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1 TRANSLATI ON DESCRI PTI1 ON

HALOGEN- FREE FLAME- RETARDANT EPOXY RESI N COVPCSI TI ON AS WELL
ASTPREPREG AND TAM NATE™ CONTANMNGTHE—SAVE 5
Technical Field The present invention relates to an epoxy
resin conposition as well as a prepreg and a | am nate
contai ning t NO82e2%sition, and nore particularly to Pcnurxmnmm
hal ogen-free fl ane-retardant epoxy resin conposition, 10 a prepreg
i mpregnated with such conposition, as well as to a | am nate,
copper-clad lam nate and printed wiring board manuf actured by
usi ng such prepreg. s o
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Background Art In recent years, safety to humans i ncl uding,
for- 15 exanple, the air pollution problemattracts worl d-w de
attentions. In this connection, electric and el ectroni c appliances
are required to be nore harnl ess and nore safe in addition to the
requi r ementwa@dre292s gh flame retardancy. To be nor eCTPRA/IIES, t he
electric 20 and el ectronic appliances are required to be resistant
to flane and, at the sane tine, not to generate noxious gases. It
has been customary in the past to use a gl ass/epoxy as a substrate
of a printed wiring board on w3-eh el ectric and electronic
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2 forming the substrate of the printed wring board.

TRe" brom nat ed epoxy resin certainly exhibits a high flanmg

r et ar gancy—hbut—generates—a TToxXTouUs Nyarogen nat 1 de (hydrogen
brom de) gas when burned. 5 To overcone the difficulty, epoxy resin
conpositions cont ai ni ng non-hal ogen fl anme-retardants such as

ni t rogen corMOENtRIZS phosphor us conpounds, inorganic PCEORISMI9RSS
etc., have been devel oped, as reported in, for exanple, British
Patent No. 1,112,139 and Japanese 10 Pat ent Di scl osure (Kokai) No.
2-269730. However, these flame-retardants give rise to a
detrinental effect te —3-
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the curing of the epoxy resin and inpairs the humdity resi stance

of* the cured conposition. |In addition, a glass cloth is |less
likely to be inpregnated with the 15 epoxy resin conposition if the
conposition contains the | non- hal ogen flane-retardants nenti oned.
The® pr esent wiosrape2son i s i ntended to provide an epeCE/IresH19ss
conposition which does not contain a hal ogen el enent but exhibits
a good flane retardancy 20 and which permts overcom ng the
above- not ed probl ens i nherent in the prior art. The
present invention is also intended to prés de a prepreg

i npr egnat ed V\A;g,ty%c}] _ar)p_qgcgkr%?rn D FY FPERDEIB RFZW LB a

| am nat e, copper-clad | am nate and printed wiring board using such
a prepreg sheegg , ZSEHIZB W TH AT 3 ¥ Dzt esv-avdd Bruektdkolr B
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3 I nvention, there is provided a hal ogen-free fl ane-

rétardant epoxy resin conp05|t|on conprising (A a bi sphenol A
typ\, -SB-—+EC5+11 (Er) f—rov-eterk Lypc TPOXY 1 EbiTI, (JL:) a

ni t rogen-cont ai ning phenolic resin 5 acting as a curing agent, (D)
a curing accel erator, , and (E) an inorganic filler, wherein the
nitrogen- Wownzmwnt ai ning phenolic resin serves to'i rrpemqummae

ret ardancy to the conposition.

The ni trogen-contai ni ng

phenolic resin may be an 10 am nophenolic resin.. However, it is
preferable to use
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a co-condensation resin forned by the reaction anong a phenolic
conpound, a guanam ne conpound and an al dehyde conpound.
According to a second enbodi ment of the present 15 i nvention, there
S prOV|ded a hal ogen-free fl ame- retardant epoxy resin

conposi ti orwoewigses si ng (A a bi sphenol A type ep@cr/roswdss (B) a
novol ak type epoxy resin, (© a phosphorus- and

ni t rogen-cont ai ni ng phenolic resin acting as a curing agent, (D) a
curing 20 accelerator, and (E) an inorganic filler, wherein the
phosphorus- and ni trogen-containi ng pheag-c resin serves to
impart a fla r C 4 C osition. The phenolic
resin cont ai ﬁgﬂo%t‘ﬁagh%is%ﬁ%rﬁgga% nitrogen atonms shoul d

desirably be a reagtyop pr{rigcsy tZS,e-c i . aFoNgsayoieFoLl ¢ SRS

guanami ne conpound, an

acid ester.
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According to a third embodi ment of the present

4 : I nvention, there is provided a hal ogen-free flane- _

refCar dant €poxy T &5l M ConposT T O, Cconprisrmg—tA) a bi sphenol A
type, epoxy resin, (B) a.novol ak type : epoxy resin, (C-1) a reactive
phosphoric acid ester, 5. (G- 2) a co-condensation resin of a phenolic
conpound, WO 9712938 guananm ne conpound, and an al dehyde conpou/JHes/aie

a curing accelerator, and (E) an inorganic filler. The
present invention also provides a prepreg i npregnated with the

hal ogen-free fl anme-retardant epoxy .
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10 resin conmposition according to the present invention as

wWel |- as a |l am nate, copper-clad |am nate and printed W ring board———
prepared by using the prepreg. Best Mbde of Carrying Qut
the I nvention . The present invention will be described in
detdil 15 WOS13®So\y, The epoxy resin conposPET/IRPSHI988 he

pr esent I nvention contains a bisphenol A type epoxy resin

as conponent (A). As widely known to the art, the bi sphenol A type
epoxy resin is a reaction product 20 bet ween bi sphenol A and, for
exanpl e, epichl orohydrin. The b8sphenol A type epoxy resin used in
t he present I nvention generally has an epoxy equival ent of at

| east 170. However, it is unde5|rable for t he epoxy equi valent to
exceed 1, 000 because t he resul tant conp05|t|on is less likely to

be |rrpregnated into ;ifo
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a glass cloth. The bisphenol A type epoxy resin used in the
present invention is comercially avail able

