; 89:; e3e2_n2\ hhidj RNk(n6”nTn y 21-February 2004 - 1 FLAME- RETARDANT RESI N
COVPGSH TI ON, AND PREPREGS AND LAM NATES USI NG SUCH COVPCSI TION ' The
present invention relates to a resin conposition having excellent flane
retardancy with no hal ogen-containing flane retardant incorpssraagdooand
prepregs and | am nates using such a resin conposition. 5 OMng to their
surpassing properties, therno setting resins represented by epoxy resins.
are prevalently . used for.electrical and el ectronic machine parts, and in
many cases these resins are provided with flane retardancy for securing
saf ety agai HSAMEFREFARDANTIRES [ICAOMBOS 1TA0A, | AND BRERRTGST A NaMiNaTes been made

fIane-retarqEﬁNGq§Kﬂp§&ﬁ£ﬁ?ﬂ§hpg a hal ogen-cont ai ni ng conpound such as

brom nat ed epoxy Tesi gh such hal ogen-cont ai ni ng conpounds have
hi gh flame retardancy, aronmatic brom ne conpounds have the probl emthat

they not only rel ease Berpsévenbr anveatand. e el agen bf%we in the
course of pyrolysis but also have a possibility of form ng ghly toxicant
pol ybr onodi FORRS itk ahalv pog yekbe direhenzQsinae rehen-dlacomesed 4& the .
presence of oxygen. Further, great difficulty cones in di'sposing of

super annuat 8¢ LggRCm i i eigE banei netaEdrn20 inkesedeasans,agst udy is now
bei ng made in _earnest on use of phosphorus and nitrogen conpounds as wel |

as i nor gani €A% a FTEPREFRJEF A6t SHAhpRacesdh dwenmmniverd i onal

brom ne- gont ai ni ng onqﬁgifs.genéioned above, flame retarding of resins can
25 be realized by making tse of -3 phoSPRBAES LAGnPaGR@rtdes, thermo-

setting resins represented by epoxy resins are prevalently
used for electrical and electronic machine parts, and in
many cases these resins aré;provided with flame retardanc§«
for securing safety against fires in use. Conventionally,

10 - the resins havg.been made flame-retardant by incorporating
a halogen-containing compound such as brominated epoxy
resin. Although such halogen-containinq compounds have
high flame retardancy, aromatic bromine compouhds have the
problem that they not only release corrosive bromine and

15 hydrogen bromide in the course of pyrolysis but also havé a
possibility of forming highly toxicant polybromodibenzo-
furan and polydibromobenzoxine when decomposed in the |,
presence of oxygen. Further, great diffic;lty comes in
disposing of superannuated wastes containing bromine. For

20 these reasons, study is now being made in earnest on use of
phosphorus and nitrogen compounds as well as inorganic
fillers as a flame redardant in place of the conventional
bromine-containing ones.

As mentioned above, flame retarding of resins can

25 be realized by making use of a phosphorus compound, a



'- 2 21 February 2004 nitrogen conpound and an inorganic filler. This is
“based on the concept that the nitrogen and phosphorus conpounds accel erate
carboni zation of a resin to prevent its gonbus tion, while the inorganic
fillers help to reduce the anobunt 5 of a conbustible resim pabridgi2004

addi tion, codsetpeent laonpding & St . €0 tible. lnorganic fillers
such as metal hydroxides reIeasggmgﬁeéﬂatg%ﬁﬁér%ggiﬁf1(mﬂﬂlﬁeh%ePQFEQe and

t her eby preeanttheomoustamn. thdt hage bgen i rt,_as disclosed in
for instance JP-A-10 10 %5178 and. JP- AFJ?Lg-Q%gbél%%?g% S G¥ePeunds

f1 ame-r et ar danelley aitec @axait i 2wk foPNOEPHO . conpo and a ,nitrogen
conpound along with an inorganic filler ?ngggég gp g@%ﬁ&d& ﬁﬂﬁxﬁﬁﬁhus‘

conpound, ahdoprephdde ank | a6 Mpdesc US| Do S4/C s si ti,ons have
been put to practical use. 15 The circuit-boargeggngpaggﬁﬁgﬁbtﬂF%dE?%unt

i nvol ves>vaPfoascembmistalblle quésdirt rigatd neli 5t 8881t hBnt he §ﬂi§g' step,
for instance, a basic conpound such as sodiunlhydrondeoﬁg r qd#?gﬁ, whi | e

use of an ORRHLREn§heomesumd lies essemisdidps. th i g 14, nt.
Phosphorus 20 conpounds such as phosphoric esterg?g§§?§ ea?glégﬁﬁ%gsﬁc%sed
as a flane ?%t%ﬁﬁaﬁtPYﬁéwéﬁﬂas[maﬂﬁaﬂntWEﬁeﬁfwweheﬁgrhgdr%gcgdw%é;the
above-nentiponed treating conpounds to give rise to difficulties. a
phosphor us tSHBGEAEUF 8adfry & hEinehye poer 2Rt remimss aDdnepoxy hasl heef | NY
agents, other t han phgsphoric esters, there is known

9, 10- di hydr'o-9%¥3xa® 182 Fh88fnafle sl igelnsssk-10- T ding pandeced-and gsol d

under t t a of _H y .Sanko Chemi cal Co., Ltd.). (See, for

exanpl eft? f-@gﬁé]' gg‘i &Bb%&?’ylﬁé@l&ﬁﬂ Tencem Boe sihnls JP1 Am200e+289%)nt HCA

is.hardiy el ‘ nd _has _excel |l ent chem cal resistance, but it is
hi ghl y react\é§%§€£$g%giygr85Pﬁ??P§8rﬁﬁaF9MR9P44¥$@¢omeniﬁruged as a

phosphorustggﬂggﬁgg, { content _must be S increased and the reaction
proceeds ‘i n tHe stat%iéﬁgpyékg an inorganic filler instead of using a
halogen compound, and prepregs and laminates using ‘such

resin compositions have been put to praétical use.

