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+ FLAME- RETARDANT RESI N M‘WTI ON) AND PREPREGS AND LAM NATES USI NG SUCH

"oxcelrent 1 ame BEH thno hal ogen- coHEATTRG Frhn2t Braibet 2008
i ncor porated, and prepsegs and | am Rates using such a resin conposition. 5

OmM ng to their surpassing properties, therno setting resins represented by
epoxy resins are prevalently used for electrical and el ectronic nachi ne

parts, and in many cases these resins are provided wt I ret ardancy
f or SECUFEMBES%&TQKQAHQQE%H{ CRMRQSI THON oy SND '&5%35&? iAYyHa‘PW&A%{?t he resins
have beerumﬁesgchamﬁogqﬁ[@ant by i ncorporating a hal ogen-contai ni ng
conmpound such as brom nated epoxy resin. Al though such hal ogen-contai ni ng
conpounds have high flane retardancy, axomatic brom ne conpounds have the

probl em that they nbeeoRF§SPBFecaBESRBLPBST RS aBRENT e 3af®S U5 hydrogen

i ghl vt GTEERE L RbP3 DR GHSRY DBRLBL GRAnTaAASpOR R BASRSb kTR when
ighly t n p i i en

deconposed jn _the , presence_of ox n. ;Further, areat difficulty comes in

di sposi n}%#ogé%é?%ﬁﬁﬁg?éﬂgmégfgg %%ﬁtagfiﬁflﬁ‘g lﬁfgr#r?gatlieodr’ ﬂ)m%lhese reasons,

study is Wale] de ik Laest - of. L4 rogen

conpoundggg%bag?g 3§ai%S?ggﬁﬁégfﬁ%ﬁggsggghaaf?gﬁgﬂgggar&gﬂgk?%ﬁplace of the

convengional brom neraPt a8bNitRe 18NeSrpAs sTRe idigkbione, dhangoLetarding
of resins can 25 be realized by maki ng use of a phosphorus conpound, a

*cooool settiRg besiagemepoepeuteddany apdxyonglins fddd epreddlentiybased
on the concept that the nitrogen and phosphorus conpounds accel erate
car boni zatsed 6braeilesitmirelprave /il ddts coarbustdioine wattes i hend nbngani c
fi.llers help to reduce the anount . ’
many cases these resins are provided with flame retardancy
for securing safety against fires in use. Conventionally,
10 the resins have been made flame-retardant by incorporating
a halogen-containing compound such as brominated epoxy
resin. Although such halogen-containing compounds have
high flame retardancy, aromatic bromine compounds have the
problem that they not ohly release corrosive bromine and
15 hydrogen bromide in thé course of pyrolysis but also have a
possibility of forming highly toxicant polybromodibenzo-
furan and polydibromobenzoxine wpen decompgsed in the ,
presence of oxygen. Further, great difficulty 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

LT

*G00oo1*




5 of a conbustible resin by their addition, consequently making the resin
_ less conbustible. Inorganic fillers such as netal hydroxides rel ease water
. "when burned to | ower tenperature and thereby prevent conbustion. It has
been known in the art, as disclosed in_for instance JP-A-10 10 195178 and
JP- A-10- 166501, to render resins f | afe-¥ €t ar dant by incorporating a

h h d d [ d alo Lth o ic . fil
"nst ead of"HETRaCh RANBIART: BARotAd LKA o dner | Shhat beoBEFg such
i SI) ¢ G re ates B8Ffg s

ranuf act TR e ogSae ey T ass sy RabeeH And Shosot Fect oo tplRe )

the desnEaééQQle§5§§acg%ﬁfkg§é§Q% : oF %@%%ﬁfﬁ”gg) o PUEL féssggﬁﬂp%al t or

hydr oxi de 1S requl sé of "an oxidi'zing npound 1S eSsen

the bl ackepipg,t B3l EERYe fo\%%gfawﬂés q 1P s @&CPe&léc@hﬁﬁeh%blﬁnt

esters, which are commonly used as a flame retardant, have the problemthat

they tend ép heashbWsihphke raliqvepiErHonehddpaidNI 6ONPEYAERLLY Jive rise
to difficulties. As a phosphorus conpound reactive with epoxy 25 resins

and. epoxXy mgRriAgCHhengeadenties sOidtibudtaih NOSPhs+ §agsE eEs11bRer Guch known
9, 10- di hydr o- 9- oxa- 10- phosphaphen ant hr ene- 10- oxi de (produced and sold

