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55 between theoretical and actual percent epoxide is 0.59 for this example.
Suitable glycidyl ethers of a dlhydnc phenol which can be employed in the present invention include

those represented by the formula
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i ndependent |y hydrogen, chl or HR OH val ue of zero or une
and n hgs a value such that the E S from to 400, preferably from 177
to 20 %190, calculated on the basis X bei ng Yydrogen. Particularly
uitable are the diglycidyl ethers of bisphenol A and tetrabronobi sphenol

Sui t abl evhdidhyXiral énd R dekihda pevgpounds i ncl ude, for exanpl e, catechol,
ydr oqui none, Parthsitarlg sutiable dingdrioip@lobdi@irposnde BredfsphdhoBR afcepirs@RdbRghdas A.he
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wherein each R is independently a hydrocarbyl or substituted hydrocarbyl group having from 1 to 20,

i preferably from 1 to 6, carbon atoms or substituted hydrocarbyl groups. At least one, preferably two and

: 45 most preferably three of the R groups are an aromatic group i.e., an aryl group or an alkaryl group such that
the phosphorus atom is attached directly to the aromatic ring of such aryl or akaryl group.

NG By the term hydrocarbyl, it is meant that the groups can be alkyl, aryl, alkaryl, aralkyl and the alkyl can
be either cyclic or acyclic. By substituted hydrocarby! it is meant that the hydrocarbyl groups can contain
one or more inert substituent groups such as, for example, Cl, Br, |, NO,, or mixtures thereof.

50 The R groups can contain any substituent group which is inert to the system, i.e. will not deactivate the
catalyst under the conditions in which they are employed.

Suitable anions include the halides, such as for example, Cl, Br, |, carboxylates, dicarboxylates,
phosphates, nitrates, sulfates, nitrites, sulfites, borates, chromates, or mixtures thereof.

The preferred anions are the strong acids, i.e. those having a pK, vale less than 4.5, preferably less than

§5 3.7, because the catalysts containing such are generally more efficient, in that it takes les catalyst to effect
the lowering of the epoxide value to the desired value below the theoretical value.

The dihydric phenol and the glycidyl ether of a dihydric phenol are employed in quantities such that the
theoretical percent epoxide of the resultant product is from 7 o 12.5.

The quantity of catalyst varies depending upon the particular catalyst employed from 0.1 to 1.5,

60 preferably from 0.2 to 0.8, parts catalyst by weight per 100 parts by weight of glycidyl ether of dihydric
phenol.

The reaction conditions employed to prepare the advanced epoxy resins can vary, but temperatures of
from 100°C to 200°C, preferably from 120°C to 160°C, are used. Lower temperatures usually require longer
reaction times whereas higher temperatures usually require shorter reaction times.

65 The pressure employed is not particularly important and can be from 1 mm Hg vacuum (0.13 kPa) to




cbnpounds havi ng at
formula [err] wherein each R is independently a hydrocarbyl or substitu
hydr ocar byl group having from1 to 20, preferably from1 to 6, carbon af

or substituted hydrocarbyl gr OURP preferably two and 45
nost preferably three of the R groﬁ éﬁa#ﬁron&tlc group i.e., an aryl
-QLOUP OF 160%psiy (RATKPA). 1wV, ibis Gtualy TRéferrdiRo BRGIGPHIEdsURs SR 8 fhigdi 368 ARE120 psig

directly(239kedhe aromatic ring of such aryl or akaryl group. By the term
hydr ocar gﬁlW't!"t'the§tat¢éamtsmmmqumfe 'emwd@awwoai rtantﬁgn aSéq'rR'aar rt-cular

|
ﬁ;g:, (I;él ar m‘iﬁfzﬂtan; asg\éraﬁér%ﬂuﬁgnfi{‘ é:h@@r UIred dllfrence eerg ‘f:;?g %ggtgpeme ep:»::;

'east one phosphoni um cation group represented by the 3

t her eof .

i nert substmmmevanmmcamm
tlﬁoorocessofﬁeemﬁn W£S can contain any substituent group

| qmlrmg ar@ggpc

garits can Bk emwam t@curahe ad¥ancel ech@asm@ \?\%ﬁh%ﬂw es
I C 'S

inert to "&r?ger‘tsenc' @S¢ phenglist 'B(F’gé\t' cofigiaipg Myterials,

o o R R e e e e

nitrat es,pheiolsfdrtrﬁsmreatﬁefebtes sulfites, bor ates, chromates, or m xtures
t her eof . ThTahe etftvemf@dnmgemgmmect merslsru