15 The circuit-board manufacturing process involves

various c¢hemical liquid treating steps. 1In the desmearing
step, for instance, a basic compound such as sodium
hydroxide is required, while use of an oxidizing compound
is essential for the blackening treatment. Phosphorus
20 compounds such as phosphoric esters, which are cbmmonly
used as a flame'reﬁérdént, have the problem that they tend
to react with the above-mentioned treating compounds to
give rise to difficulties.

As a phosphorus compound reactive with epoxy

25 resins and .epoxy resin curing agents, other than phosphoric

esters, there is known 9,10-dihydro-9-oxa-10-phosphaphen-

anthrene-l10-oxide (produced and sold under the trade name

of HCA by Sanko Chemical Co., Ltd.).

(See, for example,




‘curing varnish with an epoxy resin, and hence the final product such as a
{1 am nate may not be provided with the desired properties such as sol dering
heat resistance. The present invention has been achieved in the 10 course
of studies for solving the above problens; and it provi degqFebRn12004

conposi ti on fwvi ng; e n hewi cal, resistance and 'flame retardancy by
using a phosphineg%x?gghggnéggnggh§Fﬁog Wj%%QQHkﬁﬁSA dShhardllyze as a

phosphor uscaff@tdiPgabha e d ~1ht. i.s al so. envisaged in the 15
present i nvgnmt i on foapr O\rLEag %rg%pragtﬁgl&sﬁ%g THE TRt T eOAPEERFEoN bundit

fl ame-r et ar danth { @] pa ri,skng h prepregs. Specifically, the
pr esent inventhmﬁﬁggv%gggeggglgzgﬂrg§§%§éﬁF n T_npdett WBENc WY i si ng

as essenti alal2nh & oPon. SaEA resi (B),a curing agent, and, (C
a phosphoru:'conpound %gﬁt%%n%ngﬂgsBﬂéégf %?%?ﬁﬂ#q't*ﬁﬁe%gnéeﬁﬁo§ﬂMQM?e
oxi de cofpounttrdd¥edr£sentnsn ' a rovi des repreg ohtai ned by
i mpregnating the flanme ret%rrl%a%fg‘g%{ég?ﬁl @%%E%sﬁdﬁ on’ |t§‘§ %gyé,g 9hdPEeH ane

25 retardantcumniqatereisi @%ﬂeéﬁc}aggg&l A %rndd"‘r}tge?{'écgg‘;{'@‘%egﬁr Oguced by

hot - pressing a single sheet or a pi t'wo “or’ rore 83pr epr eg.

As (i g i 2004 t
ment i onegraluine, dueh agslesl 1 yRenRPRESRAY et bs%agﬁ asijc?éé( xﬁ%ﬁ% %B ers

generally used as a phosphoric flanme retafdant, rip fosphat e

and cresyl dieshierd prusphates suieheasi ky1RweiQly #ed and d gnd. o be el uted

in a chem cal solution. Therefore, resin conposi‘tions conprising Such 5

conpounds as a flame rBiarpkesentvohvenpiohl 8as bedm@idh Us@ed 0fy! gLnat es
The phogBhine oxi de conpounds are | ess susceptible to hydrolysis as they

have P- €’bofRB¥ISPhése stoibimdior téeleingethenkbbkeet -dHmshoriggesters
havi ng provides a resin composition having excellent chemical
resistance and flaﬁé rétardanéy by using a phosphine oxide
compound with a low tendency to hydrolyze as a phosphorus-
containing flame retardant. It is also envisaged in the
15 present invention to provide prepregs using the resin
composition, and flame-retardant laminates coﬁprising such
prepregs.

Specifically, the present invention provides a
flame-retardant resin composition comprising.as essential
20 components (A) an €poxy resin, (B) a curing agent, and, (C)
a phosphorus compound containing at least as a part thereof
a phosphine oxide compound. The present invention also
provides a prepreg obtained by iméregnating the flame-
retardant resin composition in a base, and a flame-~
25 retardant laminate or a copper—élad flame-retardant

laminate produced by hot-pressing a single sheet or a pile

of two or more sheets of the prepregqg.

As mentioned above, the added type phosphoric



" 10 P-0 bonds, have surpassing chemical resistance. Al so, they show

“satisfactory flame retardancy by addition of only a small quantity because
of hi gh phosphorus content. Cenerally, _pgosphorus conpounds are
hygr oscopi c, io that too much | oading of a phosphorus com@gpelayy 2654 15
adver se ef f &§ttenso gariexrtall by reseést agce I; SPF. ies of ,the cure
resin conposit&on. I n cont?%st, phosphigggggpgglgoéggﬁ%%s ?EREQ%PFeSFPQ'ned
t endency t o2Ry&rdippEnydndgh Ihage oSE@PEEREY] Kt of S t hat _use
of a novol ak epoxy resin a;gﬂ% novol ak res?%lagaghgai%é?%ﬁﬁéﬁggg'nﬁﬁgs it
possi bl e t 0®pFélyddysindlsized cand ftene tetBedangyedf sthe Gammesiijon by
addi tion of aésg&ller Sgg?nt of phOsphoh;SS co;pognd than reguited in the
convent i onafCaktlopeca nefersee § esedbn 8s ht gBneo Qf ; e rings
and arenéherefore hi gh in heat resistance g%d fIaHSQZE&% fﬁ%ﬁéﬁ€§5ﬁgﬁus,
the flame-r EPBPARALSS @i @ (Orgmss | it é toar dror hvgl ve bB%bB%ﬂéeQﬁiﬂﬁégﬁjon i's
characterized by use of an epoxy resin and a curing agent with hig eat
resi st - BSe230FcBAndMAtEF04 ance and use of a phosphi ne oxi de conpound
as a flane retardant to realize satisfactory flame retardancy and chem ca
resi stance of the conpé§ FHGSRALN®AXide tpepdahdgeareoneegnd. 5 Exanpl es