under the hsagetadmbyairobHGAdYy reldasChvem el witen , bhifed. tbéStewefror

exanpl e, - 3 JP-A-11-124489 and JP- A-2000-7898). HCA is hardly

hydr ol yzabtemped atas eeracel [tdrarafhrepoatenesictbngtiobut Lt hsshbgliny
reactive with epoxy resins, so that when HCA al one is used as a phosphorus
compound, Knewdordnethemastt b5 diftlaasrd mdfeheinrstanfrenJprdcddds in the
state of precuring varnish Wth an epoxy resin, and hence the final_ product
such a$% LARilA&t @nday Brdt- - kil Hedt v ¥andaE Besipsdipppgereterdanth as
sol dering heat, resi stance. The present 1invention has been achieved in the
10 course §P&ﬁ§ﬁ9?§ﬁl¥ﬁﬂQnRﬁ;ﬁ?ﬁ?%&%v%?%?%ﬁpgnﬁpéaﬁdnPFrﬁBEWides a

resin conmpasi tion having excellent, chem cal resistance_ _and fl.ane .retardancy
by Usi g B CORBSI & I & ST FROLC | Bt BRIGAES P8 Ryd BT s a
brosent. | nogods oS B o et teF g fnd Pelh S RoRee PAEY and
fane-retardant, | R 0AL &S; GOUPELSE NPeSHCPu L €8T BPRctIRAT! Takal 1y, the
present invention provides a
15 The circuit-board manufacturing process involves
various chemical 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 commonly
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-10-oxide (produced and sold under the trade name

of HCA by Sanko Chemical Co., Ltd.). (See, for example,



flame-retardant resin conposition conprising as essential 20 conponents (A)
an epoxy resin, (B) a curing agent, and, (C) a phosphorus conpound

" -containing at |least as a part thereof a phosphine oxide conmpound. The

present invention also provides a prepreg obtained by inpregnating the
fl aneretardant resin conmposition in a Base, and a flane 25 retardant
| am nate or a copper-clad flanme-retardant | am nate produced by hot - pressing

a singl e STI?e'é‘t Ior- ]az‘b‘t@% PRdt B-Br2RBPe78A8ets HCH HE ﬁraeﬁﬂ@g As nenti oned
above, Bﬁfd d t iphorrc neral used 3% a .
phosphorr d%% h%ﬁcﬁxﬁglgﬁpﬁhEEF EﬁﬁF%r Yt dFphenyl
h hat dtend ta b | t h |

Sol uti on. HndH e’if Xraeéth*?eﬁrzrgggfgpsrr?egﬁﬁﬁsg. LS Ddingmee!

flame retardant rnvolv

i h f h h
oxt de conpaotﬁrb% LI 0348 BE 08 BRBrBRe S RoliRBird « 22 Hiitsnt . e\bgﬂ"%%nh?e

ggﬁgg, aV% surpaé§e%§éoﬁ gSFC%gsbgeanceé%gnlC1§i23£s d%xégg?} actory
flame retar \pé(r%gghttn hOBnogg%ﬁ(gyr $3iln 9ua ifandecayses Phali gh

phosphorus cont nera us conpounds are hygroscopic, so

that too muchyloadingnohsa ptmtttrarckésnra yesy ideadyprgecabfects to

noi sture resistance and ot her properti e eslin conposl tion. In

contrast, @@@ﬁpéanﬁre pe¥tdesCnRAURES sta\er%ﬁrrqeqtéam nedls { epggpey to
hydrol yze and | ow hygroscopicity. It is also notable that use of a novol ak

epoxy resin and a nOTﬁbabrée&lnﬂt dsvendildmhagade?OadRkesedt ipogRkbl e to
provi de satisfactory flame retardancy of the conposition by addition of a
smal | ex0 ancomt s ef offhespddesusoromadiichd hate raspwve epiroinl &g, candetti onal
art, because these resins have a high content of benzene rings and are
theref ore prghiifinsheatresds stapes idridrf Ikawid exteltantychemihed, the
flame-retardant resin conposition according to the present invention is
characteri i@alsya%@ endaf lagexyratesidangl by cuging agehesmhinehpPghdeeat
resi st ance and use qf a phosphi ne oxi de conpound as a fl ane

r et ar dant FBmPQHPﬁz¥¥§%|%ﬁ¥%ﬂ(ﬁ%PqQQﬁﬁaF%t%Y@%ﬂ%&zﬁnﬂscﬁeEﬁ@éPhPé§F§tance
epoxy 1 o5 ROREAYRacHb I Aie ?%”a%c@agﬂﬁl R e BRPnEREAESBPBpAendn A epoxy
noval akSopBRSSPOS rrﬁ%aﬁté ISR SR e e apous hds ChE Thmd a?reeﬁgl
i1 erent  EORBESAF Y, 7 reéflnaslt%.%%t%ﬁ%%tﬁitmﬁﬂ@ew nptdsalty Saince,
it is prefgreedds,
Specifically, the present invention provides a
flame-retardant resin composition comprising as essential
20 components (A) an epoxy 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-olad flame-retardant
laminate produced by hot-pressing a single sheet or a pile

of two or more sheets of the prepreg.

