- e3ep” p]t\ 6DTHcd mwmmm\}w CYANATE ESTER COMPOSI TI ON AND CURED
PRODUCT THEREOF B HE | NVENTION Field of the Invention 5 The
present inventi on rel atiesest 0 pol yfuncti onal cyanate ester (herein-after,
referred to as "cya " conposi tions providing acyapeh oTuct
which is excellent Mm Iﬂm propdriies, and to cured products thereof.
The cyanate ester m the 10 present invention is particularly
useful as an encapsul at " ¥Y2faterial, a material for |aminated boards, a

- structure material and a paint material. Description of the Related Art A
cyanat e ester gYANATHEESTERI COMPOSIIr BONI AND| TURED IBRoBUET aAHEREGF pri nt ed
~eircuit boards because of their high glass transition tenperatures and | ow
dielectric properties . In this case, the cyanate ester is usually nodified
wi th ot her conponents and used in a conposition. Further, as a conposition
of a cyanate ester and anBQEBWWQeQFnTHFaﬁm%Fem Publ i cati on
(Kokoku) No _46-4111 een known as providing one such nodification

met hod. A c g, produced by a reaction of a poI y-val ent

phenol 5vvlth a cy@ﬁggsgeg@ @§n§nggth:t %—1 %l\%{g@p%@ gct of the

present” invention 1s“to provi 4" conposition produ0|ng
a cured progiGinate &stef Wﬁ@?&fﬁEBfE@kChfé¥é¥¥€ﬂ|€8ta%n”3¥HKH%§a|
properties, and a cured product thereof . The present inventors have

studi ed i nt esdete! y conbesitioasuproviadiny thauradcpredygvditcichhiech is 5
particularly excellent in mechanical properties is produced in conbination
with an eponyqaiienbyiusmngmamﬁnﬁkuprepeemﬁasNWﬁ@@ thecrated content of
impurities containing imno_carbonates, alkyl cyanam des, partially

subst i t ut ed PEPSHAES HHRFPAEnOTES SYRORKQ FOIEPT FIWRBFE LSRN A hither eby
have npl eted th es invention.. The.present ion relates to a
Cyanatd bt BF &SR0 TTSE BBma FE 1A LA - ayartist WEt 87 MR whi ch the
total Conteehc%f gﬁ@@l x\b&'@ffél al ol SyBRFdes amdn RAd bdlais,
substituted cya at es an henol's asi npurities is reduced to 5% or l'ess, or
a prepol yneg @ft&nﬁf&uréBﬁlaaare.raqurt@sanpeﬁn&nnepmwlsmrpound and (O a
curing catal yst sel ect ed froma rret aI napht henate and a netal octylate as
essenti al 2 her & gidcArt t hereof. 20 DETAI LED

DESCRI PTI ON O: THE I N\/ENTI O\I The resent invention is ill ustrat ed in detail
bel ow. The cyandt EY&&a&e F§F36§e}éla}’ﬁ k{EH%nE}aés'\aJrﬁ USRELRAEi ohNFY été-y’é‘nat e
ester |n whi ch the tot content qof i.m ng 25 ca a I anani des,
parti &I ly TR |rtluat3ed tgcillénaﬁrlsn% § 5ﬁrc % £CP§’ %ﬁ?gus% E%St@%

ERSEE 28 |npur Yress. The
cyanate estgh ¢hS A LLUPOHAHs RRY LRI timd £A8LUEWE and low dielectric

properties. In this case, the cyanate ester is usually

modified with other components and used in a composition.
Further, as a composition of a cyanate ester and an epoxy-

20 resin, Japanese Patent Publication (Kokoku) No.46-41112
has been known as providing one suchmodification method.

A cyanate ester is usually produced by a reaction

of a poly-valent phenol with a cyanogen halide.

25 SUMMARY OF THE INVENTION
An object of the present invention is to provide a

composition that is capable of producing a cured product



-3 7 March 2002 cyanate ester groups, with exanples thereof including

di functional cyanate conpounds such as 2, 2-bi s(4cyanat ophenyl) propane,

1, 1- bi s(4- cyanat ophenyl ) et hane, bi s(4-cyanato-3'; 5-di net hyl phenyl ) net hane,
1,3-bis(4 5 cyanatophenyl-1-(nethy|eth§Iidene))benzene, bi§ arch 200
cyanat ophenyl ) thioether, bis(4-cyanate&phenyl)ether and the Ti1ke; an

pol yfunctional cyanate conpounds derived froma phenol novol ac, a cresol
and the like, but the same is not limted thereto. 10 Any cyanate ester
“(A) in the present invention can be used, but a cyanate ester(A) derived
from bi sphenehiAhi $speeteildlelns: inomethea nieapgpndpetrtieact awnid yu and dweat
.resistance, in particular. The cyanate ester used in the present invention
may 15 be uspdoduct tilkereqft is, as a nononmer or as a prepol ymer thereof.
Such a prepol yner can be obtained by heating the cyanate ester alone or in
a mxture of 2 oThHRF®Iehhel BYERACE dtaYe FhHUdisH vate i L HRLodnt

solvent at 50 20 to 200C, ar by heating themjn a solvent or w.thout a
sol vent at aBduf ﬁﬁﬁ%}EOOgPPHq ?ﬁegeﬁeé QF%%PFEQW&&%Wy§F (O as

descri bed bel ow, .The cyanat e tyer_,used in the ent_inventiqgn.has the
total cBntent® 1F%i%g%%r%ﬁﬁ§?%§“%1k§|m%f%%ﬂ%%ég,P%€4%§§+%3|§@

