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HALOGEN FREE THERMOSET RESIN SYSTEM FOR LOW
DIELECTRIC LOSS AT HIGH FREQUENCY APPLICATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] Not Applicable.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not Applicable.

FIELD OF INVENTION

[0003] This present disclosure relates to polymaleimide-based thermosetting resin
compositions and to their uses in various applications, such as, in the production of a prepreg, a

laminated board for printed wiring board, a molding material and an adhesive.

BACKGROUND OF THE INVENTION

[0004] Articles prepared from resin compositions having improved resistance to elevated
temperatures as well as low dielectric loss are desirable for many applications. In particular,
such articles are desirable for use in prepregs and laminates for printed circuit board (PCB) and
semiconductor applications as industries head toward higher circuit densities, increased board
thickness, lead free solders, higher temperature and higher frequency use environments.

[0005] Laminates, and particularly structural and electrical copper clad laminates, are
generally manufactured by pressing, under elevated temperatures and pressures, various layers of
partially cured prepregs and optionally copper sheeting. Prepregs are generally manufactured by
impregnating a curable thermosettable epoxy resin composition into a porous substrate, such as a
glass fiber mat, followed by processing at elevated temperatures to promote a partial cure of the

epoxy resin in the mat to a "B-stage." Complete cure of the epoxy resin impregnated in the glass
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frequency and for processes to produce such articles.

SUMMARY OF THE INVENTION

[0008] The present disclosure provides a thermosetting resin composition including:

[0009] (a) a polymaleimide prepolymer resulting from the advancement reaction of a polyimide
and an alkenylphenol, alkenylphenol ether or mixture thereof in the presence of an amine
catalyst;

[0010) (b) a poly(arylene ether) prepolymer resulting from the advancement reaction of a
poly(arylene ether) and an allyl monomer optionally in the presence of a catalyst; characterized
in that a resultant cured product formed by curing the thermosetting resin composition contains
at least two of the following well-balanced properties: (1) a glass transition temperature (Tg) of
greater than about 170° C; (2) a UL94 flame retardancy ranking of at least V1; (3) a dielectric
loss tangent of less than 0.005 at 16 GHz; and, (4) a diclectric constant of less than 3.00 at 16

GHz.

[0011] Another aspect of the present disclosure is directed to the use of the above thermosetting
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in the final composition, but may include minimal amounts of residual halogens that are present

in any remaining halogenated solvent or catalyst or residual amounts of halogen that leaches
from any containers or glassware used to synthesize and/or store the compositions. In certain
examples, substantially halogen-free refers to less than about 0.12% by weight total halogen
content in the final composition, more particularly less than about 0.09% by weight total halogen
content in the final composition. Though residual amounts of halogen may be present in the
final compositions, the residual amount does not impart, or retract from, the physical properties,
e.g., flame retardancy, peel strength, dielectric properties, etc., of the final composition. In
addition, any residual amounts of halogen that are present do not generate appreciable amounts
of dioxin, or other toxic substances, during burning to be considered a health hazard to

mammals, such as humans.

[0013] It will be recognized by persons of ordinary skill in the art, given the benefit of this
disclosure, that the thermosetting resin compositions, and articles made using the thermosetting
resin compositions, provide significant advantages not achieved with state of the art
compositions. The thermosetting resin compositions may be used in the assembly of various
single and multi-layered articles including, but not limited to, laminates, printed circuit boards,
molded articles, automotive and aircraft plastics, silicon chip carriers, structural composites,
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[0012] In accordance with certain enbodi nents, the thernosetting resin
conpositions disclosed herein are substantially hal ogen-free or
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[0017] Applicable polyimde' s contain at | east two radicals of the fornula
[0018] R1CO HC CO [0019] where R is hydrogen or nethyl. In one enbodi nent,
t he pol yiwDae12s84a5bi snal ei mi de of the forrmula 00 1111 PCI/US2012/037011

presence of an amine catalyst.
[0017] Applicable polyimide’s contain at least two radicals of the formula

[0018]
O

RI\C/C
ud -
4

(0019 where R’ is hydrogen or methyl. In one embodiment, the polyimide is a bismaleimide of

the formula
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(00200 where R' is hydrogen or methyl and X is ~CjHy- with i = 2 to 20, -CH,CH,SCH,CH,-,
phenylene, naphthalene, xylene, cyclopentylene, 1,5,5-trimethyl-1,3-cyclohexylene, 1,4-

cyclohexylene, 1,4-bis-(methylene)-cyclohexylene, or groups of the formula



[IN-X- NIl HC CIlI1l [0020] where R is hydrogen or nethyl and X is
-CGtl2,- withi =2 to 20, -CH2CH2SCH2CH2-, phenyl ene, napht hal ene, xyl ene,
cycl opentwbene/158415, 5-tri net hyl- 1, 3- cycl ohexyl ene, 1, 4- PCyaiSetiesnyiogne,

1, 4- bi s- (net hyl ene) - cycl ohexyl ene, or groups of the fornula WO

2012/ 158415PCT/ US2012/ 037011 [0021] R2R3

[0021]

[0022] where R* and R’ independently are methyl, ethyl, or hydrogen and Z is a direct bond,
methylene, 2,2-propylidene, -CO-, -O-, -S-, -SO- or —SO,-. Preferably, R! is methyl, X is
hexamethylene, trimethylhexamethylene, 1,5,5-trimethyl-1,3-cyclohexylene or a group of the
indicated formula (a) in which Z is methylene, 2,2-propylidene or —O- and R* and R’ are
hydrogen.

[0023] Applicable alkenylphenols and alkenylphenol ethers may include allylphenols,
methallylphenols or ethers thereof. Preferably, the alkenylphenol and alkenylphenol ether is a

compound of the formulae (1) — (4):

[0024]
CH,CH=CH,

HO R OH

CH,=CHCH,
(1)
[0025] where R is a direct bond, methylene, ispopropylidene, -O-, -S-, -SO- or -SO,-;



[0022] where R2 and R3 independently are nmethyl, ethyl, or hydrogen and Z
is a direct bond, nethylene, 2,2-propylidene, -CO, -0-, -S-, -SO or

-S2-. Preberebisg415RI is nethyl, X is hexanet hyl ene, PCT/US2012/037011

tri nmet hyl hexanet hyl ene, 1,5,5-trinmethyl-1, 3-cycl ohexyl ene or a group of the
indicated formula (a) in which Z is nethylene, 2,2-propylidene or -0- and
R2 and R3 are hydrogen. [0023] Applicabl e al kenyl phenol s and al kenyl phenol
ethers may include allyl phenols, nethallyl phenols or ethers thereof
Preferably, the al kenyl phenol and al kenyl phenol ether is a conpound of the
formulae (1) - (4): [0024] CH2=CHCH2 (1) [0025] where Ris a direct
bond, w4 hyl ene, ispopropylidene, -0-, -S, -SO or -SX2-;

OH

R* RS

R )

(00271 where R*, R’ and R® are each independently hydrogen or a C,-Co alkenyl, preferably an
allyl or propenyl, with the proviso that at least one of R*, R’ or R® is a C,-C)¢ alkenyl;

[0028]

HO R OH

)

(0029 where R*, R°, R® and R’ are each independently hydrogen or a C,-C) alkenyl, preferably
an allyl or alkenyl, with the proviso that at least one of R*, R’, R® or R” is a C,-C alkenyl and R
is defined as in formula (1) and (4)
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0031] where R®, R?, R, R, R'? and R" are cach independently hydrogen, C;-C, alkyl, and
C,-Cy alkenyl, preferably allyl or propenyl, with the proviso that at least one of R®, R®, R', R'!,
R and R™ is a C,-Cyg alkenyl and b is an integer from 0 to 10. It is also possible to use
mixtures of compounds of the formulae (1) — (4).

00321 Examples of alkenylphenol and alkenylphenol ether compounds include: O,0'-diallyl-
bisphenol A, 4,4'-dihydroxy-3,3'-diallyldiphenyl, bis(4-hydroxy-3-allylphenyl)methane, 2,2-
bis(4-hydroxy-3,5-diallylphenyl)propane, O,0O'-dimethallyl-bisphenol A, 4,4'-dihydroxy-3,3'-
dimethallyldiphenyl, bis(4-hydroxy-3-methallylphenyl)methane, 2,2-bis(4-hydroxy-3,5-
dimethallylphenyl)-propane, 4-methallyl-2-methoxyphenol, 2,2-bis(4-methoxy-3-
allylphenyl)propane, 2,2-bis(4-methoxy-3-methallylphenyl)propane, 4,4'-dimethoxy-3,3'-
diallyldiphenyl, 4,4'-dimethoxy-3,3'-dimethallyldiphenyl, bis(4-methoxy-3-allylphenyl)methane,
bis(4-methoxy-3-methallylphenyl)methane, 2,2-bis(4-methoxy-3,5-diallylphenyl)propane, 2,2-
bis(4-methoxy-3,5-dimethallylphenyl)propane, 4-allylveratrole and 4-methallyl-veratrole.

[0033] The alkenylphenol, alkenylphenol ether or mixture thereof may be employed in a range

of between about 0.05 moles — 2.0 moles per mole of polyimide. In another embodiment, the



[0027] where R4, R5 and R6 are each independently hydrogen or a C2-Cl10

al kenyl, preferably an allyl or propenyl, wth the proviso that at | east
one of RAVORB120KS8|6 is a C2-ClO al kenyl; [0028] (3) [po0aSpoMA0ETRI R4, R5,
R6 and R7 are each independently hydrogen or a C2-Cl0 al kenyl, preferably
an allyl or alkenyl, with the proviso that at |east one of R4, R5, R6 or R7
Is a C2-Cl10 alkenyl and Ris defined as in formula (1) and (4) WO

2012/ ]é 8ef'1y %Eglroll,uaﬁﬁgn]& Iéhoeggloe]’cﬂieJ ooror:rglgc]ture thereof may be employed in a range of between

about 0.1 moles — 1.0 mole per mole of polyimide.

[0034] Applicable amine catalysts include tertiary, secondary and primary amines or amines
which contain several amino groups of different types and quaternary ammonium compounds.
The amines may be ecither monoamines or polyamines and may include: diethylamine,
tripropylamine, tributylamine, triethylamine, triamylamine, benzylamine, tetramethyl-
diaminodiphenylmethane,  N,N-diisobutylaminoacetonitrile, =~ N,N-dibutylaminoacetonitrile,
heterocyclic bases, such as quinoline, N-methylpyrrolidine, imidazole, benzimidazole and their
homologues, and also mercaptobenzothiazole. Examples of suitable quaternary ammonium
compounds which may be mentioned are benzyltrimethylammonium hydroxide and
benzyltrimethylammonium methoxide. Tripropylamine is preferred.