As mentioned above, the added type phosphoric



use the novol ak epoxy resins with a high benzene ring content and hi gh heat
- reststance, especially phenolic 15 novol ak epoxy resins and cresol novol ak
epoxy resins. The phenolic aral kyl epoxy resins represented by the

following formula (1), the naphthal ene aral kyl epoxy resins represented by
the following fornula (2) and the bi phényl nodi fi ed epoxy resins represented
by the follomﬁng formula_ 20 (3) are also preferred, as these resins have a

hi gh cont €#Rt®F aQ%ﬂﬁFFélViH§§daﬁ8 &r @heFRNCTIE ThaRe FERIARNGr 08BSP and
the compostt| bhLbLEDYL,BhARBhaEeCAND GResyY dAEHenDt PRpSEnates) Sery - -
G -ro~+oo8ei Ty hygrelyzpd S cand s N Ee AN s hepifall ol e
nat ur al nunbfrt.ang CE%~ 0 CH%~ Q %H ~ CH ~ CHz ~H%)O Q. CHZ _ngﬁ n 5
wherein n T3TRCARRar afDREREELE ( FESEAD) TIPRIF T RB TOTRY LRI IS UERe above
type of ;ePX¥phERHE LY RN F1enAP!ne S A A AP 81 8hs' SRSERRDY PY
use for laminates.
The phosphine oxide compounds are less
susceptible to hydrolysis as they have P-C bonds. These
compounds, therefore, unlike the phosphoric esters having
10 P~0 bonds, have surpassing chemical resistance. BAlso, they
show satisfactory flame retafdancy by addition of only a
small quantity because of high phosphorus content.
Generally, phosphorus compounds are hygroscopic,
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-



wei ght of the whol e epoxy resins for providing the desired inprovenent of
heat resistance and flanme retardancy. . 10 As the curing agent used as

- conponent (B) in the present invention, novol ak resins, am ne conpounds,
acid anhydrides and the |like can be used. Novol ak resins are preferred, as
t hey have hi gh heat resistance and al "ow reduction of the anount of the

phosphor us LGwomg (9 bgel ded, .Phenol,ic novol ak resins and phenolic
aral kyl resins are usual § %s g?SEEé“8f°§lFﬁaﬁﬂmR94ﬁﬁnase@ fbameak resin

represent edcdnardend otd ok Qg; kb ar i referred, as flame
retardancy is further inprggéggbgg%%ggé%ggz cé GG A TARFRE@Mich is a

ni t r ogenoussoiee Nt es Bs . 4 NJ ./ 1./ HHnN mwherein
Ris NH2, alkyl groupe%r gp!ﬁg%'l OSJ;gB%; ggﬁlggr%lﬁé:#&% W A1 RI nadt ur al

nunber. |nhdlevgeri ddmpd@gd,that a phosphorus conpound is contained in the
conposition, the nitrogen content is preferably selected to be 2.5 to 4% by

wei ght Ber 100 parts byameigdtodf thRE=BBRYY re&SinaS, AGUn] ent d
phosphorus 10 conpound conbi ned. If thg n tfgbgﬁﬂiéﬁﬁeﬁ#ﬂ%% et ?ﬂﬁn 2.5%

by wei ght, Rimssiered inweemtiehaideDedeNBY spaknbe b 'ayépl, e@ﬁn [f it exceeds
4.0% by weight, the produced conpositiongtends tokﬁgv ﬁ%o |%h

hygr oscopi G14Sphemel pheepbiy nesihyl prenos itepReanieEidxy Neadyf ol | owi ng
formula (5), the naphthal ene aral kyl 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 simultaneocusly.

In view of heat resistance, it is preferred to
use the novolak epoxy resins with a high benzene ring
content and high heat resistance, especially phenolic

15 novolak epoxy resins and cresol novolak epoxy resins. The
phenolic aralkyl €poxy resins represented by the following
formula (1), the naphthalene aralkyl epoxy resins

represented by the following formula (2) and the biphenyl-
modified epoxy resins represented by the following 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:

(l:H2\ 0 CHa~.