5 Tncl udl ng, tor _exanple, EPTROIE Serres nmanufactured by —
Yuka. Shell Inc., Japan and ARALDI TE series manufactured by Ci ba
Ceigy Inc. It is possible to use a single kind or a plurality of

di fferent ki M"’@?"’?’he bi sphenol A 5 type epoxy resin PEI/IRSSOI88| n
conposition of the present invention. : A novol ak type
epoxy resin is used as conponent (B) in the epoxy resin
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i nvention. As widely known to the art, the novolak 10 type epoxy resin
IS a resin obtained by a reaction . bet ween a novol ak resin and

epi chl or ohydrin. The novol ak resin is a resin obtained by a
condensati on reacti on between a phenolic conpound and

f or mal dehydﬁ"""”m‘25 which is carried out in the presencePCrIRs/Otssdi c

15 catal yst. The phenolic conpounds used for producing t he
novol ak resin by the reaction with forml dehyde i nclude, for
exanpl e, phenol, cresol, and bisphenol A . The novol ak type epoxy
resin used in the present i nver!lPon shoul d desirably have a

sof teni ng poi ik 12F & 5§ 8 270 oo 1R0EH FCGK oolfe SprxRispbt & 3% £o¥

100[err]C. Such a novolak resin is conmercially available from
f or ol 8, HT15t0 Kasei K K., Japan and Dai -N| ppon | nk and
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25 resins in preparing the resin conposition of the present

i nventi on. The epoxy resin conposition of the present

6 FventToTatso— o TSes T as d Cur Ty agent—( ©) _ Toa
phenoli-c resin containing nitrogen in the resin nol ecul e. The

ni t rogen- cont ai ni ng phenol i.c conpound serves to inpart a flane
retardancy t\WOM293HoOXy resin 5 conposition. Needl es®craresmiosst he
phenolic resin is a reaction product between a phenolic conpound
and an al dehyde conpound. such as formal dehyde. The nitrogen
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atom contai ned in the nitrogen-containing phenolic resin may be
present in any of the phenolic resin. 10 For exanple, the nitrogen
atom nmay be provided by an am no group substituted on the phenolic
ring. In other wor ds, an am nophenolic resin is an exanple of the
ni.t ¥ ogen- corW@PHI2928 phenolic resin used in the present PCT/IPPSION08E i ON.
15 However, in a preferred enbodi nent of the present

i nvention, the nitrogen-containing phenolic resin is provided by a
co-condensation resin anong a phenolic conmpound, a guanami ne
conpound and an al dehyde conpoud@— 20 The

co-condensati on neg & L oreeFce] [ 8 B R # ek NG o PR iR

conmpound, an al dehyde conpound and a guanam ne conpound, in the
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acid. In carrying out the reaction, it is preferred 25 that the nol ar

ratto of the al dehyde conpound to the phenol i ¢ conmpound shoul d be
| ess—tiam 10, preferadty "U.D 10 ress tnan I.0, and one nol e of
al dehyde conpound 7
shoul d be used for one primary am no group (-NH err]) contained in
t he guanam WO8uRIINd (for exanple, in t he case of PGIAPSOIMBanm ne
as the guanam ne conpound, it is desirable to use 3 noles of
formal dehyde relative 5 to one nol of nelam ne. Likewi se, in the case
of wusing benzoguanam ne, it is desirable to use 2 noles of
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formal dehyde rel ative to one nol of benzoguanam ne). The

phenol i ¢ conpounds used include, for exanple, phenol, resorcin, and
al kyl phenols such as cresol and 10 . xyl enol . It is
particularly desirable to . use fornal dehyde as the al dehyde
conpound. WO 97/12928 The guanani ne conpound can be repr eeeaPesbibgs t he
general fornmula given below. 15 [err]

where R is am no, phenyl or alkyl such as nmethyl. 20 The
guananm ne conpounds used in the present i nvention include, for
exanpl e, nel am ne, benzoguananiee, and nethyl guanamne. It is

possible 4 % U BFY END RUANGTGNQ PONDALALS ST R0bY 6OSE MERPOIRK! U €
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of a plurality of different kinds of conpounds. 25 Where the

ni t r ogen- cont ai niing phenolic resin descri bed above is used as a
cUring agent, tne partrcarar resrn and a rr1rrer, wiirch wiTl be
descri bed 8 | at er,
produce a nutual function to inpart a sufficient fl ame retardancy
to the resulWQAVI2hposition. However, in the cas®CEiAPISO1988
manuf acturi ng a copper-clad gl ass epoxy | am nate or a printed