val e I’és§ ?}%LOV\B“ g‘%ﬁﬁ% &Eé

cont ai ni 6

to effect t he epOXI eS| red val ue bel ow t he
t heoretical value. The di hydr| c henol an@oﬁ&u&n@ lquHEI)yI ether of a dihydric
phenol®®are enpl oyed i nTHRGERTICAL ‘ésﬁ"@?&@ﬁ ttat—ttreteoreti cal percent epoxide
of the resultant product is from?7 o 12.5. %"%B‘ﬁﬁlty of catalyst varies

dependi NgqgORpdEle R@Vdidntthdd the 3pa Yeiln, €nPl Oyed from 0.1 to 1.5, 60

pref erableyomnrerah&oﬁcﬁyeron&qu.wrwrrdaaﬂ«alduﬁsancwem| ght per 100 parts by

wei ght2s owtgl eibpt ofepbrayrresif erapléwedr i ¢ phenol . The reaction conditions

enpl oyed YtBH ré“ﬁéﬁhéﬁt%d%fcﬂf‘am!éﬂp'em?xy resins can vary, but tenperatures of

from 100 erfl Geh,q IP%I’QQI‘L%BJX](&W bR pdrrRatyZ Rl dhtioh Gith %er]:tqgrLceJ dlifgiadbi®
used. Loygdhic bGHBGtY fidefation ot AVdrdbeh BrbMideSgenBa by tRAGdditoR df itdRethYBRMBMEm
hi ghersot ergatdedih Glacisl addid atid Usitietysital @iohcas e indica&tac Theddpoky grédns rébt stoichiomid®
pr essur e calyithyhwdrogen hromidp aenerated feam theiregstion: ¢fperchintic acighwitietefraathyl ammpanitiy
vacuum ( @rofride, 5.7" theyepgxy groypshayehgen regrted the fieghygsagey broptde crysgs the epssial ivialet 1o ¢

i"s usual IFJ" r
e b g e st VRN B B gl b OSSR S,
are not iohpicyahariiangde dndrog13sarh of 24rethypianidazaielwas meh esxEdcmi a1mMoeCabal | pjesd foaRd

quant i t y mitagse bife mixpire) yies fingly grovedh iy § gerteosnd QSt*m§ hppm avap [ianglerted ta gn

resul t 5alMitum weighing dis ?WdaFH’Eed s the required
o egnce WG m N A B, Lo LSl S

epoxi de w&htbmeab&aéﬁe afyedatd Beyideh . soe&nghdofoo'tchehyve&lbnokne\bﬂbvaydrﬂongolagerabrs can
be emp

eta@yre andcthen @ grainsaefcetp nysqiw;lsn rws digiandipmide ithe tnmmometbelether off
the i nvel‘?th dm?
pQ/noI & c ‘

gI qu 5 dla \dﬁg@ne ggne is
%Sﬁ%?%ﬂmﬂagi %gﬁiﬁqgf{ e sgutlon is mlxedr?'v il and allo (o] stand at r’oom
or L resm is then drawn in an eye dropper and placed on a
hotplate at 175°C = 1°C. The stop watch is immediately started. The sample is allowed to rest on the hot
plate undisturbed for 60 + 1 seconds. At this paint, begin stroking with a wooden spatula. Stroking should
be done by pushing the resin puddle back and forth over an area about 1 square inch using the same side of
the spatula in contact with the resin. The resin will thicken as it is continuously stroked. Eventually the resin
s0  will become stringy and immediately after, becomes a rubber gel that releases from the hotplate. This is the
end point. Stop the stopwatch and record the reading. The fewer the number of seconds, the higher the
reactivity.
The following examples are illustrative of the present invention, but are not to be construed as to
limiting the scope thereof in any manner.
55 Various catalysts employed in the examples and comparative experiments were prepared by the
following procedures.

Catalyst Procedure A
To a single necked 100 mi round bottom flask (RBF) was charged the particular phosphonium catalyst
60 precursor as a 70 percent solution in methanol. The particular acid employed was dissolved in methanol
and charged to the RBF. The solvents and excess acid were removed under vacuum while heating to a final
temperature of 75°C at 1 mm Hg {0.13 kPa). The resultant liquor was acetone washed thereby yielding a
white solid phosphonium salt of the acid employed.
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cat al yst precursor, aszp 70 E enhsselatld)mln\rmt amoly ‘wastt hen added to
the-solum and slow y ® udeddihlough d&he iconsedchange~resih wntil the dark
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__&5' contai ning an excess nolar ratio of the acid. This solution was then

f ot oevapor ated and acetone washed to yield a white solid phosphoni um

of the aci.d. Catalyst Procedure E gp 3#@3—,@0 2 liter) bottle was ¢ ed
100.g9 (0.17 nol) of a 70 percent- net hanol solution of 30

. et'hyl tri phenyl phosphoni um acetate -acetic acid conplex followed by th
agddition of 20.44 g (0.1622 nol) of oxalic acid dihydrate. The mixture was
m xed until al'l of the oxalic acid had dissolved. The resultant solution
cont ai ned about 51.14 wt. percent ethyltriphenyl phosphoni um oxal at e.

