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INVENTI ON 1. FIELD OF THE | NVENTI ON The present invention relate §opy ..
thernnsettlng resin conpositions with efcellent electrical properties;
electrlcalslan1nat@é made therefrom and nethods of producing these. 2.
TECHNOLOGY REVI EW El ectrical |am nates such as circuit boards are produced.
by | ami nating sheets of electrical conducting material.onto a base
substﬁate of insulation material. The performance of the finished circuit
board is effected by the electrical characteristics of the base substrate
material. Commercially available thernoset resin systens with acceptable
el ectritcal ferfornance at high frequencies (> 350
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’ TITLE OF INVENTION

Y THERMOSETTING RESIN COMPOSITIONS, ELECTRICAL
o LAMINATES OBTAINED THEREFROM AND PROCESS OF
PRODUCING THESE

BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION
The present invention relates to thermosetting resin .
compositions with excellent electrical properties; electrical

laminates made therefrom; and methods of producing these.

-2. TECHNOLOGY REVIEW

Electrical laminates such as circuit boards are produced.
by laminating sheéts of “electrical condi.fi:tirii; material onto a
base substrate of insulation material. The perf\ormance of
the finished circuit board is effected by the electrical
éharacteristics of the base sul;strate material.

Commercially available thermoset _resin systems with
acceptable electrical'performance at high frequencies (> 350
MHzZ) are restricted in their a;':plications due to hiéh cost.
The lower cost alternatives that are available do not perform

satisfactorily at high frequencies due to unacceptable
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NPEf are restricted in their applications due to high cost. The | ower cost
alternatives that are avail able do not performsatisfactorily at high

f r'equenci es due to unacceptabl e el ectrical properties, such as high

di el ectric constant [err] high dissipatRon factor [err], high variability

of [err] and [err] "with frequency, and consistency of [err] andd[err] from
| ot to | oelectyicalc Prowemsiesi ssuchlas dghadieteptigrdanshait oP)

pol ytetrafl,uorqet hyl ene (PTFE) whjch have excepti.Qqnal elegtric
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dr awbacks 0G| it h e ' ape r ' r rdal costs
and speci glq'%%r gg%??%ﬁg%oﬁgpdéﬁﬁﬁdc?hgf gﬁc?\f?u&%%}i‘ a?a%or%% ejid(?t he
final prod#chbroBactisn aktebaphysical properties, very high | amnating

t enper at ures and

Thermoplastic polymers such as polytetrafluoroethylene
(PTFE) which'héQe exceptional electrical performance at high
frequencies are commercially available. The primary
drawbacks associated with these materials are very high raw
material costs and special processing considerations that add
‘substantial cost to the final product. Because of the
physical properties, very high laminating temperatures and
pressures are also required to fabricate an electrical
laminate from PTFE. Furthermore, due to the inability to
"wet" PTFE, costly and hazardous chemicals are required to
.modify its surface during fabrication of the circuit.

A thermoset material would have much greater mechanical
properties over a much broader temperature range.
Additionally, since thermoset materials have better
mechanical properties, this would allow the circuit board
fabricator to use conventional cost effective processes.

A need exists for thermosetting resin compositions, and
electrical laminates mgde therefrom, of low to moderate cost
with acceptable electéical properties at frequencies up to at
least 20 GHz. Such compositions would have great utility as

circuit. board substrates and the laminates made from these



pressures are also required to fabricate an electrical |aminate from PTFE.
Furthernore, due to the inability to "wet" PTFE, costly and hazardous
chegicals are required to nodify its surface during fabrication of the
circuit. A thernoset material would hav8 nuch greater nechanical properties
over a much broader tenperature range. Additionally, since thernoset

mat er i al sthevsobsetténgneesins can peopeilizs] irhimenyospdlathbiobtse circuit
board fabricator to use conventional cost effective processes. A need
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SUMMARY OF THE INVENTION

An object of the present invention is to provide a
thermosetting resin composition which can be made flame
retardant and which can be utilized in existing cost
effective technologies to manufacture electrical laminates
therefrom. Additionally, the present invention resin
compositions can have utility as, for example, electrical
insulators, encapsulants, insulating adhesives and in various
other electrical and related applications generally know to
those skilled in this art.

Accordingly, the presenﬁ invention provides a
thermosetting resin composition comprising (a) a first vinyl
ester resin synthesized from diglycidyl ether of bisphenol A;_
bisphenol A, and glacial methacrylic acid, in about 1% ta
about 95% by weight of the total composition; and (b) a resin
selected from the group consisting of (1) a second different
vinyl ester synthesized from diglycidyl ether of bisphenol A
with glacial methacrylic acid, and (2) an unsaturated
polyester, in about 1% to about 69% by weight of the total

composition.

This Sheet Has Been Reilaced
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-3°- thernosetting resins can be utilized in many applications such as in
the rapidly growing wireless comuni cati on market, in high speed conputers,
in_high definition televisions, and in various other electrical and rel ated
application. SUMVARY OF THE | NVENTI ON Advant ageously, the present invention
provides a thernbsetting resin conposition which can be made fl ane
retardant and mhieckomposheiohitdsierd mayealsdifgthest conftadin wencmeksol ogi es

to manufacture electrical |amnates therefrom Additionally, .t Qefgr.isent
i nvent i onWhéshnvesAfesitPFof¥amie adddntAgERIAPaTIeE Qi B %\7 &s, TP

Vari ous obRGERE| SAPAPREE: hACTetH CAOREbrTE AT EI Yy ng, S Baown (o L hos

various o appli lons generally known to those

skilled i Bat-Rbsmahke; peovIaddrire ethrditanpedtcl catapyetent invention
ther is provided a thernosetting resin conposition conprising: (a) 1% to

95% by weiwplhith, bgdsedesamphe, t MdicenErgatradicdie cogepdeiyt rRdso bk a first
vinyl ester resin obtainable fromdi gl.yci‘ggll et her of bisphcnol A
bi sphenol addede nPthett gPRECRRRE mal) include PGS RFEy SFRVERISTSased on t he

total weight of the conposition, of a . .
gompounds wh?.c ?.ncrease or reduce the dielectric constant,

and/or reduce the dissipation factor, polyethylene fillers,
other fillers, organic or inorganic, which modify rheology,
“surface agents, viscosity and performance modifiers, wetting
agents, air release agents, defoaming agents, flame retardant
synergists, adhesion promoters, and other additional monomers
and conventional additives known in the art.

Other objects of the present invention are to provide
electrical laminates, and methods for producing these
laminates containing the composition resins of the preéent
invention, which have excellent electrical properties and
which may be flame retardant or heat resistant. Accordingly.,.
the present invention further provides electrical laminates
from about 0.003 inches to about 0.120 inches thick which may
or may not be clad with an electrical conducting material on
one or both sides. .

The electrical la‘u_ninates of the present invention are
produced by impregnatiing at least one reinforcement substrate

with a thermosetting resin composition comprising a mixture
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re§in selected from (1) a second vinyl ester obtainable fromdiglycidyl
et her of bisphenol A with nethacrylic acid, which second vinyl e.ster is
di f.ferent from conponent (a), and (2) an unsaturated polyester; and (c)
10% to 70% by wei ght. based on the tot® weight of the conposition. of a
hal ogenat ed vinyl functional nononer. REPLACEMENT SHEET -4- The
conposi t P6n (apsAnSimey Ainplfestdreresdni a3¥Nhnsdreds xR R igdyIcddYior
exanple. aid in the adhesion of a netal foil. tq_the Iaréitpl%t e i;ncrease

crossl i nRER&RsPEyPARERERGLNAT hisrENRante: 3% §HPGeat P FeCArdati on, etc.
har i acht oin LELURX3APLE ablLIS8s hESd BBl BlkoeBRAIA 50 be added

O her conponént's nay i nclude noisture s

or reducgohpesdtebagt i(®)CaNsbait -scaedted firsiuahel hEodps sopatistingact or .
pol yethylene fillers, other fillers, organic or inorganic, which nodify

rheol ogypfsyLf aaesegentisdigfecest yinghdephsrt symhesiasdi frems, wetting
agents. gg_;lgggggiee% 22t <S>f bisphenol A with glacial methacrylic
acid, and (2) an unsaturated polyester, in about 1% to about
69% by weight of the total composition; and (c) catalysts
which induce free radical cure, polymerization, or U.V.
initiation in about 0.1% to about 2.0% by weight of the total
composition; and curing the resin impregnated substrate to
produce an electrical laminate.

The thermosetting resin composition may also further
contain the above mentioned added components and may be cured
by electron beam processing, radiation, heat with or without
pressure, ultra violet light processing, and other
conventional curing methods in conjunction with the _
appropriate initiators. The electrical laminates may further

comprise an electrical conductive cladding on at least cne.

side.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an enlarged cross-sectional view of a part of

in electrical laminate which comprises an electrically
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def oam ng agents. flame retardant synergists. adhesi on) pronotrs, and ot her
addi ti onal nononers and conventional additives known in the art.
Accerdingly the present invention also provides a flame readant resin
conposition, conprising the thernosetti®g resin conposition according to
the first aspect of the invention, and (d) 0.1%to 2% by wei ght based on
t he t ot al swidirntiofe thetxlotpyert Loandfa rmestsalisked Thieipreasbhtbedweaerk | on
further advant ageousl rovi des electrical |am nates, and nethods for

pr oduci ng "c’}f’es’é‘g‘f%ﬂﬁ t<EROSAEAPRI hig the conposition resins of the present

nventi on, whi ol ave XSl AL SLECLIIAAl.REORALL | PodM Wil oh MRy he

flame retardant resista Accor di second aspect of the

present i nyedddOibal el ratePRYEN SkenpMicied af auwHacd i@ maAct ri cal
| am nate conprising the steps of: (1) | npregnating or coating at | east

one subst raltaal e lidctar idedr Maméhatag fuedinerc prpuidéed omittongwo Jetala m xt ure
of : (a) 1% to 95% by weight, based on the total weight of die
conposi t i.ciPndicteive rkaversnyl, and &n rdecirdseatHabrenkaoiagidiiycwall et her

of bi sphengl s Ao PSRN IR ered"dolBA AN LS 20T d:

Fig. 3 is an enlarged cross-sectional view of an
electrical laminate which exemplifies a multilayered
‘electrical laminate, of the structure of a combination bf
single-sided and double sided metal clad electrical laminates
as illustrated in Fig. 1 and Fig. 2.

Fig. 4 is an enlarged cross-sectional view of an
electrical laminate which comprises an electrically
conductive layer 1, a crosslinked thin-wall body of the
invented composition 2, and an uniformly dispersed inérganic
or organic filler 3.

Fig. 5 is an enlarged cross-sectional view of an .
electrical laminate which comprises an electrically
conductive metal layef 1, a crosslinked thin-wall body of
invented composition 2, and nonwoven -glass fibers 4.

Fig. 6 is an enlarged cross-sectional view of an
electrical 1amin§te which comprises an electrically
conductive metal layér 1, a crosslinked thin-wall body of

invented composition 2, and woven glass cloth 5.
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(b)Y 1 %to 69% by wei ght, E)ased on the total weight of the conpoition, of a
REPLACEMENT SHEET resin selected from (1) a second vinyl ester obtainable
fram di gl yci dyl ether of bisphenol A with nmethacrylic acid, which second
vinyl ester Is different from conponent7(a), and (2) an unsaturated,

pol yester; (c) 10%to 70% by wei ght. based on the total weight of the
conposi ti on, 'Biga Ralisgenaertrudedy croascsedHidn eohef, PATY an 9. 1%to

2% by wei ght, based on the tofal. weight of. the conposit,i a_cat al yst
whi ch in8 ﬁ@gl‘?r Eg PaﬁPBQﬁe'é%’rdge,d ﬂ‘&f‘g?raﬂ%%ﬁ er?%(frlcﬁivfla%%nt%%gt iogn; and
curing {heg! °8! PurARLEOBRLOtAN ARA! 8 SHRAl NG iRt R aleal! | cal
| ami nat c. “Accor dl ng to third aspect of the present Invention there is
provi dediageg! €Cbhi €Ak b@Renadurfakleai ned by | npregnating or coating at
| east one substrate with a thernosetting resin conposition conprising a
m xture of: (Big. 81%stanosniangedecyhss-sratePrnad i@ Gfa@Mei ght of the
conposition, of a ) , ) - .

electrical laminate which comprises an electrically

conductive metal layer 1, a crosslinked thin-wall body of the

invented composition 2, and an aramid non-woven sheet 6.

DETAILED DESCRIPTION OF THE INVENTION

The present invention comprises resin compositions of
moderate cost with excellent electrical properties up to at
least 20 GHz which may be flame retardant and heat resistant.
The present compositions have upility as electrical
insulators, electrical-laminates, electrically insulating
encapsulants, electrically insulating adhesives and other
electrical and related applications.

A primary component of these compositions is a first
vinyl ester resin (referred herein as VEl). VE1l can be
ibout 1% to about 95% by weight of the total composition;
sreferably about 10% to about 75% by weight of the total
somposition; more preferably about 15% to about 60% by weight
2f the total compositi&g and most preferably about 20% to

ibout 40% by weight of the total composition.



first vinyl ester resin obtainable fromdiglycidyl ether of bisphenol A

bi sphenol A and nethacrylic acid; (b) 1% to 69% by wei ght, based on the
total weight of the conposition, of a resin selected from (1) a second
vinyl ester obtainable fromdiglycidyl gether of bisphenol A wth

met hacrylic acid, which second vinyl ester is different from conponent (a),
and (2) an unsét wettaddlgsbldessréptigr)of theoyiny Iy Matey WiefHStWased on the
total weight of the corrqposition of a hal ogepat eds;/¥i nyl unct ic albem)nomar,

» f
and 5 invelyed in {he produchioRifhithessuioh & 51{&%‘51 Wei'ght “6f t he
conposi tion of i3 Qﬁt%:]?a(%‘{‘ﬁ' s ! NAUCES ol s egnd afliGa, 204 ®o RYUaNEE! | Sation

or UV, i nlr&[ Irat’i on; curing the resin I npregnated or coated
substr at gt QHIGE AN EItACLE wRicH aFenabeeid QincorifoRlaAGAVENT SHEET

reference.

An embodiment of the present invention utilizes a vinyl
ester which is synthesized from 1.0 molar equivalent of
diglycidyl ether of bisphenol A, DGEBPA (such as "EPON 828"
from Shell Oil Company, Houston, TX); 0.42 molar equivalents
of bisphenol A (BPA): and 0.58 molar equivalents of glacial
methacrylic acid (MAA).

This material is synthesized in a two step process.
(1) The DGEBPA and BPA are charged into the reactor with a
reaction catalyst (such as triphenyl phosphine) under an
inert gas blanket. The reactor is heated to 130°C and held
until the weight-per-epoxide (WPE) value is approximately
400. (2) The temperature is dropped to 115°C, and a gas
sparge (compris_ed of nitrogen with about 5% oxygen) is
started. At this point, an inhibitor (such as
tetrahydrogquinone), the MAA, and a. reaction catalyst (usually
a tertiary amine, such as 2,4,6-tris(dimethylamino-
methyl)phenol, also known as "DMP-30") is charged. The
reaction conditions artla.held until the WPE is =5000 and the
acid number is <10. At the endpoint, the resultant polymer

is thinned in styrene at.the 70% level (70% polymer).



-SA- According to a further aspect of the present invention there is
provided an electrical |lam nate conprising: at |east one substrate and a
cross |inked, thernobsetting resin conposition conprising a mxture of: (a)
1% to 95% by wei ght, based on the total9wei ght of the conposition, of a 5
first vinyl ester resin, obtainable fromdiglycidyl ether of bisphenol A,
bi sphenol A an@tineith ¥y Idoppanents (Which h8y tle 8O0k egeiidt thigased on t he

total weight of the conposition, of a resin selecte r.om , _a. second
vinyl est BEeSErSi YR R OBREr FIR9 FpmmeraL?lby %ﬁ%ﬂﬁ%&&r g‘l)vw&

met hacr yl GG e JUYC Hd%ﬁ‘é??f'ed’ W ?g%e{ér%l%% H fnfel 15"—%"099'8%”6”t (a),

and 10 (2) an unsaturated polyester; Yot o 70% by wei ght, based on

the total A\l‘ghﬁhbw%fnst-h:%rﬁ(iﬂ@0§ﬁd i"QERERANE {101 OgRat edwy cRgmitdncesonal
nononer, and (d) 0.1 %to 2% by weight, based on the total weight of the

conposi ti areokxampdies pEt subh cdonmedtededly reailabileakesing, pol yneri sadon or
U V. Initiation. 15 The thernosetting resin conposition may al so further
contnin the ab8véesPRd §aBRonent of an embodiment of the present
invention is preferentially a different vinyl ester (referred
herein as VE2). VE2 can be about 1% to about 69% by weight
of the total composition; preferably about 5% to about 50% by
‘weight of the total composition; more preferably about 7% to
about 30% by weight of the total composition and most
preferably about 10%.to about 20% by wéight of the total
composition.
An embodiment of the present invention utilizes a
different second vinyl ester coﬁprised of 1.0 molar
equivalent of DGEBPA and 1.1 molar equivaients of glacial
methacrylic acid which is synthesized in a one step process.
The DGEBPA and MAA are charged into the reactor along with aﬁ
inhibitor (such as a p-benzoquinone) and a reaction catalyst
(DMP-30). A nitrogen with ®=5% oxygen sparge is started and
the reactor is heated and held at 120°C until the acid number
is <15 and the viscosity is A% (Gardner-Holt method). At-the

end-point, the polymer is thinned in styrene at the 70% level

(70% polymer).



added conponents and may be cured by €l ectron beam processing, radiation,
beat with or without pressure, ultra violet |ight processing, and ot her
conventional curing nethods in conjunction with the appropriate initiators.
The electrical |am nates may furher coffrise 20 an el ectrical conductive

cl adding on at |east one side. Preferably, the |am nats have a thickness of
from about O. 0062 cerddnd (Dripenkes) (VER Jakam a@sg0Be mif INSTLYLRIRSS) t hi ck
which may or nay not be clad with an electrical CondUCtiﬁn]?eO% terial on one

or both siprkyestex. pRErcangerrbrenn tF FRHENPRAVPRES S/ =158 0di ment s

of a thernpsetting resin cq{;ﬁ sition leebhbSicispidhate and net hod of
productiorPﬁ"rP%zé%%?sda%%ear\llﬁ tﬁép‘:”)‘r:lt\:/eon itglr(i1 \%\A an now%g1 descri bed by way 5

of exanpl ep it drmahdd). ' e UIGRPLE &HEsAIC ARPaAYA Bgr dt et plyestiervhi ch:

Fig. 1 is an enlarged cross-sectional a view of a part of electrical

| ami nat e Whbwld despeompeseh ofl acbrncked lof maleic anhydride, 0.75 moles
of diethylene glycol, 0.5 moles of isophthalic acid and 0.83
mole of propylene glycol. The unsaturated polyester would be
synthesized through traditional esterification techniques
well known throughout the industry. An additional example of
"a suitable unsaturated polyester would be comprised of 1.0
moles of maleic anhydride, 1.62 moles of propylene glycol,
0.33 moles of isophthalic acid, and 0.67 moles of
polyethylene terephthalate (PET). The PET would be
incorporated into the resin through a transesterification
reaction in the presence of an excess of propylene glycol and
reaction catalysts and subsequent processing through
traditional esterification methods.