#Hz ?Hz

o 0
(1)
CHr—{::::r—CHZ —CHzft
. n



represented by the following formula (6),: the biphenyl- nodified navol ak
resin.represented by the followng fornula (7) and the toluene-, Xxylene- or
nmesi tyl enenodi fi ed novol ak resins represented by the following 20 formul a
(8) are also preferred for use in the present invention, as these resins

have a high content of aromatic rings &d are small in ratio of pol ar
groups, and hence high in heat resistance and conducive to the reduction of
wat er absofBRFRN of tRedcBAPYEAL B¥MPeX, g  off OH CHz ~ CH2 ~ ~ CH2 (5) n
wherein n is a natural nunmber, OHOHCHz ~~CH2 ~~~CHz / ~/ ~n
wherein n is a natural nunber, OH OH ~1 CHz CHz n wherein n is a natural
nunber, and G404i-~8/cmm -CHz ~J CH2 () n m(®B)r wherein m and
n are each a natural nunQeL and V. is a nunber of 1, oy 3. 10 In case

novol ak resins are used as curlng agent (B), it is prefdrable to use a
conmbi nation of (a) a triazi %enDdlfled novol ak resin of the fornula (4) and
nmb

(b) at | east one eI@ctjj iﬁfﬁ]the—fﬁfif]:ii%ji[mng of (2)-

wherein n is a natural number, and

CHo CHa
o [0
?H ?H
CH, CH,
? (3)
[ > [CHZ — = __CH, 'T/L§ﬁ ]
A1)y N

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 ;etardancy.

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

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



phenolic aral kyl resins of the formula (5), naphthal ene aral kyl resins of

"the fornula (6), biphenyl-nodified novolak resins of the fornula (7) and

t ol uene-, xylene- or nesitylene-nodified novol ak resins of the fornula (8),

as 5 this conbination of novol ak resins has high heat resistance and

excell ent flanme retardancy. The preferﬂed (a)/(b) ratio is 60/40 to 20/ 80

in view of _the above g $ ties. en novol ak rﬁﬁéns are used as a curing
Brakt

agent , theflr%{’e*? o oF2h S iREnes éﬂ‘@?f"% the REFEFRERYC10 0. 8- 1. 2
in ternms of _equival ent 0 (pheno i.c _hydrox ou oxy group). If this
ratio is cﬁﬁ n?hﬁlagoVédgpl héd r&ﬁggéﬁﬂﬂ9Q%w§?%R§hﬁg Yt oups or phenolic
hydr oxyl groups remain in the conposition to give adverse effects to its

heat resistance and water absorption. 15 In tRe present invention, a
phosphi ne oxi de co gund (c) is used as a pho phorus conpound acting as a

flame retardant. phi ne oxi conpounds rdIy hydr ol yzed and have
hi gh chem cal reS| nce. Typkgal ex es of sphl £y 0oxi de
conmpounds are t™phenyl Vmosp Iﬁ g |cr yIph bhlne oxi de.
Use of 9,10 d|hylro/9.o% 21 Lpho p ﬁbgﬁo thr ne- xi de (HCA), a
phosphor us conpoun i ch, | sald sphi ne OX|de @onmpounds, is hardly

hydr ol yzed and has hi gh chenlcal resi stance, in conbination with said
phosphi ne oxi de 25 conpound is a preferred enbodi nent of the present

i nventi on.wharehe BreésemH,i ne¢hylogroupe ophesEmrlisymons erdndrovasednby the
phosphorus conpounds such as phosphi ne - 10 oxide conmpound (C) is
preferablyaQESEaCB%abmamﬁqyﬂ mabed0 parts by wei ght of the epoxy resins,
curing agent and phosphorus conpounds conbined. If the phosphorus content
is |less than 0.5% by Imeivgiew afedihedddtanehatet arpghasphaupsscappobad is
obtained, and if it exceeds 3.0% by weight, the produced conposition tends
to have to@oﬁFaﬁnﬁﬁgﬂébéﬁm(ﬁQ%POSWﬁ#qWen%b¢eBaF§96§nr§§nﬁeé§nﬂés|t|on of
the present invention conprises as its essential conponents an _epoxy resin,

a curing aBERESZRGY FOGHAULT RPN 40 #¥nkYi BRLAGtaPes AOYmPArts

r et ar dant s ment i gne % but it js possible to add othe s of
epoxy resi R¥alf&* @r|ﬁ}E%hﬁ]éPQﬁY(ﬁ?ﬁ&nTyp%Eergrégﬁﬁtaﬁ&dcﬁﬁpﬁé
curing,acc nt.or necessary . conpqnent mnthln
i ¢ 92 or R M O "o e e PP FRo R e SRRREY SR ARER F 4" e

present i nyesl o5y ng/@r i PELfE" £0:2hahByRAidyPRGIPRY i C esters so

as not to
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:



deteriorate the innate properties, especially chem cal resistance, of the

. resins and | am nates. According to the present invention, excellent flane

retardancy can be 20 realized although no phosphoric ester is contained in
the conposition. The flanme-retardant resin conposition of the present