Cat al yst Procedure F 35 To a 2 gallon (7.6liter) Dottld was charged
1000 g (1.707 nol) of a 70 percent methanol solution ¢ etfyl-
tiri phenyl phosphoni um acet at e-acetic acid conplex follqned By the addition
qf 204.4 g (1.622 nol) of oxalid acid dihydrate. The m xturg was m xed
gntil all the oxalic acid had dissolved and then 31.53;'_9fgrret hanol was
ddded to give a resultant solution of 50 w. percent @ ¢ ©
et hyl t ri phenyl phosphoni um oxal ate. The precursors and ach d enpl oyed,
reaction conditions and results are provided in the f @ IDwng 40 Table |
fior which the abbreviations-enployéed therein have the*fdIHy ng meaning.
BTPP = butyl triphenyl phoesphoni um & Ac = chl oroacetat e ZEIPP,F - S
gt hyl tri phenyl phosphoni um 45 ETPPAc- HAc = et hyl tri phgnhyt pA¢sphoni um
gcetate acetic acid conpl ex HOMBg="DiFapbendfeT5q, 55 €0 H53% EP 0 065
873 Bl [err] EP 0 065 573 Bl fle§lg o EP B €65 5j38833C§1eral Procedure
flor Resin Preparation & a2 8 880088 20
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To a reaction vessel equipped with a neans for stirring, tenperature ’
control and indication and nitrogen purge was charged the desired wei \ O

t e’ specified liquid diglycidyl ether of bisphenol A and the desired §

of t-he specified di hydric phenol gpTpees 5¥3 g1was heated at a rate of
5[err]C/mnute V\hen 5 the terrperature of the m xture reached 70[err]C the
" quppforfinsin; ?Péf E‘n hon| um cat al st d| ssol ved | n

Y Fri 0

e ) ;éu; oS Kty el Tt e
gi ve the fagbdifed P HQﬁeclfl @iYdri § enbl xture wa Sﬁé& Autél Heﬂw d
di gl ycusdytheeédmram obrthe pihaure keadhell J0°CNfe adsired &h@aBEofaRdsplelifiedqbdpradian catalgstght
of 189, pé'F%’é'lw "te'petkaﬂet-:wﬂffadm 7% pistutsewrs hasted 2t|thexeairddgeastivroronditors amgiemthe of
3410 ppm "Eﬂ RSP' PEStn B Epoxy Resin B was a liquid digl yci dyl ether of
bi sphenol gh.paying an average epoxide equivalent 15 weight of 188, percent
epoxi des of o/ RBAIA R8BS a Ad\id Aiglyailiyi RINSE bfCoigpRérdl AdRVIRP B BVetagd lepckiddQqpaTent
Epoxy Resweigi oEpagx perédptenoxide vic22.78 pércapt aret! alipigatiy chighide ceritére of 310 fprs.phenol - A

epoxi de equi val ent wei ght of 186.5, percent epOX|de of

havi ng ancaverage
éBhSSr ?ﬁdﬂ%}?@y% g%ﬁﬁiu m &%@é(ﬁ& teé%@é,?f%;% gg%%gﬂ%}) %Q Ser 33033'043 eﬁuwalent

phenol i c hydroxy equi val ent wei g t of 272 and per cent brom ne content of
58. 8 per cEavxy Rgsin C Di hy drlc phenol B Di hydric phenol B was a bi sphenol A

h héﬁ’B’FV @ Q))Ql mlsp eno_lh_ Aaving e valent
oo s BRI 35 £ 5w, ﬁf%% ASEHUAES corgnaL T gﬁpac'sﬁa' -
results apydlicvRéhot A the following Table II. 35 40 45 50 55 60 65 8 EP

.0065 573 Bl diedri¢ phenol A was tetrabromobisphenol A having a phenolic hydroxyl equivalent weight of 272
and percent bromine content of 58.8 percent.

