout] 0.5
to about 30 parts per 100 parts of said polyepOX|dﬁ£§T 24. The pnocess
of Claim 23 conprising contacting A. the rei neretngmaEtErTal Wth
an intimatel y disead vt rimdrﬁmétsmgy, 2-propanol (9.9 ap@ptawpdxadg in a

ot oxvi oi efimethy L drmah it | P LELES, 8T 40 PELELR, Pheno! ! ¢

solution of 2-methylimidazole (2-MI) in methanol. The
resin solution is first blended with the boric acid
solution for approximately 2 hours at room temperature
until a homogeneous solution is obtained. Dicyandiamide
solution followed by 2—methylimidazole solution are then

~added and mixed for approximately 2 hours prior to
testing. The gel time of each varnish is determined on
the heated surface of a hot plate controlled at 170°C
and the resulting film is cured on the hot plate for a
period of 45 minutes. Subsequent analyses of the cured
film by DSC gives the Tg results reported in the table.
The gel time of the aged varnishes (24 and 48 hours) is
reported. The amounts of inhibitor, curing agent and
catalyst in parts per hundred parts of resin are

contained in Table XVI.



solvent; . . iii) cure inhibitor conprising boric acid in a polar
sol vent; and _|v) ..a conpound, which catal : t he
’polyepOX|d—_wnth ‘the curing agent,

B. passing the coat ed reinforcing material through

t enperat ure suff|C|ent to cause curing. 25. Thg' 524
whi ch further conprises (c) exposing the-&pated rein or gt ]
conditions such that the pol yepoxi de undergoes parti gl. cur| ng

The process of Caim24 or 25 wherein the catalyst aresmidrTt €
present in the formof a preforned coiabiéek&!? pol ar solvent 27. The
process of any one of C ains 24 to 26 i he catal yst is an amne, a

het erocyclic nitrogen, {phosphine, [Tl d=,cteimmn| um phiosphoni um o

sul f oni um cont ai i ng cgnpound. 128. hGeltune 28NS dduct resul ti ng from
contacting (1) af] Bx@as{ dBerico 29d1 bct ed H8m t he gro nsi $ting of
(a) at |east one oﬁﬂ%nzi@ﬁb@bh mhr1hﬁwe mtrrogen, E@%qﬁorus, sul fur

e conpoygnd fHlee of zhrdeMhI 48 byps; and (c)|a

or arsenic; (b) 4dn am
) and (b)fco jboric

m xture of any t or re of #he (

acid; or with (3) aiei ytu@iof }(25 poroxr| 393d aﬂm acid
havi ng a weak nu¢eepiitte—e ef-et-p—t-he-Het-d-— ent (2)
to component (1) | 117 dm GBdut 03-5 003 pidht| 2234: atio of

conponent (3) to cq)r,’@ 1err§’0gjlzq [ éT @np3a5§§b 0152 f@sabout1§435 1

29. A catalytic aduc whérki b _donpar (2a).and (3b) are
enpl oyed i n anouft $19h{ chD,piov] deS hO/13t§ 039f] D1 ¢s13F coan@nt (Ba) to

(3b) of from 120 { 0,11 |25 013255404415 **133
121 | o1 | 3,5 [003]272]279] 261 138
122 [ 0,11 |25 [0,13|205] 238 239 137
123 | 0,11 [ 3,5 [o0,13] 159 [ 1837 182 144
124 | 006 | 3 Joo08l203f214]223] 138
125 [ 0 3 |o,08] 144 [ 168 ] 167 138
126 | 041 [ 3 [o05|283f315] - 134
127 | 0 3 Joos|197[197] - 138
128 | 006 | 3 [o0s5]2s2273] - | 137

* Varnlshes 125 and 127 are comparatlve examples
%% Tg is obtained from a 90 min cured film

Examples 116-128 demonstrate that an increase in boric
acid concentration when catalyst and curing agent
concentrations remain stable results in increased gel
times of the composition. Further the Tg of the cured
films remain relatively stable or increase with the

increase in boric acid concentration.

Examples 129 - 137

The varnishes of Examples 129-137 are prepared
by mixing and blending the following three solutions by
simple agitation in a container for approximately 2



about 0.1:1 to about 0.9:1. 30. A catalytic product of Cla|n128 or 29

wher ei n: (a) conponent s (1) and (2) are enpl oyed i [L -
‘provide a ratio of mol es of conponent (2) p rﬁEbLﬂf&ﬂEWo“ﬂt
(1) of fromabout 0.75:1 to about 1.35: 1; t =

106 (b) conponents (1) and (3) are enployed in af

a ratio of mol es of conponent (3) per nole of

fromabout 0.75:1 to about 1:§3ﬂ. and

of conponent- (3a) to (3b) of fromabout 0.3:1 to about &7
catal ytic product of agz one of Clains 28 to0.:30 wherein said oni um conpound

is ethyltriphen?@uﬁﬁos oﬁ}Eﬁ#aé@ﬂ&ﬁéOneFWWQHWQﬂﬂﬁﬂﬂn%ﬂﬁxﬂﬂﬂﬁﬁ%m*acetate

acetic acid corrpd;%at&@{rr@buwiz—afi@whﬁ e pRiedive, ) tiatd Pl Yawehegphgni um
acetate. acetic acid cong{ lethyltr&p gylb hoseﬂﬁpl chl ori de, ethyl
triphenyl phosphBeFasg ® ecular weight of about an epoxid

equivalent weight of about 180, 38 parts,
tetrabromobisphenol~-A, 25.9 parts, phenolic novolac,
obtained from S.I.R. under the trade name Sirfen 0-1100

and methyl ethyl ketone, 25 parts, is prepared by

blending and mixing the components at a temperature of

from 50 to 60°C until a homogeneous solution is. obtained
(approximately 2 hours). The sécond solution is 10 percent
boric acid methanol. The third solution is 2ZMI 10 percent

2-methylimidazole in methanol.

The resin solution is first blended with the
boric acid solution for approximately 2 hours at room
temperature. 2-MI solution is then added and mixed for
appréximately 2 hours prior to testing. The gel time of
each varnish is determinated on the heated surface c¢If a
hot plate comtrolled at 170°C and the resulting film is
cured oa the hot plate for a period of 90 minutes. The

result are reported on Table XVII.



i odi de,

tetrabutyl

phospho

i odi de;

ni um c

tetrabut yl phosphoni um hydr oxi de,

hl ori de,

tetrabutyl

phosphoni um
or any conbi natjon thereof and

-said acig;;RA RE BeenRAkceUC! eophi lic anion is f|U0b0r|-IEE%QGEMEMTEﬁEEr
catal ytic y one of Clains 28 to 30 wherei Iqd a
ni trogen mﬂﬁmﬂmi[& ﬂum conmpound. - A catal ytfi oduct of Cjaiim
32 mherel n containing conpound is tetk b @Gﬁﬁﬂﬁﬁ
hydr oxi de, t et raet hyl anmoni um  hydroxi de, teétranetfh annonlun1 ﬁ?
hydroxi de, ethyltri(2-ethoxyethyl)amonium hydroxi ¢e,

triethyl (2-thioethyl ethyl)anmmoni um hydr oxi de,

N- et hyl - N- net hyl enenet hanam ni um acet at e,
N- met hyl - N- met hyl enepret hanam ni um acgh gt g. &§etri C aC|d conpl ex, N-nethyl -
met hyl enemet hanam ni um.chlorjide, N nFTOVI-N- et hyl eneget hanani pi um i odi de,
N- net hyl pyridi nium | acetate thy I fHe i gk acetate.acgtic acid,
N- et hyl pyri di ni um | Example Sgg‘gﬁl\l bﬁm{ﬂ %%Icil p{um Tg 1Gdi dg,
1-ethyl -2, 3- dinethy |n1dazoi|un1 acgt at e, 1-étﬁy -2, 3-di met hyl i m dazol i um
acetate.acetic acidc kexjp I-gthyl- 4)i;d m daz ram ghl ori de,
1- et hyl - 2, 3-di net hyl _rri azolium1 odiHe ‘N bt hyl quinoliniimackt ate,
N- net hyl qui nol i ni um-jcet3x e'.”a’t:"e"ﬁﬂc aki cD,torTDI @&9 N rret hykqui nof i ni um.
chl oride, N net hy| q g 11 roer—imet lyl S—t-r-raztnttn acet at e,
N-net hyl -1, 3,5-tri az et aueﬁiﬁ u|§04cowplex “N-net hyl -1, 3, 5-
triaziniumchloridef Nygthyll -1g3, 5-  rigagl nf urpqisodf de, @ggany fonbination
t hereof and said acij : bbb 0 n—s—fapor i ¢ aci d.
34. A catalytic product!33f gny Oe of O, hi 2488t of 30 whétei n fonponent (1)
I s a non-heterocyclifC Te. 35 ar ouT T aim 34
wher ei n sai d non- het | aé]ne sek by aﬁ?he g%%vlan ne,
triethyl am ne, n- dr opgylsamne, g,2di -|n- @ Dpyj amene,

136** 0,2 0,2 153 -

137 | 06 0,2 169 146

¥Examples 129 and 134 are comparative

examples

*%* Resin solution (1) is first blended
with boric acid solution and aged in an
oven at 60°C for a period of 5 days.
The aged solution is blended with 2-MI
solution at room temperature for
approximately 2 hours.

Examples 129-137 demonstrate for a phenolic
cure system that increases in boric acid result in
longer gel times without significant effects on the
glass transition temperature of the cured films.

Examples 138 - 139

The varnishes Examples 138 and 139 are prepared
by mixing a blend of resin comprising a glycidyl ether
of bisphenol A having an EEW of about 180 and a polymer
of hexamethoxy methylmelamine and bishpenol A, with a



tri-n-propylam ne, isopropylanine, di+sopropylan ke , T N—
butyl am-ne, -di butylamne; tri butyl am ne, nethyl di uﬁEﬂL&ﬁE Ao} i
conblnatren—%he%ee#—and—sa+d acid having a weak nyckeop i11c anlo S
fl uoboric acid. 30 1p7

36. A catal y_ti, O wherel n com" nent (1)
is a heteroeyclic am ne sel ected fron1tp group cqnsikst T~ 1 T dadol es,

i m dazol i di nes, imdazolines, oxazoles, §9rroles hlgdnggb,pyrldLﬂes
pyrazi nes, norpholines, pyrlda2|nes pyrlnldlnes ~DYF¥-ol-di-nes——
pyrazol es, quinoxalines, quinazolines, phthalozines, quinolines, purines,
ndazol es. in bee 5&99' 261pEeor PRRAAZ! BChe cRYSNALAEBAS PIRNOY azi nes.
pyrrolines, indoll nes, azi ne any conbi nation t her eof
and said acid He¥hgl@ D\%Remlhci@ophthaaoéﬁl onT|h§ ﬂe@G@OI‘lISC fdaisd 37.
A catalytic prothisie®ly oo oRe Dbrobahta28ohaIonrereppioMALY D 1S

2- et hyl i m dazol e, phenyl i m dazol e, 2-et % -nmet hyl i m dazol e or any
combi nati on nours at room temperature. The homogeneous mixture is

e
o

then mixed with 2-MI solution for approximately 2 hours
prior to testing. The gel time and Tg are reported in
Table XVIII.

Table XVIII

Exam | Boric |2-MI] Geltime Tg°Cmin at
ple | acidphr] phr{ 170°C; sec 170°C
138* 0 02} : 176 133
139 0,6 021 270 129

* Example 138 is a comparative example

v -

Examples 140-141

The varnishes of Examples 140-141 are prepared
by blending and mixing the following components at room
temperature for approximately one houf, a glycidyl
polyether of 2,2-bis (4-hydroxyphenyl) propane having an
epoxy equivalent weight of about- 180, 100 parts
methyltetrahydrophtalic anhydride, 80 parts, a boric
acid solution (10 percent in methanol) and
benzyldimethylamine (BDMA). The parts of bric acid and
BDMA are reported in Table XIX. The gel time and Tg of
cured films are measured. The gel time is measured by
the following method. 20 g of the curing agent
formulation are weighed in a test tube, a metal wire is
placed into the formulation, it is attached to the gel
timer, the tube is dipped in an oil bath at i40°C. When
the metal wire cannot be moved anymore, the composition
is gelled. The time from dipping the tube into the oil



t her eof . 38. A mxture conprising (A) at |east one corrpqu s
an average of nore than 1 vicinal epoxide group per nol ecul e C
“catal ytic product resulting fromcontacting (1) at |east 6ne conppuhd
selected fromthe group consisting of (a) at |east on% fupnq%m ufd of
the el enment nitrogen, phosphorus, sulfur or arsenic; @

conpound free of hydroxyl groups; and (c) a m xturje
the (Bla) and (Blb) conponents; wth-{Q@)J-boric aci .
of (a) boric acid and (b) at |east one acid having ark - nucl eophilic
ani on; wherein: (1) .conponents (A) and (B) are enployed in anmounts
whi ch provide a nole ratio of mllinoles of conponent (B) per
mol e of comRfehtufinilobhe wirapeannot move isomgssured aothel@Ell;

(ii) the moltineat i ord @@pp@@eeycw%opomaﬁp@ma@t osBa.hlbﬁ gﬁa@sabout 0.6:1
to about, 1. 35; or (1)t le rati o of conponent (B3)

to corrponenttrzaél%”r’so'fr%?'é%o%‘feor'ﬁnllﬁoas f°11°WS aBOBPUIS35t1100°C 39. A

nixture of Gral MBthowes eit choIRNenthd Bedusl MUY &bhpl Bé4 ajpunt
sufficient tﬁ[‘t)aeﬂﬁrﬁt %ly)ée t he reacti on between conponent (A) and an aromatic

nt ai ni ng

hydr oxyl - ‘ompound when the m xture of conponents (A) and (B) is
adm xed vm th an aromatic hydroxyl - contai ni ng conpound. 40. A m xture
of Cl aim 39 wherein: (a) conponent (B) is enployed in an anount which
provi des from about 0.05 to 1!!alé 100 millinmoles of catalytic
product per epoxide equival ent co f ‘conponent (A); and
(b) conmponents (B3a) §nd (B3D] are]enpl oyed 1 njanounts whrjch provides a
ratio i 8D i

Exam | Boric MA | Geltime Ta°C

ple |acidphr | Mt [ 140°C; sec g

phr
140* 0 0,5 302 110
141 - 0,5 0,5 341 90

Example 140 is a comparative example

e




of moles of conponent (B3a) to (BSb) of fromabout 0.1.1 to about 0.9:1.
41. A mixture of O aim 39 wherein: -

108 - (a) conponent (B)-is enplo n an anount MhICthIQVIdeS frdgl'bout
0.5to about—20 m \ \cat al ytic produgt lper epoxide .i '
equi val ent cont ai ne onent ﬁé%_ (b) cormor@@t ST H996 and} (B2)
are enpl oyed in ano wh®rovide a 1o of 1 | _noles of conpohent
(B2) per nole of conpbnent (Bl) of from about 0.75:1 to abouT 1{ 35: 1,
(c) conponents (Bl) and (B3) are enpl oyed in anbungs.suhi rauide afratio
0 nol es of conponent (B3) per nol eChRAIMEnponent (Bl) of fron1about
0.75:1 to about 1.35:1; and (d) conponents (B3a) and (B3b) are
enployed in a (B3a) to (B3b) of from about 0.3:1 to about 0.7:1. 42. A
m xture of daim AIO or &ﬁ_ W%HﬁESln compos:LtJ.on compr:.sn.ng

A. a polyepoxide; characterized in that the
composition further comprises

B. a cure inhibitor comprising boric acid or maleic
acid, or a mixture of boric acid with at least one acid

having a weak nucleophilic anion.