i nvention finds various ways of utiliz&i-on. In case the conposition is

i npregnated in a fiber base, it is 25 usually used in the formof a varnish
prepared by dissolvohng the conposition in a solvent. As the solvent, there
is usual |y used onejfhaving a high capability Q% dissolve the conposition,
but use of a poqr vent is mot -xcluded .as - 11 ar as it does not
cause any adversg Py~ THi. | ving the flanme
retardant resin donposlition qof cresent tlon in a sol véA? may be
applied on or inpreggated in [a~ag such a sgoven gllass fabric, non-woven
gl ass fabric, or woven or non-woven fabrics made of ofher naterlals t han

gl ass fi ber d_dried at QC.to nmake a prepreg. Such a prepreg may
be hot - pres%ggg%B Bréauéen5%P5ﬁln§Wg¢5F”a copper-clad | am nate. The
flame-retardant resin conposition according 10 to the present invention is
a thernosetting resin conposi- tion having outstanding flane retardancy

wi t hout cont ai ni ng anythal ogen conpound, and is especi al |y suited for use
as a base material of and_| am nates for ppinted circuit boards. 15
The present | f ¥ Rt-aph, bel o Gﬂ‘th
reference to 't D parts by wei ght' of a
phenol i ¢ novol n

wherein n is a natural number,

OH

3 I\[ == /L\ (7)

1)) J

wherein n is a natural number, and

OH OH

Wi
\v CH2 Il\/l

(8)

CH2

CH~\
lk) .

(CHg,

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

10 In case novolak resins are used as curing agent
(B), it 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 resin (Epiclon N-770 produced by Daini ppon Ink and Chemcals, Inc.),
parts by weight of a phenolic aralkyl resin (MIlex XLC LL produced by
M tsui Chemcal Co., Ltd.), 31 parts by weight of a triazine-nodified

phenol i c novol ak resin (LA-7054 produc§d by Dai ni ppon I nk and Chemi cal s,

Inc.) and
nmet hyl ce
60$ by weit

}eifn,”LL??ﬁﬂSﬁ e R L i 2%1“%&?%%? h whs

| mpr egnat
by wei ght

with a resin content of

40 parts by wei ght of triphe

49

25

y[phosphi ne oxi de were di ssolved in

RIS, CoF LR Rafi 8RR S 5o Rulan® G R e Gt “and

fhudfh B 0P Qtofftgg Fopghy3 Rmth. e L ISl SO0 parts

a woven g ass fabric acTur

Boseki KK):n&%ydiéﬁQ-&\Hdi‘f%EQCBQWELQQ Q\é‘?, ro@gﬁﬂ?%cﬁﬁ% e F aa QT epreg

y wel sheet reg were

pl aced pne:omercdih 2RLE SR, o thBlﬁi %@stlmscﬁmaed Qﬁdrjrplﬂééﬁ £OPPEL ahek!

pl aced on

the top and at the bottom of the pil subj ected to hot

conpr essi (thdé gD eRdeE1bie eendirbanes .of I‘l’fé kit d £avPr @nd( 4 PPGf or 120

m nutes to obtain a 1.2 mmthick doubl e side copper-clad |amnate. 15

Exanpl es 2-&t aendifoepag et tye28xa80plias vied B tesidbevapesopepnsest the
formul ati ons shown in Table 1 (Exanpl es) and Table 2 (Conparative Exanpl es)
wer e di ssolved i n newhgh nevbda@l restimspragmanesadiras shesumihd ageanyol atil e

concentrat

10

15

20

25

i on of 50% by weight. There
the ratio of novolak resins to epoxy resins is preferably

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

In the present invention, a phosphine oxide
compound (C) 1is 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-
phosphine oxide and tricresylphosphine oxide. Use of 9,10~
dihydro~9-oxa-10-phosphaphenanthrene-10-oxide (HCA), a
phosphorus compound which, like said phosphine oxide
compounds, is hardly hydrolyzed and has high chemical
resistance, in combination with said phosphine oxide
compound is a preferred embodiment of the present
invention. |

In the present invention, the phosphorus content

provided by the phosphorus compounds such as phosphine



20 after the same procedure as in Exanple 1 was repeated to nake

doubl e-si de copper-clad | am nates. Flane retardancy, sol dering heat

resi stance, copper foil peel strength and chem cal resistance of the
obt ai ned copper-clad | am nates were geiﬁrgined. Resul ts of 25 eval uation
are shown in Tables 1 and 2. Determ natfon of the above properties was nade

e et E%%l@ee' bpdund 157 155, §E%%%%éb15’a§°d§?35%va' B e g RBar o0 7
t Thi ' 1S t