\./'
25 Dihydric phenol B
Dihydric phenol B was a bisphenol A having a phenol hydroxyl equivalent weight of 114.
Examples 1—21 and Comparative Experiments A—G
30 The components, reaction conditions and results are given in the following Table il.
35
40
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o .7 12,00 ° 10066 . = 1.34 - 290

12.00 | 11.00 1 203 - N.D. 11

11: 89 . 8.6 ~3.29 . N. D. N.D. 20
12.00 10. 00 2EP 0065573 B1 N.D. N.D. 13
1200 = - 9.8 2.2 N. D N.D. 14
11789 10. 2 1IABLE II (Contipued) N p 25 15
12. 00 £x.9. 8 2.2 205 130 G

14. 00 oR 13. 99 . 0.01 274  195°¢\l D. 16

14. 00 comMP2. 13 THEORY AGTUAL- DIFF. 255 STROKEL D. 30 H
4. 65 EXPT39 2 0.2 IN¥X¥ 300 CURBLD 17Tg

4 65 NO3 51 EPOXIDE  HPOXJDE EPOXIDE 230 _Secn D J °C
2.70 2.46 0.24 255 N.D. 18

2.70 1. 70 1., 164 N.D. 35

11. 50 1800 102 1. 5 0.1 D 22330 |nsi t‘il’g

prepar ation 01B cat al y& 5 (ETPP Qa4 e) ©9y0hddi ng tBeOcat al ysdO0Brecursor

:-phenol . = not cal culated 3= |
: 6ot ap‘bﬂ%abl e Exé%l 23, (@Eépar ation.
of El ectri cal 1 tH). - ¥ @par at | s of - Pr'epr 280 Var ni sh1ger nul ati on
A prepreg var sh for I t| on pare bl endi 5411 ¢ a 75 per
cent sol ution‘by wei gﬁtJS?n ace\t,\I?)I;t)eWC)s1ce the'iirxe%sll n of egg?rpl e #22%1th 12259
of a 10 percer® sol ut}b® of di cydh®%ani de2 P4t he m)nagét hyl et héf&/|7
_et hyl ene gl ycqg (~3 pjr. g cyandlnmsje) 6.603 g of beBagl di anet h)tbam ne

0 15 phr BDI\/A) and ﬁgoq?g acet The- V|§c05|ty of %se sol uti;qg at

rr] C was secon Si ng a Zahn cup. The 55 5[err]C stroke cure
reactl vity of lthe pred? P var ni sk01®% abodt7945 secorB?. . B. Prédgdration of
Lam nate Fiberglass cipidp (type ¥628 and 1399 fini shN.pas inpregbated by
passing it thr gh thg p(;fpreg v sh de i bed in Ayagove, fgf powed by a
~ pair of doctor bars S % 15 m1s°°(0.3 m‘r§ clearance to control resin 60
. pi ckup, and finally through an oven at 300[err]F (149[err]C for a dwell
time of approximately 4 mnutes. The resulting B-staged inpregnated cloth
of prepreg had a gel tine of 93 seconds at 175[err]C. A |lam nate was then

prepared fromthe above prepared preinpregnated fiberglass enploying 6 plys

.0f 12 in. x 12in. x 0.13 in. (3 cmx 3 cmx .33 nm sheets of 7628 style
gl ass ‘all of which were 1399 finish. The | ani nate was prepared by pressing
at 500 psig (3549 kPa) for 60 mnutes at 175[err]C. The |am nate was then
65  tested. 12
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EP 0 065 573 Bl The pressure cooker-sol der test was conducted by (i)
cutting_ 2 in. x 4in. (5 cmx 10 cnm) coupons from prepared |anmi nate, (i
pl aci ng 3 eoupons edgewi se on a r ' sgyre cooker and mai nt ai
15 psig (205 kPa) steam pressure faéé h%@ ﬁgﬁr,éqand 5 (tii) then
ijmrer si ng t-he coupons in 500[err]F (2600C) sol der for 20 seconds. Six sides
of=he 3 coupons were evaluated and rated by the nunber of sides passing.
Ih order to pass, the sidg, myst be free of blisters ag]eé ifmgréi%l gn hot .
solder. A 1/2 side pasgig@§iste® & Fh] KB BAng ol : 6Rlg iSter.
The | aminate had a gl a%vtﬂ:a si trore tenperatdr e (“Tg* & T38& 7 rT'C AFter
subjecting to 15 psig @0%kPa)-10 steam pressure for ¥1l-1/2 hours and

B

©i T

inmersion in 500[err]F 19 SRIS SR B ReBorfisq F 1R23siRle of
the | am nate out of si es passetl the' testt, ~CAims A5 ~ 1. “A~prOcess
for producing an epoxyée%n advanced in nol ecul ar weight by reacting at a
tenperature from 100 t®@ Qi ( p rest I 8 Ry &iIget her
of a dihydric phenol ha-v:grg n Qgegﬁ ﬁ%e@h@ﬂ%rﬁ gl ytidyt et her
group per. nol ecul e vmtt% (B)‘ di hydri c phenolic conpound in the presence of
(©) .a phosphani um: zar % ehepeof aheclke Rs<ate | ea ng - tic
ring attachedito th SR o1l 5te-mzf‘:tr?e %hé’s oM E?n%r?up@ aﬁd?a'?g? east
one al i phatic: hydrocarbon,grqup attached to said phosphorus 20 at om

enpl oyi'ng conponents (A) Znd|(B) in quantities such that the phenolic
hydroxyl to epoxide equiwaledt ratio is that which will provide a
theoretical percent epoxide qf the resultant reaction product of from?7 to
12.5, wherein the catal yS , donponent (© is used in a quantity of 0.2 to