2.; A composition useful for curing a polyepoxide or
advanced epoxy resin which comprises

A, a curing agent capable of reacting w1th a
polyepoxide at elevated temperatures; and

B. boric acid or maleic acid, or a mixture of boric
acid with at least one acid having a weak ﬁucleophilic

anion. ' ;

3::- An epoxy resin composition according to Claim 1
which further comprises a curing agent capable of reacting

with a polyepoxide at elevated temperatures.

4. A composition according to any one of claims 1, 2
or 3 which further comprises an epoxy resin catalyst
comprising an amine, a heterocyclic nitrogen compound, a
phosphine, a sulfide, or an ammonium, phosphonium,
~arsonium, or sulfonium-containing compound, or a mixture of
' two or more such compounds capable of accelerating the cure

of the polyepoxide with a curing agent.

5. A latent catalyst for the curing of a polyepoxide
resulting from contacting
i) a catalyst for the cure of a polyepoxide compound
comprising an amine, or a heterocyclic nitrogen,
phosphine, sulfide, ammonium, phosphonium,

——

— sulfonium, or arsonium-containing compound, or a.

Jp— e
S

e“mced - mixture of two or more thereof, with

i



T _ RE
(a) conponent ( is a glycidyl ether of a polyhydricfp 3 CEMBMT sﬁygﬂ

conponent (Bl) is an onj cgnpound of the €l enent phogplorus. e

m xture of Caim i a) component (A) is adg ya@ljd Te%er
any of the foll ow m {/ cat echol, hydr i none, bi F¥én
bi sphenol A, blsphenof AP, ALI F blspheno

t et r abr onobi sphenol A, phenol fanaIdehyge novol ac re
substituted phenol -formal dehyde resin, phenol - hydroxybenzalde y

resin, cresol-hydroxybenzal dehyde resin, dicycl opentadi ene-phenol resin,
di cycl opent adi enel) shostict acad. QHE@oWl&ﬁuﬁa10ﬁ<ﬁ¢¥nﬁﬂ¢@d¢n¥ﬁ§hoat

tetramethyl -tetrabr onphLRReRAb: acid hahAAERIYAL I L PPEB0kn 5 |
t et rachl or obi sphenol- or any conblnatlon t her eof conmponent ?Bl) i's
et hyl tri phenyl phosphoni um acetate, ethyltrlphenyl phosphoni um
acetate-acetic agid cgnpbfpost elibabdbroriegPReniciaasel alwhich has
tetrabutyl phosphonium _acetate-acetic¢c aci conpl.ex, ethyltrlghenyl
phosphoni ueamIRFedeced: By | 28R Bl Ry L aFRoSH KGHRAMKS T RARRESHetPRbut y

phOSphonlU@ccordiﬂ@rt66C1almtBttab&h¢|othe&hmﬁﬁﬁaaigﬂtslodlde
t et rabut yl phosphoni um hydr oxi de, or any conbination thereof; and (c)
conponent (B3b) is fluoboric acid. 44. A m xture of Cla|n140 or 41 wherein:

(a) component (A) isAacgmyOSﬂyioatbgcomﬁiagpakymwyﬂanqﬂufuﬂlarmd 4bro
Qo m a4 uher seresy’ thEERLEEPLE, P SN R eI Sncncn L F©, P
f ol | owi ng: acedmts nedthyltriphesyhophobplivoduim acetatiepemetiic maidenol A
bi sphenol Eoﬁgf§¥¥”¥gt¥3butyl phosphonium acetate, tetrabutyl
phosphonium acetate-acetic acid complex, ethyltriphenyl’
phosphonium chloride, ethyl triphenyl phosphonium iodide,
tetrabutyl phosphonium chloride, tetrabutyl phosphonium
iodide, tetrabutylphosphonium hydroxide, tetfabutylammonium
hydroxide, tetraethylammonium hydrokide, tepramethyl-
ammonium hydroxide, e?hYltri(Z-ethoxyethyl)ammonium
hydroxidg, triethyl(2-thioethylethyl)ammonium hydroxide, N-
methyl-N-methylenemethanaminium acetate, N-methyl-N-
methylenemethanaminium acetatesacetic acid complex, N-
methyl-N-methylenemethanaminium chloride, N-methyl-N-
methylenemethanaminium iodide, N-methylpyridinium acetate,
N-methylpyridinium acetatesacetic acid complex, N-methyl-
pyridinium chloride, N-methylpyridinium iodide, l-ethyl-
2,3-dimethylimidazolium acetate, l-ethyl-2,3-dimethyl-
imidazolium acetate-acetic acid complex, l-ethyl-2,3-
dimethylimidazolium chloride, l-ethyl-2,3-dimethyl-
imidazolium iodide, N-methquuinolinium acetate, N-
methylquinolinium acetateracetic acid complex, N-methyl-
quinolinium chloride, N-methylquinolinium iodide, N-methyl-
1,3,5-triazinium acetate, N-methyl-1,3,S5-triazinium
acetates+acetic acid complex, N-methyl-1l,3,5-triazinium
chloride, N-methyl-1,3,5-triazinium iodide ethylamine,
diethylamine, triethylamine, n-propvlamine, di-n-~

propylamine, tri-n-propylamine, isopropylamine,
diisopropylamine, trlisopropylamlne butylamlne'



-tetrabronobi sphenol A, phenol -fornmal dehyde novol ac rgsg;
109 phenol‘TbTﬁHfdehyde ——resin, phenol - hyldr gxybélizd g
‘resin, cresol zal dehyde resin, dlc‘clopentadlene pHeno
resin, di cycl ”m, EW tituted phenol | fre80n0CT 1995 | |
t et rarret hyl bi phenol, hyI -tet r abr onmophegyl
tetranethyltrlbronnblphenol tetra Rﬂoroblsphe ol
conbi nation thereof; (b) conponent (Bl) is tetrabutya Lum hydr gxi de,
t et raet hyl amoni um hydr oxi de, t et ramet hyl ammoni um yuroxi de,

cethyltri(2- d1but$ﬁ$NMg@thyfihutpﬂbmdme hyrtdwildb butylamine or an
triet hyl (2 E%EII{ O(iﬁt éli et h "8Q£8ﬂd1ne h)é q?fl‘ll?%ﬁolﬁ:ne an oxazole a

N- net hyl - etietret anarwnlun1acetate
nethyleneneunammﬁeutﬂnthmgﬁale,aaepwgldyn&iitdwmaaénew¢anm¢®@h¢llne

met hyl enenet Shl or i ge; miaRkhy - NyiRidiIklaRRITEIGRAM 21 1

I odi de, I-pyr n|un1%ge%gte N-net%- pyridini Um acet at e, acet?c aci d
conpl ex, N—mmﬂ%ﬂ&g#i@ﬁfnQﬂﬂ%ﬁﬁ@FPééneN—ﬁeéﬁﬂﬁQ&Q4$Qﬂduﬁ|QﬁﬁQﬁ;1§§etﬂyl

purine, an indazole, an indole, an indolazine, a phenazine,

=]

a phenarsazine, a phenothiazine, a pyrroline, an indoline,
a piperidine, a piperazine; or a combination of two or more
thereof; and, if present, the acid having a weak

nucleophilic anion is fluoboric acid.

8. A composition according to any one of Claims 4 to
7 wherein the catalyst is a tertiary amine-containing or a

heterocyclic amine-containing compound.

9. A composition according tgQ any one of claims 4: to
7 wherein the cataslyst is 2-methyl imidazole; 2-ethyl, 4-
methyl: imidazole or 2-phenyl imidazole.

10. A composition accordihg to any one of Claims 2,
3, 4, 6, 7, 8 or 9 wherein the curing agent is an
anhydride, a compound containing more than one aromatic

hydroxyl Qroup, a polyamide or a polyamine.

11. A composition according to any one of Claims 2, 3
4, 6, 7, 8 or 9 wherein the curing agent is cyanamide,
dicyanamide, a derivative of cyanamide or dicyanamide, a
dihydroxy phenol, a biphenol, a bisphenol, a halogenated
bisphenol, an alkylated bisphencl, a trisphenol, a phenol-
aldehyde resin, a halogenated phenol-aldehyde novolac
resin, an alkylated phenol-aldehyde novolac resin, a '
phenol-hydroxybenzaldehyde resin, an alkylated phenol-
hydroxybenzaldehyde resin, a hydrocarbon-phenol resin,
hydrocarbon-halogenated phenol resin, a hydrocarbon-
alkylated phenol resin, or a combination 95_329_95_5959———4~

ot Has Been Rep Jaced . .
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Z, 3- ~d| met hyl i m dazol i um acet ate;—1-et hyl -2, 3-di met hyl i_m dazol [ um acet ate.

v

acetic acid conpl ex, /1 erhyl dlnethylln1dazollunrc;w oLy 32, 3-
di met hyl i m dazekium - \l\ N- met hyl qui nol i ni urp c—ageftat=al; Skl

N- met hyl qui nol i nj c acid conpl ex, N-ngt yI qui nol i ni umy
chloride, N-neth murﬁlodl de, Nqgsthyl-1,3, 54t i FEOCTY 99? it £,

N- net hyl -1, 3, 5-trlsazi®ni um acetate. acetic acid conpl~ N—nethyl 3} 5¢
triaziniumchloride, N-nethyl-1,3,5-triaziniumiodidg, Of N Torat § on

t hereof; and (c) corrponent %BBb is fl bor| c_acid. k46, xture of {Claim
40 or 41 wherein:1%a) AcBRBERER TCA) ¢ |§hﬁl%ﬁfﬁﬁﬁﬁﬁé%Fﬁ%TVﬁVUfic

phenol ; and (D) xprrpoa@nta(:laihgl maammet @rlcmyczin cemu'xymereswn m xt ure

A
of C|a|n146 wher ei n onent_ (A)...s_a _di i apy of the
f ol | owi ng: r@'&?%?hB’r‘(m beln@a?e&%‘l (052? d‘roélqﬁcr?%rgdc 'ﬁ/p%eno'i‘ %I spﬁenol A,
bi sphenol F.claipdedpl 4K 6, 7, Bet Cabld®dror Qphembienelrpmm -¢ompasiithpde

novol ac resig byl SUbshLILER one oiGRRk: AR vanes ¢

phenol - hydr enza creso hyde
resin, dlcycloﬁ%htad®phephéhéy paﬁ@gm@ the coated artlcle through a

di cycl opent g angs SHbisd 44t 80cBABROL S Burtaliainl fud Rifhenodn

t et ranet hyl - t et r abr onobi tetranet hyl t ri br onobi phenal ,

tetrachl or olsicdptenies present to ENRDeSAbEN Buto edios ddie {eRiperRPpsRentt(Bl)

S ethy|am'Whléﬂf¥ﬁ@|ﬁ819§pokiaéthﬁh@?b@%s BiBnARlcAHt Suring; and
di - n-propyl amne, _tri-n-propyl amne, isop rogylan1ne dllscggogylan1ne
'C) op 1onally exposing the coated arti
conditions such that the polyepoxide undergoes at least

partiél curing.

13. The process of Claim 12 wherein the catalyst and

inhibitor are present in the form of a preformed complex

14. The process according to Claim i2 or Claim 13
wherein &he epoxy resin composition is produced by mixing
i)U 100 parts by weight of a polyepoxide in a non
polar solvent;
ii) 0.5 to 30 parts by weight of curing agent per
hundred parts of resin, in a solvent;
iii) 0.01 to 2.0 parts by weight of boric acid per
hundred parts of resin in a polar solvent:; and
iv) 0.01 to 2;O'parts by weight catalyst per hundred
parts of resin; '
wherein the ratio of inhibitor to catalyst is from 0.1l:1 to
4.0:1.0.