of the epoxguggéégﬁgiA) usable i.n the present invention include bisphenol A

epoxy resins, 5 B dysEp lvssisnais pgetol haveobeCakoedexy Mmesigs,
cresol noval resins,. and bi sphenol A novol ak epoxy resins, and are
not |imted %?ﬁgéé’e§§§§eﬁ9§ieﬁs unlike the mhesrhoposseblerso hase g or
nmore difd ereng tyR o] 0 resins sinultaneously. In view of heat

-~ resistance, it 1s %?éfé??gdépgpﬁfglfﬁb Al pRkysEesras wAllsoa hitgly

benzene ri ngh@pnd £§ i.gh t resistance, .especially phenolic 15
novol ak epoxy resinssg§§t§F sg?%§§V5F QQ%BGYrQ%i%§¢l¢h@npﬁ§n@Dﬂy ar al kyl
epoxy resi nsmd EPres£ht edvb fol lcowi.ng fqrnula (1), the naphthal ene
ar al kyl epoxy_reggﬁs rep egg%?§3ebfﬁﬂ%%%ﬁﬂﬁﬁﬂﬁﬂﬂfé%%nﬁ?&tFEF'and t he
bi pheny! modi i ed epoxaeﬁé§hm§ynee&%%%%%%%é”ééﬂﬁ%&&éé°¥é29h§8£2222pic

so that too much loading of a phosphorus compound gives

15 adverse effects to moisture resistance and other properties
of the cured resin composition. In contrast, phosphine
oxide compounds have a restrained tendency to hydrolyze and
low hygroscopicity. It is also notable that use of a
novolak epoxy resin and a novolak resin as a curing agent

20

makes it possible to provide satisfactory flame retardancy
of the composition by addition of a smaller amount of
phosphorous compound than required in the conventional art,
because these resins have a high content of benzene rings
and are therefore high in‘heat resistance and flame
25 retardancy.

Thus, the flaﬁe—retardant resin composition
according to the present invention is characterized by use

of an epoxy resin and a curing agent with high heat resist-




'20 (éj are also preferred, as these resins have a high content of aromatic

. . : : : i N heat

Tings and are small in ratio of polar groups, and hence high in

res?stance and capabl e of redu0|ng wat er absorption of the conposition: CHw
OCH~OCH~CH~~1i | ~H IHzOO(l CHZ~~CHZ~21@HbruaryZOOé§| o

wherein n ISaﬂcéahuBahs@U%Qe% éﬁbgﬁﬁﬁﬁgﬂgkggg gmganHOEECHZ (g%%u

oo~H2 N~V N 0 A ~~'N é QQ @ ratival
unber, and fkﬁ&raaﬁﬂ tolﬁajal e satG¥&ac 2t d

Eatural nunber. CHZ~ 0 CH~ 1 ~H2 i n (2) 3 1Bt fhe preséiPiseéfifon, the

0,
above type ofhepbaylr eebistaniecior Ay dsfsbd Pr20nRURL QT AL 4 past 50%
b
Y halogen compound.

5 Examples of the epoxy resins (A) usable in the
present invention include bisphenol A epoxy resins,
bisphenol F epoxy resins, phenolic novolak epoxy resins,
cresol novolak epoxy resins, and bisphenol A novolak epoxy
resins, and are not limited to these epoxy resins. It is

10 also possible to use two or more different types of epoxy
resins simultaneously.

| In v;ew of heat resistance, it is preferred to

use the novolgk €poxXy resins with a high benzene ring
content and high heat resistance, especially phenolic

15 novolak epoxXy resins and'creSol novolak epoxy resins. The
phenolic aralkyl €poxy resins represented by'the following
formula (1), the naphthélene aralkyl epoxy resins
represented by the following formula (2) and the biphenyl-
modified epoxy resins represented by the foliowing formula

20 (3) are also preferred, as these resins have a high content
of aromatic rings and.are small in ratio of polar groups,
and hence high in heat resistance and capable of reducing

water absorption of the composition:

CHa CHa
| o} | 0
CH ~ CH -~

M2 . #Hz
0

(1)
Ot

o-—0—




" wei ght of the whole epoxy resins for providing the desired inprovenent of
“heat resistance and flane retardancy. 10 As the curing agent used as
conponent {B) in the present invention,_ vaolak resins, am ne conpounds,
aci d anhydrides and the Iike can be used.” Novol ak resins arpRif g904d, as
they have hiugtedeiai o esd si ace, Qg ghhgg reduction of the anount” of the
phosphorus conpound to be 15 added. endl'i ¢ novol ak resins and phenol i c
aral kyl resins are usually used. Use of a triazine-nodified novolak resin
represented by the following formula (4) is preferred, as 21 February
2004 flanme retardancy is hyrﬁﬁbr i mproved by the presence@@t triazine ring
which is a nitrogenous conmpowent: ROH OH N 'N\ ~ (4}\éﬁ ~NN2 ~CH2 N
wherein Ris NHz, alkyl grou%Hor phenyl group; and mand n 5 are each a
natural nunmber. In view of the?fact that a phosphorus conﬁHund is contained

Rt ESgen( cof is preferably sebected to be 2.5
of t : g9i ns, cu@%hg agent
and phosphorus 1€ ‘ e_ Qi tent is | ess than
2.5% by wei ght’ Fl ame retardancy nhy ot iped, and if it
exceeds 4.0% by wei ght, the produced conposition tends to have too high
hygroscopicity. The phenoli'c aral kyl resins represented by the 15 foll ow ng
formul a (5)WhER8iRaphtisaleeme tarra I yluniest nsaf@pr esented by the fol | owi ng
formula (6), the biphenyl nodified novol ak resinS, represented by the
foll ow ng

in the conpositi
to 4$ by wei ght

CHa
- Lo Mo
4 L
e [

0 0

§ | | (3)
/‘{CHZ — = CHzi; D | =
Ya VWil
5 wherein n is a natural number.