substi tuted gygnaces and QUiILhacdorWikn | £35 B8 ymwd A a5y BLeher ably
ess. e

the total cohtent of all inpurities Is 5% or | Hut, t npuriti es
being 4 _ ecyZnkkiClk 302 jwmiwhabRedhat tidia]l avohobak bevammirbYiess | ess
may consist essentially of imno carbonates, alkyl cyanam des, partially
substitut ed cyahaties mandiphroolcarbimratyanatad lesl ecyeaantadedt ai ned, for
exanpl e, by 5 carrying out a’ de-hydrohal ogenation of a Rhenol as a raw
materi al w tRagtegp eﬁpmﬁtﬂﬁét@pr@éﬁaﬂﬁgésbwﬂ/aﬂ%@@ﬁ &hligr ixrdyred
cyanog brom de_in an appropriate solvent . Howeve the cyanate ester
hren Tl obrEPnSa B SR rofhBd tOERRIEnaRvS ComEl st toR REEP e Riunt
of 10 inpurjjlgg+dgRendi ng on production conditions such as reaction
tenperature, solvent utilized and the |like. Accordingly, when a conpound is
used in the preseMe igWeBEHhEN idvient pbAl reanieds b 'amcgﬁbr?a%@o@%tt% al kyl
cyanam des and partially substituted cyanates(cyanate 15 nonoesters ) as
by- product s @oxpasie¢dcired qureol sing {A¢ syayramateséstersinegicadthe be 5%
or less. The content of the inpurities can be reduced to be 5% or |ess, by
properly sel®Rtprhgcomdartrdodr igdinertaxbenate sy c2ysval GyAanamadsesep and

hi f Oth A ' f th .. Eurther, .the kind
of a SBPventPal T 1 BPS TUBHEAT I R0 YL S5 (LR G ALt 19 SR X T RPna of
the cyanate §§tleéd99'eéﬁ9 £ 'éh% 784188, c8Bt @Nbr ddb PR YRS o PUrity of

the cyanate ester used in the present invention'is detgrghped by using 25 a
oﬁafﬁé

hi gh speed | {Rjuian cep@R¥t BFFAPhGT nBR hBROTY LECTPEINd 8] r86hy

met hod (GC). S, WeLer 48t erphngdnby it heaprakearea aki @ abthaspective
conponent s f5£?£%?t0t2¥@ 5 7 March %OOZageak area (set as 100) derived

fromthe synidegiaed psodasenbiad chmpaneoypanpnSpacicpirednpgedueirent
condi ti ons nay Q%ﬁfroperly sel ected depending on the kind of the conpound;"’

Gt daomor AL, TR SRR SEORRE S M ABEROY, o0 2
anong The present invention is illustrated in detail
below.
The cyanate ester(A) used in the present invention
is a cyanate ester in which the total content of imino
25 carbonates, alkyl cyanamides, partially substituted

cyanates and phenols as impurities is 5% or less.

The cyanate ester is a compound having at least two



the conditions indicated in the Exanpl es herein provided. Any epoxy resins
(B) in the present invention can 10 be used, and epoxy resins obtained by
any known processes can be also used. There is illustratively nentioned a
process which conprises reacting a phenol or its derivative Whidh 2002
epi hal ohydrin in the presence of an al&ali such as sodium 15 hydroxi de or
the like, as a conmmon process for producing an epoxy resin, but the present
invention is not limted thereto. Exanples of the epoxy resin or epoxy
" conmpound, hereafter referred to as the epoxy resin for conveni ence, include
epoxy resing ra%t?éeé@@grb?érb*&%ss”wlﬂw ékafn%rl@-ﬂ att?@rééf thﬁ@dll}?éow
-(Gdy)h (1) (RI or -6 Mar ch 2002 (dy~ (4 (Ody
dlf(dﬁ)dtwnél)cyanatd?)¢ox5péﬁn\almersi1dh asl s anba\se(r@.ge r epeat i ng
nunber and represents a nunber of 0 to 10, h represents an integer of 1to
3(pref erabl gy2niarhhepyi ¢propemess, an lithiyes-cyabatobienyt ppthseet,s zero
or an integer of 1 to 4, 1 is zero or integer of 1 to 3, and each of the R

groups|rﬂebéﬁdéﬂQXﬁm%b@e§eﬁh§%ﬂ%ﬁ%ﬁiRéeﬁﬂﬁﬁm%F%ﬁpév|He%ﬂhﬂﬁ(%n al kyl
h b
1 5 7
3t oms, vaay b Eibhs  nliarele Shge Leatin bt heneun Bl 4l vdee o
| oal kyl , db h
Structural F %W@%QE?P&?‘L@ bR - Fa b BHEY LRI o0 Y L

H3C- C - CHﬁn@G't\he like; and p%lﬁuné@:.%%rle'd‘yéﬂé@@r@é b%rawurrber of 0
to 9, and each of the R groups nmay be the same or different when i is 2 or
nmore, Gy rdaprasad sfroml ¥CcpHehodr algronad , Aar epreasent Snd@nyhe 1likel, March
2002 one of an oxygen atom'a sulfur atom or a group represented by the
struct ural butm@hﬂa%ame)isonptbigmimﬁémﬁheIQQQ} C - CH2- - SQz--CH3

4), - G - CHHRC - CH3 H - \, 9) r CH
(4 Clllalg Any cyaqate ester (A) :Ln the prg[sen%/ 1nvenglon c(an)

be used, but a cyanate ester(A) derived from bisphenol
A is preferable from the viewpoint of reactivity and heat
resistance, in particular.

The cyanate ester used in the present invention may

15 be used as it is, that is, as a monomer or as a prepolymer
thereof.

Such a prepolymer can be obtained by heating the
cyanate ester alone or in a mixture of 2 or more of the
cyanate esters in a solvent or without a solvent at 50

20 to 200°C, or by heating them in a solvent or without a
solvent at about 50 to 200°C in the presence of al curing
catalyst (C) as described below.

The cyanate ester used in the present invention has
the total content of imino carbonates, alkyl cyanamides,

25 partially substituted cyanates and phenols of 5% or less
as impurities. Preferably the total content of all

impurities is 5% or less. But, the impurities being



TTOHAy - CH2 ~~CH _~C~~CT) TTKk{11)~ (12)r - CH CH- CC-TT
(13) ~ and (14) wherein each of the T groups represents independently 7
March 2002 g an al kyl group having 1 to 10 carbon atons, and k is zero or
an integer of 1 to 4;, and further epoxy resins representeg ¥n#b?002
structural fornulae (15) and (16) desa&ibed below, (OCEdy ) h

15) . /\5(ady) j (ady) | ~0dy) j \
/' BN/ B\ / ~, __(16) / \''" ~/ \/ \ nwherein h, j and n are as
“defined above, and B represents any one of the structural formula ( 4 ) as
descri bed ahpy ; t I I 1 (D :