15. A process according to Claim 14 for preparing a
laminate wherein the article is a reinforcing material
wherein the process further comprises

D. forming pre-pregs of the coated reinforcing
material;

E. contacting the pre-pregs of the coated
reinforcing material in a desired arrangement; and.

\\\\\\\\\\\\\\\\\\\\\\\\\



5110 triisopropylamne, butylam ne,

'tributylanine 7 nethyldrbutylamne, or r eof
~(c) and conponent |c aci d. rﬁwaf Cllai m 40
or 41 wherein: ” ,m Illlm»ﬂl m (A) is a glyci d er of a pollyhydric
phenol ; (b) <conrpornen I's a heterocyclifc an1ne sel'e romthe
group consisting of i m dazoR88; i m dazort 1 dazo] i nes,
oxazol es, pyrroles, thiazoles, pyri di nes, pyrazines,
nor phol i nes, pyridazi nes, pyrimdines, pyrrolidines, pyrazol es,

gui noxal i nes, qq#nazo§uﬁféctphéh@hgzb&ﬁ&adwédﬂﬁndkﬁregﬁw¢ﬁeSoated
I ndazol es, indol es,  indo

azi ne enazi.nes '
pyrrol i nes FSIHATHERI %?B%?%ﬁin&g 95P5§F§?iﬁ@éqggkggﬁyP%aﬁ%ﬁggpﬁ%n cR*1NES
deriéf tthe %olyepww%%e undergoeenpdganwnﬁﬁﬁﬁ duxrd |wisbmein toed.
m xture o m erern | oq I
2- phenyl|m9£%ﬁﬁ%fezﬁ%tﬁ§fgg ﬁ%Pﬁy "Bgﬁ;olg &gﬁé&éﬁéﬁﬁﬁ‘%#é&l grgof
preg to flow and mix w1th the polyepox1de or advanced epoxy

resin on adjacent pre-pregs.

16. A composition comprising the partially cured
reaction product of a composition according to any one of
'Claims 3, 4, or any one of Claims 6 to 10, wherein the
partially cured resin is capable of undergoing further

curing.

17. A composition according to any one of claims 1 to
10 characterized in that the boric acid is contacted with
one or more of the other components of the compositions in
solution in a solvent which is a di- or trihydroxy

substitytéed hydrocarbon.

18. A composition according to Claims 17 wherein the

solvent is 1,2 propanediol, ethylene glycol or glycerine.

19. The use as a cure inhibitor for an epoxy resin
composition of boric acid, maleic acid, or a mixture of
boric acid with at least one acid having a weak

- nucleophilic anion.

_ 20. The use of boric acid, maleic acid, or a mixture
of boric acid with at least one acid having a weak
nucleophilic anion to control the gel time of an epoxy

resin composition.

et Has Been Reﬁaced
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§ 50._A m xture conprising (A at |east one conpound containing an average of
pore than 1 vicinal epoxide group per nolecule; (B) at |east one conpound
contai ning an average or nore than 1 aronatic hydfox I group per nol ecul e;

conpound of the el enent nitrogen, phosphorus, syl flur (6}0@7

| east one am ne conpound; and (c) a m xture of @

and (b) conponents; with (2) boric acid; or wt

acid and (b) at |east one acid having a weak nucTe

(1) conponents (A) and (C) are enployed in anmounts vvh| C ;
mllinmoles of conmponent (C) per nole of corrponent (A) of from

about 0.05:1 to about 100:1; (ii) the nole ratio of
conponent (C2) to conponent (Cl) is fromabout 0.6:1 to about
1.35:1; or &} ) is
From about 0. d-atdlt CeltdfySts.Cige MIbifERBBUAY Resin COnBERIAGRS aft) .3
wher ei n: (a) conponent q_érmnafgs@bp%rrgderﬁbpgﬁ%mn anmount s whi ch
provide a ratio of aromat i1 ¢ hydroxyl groups to epoxy groups
suitably fromabout 0.05:1 to about 20:1; and

Abstract

There are provided epoxy resin compositions containing compounds which inhibit
the cure of the epoxy resins, the cure inhibitor comprising boric acid or maleic acid, or a
mixture of boric acid with at least one acid having a weak mucleophilic anion. There are
~also prov1ded latent catalyst compos1t10ns for curing epoxy resins comprising a |
polyepox1d§‘ cure catalyst and the inhibitor described above. There are further provided
compositions useful for curing epoxy resins which comprise curing agents for the epoxy
resins and the inhibitor described above. The invention further provides coatings

prepared from such inhibited resin compositions, and materials coated with, encapsulated

by or prepared from such inhibited resin compositions.
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T ] _ @ Description : paged .7, to paged 2/9 |
b%?ﬁ#’*&ﬁ“é’?“‘”\ ,' bnpl oyed in an anount whi ch WOLisES f r:@ayeb/Pdto Galit 117
BO | § nol es of catal ytic product @Dr@;pm&(sgie Vaks h ed .=
cont i hedl 3rREUN B97cohppnent (A); and (c) conpon Nie ALGRR égfigs ; ged _____
enpl gyed i n amounts ihj-ch provides a ratg f nol es of corrponﬁ]nija
t 1. 52.

to (¢3b) of from abou Ollto about 0 A C
whergin: (a) . conponend A) and (B) are enpl oye ﬂﬁréﬁ@( Hmrh\'u dp

(b). -

about 100 m

aratio of Acréerelmtqoca {84 cgbedinggng @f Q@V@rﬁ&wﬂlgqeowgo‘gm AbEROR FRFID
about O. 2:&orhpos@tlitﬁuéompr1smg3 1; (b) component (C) is enployed in an anount

e POt oSOl i B 8 bR bl ©
conponent s ( C1B. anal cau@inhibhiter enmpuoigiag tonicaciduot ma!ﬂm a¢id poowi mxture raft baricof
o about i%@”ﬂ‘d@éﬁ%ﬁ%ﬁ%@g?&%ﬁmﬁﬁ?@% BN ol yed [ 1 amoUNTS
whi ch provi de Aceqding ¢ a thet ipventiopethers|is providedpdnent
(C1) of fresthpdsaitn esefilt:fdr curing 4 ﬁolyélﬂi;k‘ide]ori’aﬁvénced @floxy resin which comprises:

A. a curing agent capable of reacting with a polyepoxide at elevated
temperatures; and :

B.  boric acid or maleic acid, or a mixture of boric acid with at least one acid
having a weak nucleophilic anion.

According to a third embodiment of the invention there is provided an epoxy resin
composition comprising:

(A) a polyepoxide;

(B) a cure inhibitor consisting essentially of boric acid in an amount from about
0.01 to about 2.0 parts per 100 parts of polyepoxide.

According to a fourth embodiment of the invention there is provided a latent
catalyst for the curing of a polyepoxide resulting from contacting

i)  a catalyst for the cure of a polyepoxide compound comprising an amine, or a

heterocyclic nitrogen, phosphine, sulfide, ammonium, phosphonium,
sulfonium, or arsonium-containing compound, or a mixture of two or more
thereof, with
ii) boric acid, or a mixture of boric acid with at least one acid having a weak
nucleophilic anion. :

According to a fifth embodiment of the invention there is provided a composition
according to the first embodiment together with a latent catalyst composition according
to the fourth embodiment. |

According to a sixth embodiment of the invention there is provided a composition
comprising the partially cured reaction product of the composition of the second or fifth
eIﬂBodiments, wherein the partially cured resin is capable of undergoing further
treatment.

According to a seventh embodiment of the invention there is provided a partially
cured epoxy resin composition comprising the reaction product of:

i)  a polyepoxide;

ii)  a curing agent without phenolic hydroxyl moieties;

iii) cure inhibitor comprising boric acid; and

iv)  a catalyst for the reaction of the polyepoxide with the curing agent;



(e) ¢onponents (C3a) and (C3b) are enployed in a (C3a) to (C3b) of from
about 0.3:1 to about 0.7:1. 53. A mxture of Caimb51 or 52 wherein:
(a) conponent (A) is a glycidyl ether of a polyhydric phenol; (b). :
conponent (B) is a dihydroxy phenol, biph®enol, bisphenol, hal ogenated

bi sphenol, al kylated bisphenol, trisphenol, phenol al dehyde resin,

nal Q9ena g e A A1y GA:O R 5 ol o witltin SfuePatsl o oty

e ey bl 8RGATHE (S0l RSB A (3R SRITRLoR IR & BiAge doisopess for
halnggen?t ecoating el epoxsyi resmh?ahmmaldnom al teyrfoicit placpial cbmprllmgwoélm]yn% ha

conbi nati o onpound o e

el enent phgbsl%tﬂgé;'ﬁéhagez&?xg & ant"'r :MW’]E? @5@*%%@0?1&8@58%@% (a) conponent
(A is a diglyDdidyapelyepexidd; any of the followi ng: resorci noI

catechol , hydr ggui nepga mgnygmwma&g $B1GSHBlin AherdilMIARRY] ABiedeb:sPhenol F,

" bi sphenol K, tegtrabro henol -formal de yde novol ac resin,

henol
al kyl substi t utd e A ’It‘g'r‘i?ﬂﬂig riceSids andhenol - hydr oxybenzal dehyde

resin, cresol -ivydraxpmpoar sdivhdeatslpsasnthe duriig lof nhe poliieporcdd Meithother aging

di cycl opent adi ene- g%%t | hut ed phenol resin, tet ramet hyl bi phenol ,

t et ranet hyl - _
wherein said curing agent is employed in an amount of from about 0.5 to about 30 parts

per 100 parts of said polyepoxide.

According to a nineth embodiment of the invention there is provided a catalytic
product resulting from contacting (1) at least one compound selected from the group
consisting of (a) at least one onium compound of the element nitrogen, phosphorus,

sulfur or arsenic; (b) an amine compound free of hydroxyl groups; and (c) a mixture of
any two or more of the (a) and (b) components; with (2) boric acid; or with (3) a
mixture of (a) boric acid and (b) at least one acid having a weak nucleophilic anion;
wherein the mole ratio of component (2) to component (1) is from about 0.6:1 to about
1.35:1, or the mole ratio of component (3) to component (1) is from about 0.6:1 to
about 1.35:1.

According to a tenth embodiment of the invention there is provided a mixture
comprising (A) at least one compound containing an average of more than 1 vicinal
epoxide group per molecule; and (B) a catalytic product resulting from contacting (1) at
least one compound selected from the group comsisting of (a) at least one onium
compound of the element nitrogen, phosphorus, sulfur or arsenic; (b) at least one amine

~ compound free of hydroxyl groups; and (c) a mixture of any two or more of the (Bla)
~ and (B1b) components; with (2) boric acid; or with (3) a mixture of (a) boric acid and
(b) at least one acid having a weak nucleophilic anion; wherein:
(i) components (A) and (B) are employed in amounts which provide a mole ratio
of millimoles of component (B) per mole of component (A) of from about
0.05:1 to about 100:1;
(i) the mole ratio of component (B2) to component (B1) is from about 0.6:1 to
about 1.35:1; or :
(iii) the mole ratio of component (B3) to component (B1) is from about 0.6:1 to about
1.35:1. '

According to an eleventh embodiment of the invention there is provided a mixture

comprising (A) at least one compound containing an average of more than 1 vicinal




112 - t et r abr onobi phenol , tetramet hyl tri bronobi phenol,
tetrachl orobi sphenol A, or any conbi nation thereof; (b) conponent (B)
i s bi phenol, bisphenol A bisphenol K, tetrabronobisphenol A,

t et r abr onobi sphenol K, resorcinol, phendil-al dehyde novol ac resins,

cresol -al dehyde novolac resins, phenol-hydroxybenzaldehyde resins,
cresol - hy cepoxideqitaay genidiecule; (Bpat Rast one compoahd @rmﬂa 0130 ) iaemge or more

ot rachi oot 4 3FaRic hRRGRY eropmper spolBhE RN 0 HSHER SRAVRL R Sze the
et hyl t ri ptreagtiongtetwesnomimponesnts éAnard (Btdfia Qatalyilrcepmkiuct resulqmmg)ﬁ'phmomnutmg
acetate. ac@?}hos&ﬁﬂ GheCQSRD SR &%feﬁ%ﬁi'th@?ﬁﬂ‘éﬁﬂsﬂfﬁx@%?t@tﬁ east one oniym

tetrabutyl onium_ ‘acetate.acetic tri phenyl
phosphoni (TEINBA O éhe @lﬁwym RITPERT ARPSRINESp SRLOR Frericieb) faéle%twmme
phos DBOtn' ltﬁﬁrr]% Sougﬂ L?{jil a nrnz)n)tgr@bf abiwnd or momthb@l)l abd (g)r g%lfﬂp@iﬁmts vcalth )
et bt b o7 BRI S SRt B ke
(a) corrpanm@pmh): ammnavxcjie;mn dyl ether of a polyhydric phenol; (b)
oo onen: (0%, SIS YO e it n il AR AG0 o
hal ogenat ed phenolmli’l“@i@l%c@c PRIRANER! (@ﬂpﬁf BglR 0 a?‘éfﬂp%éh&ﬁ) zﬂfd@ﬂ?débout
0.05:1 to about 100:1;
(i) the mole ratio of component (C2) to component (C1) is from about 0.6:1 to
about 1.35:1; or
(iii) the mole ratio of component (C3) to component (C1) is from about 0.6:1 to about
1.35:1.
According to a twelfth embodiment of the invention there is provided the product

resulting from reacting the mixture of the eighth or ninth embodiments.
According to a thirteenth embodiment of the invention there is provided a process
for coating articles which process comprises: .
(I) applying to the surface of a suitable article, a mixture comprising:
(A) at least one compound containing an average of more than about 1
vicinal epoxy group per molecule;
(B) at least one compound containing an average of more than about 1
aromatic hydroxyl group per molecule;
(C) the catalytic product resulting from contacting
(1) at least one compound selected from the group consisting of:
(@) at least one onium compound of the element nitrogen, phosphorus,
sulfur or arsenic;
(b) at least one amine compound; and
(c) a mixture of any two or more than (a) and (b) components; with
(2) Dboric acid; or with
(3) a mixture of (a) boric acid and (b) at least one a01d having a weak
nucleophilic anion; and
(D) optionally one or more solvents; and
(II) curing the thus coated article at a suitable temperature to cause the applied
mixture to cure; " powen .
and wherein REPLACEMENT SHEET |
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novol ac resin, phenol - hydr oxybenzal dehyde resin, alkyl ated phenol -