Wi ring board by using the epoxy 5 resin conposition of the present

I nvention, it is nore desirable to use as a curing agent a '
phenolic resin —15—
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cont ai ning both nitrogen and phosphorus atons in the resin

mol ecule. In the case of using the particular phenolic resin, the
tracki ng resistance of the 10 resultant resin conposition can be nore
| mpr oved. The phosphorus- and nitrogen-containing phenolic
resin can J¥O87498% ed from t he phenolic conpound, REITATPR5/D1988
conpound, al dehyde conpound descri bed above, and a reactive
phosphoric acid ester. In this 15 reaction, the phenolic conpound,
guanam ne conpound and al dehyde conpound are used in the nol ar
rati o equal to that in the casd6éof preparing the co-condensation
resin descri bed above. On the other hand, it is desirable to

use the reactiv NOSPNOI.l 4 acl d est SN tRat two 2t | f

al dehyde conpouhd ¢C G_Ln_Lﬂe_égg Al %ﬁ ornﬁKsL lnﬁiiz used
for one free hydraiﬁﬁ offl the 2 3 feagtijvedbphgsphorfc 2cif ester.
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The phosphorus- and nitrogen-containing phenolic resin can be
priepared by, for exanple, a single 25 stage reaction anong a phenolic
c ' “Teactive

phosphoric acid ester. Alternatively, it is possible

9 to prepare in advance a co-condensation resin anong a

phenol i ¢ conWowaa3928& guanam ne conpound and an al dehyde PCTAIPOSMINEAINd,
foll owed by all owi ng an al dehyde conpound and a reactive phosphoric
acid ester to react with the 5 resul tant co-condensation resin so as

to obtain the -
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desired phosphorus- and nitrogen-containi ng phenolic resin. In any
of these single stage reaction and the t wo- st age reaction, the
phenol i ¢ conpound, guanamn ne conpound, al dehyde conpound and
reactive phosphoric 10 . acid ester are used in the ratio described
previ ousl yWo9712928 |t follows that, in the case of preparipuFJresgIgsgENce
the co-condensation resin, the sumof the al dehyde conpound used
for preparation of the co-condensation resin and the al dehyde
conpound used for the reaction 15 wi th the co-condensation resin
shoul d be set to neet the rati e-g#escri bed previously.

The reactive @%me@mmﬁ-?@%@% PHERNEDy i i & b /s flon eacti on
bet ween three phenolic co nol ecul es and one phosphorus
oxytrichl ori dek olZ&quils. iui(ﬁ { MM Eshucpssary, for at | east one of the

t hree phenolic nol ecul es to have at | east two hydroxyl groups. The
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phenolic conpounds having at |east two hydroxyl groups I ncl ude,
for- exanple, resorcin and—pyfﬁga++0#~—$he——— reactive phosphoric acid
gerera rorma ol

%gngral formul a gl
WO 9712925 PCT/IP9S/01988
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10 where a + b + c=3; ais 1 2or 3 bisO0 1lor 2 ¢ s
0,1 o0or 2, nis 1 or 2; each of R[err] Rlerr], Rerr], Rerr] and

Rlerr]is a hydrogen atom such as nethyl at
| east one of these R[err]g“mmlle 'I Hmn aI kyl. The reactive

phosphor i gua@indest er used=inc the present i nvent PERIPHAIR%es, for
‘exanpl e, resorcyl diphenyl phosphate which is commercially

avai l abl e from Ajinonmoto K K., Japan, under the trade nane of RDP.
As descri bed previously, a co-condensation resin _ formed by the
reaction anong a phenolic conpound, -=2Qo0— a guanam ne conpound and an
al dehyde conpound can be reacted in advance with a reactive

phosphoric acid
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ester. In this case, the reaction product is added to t he epoxy
resin. Alternatively, these co-condensation resin and reactive

phosphoriT—acitester——can be added 25 =~ ~—sEparatery tO UhE epoxy resin.

In this case, it is ‘“ﬂﬂ use 5 to 30 parts by wei ght of
t he reactive phot“ll“r llfmw “ur (conponent C-1) relative

to 70 to 95wWasrYRIEsy wei ght of the *to-’coridensation PCT/IP95/02988NQ t he
phenol i ¢ resin, guanam ne conmpound and al dehyde conpound
(conponent C-2). If the anount of conponent C-1 is smaller than 5

parts by weight, it
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5 I's inpossible to obtai resi stance to

tracking. If the anount e arts by weight, however, the

hum dity resi stance tends W”'ﬂ '@ ,L Conpounds general I'y
used for accelerating the. f an epoxy resin can be used as
t he curi ngwd97/12928 accel erator (D) I n the epoxy resin conp@CEIPLsNINGS t he

present invention. To be nore specific, the curing accel erator (D)
i ncl udes, for exanple, imdazole conmpounds -such as

2- et hyl - 4- et hyl i m dazol e and 1- benzyl - 2- et hyl i m dazol e. These
conpounds can be 15 used singly OLan.the formof a mxture. The

;griﬂg accel ef'ét%ﬁ %?%cfhﬁﬁ%r atc ?%ngt?r%nglﬁgrﬁtﬁtﬁascrj?r ng of
the epoxy resijls i@t ¥ ¥ MIRHERMHBIL&F LW R gIneg yn the

epoxy 20 resin conp05| e present invention serves
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to-jnﬁart an addi tional fl ame retardancy, a heat resi stance and a

hgimidity resistance to the epoxy resin conposition. The filler (E)
used in the present . i nvention includes, for exanple, talc, silica,
alumna, 25 al um num hydr oxi de, and magnesi um hydroxi de. These
materials can be used singly or in the form of a mxture.
12 To reiterate, the hal ogen-free fl anme-retardant
epoxy resin conposition of the present i nveht i on conpri ses
conmponents (A), (B), (O, (D) and (E). It is