Other VE2 coﬁponents which may be utilized in the
present invention are also commercially available. Vinyl
ester resins such as the resin identified with the trade name
"VE.15-70" from Alpha/Owens-Corning is one example of such a
commercially available.resin. Additionally, VE2 unsaturated
polyester resins such‘as "38-62 Resin" are commercially

available from Alpha}Owens-Corning.
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6 conductive netal layer 1 and a cross |inked t hi n-wal | body of the

I nvented conposition 2. Fig. 2 is an enlarged cross-sectional view of an
el'ectrical |am nate which exenplifies a double-sided netal clad electrica
| ami nate, further provided with two met®Hl conductive layers 1, and an
electrically insulating thin-wall body of the invented conposition 2. Fig.
3 is an enl ar ghdtltind scomparientalfva egomgfosit igine offr kbal praaent e whi ch
exenmplifies a multil ayered elecarical | ami nate,. .0 structure ofsa

conbinatitﬁyiﬁt%?%gT Py At dBﬁEP%FEﬁ%hﬁjﬁﬁé?aﬁr%Pgﬁr feREFPLR) 2

| am nat SRR | | 1ed T 8h5 Cod Thidelu® 0118 Rlibut? 647b9- wdibfic 2B CEhar ged
total composition; preferably about 0.5% to about 5% by
weight of the total composition; more preferably about 1% to
about 4% by weight of the total composition and most
preferably about 3% by weight of the total composition.
It is utilized as a monomer as it aids the adhesion of the
copper foil to the laminate.

A fourth component may be divinyl benzene (referred
herein as DVB). DVB can be about 0.1% to about 10% by weight
; preferably about 0.5% to about 5% by weight of the total
composition; more preferably about 1% to about 4% by weight
of the total composition and most preferably about 2.5% by
weight of the total compdsition. Divinyl benzene increases
the crosslink density and therefore thefmal performance.pff
the composition. Other polyfunctional crosslinking monomers
may also be use such as divinyl toluene and the like. .

The third and fourth components contribute to the
mechanical and thermal properties of a composition but do not
need to be present to obtain the excellent electrical
properties.

A fifth component may be dibromostyrene (referred herein
as DBS). DBS can be about 10% to 70% by wéight of the total

composition; preferably about 20% to about 60% by weight of



el éctrical |am nate which conprises an electrically conductive layer 1, a
crosslinked thin-wall body of the invented conposition 2, and an uniformy
di spersed inorganic or organic filler 3. Fig. 5 is an enlarged
cross-sectional view of an electrical %2am nate which conprises an
electrically conductive netal |ayer 1, a craosslinked thin-wall bq%y of
i nvent ed E%mﬁ%%F%}dﬁ°@?°%&ﬁ$qmdnmevenPr%ﬂ%Ei?lViBBP§t4?°?i§9m%b?%ta %nl ar ged

01 055 o} Ll e o8 LS ckoaked S el 0ABLS B

el ectrically conductrve ne a Cross body of
i nvent ed £OFMOS|dé fdne ofthe QbR Ydmposiitdoh.5. Dibrdmés€yrdné Sadits enl ar ged

cross-section view of part of an _

fire retardation to the composition and lowers the
dissipation factor and dielectric constant. Alternately, any
other halogenated vinyl functional monomer (for example,
tribromostyrene or pentabromobenzyl acrylate) may also be
‘used.

catalysts and polymerization and U.V. initiators may
‘also be components of the compositions of the present
invention. There are many choices available; particularly,
catalyst which induce free-radical cur;. The preferred
catalysts are t-butyl peroctoate at about 0.1 to about 2% by
weight of the total composition (preferably about 0.4% by
weight of the total composition); with t-butyl peroxy
benzoate at about 0.1 to about 2% by weight of the total
composition (preferably 0.25% by weight of the total
composition); and dicumyl peroxide at about 0.1 to about 2%;
by weight of the total composition (preferably 0.25% by
weight of the total composition). Alternative catalysts
include benzoyl peroxide, cummene hydrogen peroxide and
others known to those skilled in this art. Combination of
catalysts may also be ﬁ;ed. Curing mechanisms may be

utilized including electron beam processing and ultra-violet

light processing in conjunction with UV initiators,



exanpl e of a doubl e-sided netal clad electrical lam nate of Fig. 6 further
provided with an electrically conductive netal |layer 1 on the other
sur,face. Fig. 8 is an enlarged cross-sectional view of an electri cal

| am nat e which conprises an el ectrical it conductive netal layer 1, a
crosslinked thin-wall body of the invented conposition 2, and an aramd
non- woverrashadticg, gt LrED WHESCRY P} UQUOFPTRES YRVENTPON §P&F pr esent

i nvention conpri.ses resin co itions of .moderate cast. wth excellent
el ectri c&°N Naks THF IS g‘pté%}?‘géit“?d”@?nc f%{% wn%aéﬁbteg\'%l ame retar dant
and heat Jfesishanlre HfidifRAlL conpositions have utility as electrical

I nsul ators, electrical Tamnates, electrically insulating encapsul ants,
el ectrical ly insfltaionyl astponeass anchad ker meileture csdavenyerxs aast
applications. A primary conponent of these conpositions is a first vinyl
ester regilsq kel @ddefl herBiee aeivtyye ipEthesfopeesition will

negatively affect the dissipation factor. Therefore a
component, such as 3-ethyl-2-methyl-2-(3-methylbutyl)-1,3-
oxazolidine (available from Angus Chemical Co.) can be added
to minimize the free water in the composition. The
oxazolidine compound will chemically react with the water to
eliminate it. Alternately, a molecular sieve could be
utilized. Molecular sieves are well known as moisture
reducers throughout the coatings industry. Molecular sieves
function by physically trapping the free water.

Another additional component may be titanium dioxide
which ix;creases the dielectric constant, but reduces the
dissipation factor. This combination of electrical
properties is desirable for some specific high fregquency
applications. The titanium dioxide may be in a range of from
about 1 to about .60% by weight of the total composition;
preferably about 10 to about 40% by weight of the total
composition; more preferably about 25% by weight of the total
composition. .

Another component which may be added is polyethylene

filler, (such as expanded polyethylene compound, available



about 1% to about 95% by wei ght of the total conposition; preferably about
10% to about 75% by wei ght of the total conposition; nore preferably about
15% to about 60% by weight of the total conposition and nost preferably
about 20% to about 40% by wei ght of thgq4total conposition. 8 A detailed
description of the vinyl ester chemi stry involved in the production of
t hese vi nyfrastiner ssamsFLherse ahdulbrdsivds$. PahenpoNosthBlerd wWwiddl and
3,256,226 to Frank Fekete et al. Both of which are herejn incorporated by
ref er ence. 1P MR nBit dFekard rpF eSettanty 8nti DHSHRIT IR %F?ﬁ%%ﬂ est er
which is t hesj.z from 1. | ar equi val ept | [ of
bi sphenol S‘f}@e Ii%s'léﬁigz%%%xhe ét,\sa(}.. %goirxgazg:.ang% &8 f9<f>m dél:%&'tc Pytl_o e&ﬂ}ﬁ.ft

60% by weight of the total composition; preferably about 5 to

about 40% by weight of the total composition; more preferably
about 10% by weight of the total composition.

Other optional additives include organic and/or
inorganic fillers, for example, calcined kaolin, to modify
rheoclogy; surface active agents, to aid processing; other
‘monomers, such as methyl methacrylate to modify viscosity and
possibly performance; epoxies; colorants; fluorescent dyes;
U.V. blocking agents; wetting agents; air release agents ;
defoaming agents; flame retardant synergists (for example,
antimony compounds); adhesion promoters (for example, epoxy
resin "EPON 828" Shell Chemical Co.); additional monomers
including styrene, vinyl toluene, t-butyl styrene, para-
methyl styrene, diallyl phthalate, 2,4-ethyl-methyl
imidazole, and other conventional additives.

The present invention further comprises electrical
laminates utilizing the thermosetting resin compositions
herein described' which have excellent electrical properties
and which may be flame retardant and heat resistant. The
present thermosetting ;'esin compositions can also be utilized
in existing cost effective technologies to manufacture

various types of electrical laminates. Examples of these



from Shell G Conpany, Houston, TX); 0.42 nolar equival ents of bisphenol A
(BPA): and 0.58 nol ar equival ents of glacial nethacrylic acid (MAA). This
material is synthesized in a two step process. (1) The DGEBPA and BPA are
charged into the reactor with a reactid® catal yst (such as triphenyl
phosphi ne) under an inert gas blanket. The reactor is heated to 1300C and
hel d unt i Feehaoled §fs - beeludroxibye dPHoty didted tppr eXRHEEDEPYS 400. (2) The
tenmperature is_dropped to 115[err]C d a.ga p C ri sed of

ni trogen Wrh abo F'S@?%&jﬁ%n an&§$%$ﬂ§ﬁE1%t%fﬁrg£%§?%?ﬁﬂgh i nhi bitor
(such as jegsahyshs ogyi BoRe)1 deh81 Mithidd <A ihgdehbrit &R idYSin (Bipual ly a
tertiary amne, such as 2,4,6-tris(dinmethylam no- nethyl)phenol, also known
as " DWVP- 3péferencaprgecductiivm beaptimted @idicuitnboards heduchirds | the WPE i s
=5000 and the acid nunber is <10. At the endpoint, the resultant polynmer is
t hi nned idesceyiked bm ¥he. A3ehbsclog.7006633) §hérynd 4,751,146 to

Masahiko Maeda et al. which are incorporated herein by
reference; production of electrical laminates such as
described in U.S. fatent No. 4,336,297 to Yasuo Fushiki et
al. and U.S. Patent No. 5,009,949 to Kazuyuki Tanaka et al.
which. are both incorporated herein by reference; continuous
belt press lamination, such as the equipment offered by
GreCon Corp.; and traditional press or vacuum press
lamination.

An electrical laminate of the present invention is
produced by infiltrating or impregnating at least one
substrate, or multiple substrates, with a resin composition
of the present invention to prepare resin-infiltrated or .
resin-impregnated substrates which are laminated by passage
between rolls while removing interlaminar gas bubbles.
Subsequently, the resulting laminate is heated, with or
without pressure, to cure the resin composition whereby the
electrical laminate is obtained. Other cure mechanisms can
also be utilized. The‘electrical laminate of this invention

can be continuously produced.



9 Gt her VEI conponents which may be utilized in the present invention are
al so commercially available. Vinyl ester resins identified with the trade
nane "VE 12-70" from Al pha/ Osens- Cor ni ng_and " DEREKANE 411" from Dow

Chem cal Co. are exanples of such comre §ia||y avai l abl e resins. A second

conponent of an msboshreng e teeipr e6Mdsitivant bbgahsc ppefexbiés addry a
different vinyl ester (referred herein as VE2). VE2 can be about 1%to
about 69% bge ieserhtasfcuhing ma&alwah@osmheonrganePam’ylmu%mst% about

30% by wel oHEE JPXIHELE o STPEOp GSFPPEFOIRT FoBFEH CPer HEreP LR fo
about  20% By, y&) O | of 06y T PeFoct8IPES ARyl peroxy benzoate,

dicumyl peroxide, etc. If necessary, the curing can be
controlled by use of curing accelerators or polymerization
inhibitors. Characteristics of the resin composition can be
improved by incorporating thereinto plasticizers,
stabilizers, thickeners, fillers, coloring agents,
lubricants, etc. e

A copper-?clad laminate can be cobtained by subjecting
substrates impregnated with an uncured resin composition and
copper foil to laminated molding to unite them in a body, or
by inserting an adhesive between substrates impregnated with
an uncured resin and copper foil and then subjecting them to
laminated molding to unite them in a body. A copper-clad
laminate can be obtained by also preparing a laminate by
laminate molding and then unite this laminate and a copper
foil laminate in a body through an adhesive. Adhesives such
as epoxy resins, butyryl-modified epoxy resins, etc. can be
used.

The present electrical laminates may be from about 0.001
to about 0.25 inches thick and may be metal clad on one or

both sides or not clad in metal. A preferred embodiment is
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An enbodi ment of the present invention utilizes a different second vinyl
ester conprised of 1.0 nolar equival ent of DGEBPA and 1.1 nol ar equival ents
of glacial methacrylic acid which is synthesized in a one step process. The
DGEBPA and MAA are charged into the readZor along with an inhibitor (such
as a p-benzoqebpokep.and &or erotitod. zatiziches €iddk.30)A mokenpredgemedi t h =5%
oxygen sparge is started and the reactor is heated and held at 120[err]C

until the aci 8"RGABBENEs 1815bgHY Qh%o%lts’céQPF? 9 L2 ipGhegn&hifst net hod) .

AL e £ P SR b0 s oA IRl KO LChafA0

polyester. |t peaBsban@Npsge beekeFdtie) dopBEpYE ﬁ{éa(ifét'aqahladdlng may be
in various forms and weight. The weight may range from about
0.25 to about 5 oz/ft® The form can be any conventional
type, such as, foil, an electrodeposited layer or rolled
annealed metal, such as for example, rolled annealed copper.

A preferred embodiment comprises a copﬁer clad
electrical laminate suitable for subsequent processing as a
circuit board, stripline, microstripline microwave components
and other relatead applicaﬁions. The preferred embodiment of
this composition is an electrical laminate from 0.003 to
0.120 inches thick with metal foil clad on one or both sides.
Suitable reinforcement components include organic or
inbrganic fillers, woven fiberglass, glass paper, glass mat,
glass cloth, polyimide paper (such as “THERMOUNT" from
DuPont), woven polymeric fibers and non-woven polymer fiber
reinforcements and the like. The reinforcement components of
the laminates of the present invention may be in the range of
about 25% to 75% by weight of the total laminate, preferably
about 30% to about 40%, and more preferably about 35%.
The performance of this composition differs from similar

materials mainly in electrical performance. These

properties, especially dissipation factor, are very important
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properties or another aspect of the conposition's.performnce. One exanple
of such an unsaturated pol yester woul d be conposed of 1.0 nole of maleic
anhydride, 0.75 noles of diethylene glycol, 0.5 noles of isophthalic acid
and 0.83 nole of propylene glycol. The ygsaturated pol yester would be

synt hesi zed through traditional esterification techniques well known

t hr oughoutwhére ¢oneibdeyindirhigidifrequahcye xapllicadfioas sui Typiealinsat ur at ed
pol yester woul d be conprised of 1.0 noles of maleic anhydride, 1.62 noles

of propyl PELHTARL PrBRETHIass o6 ap sHtHalthdchciamiadt® 0967 nol es of
| yet hyl h T).. T T, .woul ' into th
pol yet hy ea&:é#cg{:ﬁgahée a&% ?ﬁé{?gﬁggﬁ ?ggﬁbve\g%lgs?ﬁ:éégﬁpéxpg&@érg? AIQ-_:O €

resin thro ranses on-in esence an excess
of propyl enedl @kl y eact i ongcat al ysf gsandisgbsequend progessi ng

t hrough t rmxlid c esbdtdritaat i gn29®t hade370t berod/E2 Tampmnentas whi ch may
be utili zenlissigateiqn eSactton:nvendi ooz ar & .20S0 00Ad®r Ci@IA96 avdidiabl e. Vi nyl

The electrical properties of the same laminate at 1 MHz are:

Dielectric constant: 2.98

Dissipation factor: 0.010

This embodiment of the present invention is clearly superior

:Ln electrical properties over presently available

'compositions_.

The invention will be further clarified by a
consideration of the following examples which are to be
considered as illustrative of the present invention. It

should be understood that the invention is not limited to the

specific details of the examples.

EXAMPLES
The first vinyl ester resins used in the following
examples can be made in a two step process according to U.S.
Patent Nos. 3,221,043 .gnd 3,256,226 to Frank Fekete et al. or
are commercially available as, for example, "VE 12-70" from
Alpha/Owens-Corning.' The second vinyl ester resins can also

be synthesized in a one step process or are commercially
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est’er resins such as the resin identified wwth the trade nane "VE 15-70"
from Al pha/ owens-Corning is one exanple of such a cormmercially avail able
resin. Additionally, VE2 unsaturated pol yester resins such as "38-62 Resin"
are commercial ly available from Al pha/ ®8ns- Cor ni ng. A third conponent
of a conposition of the present invention may be glacial nethacrylic acid
(ref erredabhaibanlas KBA) exanyle ,cZmobeAhpatowensrCosnabguese Yy 1rei ght of

the total conposition; preferably about 0.5%to abqut 5% by weight .of the
total conp®S$iti Bhe Hﬁﬁégﬁ‘é‘f%’r mlyeaﬁsﬁtri%fi &sﬁgo&f' E??f%ﬁ%ﬁé‘ﬁ’é%? 3F the

total co sition and. t pref I f 3% ' ; eunggtal
conposi t ingg.sol ?oﬁn@eﬁf:#?;’éos)vaasll%%%gn%ﬁgﬁr?olgsphﬁ al g\séetb%gkégtﬁegigonggf t he
copper foghuto the | am nate.

The general method of preparing the resin compositions
is as follows.

1) The resin components were charged into a mixing
vessel in the desired proportions.

2) The monomer (s) and/or halogenated monomers were
‘added to the mixing vessel.

3) The ingredients were mixed with a Cowels blade on
an air motor at moderate (=1,000 rpm) spéed for five minutes.

4) With the mixer operating at high speed, (=2,000
rpm), the filler, if needed, was added, and sheared for 10
minutes.

5. The initiator(s) (peroxides) were added to the
composition while the air motor was operating at low speed

(z460 rpm) and mixed for = 5 minutes.

Example 1
Approximately 31.78 weight % of a first vinyl ester
resin, “VE 12-70" (Alphg/Owens Cérning) and about 13.02 -
weight % of.a second vinyl ester resin, "VE 15-70%
(Alpha/Owens Corning).were charged into a mixing vessel and

about 2.65 weight % of monomer methacrylic acid was added



A ffourth conponent may be divinyl benzene (referred'hérein as DvB). DvVB
can be about '0.1%to about 10% by wei ght ; preferably about 0.5%to about
55 by weight of the total conposition; nore preferably about 1%to about 4%
by wei ght of the total conposition and2@ost preferably about 2.5% by wei ght
of the total .conposition. Divinyl benzene increases the crosslink- density
and t her ef alenyheiral apentoz nanek ightt fedbwimyasivenaene@ Asd pbbyfuncti ona

crossllnklng nononers nmay al so be use such as divinyl toluene and the |ike.
The third nasfﬂaﬁﬁﬁtcénﬁbﬁm‘%ﬁtdé‘ﬁﬂﬁl bereat Jakes RREMARRLE) 3Rdt her mal

D1 OPer L1 €5 0L o2 SOURARLLL Oy, 19 ARL DES(L 10 ISR GEEA! | Bo0biai n the

re >
excel | ent &ME&tFrea proper conponeén r onost yrene

(referred RepgbnoAsakBgir mQéi% G mbgeAREYIt (~1 Q%000 ﬁﬁ(g b¥pueaghsy of the
total conposition; preferably about 20%to about 60% by wei ght of

five minutes. The mixer operating at high speed,
(approximately 2,060 rpm), about 13.36 weight percent
calcined kaolin ("TRANSLINK-37" Englehard} was then added and
sheared for 10 minutes. The speed of the air motor was then
reduced to a low speed (approximately 400 rpm) and 0.22

" weight % of dicumylperoxide; 0.36 weight % t-butyl peroctoate
and 0.22 weight % t-butyl peroxy benzoate were added and the
composition was mixed for about 5 minutes. A composition.

ready for use was obtained.