- %ﬁ%lﬁg? %Ey‘él%égt#ﬂ%%r% ﬁ)fegﬁh o} et;ﬁerﬁad!é;rgonuspJéSt

i ndependent les S ESEDYSo& RAiQEeNc @b BBNAk ¥, A Kyy1 9EQup ey, 1 to 10
carbon atons, and T and i are as defined above)). Exanples of the epoxy
resin reprepadteich byyt bebsbialmmesd nepahanes sndigpheadblsornmula (1) or (2)

i ncl ude difunctional epoxy resins derived from bi sphenol A,

t et r abr onobi spheheé @yanasphesslerscam ke lghtaibedit Goadediamadrox iy phenyl
di hydroxystil bene, an al kyl -substituted hydraoqui none and the |ike; novol ac
9 7 March SR iRHOWhexFerdyidrohrtpoenatinn 2 pAMBERASVBRaR, TAW cr esol

novol ac, a faornmald de .nqval ac of bi.sphenaol A _a _benz ehyde novol ac of
bhenot . an TRERE b st A8y anataT RELTHS wrrelsRTed Py FB bR eci ns
derived 5 fr I t hyde : bhtsd phenol
and terepht rﬁmﬁ}%ﬁfgg’ratﬁ?’?i%ﬁ%ﬁg %g&?%@ﬁ%k glregéi%glfromp

di cycl opent adivaieer©) ©hdi 6yahapentadi epewhavtl aes obEfaihBer byastihg epoxy
resin represented by the 10 above-nentioned structural formula ( 13 ) or (

14 ) novol amettypel epoxygsiesadd yderanvedihsom admamdldbéydmomomo|af of

napht hol ; and aral kyl type epoxy resins derived from naphthol and
t er epHthal ana@rwet,leﬁa%?mndam £ PRQFusHpOn CRNeH ¢ eephEMghalagehyde,

the Iik 15 b lified. M %t f X [
Can Do exenBFRRPT (EAEORPSEERE ‘o Uy PG HE ThA S SR fntPEd IR ot 0. The
compoundi ngaLRld; Glg S SHERALE R S5 AAMRAINL P 1o RROBE LRSI 13

properly selected,
invention, the total content of imino carbonates, alkyl

cyanamides and partially substituted cyanates(cyanate
15 monoesters) as by-products and unreacted phenols in the
cyanate ester is required to be 5% or less.
The content of the impurities can be reduced to be
5% or less, by properly selecting the kind of solvent
used in a crystallization step and washing step after
20 the synthesis of the cyanate ester. Further, the kind
of asolvent differs depending upon the systemof reaction
and the kind of the cyanate ester being utilized.
The content, in other words, purity of the cyanate
ester used in the present invention is determined by using
25 a high speed liquid chromatography method (LC) or a gas
chromatography method (GC). Contents were determined by

the peak area ratio of respective components to the total



and usually from1 : 99 to 99 : 1 (weight ratio) . Further, 20 the ratio is
preferably 30 . 70 to 95 . 5, and nore preferably 50 : 50 to 90 : 10,
because with these weight ratios, there are obtained cured products which
possess good and preferable properties_in heat resistance fandaipgbpess. 25
It is possible to use a well-known flale retardant in conbination when
flame resistance is desired to be bestowed to a cured product, but the
epoxy resin used 7 March 2002 - 10 in the present invention may be used
“in a formfor bestowing the flane resistance by previously reactin

br oni ne contREHF narﬁﬁe?(oﬁe”‘braﬁ BAGN ferbriedi FiLRP dpkySYesines e 5af | ame

- resi stance of the cog&osition i s, preferabl ced to a cert%in | evel in

d & enhﬁn £

whi ch the | &&EPINEH thE RECBRERFHU T s SRTGHhal, "P&SHRE 88 tan

el ectronics rral.. T i \ S I : e t, § pyention
is a curing Cc%%flf/gfmﬁo@ggﬁéﬁgg)é%@sﬁ]é‘%gl:fasla g%?é@fjé%eq ghfggrgnkn% éaitl

napht henat eg, ang, &red & BEf'\Hl;ata‘?ﬁi YERAS & P HapbhReRahepeC R dured

napht henate, stannic ogty ate, cobalt octylate and the I|ike. - 11 - 7
March 2902 9yThen 85 RG edledldttid LENoheoZddechdd I LSe) aemasdiingn at
an arbitrary ratio, and they are usually blended so that the gelation tine
of the totalupesi theokposd toHnthe tompuumedt osed ,mfut esxamplesEacdinygel vy

10 fixed tenperatures of from80C to 250C . In the resin conposition of the
present inveme oppngdifrdonsheinddcatiat ¥esthe Fxamplesplersdd in

conbi nati on wi thout departing fromthe object of the present invention.
Exanpl es t h&%Edf1ARE-ude 15 bi smal ei ni des; addition pol yners of

bi leimd i th_di am . _alk I yl i [ d
oy "8 v nyl - benzy P PG GaEE 0P HIEbbrERCE DR RAG SN nph BRRIIAAT O

producigof i amded] RheNEL IR Q@@eﬁnsabﬁerbyin@a@%_awy RELAS, pe¥dtSsses
represented by a 20 di prbpargyl ati on product of "bi sphenol A"and a

di propar gyl ata®nbgr adyet wiedi am nodi phenyl net hane; in addition, phenol
resins, resol resins, aryl ether type conpounds, aryl am ne type conpounds,
i socyanat es, tri Fhplriesdsydiinasesatpylefst efemt tonpdundsprosEedE Wil a
vinyl group, and the like, but the instant inyention js not limted
thereto. |f GRBRELERF, LEaHet MBpPadisbsPR oS dfetvabpve with an

epihalohydrin in the presence of an alkali such as sodium
15 hydroxide or the like, as a common process for producing
an epoxy resin, but the present invention is not limited
thereto.