TRANSLATION

DESCRIPTION

HALOGEN-FREE FLAME-RETARDANT EPOXY RESIN _
COMPOSITION AS WELL AS PREPREG AND LAMINATE
CONTAINING THE SAME

5 Technical Field
The present invention relates to an epoxy resin
composition as well aé a prepreg and a laminate
containing the composition, and more particularly to
a halogen-free flame-retardant epoxy resin composition,
10 a prepreg impregnated with such composition, as well as
to a laminate, copper-clad laminate and printed wiring
board manufactured by using such prepreq.
Background Art
In recent years, safety to humans including, for
15 - example, the air pollution problem attracts world-wide
attentions. In this connection, électric and
electronic appliances are required to be more harmless
and more safe in addition to the requirement of a high
flame retardancy. To be more specific, the electric
20 and electronic appliances are required to be resistant
to flame and, at the same time, not to generate noxious
gases. It has been customary in the past to use
a glass/epoxy as a substrate of a printed wiring board
on which electric and electronic appliances are to
25 be mounted. 1In general, a brominated epoxy resin
containing bromine as a flame-retardant, particularly,

tetrabromobisphenol-~A type epoxy resin, is used for



desirable to use the inorganic filler (E) in an anmount 5 of 5to 50

parts by wei ght based on the total amount of these conponents (A)
to (E). If the anmount of the filler (E) is smaller than 5 parts by
weight, it is i mpossible to obtain a sufficient flanme retardancy,
heéat resistance and humidity resistance. If the amount 10 exceeds 50
parts by weight, however, the viscosity of the resultant resin
conposition is increased, givVing rse to various difficulties: for
exanple, it is difficult to coat uniformy a substrate such as a

G295 orosi 11 e b heR sk R Bhe" phIhtkg VikholBoSpRY, 10
e hemnate v 9 e ofRORL LSRR RoRRERY Lain, cepeanp it g pIATEEL I "
conponents, i'e"acﬂgaﬂn%ﬁ%ﬁe(§£t3r9§£c§,(S%t+ggggra£gs a noxious

hydrogen halide (hydrogen:bromide) gas.when burned.

5 To overcome the difficulty, epoxy resin compositions
containing non-halogen flame-retardants such as
nitrogen compounds, phosphorus compounds, inorganic
compounds, etc., have been developed, as reported in,
for example, British Patent No. 1,112,139 and Japanese

10 Patent Disclosure (Kokai) No. 2-269730. However, these
flame-retardants give rise to a detrimental effect to
the curing of the epoxy resin and impairs the humidity
resistance of the cured composition. In addition,

a glass cloth is less likely to be impregnated with the

15 epoxy resin composition if the composition contains the
non-halogen flame-retardants mentioned.

The present invention is intended to provide
an epoxy resin composition which does not contain
a halogen element but exhibits a good flame retardancy

20 and which permits overcoming the above-noted problems

| inherent in the prior art.

The present invention is also intended to provide
a prepreg impregnated with such an epoxy resin
composition as well as a laminate, copper-clad laminate

25 and printed wiring board using such a prepreg sheet.

Disclosure of Invention

According to a first embodiment of the present



20 . © an anount of 50 to 95% by wei ght based on the total anount

of° t he conponents (A) to (E). As described previously, it suffices
to use conponent (D) in a small anount, e.g., about 0.01 to 1% by
wei ght . It is preferred that the epoxy resin conponents 25
(A and (B), and the phenolic resin conponent (O, or (CG1) +
(C2), are mxed such that 0.8 to 1.2, preferably 0.95 to 1.05
epoxy equi val ents are present 3

13 per hydroxyl equivalent in the total resin conposition

'n this case, the;gooxy;baS EnS2OP90°RL3v3824' 4 R810gen-free flame-

retardant epoxy resin composition, comprising (A)
a bisphenol A type epoxy resin, (B) a novolak type
epoxy resin, (C) a nitrogen-containing phenolic resin
5 acting as a curing aéent, (D) a curing accelerator,
and (E) an inorganic filler, wherein the nitrogen-
containing phenolic resin serves to impart a flame
retardancy to the composition.
The nitrogen-containing phenolic resin may be an
10 aminophenolic resin. However, it is preferable to use
a co-condensation resin formed by the reaction among a
phenolic compound, a guanamine compound and an aldehyde
compound. | .
According to a second embodiment of the present
15 invention, there is provided a halogen-free flame-
retardant epoxy resin composition, comprising (A)
a bisphenol A type epoxy resin, (B) a novolak type
epoxy resin, (C) a phosphorus- and nitrogen-containing
phenolic resin acting as a curing agent, (D) a curing
20 accelerator, and (E) an inorganic filler, wherein the
phosphorus- and nitrogen-containing phenolic resin
serves to impart a flame retardancy to the composition.
The phenolic resin containing both phosphorus and
nitrogen atoms should desirébly be a reaction p;oduct
- 25 among a phenolic compound, a guanamine compound, an
aldehyde compound and a reactive phosphoric acid ester.

According to a third embodiment of the present



added in an anmount of, about 51 to 80% by melght based on the tota

atount of the resin conponents of the 5 conposi tion.