In the present invention, the above type of epoxy
resin is preferably used in an amount of at least 50% by
weight of the whole epoxy resins for providing the desired

improvement of heat resistance and flame retardancy.
10 As the curing agent used as component (B) in the
present invention, novolak resins, amine compounds, acid
anhydrides and the like can be used. Novolak resins are

preferred, as they have high heat resistance and allow

reduction of the amount of the phosphorus compound to be
15 added. Phenolic novolak resins and phenolic aralkyl resins
are usually used. Use of a triazine-modified novolak resin

teépresented by the following formula (4) is preferred, as




" fornul a (7) and the toluene-, xylene- or nesitylene nodified novol ak resins
-represented by the followi ng 20 fornula (8) are also preferred for use in
the present invention, as these resins_h ve a hi gh content of aromatic
rings and are small in ratio of poI ar groups, and hence i ebruarp 2004

t o] e tlon of wate rption of the
Lgi%iS??anQTng 3@%§f%%g§ uér HipEeped :%% Rﬁ%?%ﬁgerPGMereln

~ n wherein nis

2 Inait 3r gﬁt i aE;'{ rdﬂga@jéﬁ‘z ls%é}letrﬁo‘ﬁe?guﬁ GEL Pé‘le%nber and OH OH
~\\ CH2 ~ -CHZ I CH2 \~ mn (CHs)c (7) (8), wherein mand n are each a
natural number, and p is a number of 1, 2 or 3R 10 In case novol ak resins
are used'as curing aggnt (B), i is preferablelto use a conbination of (a)
a triazine-nodified govolak resPl of the for a~4) and (b) at |east one

menber sel ect ed fr e groF n5|strnF of\\ //L\ (4)
S St

wherein R is NH,, alkyl group or phenyl group; and m and n

5 are each a natural number.

In view of the fact that a phosphorus compound is
contained in the composition, the nitrogen content is
preferably selected to be 2.5 to 4% by weight per 100 parts
by weight of the epoxy resins, cu;ing agent and phosphorus

10 compound combinéd. If the nitrogen content is less than
2.5% by weight, desired flame retardancy may not be
obtained, and if it exceeds 4.0% by weight, the produced
composition tends to have too high hygroscopicity.

The phenolic aralkyl resins represented by the

15 following formula (5), the naphthalene aralkyl resins
represented by the following formula (6), the biphenyl-
modified novolak resins, represented by the following
formula (7) and the toluene-, Xylene- or mesitylene-
modified novolak resins represented by the following

20 formula (8) are also preferred for use in the present
invention, as these resins have a high content of aromatic
rings and are small in ratio of polar groups, and hence

high in heat resistance and conducive to the reduction of

water absorption of the composition:




"9 21 February 2004 phenolic aralkyl resins of the formula (5),
napht hal ene aral kyl resins of the fornmula (6), biphenyl-nodified novol ak
resins of the formula (7) and toluene-,_xylene- or nesityl ene-nodified
novol ak resins of the formula (8), as 5 this conbinati on of Faguahaloosesi ns
has hi gh heat resistance and excellent flane retardancy. The preferred
(a)/(b) ratio is 60140Ht o 20/80 in view of the égove properties. Wen
novol ak resins are us¢d as a curing agent, the fatio of novolak resins to
epoxy resins is preferaqly s . [ NGB equi vglent ratio
(phenol i ¢ -hydroxyl |f oCHs Tout si de t he above
defi ned range, .the dr oxwl groups(FQnain in
t he conposition to gry : resijstance and wat er
absorption. 15 In the present invention, a phosphi ne oxide conmpound (C) is
used as a phd@@h@imsncmapaundtaghunmdﬁbékjIane retardant. Phosphi ne oxide
conpounds are hardly hydrol yzed and have hi gh chem cal resistance. Typi cal
exanpl es of such phosphi ne oxi de conpounds are triphenyl 20 phosphi ne oxide
and tricresyl phosphine gxide. Use of 9,10

di hydr o- 9- oxa- | a- phosphaphenant hr ene- 10- oxi de (HCA), O& phosphorus conpound

whi ch, |i ke said rEr hydrol yzed and has

hi gh chem cal re BACAH xi@g 25
h
i nvention, the pho$pho

conpound is a pr ion. |Int pr esent
p e phsphor us | gonpounds such
as_phosphi ne - 10 21 February 2004 oxide conpound (C) is preferably 0.5
- 3% by wei ght per 100 parts by weight of the epoxy resins, curing agent
and phosphokﬁf compounds conbi ned. If the phosphorus content is | ess than
0.5% by wei gMET iR etf 17 aRBLRERAr B4AGEINAY S not be obtained, and if it
exceeds 3.0% by wei ght, the produced conposition tends to have too high
hygroscopicity. The flame-retardant-resin conposition of the present
i nvention conprisedHas its essential conponents an @poxy resin, a curing
agent and a phosphQrus conpound 10 functioning as flame retardant as
nment i oned above, itt is possible to add other f epoxy resin and
curing agent, or ot Gthesr6F Nesi n/andsuch Ng-1ag ring atéel erator,

coupling agent O necegsary, onepts wthjn L¥mijts not prejudicial
to the object of the present nvenNLo In the esent, i nventi on,

however, it is preferred not to add phosphoric esters so as not to
deteriorate the innate properties, especially chem cal resistance, of the
resins and Waerdires .isAGCoift@BatOnhhiBep! €agAt i nvention, excellent flane
retardancy can be

OH OH

\'/g Sy 1Y ] (8).

wherein m and n are each a natural number, and / is a number
of 1, 2 or 3.