1:5 parts bywei ght per 100%4rts by weight of the epoxy resin (A) to
p'-,r%duce an advanced epox¥§ §egdi n, sar¢ Whey @) not be i &f & pnce sbtai aeds by
subtracting the gercent &p&kilde gbtaiReft by &ngl wiS & ¢én BhY t8ed i cal
percent epoxide i% 25 fr to 4. 2.5The process of & @ gl hdrakteri zed
i'n that conponent§ (C) is $lioyed in a quantity which will provide a

di fference obtaifkd by s NJLC“ ng the percent epoxi de obtained by anal ysis
fromthe theoretgal percent epoxide of from1l to 2. & & grgegs&‘ or
preparing resin tnpregnated substrataes for use in pgegarang & egt 1 cal

l.am nates by a 3Q, process which Sripr " %a“gur?atd:ng =1 gulg‘strate

-t
es
with a resin formng nixtuxd|conBri&idg8 @)Sa® RoRy T 3i i Maving an
epoxi de equi val el wei ght B13lfrog Pt eDlcowai b RaK bReR p?;_ega%e(ﬁby
reacting (1) a gBycidyl et8&l of gaRiRydrix Fhanak Bad ng 2 v@r Kl of
nore than one epsexi de gr o@éer 35 pol.ecul’ e and. an epoxi de equi wal ent
wei ght (EEW . of from 156 t%2100)2 B t& £2)2 a2dighy@r 8c Hhend i2 BoBpdind; in
t:he presence of (3) a phosphonium catalyst for effecting the reaction
between (1) and (2), wherei pjconponents (1) and _
. 88 . 52882 soanammd
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are enpl oyed in quantities which provide a theoretical percent epoxi de
he reaction product of from8 to 15; 40 (B) a curing agent
epoxy resin and (C) a solvent syp qyobg'sZP@pPnents (A and (B
ing the resultant inpregnated substrate to B-stage of the resiN_a
PRl t he sol vent system charact eFABEE Bl dGonE}nHEdds the catal yst,
@» onent (A-3)., a phosphoniumsalt or conplex thereof which has at | east
I ar omat i ¢ rEXug attached to the phosphorus atom of the phosphoni um group
at 45 sl ea®R one aliphatic hydrocargon group attached7sécsaid

phorus at \gﬂﬂmerei EHEQRY cat é!-‘%l#l-i s enPllBfed in aSFROKEi ty of 0.2 to
b

parts by per res vei ght @8N ¥he epoxyCVBEj n D produce
dvanced e esi nESPRIDE, o o BROXERE i 1 ¢ EPQKIRE oyt i 888-hy Cibtracti ng

per cento epoxi de obt ai ned by analysis fromthe theoretical percent

ide is frompl to 4. f dpprocegsgof clai m3,5charact es,i_ﬁed I hat

onent (A-3) has two opatic rings attached_to the 5 “phosphorus at om

is enpl oyed®in a quaﬁii‘?@ whi dR-PPovi des &-3?fferencd-Bet ai by

racti ngs t he9percent EpodQ de olDabéed by amadgsis fro@eohe tixpretical

ent epoxidgasof' from 12t6p 2.-.531The ‘procesg of claim g-g'gha_r'-a"ﬁtlfr-i zed in
conponent _(A-3) has .gh{ee '-‘:ar_.onn%i c rings_attached to fhe phosphorus
55  Pat &t ansprucht 82 verf &nPen zum HaréPel | en eMnBs EbBrhar zes

wei t er gpt wil@kel t em Vb2 el ar g8@i. @t dur ch2Unset zen b#i.Dei neN.Dl.enper at ur

100 bis 20QGC (A) eipgsodpoxyharges, das gig G ycidyhepher giges
wertigen Prﬁnol s m tlinaZ ttel hr als eLner dyci dX'I et her gruppe pro
kul mt (B)*"einer 60°""° ivvetlpir'rgen PhenotvB? bi ndung iR GedbrRvart von
ei nem Bhosponi unsal ¥2 odfer Konpl.8x dessel ReR, das ni 206st enlei nen

mti schen Ri am Phogphgy at omygeqg Phosphogi gyor uppe yngd m nggstens eine
hati sche Kogenwassei t Jfgrugﬁe gn di esem Phosphor ai om auf wel'st, wobei
Best andt ei | € (A) und féf in sofehdn Mengeh-82rwendet 288r der¥-R4aB das

iltnis _yon phenol i schéndSHydr ox¢l.32u Epoxi d:2&qui val edboei nan.p.