hydr oxybenzal dehyde resin, hydrocarbon-phenol resin, hydrocarbon-

hal ogenat ed phenol resin, hydrocarbon-al kyl ated phenol resin, or any

conbi nation thereof; and (c) conponent {({l) is a nitrogen containing onium
conmpound. 56. A m xture of Claimb51 or 52 wherein: (a) conponent (A) is a

di gl yci dyl ether of any of t '] ow esor ci nol
hydr oqui none, bi phéHol @ Bﬁp%‘ﬁ’gr{ R e q&’bq‘?e‘t'i‘o?n ﬂ@“‘ﬁ.‘%‘ﬁ’é%ﬁ’“ﬁe *H3m abous
bi sphenol K, tetrabr ormln(D$phalaoto /abophem’aﬁl miodesmal deitaigtic preddcacpere gpoxide

al kyl substituted phen r | - hydr oxybenzal dehyde
resin, cresol- hydroxybghgﬁ%@&gﬁ%{%&%‘% élran%/rg{(?ﬂ nt adi ene- phenol resin,

di cycl opent adi ene- &ubstcpmsmtqoﬂ@ibland €K32) arg emp ligy wopR{s Fdtich provide a

tetranet hyl - tetr afH® BPRhalee 0p! Bhémt b’ il
t et rachl or obi sphenyl A, Q%r confp {tlkgglwt)hereo Bp%ﬁwlé%nrtrp%(r:ula)ntof( B)

i.n
i s bi phenol, bi sphenol from B?%ﬁeéglmﬁgo‘{t’ériébrombl sphenol
t et r abr onobi sphenol(iiff, componentnd@C1) phd §03) at< enpldged v aindants @\ﬂhﬂﬁprowde a

cresol -al dehyde  novol ag;, (#$hdi&s of RBMHRShed? EES YAHAR 9F WHBoh&E' @E1) of
from about 0.6:1 to about 1.4: 1; and
(iv) components (IC3a) and (IC3b) are employed in amounts which provides a ratio of
moles of component (IC3a) to (IC3b) of from about 0.1:1 to about 0.9:1.
According to a fourteenth embodiment of the invention there is provided a process
for preparing "B-staged” reinforcing substrate materials which process comprises
(A) saturating said reinforcing substrate with a curable mixture comprising:
(1) at least one compound containing an average of more than about 1
vicinal epoxy group per molecule;
(2) at least one compound containing an average of more than about 1
aromatic hydroxyl group per molecule;
(3) the catalytic product resulting from contacting
(a) at least one compound selected from the group consisting of:
() at least one onium compound of the element nitrogen,
phosphofus, sulfur or arsenic;
(ii) at least one amine compound; and
(iii) a mixture of any two or more of the (i) and (ii) components;
with
(b) boric acid; or with
c) a mixture of
() boric acid and _
(i) at least one acid having a weak nucleophilic anion; and
@) optlonally one or more solvents;
(B) optionally removing excess solution from the thus treated reinforcing
. substrate material by any suitable means; |
(C) subjecting the thus treated reinforcing substrate material to a temperature
which removes any solvent material which may be present in the mixture

applied to said reinforcing substrate material; and .
REPLACEMENT SHEET
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113 ° cresol - hydr oxybenzal dehyde resins,

tet r amet hyl bi phenol , tetranet hyl t ri br ono- bi phenol

t et ramet hyl t et r abr onobi phenol t et rachl or obi sphenol A, any conbi nati on
thereof; (c) conponent (Cl) is tetrabuty}amoni um hydroxide, '
tetraet hyl ammoni um hydr oxi de, t et ramet hyl ammoni um hydr oxi de,

ethyltri(2- t hox hyl - ni u droxide, . .
triethyl EZ-t ni Gt ﬁ%ﬁaﬁl’%%ﬁ DrodieT 2 Bep ISR g%,?‘“““‘“y cure the thus applied
N- net hyl - N- net hy| ecuzahde msimtane dienehyaformatgea "Brstaged?) reinforcing substrate material;
met hyl enenet hanam jjj;um acetate.acetic acid conplex, N nethyl-N

met hyl enenet hanam nium chloride, N-nethyl-N nmethyl enenet hanam ni um
i odi de, N-WR&TB - pyri di ni um acetate, N-methyl pyridinium acetate. acetic acid

gogpld_ex, EF Imet _hxél pylr i di ni uiy chdoddposient Mﬁi)ﬁi'é?ﬂp%ﬂdﬁ %hluiﬁc%lﬁldivﬂﬁﬁh %gcﬂﬁidﬁé' -
feotat 6 Botic aard Lg?m 2>C<et %If‘g%?z‘?"“%%ﬁ%l %E’Fhi‘ﬂ .aﬁbﬁiiﬁﬁ*.%ﬁeﬁﬁﬁ%@m
1- et hyl -2, 3-di et hyl i i dazol i (produstii per, epoxide feghiyaleni contained aire tcatponent
N- et hyl qui nol i ni um acetate. a tlz;c acid conpl ex, N-nethylquinolinium
chloride, N-nethylquinoliniumiodide, Nnethyl-1,3 5-triaziniumacetate,
N-met hyl - 1, 3, 5- t ri azi ni um{iihc compenentet(Aaxand (43R are, emplayedyin amenats
triaziniumchloride, N nethyl-ghieh ﬁ,rbﬁ'u@zai fﬂﬂ_éﬁbf gﬂﬂ&eof %m@aﬁe,ﬁomywaﬁéron_
Lhereof, and (9)  component (G P cLhuoRor &s8Fbf srad ‘abhul 041 & Shou? 2
51 or 52 wherein: _

1.4:1; .

(iii) componehts (A3a) and (A3c) are employed in amounts
which provide a ratio of moles of component (A3c) per
mole of component (A3a) of from about 0.6:1 to about
1.4:1; and :

(iv) components (A3ci) and (A3cii) are employed in amounts which provide a ratio of
moles of component (A3ci) and (A3cii) of from about 0.1:1 to about 0.9:1.
According to a fifteenth embodiment of the invention there is provided a process
for the preparation of laminates or composites which process comprises:
(D cutting "B-staged" reinforcing substrate material to a desired size and shape;
said "B-staged" reinforcing substrate material'_ having been prepared by:
(A) saturating said reinforcing substrate with a curable mixture comprising:
(1) at least one compound containing an average of more than about 1
vicinal epoxy group per moleculé;
(2) at least one compound containing an average of more than about 1
aromatic hydroxyl group per molecule;
(3) the catalytic product resulting from contacting

(@) at least one compound selected from the group consisting of
(i) at least one onium compound of the element nitrogen,
phbsphorus, sulfur or arsenic; (i) at least one amine
compound; and (iii) a mixture of any two or more of the (i)
and (ii) components; with |

(b) Dboric acid; or with

(c) a mixture of (i) boric acid and (ii) at least one acid having a
weak nucleophilic anion; and mRtPL CERERT SHEET

(4) optionally one or more solvents;
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(a) component (A) is a glycidyl ether of a polyhydric phenol; (b)
cdonponent (B) is a dihydroxy phenol, biphenol, bisphenol, hal ogenated
bi sphenol, alkylated bisphenol, trisphenol, phenol-aldehyde resin,
hal ogenat ed phenol - al dehyde novol ac resiqy al kyl ated phenol - al dehyde
novol ac resin, phenol-hydroxybenzal dehyde resin, alkylated phenol -

nycr oxybenzal deny e < Bhfong Y I BEROBCRTbide ol 4 FLg TR Fejpfyreing
conmbi nation thereof; asuabsfrate mwm&wmy su@able imeaps;non- het er ocycl i ¢ ami ne.
58 Amxture of (@) lﬁﬁe&fn SAnd ! Feated) reﬁﬁimage@ﬁ sﬁr%i] | fatdrifl Aoy Y|

et her of any of t resorC|no qU|none
bi phenol , bi sphenol A, teé‘ipaeWBWo‘W igp re‘HP‘ﬁﬂ?éWcﬂo Iyent material, by present
t et r abr onobi sphenol A, irpihe ngixtire appliecded said remmrbmg sﬁbﬁtalfe materlal anly|

S e e G BBk B e Bt fom M5 PSS SRRRF BLLSA B i
di cycl opent adi ene- substirableethixthren dherebys iformingta éfﬂeﬁtageﬂbllphlfming substrate
tetranet hyl - material: 114

(I) assembling two or more of the resultant cut material together, optionally with

either or both of the outside layers or any of the intermediate layers being a
material different from said "B-staged" reinforcing substrate material; and

(III) placing the assembled material in a device for, applying heat and pressure so

as to cure the "B-staged” reinforcing material; and wherein

(i) component (A3) is employed in an amount which provides
from about 0.05 mole to 100 moles of catalytic product per
epoxide equivalent contained in component (A1);

(i) components (A3a) and (A3b) are employed in amounts
which provide a ratio of component (A3b) per more of
component (A3a) of from about 0.6:1 to about 1.4:1;

(iii) components (A3a) and (A3c) are employed in amounts
which provide a ratio of moles of component (A3c) per
mole of component (A3a) of from about 0.6:1 to about
1.4:1; and

(iv) components (A3ci) and (A3cii) are employed in amounts which provides a ratio of
moles of component (A3ci) to (A3cii) of from about 0.1:1 to about 0.9:1.

According to a sixteenth embodiment of the invention there is provided the use as a
cure inhibitor for an epoxy resin composition of boric acid, maleic acid, or a mixture of
boric acid with at least one acid having a weak nucleophilic anion.

According to a seventeenth embodiment of the invention there is provided the use
of boric acid, maleic acid, or a mixture of boric acid with at least one acid having a
weak nucleophilic anion to control the gel time of an epoxy resin composition.

The invention has several advantages. A composition comprising a polyepox1de a
curing agent, a catalyst, and inhibitor can be exposed to temperatures at which any
solvent present is removed by evaporation without significant curing of the of the epoxy
resin. Furthermore in the presence of the inhibitor, the concentration of catalyst present
may be significantly higher without resulting in cure of the epoxy resin composition
during a solvent removal process. A higher crosslink dens1ty may be achieved by using

" HEPLACERIENT SHEET
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tetrabr onophenol , tetranethyl tri bronobi phenol, tetrachl or obi sphenol A, or

dny conbi nation thereof; (b) component (B) is biphenol, bisphenol A
bi sphenol K, tetrabronobi sphenol A, tetrabronobi sphenol K
resorcinol, phenol-al dehyde novol ac resiing, cresol - al dehyde

novol ac resins, phenol -hydroxybenzal dehyde resins,

Cetramet KS{'t r E,eg&n%ggﬂ%&eoﬁ cataly > e final grodyﬁt?tp'iﬂ{if%ﬂr Ormgx@?ﬂgé]ov resin
tetrachl or %PBCHH&%IIHW eRhibig @ @gh@rhgla@oﬁansmon W‘%@’ﬁpoﬁb@ﬁe resin) | s

et hyl am negorfipcitinds 3hioe cohtranﬁh Mfﬁfﬁbﬂﬂe Bu %DEgén@nbz[tost and mhlbltor have a

di - n- propyl. am ne tr| n- pﬂ‘ﬁﬁyb?m ne opro m ne ﬂ}el %?}B??ﬁﬁ‘?a o? this

triisoprop¥®
met hyl di b uhwbmtmmay be pmnpsscdmb ifastdri spaedshas raelngheramdcentrauoﬁ of amtqmuoe miay

C3b f
ga) Zzolrr;onltgaéjnt R%’A%n Pﬁ)%sqlquc;rge%%wﬁs ﬁ%‘ a po% %3)'1- s]eﬁg%tolfigh %ﬁﬁ eq'l(‘@fes
conponent WB&Olitsadé(eﬁﬂle@ff@klyg p‘h@ Al tempenyates wnﬂmyp raémrsely Mf%@%ﬂleeﬁnal
Eéfgggﬂgi edrﬁ{ﬁﬁo ﬁaesb'fggfhzcg@gle éﬁ;ﬂelglom{mus pradag enol y?g:e £ by
novol ac r e%qlﬁg)ﬁ ﬁg‘?\?ﬁ"eﬁ9émﬁeﬁgﬁb’ﬂgh§’ﬂ ’tq,rgscp. ys&l'—ﬂ?lg BzérFS?m can be
hydr oxy be neomrdiabigteadjustadn, hydr ocar bon- phenol resin, hydrocarbon-
hal ogenat ed I ogar I a
conb?natlon fh F&E&hﬂx ?%gscgﬁﬁgﬁ nt f%%ﬁg)a f%§§@$ g&%%I yst
sel ected f3ystemshandasisiescontining sughgesin compositions of coated
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. . A . . . . . . . .

I m dazol es, imdazolidines, imdazolines, oxazoles, pyrroles, thiazoles,
pyridi nes, pyrazines, norpholines, pyridazines, pyrimdines, pyrrolidines,
pyrazol es, qui noxalines, quinazolines, phthalozines, quinolines, purines,

i ndazol es, indol es, indolazines, phenazi Rgs, phena u i azi nes,
pyrrolines, indolines, piperidines, piperazines, mﬂ m“m mlﬂ)ﬂ“
: (d) conponent (C3b) |s 1 ubboti c" ach d.*

t her eof ; . and
A m xture o?lm m 59 wherein conponent (Cl) is the catal yti-c product
resul ti ng fromkontAgepoxy msin coimgmzition cainptisingr i ¢ aci d. 61. A mixture

8]; O(ijuglt rnr 22u},\??}r&13| ﬁgﬂyébedggae?n ehén%dim{?éet o‘lf béﬂlné/aoneeﬂlpha nﬁimg%ht o 61.
63. A process fBr coeuterighibites W@BH%WPH%PL ror maleic acid, or a mlpgure of boric
contacting A Mithiat lst\bridacRDhAREXY weeﬁmﬁclsépmmwn being a conposition

2. A composition useful for curing a polyepoxide or advanced epoxy resin
which comprises:

A. a curing agent capable of reacting with a polyepoxide at elevated
temperatures; and

B. boric acid or maleic acid, or a mixture of boric acid with at least one acid
having a weak nucleophilic anion.

3.  An epoxy resin composition according to Claim 1 which further comprises a
curing agent capable of reacting with a polyepoxide at elevated temperatures.