[0035] The basic catalyst may be employed in a range of between about 0.1% - 10% by weight
of basic catalyst per total weight of the advancement reactants. In another embodiment, the basic
catalyst present may be employed in a range of between about 0.2% - 5% by weight of basic
catalyst per total weight of the advancement reactants.

[0036] The method of preparing the polymaleimide prepolymer includes blending the polyimide
and the alkenylphenol, alkenylphenol ether or mixture thercof and heating the blend to a
temperature of about 25°C - 150°C until a clear melt is obtained. The amine catalyst may then
be added and the reaction continued for an appropriate amount of time at a temperature of about
100°C - 140°C whereupon all of the amine catalyst is removed under vacuum. The degree of
advancement may be monitored by measuring resin melt viscosity using a 0-100 poise scale at
125°C and may range from 20-85 poise for the advanced polymaleimide prepolymer. Gel time

may also be used as an additional parameter and reflects the time to total gel formation as



(4) [0031] where R8, R95 Ru), RH, R12 and

R13 are each independently hydrogen, Cl-C4 al kyl, and C2-Cl10 al kenyl,

pr ef er ablwoabiyissqaas propenyl, with the proviso that at PeaaS2anm3®ii R8, RO,
R10, R', Rl12 and R13 is a C2-Cl10 alkenyl and b is an integer fromO to 10.
It is also possible to use m xtures of conmpounds of the fornulae (1) - (4).
[0032] Exanples of al kenyl phenol and al kenyl phenol ether conpounds incl ude:
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[0039] In one embodiment, the poly(arylene ether) includes one or more compounds containing
a plurality of structural units having the formula

[0040]

L Q Q' _|

(00411 where for each structural unit, each occurrence of Q' is independently primary or
secondary C;-Cj; hydrocarbyl, C;-C;, hydrocarbylthio or C,-C;; hydrocarbyloxy; and each
occurrence of Q* is independently primary or secondary Ci-Ci; hydrocarbyl, C,-Ci;
hydrocarbyloxy or C;-C,; hydrocarbyloxy. The term “hydrocarbyl”, whether used by itself, or as
a prefix, suffix, or fragment of another term, refers to a residue that contains only carbon and
hydrogen. The residue can be aliphatic or aromatic, straight-chain, cyclic, bicyclic, branched,
saturated, or unsaturated. It can also contain combinations of aliphatic, aromatic, straight chain,
cyclic, bicyclic, branched, saturated, and unsaturated hydrocarbon moieties. However, when the

hydrocarbyl residue is described as "substituted”, it can contain heteroatoms over and above the
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[ 0033] The al kenyl phenol , al kenyl phenol ether or m xture thereof may be
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125C i ; L

o o Mhe AR LRI iy DA Bl 2 hBRCALY ANGEE (AR Rl end
fl t the ti t t.ot al | f ti WO

2012/ EEHPISRERUGRSTSAGS APLT 9B BN MARE BYTTAXY ginper A9 aohenbo eI G 175C

and may range from 300-2000 seconds. ) )
tetramethyl diphenoquinone (TMDQ) end groups, typically obtained from 2,6-dimethylphenol-

containing reaction mixtures in which tetramethyl diphenoquinone by-product is present.

[0044] In some embodiments, the poly(arylene ether) may be in the form of a homopolymer, a
copolymer, a graft copolymer, an ionomer, or a block copolymer as well as combinations
thereof.

[0045) The poly(arylene ether) can be prepared by the oxidative coupling of
monohydroxyaromatic compound(s) such as 2,6-dimethylphenol and/or 2,3,6-trimethylphenol.
Catalyst systems are generally employed for such coupling; they can contain heavy metal
compound(s) such as a copper, manganese or cobalt compound, usually in combination with
various other materials such as a secondary amine, tertiary amine, halide or combination of two

or more of the foregoing.
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[ 0037] Poly(aryl ene ether) Prepolynmer [0038] The thernosetting resin
conposition of the present disclosure also includes fromabout 80-97 parts
by wei ghtwoprefesably from about 82-95 parts by wei ght, PpemUs:@0/opant s by
wei ght of the thernosetting resin conposition, of a poly(arylene ether)
prepol ymer resulting fromthe advancenent reaction of a poly(arylene ether)
and an allyl nononer. [0039] In one enbodinent, the poly(aryl ene ether)

i ncl udes one or nore conpounds co inin plyrality of structur nlts
havi ndetho TR SRIH CbasReT ST S e) Bndtve ar bbsratvetiee: molssyn
occurrence of g%yls |ndependently primary or secondary Cl-Cl2 hydrocarbyl,

C1- C12vaighiradchPWy 1 11Ri§0 carares pen oty d/Brobr By dxypighirycuge indJectlan weight of @
is independently primary or secondary Ci -Cl2 hydrocarbyl, Cl-Cl12

hydroéﬁﬂmyﬁﬁmymoghﬁﬂ;Eﬂﬂemydmﬂ¢dnbyﬂqumﬁmhmltmnnmkmqugommhyhﬁmomhpﬂher
used by itself, or as a prefix, suffix, or fragnent of another term refers

to a mesistuenct dfa&idaﬁi@ru g itac diliyyl HerRan g@m 40y dra@ &im Fﬂéb Bavifs a%@ce@a%@e
al i phatic or aromati c, strai ght-chain, cyclic, bicycli branched

sat ur gfref, o\ Qo @h?&#mlﬁﬂa bk cﬁﬁﬂo%hﬁo GGt ﬁ‘ﬂ?%nche d%a{elg)%% &Q Jﬁﬁaa% apfc,

aromat 1 c, str chain, cyclic, bicyclic, turate an

LB Ry TP B R B 080, LB RSB B, L

WO 2012/ 15841 PCT/U82012/037011 carbon and h dro nbers of the

subst i JsAPUTEGEY ehleroformal 2onke Anglalsamsgawpgpsazé%quw& ag thed ps@siCHICBYLY t he
hydr ocar byl residue can also contain nitro groups, cyano groups, carbonyl
gr oupof theardhprpiléns etliirHpriordo peslt ity wigh theptheravimpongrtoaphe campdsition aubs,
sul fonyl groups, sulfoxyl groups, sulfonam de groups, sulfanmoyl groups,
hydr oxXinlal gitdnyixs visedskeXy deficalugsthe aitrihdie vidckdty @httie ipolyaleno rRtlerNafter melt

het eroatons within the backbone of the hydrocarbyl residue. [0042] In sone

embodini® HeSwitlt ’fh% o@l@r)éoﬁl%ﬂérﬁd”'@f tﬁs b@@os@@éﬁ ah O nderfost PEORYIF drdthuphgily ieNE
ether units, 2,3,6-trinmethyl-1, 4-phenyl ene ether units, or a conbination
ther e%é At %er\%cosny of the poly(arylene ether) may be up to 30% higher after melt mixing. The
percentage of increase can be calculated by (final intrinsic viscosity-initial intrinsic
viscosity)/initial intrinsic viscosity. Determining an exact ratio, when two initial intrinsic
viscosities are used, will depend somewhat on the exact intrinsic viscosities of the poly(arylene
ether) used and the ultimate physical properties that are desired.
[00471 According to another embodiment, the poly(arylene ether) is a functionalized
poly(arylene ether). The functionalized poly(arylene ether) may be a capped poly(arylene ether),
a di-capped poly(arylene ether), a ring-functionalized poly(arylene ether) or a poly(arylene ether)
resin containing at least one terminal functional group selected from carboxylic acid, glycidyl
ether, vinyl ether and anhydride.

[004s] In one embodiment, the functionalized poly(arylene ether) contains a capped

poly(arylene ether) having the formula
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enbodi nents, the poly(arylene ether) is a poly (2, 6-dinethyl-1, 4-phenyl ene
ether) while in other enbodinents, the poly(arylene ether) is a copol yner
of 2, 6-diweth1sphienol and 2, 3, 6-tri net hyl phenol. [0043CT/NseopoBIiaryl ene
ether) may al so contain nol ecul es having am noal kyl - contai ni ng end groups,
typically located at a position ortho to the hydroxy group. Al so,
frequently present are tetranethyl di phenoqui none (TMDQ end groups,
typlcall obt ai ned from 2, 6-di met hyl phenol contai ning reaction m xtures in
whi ch & r anet hyl di phenoqui none by-product is present. [0044] In some
enbodi ments, the poly(arylene ether) ggg be in the formof a honmopol yner, a
copol ymer, a graft copolyner, an ioddfdy or a bl ock copol yner as well as
conbi nati ons thereof [0045] The pol y(aryl ene ether) can be prepared by the
oxi datiooseg odiepd Ang tiof resmnadyod raokyarhyat,i dhypdrivpoyoditspris potnadsy is an integer

2, 6-di met hyl phenol and/or 2,3, 6-trinethyl phenol. Catalyst systens are
gener gif 1 \to e0W)| Ryfeehbliyosf ISGCJhs@QUﬁlbbﬁhﬁi oftth@Yor@m cont ai n heavy netal
conmpound(s) such as a copper, manganese or cobalt conmpound, usually in
conmbi natjon with various other materials such as a secondary ami ne,
tertiary amne, halide or conbination of two or nore of the foregoing. WO
2012/ 158415PCT/ US2012/ 037011 [8046] In otheL_=nbodinents, the poly(aryl ene
et her) can have a nunber averdge Q! ecul R we ght of 3,000 - 40,000 grans
per nmole (g/nmol) and a wei ght re—m ar wei ght of 5, 000- 80, 000

g/ nol, as determ ned by gel psg [ ogr aphy usi ng nonodi sperse
pol ystyrene standards, a sty+{g bne gel at 40 C and sanpl es
having a concentration of 1 m iliter of chloroform The
poly(aryl ene ether) or conbingti yl ene ether)s may have an
initial intrinsic viscosity of liters per gram (dl/g), as
nmeasured in chloroformat 25 C~ Iy Tn8ic viscosity is defined as
the intrinsic viscosity of the poly(arylene ether) prior to nelt m xing
with the other conponents of the conposition and final intrinsic viscosity

|s defg o&‘z“f?r@fe ée 05 LAk 's@&dt&ral" ?ﬁo%?él{ o%ur%e%‘é‘e RE! ¥t a¢ XJASe%%n dénﬁg : %ruglfng% el t

m Xi né ot her conp nposi t ron. one

of ordinary s i N t f the pol r ther

be up ?%Pnééw‘ﬁ'{iﬁeaﬂkyah @Flz ‘inYﬁ é? alf‘ilpé ﬁé%?eﬂ?ﬁa@}%ﬁqyr@%g Xgalky e
cal cul ated by (final intrinsic V|sc05|ty initial intrinsic