Whi ch had Bomre s %%?é’é%?z‘»’%%?%iﬂ "o Y A Tety %1332 Pour

For abmor e 15 ey 18, ¢ oip@nals cefibdaied:s! %&B@%@*ﬁﬁ%. s e EEAE Tl

was det er nweﬂeasceﬁghng 5 I Sweighel. dﬂe%lﬂce@ﬁrancélré@éfééﬁefemg’yr cent

|l oss in weight after 10-mnuté imersion in a 20 wt % aqueous sol ution of
sodi um hiydiioxi ve obt89felia) anad igeritCeMcdads 3. N wabghte 8dhie; BRehour

imMmersion in a 20 wt % aqueous sol uti on of potassium persulfate of 70C (b)
15 were depesvduoed. composition tends to have too high hygroscopicity.
The flame-retardant resin composition of the
present invention comprises as its essential components an
epoxy resin, a curing agent and a phosphorus compound
10 functioning as a flame retardant as mentioned above, but it
is possible to add other typés 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 present
15 invention. 1In the present invention, however, it is
preferred not to add 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



Table 1 ItenmsExanpl e 1Exanpl e 2Exanpl es 3Exarnpi e 4Exanpl e SExanpl e
6Phenol i ¢ novol ak epoxy resin 1~100Cresol novol ak epoxy resin
Z~100100Napht hal ene aral kyl epoxy resin 3~100Bi phenyl - nodi fi ed epoxy resin
4) 10D100For mul ati onPhenol i c aral kyl resin 5~49523938( part

byTri azi ne- nodi fi ed phenolic novol ak31152326wei ght ) resi n 6~Phenol i ¢ novol ak
resin ~~38Xyl ene-nodi fi ed novol ak resin 8~~71HCA 9 ~1711Tri phenyl phosphi ne
oxi de403888302523R_hdosisomas (caude Dy 1advers@lebfedki-t r ogen

(Wt $)1.70.91. 40. 00. 01. 6Fl ane retardancy (UL94)V-0V-0V-0. V-0V-0V-0Sol dering
heat resistanceNo efW& VN iEdhRbiodinenoby Nd1abadViNg Abeolleme-

abnor-mal it litymalitymalitymalitymalityPropertiesCopper foil peel
strength F@éﬁ@f“&l rep iy cpmpas Wokeli @Gl tResPERERBE AP¥RNEESMN |idsd n

wei ght) (a) Sodlun1hydrOX|de0 150. 140. 130. 130. 130. 15(b) Pot assi um

per sul f at &B: (‘5@@%5@3’0 II?-’EPJOB%F‘OQLNQI %Eﬁénéted in a base such as

It enmsConp. anpl e 1Exa e .3Exanpl e 4Phenolic
novol ak € PR SISl TR S AR OvoT ah 8380 ?BEF&CZ f 0RO nul at i on
P i 232 38 T

pthSI:ES%%Q%)é’vé‘esfna%rslh S ofaae el ReR aab R irds manr Sossciner

LiPhosphanye ted 20.00-0- 38R0 g qgaeaeeqwgggpﬁag@l- 4 FLaRe gy dancy

(UL94) HBH

t g&gﬁ@hp I't Co
rgzlrsfglnf: el strenafzfei}%%f\ﬁg agaggg%uﬁagcggﬁnm@gpé?%g%{ an g per cent: o}s/s
in WB'ghth&ﬁhﬁ3¥3‘”an@rPﬁéﬂégréégré§9t9§@s§§(de%@éﬁ%idﬂnaccordln

per sul fate0. 020. 05- 0. 350. 25 - Notes in Tables 1 and 2: 1) Eplclon

N- 770 1o ocies eghdypaked @m’eppﬂvéﬂk;a_ﬂ_d ighamte@irmoslet® inenegitingdent : 190
2) Epiclon N-690 produced by Dairiippon Ink and Chemicals, 5 Inc., epoxy

equi val entt i (h8yikpNo i bSt pnddnged LhpneShiat aMidaretys wiGttemtcatorBoaining. |
epoxy equival ent: 275 4) NC- 3000P produced by N ppon Kayaku KK, epoxy

equi val entanaliggén dbhpeuibc- Bhdprisdeseedia Myt suiit@eniealude. as Lad.
hydr oxy equi valent: 175 6) LA-7054 produced by Daini ppon | nk and Chenlcals
I nc., hydr it snieht of1p5epmiegsogad damigmtes oK Prinped 5aiyouit
produced by Sum tono Durez Co., Ltd., hydroxy 15 equivalent: 105 8) R-54537
produced HPEX@Ftonp Durez Co.. Ltd.. hydroxy equival ent: 190

15 The present invention will be described in
further detail below with reference to the examples
thereof.

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 1Inc.) and 40 parts by weight of triphenylphosphine oxide
were dissolved in methyl cellosolve to prepare a varnish
with a nonvolatile concentration of 60% by weight. The