4. A composition according to any one of Claims 1, 2 or 3 which further
comprises an epoxy resin catalyst comprising an amine, a heterocyclic nitrogen
compound, a phosphine, a sulfide, or an ammonium, phosphonium, arsonium, or
sulfonium-containing compound, or a mixture of two or more such compounds capable
of accelerating the cure of the polyepoxide with a curing agent. ;

5.  An epoxy resin composition comprising:

(A) a polyepoxide;

(B) a cure inhibitor consisting essentially of boric acid in an amount from about
0.01 to about 2.0 pai'ts per 100 parts of polyepoxide.

6. An epoxy resin composition of Claim 5 which further comprises an époxy
resin catalyst and/or a curing agent which does not contain phenolic hydroxyl moieties.

7.  The epoxy resin composition of Claim 6 which further comprises an epoxy
resin catalyst comprising an amine, heterocyclic nitrogen containing phosphine, sulfide,
ammonium, phosphonium or sulfonium containing compound capable of accelerating the
cure of the polyepoxide with a curing agent.

8.  The epoxy resin composition of Claim 7 wherein the catalyst is an amine or

heiérocyclic nitrogen containing compound.

9. A composition according to Claim 8 wherein the catalyst is an amine or
heterocyclic amine containing compound.

10. A composition according to Claim 9 wherem the catalyst is a tertiary
amine-containing or a heterocyclic amine-containing compound.

11. An epoxy resin composition of Claim 10 wherein between about 0.01 to 2.0
parts of tertiary amine or heterocyclic amine contalmng compound per ‘hundred parts of

. S

resin are present. o e T T O el 1;




according to Caim4, wherein said conposition optionally-conprises one or
nbre m sci bl e sol vents; B) optionally passing t ‘“EI e
t hrough a heated zone at a tenperature sufficient %‘Eﬁ“ﬂgmm\“& nts
present to evaporate but bel ow t he tenpe &sure at e pol yegoxi de
under goes significant curing; and Cgl optional | y exposing the coated
article to conditions such that the pol yepoxi de undergoes at |east partial
curing. 6412. Trh 1aiprscatalyss fordhe cusingz ol hpelyeppxidecresylting {fom eaniactingi bi t or
are present in jj he { gitalyQiffoR tHer ir® bR PoRepaHidecompound CompFeRgRINCARME, or a
according to C ai th% or aim 64 wheilel n.the epoxy resin.conmpositjon is
eterocycfic ﬂ% leosph

produced by nixing Og5D, + PhasPhipe, o FEITE: o 2DEIARER, | ORjuRy
pol ar sol vent; sulfohiunf). & drsofidmpentainity compoiid, of acmixtme fowvs op aore
hundred parts of re[E&@of ivﬂﬂ? sol vent ; iii) 0.01to 2.0
parts by weight of Dorrc¢ acid per hundred parts of resin in a polar

sol vent; and i) jbpric aidion » mixgre af beripacidewijhat teastapnesacig havingral meak
parts of resin; whefigjeBphilig ahfl © Of inhibitor to catalyst is from0.1:1 to
4.0:1.0. 6%. g‘pr ocess accor i nq to d ai T 5, fOLu{)r eparjng a lamnate
wherein the arthdcl &t COMROSILPR @Ecqrding to.any ong of fHaims; Adogstherewith a latent
conpri ses: catalyst Compdsition agoptisg py Eemdf2. t he coated reinforcing material;

desi red arr angddends. coposor” conifisfas 6 SRRl GIrRE BT BropidsZop e
coat ed r ei compositign aecarding| totCJaim 2913 or Claim 13, wherein the partially cured resin is
capable of undergoing further curing. .

15. A composition according to Claim 2 or 13 wherein the boric acid is contacted
with one or more of the other components of the compositions in solution in a solvent
which is a di- or trihydroxy substituted hydrocarbon.

16... A composition according to Claim 15 wherein the solvent is 1,2 propanediol,
ethylene glycol or glycerine.

17. A composition according to any one of Claims 4 to 13, wherein the catalyst
is ethyltriphenyl phosphonium acetate, ethyltripheny! phosphonium acetate-acetic acid
complex, tetrabutyl phosphonium acetate, tetrabutyl phosphonium acetate-acetic acid
complex, ethyltriphenyl phosphonium chloride, ethyl triphenyl phosphonium iodide,
tetrabutyl phosphonium chloride, tetrabutyl phosphonium iodide, tetrabutylphosphonium
hydroxide, . tetrabutylammonium  hydroxide, tetracthylammonium hydroxide,
tetramethylammonium  hydroxide, ethyltri(2-ethoxyethyl)ammonium  hydroxide,
triethyl(2-thioethylethyl)ammonium hydroxide, N-methyl-N-methylenemethanaminium
acetate, N-methyl-N-methylenemethanaminium acetate-acetic acid complex, N-methyl-N-
methylenemethanaminium chloride, N-methyl-N—methYlenemethanaminium iodide,
N-methylpyridinium acetate, N-methylpyridinium acetate-acetic acid complex,
N-methylpyridinium chloride, N-methylpyridinium iodide; 1-ethyl-2,3-
dimethylimidazolium acetate, 1-ethyl-2,3-dimethylimidazolium acetate-acetic acid
complex, I-ethyl-2,3-dimethylimidazolium chloride, 1-ethyl-2,3-dimethylimidazolium
iodide, N-methylquinolinium acetate, N-methylquinolinium acetate-acetic acid complex,
N-methylquinolinium chloride, N-methylquinolinium iodide, N-methyl-1,3,5-triazinium
acetate, N-methyl-1,3,5-triazinium acetate-acetic acid complex, N-methyl-1,3,5-
triazinium chloride, N-methyl-1,3,5-triazinium iodide, ethylamine, diethylamine,
triethylamine, n-propylamine, di-n-propylamine, tri-n-propylamine, isopropylamine,

diisopropylamine,  triisopropylamine, butylamine, dibutylamine,—tributylamine,
REPLACEMENT shtei |
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at tenperatures at which the pol yepoxi de undergoes | e wherein
tthe pressure is sufficient to allow pol yepoxi de o ﬂ'ﬂml&mﬁﬂl E o flow
and m x with the pol yepoxi de or advanced epoxy re pre pr egs.
67. A process for coating articles whi ch1 rocess conpri ses: ()

applying to the surface of a suitable article, a mxture conprising:
(A) at least one corrpound contai pi ng an aver ge of more than about 1

vi ci nal ep&gihydibutylamive 5 a dpidazole, an imidazoligipe,qan imidezolige anop¥azeky 2
cont ai ni ng pgfroky ar thig@olk{ arpyrmlﬁd)aanpﬁbané d morpholine, a yrldazme al pyeahidine, a

hydr oxyl at a pr oduct. resultlng
from cont aé’?ﬁﬁg%‘e 4 pf%?‘l’lg’ata ﬂ%lgg’falglﬁe cgﬁﬂ%ﬁ?ﬁﬂg’sgl%%{%ﬁn Pofh FHEC Ib‘}em?p
consi st i ng pufine, an indazole, an indole, an indolazine, a phenazine, a phenafsézine, a

(2 o Sl ¥BROTBELOILS FHERBES Sslies; O3S on o
two or more thereof; and, if present the: acid having a weak nucleophlhc anion is
fluoboric acid.

18. A composition according to Claim 17 wherein the catalyst is 2-methyl
imidazole; 2-ethyl, 4-methyl imidazole or 2-phenyl imidazole.

19. A composition according to Claim 2 or Claim 3, wherein the curing agent is
an anhydride, a compound confaining more than one aromatic hydroxyl group, a
polyamide or a polyamine. '

20. A composition according to Claim 2 or Claim 3, wherein the curing agent is
cyanamide, dicyanamide, a derivative of cyanamide or dicyanamide, a dihydroxy
phenol, a biphenol, a bisphenol, a halogenated bisphenol, an alkylated bisphenol, a
trisphenol, a phenol-aldehyde resin, a halogenated phenol-aldehyde novolac resin, an
alkylated phenol-aldehyde novolac resin, a pheﬁol-hydroxybenzaldehyde resin, an
alkylated phenol-hydroxybenzaldehyde resin, a hydrocarbon-phenol resin, hydrocarbon-
halogenated phenol resin, a hydrocarbon-alkylated phenol resin, or a combination of two
or more thereof.

21. A composition according to Claim 20 wherein the curing agent is cyanamide,
dicyanamide or derivatives thereof.

22. A partially cured epoxy resin composition comprising the reaction product

of:
i)  apolyepoxide;
ii)  a curing agent without phenolic hydroxyl moieties;
iii) cure inhibitor comprising boric acid; and
iv) a catalyst for the reaction of the polyepoxide with the curing agent;
wherein the partially cured resin is capable of undergoing further curing.

23, A process for coating an epoxy resin composition on a reinforcing material
comprising contacting a reinforcing material with an intimately mixed composition
comprising:

i)  apolyepoxide;

if)  a curing agent which does not contain phenollc hydroxyl moieties;

iii) cure inhibitor comprising boric acid; and

iv) a compound which catalyzes the curing of the polw.eurmg
agent; and _ REPLACEMENT S. WEET
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) a mixture of any two or nore than (a) and (b) conponent s’ Wit -
)

(c

(2 boric acid; or with (3) a nixture of (a) bﬂ"’mmmm at
| east one acid having a weak nucl eophilic mm ﬂm
(D) optionally one or nore solvents; and (11) curi'ng®tHe t"nus caat ed
article at a suitable tenperature to cau58 the applied m xture

to cure; and wherein (i) conponent (1C) is enployed in an
amount whi cWhefesysaid suning,pgeap isgmployed in an amount of draps ahentd). 3 &0 abit301mants

nol es of caperl mlw@wdmtpog%poﬁa@m de equi val ent cont ai ned
i n conponent ( gnents (I C 1) and (1 C2) are

enpl oyed in ano tST%pr@ﬁesarog\ﬁglgg} %13 éom TSMg CONACtNg o1 o of ol es of
conmponent (| C2)Aperthewéiaforéing amgsenind rwith arCin}inately mixed bath comprising:r om about

0.6:1 to about 1.4: 1} a ol epox1d ﬂ“&veqlgrrponents (ICl) and (I C3) are
enpl oyed i n anmounts R K cf rati o of nol es of

conponent (1 C3) perll)rmlfécwn&:éﬁﬁ?émh oesnot @pntain phenolic hydroxyl moisties i at
0.6:1 to about 1.4:1; 8d&ﬂivent : (1v) corrponents (1Ca) and (1C3b) are

enpl oyed i n anounts, es a.ratjo of | es of
conponent (1 C3a) to‘"}vn uglflbqqrmgsﬁxgbo%cacldmapolarsoi\@n ailHDo about

0.9:1. 68. A pw))ceessompoumr eplsich rogtalyes theg euting' of dieopolyeygoxided siithathe

mat eri al s which process at uratl ng said reinforcing
substrate with a cur ablcelﬁfr?#pd{gjrr?t %%Pr%lyeﬁtp%é (1) at least one

conmpound cont aiBi ngpassingy thea geated rmn@mm&nmatwat through a heated zone at a
~ temperature sufficient to cause the solvents to evaporate but below a
temperature sufficient to cause curing. :

25. The process of Claim 24 which further comprises (c) exposing the coated
reinforcing material to conditions such that the polyepoxide undergoes partial curing.

26. The process of Claim 24 or 25 wherein the catalyst and inhibitor are present
in the form of a preformed complex in a polar solvent.

27. The process of any one of Claims 24 to: 26 wherein the catalyst is an amine, a
heterocyclic nitrogen, phosphine, suifide, ammonium, phosphonium or sulfonium
containing compound. _

28. A catalytic product resulting from contacting (1) at least one compound
selected from the group consisting of (a) at least one onium compound of the element
nitrogen, phosphorus, sulfur or arsenic; (b) an amine compound free of hydroxyl groups;
and (c¢) a mixture of any two or more of the (a) and (b) components; with (2) boric acid;
or with (3) a mixture of (a) boric acid and (b) at least one acid having a weak
nucleophilic anion; wherein the mole ratio of component (2) to component (1) is from
about 0.6:1 to about 1.35:1, or the mole ratio of component (3) to component (1) is
from about 0.6:1 to about 1.35:1.

. 29. A catalytic product of Claim 28 wherein components (32) and (3b) are
employed in amounts which provides a ratio of moles of component (3a) to (3b) of from
about 0.1:1 to about 0.9:1.

30. A catalytic product of Claim 28 or 29 wherein:

(a) components (1) and (2) are employed in amounts which provide a ratio of

moles of component (2) per mole of component (1) of from about 0.75:1 to
about 1.35:1;




vi ci nal epoxy group per ol ecul e; (2) at Ieast one conapound

tontai ni ng an average of nore than about 1 aromtﬁm \\“\

hydr oxyl group per nol ecul e; (3) the cat aI y&)\‘&ﬁ“

resulting fromcontacting (a) at | east

selected fromthe group consisting of: 106
one oni um conpound of the el enent nitrogen,
phosphor us, sufbdurcasmpanesieril} and (3) are employed in amountsjwhiclhprowde e @He afni ne

tcﬁgp?:?d;ngn?i 5 Cmoles of component 3) pér Ihble%frﬂdﬁipéh@ntc(fl) éf'Yrth\ﬁb&ft 0952 of
117 %Q;% E%%bf;rané acid; or with (c) a mxture
of © compone(ms)(%)mnld(ﬁh):m_d eatpdoyed in amounts which provides(a tatioasf

| east one acid havfngfés%f\gﬁﬁéo@b? (5905 (36) Of 2P Bou? 85 1 to about 0.7:1( 4

optionally one or Tore s
A catalytic product of any ome of Claims 28 to 30 wherein said onium

. compound is ethyltriphenyl phosphonium acetate, ethyltriphenyl phosphonium acetate-
acetic acid complex, tetrabutyl phosphonium acetate, tetrabutyl phosphonium acetate-
acetic acid complex, ethyltripheny! phosphonium chloride, ethyl triphenyl phosphoninm
jodide, tetrabutyl phosphonium chloride, tetrabutyl phosphonium iodide,
tetrabutylphosphonium hydroxide, or any combination thereof and said acid having a
weak nucleophilic anion is fluoboric acid. .