vi scodhegply i o Kigi ihwdiocsbyloxyi @@b@ﬁquocqy@teéewﬁ|Q1g18a1ﬁd@;@aé@ntlyapﬁl@arwm%n
two initial intrinsic viscosities are used, will depend sonmewhat on the
exactsbﬂtﬁh@@Eﬁthﬁb@s@fCe&ﬂbﬁnmh@rﬁbﬂMkmMyCeﬁEzanh®M¥Yh§bdhahﬂmbhﬁﬂkw,
ultimate physical properties that are desired. [0047] According to another

enbodiphefl, ok ltg-M9hyd@eybeneyehet) ittsgd of unetabead(0zead BOisy( @pyingrgeoup
ether). The functionalized poly(arylene ether) may be a capped poly(aryl ene

ether%ebaﬁgﬁoﬁﬁm gﬂn@qkﬁgg&xi@me ether), a ring-functionalized poly(arylene
ether) or a pol y? ryl'ene ether) resin containing at |east one term nal
functional group selected fromcarboxylic acid, glycidyl ether, vinyl ether
and anhydride. [0048] In one enbodi nent, the functi onal i zed pol y(aryl ene

et her) contains a capped poly(arylene ether) having the formula WO

2012/ 158415PCT/ US2012/ 037011
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[0049] A(J-K)y 10050] where A is the residuum of a nonohydric, dihydric or
pol yhydric phenol, y is an integer of 1 to 100, preferably of 1-6, J is a
conpound w0 20tee1s8asmul a [ 0051] [0052] where for each sPcuatsaoialo3tomit, each
occurrence of B is independently primary or secondary C -C 12 al kyl,
C2-C12 al kenyl, C2-C12 al knyl, C1-Cl2 am noal kyl, C1-Cl12 hydroxyal kyl,
phenyl, or Cl-Cl2 hydrocarbyl oxy; and each occurrence of 4 is

i ndependently primary or secondary C -C 12 al kyl, C2-Cl12 al kenyl, C2-Cl2

al knyl®5¥1- C12 ani noal kyl, C1-Cl12 hydroxyal kyl, phenyl, or Cl-C12

hydr ocar byl oxy; mis an integer of 1 to about 200; and K is a capping group
sel ected fromthe group consisting of WO 2012/158415PCT/ US2012/ 037011

[ 0053] [0054] where B is Cl1-Cl2 alkyl; Q, Q7 and B are each

i ndependently sel ected fromthe group consi g¢% ng|of hydrogen, C -Cl2 al kyl,
C2-Cl12 al kenyl, C6-C18 aryl,. C7-C18 al k I-%T stifuted aryl, C7-C18

aryl -substituted aIknyYfzifiZ al kox cé¥ yl, CI-Ca8daryl oxycarbonl yl,

C8- C18 al kyl -substituted aryl oxycarbanyl , - aryl -substituted

al koxycarbonyl, nitrile, formyl, carboxyl a¥,

Q9 QIO

[00s4) where Q’ is C;-Cy; alkyl; Q°, Q7 and Q are each independently selected from the group
consisting of hydrogen, C,-Cy; alkyl, C,-C); alkenyl, Cs-C;s aryl, C;-C;s alkyl-substituted aryl,
C7-Cs aryl-substituted alkyl, C,-C;, alkoxycarbonyl, C;-C;s aryloxycarbonlyl, Cs-C;s alkyl-
substituted aryloxycarbonyl, Cs-Cig aryl-substituted alkoxycarbonyl, nitrile, formyl, carboxylate,
imidate, and thiocarboxylate; and Q°, Q'°, Q'!, Q'? and Q"* are each independently selected from
the group consisting of hydrogen, C;-C;, alkyl, hydroxy, and amino; and Y is a divalent group
selected from the group consisting of

[0055]

=0
=0
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I
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I mdate, and thiocarboxylate; and @, Q), H, QL2 and -13 y are each
I ndependently selected fromthe group consisting of hydrogen, Cl-Cl2 al kyl,
hydr oxy, wocoemissgs and Y is a dival ent group sel ected PCoraskée/0grooup
consi sting of [0055] QL4 Q15
[00s6] where Q' and Q" are cach independently selected from the group consisting of
hydrogen and C;-C;, alkyl.
[0057] In one embodiment, A is the residuum of a phenol, including polyfunctional phenols, and

includes radicals of the structure

[0058] — —

L Q Q' _

[00s9] where Q’ and Q* are defined as above, W is hydrogen, C;-Cis hydrocarbyl, or C;-Cs
hydrocarbyl containing a substituent, for example, a carboxylic acid, aldehyde, alcohol, amino
radical, sulfur, sulfonyl, sulfuryl, oxygen, C;-C, alkylidene or other such bridging group having
a valence of 2 or greater to result in various bis- or higher polyphenols; and n is an integer of 1 to
100, preferably 1 to 3.

[0060] In other embodiments, A is the residuum of a monohydric phenol, a diphenol, for
example, 2,2°,6,6’-tetramethyl-4,4’-diphenol or of a bisphenol, for example, bisphenol A.

[0061] Thus, in one embodiment, the capped poly(arylene ether) is produced by capping a
poly(arylene ether) consisting essentially of the polymerization product of at least one
monohydric phenol having the structure

[0062]



WD 2012/ 158415PCT/ US2012/ 037011 [ 0056] where QL4 and QL5 are each

i ndependently selected fromthe group consisting of hydrogen and G -Cl12

al kyl . [ O862p12d138aane enbodi nent, A is the residuum of aPpmarseé12/osmeel udi ng
pol yfunctional phenols, and includes radicals of the structure [0058] * n

[ 0059] where @B and Q4 are defined as above, Wis hydrogen, G -C18

hydr ocarbyl, or G -Cl18 hydrocarbyl containing a substituent, for exanple, a
carboxylic acid, aldehyde, alcohol, am no radical, sulfur, sulfonyl,

sul furyl, oxygen, Cl-Cl2 al kylidene or other such bridging group having a
val ence of 2 or greater to result in various bis- or higher polyphenols;
and nis an integer of 1 to i00, preferably 1 to 3. [0060] In other

enbodi ments, A is the residuum of a nonohydric phenol, a diphenol, for
exanpli®g3] 2 verd @ artdeQ“aaretda:ﬁjhedl,aé' abdv@phehotabler exaimpdesbdf piveveby drid phenols
exanpl e, bisphenol A [0061] Thus, in one enbodi nent, the capped

pol y( ahdih@)Bueirb &bl lilste® i) AU aEndyIfiadidl BEH 23 Mh‘ﬁe@lﬁﬂbl&iﬂ@l.eﬂi@ﬁaly@@ﬁ%& i ng
essentially of the polynerization product of at |east one nonohydric phenol

havi n%tﬁe?)em% LHGHY raecobgl%%} of at least two monohydric phenols, such as 2,6-dimethylphenol
and 2,3,6-trimethylphenol.
[0064] In yet another embodiment, the capped poly(arylene ether) includes a di-capped

poly(arylene ether) having the structure

[0065]

o Q] Q' Q’ Q'
I I
—10 (Y)z 01— C
H,C = < \ / \ / %CHZ
16
Q | Q Q4 | t | Q Q4 ] t Q16

[0066] where in each occurrence, Q° and Q" are defined as above; in each occurrence Q' is
independently hydrogen or methyl; in each occurrence t is an integer of 1 to about 100; z is 0 or
1; and Y has a structure selected from

[0067]

17

z—ARQ

n—/—oe

CQ=—=¥n_"T"0O
2
|
e
|
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WO 2012/ 158415PCT/ US2012/ 037011 [0063] where @B and Q4 are defined as
above. Suitable exanples of nonohydric phenols include, but are not limted
to, 2, 6-dvoenteyisphienol and 2, 3, 6-trimet hyl phenol. The pecCy(seyesmiet her)
may al so be a copol yner of at |east two nonohydric phenols, such as

2, 6-di et hyl phenol and 2, 3, 6-trinethyl phenol. [0064] In yet another

enbodi nent, the capped poly(aryl ene ether) includes a di-capped
poly(aryl ene ether) having the structure [0065] [ 0066] where in each
occurrence, (B and Q4 are defined as above; in each occurrence QL6 is

i ndependent |y hydrogen or nmethyl; .in eagh occurrence t is an integer of 1
to abdWesl 100re 1n agh gecurrengn dTYQhaznda &t 1ené tQir ears eipgencadentiyoral§ateb fipm

hydrogen and C;-C;, hydrocarbyl.

[0069] Procedures for capping poly(arylene ethers) are known to those skilled in the art, for
example, as taught in U.S. Pat. Nos. 6,306,978 and 6,627,704, the contents of which are
incorporated herein by reference. Thus, the capped poly(arylene ether) may be formed by the
reaction of an uncapped poly(arylene ether) with a capping agent. Capping agents include, but
are not limited to, monomers or polymers containing anhydride, acid chloride, epoxy, carbonate,
ester, isocyanate, or cyanate ester radicals. For example, the capping agent may be acetic
anhydride, succinic anhydride, maleic anhydride, salicylic anhydride, acrylic, methacrylic
anhydride, a polyester comprising salicylate units, homopolyesters of salicylic acid, acrylic
anhydride, methacrylic anhydride, glycidyl acrylate, glycidyl methacrylate, di(4-
nitrophenyl)carbonate, phenylisocyanate, 3-isopropenyl-alpha, alpha-dimethylphenylisocyanate,
cyanatobenzene, or 2,2-bis(4-cyanatophenyl)propane).

[0070] In still another embodiment, the functionalized poly(arylene ether) includes a ring-

functionalized poly(arylene ether) having repeating structural units of the formula

[0071]
% CH,- L]
— O —_—
Y CHy-L! |

(00721 where in each occurrence L' and L? are independently hydrogen, a C;-C, alkyl group, an
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WD 2012/ 158415PCT/ US2012/ 037011 [ 0068] where in each occurrence of QL7 and
QL8 and Q19 are independently selected from hydrogen and Cl-Cl12

hydr ocar byD.20{206388F Pr ocedures for cappi ng pol y(aryl enePeThusesip/0aroe1 known
to those skilled in the art, for exanple, as taught in U S. Pat. Nos.