Preferably, the bisphenol A type epoxy resin (A shoul d be added
in an anmount of 60 to 95% by wei ght based on the total anmount of
the resin (A and the novol ak type epoxy resin (B). 10

In the present invention, it is nost preferable to use the
conmponent (C), or conponents (C 1) and (C 2f i n anobunts such that
t-he resultant resin conposition contains 1 to 10% by wei ght,

breterably 4 0 Ty eton o thels Ui prty et SURAIBLRARERY Dadghg o
T oon T, 0,00 2 BBt BAREY LR ERTROR R0 Y bolbriging, 4 oF T "
present inventionacﬁﬁsgﬁenol A type epoxy resin, (B) a novolak type
epoxy resin, (C-1) a reactive phosphoric acid ester,
5 (C-2) a ¢o-condensation resin of a phenolic compound,
a guanamine compound, and an aldehyde compound, (D)
a curing accelerator, and (E) an inorganic filler.
The present invention also provides a prepreg
impregnated with the halogen-free flame-retardant epoxy
10 resin composition according to the present invention as
well as a laminate,'copper-clad laminate and printed
wiring board prepared by using the prepreg.
‘Best Mode of Carrying Out the Invention
The present invention will be described in detail
15 ‘ below.
The epoxy resin composition of the present
"~ invention contains a bisphenol A type epoxy resin
as component (A). As widely known to the art, the
bisphenol A type epoxy resin is a reaction product
20 between bisphenol A and, for example, epichlorohydrin.
The bisphenol A type epoxy resin used in the present
invention generally has an epoxy equivalent of at
least 170. However, it is undesirabie for the epoxy
equivalent to exceed 1,000 because the resultant
25 composition is less likely to be impregnated into
a glass cloth. The bisphenol A type epoxy resin used

in the present invention is commercially available



T

nanufactured by the ordinary nethod. Specifically, the 20 resin

cénposition is diluted with a suitable organic sol vent such as
propyl ene gl ycol nononethyl ether to prepare varni sh, followed by
coating or inpregnating a porous gl ass substrate such as a gl ass
unwoven fabric or a glass woven fabric with the varnish and 25
subsequently heating the substrate to obtain a desired prepreg. The
prepreg thus prepared can be used for 5 manufacturing a copper-clad
llam nate. In this case, 14

| ur al f pr r m n n
a plurality of p eRcfgélﬁg? fgr egggglg,eEggKOTE series manufactured by

Yuka Shell Inc., Japan and ARALDITE series manufactured
by Ciba Geigy Inc. It is possible to use a single kind
or a plurality of different kinds of the bisphenol A

5 type epoxy resin in the resin composition of the
present invention.

A novolak type epoxy resin is used as component

(B) in the epoxy resin composition of the present
invention. As widely known to the art, the novolak

10 type epoxy resin is a resin obtained by a reaction
between a novolak resin and epichlorohydrin. The
novolak resin is a resin obtained by a condensation
reaction between a phenolic compound and formaldehyde,
which is carried out in the presence of an acidic

15 catalyst. The phenolic compounds.used.for producing
the novolak resin by the reaction with formaldehyde
include, for example, phenol, cresol, and bisphenol A.
The novolak type epoxy resin used in the present
invention should desirably have a softeniﬁg point

20 of 70 to 130°C, more preferably, 80 to 100°C. Such
a novolak resin is commercially available from, for
example, Toto Kasei K.K., Japan and Dai-Nippon Ink and
Chemicals, Inc. It is possible to use a single kind or
a plurality of different kinds of novolak type epoxy

25 resins in preparing the resin composition of the
present invention.

The epoxy resin composition of the present



ot her’ foll owed by superposing a copper foil on one or bot h

syirfaces of the laminated plate. Further, the resul tant structure
is subjected to heating and 5 pressurizing under the ordinary
conditions to obtain a desired copper-clad gl ass epoxyl |am nate.
A’l ami nat e can be obtained, if the copper foil is not superposed
on the lam nate of the prepreg sheets I n the above- not ed process
of manufacturing a copper-clad |amnate. 16 A multi-layered | am nate
can al so be prepared by using the copper-clad |amnate. In this
case, the copper of the,lam nate (innper Ianinate; S

sel ectively : lnve%F&ﬂ%daiﬁof8?%?51E?5c3§t ap PFéPﬂ a?ﬁ@ﬁ (G) | aminate

and a copper foil _ar erposed on oge surface, o Ioner

| ani nate, followell B eﬁ?gsgur?iiﬂgc?ﬂ afﬁsﬁgtﬁﬁFrogen in g@?rﬁ%?b?e by the

ordi nary met hod, nder press of 40 ] L nut es
at 170[err]C the?%g ?ain?ﬁ nlgrggen-contalnlng pﬁgngfgc gémgguﬂa

serves to impart a flame retardancy to the epoxy resin
5 composition. Needless to say, the phenolic resin is

a reaction product between a phenollc compound and an

aldehyde compound such as formaldehyde. The nitrogen

atom contained in the nitrogen-containing phenolic

resin may be present in any of the phenolic resin.

10 For example, the nitrogen atom may be provided by an
amino group substituted on the phenolic ring. In other
words, an aminophenolic resin is an example of the
nitrogen-containing phenolic resin used in the present
invention.