reti schen Eppxi dgehal § g4 Prozgng, i m erhajtgpen Reakt, @nspr}pcbukt von 7
12,5 65 ergi bt V\D\t,)\fi der Katal ysator, Bestandteil g ), i n €iner
oh % §

e von 0,2 bi€ 1,5 Gewftilsteil én*Bro 100 932% EP 0 888 57HM: The
sure cookeri8ol der te&t70as codd#@ted by &i) cuttinglBain. x.plin.' (5 cm

cm) cdtiponggfr.om preparsyl | agipngse. (ii)pkgci ng 3 goypons, fHigew se on
ck in a pressure—e@ﬁmﬁmﬁ—mmﬁg—}%ﬁkg—%—kga)—s}—ea' A ; sk m

sure for ~1.9%nshQurprégiration of(édtadlysRePETFFRLG1A%e) NSy COURAYS hQ
err] F (260[ esathCys&opetaturseir ¢BTEENO %;)Pglﬂ‘ssd 95(32af¥'@ i ué‘ﬂ drate
eval u#fed aledigaheedlay) ttee thenbttute SEdeSoRNATRsTE ahd @RI icOpRETSL .
side nust de free of blisters after imersion in hot solder. A 1?2.side
consi st ed3 "G-h& BPHeCALHIRFShI vy 1 edge blister.

' N.D. = not determined

45

4 N.A- = not applicable

Example 23 (Preparation of Electrical Laminate)
50  A. Preparation of Prepreg Varnish Formuilation
A prepreg varnish formulation was prepared by blending 5411 g of a 75 per cent solution by weight in
acetone of the resin of example #22 with 1225 g of a 10 percent solution of dicyandiamide in the
monomethylether of ethylene glycol (~3 phr dicyandiamide), 6.13 g of benzyldiamethylamine (~0.15 phr
BDMA) and 200 g acetone. The viscosity of the solution at 26°C was 25 seconds using a #2 Zahn cup. The
§5  175°C stroke cure reactivity of the prepreg varnish was about 245 seconds.

B. Preparation of Laminate

Fiberglass cloth {type 7628 and 1399 finish) was impregnated by passing it through the prepreg varnish

described in A above, followed by a pair of doctor bars set at 15 mils (0.38 mm) clearance to control resin
60  pickup, and finally through an oven at 300°F (149°C) for a dwell time of approximately 4 minutes. The
resulting B-staged impregnated cloth of prepreg had a gel time of 93 seconds at 175°C.

A laminate was then prepared from the above prepared preimpregnated fiberglass employing 6 plys of
12in. X 12in. X 0.13in. (3 cm X 3 cm x .33 mm) sheets of 7628 style glass all of which were 1399 finish. The
laminate was prepared by pressing at 500 psig (3549 kPa) for 60 minutes at 175°C. The laminate was then

65 tested. : . :
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ansition tenperature (Tg) of 130[err]C. After
jecting to 15 psig (205 kPa) 10 steam pressure for 1-1/2 hours and

i'mmersion in 500[err]F (260[err]C) solder for 20 seconds, 5-1/2 side
Q 5S

the | am nate out of six sides passed the test. Cainms 15 1. Apr

for produci ng an-epoxy resin advanced in nol ecul ar wei ght by reactlng at a
tenperature from 100 to 200[err] C (A 3&% géy Lesin which is a glycidyl

et her of a dihydric phenol having 9 5 oP nore than one glycidyl
ether group petie pressere dbdkeidolder (eB)wad cindivdd bg phenol i ¢ conpound in the
presence of (@cualn B drs prhvm i(Biern xaiotermd coupongiiaex pteb@ediaininatej ch has at | east
one aromat i essure?g }%@; aeftgswenenpnds'pnerewrmoerww rpdirgaiping t5sigri206 kPa) steanp

and at 'sea§ &l hentd SOCT B B Bl igobislol® o2 o PIoSPICE S 20
e

atom enpl owsngsenaa@ama vl d fated 5rof sitidsadshiglin bREr BRERGKL C
hydr oxyl t sidepwst bdereethsta-ls eftdr im@érsion inthot é’baier rz@l’ue\bhés cor%gfzg\%ﬁge ader ha?ln Zhé
t heor et i cal' ®gga ®isi®f- epoxi de of the resul tant reactron product of from7 to