Example 2
Approximately 35.68 weight % of a first-vinyl ester

resin, "VE 12-70" (Alpha/Owens Corning) and about 14.62
weight % of a second vinyl ester resin, “VE 15-70"
(Alpha/Owens Corning) were charged into a mixing vessel and
about 2.73 weight % of styrene monomer was added along with
"about 2.97 weight % mthacrylic acid; 2.48 weight % divinyl
benzene; and about 40.62 weight % dibromostyrene (Great Lakes
Chemicals) as a fire retardant. The ingredients were mixed

with a Cowels blade on an air motor at moderate (=1,000 rpm)



12 ‘the total conposition; nore preferably about 30%to about 50% by wei ght

of the total
t ot al conposition.
and lowers the dissipation factor and @&l ectric constant.

conposition and nost preferably about 40% by wei ght of the
Di bronostyrene adds fire retardation to the conposition
Al ternately,

any

ot her hal ogenated vinyl functional nononer (for exanple, tribronostyrene or
pent abr om5BERZy If OXc AV @inihs al ShepethsetPeehiaf &t 3l BRIz at i on

ond UV RS BAlatabe, CAPSLa (e d0R SVE 44T S0°

Cat al yst

pr esent

i nventl e dare nmany c

whi ch i ndgcesf @eghadiscalr a@r:@m,{ﬂa&omea?ré.ed Wity S T-afikyr butyl

peroctoate at about 0.1 to abou

(preferabpgrabtohte 4¥%doyw.25 weight % t-butyl peroxy benzoate were

added and the composition was mixed for about 5 minutes. A

composition ready for use was obtained.

Example 3
Approximately 26.45 weight % of a first vinyl ester
resin, "VE 12-70" (Alpha/Owens Corning) and about 8.82 weight
% of an unsaturated polyester resin, "38-62" (Alpha/Owens
éorning) were charged into a mixing vessel and about 1.24
weight % of monomer methyl methacrylate was added along with

about 2.62 weight % "EPON 828" epoxy (Shell Chemical Co.);

about 0.05 weight % "EMI 24" (2,4-ethyl-methyl imidazole);

about 4.42 weight % methacrylic acid monomer; and about 39.95

weight % dibromostyrene (Great Lakes Chemicals) as a fire
retardant. The ingredients were mixed with a Cowels blade on
an air motor at moderate (1,000 rpm) speed for f'i\}e minutes.
With the mixer operating at high speed, (approximately 2,000
rpm) , about 15.44 weight percent calcined kaolin ("TRANSLINK-
37" Englehard)} was addéa and sheared for 10 minutes. The
speed of the air motor was reduced to operate at a low speed

(approximately 400 rpm) and 0.36 weight % of dicumylperoxide;

2% by weight of the total conposition



wei'ght of the total conposition); with t-butyl peroxy benzoate at about 0.1
to about 2% by weight of the total conposition (preferably 0.25% by wei ght
of the total conposition) ; and dicunyl peroxide at about 0.1 to about 2%
by wei ght of the total conposition (pr&2rably 0.25% by wei ght of the total
conposition). Alternative catal ysts include benzoyl peroxide, cummene

hydr ogen pe?éxWéégand%othbuSYkmmwwcmOatéoasiskDBIeéightthis-antyl

Conmbi nation of catal ysts g%also be used. Curing nechani sns nay

utilized PﬁEPﬁ&lHG”éP@EFrBﬁ EﬁﬂﬂeﬁrBBQSEW?WfQﬂﬂ?ﬁ}FPPQ VPEIBF*F?gﬁ?r
process'ngblﬂtcgnhfﬂﬁkegnort H@éﬁ% gééggéltxonlaa gé &&OP h&éélng W th

or withouf "pressure, CUring " et conjuhctlon
with the

Example 4

Approximately 90.18 weight % of a first vinyl ester
resin, "VE 12-70" (Alpha/Owens Corning) and about 9.02 weight
% dibromostyrene (Great Lakes Chemicals) were charged into a
mixing vessel and mixed with a Cowels bladé on an air motor
at moderate (about 1,000 rpm) speed for five minutes. "The
speed of the éir motor was reduced to operaté at a lower
speed (about 400 rpm) and 0.22 weight % of dicumyl peroxide,
0.36 weight % t-butyl peroctoate, and 0.22 weight % t-butyl’
peroxy benzoate were added and the composition was mixed for

5 minutes. A composition ready for use was produced.

Example 5
Approximately 76.31 weight % of a first vinyl ester
resin, "VE 12-70" (Alpha/Owens Corning)} and about 22.89
weight % dibromostyreﬁe {Great Lakes Chemicals) were charged

into a mixing vessel and mixed with a Cowels blade on an air
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appropriate initiators. Additional conponents, such as npisture scavengers
may al so be added. Free noisture in the conposition will negatively affect
t he dissipation factor. Therefore a conponent, such as

3- ethyl 2- nethyl 2- (3-net hyl butyl)-1, 3- %xazolldlne (avai |l abl e fron1Angus
Cheni cal Co.Motean e nefRaRteo (APANH Jz'é’otohéptﬂ) esPeRd fon (f ivee THAWSESi-t i on.

Th I h | | th th t t I t
T0e AL or nattisy SERRRD I e ~IFoTREER i FEINETE| SR PR B Ata JOBs ar o
wel | known ag,dm Stalidut - Sh) tm@waguuewﬁtwaae RS ydUSlebn 1 MRl ecul ar

sieves function by physically trapplng the free water. Anothér additi onal

conponent nmay. 3%e wdilght WntHbaxylepatdativatasr £68 em. Ih avedighiteat r-butast ant,
but reduces the dissipation factor. This conbination of electrical

properties iperbey feizoater werpeaddat iandc the gtonpasitdiety waspmixedi 6ps. The

titaniumdioxide may be in a range of from
5 minutes. A composition ready for use was produced.

Example 6

Approximately 66.14 weight % of a first vinyl ester
resin, "VE 12-70" (Alpha/Owens Corning) and about 33.06
weight % dibromostyrene (Great Lakes Chemicals) were changed
into a mixing vessel and mixed with a Cowels blade on an air
motor at moderate (about 1,000 rpm) speed for five minutes.
The speed of the air motor was reduced to operate at a lower
speed (about 400 rpm) and 0.22 weight % of dicumyl peroxide,
0.36 weight % t-butyl peroctoate, and 0.22 weight % t-butyl
peroxy benzoate were added and thé composition was mixed for

5 minutes.. A composition ready for use was produced.

Example 7
Approximately 31.78 weight % of a first vinyl ester
resin, "VE 12~70" (Alpha/Owens Corning) and about 13.02
weight % of a second vinyl ester resin, "VE 15-70"

(Alpha/Owens Corning) were charged into a mixing vessel and



about 1 to about 60% by wei ght of the total conposition; preferably about
10 to about 40% by wei ght of the total conposition; nore preferably about
25% by wei ght of the total conposition. Another conponent which may be
added i s polyethylene filler, (such as2é4xpanded pol yet hyl ene conpound,
avai |l abl e Substitute Sheet- 24 February 1999 16 For curing the resin
conposi t i PPUBrHmNtE Peidxt devic sfybene sehoaercwas reAddedtalgrygswitiThe

organic ldes.include, for exanple, t-butyl perbonzoate - but yl
p_e?oxi del,of%ée)‘%(lt_lzg%eﬂ 6%2"?%&%6%,% tm-eﬁ:?}taﬁgﬂ)’e‘? Rt G4t _é’,"dtgb yWEBR 5% benzoate,
di cunyl Pe{eXifie béiifene ] T FIRLAHGREN AL weE! RIxER W DL COTESRLI£d DY use

of curing accelerators or polynerization
blade on an air motor at moderate (®1,000 rpm) speed.

With the mixer operating at high speed, (approximately
2,000 rpm), about 13.36 weight percent calcined kaolin
(*TRANSLINK-37" Englehard) was added and sheared for 10
minutes. The speéd of the air motor was reduced to operate
at a 1ow'speed (approximately 400 rpm} and 0.22 weight % of
dicumylperoxide; 0.36 weight % t-butyl peroctoate and 0.22
weight % t-butyl peroxy benzoate were added and the
composition was mixed for about 5 minutes. A composition

ready for use was obtained.

Examples 8 to 15

The general method of preparing electrical laminates
from the resin compositions is as follows. The specific
electrical laminates embodied in Examples 8 to 15 were made
fronm tl;,e resin compositions of Examples 1 to 3 and were
prepared as indicated below and as further indicated ir; .TABLE
2 which follows below.

1) A layer of calrrier film, such as polyethylene
terephthalate of 1.42 mills thick, was placed on an 1/4th

inch thick glass plate of 1.25 by 1.25 ft. The dimensions of
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inhibitors. characteristics of the resin conposition can be inproved by

I ncorporating thereinto plasticizers, stabilizers, thickeners, fillers,
coloring agents, lubricants, etc. A copper-clad |am nate can be obtai ned by
subj ecting substrates inpregnated with uncured resin conposition and
copper foil tothanthoheder®l Thmnge tedought €o thitriudeaabodyd thebgdgaseefi ng
an adhesi ve between substrates inpregnated with an uncured resin and copper
foil and then tudjetasageiateto |aninated nmolding to unite themin a body.
A copper-clad | am nate can be obtained by al so reparingsa Ianigagg by

| aminate nol ding ant? t heh T RPTHIPFIPER PR &1d *a®Copb&F Fdri *FPliinate in
a body thrOthw%ﬂ%ﬁghgfl3@?¢§f¥¥3¥¥ %as ﬁg&éh&”% @H¥nt€8588: up on the

butyryl -nodifie pOXy res . etc. can be used. The present electrical
| am nates may Bgrii&m Abowt 0. 00254cmto about 0.635 cm (about 0.001 to
about 0.25 inches) thick and may be netal clad on one or both sidcs or

3) A film of a resin composition, prepared according
to the present invention, was metered onto the copper foil by
using a wire-wound rod designed to provide a coating of the
térget thickness of the laminate. Wire-wound rods are well
known through the coatings industry.

4) A layer of glass cloth, woven or nonwoven, was laid
onto the resin film and allowed to saturate for approximately
2 minutes. If a plurality of layers were used, the layers
were placed onto the resin film approximately 2 minutes apart
to allow the resin mixture to saturate the glass.

5) An additional layer of copper foil, of the same
size and weight as 2), was placed treatment side.down on the
laminate so ‘as to align the edges with the first sheet of
copper foil. |

6) Another layer of carrier film, of the same size and
dimensions as 1), was placed on top of the copper foil.

7) Two 1/2 inch wide by 12 inches long shims of the-
target laminate thickness were placed on opposing sides of

the laminate, on top of the carrier film, but still on the

glass plate.
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not clad in netal, A preferred enbodinent is REPLACEMENT SHEET 24 FEB 1999
Substitute Sheet - 24 February 1999 -17- about 0.0051cmto about 0.51cm
(about 0.002 to about 0.20 inches) thick. A nore preferred enbodinent is
about 0.0076cmto about 0.305cm (about 26003 to about 0.120 inches) thick.
Sui t abl e cl adding netal s include alumnum silver, gold, brass and nost
preferably 5 cBpper® FRE ffthi2 dngldthicknstasd wasypirced ebrhBeand wei ght.

The wei gh n from ab .200 6 to about 0.01316_k /n$err (about
0.25 to a %g$¥5£gz?$?[$§?T)9é)#§? PR A FRPTL¥NPRALEENEP T¥%e, such
as, foil, g oéiﬁgté‘@ﬁ@p@ﬁiié%éiﬂﬁ%oP ed 4 @gﬁgnggakggeng}la{heSUCh as for
exanpl e, rolled annaled copper. preferred enbodi nent conprises a copper
clad el ecsnimal |A8 théersdincaRlicatPbss the laminate, excess resin
composition was allowed to drain out of the laminate.
9) Another plate of glass of equivalent dimensions as
1), was placed on top of the laminate.
10) The laminate was placed in a forced air convection
oven at 150°C for one hour.
11) The laminate, still between the glass plates, was
removed from the oven and allowed to cool to room

temperature. At this time, the two glass plates and two

layers of carrier film were removed.

TABLE 2 indicates the particular laminate construction
and resin compositions used in Examples 8 to 15. The resins
i, B and C correspond to those of Examples 1, 2 and 3

respectively.

The test method used to determine the electrical
‘roperties above 1MHz was a 70 ohm transmission line test
ethod. It is analogous to ASTM D 3380-90 from the American

ociety for Testing Materials, Philadelphia, PA.
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- ' l
10 'subsequent processing as a circuit board, stripline. nmicrostripline
m crowave conponents and other rel ated applications. The preferred
ermbodi ment of this conposition is an electrical lamnate from0.00762 to
0.305cm (0.003 to 0.120 inches) thick W#Ah netal foil clad on one or both
sides. Suitable reinforcenent conponents include organic or inorganic
fillers, woven 15 fibergl ass, gl ass PABeF,1glass mat, gl ass cloth,

pol yi m de paper %ﬂgg: fron1 ) V. yneric fibers
and non-woven pol yne %Scber re:v\g?m (unr géngﬁ)t co#?rsg:%nfglr cement -
conmponents of the |am nates of the present i nvention may be in th range of
about 25%to 75% by weight of the total |am nate, preferably about 30%to
about 40% and nore prBlecwhicalalPeupestés 1 MHZ The performance of this
conposition differs fromsimlar nmaterials mainly in electrical performae.
These properties, espeC|aIIy dssi pation factor, are very |nportant.

Dielectric Dissipation
REPLACENENE%&%E%Q-Z FEB, 19%9 Constant Factog
1 A 2.93 0.010
2 B 3.086 0.010
3 C 3.18 0.011
4 D o 2.97 0.014
5 E 2.99 ¢.012
6 F 2.95 0.009
7 G 2.73 0.007

Properties of 30% Glass Reinforced Laminate

Flame Foil
Example Test Adhesion Tg
1 Pass 6.8 155
2 Pass 7.2 155
3 Pass 7.5 145

* Electrical Properties via IPC test method 2.5.5.4,
"Dielectric Constant and Dissipation Factor of Printing
Wiring Board Materials: Mlcrometer Method"

Flame Test according to U.L. Test 94VO

Copper Foil Adhesion to 1 oz. per sq. foot copper f01l
according to IPC Test Method IPC-TM-650

Tg = Glass Transition measured by Dynamic Mechanical Analyzer
(Perkin Elmer DMA7E).- "Glass transition values are in degrees
Celsius.
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Substitute Sheet- 24 February 1999 18 when considering high frequently
applications. Typical electrical properties of an 0.0762cm (0. 030") thick

| anmi nat e of approxi mate 32% (by wei ght) of fiberglass reinforcenent are:
Frequency (GHZ): 0.5 0.8528 1.0 2.5 3.0 Dielectric
constant: 3. 233 3.237 3.204 3.213 3.231 Dissipation factor:

0. 002 0.003 0.005 0.006 0.010 The electrical properties of the sane
lam nate at 1 MHz aro: Dielectric caasLane: 2.98 Dissipation factor:
0.010 This enbodi nent of the present invention is clearly superior in

el ect ri caHighofEequencyy Elegreient W%EFF@#? w RednfigE cethe j nvention
will be f QPE&Saiwlli’éd’hb;?‘rﬁ RorRie Sigero Rl 3FITh R 1SR SEHRTS es some
of which &°P8% 8%p&°®PEREidered as illustrative of the present invention and
some of which apgCqupARAkiedenEXUTY @S 03bl S A/t dutdecygerd that the

i nventionchgal@hg.i ME1@&trical properties of the glass reinforced
laminates are determined via a "Microstripline" Method.

NOTE: Dk = Dielectric Constant Df = Dissipation Factor

Resin Laminate 0.5 GHz
Examples Composition Construction __Dk Df
8 A (Example 1) 2 plies 2116 woven 3.233 0.0022

glass with 15 mil
veil glass core

9 B (Example 2) 2 plies 2116 woven 3.134 0.0028
glass with 15 mil .
veil glass core

10 C (Example 3) 4 plies 7624 woven 2.977 0.0064
glass

11 A (Example 1) 4 plies 7624 woven 3.031 0.0062
glass

12 A (Example 1) 3 plies 7624 woven 2.941 0.0085
glass

13 - B {(Example 2} 3 plies 7624 woven 3.066 0.0057
glass

14 B (Example 2) 2 plies 7624 woven 3.231 0.0022

glass with 15 nil
veil glass core

15 A (Example 1) 2 plies 7624 woven 3.167 0.0057
glass with 15-mil
veil glass core
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to the specific details of the exanples. EXAMPLES The first vinyl ester
resins used in the follow ng exanples can be nade in a twO ctop process
according to U S. Patent Nos. 3,221,043 and 3, 256, 226 to Frank Fekete et

al. or are commercially avail able as, f2& exanple, 'VE 12-70" from

Al pha/ owens- Corni ng. The second vinyl aster resins can also be
synthesizied in a one stop process or are commercially REPLACEMENT SHEET 24
FEB 1999 17 about 0.002 to about 0.20 inches thick. A nore preferred
enbodi nent is about 0.003 to about 0.120 inches thick. Suitable cladding

nmet al s i ncl ude alunlnugksghlver, gO|dLaminate 0.85 GHz
Examples Composition Construction Dk Df
8 A (Example 1) 2 plies 2116 woven 3.237 0.0033

glass with 15 mil
veil glass core

9 B (Example 2) 2 plies 2116 woven 3.105 0.0048
glass with 15 mil
veil glass core

10 C (Example 3) 4 plies 7624 woven 2.993 0.0061
glass

11 A (Example 1) 4 plies 7624 woven 2.967 0.0064
glass

12 A (Example 1) 3 plies 7624 woven . 3.008 0.0098
glass

13 B (Example 2) 3 plies 7624 woven 3.065 0.0078
glass

14 B (Example 2) 2 plies 7624 woven 3.234 0.0038

glass with 15 mil
veil glass core

i5 A (Example 1) 2 plies 7624 woven 3.134 0.0069
glass with 15 mil
veil glass core



brass and nost preferably copper. The netal cladding may be in various
forms and wei ght. The wei ght nay range from about 0.25 to about 5
o2/ft[err]. The formcan be any conventional type, such as, foil, an

el ectrodeposited | ayer.or rolled anneal¥¥ netal, such as for exanpl e,

roll ed anneal ed copper. A preferred enbodi nent corrpri ses a copper clad
electrical lamnate suitable for subsequent processing as a circuit board,
stripline, mcrostripline mcrowave conponents and other rel ated
applications. The preferred enbodi nent of this conposition is an electrical
| am nate from0.003 to 0.120 inches thick with netal foil clad on one or
both sides. Suitable rgusﬁharcenent cqnnﬂﬁﬁﬂﬁs |nclude oxgmnmnz(N'i nor gani ¢
fillers, BExamgl ' . pol yi m de
paper (such s " THERI\Gmmplfer in [leﬂrﬂt%S Z\Adxﬁewolgehyn%ﬂ%‘ifl%eﬁ@@nd
non-woven pol yner fiber reinforcedddis witd® 2fe®ilke. The rei nforcenent
conponents of the |aninates of théebk HAFS CA¥Ention may be in the range of