Examples of the epoxy resin or epoxy compound,
hereafter referred to as the epoxy resin for convenience,
include epoxy resins represented by the structural formula
(1) or (2) below:

(OGly)

20

(R); or



-12 7 March 2002 be al so added, and exanpl es thereof include pol yphenyl ene
et hers, polystyrenes, polyethylenes, polybutadienes, polyimdes,

pol ycar bonat es, pol yacryl ates, pol ynethacryl ates, and polybutadlene 5
acrylonitrile rubbers nodified with a termnal am ne or a 'ZP@"’EbOXyl

group and a nodi fied product thereof. dut are not limted there 0.

t hernopl astic resin or rubber may be m xed in the cyanate ester

~conposition, or may be used. by being previously reacted with the 10

conposition.;. In the present invention, known additives such as organic

flane retardants, i(QG i fl(amaly)et al dant s, r(OG@GHYi ng agents,

- surface-treating age A filllers_andl tHe Ilke :\ bel added to the
conposi ti on dependi e he organic flame retardant

i ncl ude brom ne-cont e- contarnimg(ddl yphenyl ene
i , br omA€- cont ai ni ng pol ystyrenes

and the |ike, and qupxanples of t(f ﬂ organi ¢ {Rye retardant include

anti nony oxi de, alunlhun1hydrOX|de red Bhosphorou% and the |ike, The

rel easi ng agent includes waxes, zinc stearate and the like, and the

surface: L1 Gald Uk A0t o Qﬁ'W@?aaesfeﬁaﬁtci%éohhﬁ@:e%gﬁﬁh fadredide. The

filler 25 includes silica, alumna, talc, cllays and the . As the

pol yfuncti @naluntyenab e ester IQD,WIIOSrépQQ%e(hfté hen pi Rseger ment i ®8 can be

utilized to produce a cured 7 March 2002 - 13 product that is excellent

i n mechani 8alprsiffengbhy andot Bat, i 5 peapresendrd \ansefiueges af endapsul ati ng
material, a |amnated board material, a structural material and a paint
materidal . $ rEMWS?ﬁPﬁéSF?rEx&ﬁpla@s igrteapyidck itthdl » dydfatz® %3t er

conposi tions and Exanpl es of c oduc s thereof _are illustrated bel ow,
but the pr8%ertt® q’ﬁﬁ/%ﬁt? |FP{1 %‘e&’{]htel?%t% IEFHPesi s Exanple 1

l(ﬂaﬁgggc?rjre e%{/r,\f%gﬁli’ foég‘téls e%’:c céé ﬂétgﬁgrﬁgzﬂza?{?%é%%ml) of 96%

sodi um 15 hwdaoxiydeqwei® Reraarnaods! yodésgBbnedtbashr apayelaaahaiol ate
solution, and the solution was cooled to 5C. Into a reactor equipped with a

thernnnetegrampﬂhavemg 8 tooppicaydamnetoasd a refduxdagboondemssy, 1009

of water previously cooled to O to 5C was charged, and 7.97g 20 (0.130nol)

of cydnhogeha¥Hinst ibd&owAS %W@@oﬁt%éra‘%%hrﬁeﬂ?ﬂﬁﬁ‘% ﬁh‘élﬁﬁ&&taéké’&i ution
ide were_sinultaneousl

d f hi
oo se Jgkaunlen @'s €607 0L0nSH ELHE, ABTCS I AERY ek AL

by the structural formula (3) described below:

OGly OGly
-
CHz - CHa
\
H3C— C —CH3 H3C-C—CcH3 | 3)
OGly OGly
15 wherein m represents a number of 0 to 9, and each of the

R groups may be the same or different when i is 2 or more,

Gly represents a glycidyl group, and A represents any



keeping the tenperature of the inner vessel between 0 and 25 10C, and after
conpletion of the dropw se addition, the tenperature of the m xture was
kept at the same tenperature for 15 m nutes. - 14 7 March 2002 Then, 200g
of 'net hyl i sobutyl ketone was charged into the reaction ves§qhan$pgoéglution
-was subjected to | ayer-separation at -40€, and then the organic Tayer was
rinsed twice with"100g of water. Then, after the organic 5 | ayer was
~concentrated to 30g under reduced pressure, 100g of isopropanol was added
dropwi se to the concentrated organic |layer, and the nixture was cooled to
2C and stir e fof dnhouygethaatdmy ry shi&urecawas, f blet @ efkdwpobtain a

- solid, and the resulting solid was washed with 10 10g of isopropyl al cohol
and dried i represenveddinthe seguckvalal: £82%WulsEe { dhicbe( bt yhialdwne
cyanate ester with a nelting point of 80C . Wen the product was anal yzed
according to a liquid chromatography nethod (LC), bisphenol and a
nonocyanat e 15 conpound of unreacted r, mat eri al were not detected.

| m nocar bonat es, which are produced fr a side reaction were al so not
detected(purity: 99+% ) . Further, chagkine ion detected with potentionetric
titration using silver nitrate was mor |ess. 20 Synthesis Exanple 2
The sanme operat Logg@s_in Syﬂjﬁe§%§ Ex %e 1 was carried out to obtain a
synt hesi zed product DBy using hefane iﬁﬁg ace of isopropanol described in
Synt hesi s Exanpl e 1%)25 When Q@g objeE§5ve obt ai ned conposition was

anal yzed accordiné @ LC, bisphehol and’d nonocyanate conpound of unreacted
raw material and i m pocarbonates which were -15 7 March 2002 produced
froma side reacti of®i8re detected, and the total content thereof was 15%
by wei ght., Further, t he purity of a difunctional cyanate ester conpound was
82% (by wei ght). 5—Taeol yfunctional cyanate esters having different

contents of inpuritisg which are used in Exanpl es bel ow wer'e obtai ned by
changi ng the ki nd [G solvent which is used in the crystallization step
and washi ng step, the synthesis reaction. 10 The specific neasurenent
conditions of the pt¥fty of the polyf,uncti onal cyanate ester and the
respective coanggg,@t_Sﬂq 0 car boi ﬁé%, al kyl cyanam des, partially
substituted cyanates|an ﬁﬂenols digdier depending upon the kind of said

conmpound. 2,2'-bis \[ : 3 ;

Gly Gly OGly
5 (7), (8), (9),
— CH —
T T .
0Gly —CHchuz__ & L
\ |
(Th T T
(10), (11), (12),
—C=C—
— CH=CH— |
T T
(13), and (14)

wherein each of the T groups represents independently



15 cyanat ophenyl ) propane as indicated in Exanples was neasured bel ow. LC
nmethod: In 20mL of acetonitrile (for high speed |iquid chromatography;
manuf act ured by Wako Pure Chem cal 20 Industries, Ltd.), 100 to 200ng of
the product obtained was dissolved, and the purity and thesnasrefbbye
-contents were determ ned by the peak -8Bea ratio of respectlve conmponents to
the total peak area (set as 100) derived fromthe synthesized product of a
~ chromat ogram whi ch was 25 obtai ned by the LCreasurenent conditionsdescri bed
bel ow. LC neasurenent conditions: Equi prrent : HI TACHI L-6200 type - 16 - ~
March 2002 enaalikal gpoupShvkEAY EGtGIED(dHWbdh4mm®m€blunﬁ kviekesddo | |