el asg, 9 1B psig (205 kR)
i255 Wﬂﬁr gtegrpéxé Q%Eggidigﬂou s a ers qogd?gé(ﬁ éol%eﬁ 0 Fe@gqgﬁyhvz s[u{?s of the

produce an advanced epoxy resrn and mhereln the difference obtained by

subtracti n&'ﬂimﬁe percent epoxr de obt 'ai ned by analysis fromthe theoreti cal

per cent , gpoxi FGA mlto ‘%r ocess of CI a| m 1 char acterized
H

in that CO%HW% I'OC %@&wm y\erw § e:mcha 3¢ teg\perature

di fference n&b&tﬁb gb{)ildﬁ'émﬁf gredp d@gmh &I@tﬁf dlﬁﬁaﬁ&(b ﬁol@ fApdihidin ae ﬁéiéi%iﬁ

from t he t ke phdspianiunpeitoedinpim herabewhith Hak iTeatt dnd ardmatic aﬁicﬁé‘cﬁﬁﬂwe pA&sphorus

preparing A8 Qitﬂeloyrn%’gmfedfosmmaﬁ &G%gnefabphaflshvﬁwa P lchzebl egtﬁaidlrpbedphorus
n 1t1e!

et (U PRI WAL s e o ;;sw P

With a resk m7qrmsﬂuhmmﬁ+4c§ta§ 5 doiic Kt o %'J’ R R T ner 100

epoxi de eqparwthyeadightaf @B lepddy o tﬁe ] \Dﬁ&aﬁ&{% ence

reacting ( Qytalaetgb»ymbdgdﬂngamlaeercoft eopmﬂehaydrnaot bpémlveb frbmvhdtgemlcﬂ\ben’cé\'g@p&fde is
nore thdn ,fﬁ,je 8 ame nol eccu)l e and@EirISCee oxr%e equi val ent "
wei-ght (E EF eﬁ'% CIRRARIN 2 gg gwill n
t he prese%s ﬁgeaf UM CA m;et "?epox piaipeqly 4 ﬂés'srfé%%’fp oretica
bet ween ( 1) ahd pté?:)ess fmfmpenmg l@ﬁlﬁpﬂrﬂ@g"ﬁaféd gdbstraxasiiof kP irfdrepatigbieet®dl 1hMinates by a
quantrt’FesPWthehrhghowd@eaﬁt heorhetlcal percent epoxide of the reaction
product of fr grafi Sugjrate with g 18 reiRei 8Merigng saj d e oxy r esi

and (C) a ségl:&,g? P srfsédn!r'af' a%??r%% g‘f’i’tvg'eftﬂﬁe'ghgq {)300 'C’IGP(jW'H@HF? Pﬁ"@ared by

resul tant i ﬁnl‘l)eﬂﬂl’u}&&ﬂ efdP 6t 4 Ah@dricphBnot had®y & avelGe EMoR: RBH ofecEPRNiBe LRGP per |
sol ventss systobnqle edmaarreapb:eda emdralbryt v@ftht (BN of fasn 19880 mw ;alishst , component

(A-3), a pho hgn "ccﬂ° imthe presepesfofwhi ch has at | east one
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aromat i ¢ r whegsin aditl sasélystlisteoptoped in a quantity of 0.2 to 1.5 parts by weight per 100 parts by weight of the
epoxy resin to produce an advanced epoxy resin and wherein the difference obtained by subtracting the
percent epoxide obtained by analysis from the theoretical percent epoxide is from 1 to 4.
4. A process of claim 3 characterized in that component {A—3) has two aromatic rings attached to the
50 phosphorus atom and is empioyed in a quantity which provides a difference obtained by subtractmg the
percent epoxide obtained by analysis from the theoretical percent epoxide of from 1 to 2.

5. The process of claim 4 characterized in that component (A—3) has three aromatic rings attached to
the phosphorus atom,

55 Patentanspriiche

1. Verfahren zum Herstellen eines Epoxyharzes mit weiterentwickeltem Molekulargewrcht durch
Umsetzen bei einer Temperatur von 100 bis 200°C (A) eines Epoxyharzes, das ein Glycidylether eines
2weiwertigen Phenois mit im Mittel mehr als einer Glymdylethergruppe pro Molekil mit {B) einer