15 However, in a preferred embodiment of the present
invention, the nitrogen-containing phenolic resin
is provided by a co-condensation resin among a phenolic
compound, a guanamine compound and an aldehyde
compound.

20 - The co~condensation resin can be prepared by
reacting a phenolic compound, an aldehyde compound
and a guanamine compound, in the presence of an acid
catalyst such as oxalic acid or p-toiuene sulfonic
acid. In carrying out the reaction, it is preferred

25 that the molar ratio of the aldehyde compeund to the
phenolic compound should be less than 1.0, preferably

0.5 to less than 1.0, and one mole of aldehyde compound



a deSired multi-layered lamnate. Further, a printed W ring board

gan be nanyfactured by the ordinary nethod 20 such that through hol es
are made first in the copper- clad am nate or nmulti-I|ayered

| ami nate, followed by appl ying a through-hole plating and
subsequent |y formng a desired circuit. Exanpl es of
the present invention will be 25 described as follows.

Manuf act uri ng Exanple A 0.1 ﬁ%rt by wei ght of oxalic acid was
added to 15 '

should be used for one primary amino group (-NHj)
contained in the guanamine compound (for example, in
the case of using melamine as the guanamine compound,
it is desirable to use 3 moles of formaldehyde relative
5 to one mol of melamine. Likewise, in the case of using
benzoguanamine, it is desirable to use 2 moles of
formaldehyde relative to one mol of benioguanamine).
The phenolic compounds used include, for example,
phenol, resofcin; and alkyl phenols such as cresol and
10 . xylenol.
It is particularly desirable to use formaldehyde
as the aldehyde compound.
The guanamine compound can be represented by the

general formula given below:
15 R, n NH;
Y
N'\fn
NH,
where R is amino, phenyl or alkyl such as methyl.

20 The guanamine compounds used in the present
invention include, for example, melamine,
benzoguanamine, and methyl guanamine. It is possible
to use the guanamine compounds singly or as a mixture
of a plurality of different kinds of compounds.

25 Whére the nitrogen-containing phenolic resin
described above is used as a curing agent, the

particular resin and a filler, which will be described



a mxture consisting of 56 parts by weight of benzoguanam ne, 300

parts by weight of formalin (aqueous sol ution containing 37% by

wei ght of f ormal dehyde), and 367 parts by wei ght of phenol. The

5_ resul tant m xture was subjected to reaction for 2 hours at
80C, followed by dehydrating the reaction m xture under a reduced
pressure. Further, nethyl ethyl ketone was added to the dehydrated
reaction m xture to adj ust the resn solid conponent _

( phenol / benzoguanam ne/ 10 f or mal dehyde co-condensation resin) at 70%
by weight. - -~ The co-condensatjon resin thus prepared was und to
contain 4% by wei JAteHs BE?&Bﬁ%né mutual fi Bh?%cYgr+ﬁ@af§aﬂp?%£€§Clent

B Cons ot g deBALLSy o "B oLy ponfBLEFLES;  helafhs.
subjected to in the case of manufacturing a ¢opper-clad glass epoxy
laminate or a printed wiring board by using the epoxy
5 resin composition §f the present invention, it is more
desirable to use as a curing agent a phenolic resin
containing both nitrogen and phosphorus atoms in the
resin molecule. In the case of using the particular
phenolic resin, the tracking resistance of the
10 resultant resin composition can be more improved.

The phosphorus- and nitrogen-contaiﬁing phenolic
resin can be prepared from the phenolic compound,
guanamine compound, aldehyde compound described
_above, and a reactive phosphoric acid ester. In this

15 reaction, the phenolic compound, guanamine compound and
aldehyde compound ére used in the molar ratio equal to
that in the case of preparing the co-condensation resin
described above. On the other hand, it is desirable to
use the reactive phosphoric acid ester such that two

20 moles of aldehyde compound contained in the resultant
composition is used for one free hydroxyl group of the
reactive phosphoric acid ester.

The phosphorus- and nitrogen—containing phenolic
resin can be prepared by, for example, a single

25 stage reactioh among a phenolic compound, a guanamine
compound, an aldehyde compound and a réactive.

phosphoric acid ester. Alternatively, it is possible



reaction for 30 m nutes at 80[err]C. Then, 367 parts by wei ght of

ghenol and 250 parts by weight of formalin were added to the
reaction m xture, followed by further 20 adding 0.1 part by weight of
oxalic acid to the reaction m xture. The resultant reaction
M xture was subjected to reaction for 2 hours at 80[err]C,
fol | owed by _ dehydration under a reduced pressure. Further, nethyl
ethyl ketone was added to the dehydrated réfaction 25 m xture to adj ust
the resin solid conponent (phenol /nel am ne/ benzoguanam ne/

: : : 0 .
]:Lgr mal dehyde to preci)%r%o r.]i.%e gsd%te;n%rt]a rae%orl)co%tde%%é)tq_%n\’@eqﬂtn among a

phenolic compound, a guanamine compound and an aldehyde
compound, followed by allowing'an aldehyde compound
and a reactive phosphoric acid ester to react with the

5 resultant co-condensation resin so as to obtain the
desired phosphorus- and nitrogen-containing'phenolic
resin. In any of these single stage reaction and the
two-stagé reaction, the phenolic compound, guanamine
compound, aldehyde compound and reactive phosphoric

10 acid ester are used in the ratio described previously.
It follows that, in the case of preparing in advance
the co-condensation resin, the sum of the aldehyde
compound used for preparation of the co-condensation
resin and the aldehyde compound used for the reaction

15 with thé co-condensation resin should be set to meet
the ratio described previously.