- 3C18HE 3 ,um 4.6mm ~ X | 5cn) Mbile phase . Aliquid; 1.0% by wei ght
aqueous sol ori @em dgnteege¥ cofcild tackt i candi duirs hedt reppuye rgsddes and 5
manuf actured by wako Pure Chem cal Industries, Ltd.) B liquid, acetonitrile
(for LC usefeeaf@(ﬁeémedlwttae ESTRITRT T BA; fB*’GO’(JCP?n h1§)eaaaii enk6) B=50% - a
( 30 mn -~ B=100, ki n conp05|t|on B= 100$(10 mn.) 10 Flow rate

4%:1 . Chﬂ/nlﬁesﬁﬂ#§ﬁgtea @Fature : 40C Detection :254nm | njection vol une: 5
ul 15 Exanpleqcﬁsﬁg 6 The present Exanples relate to preparati on exanpl es
of cured products$ gpol yfunctional cyanate ester conpositions of the
present inventigf @ yfunctional cyanate ester conpositions of the. 20

i nvention were g 0 ar'fﬁe“CUnpUUﬁd1ng'ratﬁé (by weight) described in
Tabl e %, and were eaded at 90C . The resulting nelt-kneaded m xture
was podred on a castlng pl ate made of glass plate and cured at a condition
of 175C X 2 hours to obtain a cured product with a 25 thickness of 3nm A

t hree point@DG@mnlng t est of(@hgygured producth3@n§) arried out. The result

'S shown in 17_ L%}km \annplel\\ apd 2 7 March 2002 The
pol yfuncti onf téw tigns}ce ) he confoundlng
1vveeme{krh§£e. 1. Thellreésu

rati o descri
nel t - kneaded 3 , 2
and cured at a condition'of 175C X 2 hourd'to obtaln a cured article with a
t hi ckness of 3nm Three points bending test was carried out using the cured

article. TNEnEesulinl S Shsh boeTaDl 6o dink® IHEvSLr ERA'E Aovosbnsdabl e 1

was neasured ee poi nts-bending test accdrding to J
Mar ch 2002 Jﬁplghé-of the structural formula (4) as described above

or the structural formula (17) below,

U 1

T i

| % I

? mC— oo - (17)
T

- |

10 T
! (wherein each of the U groups independently represents
a halogen atom or an alkyl group having 1 to 10 carbon
atoms, and T and i are as defined above)].
Examples of the epoxy resin represented by the
15 above-mentioned structural formula (1) or (2) include

difunctional epoxy resins derived from bisphenol A,
tetrabromobisphenol A, bisphenol S, an alkyl-
substituted dihydroxybiphenyl, dihydroxystilbene, an

alkyl-substituted hydroquinone and the like; novolac



Conpar a- Exanpl eti veExanpl e123456122, 2- bi s(4- cyanat ophenyl ) pr opaneTot al
content ofinpuritiesLess than 1%%0-50----2 % 50--50---4

% - 50--50---15%----- 5050Sum epoxy
ESCN- 195505050- - - 50- LDX- 4127~ - - 50505050Zi nc . 02
napht henat €0. 10. 10. 10. 10. 10. 10. 10. 1St-r@ngt h(kg/rrm)15161614Mi§I‘ﬁ9

Sum epoxy ESCN-195: Cresol novolac type epoxy resin(manufactured by
Sumitono Chemical Co., Ltd.) LDX-4l.27: Brom ne-containing novolac type
epoxy resin 5 (manufactured by Sum tonmo Chemical Co., Ltd.) The cured
product of thppeyapake £8&ehsWDSEHI PFoffa S Eado I 4 £ E@B sioT.

- excellent in rrechanl cal property. 7 March 2002 19 What is clained is: 5
10 15 20 25 dovélaygna ef esmaldebypesindwolaonprfi dimpeyoa Ayamate ester
in which the total content of imno carbonates, alkyl cyanam des, partially
substituted bgaraleehyrde phevieol scasfi mhrneles ans sk k- $ebatiduted

prepol yner thereof, (B) an epoxy resin or an epoxy conpound, and (C) a

curing cat aI?’éFnQéI'eé’tred:hler drh*€ ima A L REpht KBS P E'rﬁa‘ﬁ%tl d%Ef:‘-YIeét e. 2.
Th t t 1, Wh th
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bi sphenol A, or a prepol yner t ereo cyanat est er corrp05|t|on
accordi ng t oagdakPoky Wes eh g aéelee@xwf&ﬁlale? caRYeh €HAIPEHR oB)a i S
represented by structural formula (1) or (2) below (OGy)h (Ri (OC3y)~
(R i dicyctopeddagditefthygyolac. (2) () Ri I n30
wherein, n is an average repeating nunber and represents a nunber of 0 to
10, h repr esentsFalﬁ'ﬁfrﬂJége@SthE EPOXY respp repigFemtoa0dYj thépresents

§P |t ofer APIVETER L %Fier%?té%l%&ﬁﬂhé&&?ﬁi%ﬁf’ylhpr%mie's i
a{ gws?eaazgg%g?kykgg%q: %né‘é'gi‘l,@ﬁ fﬁ}!&%‘on a kﬂglﬁe&ﬁ’%pocar on gr oup

having 6 to 28 fasReAcA;0 Rd &\Ehﬁhyqoﬂﬁfgé“%gﬁzﬁy@éﬁiﬂﬁéﬂdélfQU@dhﬁiv‘bﬁg Sto
7 carbon atonms, or a group represented the structural formula (3)

descri bed behmphthﬁll&r@geﬁﬂmtﬁ@la@dek@&eCﬂuapﬁﬁlmmm&l C- C3
Gy

alkyl-substituted terephthalaldehyde, or the like can

15 be exemplified. Moreover, mixtures of these epoxy resins
can be exemplified. However, the epoxy resins are not
limited thereto. The compounding ratio of the cyanate
ester compound to the epoxy resin is properly selected,
and usually from1l : 99 to 99 : 1 (weight ratio). Further, -

20 the ratio is preferably 30 : 70 to 95 : 5, and more
preferably 50 : 50 to 90 : 10, because with these weight
ratios, there are obtained cured products which possess
good and preferable properties in heat resistance and
toughness.