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



9) 9, 10-di hydr o- 9- oxa- 10- phosphaphenant hr ene- 10- oxi de As seen from Tables 1
and 2, any of the copper 20 clad | am nates obtained in the Exanpl es has
excel l ent flame retardancy, sol dering heat resistance and chem cal resist
ance. As described above, the flane-rﬁéardant resin conposition according
to the present invention, wthout 25 cdntai ni ng any hal ogen conpound, has

sur passi ng.fl ane _retardancy d al so excels in_ot properties such as
heat resi gt"&ﬁ@@?%ﬁ?&tqﬁe Op‘fgs'eﬁ hVEt9Bh B?BVE§@§ &Yn&'\?é-lg%t o%7

t her noset t.i.ng i.h _conposition useful, as hal ogen-free material which is
expect ed %‘lggr ieﬁﬂlyn T d ':It‘}foltq% Y ea.nihggf)?gﬁpgag gﬁﬂ‘ploélrﬁcﬁat es

pr oduced EE .%Qﬁhabove resin conposition, and the printed circuit boards
conpri si ng Suéh lam nates, are also excellent in not only flane

retardancy but al so . gt.her Bﬁgti der.i.ng_heat resis ce.
Substitute sheet - Z’Q‘F%gb\_’rag%r?y _ o‘b%él%gﬁ?ggéﬁp&kt%’ﬁ %:%‘Of.n%Aopér e%d:eg

obt ai ned lgaéft@ﬂrbﬁm?éi Tds &d1 0gg, bfﬁeléof%ég?'zr Sgam nt’ &¥

conposi tion conprising as essential conmponents ) an epoxy resin, (B) a

curing ageRfverdfl s #aPhasPhEI 1S RAMPRAUAH  CRARhAIRCRE reP RS Al g, oXi de
conpound and 9,10-d|hydro-9-oxa-10-phosphapﬁenanthrene-lO-OX|de. 2. A

prepreg ag¥ekinKR P {Adi dtled Wier &1 D50 td Oy i Mobeefl fhe 5eRRYtedSity (A)
is a novol ak epoxy resin. 3. A prepreg according to Claim?2, wherein part
or whol e afakee gpyregsviti Al Lésdnpbenekhe bEvaldal epoxweaiafit, a cresol

novol ak epoxy resin, or a mxture of a phenolic novol ak epoxy resin and a
cresol novol ak epoxyé reséats 40f Atpisppegpaegoweireg ptlac@dione ,owder ei n part
or whole of the epoxy resin (A) is at |east one nenber selected fromthe
gr oup ldonsAnAther ofwpblenal 32 &mltdyickpekgcteglvtireprepenm d¢ iy nlwced
formula (1 ), naphthal ene aral kyl| egoxy resins represented by the fornula
(2) and,, B pHdyFeRoand | 88 BRBxHOEESMNS LT &Bee Pdditad AN tHP Terhed atP3)
Gﬂ~D~H~f~W’O , ) ) L 5
hot compression molding under the conditions 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 cellosoclve 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.

l. Flame retardancy

This was evaluated by the vertical flame method



f~LI HH~o0 ~Hz Ofly CHz ~ ~CHZ ~ ~ CH2 n Substitute sheet - 25

February 2003 19 wherein n is a natural nunber, O~ HZO CHz ~~H. ~' ~ H
|l 2 1 Hz\ \ ~\ / \ ~f2y /] ~CH2 ~/ CHv vV ~~ n whereinnis a
natural nunber, and CHz~ . . CH2~ CH~O, CHiO Il Hz ~H2 Do \ (3) CHz ~

CHz \ ~\ wherein nis a natural numbéB. 5. A prepreg according to Claim1,
wherein part or whole of the curing agent (B) is a novol ak resin.

Subst it ut @ SRELLNG 33 Pémddasfaretrd®: 6. A prepreg according to Caim 1,
wherein pgrt Oi whqol e of the curing. agent (B) is a triazine-nodified

novol ak resi ROH-E8FFERENER hyF A ¥Rl a (4): R OH OH N-N | CH2 CH2 N N N t

" orepr | | | h
 HHn whereln R 1P Al Kl LR 27 RISTN g 08P "E B3 1 are e

Each test piece, which had been subjected to a moisture
5 absorbing treatment by 2-hour boiling, was immersed in a
260°C solder bath for 120 seconds and examined for
abnormality of external appearance.
3. Copper foil peel strength
This was determined according to JIS C-6481.
10 4. Chemical resistance
Per cent loss in weight after 10-minute immersion
in a 20 wt% aqueous solution 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.