32. A catalytic product of any one of Claims 28 to 30 wherein component (1) is a
nitrogen containing onium compound.

33, A catalytic product of Claim 32 wherein said nitrogen containing compound
is tetrabutylammonium .  hydroxide, tetracthylammonium hydroxide,
tetramethylammonium hydroxide, ethyltri(2-ethoxyethyl)ammonium  hydroxide,
triethyl(2-thioethylethyl)Jammeonium hydroxide, N-methyl-N-methylenemethanaminium
acetate, N-methyl-N-methylenemethanaminium acetate-acetic acid complex, N-methyl-
methylenemethanaminium chloride, N-methyl-N-methylenemethanaminium iodide,
N-methylpyridinium  acetate, = N-methylpyridinium  acetate-acetic  acid, N-
methylpyridinium chloride, N-methylpyridinium iodide, 1-ethyl-2,3-
dimethylimidazolium acetate, 1-ethyl-2,3-dimethylimidazolium acetate-acetic acid
complex, 1-ethyl-2,3-dimethylimidazolium chloride, 1-ethyl-2,3-dimethylimidazolium
iodide, N-methylquinolinium acetate, N-methylquinolinium acetate-acetic acid complex,
N-methylquinolinium chloride, N-methylquinolinium iodide, N-methyl-1,3,5-triazinium
acetate, N-methyl-1,3,5-triazinjum acefate-acetic acid complex, N-methyl-1,3,5-
triazinium chioride, N-methyl-1,3,5-triazinium iodide, or any combination thereof and
said acid having a weak nucleophilic anion is fluoboric acid.

34. A catalytic product of any one of Claims 28 to 30 wherein component (1) is a

c(i at | east

non-heterocyclic amine.

35. A catalytic product of Claim 34 wherein said non-heterocyclic amine is
ethylamine,  diethylamine, triethylamine,  n-propylamine,  di-n-propylamine,
tri-n-propylamine, isopropylamine, diisopropylamine, triisopropylamine, butylamine,
dibutylamine, tributylamine, methyldibutylamine, or any combination thereof and said
acid having a weak nucleophilic anion is fluoboric acid.
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(B) 0|'ot lonally renoving excess solution from the thu rei nf or ci ng

substrate material by any suitable neans; (O su ““‘\‘m‘m
treated reinforcing substrate nmaterial to a tenperatu ﬂ!}“\“ﬂﬁ‘“ h
removes any sol vent nmaterial which may b 7present int m xtur®

applied to said reinforcing substrate material; and : (D) heating the

product fromstep (O so.as t tlaIIy ret I|ed
curable mixture %t he} Eﬁ?l(g’flﬁlpﬁ‘?‘ﬁﬁpﬁf eeéa‘msr& :{g)r h‘ﬁg nGogpopeRt(1) is a
mat eri al ; heterocyclic amde \seleceed nfrom’ the group consisting of ifnidazolesyp imidazolidiks, i S

8”8'50?;3?(3' ?gﬁd}ggﬁ?& %}) P &Y a| tl}lazoles pyridines, pyrazines, mérpRELAROUL -

product pemytidazinese emmlmbill@ﬁt dxmc&ldm i Pytaselssnequinoxalines, quinazolines,

(A); i) on A3 ( e in
o A phthalozines, quinolinés, plﬁﬂl\j\!ﬁ ﬁla%%é’é‘?i d%d&%gt 13&%1&lﬁésl e?ﬁ@#ﬁﬁe@

conponent (p,ggwsqggpes phenothiazines, pyrrolmes- indolingsy| mpgfd%nwgﬁqlnqs;\% apy
from about cﬁnﬁmhubﬁ tigdpeofland said acid having a weak nucleophlhcﬂalﬂon ik; fluoboric acid.

(o ch compenents, (O s of e o fy, SREOE s B Verin component 1 s
mol e of coﬂmﬂmhm@dﬂabe &-phenyhimadezole, @-ﬁh}tl-4-medmhm1dazole or any combination
1.4:1; and ghereof. (iv) conponents (A3ci) and (A3cii) are
enpl oyed i n ampunts whi ch provide a ratio of
mol es” of conpoR&nt A MyElure spmprising (A) at least one compound contigingian averageont

about 0. 1: jndre tARP Y vilinfl époxide group per molecule; and (B) a catalytic product resulting
from contacting (1) at least one compound selected from the group consisting of (a) at
least one onium compound of the element ni&ogen, phosphorus, sulfur or arsenic; (b) at
least one amine compound free of hydroxyl groups; and (c) a mixture of any two or
more of the (Bla) and (B1b) components; with (2) boric acid; or with (3) a mixture of

(a) boric acid and (b) at Jeast one acid having a weak nucleophilic anion; wherein:
(i) components (A) and (B) are employed in amounts which provide a mole ratio
of millimoles of component (B) per mole of component (A) of from about

0.05:1 to about 100:1;

(ii) the mole ratio of component (B2) to component (B1) is from about 0.6:1 to

about 1.35:1; or.

(iii) the mole ratio of component (B3) to component (B1) is from about 0.6:1 to

about 1.35:1. '

39. A mixture of Claim 38 wherein component (B) is employed in an amount
sufficient to catalyze the reaction between component (A) and an aromatic
hydroxyl-containing compound when the mixture of components (A) and (B) is admixed
with an aromatic hydroxyl-containing compound.

40. A mixture of Claim 39 wherein:

(@ component (B) is employed in an amount which provides from about 0.05 to

about 100 millimoles of catalytic product per epoxide equivalent contained in

component (A); and
(b) components (B3a) and (B3b) are employed in amounts which provides a ratio

of moles of component (B3a) to (B3b) of from about 0.1: 1‘ out 0.9:1.
41. A mixture of Claim 39 wherein: ‘




69. A process for the preparation of |aninates or conposites—-whi- etrpﬂ)cess
conpri ses: (1) cutting "B-staged” reinforci ng substr to a
desired size and shape; . said'’ B—staged Sl‘!ﬂ‘wg b&‘gﬁi E

§ eln

mat eri al havi ng been prepared by: (A) sat orcing

substrate with a curable m xture corrpr|5| ng (1) at | east
one conpound cont ai ni ng an ayerage of nore than about 1

vici nal epoxy gRdupcoyeionssl @%dp &mployed in an amount which provides from about 0.5 to
118 ( 2) abwut RO asillinoes OO PRI predichiptr Bbxae EievAgR cohtalfietsin
t han about 1 it aromati c hydroxyl group per nol ecul e;

(3) the catalyticm WSuItlngfromcontactlng (a)

at | east one cofepoucenponents(Bi) dmd{B2) aee gmployed enameurtmghish provide a ratio of
(i) at least one onpy GPEBM ?Bﬂe(rﬁ (?ﬁf‘?exeﬁlﬁmcoﬁipbﬁaﬂe{ﬁl) of from about 0.75:1

phosphorus, sul fur or arseni ast one‘amn
conpound; and (iil) togbay k. é?el,of any two or nore of the (i)

and (ii) compongyt sconvponBnts (B1) and (B3) are employed in amounts which provide a ratio of
moles of component (B3) per mole of component (B1) of from about 0.75:1
to about 1.35:1; and

(d) components (B3a) and (B3b) are employed in a (B3a) to (B3b) of from about
0.3:1 to about 0.7:1.

42. A mixture of Claim 40 or 41 wherein: :

(@) component (A) is a glycidy! ether of a polyhydric phenol; and

(b) component (B1) is an onium compound of the element phosphorus.

43. A mixture of Claim 42 wherein:

(a) component (A) is a diglycidyl ether of any of the following: resorcinol,

' catechol, hydroquinone, biphenol, bisphenol A, bisphenol AP, bisphenol F,

i bisphenol K, tetrabromobisphenol A, phenol-formaldehyde novolac resin,
alkyl substituted phenol-formaldehyde resin, phenol-hydroxybenzaldehyde
resin, cresol-hydroxybenzaldehyde resin, dicyclopentadiene-phenol resin,
dicyclopentadiene  substituted phenol resin  tetramethylbiphenol,
tetramethyl-tetrabromobiphenol, tetramethyltribromobiphenol,
tetrachlorobisphenol A, or any combination thereof;

(b) component (B1) is ethyltriphenyl phosphonium acetate, ethyltriphenyl
phosphonium acetate-acetic acid complex, tetrabutyl phosphonium acetate,
tetrabutyl phosphonium acetate-acetic acid complex, ethyltriphenyl
phosphonium chloride, ethyl triphenyl phosphonium iodide, tetrabutyl
phosphonium chloride, tetrabutyl phosphonium iodide,
tetrabutylphosphonium hydroxide, or any combination thereof; and

(c) component (B3b) is fluoboric acid.

44. A mixture of Claim 40 or 41 wherein:

(a) component (A) is a glycidyl ether of a polyhydric phenol; and

(b) component (B1) is a nitrogen containing onium compound.

45. A mixture of Claim 44 wherein:

(@) component (A) is a diglycidyl ether of any of the following: resorcinol,
catechol, hydroquinone, biphenol, bisphenol A, bisphenol F, bisphenol K,
tetrabromobisphenol A, phenol-formaldehyde novolac resin, alkyl substituted
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(b) ~ bori c acid; or with (c) a mxtur
and (ii) at least one acid having a j E Im !’Jﬂm‘ lic
ani on; and (4) optionally one or nore solv

optional l'y renoving excess sol ution fromgde thus treated rei nf or cing

substrate material by any suitable neans; (C) subjecting the thus
rempves ;ﬁ'y”LS{S'eﬂﬂ)hﬁiéi?ﬁréﬁﬁ%%heL;r;%'mste"p?agm-hydroxybén%arfﬂ%?&eﬁLE e S
appl i ed to said reicndsol-hydrgxgheingdldettyee mat &smal dicytlopentadiefy-pbemld i ngresing
product {1om step, (bychiefakle Bkl Y ol %#%fngp%%ﬁﬂe%lmpheml
material; (1) assémwlt%abfpmﬁh@%f t he resul t defrareethylirihremohiphenol,

toget her, opti onal lyyravhidiobisphenél ANSF a9y cdiBifatith théigoLUt si de | ayers or any
mat er i al ferent from said

of thelnterrre atela ers
"B-st aged” rei hPbr SPHP g%s?ggt gs nigirabytgmmonipmy | EY ofide, AMEOBNGL o g
material in a devi dgdfoxideapp! yi teraneethylammhopivessur e Bydroxide, as t ceteyliri(2t he

(23) 19 el oyed | RRvERuib ol WIGR. eyl tioetyledeDamBERET "

about 0.05 nol e t o hydmxids, esI\Tmletbjeltlﬁm}Qm)demmmpwm acetate, N-methyl-N-

gg%'oﬁgntegu'( ng)en; nﬁg& éhe 'ﬂgx;g%&:it%t@?béuc acid complex, Ninhdthyl-N-
whi ch provide a rafReiyen “{’lAég" orjdey %@&&N—methylenemethanammmm

conponent (A3a) of ibdide) Napethypyridinium sdeeits, N~n4et&ylpynduuum acetate-acetic(dciid )

conponents (A3a) angmﬁ)fé:;’:c —%eﬁmy?p%{tﬁ%ugl chlon({TD Lﬁ'methylpynchnmm iodide, 1-ethyl-
2,3-dimethylimidazolium acetate, 1-ethyl-2,3-dimethylimidazolium acetate-
acetic acid complex, 1-ethyl-2,3-dimethylimidazolium chloride, 1-ethyl-2,3-
dimethylimidazolium iodide, N-methylquinolinium acetate,
N-methylquinolinium acetate-acetic acid complex, N-methylquinolinium

; chloride, N-methylquinolinium iodide, N-methyl-1,3,5-triazinium acetate,
N-methyl-1,3,5-triazinium acetate-acetic acid complex, N-methyl-1,3,5-
triazinium chloride, N-methyl-1,3,5-triazinium iodide, or any combination
thereof; and _

(c) component (B3b) is fluoboric acid.

46. A mixture of Claim 40 or 41 wherein:

(@ component (A) is a glycidyl ether of a polyhydric phenol; and

(b) component (B1) is a non-heterocyclic amine.

47. A mixture of Claim 46 wherein: :

(@) component (A) is a diglycidyl ether of any of the following: resorcinol,
catechol, hydroquinone, biphenol, bisphenol A, bisphenol F, bisphenol K,
tetrabromobisphenol A, 'phenol-formaldehyde novolac resin, alkyl substituted
phenol-formaldehyde resin, phenol-hydroxybenzaldehyde resin,
cresolhydroxybenzaldehyde resin, dicyclopentadienephenol resin,
dicyclopentadiene-substituted phenol resin, tetramethylbiphenol, tetramethyl-
tetrabromobiphenol, tetramethyltribromobiphenol, tetrachlorobisphenol A, or
any combination thereof;

(b) component (B1) is ethylamine, diethylamine, triethylamine, n-propylamine,
di-n-propylamine, tri-n-propylamine, isopropylamine, diisopropylamine,
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whi ch prow de a ratio of noles of conponent (A3c) per

nmbl e of conponent (A3a) of fromabout 0.6:1 to about ”“l“l]“u““I"“II'IHI“

1.4:1; and

(iv) conponents (A3ci) and (A3cii) are egpjoy I n amountes

whi ch provides a ratio of nol es of corrponent (A30|) to

(A3cii) of fromabout 0.1:1 t.0 about 70. ‘The use as cure

i nhi bitor for an ep‘BWpf@é' aﬁme?)’np05|'?‘}t8]ﬁm(‘ﬁe sbor | SIBYYHMINGR)| e ¢ ré@tﬂlamme'
m xture of bori c acmethyldnbutyiamineasr any eombinatidetheregf;a weak nucl eophilic

ani on.
acid with at

gel

@
()

©
49.

| acid, or a mxture of bori
(a t onti:&g@I 38?3' @glr)ﬁf fﬂmbgﬁéﬁéugl eoph| lic anion to control
time of an 4850 xA mixgIre of Glaie.

orfhl wherein:

component (A) is a glycidyl ether of a polyhydric phenol;

component (B1) is a heterocyclic amine selected from the group consisting of
imidazoles, imidazolidines, imidazolines, oxazoles, pyrroles, thiazoles,
pyridines, pyrazines, morpholines, pyridazines, pyrimidines, pyrrolidines,
pyrazoles, quinoxalines, quinazolines, phthalozines, quinolines, purines,
indazoles, indoles, indolazines, phenazines, phenarsazines, phenothiazines,
pyrrolines, indolines, piperidines, piperazines, or any combination thereof;
and , .

component (B3b) is fluoboric acid.