The reactive phosphoric acid ester can be obtained
by the reaétion between three phenolic compound
molecules and one phosphorus oxytrichloride molecule.

20 It is necessary for at least one of the three phenoclic
molecules to ﬁave at ieast two hydroxyl groups. The
phenolic compounds having at least two hydroxyl groups
include, for example, resorcin and pyrogallol. The
reactive phosphoric acid ester used in the present

25 invention can be represented by the general formula

given below:



The co-condensation resin thus prepared was found to contain 4% by

wei ght of nitrogen. Manuf act uri ng Exanple C 0.1 part
by wei ght of oxalic acid was added 5 to a m xture consisting of 50
parts by wei ght of benzoguanam ne, 214 parts by wei ght of
formalin, 248 parts by wei ght of phenol, and 36 parts by weight
of RDP (resorcyl diphenyl phosphate available from Ajinonoto K K.,
Japan). The resultant m xture was 10 %%bjected to reaction for 2
hours at 80[err]C, followed by dehydrating the reaction m xture
under a reduced - pressure. Further, nethyl ethyl ketone was added
to t he dehydrated reaction m EOH M adj ust the resin
solid conponent (phosphorus-nodififgs o 3
benzoguanam ne/ phenol / f or mal dehyd densat y@n
_ )b
5
a3
c

10 . where a + b +c¢c =3; ais 1, 2 or 3; bis 0, 1 or 2; c
is 0, 1 or 2; n is 1 or 2; each of Rl, Rz, R3, R% and
R? is a hydrogen atom or an alkyl group such as methyl,
at least one of these Rl to RS being an alkyl.

The reactive phosphoric acid ester used in the present

15 invention includes, for example, resorcyl diphenyl
phosphate, which is commercially available from
Ajinomoto K.K., Japan, under the trade name of RDP.

As described previously, a co-condensation resin
formed by the reaction among a phenolic compound,

20 a guanamine compound and an aldehyde compound can be
reacted in advance with a reactive phosphoric acid
ester. In this case, the reaction product is added to
the epoxy resin. Alternatively, these co-condensation
resin and reactive phosphoric acid ester can be added

25 separately to the epoxy resin. 1In this case, it is

necessary to use 5 to 30 parts by weight of the

reactive phosphoric acid ester (component C-1) relative



resihy at 70% by wei ght. The co-condensation resin t hus prepared

wdls found to contain 4% by wei ght of nitrogen and 1% by wei ght of

- phosphor us. Manuf acturi ng Exanple D 20 A mxture
cansisting of 92.5 parts by weight of benzoguanam ne, 218 parts by
wei ght of formalin, 212 parts by wei ght of phenol, and 115 parts
by wei ght of RDP referred to previously was subjected to reaction
under the conditions equal to those in Manuldcturing 25 Exanple Cto
obtain the desired phenolic resin containing phosphorus at ons
nitrogen atons. S ecificallg, t he ) ghenolic resin thus optai ned was
found to contain /659 to 95 parts by weig of the co-condensation

resin among the phenolic resin, guanamine compound and
aldehyde compound (component C-2). If the amount of
component C-1 is smaller than 5 parts by weight, it

5 is impossible to obtain a sufficiént resistance to
tracking. If the amount exceeds 30 parts by weight,
however, the humidity resistance tends to be lowered.

Compounds generally used for accelerating the

curing of an epoxy resin can be used as the curing

10 accelerator (D) in the epoxy resin composition of the
present invention. To be more specific, the curing
accelerator (D) includes, for example, imidazole
compounds such as 2-ethyl-4-methylimidazole and
1—benzyl—2-methylimidazole._ These compounds can be

15 used singly or in the form of a mixture. The curing
accelerator should be used in a small amount as far
as the accelerator is sufficient for accelerating the
curing of the epoxy resin.

The'inorganic filler (E) contained in the epoxy

20 resin composition of the present -invention serves
to impart an additional flame retardancy, a heat
resistance and a humidity resistance to the epoxy resin
composition. The filler (E) used in the present
invention includes, for example, talc, silica, alumina,

25 ‘aluminum hydroxide, and magnesium hydroxide. These
materials can be used singly or in the form of

a mixture.



17 wei ght of nitrogen and 2% by wei ght of phosphorus.

ExXanple 1 Propyl enegl ycol nononet hyl ether (PGVW) acting as a
sol vent was added to a mi xture consisting of 260 parts 5 by wei ght of
EPI KOTE 1001 (a bi sphenol A type epoxy resin avail able from Yuka
Shel |l Inc., Japan, having an epoxy equival ent of 456 and a resin
solid of 70@6 by weight), 65 parts b% melght of YDCN- 704P (creso
novol ak epoxy resin available from Toto Kasé Japan, havi ng
an epoxy equival ent of 210 and a solid conponent of 70% by

ight), 128 ts b I ght, , of
Eﬁggphérus-cogﬁgiﬁiné g§;%8thrP%§Fnthe halogeBr g?ealﬁﬂeﬁﬁﬁﬁPﬁg?ﬂFlng