7. A prepreg according to Claim1l, wherein part or whole of the curing
agent (B) is at |east one nenber selected fromthe group consisting of
phenol i c aral kyl resins represented by the formula (5), naphthal ene aral kyl
resins represented by the formila (6), ,bi phenyl-nodified novol ak resins
represented by the formula (7) and toluene-, xylene- or nesitylene-nodified

novol ak re -~ CH2 n wherein n

is a natur nunber, off off cHZ ~ ~ Substitute sheet
- 25 Febru 2093 21 wherein n i-s aahU<aI2naner O GHli \ CH2 ~~ CH2 n
wherein n i €la ratural nlnber, and 'd-l-.pH >\n\"‘\ ~CH2 ~ §HZ}. ~—~ CH2 ~/ . m
~CH9?1 (8) erein mand n are each § natprab ﬁunber and |~ is a nunber of
1, 2 or 3. A prepreg accoirdi Q;LL_LD Clai 1’z wherein a tritazi ne-nodi fi ed

novol ak resi
phenol i c af
the fornul a
t ol uene-, )
are used i1
one of C ai

kyl resins of the fornylla D)o @aﬁh;halenenam | kyl resins of

6), bi pBenyl - nodi T ed chpkak;reswns,of the formula (7) and

ene- or nesityl ene-nodifji ed hoval & resins of |the formul a (8)

onbi nati on as the curind agept.*®9. A prepreg dccording to any
1 to 8, wherein the phqgsphi pe OXIde conpound {i s

of the formla (4) and|at | past one resin se%ected from
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22 10. A lamnate characterized in that a single sheet or a pile of tw or
" nore sheets of the prepreg as set out in any one of Clains 1 to 9 is
hot - pressed. 11. A copper-clad | am nate characterized in that a single

sheet or a pile of two or nore sheets

of dainm 1 A-6~8rs—hoteprossed,
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dEnbCMLO% & 10% &' ()-1 & 10%& ()-F3s!10%& ()-S
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~~& ()-& a [ dEnbCMLO% &4$10% &' () -
2310%& ()-9010%& ()-F.10%& ()-y, M @8 ()-y*! 10%& ()-]
b@10% ! y#109&' ()-S 10% & ()- 10z 10z 10z910%& ()-7 10%& ()-5
10%& () - Betesain NSEIes % And )2: Y

glO%&'()-'f#lO%\/lM& -1 @10% /° /&'&%-. _ ,
g10% & () LPEPReke T )N-SD1Q \PRaducad bt &b {0 FPpepo@nk) AntoChegicals
910% & ()-!S(9%10% /j/& ()- 'fS 9$10%MM&' ()-
"lezX6{\:!If I@R}%'%L)Qxy @IBHRELRY i - L R 8$10%& () - 2! 6@ &$10%&: () - Z
Llow&'()-lP#lo@ﬁt&f 0, 10_107! 109%&
610%&' () - 20109 H ry o&ff@@ %%‘iﬁ%ﬁ&)‘w&ew@k and Chemicals,

5 Inc., epoxy equivalent: 210
3) ESN-155 produced by Shin Nittetsu Chemical Co., Ltd.,
epoxy equivalent; 275
4) NC-3000P producéd by Nippon Kayaku KK, epoxy equivalent:
275
10 5) Milex XLC-LL produced by Mitsui Chemical Co., Ltd.,
hydroxy eqguivalent: 175
6) LA-7054 produced by Dainippon Ink and Chemicals, Inc.,
hydroxy equivalent: 125;.nitrogen content: 12 wt%
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) 9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide

As seen from Tables 1 and 2, any of the copper-~
20 clad laminates 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 su;passing flame
retardancy and also excels in other properties such as heat

resistance. Thus, the present invention provides a novel
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composition, and the printed circuit boards comprising such
5 laminates, are also excellent in not only flame retardancy
but also other properties such as soldering heat resist-

ance.
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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 mixture 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):
CH2\0 |CH2\
C(:H -~ cI:H -
& i
o) 0
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wherein n is a natural number,
.~ CHa - CHa
(e ol |
T

e
° SO
CH, CH .

wherein n is a natural number, and

CHx N
(,.EH/ (':H/
gHz CH

? (3)
| Dl = CHy ;/‘\ ]
A1) T

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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6. A prepreg according to Claim 1, wherein part or whole of the curing agent (B)
is a triazine-modified novolak resin represented by the formula (4):

R

OH OH N/l\N
NS LA ®
\© CH, {K/ Cszn‘. N uﬂfm

wherein R is NHy, 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,

OH ' oH
n

F@
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wherein n is a natural number,

OH OH
N - A o
1)K ) U

wherein n is a natural number, and

\_CH CH /\' CH .I |
ﬂL\/ TR,

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

8. A prepreg according to Claim 1, wherein a triazine-modified novolak resin of
the formula (4) and at least one resin selected from phenolic aralkyl resins of the
formula (5), naphthalene aralkyl resins of the formula (6), biphenyl-modified novolak
resins of the formula (7) and toluene-, xylene- or mesitylene-modified novolak resins

of the formula (8) are used in combination as the curing agent.

9. A prepreg according to any one of Claims 1 to 8, wherein the phosphine
oxide compound is triphenylphosphine oxide.
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