A mixture of Claim 48 wherein component (Bl) is 2-methylimidazole,

2-phenylimidazole, 2-ethy1-4-methyhm1dazolc or any combination thereof.

50.

A mixture comprising (A) at least one compound containing an average of

more than 1 vicinal epoxide group per molecule; (B) at least one compound containing
an average or more than 1 aromatic hydroxyl group per molecule; and (C) a sufficient
amount to catalyze the reaction between components (A) and (B) of a catalytic product
resulting from contacting (1) at least one compound selected from the group consisting of
(a) at least one onium compound of the element nitrogen, phosphorus, sulfur or arsenic;
(b) at least one amine compound; and (c) a mixture of any two or more of the (a) and (b)
components; with (2) boric acid; or with (3) a mixture of (a) boric acid and (b) at least
one acid having a weak nucleophilic anion; wherein

@

(ii)
(i)

51.
@

components (A) and (C) are employed in amounts which provide a ratio of
millimoles of component (C) per mole of component (A) of from about
0.05:1 to about 100:1;

the mole ratio of component (C2) to component (C1) is from about 0.6:1 to
about 1.35:1; or

the mole ratio of component (C3) to component (C1) is from about 0.6:1 to
about 1.35:1.

A mixture of Claim 50 wherein:

components (A) and (B) are employed in amounts which provide a ratio of
aromatic hydroxyl groups to epoxy groups suitably from about 0.05:1 to

about 20:1; and
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116 * (a) at least one onium conpound of theel errent

phosphorus sul fur or arsenic; [\“& F one
" am ne conpound; and (c) a mxture of any t \'\ Nx

and (b) conponents; with (2) boricygcid; or Wlt ° am xture

of (a) boric acid and (b) at |east one acid haV|ng a meak
nucl eophilic anj.on

Ty eODhL | o olehens 4 sruplgh ) LR %ﬁ@&ﬁﬁfc@n ?ﬁmyifﬂéé i

appl i ed ~ aboutt 100emiibmoles ef cambytivipesdrichper epoxide equivilent cautained dmt

(()I (c):)S ImS;I grr{)l)ogggu![ %@‘#@X@koﬁaégamﬁldgfong[n Sgsugpom de

equi val ent cont@i neempanet{(5ied and (G3));are employed in arppuyts whighprevides a rati )

and (1C2) are enpl Q)Y‘iﬁblés'b héntV(’(DSEﬁtoF(CQB) 8£frém about 0.1:1 to about 0'®Y ] 0 .of

nol es of corrpog?n H’c‘:’b‘%ﬂ e‘]oefr %%lc‘)’ghe%gur{laonent (1Cl) of

fromabout 0.6 & q (ii1) conmponents (I1Cl) and

(1C3) are enpl ¢ged companmﬁm(&) add (B) srecempleyeal in amounts which provide a ratio of
aromatic hydroxyl groups to epoxy groups suitably from about 0.2:1 to about
5:1;

(®) component (C) is employed in an amount which provides from about 0.5 to
about 20 millimoles of catalytic product per epoxide equivalent contained in
component (A); .

(© components (C1) and (C2) are employed in amounts which provide a ratio of
moles of component (C2) per mole of component (C1) of from about 0.75:1
to about 1.35:1; .

(d) components (C1) and (C3) are employed in amounts which provide a ratio of
moles of component (C3) per mole of component (C1) of from about 0.75:1
to about 1.35:1; and

(¢) components (C3a) and (C3b) are employed in a (C3a) to (C3b) of from about
0.3:1 to about 0.7:1.

53. A mixture of Claim 51 or 52 wherein:

(a) component (A) is a glycidy! ether of a polyhydric phenol;

(b) component (B) is a dihydroxy phenol, biphenol, bisphenol, halogenated
bisphenol, alkylated bisphenol, trisphenol, phenol-aldehyde resin,
halogenated phenol-aldehyde novolac resin, alkylated phenol-aldehyde
novolac resin, phenol-hydroxybenzaldehyde resin, alkylated phenol-
hydroxybenzaldehyde - resin, hydrocarbon-phenol resin, hydrocarbon-
halogenated phenol resin, hydrocarbon-alkylated phenol resin, or any
combination thereof; and :

() component (C1) is an onium compound of the element phosphorus.

54. A mixture of Claim 51 or 52 wherein:

(@) component (A) is a diglycidyl ether of any of the following: resorcinol,
catechol, hydroquinone, biphenol, bisphenol A, bisphenol AP, bisphenol F,
bisphenol K, tetrabromobisphenol A, phenol-formaldehyde novolac resin,
alkyl substituted phenol—formaldéhyde ‘resin, phenol-hydroxybenzaldehyde
resin, cresol-hydroxybenzaldehyde resin, dicyclopentadiene-phenol resin,
dicyclopentadiene-substituted phenol resin, tetramethylbiphenol tetramethyl-
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ratio of rnoles of conponent (1 C3) per nole of corrponen‘f‘“ﬁ*@f)ﬂ ]
fromabout 0.6:1 to about 1.4:1; and

(1C3b) are enployed in anounts which prmamﬂamhmﬂﬁ
nol es of conponent (1C3a) to (I C3b) of frgm about

about 0.9:1. 68. A process for preparing "B-staged" rei nforC| ng

substrate materials | ch pr.qce conpri se . [(A) ;sat ur
rei nforcing subst ra{egnaw%p%ép%a 6?%”3?&?‘8?050’@8“'8&?‘@“% ac oro%%pﬁenoq
| east one conpound munctanbihatg)mﬂlemé;r age of nore than about 1

vicinal “epoxy g “pc&ﬁ%? ?@U seblﬁherg)l bls%henof ). bighehfiR! t&fb@r&ﬂ@%ﬂol

contai ning an avéra
hydroxyl group per | tetngp @moblsphenol K, gespreingle Rf‘&ﬂ@ﬂ'@@@hydﬁr B@(Q!%C resins,

resulting from cont ék%&dlflﬂdehyde novolac  resids@) ;ﬂfenél%ﬁﬁoﬁb@nﬁm%@d resins,

‘to

e o o componad GRS R R e gan,  resms,  tonainbiniphésal
phosphorus, sul fur ttramethyitribromo-biphenyl, tetfaméthyitettabeorhobipkenaiy ne
conpound; and tetrachlo&oblsphenol A (a'nkr'c}am%lﬁhéﬁ ‘ﬂ{e?eo?f any two or nore of
the (i) and (ii) conpon W th

() component (Cl) is ethyltriphenyl phosphonium acetate, ethyltriphenyl
phosphonium acetate-acetic acid complex, tetrabutyl phosphonium acetate,
tetrabutyl phosphonium acetate-acetic acid complex, -ethyltriphenyl
phosphonium chloride, ethyl triphenyl phosphonium iodide, tetrabutyl
phosphonium chloride, tetrabutyl phosphonium iodide,
tetrabutylphosphonium hydroxide, or any combination thereof; and

(d) component (C3b) is fluoboric acid.

55. A mixture of Claim 51 or 52 wherein:

(@ component (A) is a glycidyl ether of a polyhydric phenol;

(b) component (B) is a dihydroxy phenol, biphenol, bisphenol, halogenated
bisphenol, alkylated bisphenol, trisphenol, phenol-aldehyde resin,
halogenated phenol-aldehyde novolac resin, alkylated phenol-aldehyde
novolac resin, phenol-hydroxybenzaldehyde resin, alkylated phenol-
hydroxybenzaldehyde resin, hydrocarbon-phenol resin, hydrocarbon-
halogenated phenol resin, hydrocarbon-alkylated phenol resin, or any
combination thereof; and

(©) component (C1) is a nitrogen containing onium compound.

56. A mixture of Claim 51 or 52 wherein:

(a) component (A) is a diglycidyl ether of any of the following: resorcinol,
catechol, hydroquinone, biphenol, bisphenol A, bisphenol AP, bisphenol F,
bisphenol K, tetrabromobisphenol A, phenol-formaldehyde novolac resin,
alkyl substituted phenol-formaldehyde resin, phenol-hydroxybenzaldehyde
resin, cresol-hydroxybenzaldehyde resin, 'dicyclopentadiene-phenol resin,
dicyclopentadiene-substituted phenol resin, tetramethylbiphenol, tetramethyl-
tetrabromobiphenol, tetramethyltribromophenyl, tetrachloroblsphenyl A, or
any combination thereof;

(b) component (B) is biphenol, bisphenol A, bisphenol K, tetrabromobisphenol
A, tetrabromobisphenol K, resorcinol, phenol-aldehyde novolac resins,

cresol-aldehyde novolac resins, phenol-hydroxybenzaldehyd ins,
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(b) boric acid; or with (c) a mxture of
(t) boric acid and (i) at Ieast MH“M“““E““““‘L
weak nucl eophilic anion; and (4) optionally o moreé S ¥
sol vent s; (B) optionally renoving ex¢gss solution from the thus

treated reinforcing substrate material by any suitabl e neans;

(C subjecting the £ i rcing s ate mat ey
tenperature &Qslﬁwi&&ﬁ%&?ée{%o elg ny sol veﬁ%? %Taterl al W%ﬁ%rﬁ@m
present in the nixttgiramethyltribromo-biphgnaled to sai d retrameshyltetrgbrompabiphenel,

material; and té@lch!itﬁ-%isﬁﬁbnbhﬁ B gyﬁt,mgﬁ&mhg}&p (O so as to partially
curethethus ?@glled cur ai ur.e herebyform

"B-staged”, r ei riChr GOMPORENs(ER &8 istd v%([gmmomum hydroxidg, vﬁ"r@?@tg ammonium
(i) corrponent (A3) hydirexigd,oyed ltaraﬂetayvlamIi:ioanch pr aydréeile, ethyltri(2-

broduot per epoxt ¢ teBYDEmealTS; HhaRmdE TR thicethylethyDammonium

(A1) ; hydroxide, (meethﬂnﬂdnahybnqmahanamniumsat)em,e NapethyEN-i n

anmount s methylenemethanaminium  acetate-acetic acid complex, N-methyl-N-
methylenemethanaminium chloride, N-methyl-N-methylenemethanaminium
iodide, N-methyl-pyridinium acetate, N-methylpyridinium acetate-acetic acid
complex, N-methylpyridinium chloride, N-methylpyridinium iodide, 1-ethyl-
2,3-dimethylimidazolium  acetate, 1-ethyl-2,3-dimethylimidazolium
acetate-acetic acid complex, 1-ethyl-2,3-dimethylimidazolium chloride,
1-ethyl-2,3-dimethylimidazolium iodide, N-methylquinolinium acetate,
N-methylquinolinium acetate-acetic acid complex, N-methylquinolinium
chloride, N-methylquinolinium iodide, N-methyl-1,3,5-triazinium acetate,
N-methyl-1,3,5-triazinium acetate-acetic acid complex, N-methyl-1,3,5-
triazinium chloride, N-methyl-1,3,5-triazinium iodide, or any combination
thereof; and

(d) component (C3b) is fluoboric acid.

57. A mixture of Claim 51 or 52 wherein:

(@ component (A) is a glycidyl ether of a polyhydric phenol;

(b) component (B) is a dihydroxy phenol, biphenol, bisphenol, halogenated
bisphenol, alkylated bisphenol, ftrisphenol, phenol-aldehyde resin,
halogenated phenol-aldehyde novolac resin, alkylated phenol-aldehyde
novolac resin, phenol-hydroxybenzaldehyde resin, alkylated phenol-
hydroxybenzaldehyde resin, hydrocarbon-phenol resin, hydrocarbon-
halogenated phénol resin, hydrocarbon-alkylated phenol resin, or any
combination thereof; and

' () component (C1) is a non-heterocyclic amine.