9 B (Example 2) 2 plies 2116 woven 3.048 0.0121
glass with 15 mil
veil glass core

10 C (Example 3} 4 plies 7624 woven 2.968 0.155
glass

11 A (Example 1) 4 plies 7624 woven 2.908 0.0197
glass

12 A (Example 1) 3 plies 7624 woven 2.962 0.0172
. glass

13 B (Example 2) 3 plies 7624 woven 3.048 0.0122
glass

14 B (Example 2} 2 plies 7624 woven 3.196 0.0068

-glass with 15 mil
veil glass core

15 . A (Example 1) 2 plies 7624 woven 3.156 0.0085
glass with 15 mil
veil glass core



about 25%to 75% by weight of the total |lam nate, preferably about 30%to
about 40% and nore preferably about 35% The perfornmance of this
conposition differs fromsimlar materials mainly in electrical

per f ormance. These properties, especialdly dissipation factor, are very

i nport ant 18. when considering high frequency applications. Typical
el ectrical properties of an 0.030" thick | am nate of approxi mate 32% ( by
wei ght) of fiberglass reinforcenent are: Frequency (GHz): 0.5

0. 85 1.0 2.5 BeQi el ectric EopnSta : 3.233 2.8.882 3.204
3.213 3. ERaAmpiasi pabhposiBLdrOr : COndicti®dn003 0.00k 0.666 0.010 The
el ectrical p8operti8s(8kanpke signez2l phiemtda s wovikhz ar213Di €L eQ62i c
const ant : 2.98 glass with 15 mil
veil glass core

9 B (Example 2} 2 plies 2116 woven 3.113 0.0112
glass with 15 mil
veil glass core

10 C (Example 3} 4 plies 7624 woven 3.034 0.016
glass

11 A (Example 1) 4 plies 7624 woven 3.034 0.0182
glass

12 A (Example 1) 3 plies 7624 woven 2.981 0.0162
glass

13 B (Example 2) 3 plies 7624 woven 2.957 0.0127
glass

14 B (Example 2) 2 plies 7624 woven 3.163 0.0062

glass with 15 mil
veil glass core

15 A (Example 1) 2 plies 7624 woven 2.987 0.0087
glass with 15 mil
veil glass core



)
Di ssi pation factor: 0. 010 Thi s enbodi nent of the present invention is
clearly superior in electrical properties over presently avail able
conposi tions. The invention will be further clarified by a consideration of
the follow ng exanples which are to be 3nsidered as illustrative of the
present invention. It should be understood that the invention is not
limted to the specific details of the exanples. EXAMPLES The first vinyl
ester resins used in the follow ng exanples can be nmade _in a_two step
process accordi ng to URSSlPatent Nos. LQ‘“EE@EGMB and 3 02582t 6 Frank
Feket e et EXampj OHBaHE : e S : o
fromAl pha/CﬁVens Cobnil fif g g‘r'fpy asd q‘{llrem 1€ °Can 450 be
synt hesi zed in a one step processvgglaéfh§§qnﬁﬁplaIIy TH' S SHEET HAS BEEN

9 B (Example 2) 2 plies 2116 woven 3.202 0.0169
glass with 15 mil
veil glass core

10 C (Example 3) 4 plies 7624 woven 3.022 0.027
glass

11 A (Example 1) 4 plies 7624 woven 3.034 0.024
glass

12 A (Example 1) 3 plies 7624 woven 3.081 0.0311
glass

13 B (Example 2) 3 plies 7624 woven 3.065 0.0216
glass

14 B (Example 2) 2 plies 7624 woven 3.227 0.011

glass with 15 mil
veil glass core

15 A (Example 1) 2 plies 7624 woven 3.013 0.0180
glass with 15 mil
veil glass core



REPLACED 19 avail able, for exanple, from Al pha/ Osens-Corning as "VE 15-
70". The unsaturated pol yester resin used in the exanples is also
comyercially avail able from Al pha/ Omvens Corning as "38- 62". The general
met hod of preparing the resin conpositi@&3s is as follows. 1) The resin
conponents were charged into a mxing vessel in the desired proportions. 2)
The nononer (s) and/ or hal ogenated nononers were added to the m xi ng vessel.
3) The ingredients mere m xed with a Cbmels bl ade on ag gl&ﬂgotor at

te
moder at e (ﬁk mglrgnjcg£9051$or five g1nstructlon Dk Df
A (Example 1) 2 plies 2116 woven 3.245 0.0011
glass with 15 mil
veil glass core

9 B (Example 2) 2 plies 2116 woven 3.200 0.0011
glass with 15 mil
veil glass core

10 C (Example 3} 4 plies 7624 woven
: glass

11 A (Example 1) 4 plies 7624 woven
glass

12 A (Example 1) 3 plies 7624 woven
glass

13 B (Example 2) 3 plies 7624 woven
glass

14 B (Example 2} 2 plies 7624 woven

glass with 15 mil
veil glass core

15 A (Example 1) 2 plies 7625 woven
glass with 15 mil
veil glass core



4) © Wth the nixer operating at high speed, (=2,000 rpm), the filler, if
needed, was added, and sheared for 10 m nutes. 5. The initiator(s)
(peroxi des) were added to the conposition while the air notor was operating
at | ow speed (=400 rpm) and mixed -for 3% ninutes. Exanple 1 Approxi mately
31.78 weight %of a first vinyl ester resin, 'VE 12-70" (Al pha/ Oaens

Corni ng) and about 13.02 - weight % of a second vinyl ester resin, "VE
15-70" (Al pha/ Onens Corning) were charged into a m xi ng vessel and about
2.65 wei ght % of nonomRisiget hacrylicragifat@s added 1022 Smestitute Sheet-

24 Februakump988 Ocdmpaeiitibn% t - bonktpesoidroat e and bk 39 weifght * t-butyl
8 A (Example 1) 2 plies 2116 woven 3.28%9 0.0017
glass with 15 mil
veil glass core

9 B (Example 2} 2 plies 2116 woven 3.235 0.0018
glass with 15 mil
veil glass core

10 C (Example 3) 4 plies 7624 woven
glass

11 = A (Example 1) 4 plies 7624 woven
glass

12 A (Example 1) 3 plies 7624 woven
glass

13 B (Example 2) 3 plies 7624 woven
glass

14 B (Example 2} 2 plies 7624 woven

glass with 15 mil
veil glass core

15 A (Example 1) 2. plies 7624 woven
"glass with 15 mil
veil glass core



peroxy benzoate were added and the conposition was mixed for about 5

m nutes. The prepared conposition was ready for us. COVPARATI VE EXAVPLES 4
- 7. Exanpl e 4 Approximately 90.18 weight % of a first vinyl ester resin,
"VE 12-70" (Al pha/ Oaens Corning) and al@ut 9.02 wei ght % di bronostyrene

(G eoat Lakes Chemicals) were charged into a m xing vessel and mxed with a
Cowel s bl ade on an air notor at noderate (about 1,000 rpm speed for five
m nutes. The speed of the air notor mas reduced to operate at a | ower

speed (about 400 rpm é 22 melq Hardi cunyl peroxi gegyd. 36 wei ght %
t-butyl perosinesd e e ,Melghtc ﬁﬁbnperoxy bgwzoat epger e added
and the comgosition yesampreed)f op 1msnunas wAvennposi29en oeaads f or use

was produced. Exanple 5 Approximately 76.31 weight %of a first vinyl ester

resin, "VE 12-70" (Al pha/ Onens Coghiss))widhd 1abBat 22. 89
veil glass core

9 B (Example 2) 2 plies 2116 woven 3.256 0.0034
glass with 15 mil
veil glass core

10 C (Example 3) 4 plies 7624 woven
glass

11 A (Example 1) 4 plies 7624 woven
glass

12 A (Example 1) 3 plies 7624 woven
glass

13 B (Example 2) 3 plies 7624 woven
glass

14 B (Example 2) 2 plies 7624 woven

glass with 15 mil
veil glass core

15 A (Example 1) 2 plies 7624 woven
glass with 15 mil
veil glass core



wei ght % di bronpaostyrene (Great Lakes Chem cals) were charged into a
m xi ng vessel and m xed with a Cowels blade on an air 21. speed for five
m-nutes. Then the speed of the air notor was reduced to operate at a | ow
speed (approximately 400 rpn) and 0.25 3@&i ght % of di cunyl peroxide; 0.4
wei ght % t-butyl peroctoate and 0.25 weight %t-butyl peroxy benzoate were
added and the conposition was m xed for about 5 mnutes. A conposition
ready for use was obtained. Exanple 3 Approxi mately 26.45 weight % of a
first vinyl ester resi L VE 12-70" ( ha/ ns Corni gq) ~angd_about 8. 82
wei ght % p§ . lélgsaé&gg Zﬁﬂgg{ yeste{._.of\I lﬁt-@,& 62." (gﬁbﬁa fans Cor ni ng)
were chargedg i Nt O aa Ny ¥kawp MEISET 2ap8 en 3.222 0.0056

glass with 15 mil

veil glass core

9 B (Example 2} 2 plies 2116 woven 3.201 0.00s58
glass with 15 mil
veil glass core

10 C (Example 3) 4 plies 7624 woven
glass

11 A (Example 1) 4 plies 7624 woven
glass

12 A (Example 1) 3 plies 7624 woven
) glass

13 B (Example 2) 3 plies 7624 woven
glass

14 B (Example 2) 2 plies 7624 woven

glass with 15 mil
veill glass core

15 A (Example 1) 2 plies 7624 woven

glass with 15 mil
veil glass core

Although the invention has been described in conjunction’
with specific embodiments, it'is evident that many -
alternatives and variations will be apparent to those skilled
in the art in light of the foregoing description.

Accordingly, the invegtion is intended to embrace all of £he

alternatives and variations that fall within the spirit and

scope of the appended claims.



- vod

wei ght % of nononmer nethyl methacryl ate was added al'ong with about 2.62
wei ght % "EPON 828" epoxy (Shell Chem cal Co.); about 0.05 weight % "EM
24" (2, 4-ethyl -methyl imdazole); about 4.42 weight * nethacrylic acid
mononer; and about 39.95 wei ght % di br o3dstyrene (G eat Lakes Chenicals) as
a fire retardant. The ingredients were mxed with a Cowels blade on an air -
nmot or at KWBdELadB:(=1, 000 rpm) speed for five mnutes. Wth the m xer
operating at high speed, (approximately 2,000 rpm, about 15.44 wei ght
percent cal cined kaolin ("TRANSLINK- 37" Engl ehard) was added and sheared

for 10 m aut esa ThEetRe8Eteind NeBin cBRPOELME I @dﬂ\gﬂsti@;gqpera_te at a | ow
speed (approximately 400 rpm and 0. 36 wei ght % of di cunyl per oxi de;

about 36.18 wei(ght & dlirstyvimel rstereresién syhdiesdlzedg fwoh about 2. 65
wei ght %S‘Egggggggrllcegggg;o?ngis%h%}mo\i\e;\?héi:ghenol A and glacial
methacrylic acid, in about 1% to about 95% by weight of the
total composition; and
(b) a resin selected from the group consisting of (1) a
second different vinyl ester synthesized from diglycidyl
ether of bisphenol A with glacial methacrylic acid, and (2)
an unsaturated polyester, in about 1% to about 69% by weight

of the total composition.

2. The composition according to claim 1 further comprising
a catalyst in about 0.1% to about 2% by weight of the total

composition.

3. The composition according to claim 2 wherein the
catalyst is selected from the group consisting of t-butyl
peroctoate, t-butyl peroxy benzoate, dicumyl peroxidé,
benzoyl peroxide, cummene hydrogen peroxide, t-butyl

perbenzoate, t-butyl peroxi'de and combinations thereof.
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di vi nyl benzene.
air notor at node
speed,
kaol i n (" TWSLI NK-
speed of the air
400 rpm é&nd OTRE

peroctoate and 0. 22 wei

conposi t i GRS i KLBPF bFeS oty L PRIRELIR ddnf

obtained.OEXQQQIﬁ
| am nates Tromt
el ectri cal

further i8di cartked

catalyst

weight o

6. The
éatalyst
of the t
7. The
a haloge
70% by w
8. The
function
of the t
9. The
function

of the t

UL

(approximately 2,000 rpn,

©J .
The ingredients were nixed with a Cowel 3 bl ade on an
rnte (=1,000 rpn) speed. Wth the m xer operating at high
about 13.36 wei ght percent cal ci ned
37" ngl ehard) was adde¥Band sheared for 10 minutes. The
notor was reduced to operatc at a | ow speed (approxi mately
eengbsitiaf aticoudyhpeta)dldem G. 8Beneighthes t - but yl

ght % t-butyl peroxy baqnzoate r ded and th
ggFFrgnE?ggﬁyw?féh%seemas

gtgltgoﬂé?;}ggéggneral met hod of preparing el ectrical
e resin conpositions in as follows. The specific

| am nat es enbodied in Exanples 8 to 15 were nade fromthe resin
conposi ti ons of Exanples |

to 3 and were prepared as indicated bel ow and as
compd€Btion according to claim 3 wherein the

comprises t-butyl peroxy benzoate in about 0.25% by

f the total composition.

composition according to claim 3 wherein the
comprises dicumyl peroxide in about 0.25% by weight

otal composition.

composition according to claim 1 further comprising
nated vinyl functional monomer in about 10% to about

eight of the total composition.

composition of claim 7 wherein the halogenated vinyl
al monomer comprises about 20% to about 60% by weight

otal composition.

composition of claim 7 wherein the halogenated vinyl
al monomer comprises about 30% to about 50% by weight

otal composition.
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2 which follows below 1) A layer of carrier film such as pol yet hyl ene
terephthal ate of 0.0036cm (1.42 mlls) thick, was placed on a 0.635cm
(I14th inch) thick glass plate of O 381 by 0.381m (1.25 by 1.25 ft). The

di mensi ons of REPLACEMENT SHEET 24 FEB38999 Substitute Sheet- 24
February 1999 25 the filmwere | arge enough to protrude around the edges of
the gl ass1ptatBhe2FompashtbopRf elpin(drengrRin $§aabajograted, varb2e

kg/ 1 : . _foot i ght ' : t t
slde t1p siicheophlr nefopefid slediealhrot s oxBlp WBRaBLRERG bE7R RN
accor di ngyt 8, LRERLESRAL LPYEUHRRyrbAS e igiidneBhenkAgygopper foil by

acrylate.

11. The composition according to claim 1 further comprising
glacial methacrylic acid in about 0.1% to about 6% by weight

of the total composition.

12. The composition according to claim 11 wherein the
glacial methacrylic acid is from about 0.5% to about 5% by

weight of the total composition.

13. The composition according to claim 11 wherein the
glacial methacrylic acid is from about 1% to about 4% by

weight of the total composition.

14. The composition of claim 1 further comprising divinyl
benzene in about 0.1% to about 10% by weight of the total

composition.

15. The composition of claim 14 wherein the divinyl benzene
is from about 0.5% to about 5% by weight of the total

composition.
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using a wire-wound rod designed to provide a coating of the target

t hi ckness of the |am nate. Wre-wound rods are well known through the
coat.i ngs i ndustry. 4) A layer of glass cloth, woven or nonwoven, was
laid onto the resin filmand allowed to 4Qturate for approximately 2
mnutes. |f a pbural Thy edmpeyrtionverecused, 18 Whdrajier sheetgévihgtedennkne
the resin filmapproximately 2 mnutes apart to allow the resin mxture to
saturate the g¥§s£¥°%)ab°¢h Hediq iabert fayey wiigddppér thei Fotat the sane
size and wei ght an %} .was placed treatnment side down on the |am nate so as
to align the edg®RO% ¥+ R he first sheet of copper foil. 6)  Another |ayer
of carrier film of the sane size and dinensions as 1), was placed on top
of the copper foil. 7) Two 1.27 cm ([err] inch) wide by 30.5 cm (12

i nches) long sy THe téempds Deon ¥ Bah emthifikdes Wonpr Pk aAgdaadi ORPESi Ny
sides of the lamnate, on top of the carrier film but still on the gl ass
pl at e. selected from the group consisting of moisture scavengers,
molecular sieves, organic fillers, inorganic fillers, oxides
effecting dielectric constant or dissipation factor,
polyethylene fillers, rheology modification fillers, surface
active agents, monomers whigh modify viscosity and
performance, colorants, fluorescent dyes, U.V. blockers,

. wetting agents, air release agents, defoamers, adhesion
promoters, flame retardant synergists, styrene, vinyl
toluene, t-butyl-styrene, paramethyl styrene, diallyl
phthalate, 2,4,ethyl-methylimidazole, 3-ethyl-2-methyl-2-(3-

methylbutyl)-1,3-oxazolidine and combinations thereof.

is. The composition of claim 17 wherein the oxide effecting
.dielectric constant or dissipation factor comprises titanium

dioxide.

19. The composition of claim 17 wherein the oxide effecting
dielectric constant or dissipation factor comprises expanded

polyethylene compounds.
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REPLACEMENT SHEET 24 FEB 1999 Substitute Sheet- 24 February 1999 -26- 8)
Arod of 1.27m ([err] incb) thick steel was placed on the shins at one edgc
of the lam nate and gently pulled to fte opposi ng edge while being forced
by band to ride on the shins. As the roflnoved across the | am nate, excess
resin conposition was allowed to drain out of the |ampate. 5 . 9)

Anot her pl2fe ofThst Remrgsigdonyvaf cthail den¥hereinstng £ HhsehIEF on top of
the | am nate.. 10 The | am.nat e, wa I in a forced air convection oven
at 150[ er IH]O%JT%T sor{eh%"gluorqy 17) calﬁ"ﬁ%‘ é‘%%gg &, still between the gl ass

pl ates, was renoved fromthe oven 10 and allowed to cool to roomtenperat.
At this time, the two glass plates and two | ayers

21. The composition of claim 17 wherein the monomer which
modifies viscosity and performance comprises methyl

methacrylate.

22. A flame retardant thermosetting resin composition,
comprising:

(a) a vinyl ester resin, synthesized from diglycidyl
ether of bisphenol A, bisphenol A and glacial methacrylic
acid, in about 1% to about 95% by weight of the total
composition;

(b} a resin selected from the group consisting of (1) a
different vinyl ester synthesized from.diglycidyl ether of
bisphenol A with glacial methacrylic acid, and (2) an
unsaturated polyester, in about 1% to about 69% by weight of
the total composition; '

(c) a halogenated vinyl functional monomer, in about
10% to about 70% by weight of the total composition; and

(d) - a catalyst in about 0.1% to about 2% by weight of

the total composition. -
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of carrier filmwere renoved. TABLE 2 indicates the particular |amnate
construction and resin conpositions used in Exanples 8 to 15. The resins A,
B and C correspond to those of Exanples 1, 2 15 and 3 respectively. The
test method used to deternine the el ctrfAal properties above 1MHz was a 70

ohm transni ssi o |inghd estndBl HOn aEcb?dWth)gQ:lialﬁozf‘SFMgu§§8o 90 from
the Anerican Society for Testing Materials,” Philadel phia, PA 20

REPLACEMENT SHimp2is Hid3 4 P&9al me2hadAPlic laddaopar abest 06 . Neato about 6%
(unreinforced) Conposition *Electrical Properties @1 MLZ
by weight of the total composition.

24. The composition of claim 23 further comprising divinyl

benzene in about 0.1% to about 10% of the total weight of the

composition.

25, The composition of claim 24 further comprising
additives selected from the group consisting of moisture
scavengers, molecular sieves, organic fillers, inorganic
fillers, oxides effecting dielectric constant or dissipation
factor, polyethylene fillers, rheology modification fillers,
surface active agents, monomers which modify viscosity and
performance, colorants, fluorescent dyes, U.V. blockers,
wetting agents, air release agents, defoamers, adhesion
promoters, epoxies, flame retardant synergists, styrene,
vinyl toluene, t-butyl-styrene, paramethyl styrene, diall?l
phthalate, 2,4,ethyl-methylimidazole, 3-ethyl-2-methyl-2-(3-
methylbutyl)-1,3~-oxazolidine, methyl methacrylate, and

combinations thereof.