60 zweiwertigen Phenolverbmdung in Gegenwart von (C) einem Phosphoniumsalz oder Komplex desselben,
das mindestens einen aromatischen Ring am Phosphoratom der Phosphoniumgruppe und mindestens
eine aliphatische Kohlenwasserstoffgruppe an diesem Phosphoratom aufweist, wobei die Bestandteile (A)
und (B) in solchen Mengen verwendet werden, daR das Verhaltnis von phenolischem Hydroxyl zu Epoxid-
aquivalent einen theoretischen Epoxidgehalt in Prozent im erhaltenen Reaktionsprodukt von 7 bis 12,5
&5 ergibt, wobei der Katalysator, Bestandteil (C), in einer Menge von 0,2 bis 1,5 Gewichtsteilen pro 100
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(C) a solvent system for components (A) and (B);
. (Il) heating the resultant impregnated substrate to B-stage of the resin and remove the solvent system;
N characterized by employing as the catalyst, component {A—3), a phosphonium salt or complex thereof
: : which has at least one aromatic ring attached to the phosphorus atom of the phosphonium group and at
45 least one aliphatic hydrocargon group attached to said phosphorus atom,
wherein said catalyst is employed in a quantity of 0.2 to 1.5 parts by weight per 100 parts by weight of the
epoxy resin to produce an advanced epoxy resin and wherein the difference obtained by subtracting the
" percent epoxide obtained by analysis from the theoretical percent epoxide is from 1 to 4.
4. A process of claim 3 characterized in that component (A—3) has two aromatic rings attached to the
50 phosphorus atom and is employed in a quantity which provides a difference obtained by subtracting the
percent epoxide obtained by analysis from the theoretical percent epoxide of from 1 to 2. )
5. The process of claim 4 characterized in that component {A—3) has three aromatic rings attached to
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50 donne une différence de 1 & 2 quand on soustrait le pourcentage d'époxyde obtenu par analyse du
pourcentage théorique d’'époxyde.
3. Procédé de préparation de substrats imprégnés de résine servant 3 préparer des stratifiés
électriques, par un procédé qui consiste:
{1} & saturer ledit substrat avec un mélange formant une résine comprenant:
55 (A) une résine époxy ayant un poids d"équivalent époxyde compris entre 300 et 600 et qu’on prépare en
faisant réagir:
{1) un éther glycidylique d’un diphénol ayant en moyenne plus d’'un groupe époxyde par molécule et
un poids d’équivalent époxyde (PEE) de 156 & 400; avec
{(2) un composé diphénolique; en présence de
60 (3) un catalyseur phosphonium, afin d’effectuer la réaction entre (1) et (2), les composants {1) et {2)
étant utilisés en des quantités qui fournissent un pourcentage théorique d’'époxyde de 8 3 15 dans le
produit de réaction;
{B) un durcisseur pour ladite résine époxy; et
(C) un systéme solvant pour les composants (A) et (B);
65 (i) & chauffer le substrat imprégné résuitant au stade-8 de Ia résine et a éliminar le systeme solvant;

14




ui t. de r6action; ('B) un durci sseur pour ladite resine Gi:)ox et (

sy'st eme sol vant pour |es conposants (A) et (B); ﬁi“ll'”ﬂlﬂjl mﬂmﬂ
subst rat |npr69ne reésultant au st éfoﬂﬁéﬁ rgapl

systenme sol vant; 14 EP 0 065 5 chrdr "Mt 11
111111 2M ceammednpsex anutilies, qmualneduatalvs&r cempepaatlm-t-e’ desetatn!ub spbenivm ou son
canposant ("A‘“S%"e Eﬂ'i“@éF"tGé %o{m ‘ﬁ?ﬁ“ﬁ ugyl ‘é'@ deghespho qua phog OmHF‘n

e D TR s g D

dans | equelpoﬂnhen:lige|dle$&<yl1€diténu(b&taﬁblys‘eelubod?ébntagethq&mqﬂédé;ﬁaxﬁfﬂ ebt,cdmprist efitreDiadt 8.1 €
en poids pour41’®®emetonéaseendl ipQl8, cefectérise pmee Bp (9)cp umA-53) colpb@te deuxmpyaux
resi ne GPOQ‘)E‘;@ELS ‘F%é'étf’mﬂﬁh%" [ Wilisgcean yng 9 ?"F'fee?‘;éuf?é‘@'t &g H"*G }%ﬁt équand on
soust rayante P USRI SRV R T

t heori que dr&rmzs aeﬁﬁtat&ﬁmw;sh% §bheR . Proc on
revendi cation 3, caracterise en ce que Ie corrposant (A-3) corrporte deux

noyaux aronatiqués lids Al"atome et on |'utilise en une quantite qu
fournlt,yne difference de 1. a 2.quand on soustrait le pourcentage d 6poxyde
obtenu par“-analyse d'“paur3 t'age “theori que d" 6poxyde.’ 5. Pr.oced6 -
selon la revendlcatlonf" aract 6r:i*s6 en ce que le conposant (A-3) conporte
troi s noyaux aronathues-lles a | 'atome de phosphore. 20 25 30 35 40 45 so
50 55 6Q, 65 15

30

35

40

45

50

55

60

65

15