58. A mixture of Claim 51 or 52 wherein:

(@ component (A) is a diglycidyl ether of any of the following: resorcinol,
catechol, hydroquinone, biphenol, bisphenol A, bisphenol AP, bisphenol F,
bisphenol K, tetrabromobisphenol A, phenol-formaldehyde novolac resin,
alkyl substituted phenol—formaldéhyde resin, phenol-hydroxybenzaldehyde
resin, cresol-hydroxybenzaldehyde resin, dicyclopentadiene-phenol resin,
dicyclopentadiene-substituted phenol resin, tetramethylbiphenol, tetramethyl-
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whi ch fjrovi de a ratio of noles of conponent (A3b) per

T o o o e B S M -
i n anmounts whi £y provide a rati‘o of Mol es

conponent (A3c) per nol e of conponent (A3a) of

f bout 0.6:1 t
(r\?;n 2o%onent s (Agé&Ea ‘8"‘(}5&5’8 Seuﬁmgmgnﬁ‘“gmlﬂhi‘?n%lrrotﬁﬁ"[‘éﬂorgg‘sl’hend A, or
whi ch provide a rat |auycﬂmbma§endfer®cﬁ;rrponent (A3ci) and

(A3cii) of fromgpoghm oﬂeml. By 155‘9 n(ﬁ i sﬂ)h%nol @gghéﬁ‘opko Ctgéfor&%r blslpﬁ?qnj)l

re aratlon of Il'am nat r corrpo
(I? ut 'I[D ing "B-staged" f¥i r‘i‘? E‘?’H@blﬁlh%?lr é‘?’e rﬁs%mplm P]@Qﬂohaldé@deecmowlae Eosihs,

shape; saicrksolFaldétaded” nowlalf Orredimg Sphsibl- ﬁ&&oﬂ%beﬂwééh gVi ﬁQere”
EL?E?:’ 2dmb¥ture conpr esgllit@ gﬁ;b%ﬁzaﬁdehg gald e )rrnc gqrsc,:: ggstsuoi"té‘tag'iﬁ% Benol,
cont ai ni ng an aver a@rameﬂtmnrbmmmblphanoh 1 tetramethyltetrabrombbiphétol,
epoxy group per mol ggikRlorobisphenol A, any combination thereof;

() component (C1) is ethylamine, diethylamine, triethylamine, n-propylamine,
di-n-propylamine, tri-n-propylamine, isopropylamine, diisopropylamine,
triisopropylamine, butylamine, dibutylamine, tributylamine,
methyldibutylamine, or any combination therepf: and

(d) component (C3b) is fluoboric acid.

59. A mixture of Claim 51 or 52 wherein:

(@ component (A) is a glycidyl ether of a polyhydric phenol;

(®) component (B) is a dihydroxy phenol, biphenol, bisphenol, halogenated
bisphenol, alkylated bisphenol, trisphenol, phenol-aldehyde resin,
halogenated phenol-aldehyde novolac resin, alkylated phenol-aldehyde
novolac resin, phenol-hydroxybenzaldehyde resin, alkylated phenol-
hydroxybenzaldehyde resin, hydrocarbon-phenol. resin, hydrocarbon-
halogenated phenol resin, hydrocarbon-alkylated phenol resin, or any
combination thereof;

(c) component (C1) is a heterocyclic amine selected from the group consisting of
imidazoles, imidazolidines, imidazolines, oxazoles, pyrroles, thiazoles,
pyridines, pyrazines, morpholines, pyridazines, pyrimidines, pyrrolidines,
pyrazoles, quinoxalines, quinazolines, phthalozines, quinolines, purines,
indazoles, indoles, indolazines, phenazines, phenarsazines, phenothiazines,
pyrrolines, indolines, piperidines, piperazines, or any combination thereof;
and

(d) component (C3b) is fluoboric acid.

60. A mixture of Claim 59 wherein component (C1) is the catalytic product

resulting from contacting an imidazole with boric acid.

61. A mixture of Claim 60 wherein said imidazole is 2-methylimidazole.

62. The product resulting from reacting the mixture of any one of Claims 38 to

61. |
63. A process for coating articles comprising: —
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118 (2) at |east one conpound containi ng an averag—“f nor e

tthan about 1 aromati ¢ hydroxyl group p
(3) the catalytic product resulting fromcontacting j“[m"m" m“m M| at
| east one conpound sel ected fromthe grgyg consisting of*

(i) at least one onium conpound of the elenent nitrogen,

phosphorus, sulfur e e
compound; and ;:.5  sotiadlng el Ereichd i, S5 1RCcdlbRfion bsing a composition
and (ii) cae tte; Claimh4, wherein sa1d compogitign nptipeallyc compriseswpre or more

(c) a m Xt HiRiulé séivent®oric acid and (ii) at least one acid having a
weak nucl eophi SC ani on:. and

ti opal one or nore solvents;
(B) optional | ¥ r efRfRMYEY é%’(‘ﬁsé%ﬂ?o‘l‘%‘?do%“?]re g at#\%é“"f?‘ﬁ‘&t%‘cﬁ fCPREERIES ng
substr gt e smf]giemnato tansaayy solvémd bfesmeto$vaporate HuEbelwbibeatimperature a\tm hm:r]\n
treated re t enperature iCc
renpves anglré?%iegﬁgld%%{g%s %ﬁ%%ﬂr‘r%“ég present in the m xture
appl i ed to sai €)r eoptionally egpesingsthe xoatedwrtinie & conditipns such ¢} theepolyeppxidee

pr oduct frgﬁa ﬁzﬁctuﬁn artlally cure the thus applied
curabl e m xtur the?af)a ? glg':a "B-staged" reinforci n% substrate

material; (11) ss?é‘h%pfqus& m 63 vehegein;the catalysh and jphibiter ase; presext in the
t oget her, ﬁj@ﬁﬂ@ﬁmbﬂeformddfbomplex either or both of the outside |ayers or any

of “the inter rregé at "f‘hcl, PYcess ggcor&ng to Claim 63 or Claim 64 wherein the epoxy resin
composition is produced by mixing .
i) 100 parts by weight of a polyepoxide in a non polar solvent;
ii) 0.5 to 30 parts by weight of curing agent per hundred parts of resin, in a
solvent;
iii) 0.01 to 2.0 parts by weight of boric acid per hundred parts of resin in a polar
solvent; and
iv)  0.01 to 2.0 parts by weight catalyst per hundred parts of resin;
wherein the ratio of inhibitor to catalyst is from 0.1:1 t0 4.0:1.0.
66. A process according to Claim 65 for preparing a laminate wherein the article
is a reinforcing material wherein the process further comprises:
D. forming pre-pregs of the coated reinforcing material;
E. contacting the pre-pregs of the coated reinforcing material in a desired
arrangement; and
F. subjecting the contacted pre-pregs of coated reinforcing material to pressure
at temperatures at which the polyepoxide undergoes significant cure wherein the pressure
is sufficient to allow polyepoxide on each pre-preg to flow and mix with the polyepoxide
or advanced epoxy resin on adjacent pre-pregs.
67. A process for coating articles which process comprises:
- (1) applying to the surface of a suitable article, a mixture comprising:
(A) at least one compound containing an average of more than about 1
vicinal epoxy group per molecule;
(B) at least one compound containing an average of more than about 1
aromatic hydroxyl group per molecule;
(C) the catalytic product resulting from contacting
(1) at least one compound selected from the group consisting of:




material different fromsaid " B- st aged” reinforcing sub liw@lmaftnd
(f11) placing the assenbled material in a device for apaﬂlﬂiﬁuﬂaﬂiﬂﬂmlﬁ
c dl; s  *

pressure so as to cure the "B-staged"” reinforcing

wherein (i) component (A3jgis enployed in an amount which
provi des fromabout 0.05 nole to 100 nol es of

catal ytic product p I tal ned | n
conmponent (Al); ng’ at least one ?ﬁuuBn 8%%%‘?@ ﬁg #Aﬁ%& ﬁgl t?%ﬁ} P%ph

enpl oyed in anounts sulfur or arsenic; Whl ch provide a ratio of corrponent
{A3b) per nore of @) atleastoneammeco Qpgnt (A3a) of fromabout 0.6:1
to about 1.4:1; a§1 % ent %3@% and (A3c) are

enpl oyed in anount ©)  a mixture of thO or m cgmperents; g¥ithyp| es of
. conponent ( A3c)(2perboric acid; or with nol e of conmponent (A3a) of from

(i) component $3 AdcaFE A byris,asid apft it FShgnmwcid having o weak
nucleophilic anion; and

(D) optionally one or more solvents; and

(II) curing the thus coated article at a suitable temperature to cause the applied
mixture to cure;
and wherein

(i) component (IC) is employed in an amoynt which provides from about
0.05 mole to about 100 moles of catalytic product per epoxide
equivalent contained in component (1A);

(ii) components (IC1) and (IC2) are employed in amounts which provide a
ratio of moles of component (IC2) per mole of component (IC1) of
from about 0.6:1 to about 1.4:1;

(iii) components (IC1) and (IC3) are employed in amounts which provide a
ratio of moles of component (IC3) per mole of component (IC1) of
from about 0.6:1 to about 1.4:1; and

(iv) components (IC3a) and (IC3b) are employed in amounts which
provides a ratio of moles of component (IC3a) to (IC3b) of from about
0.1:1 to about 0.9:1.

68. A process for preparing "B-staged" reinforcing substrate materlals which
process comprises :
(A) saturating said reinforcing substrate with a curable mixture comprising:

(1) at least one compound containing an average of more than about 1
vicinal epoxy group per molecule;

(2) at least one compound contfaining an average of more than about 1
aromatic hydroxyl group per molecule;

(3) the catalytic product resulting from contacting
(a) at least one compound selected from the group consisting of:

(i) at least one onium compound of the element nitrogen,
phosphorus, sulfur or arsenic;

(i) at least one amine compound; and

(iii) a mixture of any two or more of the (i) and (ii) componentS'
with : '




V\,hi.ch”"provi des a ratio of noles of conponent (A3ci) to
(A3cii) of fromabout 0.1:1 to about 0.9:1. 70. The usSé as—a-tufre-

i nhibitor for an epoxy resin conposition of boric a;cialm" i | ra
m xture of boric acid with at |east one ggid having m"’”m MEC
ani on. 71. The use of boric acid, naleic acid, orf a¢mktuse «00ric
acid with at |east one I d having a ak nucl eophilic anion to control the
gel time of an epoxy re@’&n%%é‘ﬂtqro%\ﬁ‘ | -

(c) a mixture of

(i) boric acid and _
(ii) at least one acid having a weak nucleophilic anion; and
(4) optionally one or more solvents;

(B) optionally removing excess solution from the thus treated reinforcing
substrate material by any suitable means;

(C) subjecting the thus treated reinforcing substrate material to a temperature
which removes any solvent material which may be present in the mixture
applied to said reinforcing substrate material; and

(D) heating the product from step (C) so as to partially cure the thus applied
curable mixture thereby forming a "B-staged", reinforcing substrate material;
and

wherein

(i) component (A3) is employed in an amount which provides
from about 0.05 mole to about 100 moles of catalytic
product per epoxide equivalent contained in component
(Al); .

(ii) components (A3a) and (A3b) are employed in amounts
which provide a ratio of moles of component (A3b) per
mole of component (A3a) of from about 0.6:1 to about
1.4:1;

(iii) components (A3a) and (A3c) are employed in amounts
which provide a ratio of moles of component (A3c) per
mole of component (A3a) of from about 0.6:1 to about

" 1.4:1; and

(iv) components (A3ci) and (A3cii) are employed in amounts
which provide a ratio of moles of component (A3ci) and
(A3cii) of from about 0.1:1 to about 0.9:1.

69. A process. for the preparation of laminates or composites which process

comprises: .

() cutting "B-staged" reinforcing substrate material to a desired size and shape;
said "B-staged" reinforcing substrate material having been prepared by:

(A) saturating said reinforcing substrate with a curable mixture comprising:
(1) at least one compound 'containing an average of more than about 1
vicinal epoxy group per molecule;
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(2) at least one compound containing an average of more than about 1
aromatic hydroxyl group per molecule;
(3) the catalytic product resulting from contacting
(a) at least one compound selected from the group consisting of
(i) at least one onium compound of the element nitrogen,
phosphorus, sulfur or arsenic; (ii) at least one amine
compound; and (iii) a mixture of any two or more of the (i)
and (ii) components; with
(b) boric acid; or with
() a mixture of (i) boric acid and (ii) at least one acid having a
weak nucleophilic anion; and
(4) optionally one or more solvents; .

(B) optionally removing excess solution from the thus treated reinforcing
substrate material by any suitable means;

(C) subjecting the thus treated reinforcing substrate material to a
temperature which removes any solvent material which may be present
in the mixture applied to said reinforcing substrate material; and '

(D) heating the product from step (C) so as to partially cure the thus applied
curable mixture thereby forming a "B-staged" reinforcing substrate

118

material;

(I) assembling two or more of the resultant cut material together, optionally with
either or both of the outside layers or any of the intermediate layers being a
material different from said "B-staged" reinforcing substrate material; and

(III) placing the assembled material in a device for applying heat and pressure so
as to cure the "B-staged” reinforcing material; and wherein

(i) component (A3) is employed in an amount which provides
from about 0.05 mole to 100 moles of catalytic product per
epoxide equivalent contained in component (Al);

(i) components (A3a) and (A3b) are employed in amounts
which provide a ratio of component (A3b) per more of
component (A3a) of from about 0.6:1 to about 1.4:1;

(iii) components (A3a) and (A3c) are employed in amounts
which provide a ratio of moles of component (A3c) per
mole of component (A3a) of fI'Q__I'Il__gP_‘(_)llL 9“6\1_% to about
1.4:1; and | REPLACEM e
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(iv) components (A3ci) and (A3cii) are employed in amounts
‘which provides a ratio of moles of component (A3ci) to
(A3cii) of from about 0.1:1 to about 0.9:1.

70. The use as a cure inhibitor for an epoxy resin composition of boric acid,
maleic acid, or a mixture of boric acid.with at least one acid having a weak nucleophilic
anion. ~

71. The use of boric acid, maleic acid, or a mixture of boric acid with at least
one acid having a weak nucleophilic anion to control the gel time of an epoxy resin
composition.
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Latent Catalysts, Cure-Inhibited Epoxy Resin Compositions and
Laminates Prepared Therefrom

Abstréct

There are provided epoxy resin compositions containing compounds which inhibit
the cure of the epoxy resins, the cure inhibitor comprising boric acid or maleic acid, or a
mixture of boric acid with at least one acid having a weak mucleophilic anion. There are
also provxded latent catalyst composmons for curing epoxy resins compnsmg a
polyepox1dé‘ cure catalyst and the inhibitor described above. There are further provided
compositions useful for curing epoxy resins which comprise curing agents for the €poxy
resins and the inhibitor described above.. The invention further pfovides coatings
prepared froﬁi‘such inhibited resin compositions, and materials coated with, encapsulated

by or prepared from such inhibited resin compositions.