26. The composition of claim 25 wherein the filler which

modifies rheology is calcined kaolin.
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Dielectric Di ssipation'Exaane Sanmpl e Const ant

Factor | A 2.93 0.010 2
B . 3. 06 0.010 3 C 3.18
0.011 4 D 2397 0.014 5
E 2.99 0.012 6 F . 2.95
0.009 7 =27. The comgosition of claim 257gherein the (u@oMey gfekch es of

0,
igff)eg gﬁs RS} Qf Q%C%%s'a%@ft‘%t gng,a%esrformance %o%prlEé(esnpnlleet yi]'SI'SStZ
Pass ethicévlate. 155 3 Pass 7.5 145 *
ElectrlcaF Progeytﬁeg via IPC test nmethod 2.5.5.4, "Dielectric Constant and

Di ssi pation Factor of Printing
28. The composition according to claim 22 wherein the
catalyst is selected from the group consisting of t-butyl
peroctcate, t-butyl peroxy benzoate, dicumyl peroxide,
benzoirl peroxide, cummene hydrogen peroxide, t-butyl

perbenzoate, t-butyl perogide and combinations thereof.

29. The composition according to claim 25 wherein the
catalyst is selected from the group consisting of t-butyl
peroctcate, t-butyl peroxy benzoate, dicumyl peroxide,
benzoyl peroxide, cummene hydrogen peroxide, t-butyl

perbenzoate, t-butyl peroxide and combinations thereof.

30. The composition of claim 1 wherein the unsaturated
polyester is synthesized from a mixture comprising an

anhydride, glycols and an organic acid.

31. The composition of claim 22 wherein the unsaturated
polyester is synthesized from a mixture comprising an

anhydride, glycols and an organic acid.
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Wring Board Materials: Mcroneter Method" Flame Test, according to U. L.
Test 94V0. Copper Foil Adhesion to 0.0026kg/nferr] (1 oz. per sq. foot)
copper foil according to | PC Test Method | PC-TM 650. Tg = d ass Transition
measur ed by Dynani ¢ Mechani cal Anal yzer44Perkin El mer DVATZE). GI ass

transition values are in deqrees Cel sjius. REPLACEMENT SHEET
Subst i t ut €%heett ?f%ﬁ%&?“l@@@%@%w%ﬁﬁlﬁ%éﬂ&ﬂ@% efq cal

o oper ] epdlyddss I RAERT,LATHIA 65 nilik6lle ALl g, Slifled O added

Wth 1/ 20zZ/ square foot Copper . I'am nat es cm (0.030")
thi ck wit hoitfyaaaRRsT Rlvasddisngnd EhgCdrdaidlc acid.

33. The composition of claim 32 wherein the unsaturated
polyester is synthesized from a mixture further comprising

polyalkylene terephthalate.

34, The composition of claim 1 wherein the first wvinyl
ester is about 10% to about 75% by weight of the total

composition.

35. The composition of claim 1 wherein the first vinyl
ester is about 15% to about 60% by weight of the total

composition.

3s6. The composition of claim 1 wherein the first vinyl
ester is about 20% to about 40% by weight of the total

composition.

37. The composition of claim 1 wherein the second vinyl
ester is about 5% to about 50% by weight of the total

composition.
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properties of the glass reinforced | aninates are determined via a
"Mcrostripline" Method. NOTE: Dk = Dielectric Constant Df = Dissipation

Factor Resin Lam nate 0.5 GHz Exanpl es Conposition
Construction Dk Df 8 AS(Exanple 1) 2 plies 2116 woven
3.233 0.0022 glass with 15 m | veil glass core 9 B (Exanple 2) 2
plies 2116swovethe3cdmpost D025 HIASRImWLL Bhdbe 1 |theeide@nas siegne 10 C
(Exanmple 3) 4 plies 7624 woven 2.977 0.0064 glass 11 A (Exanpl e 1)
4 plies 7esteworenablud3lt Bo GUBRty3Q%sby2weight) qiEthepitet®l 3 plies 7624
woven 2.941 0.0085 glass 13 B (Exanple 2) 3 plies 7624 woven 3.066

0. 0057 composition.

39. The composition of claim 1 wherein the second vinyl
ester is about 10% to about 20% by weight of the total

composition.

40. A method of using the compositions of claim 1 for
producing electrical insulators, electrical laminates,
electrically insulating encapsulants and electrically

insulating adhesives.

41. A method of using the compositions of claim 22 for
producing electrical insulators, electrical laminates,
electrically insulating encapsulants and electrically

insulating adhesives.

42. A method of producing an electrical laminate comprising
the steps of:

(1) imp:egnating at least one substrate with a
thermosetting resin composition coﬁprising a mixture of: (a)
a first vinyl ester resin, synthesized from diglycidyl ether
of bisphenol A, bisphénol A and glacial methacrylic acid, in

about 1% to about 95% by weight of the total composition:

e o

This Sheet Has Been Replaced
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o] aé_s 14 B (Example 2) 2 plies 7624 woven 3.231 0.0022 glass with
15 ml veil glass core 15 A (Exanple 1) 2 plies 7624 woven 3. 167
0. 0057 glass with 15-m | veil glass core REPLACEMENT SHEET 27 TABLE 1

Properties of Neat (unreinforced) Conpod®ion *Electrical Properties @1
MHZ Diel ectri P) 2 pesdipfigiGetedafpPR the groupapnfisting °fopé3nsﬁ ant

Factor second different vinyl ester synthesized from diglycidyl
ether of bisphenol A with glacial methacrylic acid, and (2)
an unsaturated polyes£er, in about 1% to about 69%'by weight
of the total composition; and (c) catalysts which induce free
radical cure, polymerization, or UV initiation, in about 0.1
% to about 2% by weight of the total composition; and

(2) curing the resin impregnated substrate to produce an

electrical laminate.

43, The method of claim 42.wherein the curing mecharnism is
selected from the group consisting of heating without
pressure, heating with pressure, electron beam processing,
and ultra-violet light processing in conjunction with U.V.

initiators.

44. The method of claim 42 wherein the substrates are
materials selected from the group consisting of organic or
inoéganic fillers, woven fiberglass, glass paper, g}ass
cloth, glass mat, polyimide paper, woven polymeric fibers and
non-woven polymer fiber reinforcements.

45. The method of claim 42 further comprising cladding an
electrically conductive layer on at least one side of the

impregnated substrate before curing.

I
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1 A 2.93 0.010 2 B

3.06 0.010 3 C 3.18 0.011 4
D = 2. 97 0.014 5 E 2.99
0.012 6 F 2. 947 0.009 7 G
2.73 0. 007 Properties of 30% 3 ass Reinforced Lam nate Fl ane

Foi | Exanpl é6- Te§he method Aﬁh@sﬁ’éh 42 furtq@r comprisingpgdadding an 6 8

145 * £l oot AESTERFAIAM FOMYFELYDANET TRethkeasts 90 P108, B 5PP ¢

Const ant anq_ RO uEReE ke e BhE§gW ring Board Materi al s:
M cronet er hod" Fl ame Test according to U L. Test 94\V0 _
47. The method of claim 45 wherein the electrically

conductive layer is a metal selected from the group of

aluminum, silver, gold, brass and copper.

48. The method of claim 46 wherein the electrically
conductive layer is a metal selected from the group

consisting of aluminum, silver, gold, brass and copper.

49. The method of claim 42 wherein the impregnating step
involves more than one substrate and the method further

comprises laminating the substrates before the curing step.

50. The method of claim 49 wherein the curing mechanism is
selected from the group consisting of heating without .
pressure, heating with pressure, electron beam processing,
and ultra-violet light processing in conjunction with U.V.
initiators. |

51. The method of claim 49 wherein the substrates are
materials selected ‘from the group consisting of organic or

inorganic fillers, woven fiberglass, glass paper, glass

I L
]
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Copper Foil Adhesion to 1 oz. per sq. foot copper foil according to | PC
Test Method | PC-TM 650 Tg = d ass Transition neasured by Dynam ¢ Mechani cal
Anal.yzer (Perkin Elnmer DVA7E). dass transition values are in degrees

Cel si us. 28 TABLE 2 Hi gh Frequency El4&trical Properties of d ass

Rei nforced Lam nates Which Are Doubl e Sided C added Wth 1/20z/square foot
of Copper.clbeh| aglassenatpaselyEinlde3papét) Govent BelimeoppeE ibbagddang.
Electrical properties of the glass rei nforced | am nat es are determ ned via
a "M crost rPRtVaEen\pehgter NGHRr rpinforyeneandsric Oonstant Df =

Di ssi pati on Fact or

52. The method of claim 49 further comprising cladding an
electrically conductive layer on at least one side of the

impregnated substrate before curing.

53. The method of claim 42 further comprising cladding an
electrically conductive layer on at least one side of the

impregnated substrate after curing.

54. The method of claim 52 wherein the electrically
conductive layer is a metal selected from the group of

aluminum, silver, gold, brass and copper.

55. The method of claim 53 wherein the electrically
conductive layer is a metal selected from the group

consisting of aluminum, silver, gold, brass and copper.

56. An electricai laminate obtained by impregnating at
least one substrate with a thermosetting resin composition
comprising: (a) a first vinyl ester resin, synthesized from
diglycidyl ether of bisphenol A, bisphenol A and glacial
methacrylic acid, in.about 1% to about 95% by weight of the

total composition; (b) a resin selected from the group

[0 llll\\ III|\ l\l\l \l IlI\
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Resi n

Construction

Lam nat e 0.5 GHz Exanpl es Conposition

3.233 0.0022 glass with 15 m | veil glass core 9 B (Exanpl e 2)
plies 2116 woven 3.134 0.0028 glass wi4% 15 nmi| veil glass core 10
(Exanple 3) 4 plies 7624 woven 2.977 0.0064 glass 11 A (Exanmple 1)

4 plies 762bnsdweing3.d¥3k1)0a086coH aiTreéZent vinyPeugdre shnthdspkias 26(2)26

woven

2.941 0. 0085 glass 13 B (Exanple 2) 3 plies 7624 woven

0. 0057 gl af¥om diglygidmlassher 9f pisphiengl 78 241 fibvaipcizn 12 pethgcepc

acid, and (2) an unsaturated polyester, in about 1% to about
69% by weight of the total composition; and (c) catalysts
which induce free radical cure, polymerization, or UV
initiation, in about 0.1 % to about 2% by weight of the total
composition; and

(2) curing the resin impréénated substrate to produce an

electrical laminate.

57. The laminate of claim 56 wherein the composition resin

further comprises a halogenated vinyl functional monomer.

58. The laminate of claim 57 wherein the composition

further comprises glacial methacrylic acid.

59. The laminate of claim 58 wherein the composition

further comprises divinyl benzene.

56. The laminate of claim 59 wherein the composition
further comprises additional components selected from the
group consisting of mo%sture scavengers, molecular sieves,
organic fillers, inorganic fillers, monomers to increase or
decrease the dielectfic constant, mcnomer to reduce the

dissipation factor, polyethylene fillers, monomers to modify

Dk Df 8 A (Exanple 1) 2 plies 2116 woven

2

C

I
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glass with 15 m| veil glass core 15 A (Example 1) 2 plies 7624 woven
3.167 0.0057 glass with 15-m | veil glass core This Sheet Has Been Re

| aced 29 Resin Lam nat e 0.85 GHz Exanpl es
Conposi ti on Construction 50err] 8 . A (Exanple 1) 2 plies
2116 woven 3.237 0.0033 glass with 15 m| veil glass core 9 B

(Exanpl e Zhecdqgy o SULIERSa\GFEEA Ve 32O S ) 10DIBegBate RPRhLY5vasFosity

and performance, colorants, fluorescent dye, U.V. blockers,
wetting agents, air release agents, defoaming agents, flane
retardant synergists, adhesion promoters, epoxies, styrene,
vinyl toluene, t-butyl styrene, paramethyl styrene, diallyl
phthalate, and 2,4,ethyl-methyl imidazole, 3-ethyl-2-methyl-
2-3(3-methylbutyl)-1,3-oxazolidine, methyl methacrylate and

combinations thereof.

61. The laminate of claim 60 wherein the substrates are
materials selected from the group consisting of organic or
inorganic fillers, woven fiberglass, glass paper, glass
cloth, glass mat, polyimide paper, woveﬁ polymeric fibers and

non-woven polymer fiber reinforcements.

62. The laminate of claim 61 further comprising an
electrically conductive layer clad on at least one side of

the cured impregnated substrate.

63. The laminate of claim 62 wherein the electrically
conductive layer is a metal selected from the group of

aluminum, silver, gold, brass and copper-

‘) O
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veit glass core 10 C (Exanple 3) 4 plies 7624 woven 2.993 0. 0061

glass 11 A (Exanple 1) 4 plies 7624 woven 2.967 0.0064 glass 12

A{(Example 1) 3 plies 7624 woven 3.008 0.0098 glass 13 B (Exanpl e 2)
3 plies 7624 woven 3.065 0.0078 gl asss14 B (Exanple 2) 2 plies 7624
woven 3.234 0.0038 glass with 15 m| veil glass core 15 A (Exanple 1)

2 plies 76 wovithre Banikte) off069aih c&ls whierk iiSmorée wiwan ghass core

substrate is impregnated with the thermosetting resin and are

laminated together before the curing step.

65 The laminate of claim 64 having an electrical
conductive layer clad on at least one side of the laminated

cured substrates.

66. The laminate of claim 65 wherein the electrical
conductive layer is a metal selected from the group of

aluminum, silver, gold, brass and copper.

67. An electrical laminate, comprising: at least one
reinforcement substrate and a crossed linked, thin wall
thermosetting resin composition comprising a mixture of (a) a
first vinyl ester resin, synthesi:'éed from diglycidyl ether of
bisphenol A, bisphenol A and glacial methacrylic acid, in .
about 1% to apout 95% by weight of the total composition; (b')_
a resin selected from the group consisting of (1) a second
different vinyl ester synthesized from diglycidyl ether of
bisphenol A with glacial methacrylic acid, and (2) an
unsaturated polyester, _in about 1% to about 69% by weight of
the total composition; and (¢) catalysts which induce free
radical cure, polymerization, or UV initiation, in about 0.1

% to about 2% by weight of the total composition.
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30 Resin Lam nate 1.0 GHz Exanpl és Conposition

Construction Dk Df 8 A (Exanple 1) 2 plies 2116 woven
3.204 0.0056 glass with 15 m | veil glass core 9 B (Exanmple 2) 2
plies 2116 woven 3.048 0.0121 glass ws2h 15 ml veil glass core 10 C
(Exanpl e %) 4 plies 7624 woven 2.968 0.155 glass 11 A (Exanple 1) 4
plies 762£8wvefhe 1508 nake0297c 4 a5 571 ZurtheA & fhal)an 3 Plies 7624
ass 13 B (Exanple 2) 3 plies 7624 woven 3.048

woven 2. 01 | .

0. 0122 %@%ctg‘lcaa%.yg conductive cladding on at least one side.
69. A multilayer electrical laminate comprising a
combination of single sided and double sided laminates

according to the laminate of claim 68.

70. The laminate of claim 68 wherein the thickness range is

from about 0.003 to about 0.120 inches thick.
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gl a8s 14

B (Exanpl e f)-

2 plies 7624 woven
A (Exanple 1)

2 plies 7624 woven

3.196 0.0068 glass with 15

3.156 0.0085

m|l| veil glass core 15
glass with 15 m| veil glass core 31 Resin Lam nat e
2.5 GHz Exanpl es Conposition Construction Dk Df 8
A (Exanple 1) 2 plies 2116 woven 3.213 0.0062 glass with 15 m | vei
gl ass core 9 B (Exanple 2) 2 plies 2116 woven 3.113 0.0112
1/1
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glass with 15 m | veil glass core 10 C (Exanple 3) 4 plies-7624 woven

3.034 0.016 glass 11 A (Exanple 1) 4 plies 7624 woven 3.034 0.0182
gl ass 12 A (Exanple 1) 3 plies 7624 woven 2.981 0.0162 glass 13
B (Exanple 2) 3 plies 7624 woven 2.957 0.0127 glass 14 B (Exanpl e 2)

2 plies 7624 woven 3.163 0.0062 glass with 15 m| veil glass core 15
A (Exanple 1) 2 plies 7624 woven 2.987 0.0097 glass with 15 m| vei

gl ass core

~ ABSTRACT

TITLE OF INVENTION: THERMOSETTING RESIN COMPOSITIONS, ELECTRICAL
LAMINATES OBTAINED THEREFROM AND PROCESS

OF PRODUCING THESE

The present invention relates to thermosetting resin
compositions with excellent electrical properties comprising
(a) a first vinyl ester resin synthesized from diglycidyl
ether of bisphenol A, bisphenol A and glacial methacrylic
acid, in about 1% to about 95% by weight of the total
composition; (b) a resin selected from the group consisting
of (1) a second different vinyl ester synthesized from
diglycidyl ether of bisphenol A with glacial methacrylic
acid, and (2) an unsaturated polyester, in about 1% to about
69% by weight of the total composition; and electrical
laminates made therefrom which further comprise a cataiyst in
about 0.1% to about 2% by weight of the total composition and
which may or may not be clad with an electrical conductive

layer on at least one side; and method of producing these.



35 Résin 5 3.0 GHz Exanpl es G{boﬂo?atsonz- '
ins : it

Const ruction IR%WNTD?H%ET A (Exanple 1) 2 plc?;é'er;cp Cw@\kglﬁ

37231 0.0105 glags with 15 m | veil} glass core 9 B (Example 2

plies 2116 woven |[3.]2024 PERHO gI ags with 15 ml veil glass core

(Exanpl e 3) 4 pliled 7624 woven $.022 0.027Sybslityte$heet — R%@ta%nyeﬁﬂg 4

plies 7624 woven {3.032—0702a7gtasg 12 A (Exanple 1) 3 plies 7624
woven 3.081 0.0311 glass

-3.

thermosetting resins can be utilized in many applications such as in the rapidly growing
wireless communication market, in high speed computers, in high definition telcvisions,
and in various other electrical and related application.

SUMMARY OF THE INVENTION

Advantageously, the present invention provides a thermosetting resin composition
which can be made flame retardant and which can be utilised in existing cost effective
technologies to manufacture electrical laminates therefrom. Additionally, the present
invention resin compositions may advantageously have utility as, for example, electrical
insulators, encapsulants, insulating adhesives and in various other electrical and related
applications gencrally known to those skilled in this art.

According to a first aspect of the present invention there is provided a

thermosetting resin composition comprising:
(@ 1% to 95% by weight, based on the total weight of the composition, of &
| first vinyl ester resin obtainable from diglycidyl etber of bisphenol A, bisphenol A and
N methacrylic acid;
M) 1% to 69% by weight, based on the total weight of the composition, of a
resin selected from (1) a second viny! ester obtainable from diglycidyl ether of bisphenol
A with methacrylic acid, which second vinyl ester is different from component (a), and
(2) an unsaturated polyester; and

() 10% to 70% by weight. based on the total weight of the composition. of
a halogenated viny] functional monomer.