6, 306, 978 and 6, 627, 704, the contents of which are incorporated herein by
reference. Thus, the capped poly(arylene ether) nay be fornmed by the

reacti gn of an unca | ene ether) with a cappi ng agent. Capping
agent ¢ eﬁXfﬁﬂgoﬁwﬁ?gﬁngggF%$Fﬂg lfed to, nononers or pol yners containing

anhydride, acid chloride, epoxy, carbonate, ester, isocyanate, or cyanate
ester [10&dli cal s. For exanple, the capping agent may be acetic anhydride,
succi ni ¢ anhydride, maleic an ride, saWcylic anhydride, acrylic,

met hacryl i c anhydride, a pUrﬂgﬁf T—tﬁﬁﬁp'sing salicylate units,

hormopol yesters of salicylic acid, acrykic bﬁhydride, met hacryl i ¢ anhydri de,
glycidyl acrylate, glycidyl nmethacrylate, di(4- nitrophenyl)carbonate,
phenyl i socyanat e, 3-isopropenyl-al pha, al pha-di nethyl phenyl i socyanate,

ot e A e P I e DL PE AT A g R e g o
rlngfun ion Ilzed en t her) haV|ng repeating structural units of
the féf 33y€ 9er 5X&§$¥8ﬁ??HEV1[0072] where in each occurrence L1 and
L2 ar%mhgdependently hydrogen, a Cl-Cl12 al kyl group, an - 17 -

— (CHy)y —C=C—L*

(0076] where L° is hydrogen, methyl or ethyl and f is an integer of 0 to 4; and wherein about
0.02 mole percent to about 25 mole percent of the total L' and L? substituents are alkenyl and/or
alkynyl groups.

[00771 In another embodiment, the ring-functionalized poly(arylene ether) is the product of a
melt reaction of a poly(arylene ether) and an a,B-unsaturated carbonyl compound or a B-hydroxy
carbonyl compound. Examples of o,B-unsaturated carbonyl compounds include maleic
anhydride and citriconic anhydride. An example of B-hydroxy carbonyl compound includes
citric acid. The functionalization may be carried out by melt mixing the poly(arylene ether) with
the desired carbonyl compound at a temperature of about 190° C to about 290°C.

[0078] According to another embodiment, the functionalized poly(arylene ether) includes at least
one terminal functional group selected from carboxylic acid glycidyl ether, vinyl ether, and
anhydride. Suitable methods for preparing these may be found at, for example, EP 0261574B1,
U.S. Pat. Nos. 6,794,481 and 6,835,785, and U.S. Pat. Publ. Nos. 2004/0265595 and
2004/0258852, the contents of which are incorporated herein by reference.

[0079] In some embodiments, the functionalized poly(arylene ether) has a number average

- 18-



WD 2012/ 158415PCT/ US2012/ 037011 al kenyl group represented by the formul a
[0073]/ L3 - (Cl12)e -CCIN 4 L5 L [0074] where L3, L4 and L5 are

i ndependemol2g12mgsitiogen or nmethyl and e is an integer of POTIUS2642/081018N

al kynyl group represented by the formula [0075]- (Cl-12)1 --C=C-1-i6 [0076]
where L6 is hydrogen, methyl or ethyl and f is an integer of O to 4; and
wher ei n about 0.02 nol e percent to about 25 nole percent of the total LI

and L2 tltu nt d/o groups. [0077] In another
enmbodi ?ﬁuartVFFég 0&6 r?@blggﬂ‘éllti)fg?f” Lﬁ@é@%{/ﬁine ether) is the product of a
melt reaction of a poly(arylene ether) and an a,|3-unsaturated carbonyl
conmpouteell orThg 4llyl myanosiey r@aafrb%ﬁynownébmopolﬂﬁﬂpmegorw e, § anighsathareafed
car bonyl conpounds include nal ei c anhydride and citriconic anhydride. An
exanplAecofding-thyatrcoxsnbodinizan ythe c aliyd omodomarc ivdekcedt from &clly! i9dvganurate,
functionalization may be carried out by nelt m xing the poly(aryl ene ether)
Wi th th@cth@BylrisstyaairaRNitallg0 sRauRL, atimdth BPG/adtidfeg dRilyhhatie, #80yCatmeabout

290C.

diacryl chlorendate, allyl acetate, allyl benzoate, allyl dipropyl isocyanurate, allyl octyl oxalate,
allyl propyl phthalate, butyl allyl malate, diallyl adipate, diallyl carbonate, diallyl dimethyl
ammonium chloride, diallyl fumarate, diallyl isophthalate, diallyl malonate, diallyl oxalate,
diallyl phthalate, diallyl propyl isocyanurate, diallyl sebacate, diallyl succinate, diallyl
terephthalate, diallyl tatolate, dimethyl allyl phthalate, ethyl allyl malate, methyl allyl fumarate,
and methyl methallyl malate. Of these monomers, triallyl isocyanurate (hereinafter referred to as
TAIC) and trimethallyl isocyanurate (hereinafter referred to as TMAIC) are especially desirable.

[0081] The advancement of the poly(arylene ether) is carried out by reacting the poly(arylene
cther) with the allyl monomer optionally in the presence of a catalyst. In one embodiment, the

catalyst is a metal acetyl acetonate having the structure

[0082] — —
CH;

~
N\

— —2o0r3

[0083] where M is selected from aluminum, barium, cadmium, calcium, cerium (III), chromium
(III), cobalt (II), cobalt (III), copper (II), indium, iron (II1), lanthanum, lead (II), manganese (II),

manganese (I1I), neodymium, nickel (II), palladium (II), potassium, samarium, sodium, terbium,

-19-



[0078] According to another enbodi nent, the functionalized poly(aryl ene
ether) includes at |east one term nal functional group selected from

car boxyl iwoaeidisgiigci dyl ether, vinyl ether, and anhydr iPpde/USSuiaiiie

nmet hods for preparing these may be found at, for exanple, EP 0261574B1,

U S. Pat. Nos. 6,794,481 and 6,835,785, and U. S. Pat. Publ. Nos.

2004/ 0265595 and 2004/ 0258852, the contents of which are incorporated
herein. by reference. 0079h n, sone. enbodi nents, the functionalized

pol y( AN WhevaBpfiEpy, YHEUM,Z! &ﬁ%%lr%mge WO 2012/ 158415PCT/ US2012/ 037011
nol ecul ar wei ght of about 500 g/nol to about 18,000 g/nol. 10080] The allyl
nononmetosdira\in pehes amhedimentds, -the catghyisy isan 9rgamnmmld@rsuah risx digrayt petosisle,
According to one enbodinent, the allyl nononer is selected fromtriallyl

i socyaertrbatye,cutyil rp@tdwacﬂd,ybis(nabbwlparwdysppﬂopyabérybna;yda'nwtaued feroxigd, hab4 yl
cyanurate, diallyl amne, triallyl amne, diacryl chlorendate, allyl

acet atdemetﬁ&lhykaﬂ@emmmyamp@fdxyde di msqnﬁéthylﬁ@gmmﬂ,myd%ﬂeyém@@t ydhb@mlylat e,
al |yl propyl phthal ate, butyl allyl malate, diallyl adipate, diall

car bonal £ ﬁﬂg, (¥la- @lm&td%xﬁz m&&;ﬁ& harg téﬁg%ug@ g%:rjab?ﬁ:tzofafémr %estﬂ?' @@Ey'

i sophthal ate, mal ona xal yl phthal ate, diallyl

pr opy anurat e, diall ebac di.al | succi nat e

ber epﬁwgﬁaﬁfe&w Y ¢ SR SRRk et ELdobyn SEREk aﬂfgf%alg %%}fenstﬁ g

mal at e, th marate, and nethyl pethallyl mala

monongheal Ctaﬁ(sé?r ITo1 e%agwify AAPERIES (WY B Ugracit anhyiraus.o b %I@tla% eth@}neah dhe
trimethallyl isocyanurate (hereinafter referred to as TMAIC) are especially
desi r ablabyst BED8LYs Ry dodng éheelormel t he pol y(aryl ene ether) is carried out
by reacting the poly(arylene ether) with the allyl nonomer optionally in

t he pnessgnce of a catalyst. In one enbodi nent, the catalyst is a netal
acetyl acetonate having the structure [ 0083] where Mis selected from

al umi num barium cadm um F_?I eum cerium (IdH chrom um
13 | H

HsC

[0086] The amount of catalyst used may range from about 0.25 parts to about 1.25 parts,
preferably from about 0.5 parts to about 1 part, per 100 parts by weight of the poly(arylene
cther).

[0087] According to one embodiment, the advancement reaction begins by contacting the
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(rrr), cobalt (11), cobalt (111), copper (I1), indium iron (I11),

| ant hanum lead (11), manganese (I1), manganese (l11), neodym um nickel
(1), palwadoimsg4is), potassium samarium sodi um ter biPECFUS2M@037011
2012/ 158415PCT/ US2012/ 037011 titanium vanadium yttrium zinc and
zirconium [0084] In other enbodinents, the catalyst is an organic

per oxi de, such as, dicunyl peroxide, tert- butyl cunyl peroxi de,

bi s(ter per ox benzene, d|-t ut er oxi de,
i ot R ehe R Vi B ke eiadnd angondh St By el 1 SacBiamepty op
eroxi de, di benzoyl peroxide, bis-(2,4-dichlorobenzoyl) peroxide or
t ert - Bgaoyipn Gé?xlﬁéﬂzogh@ amoyn of |10l avéanceeherdli anenally] mproreert egnjagicq én ghe
cobalt salt, for exanple, cobalt octoate or cobalt naphthenate, or a netal
cat al wsltzancémenteveactpjneinclmlaggrﬁam,thm 5@Yabyu miecgha qiotly (anytopd ravhes) aha lessahdrer
enbodi ment, the catalyst is G ubbs catal yst having the fornula [0085]

50% by weight allyl monomer, based on the total weight of the advancement reaction mixture.

Il
an
Il

In another embodiment, the amounts of poly(arylene ether) and allyl monomer contacted in the
advancement reaction includes at least about 50.5 to about 70 parts by weight poly(arylene ether)
and at least about 30 to about 49.5 parts by weight allyl monomer, based on 100 parts by weight
of the advancement reaction mixture. In yet another embodiment, the amounts of poly(arylene
ether) and allyl monomer contacted in the advancement reaction includes from at least about 51
— 60 parts by weight poly(arylene ether) to at least about 40 — 49 parts by weight allyl monomer,
based on 100 parts by weight of the advancement reaction mixture.