25 It is possible to use a well-known flame retardant
in combination when flame resistance is desired to be

bestowed to a cured product, but the epoxy resin used



m ~3~ wherein mrepresents a nunber of 0 to 9, and each of the
R groups may be the sanme or different when i is 2 or nore, Ay represents a
glycidyl group, and A represents an oxygen atom a sulfur atom or a group
represented by the structural fornulae (4) to (14) beI ow (4)~
CH3 I - G S02- CH3 ,. (5). (6) . CHB - & ~ ", (Z,I-IE/SI%O@Z%

Ay Ody (s) . 7 March 2002 CHT T Ody - CI—|2~~CI—|2- - C~~C(T) TTk
. (20)r (1)~ (12)r - GG CHE=CHTT (13) , and ( 14) S wherein each of the
T groups represents an al kyl group having“I to 10 carbon atons , and k is
zero or an integer of 1 to 4. - 22 - 7 March 2002 5. The cyanate ester

" conposition according to claiml, wherein the epoxy resin or epoxy conpound
(B) is represented by the structural fornula (15) or (16) below. (Ody ) h

. _ .1 4 ..\ or (od )~ ody )~ (ody )~ \/
~ V7T 7 \ BN thgpresynt I”"E%‘Ei%“ %)’ be'uged' . 4 ngm \ﬁﬁé) &e tovidican
aver age repgat lﬂﬁﬂarﬁwr@@h@ﬂgn&@pwsgaésl@ugwbﬁéaet19gt Q9 EQomlnepresents
an integer of 1 to 3, j represents an integer of 1 to"3, and B represents
any one of Qe st iR Wiaénebr eal A bnymene(mtbemm’g $pOxy €edil. The
1.7) T

T wher ei’h dacis L(?%lSEJ{%érr%ups Fnd pen H‘y r:epr eBEREETATRY] o%@f? (:to or

an al kyl gﬁQunahayrmgld levd0d tarbbbch the level V-0 of the UL Standard

is attained, for use as an electronics material.
The curing catalyst (C) used in the present invention
is a curing catalyst for cyanate esters, and is selected
10 from metal naphthenates and metal octylates such as zinc
naphthenate, cobalt naphthenate, stannic octylate, cobalt

octylate and the like.



15 atonms, each of the T groups represents an al kyl group having 1 to 10
carbon atons and i represents zero or an integer of 1 to 4). 6. The cyanate
ester conposition according to claim4, wherein the epoxy resin (B) is a

reacti on product of - 23 - 7 March 2002 the epoxy resin, jtetrabr
bi sphenol A and a gyl cidyl ether of tét}hbronn-bisphenol A @#"@Egﬁgganate

ester conposition according to claim5, wherein the epoxy resin (B) is a
_ reaction product of 5 the epoxy resin, tetrabrono-bi sphenol A and a

gyl cidyl ether of tetrabrono-bisphenol A 8 . A cured product obtained by
curing the cyanate ester conposition of claiml1. 9 . A cured product

" obtained by curing the cyanate ester 10 conposition according to claim 2.
10. A cured product obtained by curing the cyanate ester conposition of
claim3. 11. A cured product obtained by curing the cyanate ester
conposition of claim4. 15 12. A cured product obtained by curing the
cyanate ester conposition according to claimb5. 13. A cured product
obt ai ned by cueing the cyanate ester conposition according to claim®6. 14.
A cured product obtained by curing the cyanate 20 ester conposition
according to claim?7.
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Gczcd6<=NO~yt oj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca]

ca] ca] ca] ca] capmppedjtdaire atc ajrczallicat ca] cdalioTabadd e [ane usuailly
|wwnhcAY]c]ca]ca]ca]ca]ca]ca]caLca]ca]ca]ca]cq]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] captahdgfcsjcatiah} thpcgelation time of the total resin

composition is 1 minute to 15 minutes at respectively.
10 fixed temperatures of from 80°C to 250°C.

In the resin composition of the present invention,
other thermosetting resins can also be used in
combination without departing from the object of the
present invention. Examples thereof include

15 bismaleimides; addition polymers of bismaleimides with
diamines; alkenyl aryl ether or amine resins represented
by a vinyl-benzylation product of bisphenol A and a
vinyl-benzylation product of diaminodiphenyl methane;
alkynyl ether or amine resins represented by a

20 dipropargylation product of bisphenol A and a
dipropargylation product of diaminodiphenyl methane; in
addition, phenol resins, resol resins, aryl ether type
compounds, aryl amine type compounds, isocyanates,
triarylisocyanurates, polyolefin compounds containing

25 a vinyl groﬁp, and the like, but the instant invention
is not limited thereto.

If necessary, a thermoplastic resin or rubber can
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EXAMPLE
Synthesis Examples of polyfunctional cyanate ester
compositions and Examples of cured products thereof are
illustrated below, but the present invention is not.
10 limited thereto.
Synthesis Example 1
In 500g of water, 20g (0.0865mol) of 2,2-bis(4-
hydroxyphenyl)propane (manufactured by Mitsui Toatsu
Chemicals Inc.) and 18.25g (0.438mol) of 96% sodium
15 hydroxide were homogeneously dissolved to prepare a
phenolate solution, and the solution was cooled to 5°C.
Into a reactor equipped with a thermometer, a stirrer,
a dropping funnel and a refluxing condenser, 100g of water
previously cooled to 0 to 5°C was charged, and 7.97g
20 (0.130mol) of cyanogen chloride was charged. The
above-mentioned phenolate solution and 23.94g (0.389mol)
of cyanogen chloride were simultaneously added dropwise
in parallel into the reaction vessel over 40 minutes while
keeping the temperature of the inner vessel between 0 and
25 10°C, and after completion of the dropwise addition, the
temperature of the mixture was kept at the same temperature

for 15 minutes.
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h& ()-1" lIIV%J(.)n/%QgLr 1eos/(,) 8ﬁ(gh are produced from a side reaction

were also not detected(purity: 99+%). Further, chlorine
ion detected with potentiometric titration using silver
nitrate was 1l0ppm or less.

20 Synthesis Example 2

The same operation as in Synthesis Example 1 was

carried out to obtain a synthesized product by using hexane
in place of isopropanol described in Synthesis Example
1.