13
(Exanpl e 2)
c6re 15
ml veil
Exanpl es
(Exanple 1)
gl ass core

B ( Exanpl e §—3—pties
2 pli SRERLABEMEN

gl ass cor

A (Exagpre TI)- 2 plies] 7624 woven
st Lanj nat .0
Conposi ti OX 24 g?r?st ugtion nJSuéstﬁp}g;Sheet-rﬁMEeiruaryA 99

7?1% ven 3.065 0.0216 glass 14 B
®PAEB! 2p7 0. 011 glass with 15 m| veil gl ass
3.013 0.0180 glass with 15

o

. P45 0.0011 glass with 15 m| veil
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2 plidgs

The composition resins may also further contain monomers which would, for
example, aid in the adhesion of a metal foil to the laminate; increase crosslink density and
thermal performance; provide fire retardation, ctc. Catalysts which, for example, induce
free-radical cure may also be added. Other components may include moisture scavengers,
compounds which increase or reduce the dielectric constant, and/or reduce the dissipation
factor, polyethylene fillers, other fillers, organic or inorganic, which modify rheology,
surface agents, viscosity and performance modifiers, wetting agents, air release agents,
defoaming agents, flame retardant synergists, adhesion promoters, and other additional
monomers and conventional additives known in the art.

Accordingly the present invention alsé provides a flame retardant thermosetting
resin composition, comprising the thermosctting resin compogition according to the first
aspect of the invention, and (d) 0.1% to 2% by welght based on the total weight of the -
composition of a catalyst.

The present invention further advantageously provides electrical laminates, and
methods for producing these laminates containing the composition resins of the present
invention, which have excelient electrical properties and which may be flame retardant or

heat resistant.

According to a second aspect of the present invention, there is provided a method
of producing an electrical laminate comprising the steps of:

(1)  impregnating or coating at least one substrate with a thermosetting resin
composition comprising a mixture of:

(a) 1% to 95% by weight, based on the total weight of the composition, of 2
first vinyl ester resin obtainable from diglycidy! ether of bisphenol A, bisphenol A and
methacrylic acid;

® 1% to 69% by weight, based on the total weight of the composition, of a



9 * B i(Exanple 2 2 plies 2116 woven 3.200 0.0011 glass with 15 m|

veil glass core 10 BEF&; lsqy 4 plies 7624 woven gl ass 11 A
(Exanmple 1) 4 plie Acﬁfmﬂﬂjﬁﬂ ass| 12 A (Exanple 1) 3 plies 7624

| 13 p lies 762
poven 3855 1’39§I &S with 1554Psttta gl‘&?ﬁsﬁ&ﬁtﬁ”ﬁ@ 1999 A

(Exanple 2) 2 plie
(Exanple 1) 2 plie 7625 woven gliasis with 15 m 1| veil glass core

v ) Vo
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resin selected from (1) a sccond vinyl ester obtainable from diglycidyl ether of bisphenol
A with methacrylic acid, which second vinyl ester is different from component {a), and
(2) an unsaturated polyester;

{¢) 10% to 70% by weight, based on the total weight of the composition, of
a halogenated vinyl functiona! monomer, and

@ 0.1% t0 2% by weight, based on the total weight of the composition of 2
catalyst which induces free radical cure, polymerisation or U, V. initiation; and

et curing the resin impregnated or coated substrate to produce an electrical laminatc.

According to a third aspect of the prescnt invention there is provided an electrical
laminate obtained by impregnating or coating at least one substrate with a thermosctting
resin composition comprising a mixture of:

(n) 1% to 95% by weight, based on the tota! weight of the composition, of a
first vinyl ester resin obtainable from diglycidyl ether of bisphenol A, bisphenol A and
methacrylic acid;

) 1% t069% by weight, based on the total weight of the cotnposition, of a
resin selected from (1) a second vinyl ester obtainable from diglycidyl ether of bisphenol

\or A with methacrylic acid, which sccond vinyl ester is different from component (a), and
(2) an unsaturated polyester;

) 10% to 70% by weight, based on the total weight of the composition, of

a halogenated viny! functional monomer, and
5 (d) 0.1% t02% by weight, based on the total weight of the composition of a
catalyst which induces free radical cure, polymerisation or U.V, initiation; and

(2) curing the resin impregnated or coated substrate to produce an electrical
laminate,

10



34 Resin
Construction

aninate 10. 0 Gz Exanples Conposition
F@PLACEMEW SﬂE[T A (Exanple 1) 2 plies 2116 woven

37289 0.0017 gl ass —d-b--p-+—vetyl |gl ass core 9 B (Exanmple 2) 2

plies 2116 woven

(Exanmpl e 3)

woven gl ass 12

(‘,
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20
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4 plie

pVJUu

Example 1) plies 51:324 woven

According to a further aspect of the present invention there is provided an
electrical laminate comprising: at least one substrate and a cross linked, thermosctting
resin composition comprising a mixture of:

(a) 1% to 95% by weight, based on the total weight of the composition, of a
first vinyl ester resin, obtainable from diglycidy! ether of bisphenol A, bisphenol A and
methacrylic acid:

®) 1% to 69% by weight, based on the total weight of the composition, of 2
resin selected from (1) a sccond vinyl ester obtainable from diglycidyl ether of bisphenol
A with methacrylic acid, which second vinyl ester is different from component (#), and
(2) an unsaturated polyester;

(©) 10% to 70% by weight, hased on the ttal weight of the composition, of
a halogenated vinyl functional monomer, and

(d 0.1% to 2% by weight, bascd on the totl weight of the composition of a
catalyst which induces free radical cure, polymerisation or U.V. initiation,

The thermosetting resin composition may also further contain the above mentioned
added components and may be cured by electron beam processing, radiation, heat with or
without pressure, ulira violet light processing, and other conventional curing methods in
conjunction with the appropriate initiators. The clectrical laminates may further comprise
an electrical conductive cladding on at Icast onc side.

Preferably, the Iaminates have a thickness of from about 0.00762cm (0.003 inches)
to about 0.305¢m (0.120 inches) thick which may or may not be clad with an electrical
conducting material on one or both sides.

C



glass 13
2 plies 762
2. plies 762

B (Exghsple—2)—3-plies 7624 woven gl ass 14 B (Exanpl e 2)

4 woven gIRﬁBBAGﬁMEINTlQ—ing veil glass core 15 A (Exanple 1)
4 woven fglfass—wrtir—t5—m | veiI gl ass core - 37- THE CLAMS

DEFI NI NG THE | NVENTI ¢N AR LONE: hel’ etting.resin
conposi tion, conprilsi{n ng‘*EFagABS"E% {o 95% by V\§Pbﬁ'l’tu B@%F'o%“tﬁ%i’ﬂ‘%ﬁyﬂggg

wei ght of t
di gl yci dyl

hc conpgsilddon,__of a fifsy vinyl ester resin, obtainable from
et her of bisphenol A, bi sphenol A and

-5B -
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BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of a thermosetting resin composition, an electrical laminate
and method of production in accordance with the invention will now be described by way

5 of cxample only, with reference to the accompanying drawings, in which:

Fig. 1 is an enlarged cross-scctional view of a part of electrical laminate which

comprises an electrically



met hacrylic acid; (b) 1%to 69% by wei ght, based on the total weight of the
conposition, of a resin selected from (1) a second vinyl ester obtainabic
from di gl yci dyl other of bisphenol A with nmexcrylic acid, which second
vinyl ester is different from conponent (a),._and.( n un rated
pol yester; (c) 10%to 70% by wei ght. based §Hbmﬂggﬁﬁﬁﬁt-m§2£ﬁlﬁbf%f¥fﬁgg
conposition, of a halogenated vinyl functional nononer; and 2. The
conposi tion according to claiml further ggnprising a catalyst in an anount
of fromO0.1 %to 2% by weight of the total conpposition,. 3.
conposi tion accor Bopgcuoiohathe 2ragidy OMPERLLEAR ol JRINTAE speqre"c’g%sr Sm't he
group consisting of t-butyl peroctoate, t-butyl per D et nslivday |
per oxi de, beheoyFEflef‘éxFHEr‘“Euﬂ'?@?é’Wdr oﬁg'ﬁ_ g’é?'g';(liéd)?,/e t-butyl per benzoat e,
t-butyl peroxide and combinat] Lted t-puthe pe@moidd, dseremydr di ng
to claim3 mﬁ%FcFﬁaFBgeca#aSégfpégﬁgg?ggs ffbutylggiroctoate in an ampunt
of 0.4% by meig%t.a% tggb%g?fJ SHBRRER], OB=bityl pelifaeyc dygreatan accor di ng
FhePn afyst '

to claim3 WA eca st conprises t-butyl peroxy benzoate in an
anmount of 0.3&%&}{ iﬂ@kggidgf ihe t alraheceespasy ) ithe curing can be

controlled by use of curing accelerators or polymerization

inhibitors. Characteristics of the resin composition can be
improved by incorporating thereinto plasticizers,
S~/ stabilizers, thickeners, fillers, coloring agents,
lubricants, etc.
A copper-clad laminate can be obtained by subjecting
substrates impregnated with an uncured resin composition and

copper foil to laminated molding.to unite them in a body, or
by inserting an adhesx‘.vc'between substrates impregnated with
an uncured resin and copper foil and then subjecting them to
laminated molding to unite them in a body. & copper-clad
laminate can be obtained by also preparing a laminate by
laminate molding and then unite this laminate and a copper
s foil laminate in a body through an adhesive. Adhesives such
as epoxy resins, butyryl-modified epoxy resins, ete. can be

used,

The present electrical Iaminates may he from abhout 0,00254em to about 0.635 cm
(about 0.001 to about 0.25 inches) thick and may be metal clad on one or both sidcs or
not clad in metal, A preferred embodiment is
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REPLACEMENT SHEET -38 - 6. The conposition according to claim3 wherein
the catal yst conprises dicunyl peroxide in an anount of 0.25% by wei ght of
t he total conposition. 7. The conposition of any one of clains 1 to 6

wherein the hal ogenated vinyl functional nono conpkises tr 20% t %
by wei ght of the total composition. 8. TheJ"-E?ﬁ ity '.sbﬁﬁtsﬁz"’}%ﬁﬂﬁﬂ_ﬁﬁ
clains 1 to 7 wherein the hal ogenated vinyl functional nononer conprises
from30%to 50% by wei ght of the total conposition. 9. The conposition
of any one of clains 1 to 8 wherein the_g?l ogenated vinyl functional
monomer |s selected fromthe group consisting of dibronostyrene.

tribronostyrene and pent abronobenzyl acrylate, 10. The conposition
according to any one of clainms 1 to 9 further co

met hacryl i c aabiodt 0:005Acmntouabout . Slemniabout 0002 tes " Sdnﬁ‘?é%hgg)lr &%% fomere
ol ac oo bﬁmlﬁ&oﬁ&'@? &) S0 8676l SbobPo Sbidd] (AHbuyHR B abbi 0.120
inches) thick.,

Suitable cladding metals include aluminum, silver, gold, brass and most preferably

5 copper. The metal cladding may be in vatious forms and weight. The weight may range

from about .00066 to about 0.01316 kg/m? (about 0.25 to about § o0z/ft2), The form cas

> be any conventional type, such as, foll, an electrodeposited layer or rolled anncaled metal,
such as for example, rolled annealed copper.

A preferred embodiment comprises 2 copper clad clcetrical Iaminate suitable for

10 subsequent processing as a eircuit board, stripline, microstripline microwave components

and other related applications. The preferred embodiment of this composition is an

electrical laminate from 0.00762 to 0.305cm (0.003 to 0.120 inches) thick with metat foil

clad on onc or hoth sides.

Suitable reinforcement components include organic or inorganic fillers, woven

15 fiberglass, glass paper, glass mat, glass cloth, polyimide paper (such as "THERMOUNT"

from Du Pont), woven polymeric fibers and non-woven polymer fiber reinforcements and

the like, The reinforcement components of the laminates of the present invention may be

N in the range of about 25% to 75% by weight of the total Inminate, preferably about 30%

to about 40%, and more preferably about 35%.
20 The performance of this composition differs from similar materials mainly in
electrical performance, These propertics, especially dissipation factor, are very important.
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preseﬁt in an amount of from0.5%to 5% by wei ght of the total conposition.

12.. The conposition according to claim 11l wherein the glacial nethactylic
acid present in amount of is froml %to 4% by wei ght of the total
conposition. 13. The conposition of any one Qf clains to 12 further

| 1
conpri sing divinyl benzene in an anpunt of Léﬁ#bsm!t%$69qt-ﬂ%lﬁphmaqm9%f
the total conposition. 14. The conpositioh®of claim 13 wherein the
divinyl benzene is present in an anount of from0.5%to 5% by weight of the
total conposi wihom.considariog highhfrequently sapplications. c Typienl glegiricak properidesdet, ARy |
benzene is present in an amount of froml]| %to 4% 94,\:({’ ht ,oﬁ thlﬁ ot al
conposi tion. 99762corn.03n) Jhicki laminate Hfy appraxigiate; |32, veighy of ss
conpri sing addi.tive ¢cted fromthe group consisting of noisture
scavengers, nﬁ’&@ﬁﬂ@}&g‘ vVes, organic fillers, inorganic fillers, oxides
effecting dielectric constant or disgigpatio cto{,gpol yei hyl enes fg.l 1 ers,
rheol ogy nodi ggegPFBﬁ‘.’f i(f“"gré‘ig éurf:fC:(%.;gct i %égggeng S204DNQIET S W @B aodi fy
viscosity andg gg;gﬁﬁéﬁggmg gﬁr ant g, doaunr gseent dyess U.0L 000 ookarln
wetting agents;

The electrical properties of the sa

me laminate At 1 MHZz arc:

Dielectrie constant: 2.98
Dissipation factor: 0.010

— This embodiment of the present invention is clearly superior
in eleetrical properties over presently available

compositions.

The invention will be further clarified by a consideration of the following examples
some of which are to be considered as illustrative of the present invention and some ot
which are comparative examples. 1t should he understood that the invention is not limited

to the specific details of the examples.

N EXAMPLES
The first vinyl ester resins used in the following
examples can be made in a two stcp process aceording to U.S.
Patent Nos., 3,2?,1,043.@6 3,256,226 to Frank Fekote et al. or
are commercially available as, for example, “VE 12-70" from
Alpha/owens-Corning. The second vinyl ester resinc can also

be synthesized in » one step process or are commercially
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rel edse agents, defoamers, adhesion pronoters, flame retardant synergists,
styrene, vinyl toluene, t-butyl-styrene, paranethyl styrene, diallyl

pht hal ate, 2.4, ethy-nethylim dazole. 3-ethyl-2-nethyl-2-(3-nmethyl butyl)-1,
3-oxazol i dine and conbi nations thereof. 1 The.conmpositigon of cl ai 6
wherein the oxide effecting dielectric co?szt aﬁ_&’bﬂtutﬁngg?@m 3%@5%@‘189]9
compr i ses ti hapium dhRKi §eeABey) JOAAAMRIShHA0R. A 2R 10 cligiyin the
oxi de effecting di 8raCtri'c consYarR- or di SSi pation tfactor conprises _
expanded IOO{AEEE-B*&GBS:-.QBHEQUOQ& ddieda ah@etfieNeempdd 1o walsainixkad \Worr ei n
the filler i ch hodi fied rheology is calcined, kaolin. 20. Thc

conposi ti on aboatasMmifiuvkst ei Tha lpreparedecomposit iondiwase readyc ot wsand
performance conprises nethyl nethacrylate. 21. The conposition of any one
of clainms | to 20 wherein the unsaturated polyester is synthesized froma
m xture conprising an anhydride, glycols and an organi c acid. - 40-

COMPARANTIVE EXAMPLES 4 - 7

Example 4

Approximately 90.18 weight § of a first vinyl ester
resin, "VE 12-70" (Alpha/Owens Corning) and about 9.02 weight
% dibromostyrane (Great Lakes Chemicals) were charged into a
mixing veoosel and mixed with a Cowels blade on an air motor
at moderate (about 1,000 rpm) speed for five minutes. The
speed of the air motor was reduced to operate at a lower
speed (about 400 rpm) and 0.22 weight % of dicumyl peroxide,
0.36 weight % t-butyl peroctoate, and 0.22 weight % t-butyl
peroxy benzoate were added and the -composition was mixed for

5 minutes., A composition ready for use was produced.

Example 5
Approximately 76.:_!.1 wni'.ght % of a first vinyl aestar
resin, "VE 12-70" (Alpha/Owens Corning) and about 22.8%
weight t dibromostyrene (Gréat Lakes Chemicals) were charged

into a mixing vesscl and mixed with a Cowels blade on an air
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22., The conposition of claim21 wherein the d polyester is synthesized
froma mxture further conprising polyal kyl ene tcrephthalatc. 23. The
conposition of any one of clains | to 22 wherein the first vinyl ester

conprises from10%to 75% by wei ght of the tgqtal..c L{1en. 1o
conposition of clains 1 to 23 wherein the £ S Heet 24 F@o%a om
15% to 60% by wei ght of the total composition 25.  The conposition of
claim 24 wherghdd N 18 e yoiW 't ¥ Sty ERRB! horind:’ Ui-2AMea Adbrig) witirght
of the total conposition. % ; he co#poleon of any one of clains 1 to
25 wherei n t &GO 0Nde ¥ | WVigIS L € mAANERFy3eS A M ANt 0. 2Q%Yighei ght of the

total conposition. 27. The conposition of claim26 whercin the second
vinyl ester cunpinylesrdnoend. %The IdRrbiientswersf mikedt wish s2ofP¥Silsi on.
28. The conposition of clains 27 wherein the second vinyl ester conprises

from 10% to Xadsy ckidhtaln maken atamoderpesiHloM0029Pm) ASREFAd of using
ollectrical i naul atthi A NeELPRCRATRAY b N B APPESr | JSPREGHATRSgLY
encapsul ant %rl%o%e‘i—tpﬁ:l)c,a'éﬁ’odt“%'.ﬁ iQQi&x@P%?ééé%%t calcined@ kaolin
("TRANSLINK-37" PEnglehard) was ndded and shearcd far 10
minutes. The speed of the air motor was reduced to operate
at a low speced (approximately 400 rpm) and 0.22 weight ¥ of
St dicumylpc'roxide ; 0.36 weight % t-butyl peroctoate and 0.22
waight & t-butyl peroxy benzoate were added and the
composition was mixed for about % minutaes. A compasition

ready for use was obhtained.

Examples 8 to 15
The general method of preparing clectricnl laminates
from the resin compogitions is as followa. The spevific
alectrical laminates embodied in Examplens 8 to 15 were made
et from t};e resin compositions of Examples 1 to 3 and were
prepared as indicated below and as further indicated in TARLE

2 which follows bealow.

1) A layer of carrier film, such as polyethylene terephthalate of 0.0036em
(1.42 mills) thick, was placed on a 0.635cm (1/4th inch) thick glass plate of 0.381 by
0.381m (1.25 by 1.25 ft). The dimensions of
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30. : A nethod of producing an electrical |amnate conprising the steps of:
(D) | npregnating or coating at | east one substrate with a thernosetting
resin conmposition conprising a m xture of: -41 - (a) 1% to 95% by
wei ght. based on the total weight of the compositjon,.of a vi nyl
eater resin, obtainable fromdiglycidyl et herm&ﬁm%ﬁb%m
and nethacrylic acid; (b) 1 %to 69% wei ght based on the total weight
of the conposition. of a resin selecte rom a seconﬁ ny ester

t ATRED agk‘yl X

obtainable fr Gl'hedlfd-lly'b ‘{ffle arge 6f‘°‘l59’§p‘7rferﬁﬂ° %E &

whi ch second g ester %: different fromconponent (a), and (2) an
unsaturated p cl)a *10% to 70% by wei ght, based on the total

wei ght of the corrp05|t|on of a hal ogenated vinyl functional nononer, and

g d) O 1%to 2% byyvei gRity oRRRELR ol St PiedtraNO0ZE kiME (¢ @Ppei &j. douf

weight of copper foil was placed treatment side up on the carrier film,

3) A film of a resin composition, prepared according
to the present invention, was meterad onto the copper foil by
using a wire-waund rod designed to provide a coating of the
target thickness of the laminate. Wire-wound rods are well

known through the coatings industry.