[0088] The conditions under which the advancement reaction occurs include full vacuum and at
a temperature ranging from at least about 140° C to less than about 150.5° C. The reaction is
allowed to continue for a sufficient period of time to allow the poly(arylene ether) prepolymer to
reach a desired average molecular weight. According to one embodiment, the advancement
reaction is allowed to continue until the poly(arylene ether) prepolymer reaches an average
molecular weight of at least 40,000 g/mol. In another embodiment, the advancement reaction is
allowed to continue until the poly(arylene ether) reaches an average molecular weight of at least
50,000 g/mol, and in still other embodiments, it is allowed to continue until the poly(arylene
cther) reaches an average molecular weight of at least about 60,000 g/mol. In a further
embodiment, the advancement reaction is allowed to continue until the poly(arylene ether)
reaches an average molecular weight of no more than about 160,000 g/mol, and in other

embodiments, the reaction is allowed to continue until the poly(arylene ether) reaches an average
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[ 0086] The anount of catal yst used may range from about 0.25 parts to about
1.25 parts, preferably fromabout 0.5 parts to about 1 part, per 100 parts
by wei ghtwof20t2uss416! y(aryl ene ether). [0087] Accordi ng troTarseoiemdpmdi ment ,

t he advancenent reaction begins by contacting the WD

2012/ 158415PCT/ US2012/ 037011 poly(arylene ether) with the allyl nonomer and
optionally t he catalyst to forn1an advancenent reaction m xture. The anount
of poI | ene th and aII tacted in the advancenent

et miendhr el b ire ria ety B LR ol Carihreie SEHERS "R ess
than 50% by wei ght allyl nmononer, based on the total weight of the
advan@émﬁ{ averge Y pc iy eiskt wilhvaanoiien mosberabediments phtl tapiselht snag from
poly(arylene ether) and allyl nononer contacted in the advancenent reaction
i ncl uadbsutdt 1 haasto @wou0 bQurs, frefesdbbufromGbpetr(. S hbyrs vealghit 1obbysar yl ene
ether) and at |east about 30 to about 49.5 parts by weight allyl nononer,
based |gagv) 1GarR@Rt&rdit Wei ght of the advancenent reaction mxture. In yet
anot her enbodi nent, the anounts of poly(arylene ether) and allyl nononer

conta i i d a b
parts @5‘%&?9 Iﬁtﬁ%%dé §F‘§lﬁi %t sl A o e “%aﬁ%%%&pgﬁlg&éya

wei ght S p he advancene

Fenct bRy B QPR ad i o P et B gﬁgam%aﬁ% P 15, BN BT ion
reacti.on occurs include full uum and _at a tenperature ranging fr t
| east el beiceee 3Dpul bat pr ik hbiuEbonsa0 paes {WW@%&@{. 10k PR BY Metaatot o
continue for a sufficient period of tine to allow the poly(aryl ene ether)
pr epoltherethetnm seigiag h resind esninmpaditioue refg éharophesphaartedeifighte. reterslontdi ndn t othene
enbodi ment, the advancenent reaction is allowed to continue until the

pol y( @mplogingcned, gy jhepn@ealngniesin ceapbasom incduies dgeveadlabowt! Apartehygheight teat

| east 40,000 g/nol. In another enbodi nent, the advancenent reaction is

ol oou ot el ot oy A FES%W%“‘S%%MW”?%%&%@?@?W o erbod Ment s,
ol ecdhi %deg%ﬁ B R N P R S
et ner o PRRHBE AR gE %%Yr’%%r groortpue | EESanLXS?r{ES“SOO

g/nmol, and in other enbodinents, the reaction is allowed to continue until
the pd1yy arkpeenectehemmicyl ogaoh e phesphespied dlapp rop1dant GRMEEPEACASR012/ 037011
nol ecul ar wei ght of no nore than about 140,000 g/nmol. The reaction tine
need ttloermesahng resindesipositioay & magemnﬂ)é,étmuérmin webgrhimenids) the phosphotated flamepst
enbodi ments will typically range fromabout 0.1 hours to about 20 hours,
pr ef erabtdinf i0m fafipulh aQstoWioblew iDfaRaule (3(hours. [0089] Fl ane Ret ar dant
[ 0090] In another aspect, the thernosetting resin conmposition may further
i ncl uggea phosphonated flanme retardant. In certain enbodi nents, the
t hernosetting resin conposition ing udes between about 1 part by wei ght to
about 20 parts by weight, per 100 rts by weight of the thernosetting
resin conposition, of the phosphongted flane retardant. |In other
enbodi nents, the thernosettinpres osition includes between about 4
parts by melght to about 15 pa?ts y wei ght of the phosphonated flanme
retardant, and preferably between about 5 parts by weight to about 10 parts
by meight, per 100 parts by meight]jg the thernosetting resin conposition
of the phosphonated fl ane retardant.

&)

[0093]

D;O —Pp——O0D;,

OD,
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[ 0091] The exact chem cal form of the phosphonated flanme retardant can vary
based on thernosetting resin conposition. For exanple, in certain

enbodi mrerwe,20tssgghosphonat ed fl ame retardant has a for rarasasi2ebmwan bel ow
in formulae (5)-(7): [0092] O 11 DP-D2 1 D4 (5) [0093] 0 11

(6)
[0094] and
i i
D3——O_|P|—OD2_'O_T_OD2
OD, OD,
— -8
(7)

[0095] In formulae (5)-(7), D,, D3 and D4 each may be independently selected from the group
consisting of substituted or unsubstituted alkyl, substituted or unsubstituted aryl, substituted or
unsubstituted alicyclic and substituted or unsubstituted heterocyclic groups that include nitrogen,
oxygen and/or phosphorous; and g is an integer from 1 to 20.

[0096] Exemplary commercially available materials that can be used include, but are not limited
to, ammonia polyphosphates such as Exolit APP-422 and APP-423 (commercially available from
Clariant), and Antiblaze® MC flame retardants (commercially available from Albemarle),
melamine polyphosphates such as Melapurg-200 and Melapurg-MP (commercially available
from Ciba) and Fyrol(V-MP) (commercially available from Akzo Nobel), organic phosphonates
such as OP-930 and OP-1230 (commercially available from Clariant) and polyphenylene
phosphonates such as Fyrol PMP (commercially available from Akzo Nobel).

(00971 Optional Additives

[0098] The thermosetting resin composition may also include, if necessary, additives for

enhancing strength, release properties, hydrolysis resistance, electrical conductivity and other
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characteristics. The additives may be added to the thermosetting resin composition in an amount
of less than about 50 parts by weight, preferably less than about 30 parts by weight and most
preferably less than about 20 parts by weight, per 100 parts by weight of the thermosetting resin
composition.

[0099] Such optional additives may include inert, particulate fillers such as talc, clay, mica,
silica, alumina, and calcium carbonate. Fabric wettability enhancers (e.g. wetting agents and
coupling agents) may also be advantageous under certain conditions. In addition, such materials
as antioxidants, thermal and ultraviolet stabilizers, lubricants, antistatic agents, micro or hollow
spheres, dyes, and pigments may also be present.

[00100] Organic Solvent

[00101] In some embodiments, the thermosetting resin composition may be dissolved or dispersed
in an organic solvent. The amount of solvent is not limited, but typically is an amount sufficient
to provide a concentration of solids in the solvent of at least 30% to no more than 90% solids,
preferably between about 55% and about 85% solids, and more preferably between about 60%
and about 75% solids.

[00102] The organic solvent is not specifically limited and may be a ketone, an aromatic
hydrocarbon, an ester, an amide, a heterocyclic acetal or an alcohol. More specifically, examples
of organic solvents which may be used include, acetone, methyl ethyl ketone, methyl isobutyl
ketone, cyclohexanone, toluene, xylene, methoxyethyl acetate, ethoxyethyl acetate, butoxyethyl
acetate, ecthyl acetate, N-methylpyrrolidone formamide, N-methylformamide, N,N-
dimethylacetamide, methanol, ecthanol, ethylene glycol, ethylene glycol monomethyl ether,
cthylene glycol monoethyl ecther, dicthylene glycol, tricthylene glycol monomethyl ether,

triethylene glycol monoethyl ether, triethylene glycol, propylene glycol monomethyl ether,
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o4 (7) [0095] In formulae (5)-(7), D2, D3 and D4 each may be

I ndependently selected fromthe group consisting of substituted or
unsubst i twDed12al5k45, substituted or unsubstituted aryl, pemhsto2osmdl or
unsubstituted alicyclic and substituted or unsubstituted heterocyclic
groups that include nitrogen, oxygen and/or phosphorous; and g is an
integer from1l to 20. [0096] Exenplary commercially available materials

that can b use&,i clude, but are ngt limted to, a i a pol hosprat S
such dptendens ehvepl Mooy sBes ARy s ERERs MoPgPrany Pulbh S TPBHERS Zcaht )
and Antiblaze0 MC fl ane retardants (commercially available from Al bemarl e),
el ammeEopEipybetbeh hat dexd graangdsmivirapilegoP00 and Mel apurg- MP (comerci al |y
avai l able from G ba) and Fyrol (V-MP) (commercially avail able from Akzo
Nobel )01y Jawritherplosspig ratresongusthioas o OReG3Geand scdbsui@ 36 Yacapared irmkiown
avail able from d ariant) and pol yphenyl ene phosphonates such as Fyrol PM
( comesiinad, lfyr eedigl@yepremdih MNizdivitiedl&lomponents and then mixing these premixes, or
by mixing all of the components together using customary devices, such as a stirred vessel,
stirring rod, ball mill, sample mixer, static mixer or ribbon blender. Once formulated, the
thermosetting resin composition of the present disclosure may be packaged in a variety of
containers such as steel, tin, aluminium, plastic, glass or cardboard containers.
[00104] According to another embodiment, the thermosetting resin composition of the present
disclosure is prepared by mixing together from about 3-20 parts by weight of the polymaleimide
prepolymer and from about 80-97 parts by weight of the poly(arylene ether) prepolymer. In
another embodiment, the thermosetting resin composition is prepared by mixing together from
about 3-20 parts by weight of the polymaleimide prepolymer, from about 80-97 parts by weight
of the poly(arylene ether), and then solvent, at an amount sufficient to provide a concentration of
solids in the solvent of at least 30% to no more than 90% solids. The thermosetting resin
composition, once prepared, may then be applied to an article or substrate and cured at a
temperature greater than 150° C to form a composite article.
[00105] The thermosetting resin composition of the present disclosure can be used to make
composite articles by techniques well known in the industry such as by pultrusion, moulding,
encapsulation or coating. The thermosetting resin compositions of the present disclosure, due to
their thermal properties, are especially useful in the preparation of articles for use in high

temperature continuous use applications. Examples include electrical laminates and electrical

encapsulation. Other examples include molding powders, coatings, structural composite parts,