25 When the objective obtained composition was analyzed
according to LC, bisphenol and a monocyanate compound of

unreacted raw material and iminocarbonates which were
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used in the crystallization step and washing step, after
the synthesis reaction.

10 The speciEic‘measurement conditions of the purity of
the polyfunctional cyanate ester and the respective
contents of imino carbonates, alkyl cyanamides, partially
substituted cyanates and phenols differ depending upon
the kind of said compound. 2,2'-bis(4-

15 cyanatophenyl)propane as indicated in Examples was
measured below.

LC method:
In 20ml of acetonitrile (for high speed liquid
N chromatography; manufactured by Wako Pure Chemical
20 Industries, Ltd.), 100 to 200mg of the product obtained
was dissolved, and the purity and the respective contents
were determined by the peak area ratio of respective
components to the total peak area (set as 100) derived
from the synthesized product of a chromatogram which was

25 obtained by the LCmeasurement conditions described below.
LC measurement conditions:

Equipment :HITACHI L-6200 type
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Guard column :SUMIPAX PG-ODS (4mm @ X 4mm)
Column :Wakosil-II 3C18HG(3 4 m, 4.6mm @ X 15cm)
Mobile phase : A liquid; 1.0% by weight aqueous solution
of acetic acid (dcetic acid is extra pure grade and
manufactured by Wako Pure Chemical Industries, Ltd.)
B liquid; acetonitrile (for LC use)
Gradient :Initial composition; B=50%(0 min.)
Gradient; B=50% —> (30 min.) —> B=100%
Final composition; B=100%(10 min.)
Flow rate $:1.0ml/min.
Column temperature :40°C
Detection :254nm

Injection volume: 5 u 1

Examples 1 to 6

The present Examples relate to preparation examples
of cured products using polyfunctional cyanate ester
compositions of the present invention.

The polyfunctional cyanate ester compositions of the-
invention were compounded at the compounding ratio (by
weight) described in Table 1, and were melt-kneaded at
90°C. The resulting melt-kneaded mixture was poured on a
casting plate made of glass plate and cured at a condition
of 175°C X 2 hours to obtain a cured product with a
thickness of 3mm. A three points-bending test of the cured

products was carried out. The result is shown in Table

1.



; #10% U&' () - U< ; #10% U&' ()-< ; #10% U&' ()-< ; #10% U&' () - MVMMVMWM L2+C< ; #10%
U8 ()-< ; #10% U& ()-< ; #10% U& ()-A0>\$ :#< ;#10% U& ()-< ; #10%

U8 () - MIMMMWM c+C< ; #10% U& () -< ; #10% U&' ()< ; #10% U& ()-< ;#10% U& ()-<

; #10% U& ()-< ; #10% U& ()-< ; #10% U& ()-< ; #10% U& () - MMMkt S500#10%
U ()-< ;#10% U& ()-< ;#10% U& ()-<-;1#10% U&' ()-< ; #10% feh' 2002

Comparative Examples 1 and 2
The polyfunctional cyanate ester compositions
compounded at the compounding ratio described in Table
1 were melt-kneaded at 90°C. The resulting melt-kneaded
5 mixture was poured on a casting plate made of glass plate
and cured at a condition of 175°C X 2 hours to obtain a
cured article with a thickness of 3mm. Three points-
bending test was carried out using the cured article. The
result is shown in Table 1.
10 The streng’ﬁ;h shown in Table 1 was measured by the three

points-bending test according to JIS-C-6481l.
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Table 1
Compara-
Example tive
Example
1 2 3 4 5 6 1 2
2,2-bis(4-
cyanatophenyl)
propane

Total content of
impurities
Less than 1% 50 - 50 - - - -
2 % - 50 - - 50 - - -
4 % - - 50 - - 50 - -
15% . - - - - - - | 50 | 50
'4 !
Sumiepoxy® ESCN-195| 50 50 50 - - - 50 -

LDX-4127 - - - 50 50 50 50

Zinc naphthenate ¢.1{0.1j0.2(0.1]0.1(0.1{0.11]10.1
Strength(kg/mm*) 15 | 16 16 | 14 12 | 15 | 11 | 11

Sumiepoxy® ESCN-195: Cresol novolac type epoxy
resin(manufactured by Sumitomo Chemical Co., Ltd.)
LDX-4127: Bromine-containing novolac type epoxy resin

5 (manufactured by Sumitomo Chemical Co., Ltd.)

The cured product of the cyanate ester composition

of the present invention is excellent in mechanical

property.
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What is claimed is:

1. A cyanate ester composition comprising (A) a
cyanate ester in which the total content of imino
carbonates, alkyl cyanamides, partially substituted cyanates
and phenols as impurities is 5% or less, or a prepolymer
thereof, (B) an epoxy resin or an epoxy compound, and (C) a
curing catalyst selected from a metal naphthenate and a
metal octylate.

2. The cyanate ester composition according to claim
1, wherein the curing catalyst (C) is a metal naphthenate.

3. The cyanate ester composition according to claim
1, wherein the cyanate ester (A) is one derived from
bisphenol A, or a prepolymer thereof.

4. The cyanate ester composition according to claim
1, wherein the epoxy resin or epoxy compound (B) 1is

represented by structural formula (1) or (2) below:

(OGly),,

(R)i or

(OGIY) (OGIy (OGIy)
S,

wherein, n 1s an average repeating number and represents a

number of 0 to 10, h represents an integer of 1 to 3,
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j represents an integer of 1 to 3, i represents zero or
an integer of 1 to 4, 1 is zero or integer of 1 to 3,
each of the R groups independently represents a bromine
atom, a chlorine atom, an alkyl group having 1l to 10 carbon
5 atoms, a cycloalkyl group having 5 to 7 carbon atoms,
a hydrocarbon group having 6 to 20 carbon atoms, which
contains a cycloalkyl group having 5 to 7 carbon atoms,
or a group represented by the structural formula (3)

described below:

10 §
OGly OGly
CH2 CHa—{—
H3C— C — CH3 H3C—-C—CH3 | 3)
OGly OGly
wherein m represents a number of 0 to 9, and each of the.
R groups may be the same or different when i is 2 or more,
Gly represents a glycidyl group, and A represents an
15 oxygen atom, a sulfur atom, or a group represented by

the structural formulae (4) to (14) below:
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L #10% W& () - <