4) A layer of glass cloth, woven or nonwoven, was laid
onto the resin fiilm and allowed to saturate for approximately
2 minutes. If a plurality of layers were used, the layers
were placed onto the resin film approximately 2 minutes apart
to allow the resin mixture to saturate the qlass.

5) An additional layer of copper foll, of the same
size and weight as 2), was placed treatment cide down on the
laminate so as to align the edges with the firzt shemt of

\;d copper folil.
6)  Another layer of carrier film, of the sama size and

dimensions as 1), 2 placed on top of the copper toil.

1)) Two 1.27 cm (% inch) wide by 30.5 cm (12 inches) long shims of the
target laminate thickness were placed on opposing sides of the laminate, on top of the
carrier film, but still on the glass plate.
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cat al‘'yst +“hich induces free radical curc, polyntrisation or U V.
initiation; and (2) curing the resin inpregnated or coated substrate to
produce an electrical lamnate. 31. The nethod of claim 30 wherein the

curing mechanismis selected fromthe group cQnsisting of heating w thout
pressure, heating with pressure, electron bea ﬁ@@&ghﬁ.‘éﬁ(#‘%ﬁ'ﬂ?ﬂ-\ﬂ% et
| i ght processing in conjunction with U V. initiators. 32. The net hod of
claim30 or 31 wherein the substrates ar materials selcted fromthe group
consisting of organic or inorganic fillers, woven fibreglass, glass paper,
gl ass cloth, glass mat, polyimn de paper,-¥oven polyneric fibers and

non-woven pol yncr fiber reinforcenents. 33. The met hod of any one of
claims 30 to 32 furffier conprising cladding an electrically conductive

layer on at |east @pe siAiandodf X.2Fmi(¥pineh)whickdste! wap plaeed an it shivae abeicoéde
curi ng. REPLACEMENT SHEET
of the laminate and gently pulled to the opposing edge while being forced by hand to ride
on the shims. As the rod moved across the laminate, excess resin composition was
allowed to drain out of the laminate.
5 9) Another plate of glass of equivalent dimensions as 1), was placed on top
of the laminate.
10)  The laminate was placed in a forced air convection oven at 150°C for onc
hour,
i 11)  The laminate, still between the glass platcs, was removed from the oven
10 and allowed to cool to room temperature. At this time, the two glass plates and two layers
of carrier film were removed.

TABLE 2 indicates the particular Jaminate construction and resin compositions
used in Examples 8 to 15, The resins A, B and C correspond to those of Examples 1, 2
15 and 3 respectively.

The test method uscd to determine the electrical properties above 1IMHz was a 70
Nt ohm transmission finc test method. It is analogous to ASTM D 3330-90 from the
American Society for Testing Materials, Philadelphia, PA.
20
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-42 .- 34. The nethod of any one of clains 30 to 33 further conprising

cl adding .an el ectrically conductive |layer on at |east orle side of the
i.mpregnat ed or coated substrate after curing. 35. The met hod of claim44
wherein the electrically conductive laycr is h I ﬁgéte_c 2 & o 1459
group of alumnum silver. gold. brass an . . ny
one of clainms 30 to 35 wherein the irrpregﬁ?ati ng or coating stcp involves
more than one substrate and the nethod further conprises laminating the
substrates before the curing step. 37. TABiK &| ectrical |am nate obtained by
| npregnating or coatjng at, | east. gne,_syubst rat | t LLLtiNng resin
conposition conpri siénﬁg%e}n%&etsur"g g ?t(g‘)m}elﬁ)r}tggd&%og %\?éitétﬁtn, based on
the total weight of the conposition, of a first vinyl ester resin,

obt ai nabl e from di gl ycidyl ether of bisphenol A bisphenol A and

met hacrylic acid; (b) »EYeterfi&dth ll%to?%'rﬂhbs pagsemlon the total weight of
the conposition, of a resin selected from (1) a second vinyl ester

obt ai nabl e from diglycidyl ether of bisphenol A wth nmethacrylic acid,
whi ch second vinyl ester is different frobiedeptnint (a)Dissipation

Example Sample Constant Factor =
1 A 2.93 0.010
2 B 3.06 0.010
3 C 3.18 0.011
4 D 2.97 0.014
5 E 2.99 0.012
6 F 2.95 0.009
N 7 G 2.73 0.007
Properties of 30% Glass Reinforced Laminate
Flame Foil
Example  Test Adhesion Ig
1 Pass 6.8 155
2 ) Pass 7.2 1585
3 Pass 7.5 145
* glectrical Properties via IPC test method 2.5.5.4,
“Dielectric Constant and Dissipation Factor of Printing
Wiring Board Materials: Micrometer Method"
Flame Test according to U.L. Test 94VO .

Copper Foil Adhesion to o.oozﬁkg,f_m2 (1 oz. per sq. foot) copper foil according to IPC
Test Method IPC-TM-650.

g = glass Transitiorn measured by Dynamic Mechanical Analyzer
(Perkin Elmer DMA7E).- ‘Glass transition values are in degrees
Celsius.
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(c) 10%to 70% by wei ght, based on the
of a hal ogenated vinyl functional nononer,
wei ght of the

(2) an unsaturated pol yester;
total weight of the conposition,
and d) 0.1%to 2% by weight, based on the total

conposi tion of a catal yst which induces fr%

or U V. initiation; nnd curing the resin i n k¢ o
an electrical | am nate. 38. The | am nate of cIa|n137 mhereln the

conposition further conprises glacial nethacrylic acid. 43 - 39. The

| ami nate of claim 37 or 38 wherei n the @HIdsieti on further conprises
| am nat e of an one of clainms 37 to 39 wherein

di vi nyl
t Ih\él ggmogpfl ’nglP uggﬁg\"e G¥pElestri t&ﬁﬁg%ﬁe‘?&%s%eﬂ‘%b'ﬂéﬁrﬁﬁém t he
ﬁa i 4 bF arg R 5 AeClpdded Wity 1igeaisquare| ers,

group consi st
i norganic fil ers “to increasc or
The laminates measure 0.076cm (0.030") thick without copper cladding. Electrical
properties of the glass reinforced laminates are determined via a2 *Microstripline” Method.

NOTE: Dk = Dielectric Constant Df = Dissipation Factor

Resin Laminate 0.5 GHz

Examgles Composition Construction Dk Df
2 plies 2116 woven 3.233 0.0022

A (Example 1)
N glass with 15 mil
veil glass core

9 B (Example 2) 2 plies 2116 woven 3.134 0.0028
glass with 15 mil
veil glass core

10 C (Example 3) 4 plies 7624 woven 2.977 0.0064
glass
11 A (Example 1) 4 plies 7624 woven 3.031 0.0062
glass
12 A (Example 1) 3 plies 7624 woven 2.941 0.0085
glass
13 B (Example 2) 3 plies 7624 woven 3.066 0.0057
glass
' 14 B (Example 2) 2 plies 7624 woven 3.231 0.0022
N glass with 15 mil

veil glass core

15 A (Example 1) 2 plies 7624 woven 3.167 0.0057
glass with 15-mil

veil glass core
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decrease the diel ectri nmononmer to reduce the dissipation factor,
pol yet hyl ene fillers, ﬁBﬁdWEM§NTQ%E§ 1fy rheol ogy, surface active agents.
nononers to nodify vi of mance, colorants, fluorescent dye,
U. V. bl ockers, wetti | ease agegnts,.. defpam n nts
retardant synergists| | rs, epo ity - AtifRAT

t-butyl styrne, parahe Iyl phthalate. and 2, 4, et hyl - nethyl
i m dazole. 3-ethyl-2-nethyl-2-3(3-nethyl butyl)-I, 3-oxazolidine, nethyl

met hacryl ate and conbi natt 41. The | am nate of any one of
clainms 37 to 40 wherein the substrate is.37material selected fom the group
consisting of organic or inorganic fillers, woven fiberglass, glass paper,
glass cloth, glass mat, polyim de paper, woven polyneric fibers and

non-woven polm Iiﬂﬁﬁsbﬁﬁ B %t‘ﬁvﬁﬂ?{] rﬁ@dﬁ ? , any one of
claims 37 to S er conpri S|éng an elec rolNca ykgon uc i“\flgé | ayer clad on
at |l east one side of the cured inpregnated or coated substrate. 43. The
| ami nate of any one of clainms 37 to 42 wherein nore than one substrate is
i npr egnat ed oA-. coatAethennosettingaesinecomposition, epmprising: and are | ani naed
t oget her before thecuri S 44 ., he .| am nate of, cl gim 43 hayin n

g Do | A%p éf'ga)ycmmgp, gwgtongh%?otﬁ weight o?:ﬁé compos\xlﬁon? ofa

el ectrical conducti
first viny] ester resin, obtainable from diglycidyl ether of bispheno! A, bisphenol A and

methacrylic acid;

®) 1% t069% by weight, based on the total weight of the composition, of a
resin selected from (1) a second vinyl ester obtainable from diglycidyl cther of bisphenol
A with methacrylic acid, which second vinyl ester is different from component (a), and
(2) an unsaturated polyester;

(€} 10% to 70% by weight, based on the total weight of the composition, of
a halogenated vinyl functional monomer; and

2. The composition according to claim 1 further comprising a catalyst in an amount
of from 0.1% to 2% by weight of the total composition.

3. The composition according to cluim 2 wherein the catalyst is selected from the

N group consisting of t-butyl peroctoate, t-butyl peroxy benzoate, dicumyl peroxide, benzoy!
peroxide, cummene hydrogen peroxide, t-butyl perbenzoate, t-butyl peroxide and
combinations thereof.

4, The composition according to claim 3 whercin the catalyst comprises t-butyl
peroctoate in an amount of 0.4 % by weight of the total composition.

LR The composition according to claim 3 wherein the catalyst comprises t-buty]
peroxy benzoate in an amount of 0.25% by weight of the total composition,

W

‘22%.



side ‘of the |aminated cured substrates, -44 - 45, The | am nate of
claim42 or 44 whereig_the electrical conductive |ayer(s) is a netal

sel ected fromthe grotp 3 I'Jver. gold, brass and copper. 46.
An el ectrical |amnatg¢ g RB;LA% Mﬂﬂ %Ff east o 813 te and Cr oSS
linked. thermosetting|résin conpositi corrpr&qtﬁg 1r¢24n ebruayy 1999 o,
to 95% by wei ght, basgd}o4 KFEB 998 Mej ght of the conposition, of a first
vinyl ester resin, obfalnable fromdilgllyci dyl ether of hisphenol A

bi sphcnol A and nethagrylic acid;” (D) 1%to 69% by wei ght, based on the
total weight of the cbnpasition of g rle g selectd from (1) a second vinyl
ester obtainable fromdiglycidyl ether of “Di sphenol A with nethacrylic
acid, which second vinyl ester is different from conponent (a). and (2) an

-unsat ur at ed pol yes 10% t o, 70% sed on the total
wei ght of thg écy CL,@H q%t,q;os n ac%ordmg fo B%mwi \gﬂm e catalyst comprises dicumyl

peroxide in an amount of 0.25% by weight of the total composition,

-]

7. The composition of any one of claims 1 to 6 wherein the halogenated vinyl
functional monomer comprises from 20% to 60% by weight of the total composition.

\v 8. The composition of any one of claims 1 to 7 wherein the halogenated vinyl
functional monomer comprises from 30% to 50% by weight of the total composition.

9. The composition of any onc of claims 1 to 8§ wherein the halogenated vinyl
functional monomer is selected from the group consisting of dibromostyrenc,
tribromostyrene and pentabromobenzy! acrylate,

10.  The composition according to any onc of claims 1 to 9 further comprising glacial
methacrylic acid in an amount of from 0.1% to 6% by weight of the total composition.

11,  The composition according to claim 10 wherein the glacial methacrylic acid is
present in an amount of from 0.5% to 5% by weight of the total composition.

12.  The composition according to ciaim 11 wherein the glacial methacrylic acid present
in amount of is from 1% to 4% by weight of the total composition.

13.  The composition of any one of claims 1 to 12 further comprising diviny] benzene
in an amount of from 0.1% to 10% by weight of the total composition.

14.  The composition of claim 13 wherein the divinyl benzene is present in an amount
of from 0.5% to 5% by weight of the total composition.
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a hal ogerated vinyl functional nonomer. and (d) 0.1%to 2% by wei ght,

based on the total vvel ght of the conposition of a catalyst which induces

free radical cpre: et nor UV initiation. 47. The |am nate of
M“KFSN néﬁg‘f €

clai m 46 furt hlerRES lectrically cl.a ast
one side. 48, mul t1 Iayer gl dgctrical |am ng'{'}g&@gﬁrﬁr? 294 ?%bﬂ%rﬁ;tglb%n

of single side ané P99 ec | am nates according to the |amnate of
claim47. 49. | The Ian1nate of| gny one of clains 46 to 48 wherein the

t hi ckness of the m 0. 00762 to 0.305cm (0.003 to 0.120

I nches). 45% 38. The conposijti on of -@a m 1 wherein the second vinyl
ester is about 7% t0 about 30% by wei ght of the total conposition. 39.
The conposition of claim1l wherein the secon vinyl

15.  The composition of claim 14 wherein the divinyl benzene is present in an amount
of from 1% to 4% by weight of the total composition.

16.  The composition of any one of claims 1 to 135 further comprising additives selected
from the group consisting of moisture scavengers, molecular sieves, organic fillers,
inorganic fillers, oxides effecting dielectric constant or dissipation factor, polyethylene
fillers, rheology modification fillers, surface active agents, monomers which modify
viscosity and performance, colorants, fluorescent dyes, U.V. blockets, wetting agents, air
release agents, defoamers, adhesion promoters. flame retardant synergists, styrenc, vinyl
toluene, t-butyl-styrene, paramethyl styrene, diallyl phthalate, 2.4,ethyl-methylimidazole.
3-ethyl-2-methyl-2-(3-methylbutyl)-1, 3-oxazolidine and combinations thereof,

17.  The composition of claim 16 wherein the oxide c¢ffecting diclectric constant or
dissipation factor comprises titanium dioxide.

18.  The composition of claim 16 wherein the oxide elfecting dielectric constant or
dissipation factor comprises expanded polycthylene compounds.

19.  The composition of claim 16 wherein the filler which modified rheology is calcined
kaolin,

20.  The composition of claim 16 wherein the monomer which modifies viscosity and
performance comprises methyl methacrylate,

21.  The composition of any onc of claims 1 to 20 wherein the unsaturated polyester
is synthesized from a mixturc comprising an anhydride, glycols and an organic acid.
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ester is-about 10%to about 20% by weight of th total conposition. 40.

met hod of usi

i hsul ators, electr

electrically
conpositions
| am nat es, el

ng t hf Emfga&ﬁr dlaim1 for producing electrical

ellectrically insulating encapsul ant and

i nsul at§ ng adhesi ves.| 41. A od of Using
of cljpim 22 FBB 999%ddciing el ectwwﬂ e ‘P 9

ectrically insulating rfjcapsul ants and electrically insulating

adhesi ves. 42. A nethod o producilng an electrical |amnate conprising

t he steps of:
resin conposi

(1) Lm._egnating at |dast one substrate with a thernosetting

tion conprising a mxture of40-(a) a first vinyl ester resin,

synt hesi zed fromdi gl ycidyl ether of b phenol A, bisphenol A and gl aci al
nmet hacrylic acid, in abt 1%to about 95% bv weight of the total

conposi tion:

22.  The composition of claim 21 wherein the unsaturated polyester is synthesized from
a mixture further comprising polyalkylene tcrephthalate.

23. The composition of any one of claims 1 to 22 wherein the first vinyl ester
comprises from 10% to 75% hy weight of the total composition.

24.  The composition of claims 1 to 23 wherein the first vinyl ¢ster comprises from
15% to 60% by weight of the total composition.

25.  The composition of claim 24 wherein thc first vinyl ester comprises from 20% to
40% by weight of the total composition.

26. The composition of any one of claims 1 to 25 wherein the second vinyl ester
comprises from 5% to 30% by weight of the total composition.

27.  The composition of claim 26 whercin the second vinyl ester comprises from 7%
to 30% by weight of the total compoxition.

28.  The composition of claims 27 wherein the second viny) ester comprises from 10%
to 20% by weight of the total composition.

29. A method of using the compositions of any one of the preceding claims for
producing electrical insulators, electrical Iaminates, elcctrically insulating encapsulants and
electrically insulating adhesives,

30. A method of producing an electrical laminate comprising the steps of:
(1) impregnating or coating at least one substrate with a thermosetting resin
comporition comprising a mixture of:

L
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46 (b) a resin selected fromthe graup consisting of (1) a second different

Vi nyl

69%

ester synthesi fe
net hacrylic acid, a

wei ght of thejtdtal conposjiti
radi cal cure, polyneri zat24rfEn£r19é3/
by wei ght of the totgl |conposi ion;

I plouEETly] et her of bisphenol A wth glacial
LA@EM@N tpd polyester, in about 1%to about

(2) curing the resin inpregnated

sub rate to produce gn ectrical |amnate. 43. The net hod of claim 42

wher e

j oo SSloge 45080 RS,
n

the curing meghani smis-seleeted fromthe group consisting of

heati ng wi thout pressure, heating with prd$su , el ectron beam processing,
and ultra-violet light proc ssing in conjunction with U V.

() 1% to 95% by weight, based on the total weight of the composition, of a
first vinyl ester resin, obtainable from diglycidy) ether of bisphenot A, bisphenol A and
methacrylic acid;

(1% to 69% by weight, based on the total weight of the composition. of a
resin selected from (1) a second vinyl cster obtainable from diglycidyl ether of bisphenol
A wlth-methacrylic acid, which second vinyl ester is different from component (n), and
(2) an unsaturated polyester;

(¢) 10% to 70% by weight, bascd on the total weight of the composition, of
a halogenated vinyl functional monomer, and

(@ 0.1% to 2% by weight, based on the total weight of the composition of a
catalyst which induces free radical cure, polymerisation or U.V. initiation; and

(2)  curing the resin imprcgnated or coated substrate to produce an electrical
Iaminate.

31.  The method of claim 30 wherein the curing mechanism is sclected from the group
consisting of heating without pressure, heating with pressure, electron beam processing,
and ultra-violet Jight processing in conjunction with U.V, initiators.

32.  The method of claim 30 or 31 wherein the substrates are materials selected from
the group consisting of organic or inorganic fillers, woven fibreglass, glass paper, glass
cloth, glass mat, polyimide paper, woven polymeric fibers and non-woven polymer fiber
reinforcements,

33.  The method of any one of claims 30 to 32 further comprising cladding an
electrically conductive layer on at least one side of the imprognated or coated substrate
before curing.
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initiators. 44.

materi al s sel ect
s; woven fibergl gsg;
woven pol yneric fji L
The method of cl gin
conductive | ayer |or
curi ng. 47 46.

electrically

im42 wherein the substrates are

REPONOFMENTOSKRFY ¢onsi sting of organic or inorganic fill
| ass cloth, glass mat, polyim de paper,

ven ol ymer fd L Leif orc .
rising cl Mn%e%_{%gg?mﬁ 1999
sjde of the pregnated substrate before

| aim 42 further conprising cladding a
| east42one side of th inpregnated

* 34ER

The met hod of

cond

substrate after curing. 47. The net hod of cl aim45 wherein the

electrically

34. The method of any onc of claims 30 to 33 further comprising cladding an
electrically conductive layer on at least one side of the impregnated or coated substrate

after curing.