-25-



[ 0097] Optional Additives [0098] The thernosetting resin conposition may
al so include, if necessary, additives for enhancing strength, rel ease
properti e80 2h1dsed1gsi s resi stance, el ectrical conducti viPCy/tsaa208teer WO
2012/ 158415PCT/ US2012/ 037011 characteristics. The additives may be added to
the thernosetting resin conposition in an anount of |ess than about 50
parts by weight, preferably | ess than about 30 parts by wei ght and npbst

preferahly | ess than about 20 parts by weight, per 100 parts by wei ght of
Phe. ¢ ROrHVEToTAGoRBRTR K Aposhie SR80 Pnskeh St | onal - addi 11 ves may
include inert, particulate fillers such as talc, clay, mca, silica,

al um 106 Ad a@aq%@ﬁ upreetatisarateat diselpsure pigstidestd Piogsss dphpiseaiRg ¢ &sif cqed | ng
agents and coupling agents) may al so be advant ageous under certain

condi tartorhs. Tha paatdsst steps, indudhcamdoting ah sirtade ant isobstdenygh atthenmuoadttiag desin
ultraviolet stabilizers, lubricants, antistatic agents, mcro or holl ow

spher %SmlpaMﬁﬁn ofhe REGAEAEE0SRY. ebSPofifoly RO bresdRURQsulBaNbE corAdtant
100101] I'n sone enbodi nents, the thernbsetting resin conposition may be

di ssol VafnQrartS BEL R Rat bydy HAAGH Enci@] ¥Pfhbse Jﬂﬁe@ﬁ%@hﬂ%xﬁ& YERYF sl Nnot

Iinited; ut typrcally rs an”ampbunt sufficient to provide a concentration

of solids in the solvent, of at least 30% to no nore than 90% sol. ds

ot of oraifstil PR L e Slovitr, £ 38Rha héb) Sellenati€ shafi Mot FahES ki

bet ween_about 60% and about 75% solids. [0Q102] The organic solvent is not
speci fRBEPRYPIPSGH Bl SARIAFRRE HiS artickst Bk, @ sty coptating MrdfhsErpdme &

ester, an am de, a heterocyclic acetal or an al cohol. Mre specifically,
exanplcempofition.gdnione swhbodimentithe @htiakapr Isebsiratsdisi eonkagthd, wih éheo termasstingg
et hyl ketone, nethyl isobutyl ketone, cycl ohexanone, toluene, xylene,
met hoxysi byhpesittdraine vahishbydt Nylanathet anhbodimehto kegirbyent diselbatre pretiduglfor
acetate, N-nethylpyrrolidone formam de, N nethylformam de,

N, Ndi et il @icgbapdtele ,esﬁeétalr@q%preg Qﬁinﬁhrinﬁésbﬁe%ﬁfed%gi)’ﬁ@|proc%§;h¥f aReréleyeol

nononet hyl ether, ethyl ene glycol nonoethyl ether, et hyl ene gl ycol,
trietQm#ﬁﬂﬁﬁglycol nononet hyl ether, triethylene glycol nonoethyl ether,
triethylene glycol, propylene glycol nononethyl ether,

[00107] In yet another aspect, the present disclosure provides a prepreg obtained by impregnating
reinforcement with the thermosetting resin composition of the present disclosure.

[00108] The present disclosure also provides a metal-coated foil obtained by coating a metal foil
with the thermosetting resin composition of the present disclosure.

[00109] In still another aspect, the present disclosure also provides a laminate with enhanced
properties obtained by laminating the above prepreg and/or the above metal-coated foil.

[00110] The thermosetting resin composition of the present disclosure is amenable to
impregnation of reinforcements, for example, glass cloth or quartz cloth, and cures into products
having heat resistance and/or low dielectric loss at high frequency, so that the composition is
suitable for the manufacture of laminates which have a well-balance of properties, are well-
reliable with respect to mechanical strength and electrically insulated at high temperatures. The

reinforcements or reinforcing materials which may be coated with the thermosetting resin
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WO 2012/ 158415PCT/ US2012/ 037011 di propyl ene gl ycol nonoet hyl et her,

propyl ene gl ycol nonopropyl ether, dipropylene glycol nonopropyl ether,

1. 3- di oxovarre12zss41i xt ures thereof [00103] The t her nosePCIru$201€481011
conpositions of the present disclosure can be prepared in known manner, for
exanpl e, by prem xing individual conmponents and then m xi ng these prem xes,
or by mxing all of the conponents together using customary devices, such
as a stirred vessel, stirring rod, ball mll anmpl e mxer, static. mxer or
o bboroBpRNten o Bhekerer i Aten bag S elpeby EERY uCh R bRk RUR B ¢ he
present disclosure may be packaged in a variety of containers such as

st eel ,the japf, inafhgnfosmaten oI eopinesites) dsepregs. @ad dpdiairse ofikamnlst ©f Jrpodmigfe
Accordi ng to anot her enbodi nent, the thernosetting resin conposition of the
pr esentbdiags| mslde filserpoepareg ratemalxisagh tasgedher clathmeblgumag- ferpaaids by
wei ght of the polymal ei m de prepol yner and from about 80-97 parts by wei ght

of thempeky araieeinedrbahidntd’ PREEIMBBY, -subl nifdiale ircefbed RN El,asé, Hiberglass,
t hernosetting resin conposition is prepared by m xing together from about

3-20 i - i.m . f 9

5 20 Rk el SUEeh Ry b MRl el ificPh RGRTRLc (O BBMe Blaods
ffici t, t id ti f Lids i t | t of ,at | t

300 ¢ A RS, copiSahyBhe T B Rt ah e SRR Sl (PosRistgsas

pr epar ed, then be applied to an article or substrate and cured at a

t enperpafmfft%@gﬁéfﬂewaﬁ pPbEPeheRyle ﬁ?@%bgﬁﬁfs?@éﬁis)t diatatiq Rolystoenosprophe
thernosetting resin conposition of the present disclosure can be used to
make coanbdsi eeamict promeksl. Rrefeereh majereals wsludekglasmori fibreglessi erdusirtzy inswokeras by
pul trusi on, noul di ng, encapsul ation or coating. The thernosetting resin
conposidth onmadfortnhe present di sclosure, due to their thermal properties,
are especially useful in the preparation of articles for use in high

t enpengiif n 688 tBUGHRnH IR %@ﬁbf&@% maRsial BBARLRA Willth YaRis8I R Edrt@ising
| am nates and el ectrical encapsul ati on. QG her exanples include nolding

powder, | St . 0SiJ r . .
Dor2) 12BN R 5 Th 5 Ron S8 FRETe1 Bk e Msolved apd intimatdly sdmined
applications, and gaskets. 0106] .1 n anat her aspect, the .present
Aol hut S onan STRUEH Siteo by B ARG tcRSRTcE SRGHORY PR et i
process steps include contacting an article or a substrate with a
t her megiafarsing maenial it 6pgied withohe drermeectng &t cnresitingiur Ehereaftep ks eoatets of
the present disclosure nay be contacted with the article or substrate by
any netintdcikgomateriads afegmesalkihtdugll a catddezactat abxmpplagse offfsienh ta ontsadhd ng
met hods i ncl ude powder coating, spray coating, die coating, roll coating,
resi n sbRELISitORVFRSESBut RNy ENteapltdnge tah vhadi ihel tBerMoséttiag Paih ce@pdadidi ng
the thernosetting resin conposition. In one enbodinent the article or
subst nal&ohss Gaiamt etk G cLiBGIIRRRL ihitROhdafS JongONPOSi tion in a
varni sh ﬁgtﬂi @g anot gr én%g%iﬁéntf the]preseﬁt digclosure provi des for
articl orsubstrates, especial repregs and | am,nates r epar ed t he
ot oced@Taf TR CRR BRI P R R Roahboed Yt S M oL BB S
present disclosure provides a prepr obt ai ned by i npregnatjn
r ei nf oP8 RSN pﬁﬁéraPEYeﬁsr%sleﬁemfgt%r | STOQUkHE P rPr%FraiaLYe@?ﬁlelsS@ﬁ?nd
di scl osure. 100108] The present disclosure also provides a netal -coated
foi |l ¢dBaiseeadpylhsdampergtuae pbswh tadh is miterablh EomhErGrss 0Q° Gugmerggireferably
conposition of the present disclosure.

from 10° C to 40° C, and most preferably from 15° C to 30° C. The residence time of the coated

reinforcing material in the heated zone is from 0.1 minute to 15 minutes, more preferably from
0.5 minutes to 10 minutes, and most preferably from 1 minute to 5 minutes.

[00113] The temperature of such zone is sufficient to cause any solvents remaining to volatilize
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[00109] In still another aspect, the present disclosure also provides a

| am nate with enhanced properties obtained by |am nating the above prepreg
and/ or t hwoabrvess4met al - coated foil. wi no] The thernopset PCHISE@I087011
conposition of the present disclosure is anmenable to inpregnation of

rei nforcenents, for exanple, glass cloth or quartz cloth, and cures into
products having heat resistance and/or | ow dielectric |oss at high
frequencg, SO tha@géhe conBPsition Hs sui.tabl.e for the &gfufac ure. of

| ami ndP@¥ Yghiehs a3 'SP R 20N e HFBROf thecompaneniReduring dig L35196M6§ ¢ h
respect to nmechanical strength and electrically insulated at high

t enpertidqrsferahetompicrftyes enmish gorg atedramm 80°cE @y 2 Mitlermere orefhiably ey 196°
coated with the thernosetting resin W) 2012/ 158415PCT/ US2012/ 037011
conpost ta dP5°oF, drempstegrefetrabdly $ioinodH0°eCitonA10UE. aPrefarailethat iwhimdnnsoultice be
used by one skilled in the art in the formation of conposites, prepregs,
and | aghdaL6ess tob¥RBPE BR sOfveapRIREiyabLsifpas ik &8 thivebhdR dvchesr &aRiml Ni ng
materials such as woven cloth, mesh, mat, fibers, and unwoven aram d

r e nf QrigRIRRLSn oRAL S1AP! e mBHO I HRY BRI, BfdRARriL %ﬁgﬁ%ﬁ wof gL gF ass,

quartz, ~paper, y ic or synthetic, astic resin

substrate such as aram ei nf orcenent s ol yet hyl ene o .

ol v ( dsResTi EnBRaRafnyfofish s SROGR ey BRaYSLMEF Fup walbliesn i b

pol y( p- phenyl enebenzobi st hi azol e), syndiotatic, polystyrene, carbon, .