In case novolak resins are used as curing agent
(B), 1t is preferable to use a combination of (a) a
triazine-modified novolak resin of the formula (4) and (b)

at least one member selected from the group consisting of




. 20 tealized al t hough no phosphoric ester is contained in the conposition.
*The flanme-retardant resin conposition of the present invention finds

various ways of utilization. In case thegconposition is inpregnated in a
fiber base, it is 25 usually used in the formof a varni ghFepepa 2sD4by

50 RS A e S el e,

used one having a high capability to diSso

poor sol venara3 kgat rexGlqd » 2 ebruyary 2004 far_as it does
Ve %jfaﬁhe formul 3385& é&hﬁwgi‘é@(ﬂa%ﬁlrﬁdthe f1ame

not cause any adverse effect. The varnis

retardant resvola®TRewilion Oft{dier PERSENt (hNVERL Q41N a sol vent may be
applied on or inpregnated in a baS% sucﬁgagbg §§9e§°&ﬂﬁﬁ§7qnﬁx =N@pnPHoven

gl ass fabrimesytylenesned iEdausi fA0r+£6s: ARIE £0L yQt heymaterial s than
glass fiber, and dried at 80 to 200C to nm éﬁg gFe%P%g&%§m§1Qa( pr&y may

be hot - p¥ estkdlst copbadutd o |AMIRIEL H PesPRPCHE agnat The
flame-retardant resin conposition according i-%)1 agoﬁgﬁé g%ggé F%*ﬁﬁﬁﬁ?%n

is a thernp3edtengeléent clapesiddtrddydyg odhst apdirpg Llang \retar dancy
wi t hout contai ni ng any hal ogen conpound,'gnd 'S egpeciaf%y gﬁﬂ{§&> or use

as a base nedeidals 60/poepoed /atd dant Nl estf OhePEbALEd oG i.t: hoards.
15 The present invention will be described in further detggFﬁggﬁié%%th

reference to the exanjhes mecdafk reddanplerd d98dpasts buraigdhlyf: 2
phenol i c novol ak epoxy ’
the ratio of novolak resins to epoxy resins is preferably

10 0.8-1.2 in terms of equivalent ratio (phenolic hydroxyl
group/epoxy group). If this ratio is outside the above-
defined range,.;he free epoxy groups or phenolic hydroxyl
groups remain‘in the composition to give adverse effects to
its heat resistance and water absorption.

15 In the present invention, a phosphine oxide
compound (C) is used as a phosphorus compound acting as a
flame retardant. PhosPhine oxide compounds are hardly
hydrolyzed and have high chemical resistance. Typical
examples of such phosphine oxide compounds are triphenyl-

20 phosphine oxide and tricresylphosphine oxide. Use of 9,10~
dihydro-Q—oxa—lO—phOsphaphenanthrene-l0-oxide (HCA), a
phosphorus compound which, like said phosphine oxide
compounds, 1is hardly hydrolyzed and has high chemical
resistance, in combination with said phosphine oxide

25 compound is a p;eferred embodiment of the present

invention.

In the present invention, the phosphorus content

provided by the phosphorus compounds such as phosphine




20 resin (Epiclon N-770 produced by Daini ppon Ink and Chenicals, Inc.), 49
parts by weight of a phenolic aralkyl resin (MIlex XLC-LL produced by
Mtsui Chemcal Co., Ltd.), 31 parts by W@ight of a triazine-nodified
phenol i ¢ novol ak resin (LA-7054 produced "By "Dai ni ppon | nk2pRebraagmoval s, 25

Inc.) and 40opafkEs Lght ~Qf .tri osphine oxide were dissolved in
nmet hyl cel | osol ve %gmg§gggréc§ &%rﬁ%ﬁ?%%%g?%fmdﬂva|§%ig@ ¥EAGEH (RRY oh0Bf
60% by wei g d8epyvaiyBi h en 2.0% by wei ght and a
- 12 - 21 Fg%?ﬁary ¥004h§ihfr gge%h%gnﬁeng O‘i:?es% A)b%/u%i"ah?gﬁ by
wei ght of thehepexyrhes! 139 RNt d r omound conbi ned.
Thi s varnisﬂgmagpin%regﬁgFggghP% an anéhn' ogngéﬂggdgﬁ?gpggrﬁéiéﬁ?ﬂgint
solids, in 109 pesssthynwei. ghat b f@i%\&néﬂﬁ%%%rge(gelgr tcB/' I(I:!il(%y