35. The method of claim 44 wherein the electrically conductive laycr is a metal
selected from the group of aluminum, silver, gold. brass and copper.

36.  The method of any one of claims 30 to 35 wherein the impregnating or coating stcp
involves more than one substrate and the method further comprises laminating the
substrates before the curing step.

37.  Anclectrical laminate obtained by impregnating or coating at least onc substrate
with a thermosetting resin composition comprising a mixture of;

@) 1% to 95% by weight, bascd on the total weight of the composition, of a
first vinyl cster resin, obtainable from diglycidy! ether of bisphenol A, bisphenol A and
methacrylic acid;

® 1% to 69% by weight, based on the total weight of the composition, of a
resin selected from (1) a second vinyl ester obtainable from diglycitdyl ether of bisphenol
A with methacrylic acid, which second viny! ester is different frum component (), and
(2) an unsaturated polyester;

€) 10% to 70% by weight, based on the total weight of the composition, of
a halogenated vinyl functional monomer, and

(d 0.1% to 2% by weight, based on the total weight of the composition of a
catalyst which induces free radical cure, polymerisation or U.V. initiation; and

curing the resin impregnated substrate to produce un electrical laminate.

38,  The laminate of claim 37 wherein the composition further comprises glacial
methacrylic acid.
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conductive | ayer i ‘-mwg]f romthe oup of aluminum silver,
gol d, brass and co pngiWMEmTTg}ﬁgglﬁe hod of claim 46 wherein th
el ectrically condugt tal sel ect ed fromthe group consisting

f al I , d h Ehggﬁl I g;ii
e e e e ng s{jgﬁﬁgl\?s ?rglroge{ha Btuls Day

erein the inpregn i‘
further conprises Ja bqgtrates before the curing step. 50.

The nethod of claifm 49 wherein the guring mechanismis selected fromth

group consi sting of hea pres4@re, heat g with pressure,
el ectron beam processing, and ultra-v let |light processing in conjunction
with U V. initiator 51. he nmet hod of claim49 wherein the substrates are

mat ials sel egjed 1%1%@5? 9{ Ghith ?PGﬁS@%Eﬁnﬂh eompasitiorPfurthbogamptises divinyl

fillers, woveh fiberg ass paper, gl ass
benzene.

40. The laminate of any one of claims 37 to 39 whercin the composition further
comprises additional components selected from the group consisting of moisture
scavengers, molecular sieves, organic fillers, inorganic fillers, monomers to increasc or
decrease the diclectric constant, monomer to reduce the dissipation factor, polyethylene
Nest fillers, monomers to madify rheology, surface active agents, monomers to modify
' viscosity and performance, colorants, fluorescent dye, U.V. blockers, wetting agents, air
release agents, defoaming agents, flame retardant synergists, adhesion promoters, epoxies,
styrene, vinyl toiuene, t-butyl styrcne, paramethyl styrene, diallyl phthalate, and 2.4 ethyl-
methyl imidazole, 3-ethyl-2-methyl-2-3(3-methylbutyl)-1. 3-oxazolidine, methyl
methacrylate and combinations thereof.

41,  The laminate of any one of claims 37 to 40 wherein the substrate is a material

selected from the group consisting of organic or inorganic fillers, woven fiberglass, glass

paper, glass cloth, glass mat, polyimide paper, woven polymeric fibers and non-woven
N polymer fiber reinforcements.

42.  The laminate of any one of claims 37 to 41 further comprising an electrically
conductive layer clad on at least one side of the cured impregnated or coated substrate,

43.  The laminate of any one of claims 37 to 42 wherein more than one substrate is
impregnated or coated with the thermosetling resin and are laminated together before the

curing stcp.

44,  The laminate of claim 43 having an electrical conductive layer clad on at least one
side of the laminated cured substrates,

HII\lI\ l\||\| Illll \||\I || lIII



v

48 cloth, 'glass mat, polyini de paper, woven polyneric fibers and non-woven
polymer fiber reinforc : The nmethod of claim49 further
conpri sing cl ajChEPQA@EMmTecSHEE'E |y conductive |ayer on at |east one side f

the inpregnatefl & e curing. 53. Thet § od 05 |m42
further conpri$ng %ﬂcjﬁm lectrically 9
side of the inpre¢g trhate after curing. 54. The et hod of claim
52 wherein the ¢lectrically nfductive layer is a netal sel ted fromthe
group of alum num silver, gol d, | brass and copper. 55. The nethod of cla

53 wherein the .el-ee{—F-i—e-a-H—y—cUnd'Jctive l-dder is a etal selected fromthe
group consisting of alum num silver, gold, brass and copper.

45. The laminate of claim 42 or 44 wherein the electrical conductive layer(s) is a metal
selected from the group of aluminum, silver, gold, brass and copper.

46.  An clectrical laminatc, comprising at Jeast one substrate and a cross linked,
thermosetting resin composition comprising a mixture of:

(a) 1% to 95% by weight, based on the total weight of the composition, of a
first vinyl ester resin, obtainable from diglycidy! ether of hispheno! A, bisphcnol A and
methacrylic acid;

® 1% to 69% by weight, based on the total weight of the composition, of a
resin selected from (1) a second vinyl ester obtainable from diglycidy! cther of bisphenol
A with methacrylic acid, which second vinyl ester is difTerent from component (a), and
(2) an unsaturated polyester;

(¢) 10% to 70% by weight, bascd on the total weight of the composition, of
a halogenated vinyl functional monomer, and

(d) 0.1% to 2% by weight, bascd on the total weight of the composition of a
catalyst which induces free radical cure, polymerisation or U.V. initiation,

47.  The laminate of claim 46 further comprising an electrically conductive cladding
on at least one side.

48. A multilayer clectrical laminate comprising a combination of single sided and
double sided laminates according to the laminate of claim 47, '

49.  The laminate of any one of claims 46 to 48 wherein the thickness of the laminate
is from 0.00762 to 0.305¢m (0.003 to 0.120 inches).
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56. ** An‘elec ical |aninate obtained by inpregnating at |east one
substrate with a thernosetting resin conposition conprising: (a) a first

vi'nyl ester resin, synthesized from digl yl ether of bisphenol A
bi sphenol A and glacial nmeth crylic aci in about 1% to about 95% by
wei ght of the t al conposition; (b%‘ a resm selected fromthe group 49
consi sti ng®f ( Bhe SURRARL LAY OfeRiain n‘yl‘“’béé'ﬁéf‘ §9ﬂt*ﬁ%§?'2‘éd"+?¥ﬂ=n
(2) an

Cnas) o o fdir L a0 o Anllut a8 38 UesdBL 8! ¥he Ce8EL S, 27

unsat ur at €0 pol yest® i n' abduf t oby WEI gh
corrpomhogbmlgggin(fan_cat al ts which |nduce free radi cal cure,
pol ynmeri zation, or initiation, in about 0.1 to about 2% by wei
total conposition; and

[y L}

39. The composition of claim 1 wherein the second vinyl
composition.

40. A method of using the compositions 46f claim 1 for
producing electrical insulators, electyical laminates,
s electrically insulating encapsulants/and electrically

insulating adhesives.

41. A method of using the gbmpositions of claim 22 for
producing electrical insulftors, electrical laminates,
electrically insulating/encapsulants and electrically

insulating adhesives.

42. A method of producing an electrical laminate comprising

the steps of:
Nooot (1) in .egnating at least one substrate with a
thermoset¥ing resin composition combrising a mixture of: (a)
a first/vinyl ester resin, synthesized from diglycidyl ether
of bjéphenol A, bisphenol A and glacial ﬁethacrylic acid, in

abghit 1% to about 95% by weiqht of the total compbosition:
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(2) curi ng'the resin inpregnated subst te to produce an el ectrical

| am nate. 57. The lam nate of claim 56 wher n the conposition resin
further conprises a hal ogenated vinyl tional nononer. 58. The
lami nate of clajpm{ phgigi B | ‘Eg It IS cial
et hacrylic aci S 5n59 ﬁe F%?n&hacf)rg}%ﬁ‘ F’ S “V\%g’r gﬁ% g%ﬁ@ fio

further conprisacéhdi aykrbearengindlested r@yrﬂtﬂfés‘l&ba etof! awﬁ@l&jﬁﬁ ein
the conposition further ¢ prises additional conmponents selected fromthe

group consi stiaghef afi bisphenchve wjthsglaciak mekhasrylée, acida andf (1) ers,
inorganic fillers, nononers _to increase or decrease the dielectrj

constant, nonoRBrUpEatuHAEEd: PRIYestesat iR AROlY dF tporbentyFeH

nmonomers to m)‘gff’ghe total composition; and (c) catalysts whic

i vedght;
induce free
radical cure, polymerization, or UV initiation, in about 0.1
% t;: about 2% by weight of the total composi¥ion; and

(2) curing the resin impregnated subsfrate to produce an

electrical laminate.

43. The method of claim 42 whereifi the curing mecharnism is

N\ selected from the group consistipffg of heating without
pressure, heating with pressupé, electron beam processing,

and ultra-violet light procgssing in conjunction with U.V.

initiators.

44. The method of £laim 42 wherein the substrates are
materials selected from the group consisting of organic or
inorganic fillefs, woven fiberglass, glass paper, glass
cloth, glass/mat, polyimide paper, woven polymeric fibers and
non-woven polymer fiber reinforcements.
\m/ i -
45, he method of claim 42 further comprising cladding an
elegtrically conductive layer on at least one side of the

ifipregnated substrate before curing.
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pae: 24 FEB 1999

Illlllll |I|I|| IlIIl lIIlI ll !IIl



50 rheol ogy, surface active agents, nononers to nmodify viscosi t and
per formance, colorants, fluorescent dye, U V. blocker wetting agents, aiy
rel ease agents, defoam ng agents, ane retardant synergists, adhesion
pronoters, epoxies, yrene, vinyI tolueﬁg t-butyl styrene, paranethy

styre , di aI I yI g}ht halﬁ*_é1 E et.h thyl im.dazole, 3- .
hyl - 2- net hy[48-2- 3% %f’gﬁ din ‘8x§26€e REMRRASS S e\“%:i‘ér’w
conbi nati ong rrf:‘.@ald.@l con?ih‘éti@é"l’@te% 8h Qéaiégsﬁ.o oae silel b tHpStrates

are naterlals selected fromthe gr p“consisting of organic or in
fillers, woifprignatieds Subgtaase poftr, cgking. cl oth, gl ass mat,

paper, woven polyneric fibers and non-woven polyner fib reinf rcenents
62. The lamin e of claim6l further conprising an electrigally onductive
| ayer clad on 'at | east gne side of, the cured npregn%Fed subgtrat e.

47. The method of claim 45 wherein the electrically

conductive layer is a metal selected from the

aluminum, silver, gold, brass and copper.

48. The method of claim 46 wherein the electrically

conductive layer is a metal selecte_cl rom the group
N/ consisting of aluminum, silver, go)}&, brass and copper.
49. The method of claim 42 wherein the impregnating step
involves more than one subsfrate and the method further

comprises laminating the /substrates before the curing step.

50. The method of/claim 49 wherein the curing mechanism is
selected from the/group consisting of heating without o
pressure, heatjing with pressure, electron beam processing,
and ultra-viglet light processing in conjunction with U.V.

; initiators/

he method of claim 49 wherein the substrates are
ials selected from the group consisting of organic or

iporganic fillers, woven fiberglass, glass paper, glass

This is the‘rep!acemem sheat
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63. . The'lanminate of claim62 wherein the electricall y C nductive layer is
a netal selected fromthe group of alum num silver, gold, brass and

copper. 51 64. The | am nate of claim 61 wherein nore than one
substrate is inpregnated with the t her nk tting resin an are |amnated
t oget her before the curing step. 65 The | am nate of cl aim64 having/an

el ectric c@lm'm:t |@ba$%y@tcllmi¥@n1a€ pager, yowen|pelytexic fihewmtantCured
substrat es. #ﬁé afts’% #m 65 wherein th electrical
conduct i ve ‘?%y"é‘?"?% %° 'P?ff eé’cfﬁﬂ" FSHEERE=gr oup of al umi num
gold, brass and co er. An el ectrical lamnate, co prising: /at
one

{lver,
| east

52. The method of claim 49 further comprising claddifg an

electrically conductive layer on at least one side

impregnated substrate before curing.

53. The method of claim 42 further comprising cladding an
electrically conductive layer on at least 4ne side of the
impregnated substrate after curing.
54. The method of claim 52 whereih the electrically
conductive layer is a metal sele¢fted from the group of
aluminum, silver, gold, brass/and copper.

55. The method of clajfi 53 wherein the electrically
conductive layer is a/metal selected from the group

consisting of alumjfium, silver, gold, brass and copper.

56. An electfical laminate obtained by impregnating at
. least one sybstrate with a thermosetting resin composition

comprisin (a) a first vinyl ester resin, synthesized from
diglycidyl ether of bisphenol A, bisphenol A and glacial
i methacrylic acid, in about 1% to about 95% by weight of the

toral composition; (b) a resin selected from the group

This is the reptacement sheal
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rei nforcenent substrate and a rossed |linked, thin wall thernosetting resin
conposi on conprising a mxture of (a) a first vinyl ester resin,
synt hesi zed from di gl yci dyl ether of bi éghenol A, bi sphenol and gl aci al
met hacrylic acid, in about 1%to about by wei ght of the total

conposition; (b) a resin selected fromthe group consisting of (1) a s
di fferent WmiStme?fsyhk Weﬁe,;ceadfqlquwmi@w esher %Ynﬁv%ﬁm%l

hbout 6av BE° %ﬁm% it e R AR RO A VAN sl B8l e

I nduce fre I Byt [
to about % %y wel g o?tpq#e tg?g?&%gé%pl(%sﬁ%n th hﬁ&bﬁ’“l.% Ebl’h

of cl ai m 6g9% Uby heeigEsf Hhed taBal composition; and (c) catalygts

whi\ch induce free radical cure, polymerization, or
initiation; in about 0.1 % to about 2% by weight 4f the total
composition; and

(2) curing the resin impréc';nated substrate to produce an

electrical laminate.

N\ 57. The laminate of claim 56 wheredin the composition resin

further comprises a halogenated vinyl functional monomer.

58. The laminate of claim 57 wherein the composition

further comprises glacial /methacrylic acid.

59. The laminate claim 58 wherein the composition

further comprises/divinyl benzene.

60. The laminate of claim 59 wherein the composition
N further comprises additional components selected from the

group cgnsisting of moisture scavengers, molecular sieves,
orgapic fillers, inorganic fillers, monomers to increase or -
degrease the dielectric constant, monomer to reduce the

issipation factor, polyethylene fillers, monomers to modify
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el ect’ri call y conductive cladding on at | east one side. 69. A multilayer
el ectrical |amnate conprising a conbination of single sided and doubl e
si"ded | am nates according to the | am natg of claim68. 70. The | am nat
of claim 68 wherein e thickness range 1s fromabout 0.003 to about 0.420

I nches thi 1 h ' f ' | ne
substrate ?gef’%ﬁﬁggngﬁd’ﬁa\?}t Ec%ﬁ‘gét gﬁﬁ%ée@%ﬁ%f%s%%%d%ﬂﬁgﬁl% ed
t oget her bahar getlteradhicey sbeprafihs, rihbLesadntaiye Ofu.al.aigndikdigyi ng an

el ectrical conductive layer clad on at |east one side of the |la
cured subswestésg 8§entsTheirareleise aefyentsi ndéfoantiareiagarits el

retardant synergists, adhesion promoters, epoxies,
vinyl toluene, t-butyl styrene‘., paramethyl styrepe, diallyl
phthalate, and 2,4,ethyl-methyl imidazole, 3-¢fhyl-2-methyl-
2-3(3-methylbutyl)-1,3-oxazolidine, methyl shethacrylate and
combinations thereof.

61. The laminate of claim 60 wherdin the substrates are
materials selected from f:he groGp consisting of organic or

inorganic fillers, woven fibérglass, glass paper, glass

*

cloth, glass mat, polyimjfie paper, woven polymeric fibers and

non-woven polymer fib reinforcements.

62. The lamingxte of claim 61 further comprising an
electrically conductive layer clad on at least one side of
the cured Ampregnated substrate.

63. The laminate of claim 62 wherein the electrically

cgnductive layer is a metal éelected from the group of

aluminum, silver, gold, brass and copper-

This 15 the replacement sheal
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conddctive layer is a metal selected fromthe group of aluminum silver,
gol d, brass and copper. 67. An el ectrical |amnate, conprising: at |east
orfe rei nforcenent substrate and a cross |l i nked, thin wall thernosettd ng
resin conposition conprising a mxture of (a) a first vinyl ester regin,

synt hesi zecgfrom,lq!egllyqﬁngtfeweél mlyls% gggnﬁmo ésﬁpﬁ-ﬂ% nd and glaci al

met hacrylic acid, I nabout T%to about y wel ght he t ot al

conposi ti ouddtratd & Nnjlegahedd fian the ghetposontsirsg imgsid Anlf aresecond
different vinyl ester synthesized fromdiglycidyl ether of bisphnol A wth

gl aci al netleadmatiesl doigetherd befyrerthensuringt etepol yester, in/about 1%to
about 69% by wei ght of the total composition; and (c) cat aI ys¥s which
i nduce free radical cure, polynerization, or UV initiation, ¥n about 0.1 %

to about 2%’&” \Aerih%htlaq{ir{[arl:% E:Qté‘iaﬁn"@o%%biﬂ&-an electric
conductive layer clad on at least one side of laminated

cured substrates.

66. The laminate of claim 65 wherein th¢g electrical
conductive layer is a metal selected frdm the group of

s aluminum, silver, gold, brass and copper.

67. An electrical laminate, copprising: at least one
reinforcement substrate and a frossed linked, thin wall
thermosetting resin composition comprising a mixture of (a) a
first vinyl ester resin, nthesi:'z.e.d from diglycidyl ether of
bisphenol A, bisphenol and glacial methacrylic acid, in _
about 1% to about 95% by weight of the total composition; (b')
a resin selected fybm the group consisting of (1) a second
different vinyl ¢ster synthesized from diglycidyl ether of

\_/ bisphenol A wifh glacial methacrylic acid, and (2) an
unsaturated polyester, ‘in about 1% to about 69% by weight of
the total fomposition; and (c) catalysts which induce free:

- radical fure, polymerization, or UV initiation, in about 0.1

% to out 2% by weight of the total composition.
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52 68  “The laninate of claim67 further conprising an electrically
coppductive cladding on at | east one side. 69. A nmultilayer electrical

| am nat e conprising a conbination of si n.ﬁge si ded and doubl e si ded
| am nat es according to the |am nate of clai m68. 70. The | am nat e of

claim 68 rein e I SSel i.s from about 0.003 to about 0.120
nehes th},\/(e:g.. ThBe 16RiHAeS S " WG, 165 furggler. comprising an
electrically conductive cladding on at least one side.

69. A multilayer electrical laminate comprising a
combination of single sided and double sided lami ates

according to the laminate of claim 68.

70. The laminate of claim 68 wherein e thickness range is

from about 0.003 to about 0.120 inches thick.
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