gr aphi'8®8oVeder dRF dal5F ZRBesapre gisigrse rtagrept & ipartiel e ghéhgthesmossiting syl ass
or quartz, in woven cloth or mat form [own] |In one enbodi nent, the

r ei nf spwipagentatbestaging).s contacted with a varni sh bath conprising the

t hernosetting resin conposition of the present disclosure dissolved and

i nti madoelsy Catndex@drd sheatssofl prefreg @re prefidrablyirpeo@bscgloinwe tingnatdhepticatly ngith
occurs under conditions such that the reinforcing material is coated with

the t REE @S ldré NGBS SdN MR -LoRNictiVh ehaaidiefuchhgs ¢8a@d NEI QHLRT Rirther
materials are passed through a heated zone at a tenperature sufficient to

cause %]c%glﬁ% i (?rnﬁlggeﬁ%eg@ern?st &t %&% OP %eox\éatt&fa reﬁiﬁfgpcqlﬁf%ﬁe%ia?tar%%go%gﬁé he

t her I'T(S)SG'[ res 1t1ron rgoes signiticant- cure durin

residence ti in the heated zone. [00112] The reinforcjng nateri al

D of ecABg! WG G MOTEEABOF o CPIERE BT TIRbTG: dib CRUCHE 3005 ar
seconds, nore preferably from1l second to 120 seconds, and nost preferably
from EXBeseOrig ¢levatel prsynes and HempIaiyEssatWifiecwf tos Gete HAE FOPPOopeds do Lmrs
fromO Cto 100 C, nore preferably from10 Cto 40 C, and nost preferably
from ¥he@in ah80efn dihedjaesitdearterdactme dorni e caatueds resimfroatcix ngetwatrerthal i n
the heated zone is fromO0.1 mnute to 15 mnutes, nore preferably fromO0.5

M nut esinfddcihP nilitdridll e BeforOUeifiB StircdtRE pardhYy bé OWh ahdtatké®ort @1deding Yteked
[00113] The tenperature of such zone is sufficient to cause any sol vents

remai BhB% bt YPLAhishEpe WA ARKALLSBAESREMNIARIZLAB O hdywhere from 1 psi to

1000 psi with from 10 psi to 800 psi being preferred. The temperature used to cure the resin in
the parts or laminates, depends upon the particular residence time, pressure used, and resin used.
Preferred temperatures which may be used are between 100° C and 250° C, more preferably
between 120° C and 220° C, and most preferably between 170° C and 200° C. The residence
times are preferably from 10 minutes to 120 minutes and more preferably from 20 minutes to 90
minutes.

[00115] In one embodiment, the process is a continuous process where the reinforcing material is
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away yet not so high as to result in a conplete curing of the conmponents
during the residence tine. Preferable tenperatures in such zone are from 80
C to 250 wp 2owssqasef erably from 100 C to 225 C, and no®CTarsedienabdiy from
150 Cto 210 C. Preferably there is a neans in the heated zone to renove
the solvent, either by passing an inert gas through the oven, or drawing a
slight vacuum on the oven. In many enbodi nents the coated naterials are
exposed tq. zones of increasi.ng tenperature. The first zones are designed to
o anoe e TR Yot and Gh&p b SEREc i B ER: b B kaRsrns SReer o
designed to result in partial cure of the thernosetting resin conponents

( B- st afiveiy)higlt tompemgturen forgwhoridingess Ha degicyfar spdphiah tempecrpreparabpp Kiléessed
into |am nates optionally with one or nore sheets of

el ect o 2ab1 ¢; cond potferaklynt0e G &l 2 iidh, ddinopper mihnegadi dhimtdsemd from 2
processing, one or nore segnents or parts of the coated reinforcing

mat er indihu@g €o B Mithds. | BuGORIACIpld tiesoing ARMSNRE tRNeHoss cHitgert QRliEldnY 6f
material. Thereafter, the contacted parts are exposed to el evated pressures

and t %%L%E %@ﬁ?lﬁ&{tf iIﬁ isﬁﬂlt erhGoTARSE efe%?&ﬁﬂﬁ@in%ﬂla@&[a‘? iqu]glrags‘ Vet Qle

resin on ad parts react to forma continuous resin matri etween the
reinforcin terial. Before being cured the parts may be cut and stacked
or foI“éPeV&ng]r‘?ﬁstacked into a part of desired shape and thickness. The
pressures used can_be anywhere from 1l psi to 1000 psi_wth from 10 psi to
800 pdi1iskilpgopE EMEP lat?n%/svw @@ﬁ@d@%ﬂ Echibedemnipaepr dinghrodgdite, 2 ipRSt e
parts or | am nates, depends upon the particular residence tinme, pressure
used, ocamdler efsihe nrewsd. TiRs efepr is edtsigenp &r aomplsts thei whingayadsionudbe pastecusetisveen
100 C and 250 C, nore preferably between 120 C and 220 C, and nost

pr ef eruaidlly feefonaed atlfféin C36hd t@0P0°C fokhetime périteinefefrdrh @@ sniaiites fy Hflematakeg. f rom
10 mnutes to 120 mnutes and nore preferably from20 mnutes to 90

m nut egis $0Q1k2d sl B LBRPBIABNtn al BRUBMORERSNIVE FhyCQIHpINRYSWRILRGRSS
where the reinforcing material is WD 2012/ 158415PCT/US2012/ 037011 t akKen
fromtheeven and appropriately arranged into the desired shape and

t hi ckness and pressed at very high tenperatures for short tinmes. In
particul ar such, high te ratures are. from 180 C to 250 C, nor.e preferably
190 C17h 13 3goth; Sprqiit Grermosling s in O RO A D AW e B BT e TRIPEECY o 6
m nutes. Such high speed pressing allows for the nore efficient utilization
of pr dcasx prgdesiuiop sempple plaginels. with sarehsat wellhalapeast reppatics: el et IPR§THES
material is a glass web or woven cloth. [00116] In sone enbodinents it is
desi r albltlee twed phyjdect thathee vati-trddrecd in h¢aoalanpe wathahe prsentplosiosorerieclode 8 de

of the press. This step is designed to conplete the curing reaction. The

post  qelsetvw e o UALds rapSikibe terBstratire (Teo L gfkafer tinZadBuCl f001C, préfer®lypaeited of
from20 mnutes to 200 m nutes. This post cure step nay be perforned in a

vacuum L0 oGIPYe (BRYd HRAIPPRERLRY gﬂia?é? tEYabs8 Aloeld; 281apl AQthidinc) I RAAL BET

aspect, the thernosetting resin conposition, upon mXxing and curing,

provid cured oduct.,«.f or ,ex | aminate, ,with excellen

her - o ks Sl BERCRE v ke SYGTRRE: B0’ SORMe I PR EEE T hhap pout

wel | - bal anced i n accqrdance with the present disclaosure include at | east

t wo of():-00§4g"lt§s§HtZr%rﬁ r%s e%ﬁ@m\%@ﬂmp&oéfg)l%gHﬁr@&taeiilei%Hw apsant a7tssc,
preferably greater than about 175 C, and nore preferably greater than about
180 Cithan ghoamd.Obert &r GHmcprefatatlgdens thyn about 8 40raikGhlg, ooraprefesalyy 1ass thard
preferably VO a dielectric |oss tangent of |ess than about 0.0034 at 5
Gz, pbeitsy.@bhtyld 68z, drtbeveabont pbefOfablyatssitbarGhtigut 8Vl @ 1di@Hecin o opoct ant
of less than about 3.00 at 5 GHz, preferably |less than about 2.80 at 5 GHz,
mor e Qﬁ@ﬂl@ﬁﬁ&bﬁing%ﬁn em%m%@ cdrcddQit Bleurk@yEidzhatadu®¥ BBt Be RERPSYIERH Y

| ess than about 2.70 at I n one aspéct, the thernobsetting resin

2t h ebaanaraREbFeadl Roisy ?&%ﬁf 1 @ﬁl@fsﬁ@%h Eﬁfﬁ ”Eﬁéff o (R RO i
170 .1 , [
Cempor v 0or apatts 200 e Fit PuBER it R S AR Agbet 85T 5r o8odrs
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hour, then further hearing at a tenperature of about 230 C for about 1 hour
and finally heating at a tenperature of about 250 C for about 1 hour.
100118] AwoOhowgiss4raki ng and usi ng vari ous emnbodi nents ofPCThS2@re3™Mmt

di scl osure have been described in detail above, it should be appreciated
that the present disclosure provides many applicable inventive concepts
that can be enbodied in a wide variety of specific contexts. The specific
enbodi nent s herein are nerely [llustrative of s ways to
ke A s b REREarO S o dtrie Rt i Tt s Ry aRE Fnihen g o

di scl osure. WD 2012/ 158415PCT/ US2012/ 037011 WHAT IS CLAIMED IS: 1. A

t her nedemperagre ekabeut 315 ésfor peeitddwpt.i si ng: (a) a pol ymal ei mi de
prepol yner resulting fromthe advancenent reaction of a polyimde and an

al kenyl phenol , al kenyl phenol ether or mxture thereof in the presence of an
ani ne [washlAlgouglantking and usihig)vagopodmifaimems ef ticipeespntphisgphasuyntmave besiul ti ng
fromthe advancenent reaction of a poly(arylene ether) and an allyl nononer
opt i oriakdribed h ddi&il pR2EI cRoUdd baag@tdhiys that elegrahedisdedird pro/ldat many esul t ant
cured product fornmed by curing the thernosetting resin conposition contains
at | e%?fahéa% iAberdtfye cBﬁ’éek)%%ﬁQa%E bmBadiad G4 whdORSiety (ﬁ%&e&ﬂié cGntSt&SPhe

transition tenperature of greater than about a UL94 fl ane

[ henr dpacH: GARSLAERYiRlbERG i rp ptctdty S Eh L bR bR Sk RIRER! sk o0
h 3.00 a 6 f cl
t1 a\r/]\hé eeéltﬁclt)%e %h?gwggé}@tﬁlew%ﬁ%r}éf‘%g @5%%9? h:aefs 'o? nﬁf)gp 83' v On of claim
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111 RICC\/ ? -RLIIN-X- NNl HC C/\ C CH 101101 WO

2012/ 158415PCT/ US2012/ 037011 where R is hydrogen or nethyl and X is

-C, F12, - wot2m2/s845t o 20, - CH2CH2SCH2CH2-, phenyl ene, napmtusadienajoikyl ene,
cycl opentylene, 1,5,5-trinethyl-1, 3-cycl ohexyl ene, 1,4- cycl ohexyl ene,

1, 4- bi s- (net hyl ene) - cycl ohexyl ene, or groups of the fornula

WHAT IS CLAIMED I8S:

1. A thermosetting resin composition comprising;:

(a) a polymaleimide prepolymer resulting from the advancement reaction of a polyimide
and an alkenylphenol, alkenylphenol ether or mixture thereof in the presence of an amine
catalyst; and

(b) a poly(arylene ether) prepolymer resulting from the advancement reaction of a
poly(arylene ether) and an allyl monomer optionally in the presence of a catalyst; characterized
in that a resultant cured product formed by curing the thermosetting resin composition contains
at least two of the following well-balanced properties: (1) a glass transition temperature (Tg) of
greater than about 170° C; (2) a UL94 flame retardancy ranking of at least V1; (3) a dielectric
loss tangent of less than about 0.005 at 16 GHz; and, (4) a dielectric loss constant of less than
about 3.00 at 16 GHz.