"k

CH3
l
_(,;__
—CH2—  —sS02— CHj3
(4), (5, (&),
CH3
|
—C—
i _._CH——
H3C—- C —CH3
OGly ; Gly OGly :
(7), ’ (9),
T T
OGly —-CHZQ—CHz—— —E‘@—CI:——
| |
(T T T
(10), (11), (12),
—C=—C—.
— CH=CH— |
T T
(13), and

(14)
S wherein each of the T groups represents an alkyl group

having 1 to 10 carbon atoms, and k is zero or an integer

of 1 to 4.
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5. The cyanate ester composition according to claim
1, wherein the epoxy resin or epoxy compound (B) is

represented by the structural formula (15) or (16) below:

(0Gly),
00— X
(oaly); (oGly); (oGly);
X ) / A \ X
| B B | I (16)
S ?& PN /. . =
5 : n ,

wherein n is an average repeating number and represents
a number of 0 to 10, h represents an integer of 1 to 3,
j represents an integer of 1 to 3, and B represents any

one of the structural formula (4) or (17) below:

10 —CH2— e 4) or

wherein each of the U groups independently represents

a halogen atom or an alkyl group having 1 to 10 carbon

15 atoms, each of the T groups represents an alkyl group

having 1 to 10 carbon atoms and i represents zero or an
integer of 1 to 4).

6. The cyanate ester composition according to claim

4, wherein the epoxy resin (B) is a reaction product of



U& ()-00000 O OgF% $10%8&' ()- "10%& ()-F< ; #10% U&' ()-Ao>\$ :#< ; #10%

U& ()-< ;#10% U& ()-| OOOPIPTPUPVPWP| [ NA4$110$(10$10$ f/ - 1098& () -

-1098& ()- "~ +1098& ()- 3(10%& ()-- f&L0Y& () - WPdPhP| P~PPP| [ : NA4$110

s! 109%#& ()- 10%t& ()- 9ys10%t& ()- 10%#& ()- 910%t& ()-- 7 March 2002

"] MLO%#&' () - PPPQRRS| [ : NA4A$110 @"10%d"3B ()- @ @" 10%& ()- @ @ 10% "& () - @

@ 10%& () - @1 110%+& () -- f)10%t& () - SSSSSSS|[: NA4$110 t OLLOZ10%& () -

@ 310%¢#& ()- ,f)10% & ()- &610%t& ()-F 0: 10%#& ()-m

© &10%t& ()-' SSPTQTRTSTgTI UWU4$L ["10%$& ()- "10%$& ()- |110%%$& ()-Gl0 #
10 # 10 # &§{0"d, 8”9:% )ity LdtPLROUR JbiHNVRYEVIV\add ié!U??icidyl

| 910938 ()- ! &I0%& ()- ~&109B"& ()- .10%%& ()- , 10%s3$& ()--

SF10%6$& ()ethat Vo ¥t VeV dbndMSibisph@rsfi X) - 9%s' MLOYs$&' () -~

S1096$& ()- { | ~10%is$u& ()- & 109 & ()-- 1096$& () - VAW U4$1

10% $& ()- Y 370978& €yanRE®E S €Y -dOBB0e4$103% a@UA0dé8e tp-claim

., 1096$& () - WA [ - vU4$1 |, 10% $& ()-_.10% " & ()- + F10% $& () -

KF109@" & ()3 SMRE XA (Fhe §BPFM/ HRARLE ) { UOGBXIXEREEHARR IPT PIBTF$QL ) -

39409 & ().- . 3940% $& ().-!r39%40% . & () - ,".L10% $& ()-- 109 & () - ¢Xr XxXXXXX

YYvUa$12 9! T3¥8 $?%L°i‘¥-r8g‘%‘|“'1&§§s‘?%¢bf?§“)°(‘ %8 e%‘%éé §é“€®a%’8f)’“- A

[10% & () - -0/ JO & (L2 *@g{_ @, H#10% M & ()- 1@, #10% & () -

‘@, #10%e () @ 1%5/%%-. Iz%g‘/}é}%%%l P% 9! 10%rHM®. () -

2ZWZZ[ >[s[[| [ vE¥Blecurel dB%adcd dntal AU Sy Eunivg $hD& 8n&tle estey

10% $: & ()- - 10%$: & ()- f 10%$: & ()-[[\Qe\\\\|[:-410"$: F3:110% $: & () -

S810% $: & (Compyd i 6n&of) c1EiM 0% $: & () - 2#10% $: & ()- 0S

10% $: & ()-\\\\] @]]bA410: $: nt10%&g& ()- 10%&g& ()- 10%M&9& ()- 9z

10%&g&' ()- FF 10%geyzed)pradustiobgainpalby cuning thescy 20ogeoRs LT

@0%g&g& () - 910%98&9& ()5 YO0%R&E ()- z.10%98&09& ()- L 10%9&g&' ()-;

Y g | EoRARF 55 Lon 1 gbgaze (]S %@5@@&@%‘%_ %109%98&g8 ()~ $@0%Y&YE () -

, Y'"10%&g&' () 5 09 s (e ERLy Bl C % £).10% () - %&g&' () -

%0%9&g& () - $@90°g&g§%§%8q Q959@83*7@Egéa(ﬁa’@%ﬁﬁo&@égép%%%ﬁ%&g&%ad. ng

13] c" " HeadidtkerdEmposeadidiy Bl &1aikeadi ng 43]c” "Heading 53] c" "Heading

63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font

X' i *. =4, 9>CHGI VRRQUAP4Y] bl bflinpr iobtzd +1f2d By curing the cyanate

| $&p) ~- s02K595<@GLhPRIWEXQ p° H JKLMNOPQRSTUWAKYZ[\]~_"ab &l | RU

Al""T7$n% ( lSHer--CTpReShAEoN-gof claim 4.

1" & ol 8ot ght |21 noBURRINGBIS I F- SRR baP RoTAR ] ity FERPREE h Root |
EQL[?)(C@VEE:%ED% Eimég%m%??#%}égéggzgﬁﬁlﬂ rr%épqr stuvwxyz{| }~
13. A cured product obtained by cuxing the cyanate
ester composition according to claim 6.
14. A cured product obtained by curing the cyanate

20 ester composition according to claim 7.