In a r o]

manuf actured by Nitto Boseki KK) and drie yi'ng oV

mnutes tH neke bepoBpaggewt And HESIIt ORleMs of . ¥ BP0 B¥  WRght, 6 sheets
of this prepreg were placed'one over - 10 anot her, mﬁt%/agégﬁ?é.cﬁ¥%hick

el ectrol yti proppeed f obhppbaeednof el P Rk alod h?i%&t 58%8%];5%‘8‘1%4}?(:”2

and subj.ected to hot conpression nol ding under the conditi

and 190C for 120 mi nutEset flamtairetarbad tMAdJure e digbs e shde goppes - ¢l ad
| am nate. 15 Exanples 2-6 and Conparative Exanples 1-4 The resin

conposi ti onPr#sere foventachonsmerdsrsi rsTahse & (daipl eedmpbdehall &2
(Conparative Exanples) were dissolved in nethyl cellosolve to prepare
varni shes wiBPH nodvdh at 1 eucongengeatti amdofa Gobsphoetghtomfbena 20 after
t he sanﬁﬁgro edure as in Exangle 1 was repeated to nake doubl e-side
copper - ci‘ad fHH MRR5NI R ane féRARPIIRERI deoitders merHetnedsabbange buaopper
foil peel erquth qu chem cal resistance of the
1s possible to add other types of epoxy resin and curing
agent, or other types of resin and curing agent, curing
accelerator, coupling agent or other necessary components
within limits not prejudicial to the object of the preseht
15 invention. 1In the present invention, however, it is
preferred not to aqq'phosphoric esters so as not to
deteriorate the innate properties, especially chemical
resistance, of the resins and laminates. According to the
present invention, excellent flame retardancy can be
20 realized although no phosphoric ester is contained in the

composition.

The flame-retardant resin composition of the
present invention finds various ways of utilization. 1In
case the composition is impregnated in a fiber base, it is

25 usually used in the form of a varnish prepared by dissolv-
ing the composition in a solvent. As the solvent, there is
usually used one having a high capability to dissolve the

composition, but use of a poor solvent is not excluded as




‘obt ai ned copper-clad | ami nates were determned. Results of 25 eval uation
are shown in Tables 1 and 2. Determ nation of the above properties was made
as described below. 1. Flanme retardancy This was eval uated by the vertical
flame method - 13 - 21 February 2004-addording to U, - 941 skomda/zns 2.

Sol deri ng heggrrﬁgiigagge This was determ ned according to JIS C6481. Each
test piece, which had DE&R | E&EF 1A ddYersreeSfabsor bi ng treat nent by

2-hour boiling, was i rsed | 260QC sol der bath for 120 seconds and
exam ned for abnornal??@eosgé?géﬁhéﬁ’ Pt edissotyppar thei If Lraed -

strength Thise¥as erpl.ned ording to JIS C6481. 10 4. Chem cal
resi stance Pe? ce%fgﬁfcogglsgﬁ ﬁgﬁéﬁtﬂgﬁ%& ﬁ%-%%u&”éeﬁﬁﬁﬁrénﬁﬁnitlicm 20 vt %

aqueous sol W4 phe i roxide of 80C (a) and per cent |oss in weight
after 96- hour inngésﬁgg P%]g%géq%ﬁ%Pﬁhﬁﬁbd¥Eﬁﬁiﬁ?%%do*npét§§§Eumuch as

persul fat®e afo?&C §Pisd5 determned. Table_1 |tenmsExanpl e 1Exanple
2Exanpl e 3Exanpl e %Exgnpféggégén%ﬁgqﬁﬁiﬁﬂﬂq%??ﬁnﬁﬁ%&l%poﬂy wegen or

1~100Cr esol nun-ckstke €POXY i B8I =1001 t hal ene_aral kyl epoxy resin

3~' 100Bi phenyl - nodi fi ed egoxy ?géfng%)%%%%%gﬁggﬁiﬁﬁﬁf'n?ﬁéﬂoﬁ&éséréﬂkﬁrf

resin 5)495230B&pbed HyTgpnebneogadi f4e heno

novoIak31152326meight)resin-6~pheno|i%bngsgraa ?5%P§e9238£9F§hé%d%ﬁ???@a

novol ak resimay8-be IOA-Sredgad TebphenylrRospPhI

oxi de903835301520Phosphor us (wt ~) 2?02. T5e0% Qza?@ﬂagﬁ {Fogancopper-clad

(Wt $) 1. 70. 91280 1G0L e, GFbantlaneardenenahtd UMDV 1 ¥ 0¥ Q2059 deri ng
abnor -

heat rﬁgbstinciﬁf abnor - No abnor-No abnor-No abnor- 1ng
abnor - i tyRalGnsy mesgmal inyenaiohyis! at tRe0RRYLd 189S i

strength (kN.m1.51.41.51.31.91. 4Chemi cal resistance ?‘S@Pﬂ&%{n‘? +%@§§%l“
wei ght) (a) §éﬂ’|“ur’ﬁ\aﬁﬁﬂdebﬂld@@td&@iﬂgOflSﬁela‘&.tL?;@.a}@(yb)wﬂ{qgmi&gr% ainin
persul fate0.0S0.050. 050. 040.030.04 r~ N ma" c wNOO.np. Ta fe 3ing

| t ems Conp. CORY. Ere IS BReiphe, 1ExdnpEee2branplla YWEENMEE ARRCROLi §s 4
novol ak epoE§ resin 1~100Cresol novol ak epoxy resin

Z~100100100F5 U4t iSonishe il | RT ePBEES| andsilAmEinaz es3FAA3YmMATESd circuit
byTriazine-gg%%kged phenol i ¢35 '372926wei ght) novol ak resin 6~Tri phenyl
phosphat e40 9 ~1 1Phosphorus (w$) 0.00.01. B2. ONi trogen

(WM $)2.52.61.71.6: Fl a retardanCﬁﬁéUL94)HBHHV—OV—OSoIdering heat
resistanceNoNoNoNoProgﬁﬁjgﬁﬁﬂﬁﬁﬁ 1Y@y hbABr Wallilt yebdesmat itigmbivor mal i t yCop
per foil pe n : .51.41.41. 3Chem cal resistance (per centl oss
in weight) (gl)lr%g%?u%teﬁ%‘%?%’ﬂ 1‘%’0‘?‘146‘?%6?88%7:0%@@5ﬁmples

persul f at e0tR30eB8$0Q. 350.25 N (Da' CClL NOO

Example 1

100 parts by weight of a phenolic novolak epoxy

20 resin (Epiclon N-770 produced by Dainippon Ink and
Chemicals, Inc.), 49 parts by weight of a phenolic aralkyl
resin (Milex XLC-LL produced by Mitsui Chemical Co., Ltd.),
31 parts by weight of a triazine-modified phenolic novolak
resin (LA-7054 produced by Dainippon Ink and Chemicals,