2. The thermosetting resin composition of claim 1, wherein the polyimide is a bismaleimide of

the formula

O 0
I 1
Rl\c/ N /R1
1 =)
HC //// \\\\ CH
N c—
| ||
0) 0)
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R2R3 where R2 and R3 independently are nethyl, ethyl, or hydrogen and Z is
a direct bond, nethylene, 2,2-propylidene, -CO, -0-, -S, -SO or -SO2-.

3. The t WwoOmR¥Lts8418g resi n conposition of claim 2, wherecm/ushe2psioy1

(aryl ene ether) conprises one or nore conpounds containing a plurality of
structural units having the formula where for each structural unit, each
occurrence of QL is independently primary or secondary Cl- Cl2 hydrocarbyl

Cl-C12 h drqcar thio or Cl12 dro byl a nd ch

s VOO ca bR 8D 0I5 h 1 ihddadrentt I or ety 6PECHEGAR G

12 hy yhee@sRy! naghthalénel 2 XQHEOC@}YCMG%Y%W £3 SQ%é?]Y}qfloﬁ@ijéwﬁ&ﬁéne 4 4The
thernnsettlng resin conposition of claim?2, wherein the poly(afyl ene ether)
is a foyelohexoheaci Lddiponsthaeyd)eyelobehdene, segroupeef the frmalzapped pol y(aryl ene
ether), a di-capped poly(arylene ether), a ring-functionalized poly(aryl ene
ether) and a poly(arylene ether) resin containing at |east one term nal
functional group selected fromcarboxylic acid, glycidyl ether, vinyl ether
and anhydride. 5. The thernosetting resin conposition of claim1, wherein

a catalyst is present during the advancenent reaction of the poly(aryl ene
ether) and the allyl nononer.

R? R®

where R” and R? independently are methyl, ethyl, or hydrogen and Z is a direct bond, methylene,

2,2-propylidene, -CO-, -O-, -S-, -SO- or —SO;-.

3. The thermosetting resin composition of claim 2, wherein the poly (arylene ether) comprises

one or more compounds containing a plurality of structural units having the formula

L Q Q'

where for each structural unit, each occurrence of Q' is independently primary or secondary C;-

Cy; hydrocarbyl, C,-C;, hydrocarbylthio or C,-C;, hydrocarbyloxy; and each occurrence of Q2 i
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6. The thernpsetting resin conposition of claimb5, wherein the catalyst is
a netal acetyl acetonate having the structure - where Mis selected from
al um numwbanixmsg4i6adm um cal cium cerium (111), chromPamuSkeiRp37ocpbal t
(rr), cobalt (I1l), copper (Il1), indium iron (Il1l), lanthanum lead (I11),
manganese (I1), manganese (111), neodym um nickel (11), palladium(Il),
potassium samarium sodium terbium WO 2012/ 158415PCT/ US2012/ 037011

independently primary or secondary C;-C;, hydrocarbyl, C,-C,; hydrocarbyloxy or C,-C;

hydrocarbyloxy.

4. The thermosetting resin composition of claim 2, wherein the poly(arylene ether) is a
functionalized poly(arylene ether) sclected from a capped poly(arylene ecther), a di-capped
poly(arylene ether), a ring-functionalized poly(arylene ether) and a poly(arylene ether) resin
containing at least one terminal functional group selected from carboxylic acid, glycidyl ether,

vinyl ether and anhydride.

5. The thermosetting resin composition of claim 1, wherein a catalyst is present during the

advancement reaction of the poly(arylene ether) and the allyl monomer.

6. The thermosetting resin composition of claim 5, wherein the catalyst is a metal acetyl

acetonate having the structure

~
N\

— —2o0r3

where M is selected from aluminum, barium, cadmium, calcium, cerium (II), chromium (III),
cobalt (II), cobalt (III), copper (II), indium, iron (II), lanthanum, lead (II), manganese (II),

manganese (I1I), neodymium, nickel (II), palladium (II), potassium, samarium, sodium, terbium,
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titanium vanadium yttrium zinc and zirconium 7. The thernosetting resin

conposition of claim1, wherein the catalyst is Gubbs catalyst. 8. The

t her nosetwpnrg1r84i18 conposition of claim 1, further conpciraiseg2a37o11

phosphonated flane retardant. 9. The thernpbsetting resin conposition of

claim1l1, further conprising an organic solvent. 10. A thernosetting resin

conposi ti on conpri sing: (a) 3-20 parts by weight, per 100 parts by

wei ght of. the thernosettin i.n conposition, of a polymaleimde

pr epol AR BgHIn, i ng gﬁén A=l nt reaction of a polyinide and an

al kenyl phenol , al kenyl phenol ether or mxture thereof in the presence of an

am ne catalyst ; and (b) 80-97 parts by weight, per 100 parts by

wei ght of the thernosetting resin conposition, of a poly(arylene ether)

pr epolZy e theswls¢tiing rdsmocont fositiad wi nkenegntvhereacthe oatalykt ia Grobls(catajysene et her)

and an allyl nononer optionally in the presence of a catalyst;

characterized in that a resultant cured product formed by curing the

t hernosetting resin conposition contains at |least two of the follow ng

wel | - kal I [.£S: tyr

gr eat (tag? 1?{%% Sﬁﬁﬁ%}égﬁconﬁp&ltgn%kgﬁﬁ?Ilaﬁrrgﬁllre;e% ar d’Jq Sﬁr([:%)@? ?ﬁba%cgi?ﬂ%n?g | east
(r%%éfla di eI ectric loss tangent of |ess than about O. 005 at 16 GHz; and,

(4) a B%tric I oss constant of less than about 3.00 at 16 GHz. 11. The

t hernosetting resin conposition of claim9, wherein the amounts of

poly(arylene ether) WD 2012/ 158415PCT/ US2012/ 037011

9. The thermosetting resin composition of claim 1, further comprising an organic solvent.

10. A thermosetting resin composition comprising:

(a) 3-20 parts by weight, per 100 parts by weight of the thermosetting resin composition,
of a polymaleimide prepolymer resulting from the advancement reaction of a polyimide and an
alkenylphenol, alkenylphenol ether or mixture thereof in the presence of an amine catalyst ; and

(b) 80-97 parts by weight, per 100 parts by weight of the thermosetting resin
composition, of a poly(arylene ether) prepolymer resulting from the advancement reaction of a
poly(arylene ether) and an allyl monomer optionally in the presence of a catalyst; characterized
in that a resultant cured product formed by curing the thermosetting resin composition contains
at least two of the following well-balanced properties: (1) a glass transition temperature (Tg) of
greater than about 170° C; (2) a UL94 flame retardancy ranking of at least V1; (3) a dielectric
loss tangent of less than about 0.005 at 16 GHz; and, (4) a dielectric loss constant of less than

about 3.00 at 16 GHz.

11. The thermosetting resin composition of claim 9, wherein the amounts of poly(arylene ether)
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and allyl nonomer contacted in the advancenment reaction includes from at

| east about 51 - 60 parts by weight of the poly(arylene ether) and at |east
about 40 wo4912pia841S by wei ght of the allyl nononer, basedTars2@Q03parts by
wei ght of the advancenment reaction m xture. 12. A method for producing a

t hernosetting resin conposition conprising mxing together: (a) 3-20
parts by weight, per 100 parts by weight of the thernosetting resin

conposi tign, of a pol ymal ei mi de prepol yner resulting.fromthe advancepent
F oaot B AP mopicH TS b Ui ol REMPPHEHIN TS RURYFHR SRS GHRBE by 00

m xture thereof in the presence of an am ne catalyst ; and %2) 80-97
par t s PBifs Riivepight of dre ndp(apdencsethsy) ard efHeasHrbeH0the? rsebx Watght esthg allyl
conposition, of a poly(arylene ether) prepolyner resulting fromthe
advancermenierreaat oo h0pares hyok giglarof ltlenelvendeercnt emadti@nmadtirgl nmononer
optionally in the presence of a catalyst; and optionally (c) a
phosphonated flane retardant; and (e) an organic solvent. 13. A

t hernosetting resin conposition produced according to the nmethod of claim

11. 145 %ﬁ%@%ﬁ?ﬁr eﬂrB&uo‘?ﬁ%’QH&hﬂ&seﬁixfg%&iﬁ@oﬁ?&éiﬁ&?corﬁ@ﬂ@i ' Eﬁp&ﬂgcfo ?ﬁrﬁ'efig the

article w rnmosetting resin conposition acco g to and
heating th icl o cure th her npset t i resin conposition. 15.. A
or opr 09 cotpi 2l R pEpHETTER00 BRI et 06 T omERRRE b e
conposition according to claim 1. WO 2012/ 158415PCT/ US2012/ 037011
of a polymaleimide prepolymer resulting from the advancement reaction of a polyimide and an
alkenylphenol, alkenylphenol ether or mixture thereof in the presence of an amine catalyst ; and
(b) 80-97 parts by weight, per 100 parts by weight of the thermosetting resin
composition, of a poly(arylene ether) prepolymer resulting from the advancement reaction of a
poly(arylene ether) and an allyl monomer optionally in the presence of a catalyst; and optionally

(c) aphosphonated flame retardant; and

(e) an organic solvent.
13. A thermosetting resin composition produced according to the method of claim 11.
14. A process for producing a coated article, comprising coating the article with a thermosetting
resin composition according to claim 1, and heating the article to cure the thermosetting resin

composition.

15. A prepreg comprising: (a) a woven fabric, and (b) a thermosetting resin composition

according to claim 1.
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16. A prepreg according to claim 15, wherein the woven fabric conprises
fibreglass or quartz. 17. A lamnate conprising: (a) a substrate including
a t her noswoRIgs8AsSi N conposi ti on according to clai m 1; pamasewp/oazoinyer of
netal di sposed on at | east one surface of said substrate. 18. The |am nate
of claim 15 wherein the substrate further conprises a reinforcenent of a
woven glass or quarts fabric, V\/nerei n the thernosetting resin conposition

is i nat ed ont e Wov Ias uartz bric. .19._ A printed circuit
boar 0 Treny cRdgceetrdeds FGin Jar Rhespinafe Ay dslDBp comprisea SHE R BbGIE: made

of the |am nate of claim 15.

17. A laminate comprising: (a) a substrate including a thermosetting resin composition

according to claim 1; and (b) a layer of metal disposed on at least one surface of said substrate.
18. The laminate of claim 15 wherein the substrate further comprises a reinforcement of a
woven glass or quarts fabric, wherein the thermosetting resin composition is impregnated on the
woven glass or quartz fabric.

19. A printed circuit board (PCB) made of the laminate of claim 15.

20. A radome composite made of the laminate of claim 15.
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