25

Inc.) and 40 parts by weight of triphenylphosphine oxide
were dissolved in methyl cellosolve to prepare a varnish
with a nonyolatile concentration of 60%‘by weight. The

varnish had a phosphorus content of 2.0% by weight and a




.- 16‘- 21 Feerary 2004 Notes in Tables 1 and 2: 1) Epiclon N-770 produced
. by Dainippon Ink and Chem cals, Inc., epoxy equivalent: 190 2) Epiclon

N-690 produced by Dairiippon Ink and Chemicals, 5 Inc., epoxy equivalent:
210 3) ESN-15S produced by shin Nittetsd2Crermi cal Co., LbdlFebRRAXI004
equi val ent: 275 4) NC-3000P produced by N ppon Kayaku KK, epoxy equi val ent :
27S 10 S) M}EeXO%RT- EPN5esduedd lbﬁ%l\/lhySMQJCQan:ar Co0% blydwe il g

equi valent:_ 175 6) LA-7054 produced by Dai ni ppon Ink and Chemicals,'lInc.,
hydroxy equiR&I BRPXY 1555 1Rit CHFeM T Graent :ard phes FRoPRs5 téfBommetiuced by
Sum tono Durez Co., Ltd., hydroxy 15 equivalent: 105 8) R-54537 produced by
Sum t ono [lﬁ%éb%%??'Ltd., hydr oxy equi val ent: 190 9)

9, 10- di hydr o- 9- oxa- 10- hosehaphenanthrene-lo-oxide As seen from Tables 1
and 2, any of the copBBﬂ§0 éF&&SmaM%%ﬂk&PRﬁﬁQQEQ@r|hnthé Ex@upite s thad
excel | ent flgpg retardangz, sol der.i ng heat_ resi stance and chem cal resist

ance. AS ddSTFThed aB5eantt RE FrAdeSretld dAR BIEEH RBnP8sBhtoR fagcor di ng

h | ti wi.t hout .25 contai ni ng any_hal ogen conpound, has
Sur passi ng TIH 3 SESP ORARY L6nd Lai'Co T 16K m ARG BBERL Pl TaGE ac

heat resi StBBJEC&iTIE'k'? a}xged ri%%eritn .ami%%nbogrgrj.%vgi %%Sena ngeili minutes to
make a prepreg with a resin content of 44.4% by weight.
6 sheets of this prepreg were placed one over
- 10 another, with a 35 um thick electrolytic copper foil placed
| on the tép and at the bottom of the pile, and subjected to
hot compressidn molding under tﬁe conditiéns of 40 kgf/cm?
and 190°C for 120 minutes to obtain a 1.2 mm thick. double-
side copper-clad laminate. |

15 Examples 2-6 and Comparative Examples 1-4

' The resin compositions of the formulations shown
in Table 1 (Examples) and Table 2 (Comparative Examples)
were dissolved in methyl cellosolve to prepare varnishes
with a nonvolatile concentration of 60% by weight. There-

20 after the same procedure as in Example 1 was repeated to
make double-side copper-clad laminates.

Flame retardancy, soldering heat resistance,
copper foil peel strength and chemical resistance of the
obtained copper-clad laminates were determined. Results of

25 evaluation are shown in Tables 1 and 2. Determination of
the above properties was made as described below.

1. Flame retardancy

This was evaluated by the vertical flame method




C .17 - 21 February 2004 thernosetting resin conposition useful as a
. hal ogen-free material which is expected to rise in demand in the future.

The prepregs and | am nates produced fromthe above resin conposition, and
the printed circuit boards conprising-sdéh- | ami nates, an ¢edhuapy 200! | ent
in not onl yaéé iEEt rdgncly? but al so other properties such as sol dering
heat resist®ance. “192YOFEhrd4r ¢ LRSS WHAT 1S CLAIMED IS: 1. A prepreg
obt ai ned by, i ing,in _a fiher base a flane-retardant resin

conposi t i ort bggné)?lggg%ﬂgageéé:sEﬁtsi'l&lta&ﬁﬁ‘ponents (A) an epoxy resin, (B) a

curing agent, and (C) .a.phospharus conpound contai ni ng a phosphi ne oxi de
compound and 9, 10- di h§§|l§- yﬁ%x%-ef@;ﬂﬁd?ﬁ‘u e ehe- I0Sok-dd812. A

prepreg ac i Lalm 1) wherein part or whole of the epoxy resin (A)
is a novol g%%%ggﬁé{r?e&%%. Lﬂlﬁﬁeg\ﬁéjg%f&’brﬂ%}?@e‘f%e@ BPrR2modiséngien part
or whol & ofzy y. i A) i s.a.phenqlic novol ak epoxy resin, a cresol
novol ak epoaxyg}r?%kggﬁg %%gghﬂ‘leg(‘%:u}% 3f'be?ud:h 1 foviR akIBREX§eedim and a

cresol novagegdeC ' epreq _according to Caim1l, wherein
part or whol e of %{H%)e&yeelfo%&%eé?ﬁﬁ%? ?chf‘glseé ﬁg@mrf%’él ected from

the group GMdShd NocPfoph i r I oxy resins represented by the
formula (1 ), naphtha ecr)le ggg}ekgﬁﬁe%%@éarrgap cnésl‘ represented by the formul a

(2) and:, Wi.p eﬁogé{ieoge@@ogxr% i-ps represented by the formula CH2~ O
CHy O ~H~ cH~ " _Hz ~H~ OO CH ~ ~ ~~CH2/ ~ 1 | r, 21 February

2004 19 wherein n is Bhpatwaal dBvBERRned & r?g—bg l~HzHz | Hz \ \
O~/ \0Ot2) /| | ¢&iy ~/ CHVvVv v JnSrIaMerﬁaell nclygbg\én%tgflgﬁ‘nunber,

and - 10 4. Chemical resistance

Per cent loss in weight after 10-minute immersion
in a 20 wts aqdeous'solgtion of sodium hydroxide of 80°C (a)
and per cent loss in weight after 96-hour immersion in a 20

wt% aqueous solution of potassium persulfate of 70°C (b)

15 were determined.



‘cH2~ o‘ CH ~H2 CH2 wherein n is a natural nunber. 5. A prepreg according to
Claim1l, wherein part or whole of the curing agent (B) is a novolak resin.
21 February 2004 20 6. A prepreg accordj ngéto Claim 1, wherein part or

whol e of the curing agent (B) I S a triazi nodi fi ed novobalpebﬁjgquom
AV = I P = n ‘'m wherein

represented by dpe rormra{td—R-cHNH
R is NH2, al kylo group or phenyl group; and m and, n. are each a phatural
e,
nunber. 7. A rr:epre@ accoing to daimh wher & n-’part or swhol e of the
cuei ng agent g i s~at | east one nenber |sel<tped fgojnthe gr(?u consi sting
of phenolic anaikyl resins represented Hy the ferraula (5), &pjht hal ene
aral kyl resing_TlEpresentet—by +he—formilla(6)  fi nhenvl-m)dlfled novol ak
resins represgntied by the fornula (7) arnd tojuene-, xylene- or
nesi tyl ene- nodlifli ed novel ak resi ns,repLgsent g gyﬁt he formyla|(g) OH CH
G-lz ~C-lz|€|cH2 ( 53) I~ 1 | vvherr'errﬁ;r\d:;agnajtural nuntber{, OH OH CHz |
. CHn 21 Eebruary 2004 21 wherein p is g ngt@rzﬂ numb@re |CH CH i \ (?)
CHZ -'~ CH2 ~]={wherein n is a natural dunbef, &nd
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"off OH. ON2 -CH2 ~ CH2 \J n m (CH3)c wherein mand n are each a natural

* nunber,

and 2 is a nunber of 1, 2.or 3. 8. A prepreg according to Claiml,
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igﬁ)@&/&g%7flg?)&§(ﬁ&'%@2% %$9%8 §C€§j BY" PRGRI®RON yInk and Chemicals,

T el 0 P bt ). 100 -1 o) st
u"&f() X~ @%1®§NIM¥%&ﬁQo&hcé@qﬁy(ghlgoﬁ 0(ysu Cgemlcal Co., Ltd.,
epoxy equivalent; 275 ‘
4) NC-3000P producéd by Nippoﬁ Kayaku KK, epoxy equivalent:
275
10 5) Milex XLC-LL produced by Mitsui Chemical Co., Ltd.,
hydroxy equivalent: 175
6) LA-7054 produced by Dainippon Ink and Chemicals,:Inc.,
hydroxy equivalenté 125; nitrogén content: 12 wts
7) PR-51470 produced by Sumitomo Durez Co., Ltd., hydroxy
15 equivalent: 105
8) R-54537 produced by Sumitomo Durez Co., Ltd., hydroxy

equivalent: 190

9) 9,lO-dihydro—Q-oxa-lO-phosphaphenanthrene—lO—oxide

As seen from Tables 1 and 2, any of the copper-
20 clad lamlnates obtained in the Examples has excellent flame
retardancy, soldering heat resistance and chemical resist-
ance.
As described above, the flame-retardant resin
composition according to the present invention, without
25 containing any halogen compound, has surpassing flame
retardancy and also excels in other properties such as heat

resistance. Thus, the present invention provides a novel
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boards Comprising such

5 laminates, are also excellent in not only flame retardancy

but also other properties such as soldering heat resist-

dance.
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2. A prepreg according to Claim 1, wherein part or whole of the epoxy resin (A)
is a novolak epoxy resin.

3. A prepreg according to Claim 2, wherein part or whole of the epoxy resin (A)
is a phenolic novolak epoxy resin, a cresol novolak epoxy resin, or a mlxture of a
phenolic novolak epoxy resin and a cresol novolak epoxy resin.

4, A prepreg according to Claim 1, wherein part or whole of the epoxy resin (A)
is at least one member selected from the group consisting of phenolic aralkyl epoxy
resins represented by the formula (1), naphthalene aralkyl epoxy resins represented
by the formula (2) and. biphenyl-modified epoxy resins represented by the formula

(3):

g | iz~
H~ CH -~

‘f 2
0 0 (1)
OO0
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wherein n is a natural number, and

?Hz\ o |CH2\
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wherein n is a natural number.

5. A prepreg according to Claim 1, wherein part or whole of the curing agent (B)
is a novolak resin.
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wherein R is NH;, alkyl group or pheny! group; and m and n are each a natural
number.

7. A prepreg according to Claim 1, wherein part or whole of the curing agent (B)
is at least one member selected from the group consisting of phenolic aralkyl resins
represented by the formula (5), naphthalene aralkyl resins represented by the
formula (6), biphenyl-modified novolak resins represented by the formula (7) and
toluene-, xylene- or mesitylene-modified novolak resins represented by the formula

(8):

OH OH
) n

wherein n is a natural number,

n
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