Bample C 175 PaLbs<hVresin conp¥ibn°be bH BUOLDYY" O5bdhes8AT O 1 part

comprises components (A), (B), (C)., (D) and (E). It is
desirable to use the inorganic filler (E) in an amount
5 of 5 to 50 parts by weight based on the total amount
of these components (A) to (E). If the amount of the
filler (E) is smaller than 5 parts by weight, it is
impossible to obtain a sufficient flame retardancy,
heat resistance and humidity resistance. If the amount
10 exceeds 50 parts by weight, however, the viscosity of
the resultant resin composition is increased, giving
rise to various difficulties: for example, it is
difficult to coat uniformly a substrate such as a glass
unwoven fabric or a glass woven fabric with the epoxy
15 | resin composition; voids are generated in the coating;
further, the laminate using the epoxy resin composition
are rendered uneven in thickness.
Also, it is desirable to use the resin solid
components, i.e., components (A) + (B) + (C) + (D), in
20 an amount of 50 to 95% by weight based on the total
amount of the components (A) to (E). As described
previously, i£ suffices to use component (D) in a small
amount, e.g., about 0.01 to 1% by weight.
It is preferred that the epoxy resin components
25 (A) and (B), and the phenolic resin component (C),
or (C-1) + (C-2), are mixed such that 0.8 to 1.2,

preferably 0.95 to 1.05 epoxy equivalents are present



15 © 2-ethyl-4-nmethylimdazole, so as to prepare an epoxy resin

ver ni sh cont ai ni ng 65% by wei ght of the resin sol i d .conponent.
Exanpl e 2 PGM was added to a m xture consisting of 260 parts
2Q by wei ght of EPIKOTE 1001 noted above, i.e., a bi sphenol A
type epoxy resin, 65 parts by weight of YDCN- 704P not ed above,

I .e., cresol novol ak epoxy resin, 184 parts by weight of the
nitrogen- and phosphorus-containinb3phenolic resin prepared in 25
Manuf acturi ng Exanpl e D, 150 parts by wei ght of al um num

ggd;gxigebrZggrgféﬁpg%%§€¥§£§:%ﬁ%i&glgﬁgtfxlEhe total rééfgtgg$égg9€fgﬁ?’
. In this case, the epoxy resin components should be
added in an amount of about 51 to 80% by weight based
on the total amount of the resin components of the
5 composition.

Preferably, the bisphenol A type epoxy resin (A)
should be added in an amount of 60 to 95% by weight
based on the total amount of the résin (A) and the
novolak type epoxy resin (B).

10 In the present invention, it is most preferable
to use the component (C), or components (C-~1) and (C-2)
in amounts such that the resultant resin composition
contains 1 to 10% by weight, preferably 4 to 7% by
weight, of nitrogen atoms and 0.5 to 3% by weight,

15 preferably 0.8 to 1.5% by weight, of phosphorus atoms,
in order to obtain én epoxy resin composition exhibiting
excellent flame retardancy and tracking resistance.

A prepreg of the present invention can be
manufactured by the ordinary method. Specifically, the

20 resin composition is diluted with a suitable organic
solvent such as propylene glycol monomethyl ether to
prepare varnish, followed by coating or impregnating
a porbus'glass substrate such as a glass unwoven
fabric or a glass woven fabric with the varnish and

25 subsequently heating the substrate to obtain a desired
prepreg. The prepreg thus prepared can be used for

manufacturing a copper-clad laminate. In this case,



18 var ni sh cont ai ni ng 65% by wei ght of the resin solid

conponent . Exanple 3 PGM was added to a m xture
consi sting of 260 parts 5 by wei ght of EPI KOTE 1001 not ed above,

i..e., a bi sphenol A type epoxy resin, 65 parts by wei ght of

YDCN- 704P not ed above, i.e., cresol novol ak epoxy resin, 206 parts
by wei ght of the nitrogen- and phogphor us-cont ai ni ng phenolic
resin prepared in 10 Manuf acturi ng Exanpl e C, 150 parts by wei ght of

al um num hydroxi de, and 0.1 part by weight of 2-ethyl-

4- et hyl i m dazol e,- so _as.to prepare _an epox esin varnish
contai ning 65% by WBLBRALGEY RE PESPRCgS| RES laminated one upSh the

other, followed by superposing a copper foil on one or
both surfaces of the laminated plate. Further, the
resultant structure is subjected to heating and
5 pressurizing under the'ordinary conditions to obtain a
desired copper-clad glass epoxyl laminate. A laminate
can be obtained, if the copper foil is not superposed
on the laminate of the prepreg sheets in the above-
noted process of manufacturing a copper-clad laminate.
10 - A multi-layered laminate can also be prepared by using
the copper-clad laminate. In this case, the copper
foil of the laminate (inner laminate) is selectively
- etched to form a circuit pattern. Then, a laminate
and.a copper foil are superposed on one surface of the
15 inner laminate, followed by pressurizing the resultant
structure by the ordinary method, e.g., under pressure
of 40 kg/cm2 for 90 minutes at 170%C, thereby obtaining
a desired multi-layered laminate. Further, a printed
wiring board can be manufactured by the ordinary method
20 such that through holes are made first in the copper-
clad laminate or multi-layered laﬁinaté, followed by
applying.a through-hole plating and subsequently
forming a desired circuit.
Exampies of the present invention will be
25 described as follows.

Manufacturinq Example A

0.1 part by weight of oxalic acid was added to



conponent 15 Exanpl e 4 PGM was added to a m xture

consi sting of 260 parts by wei ght of EPI KOTE 1001 noted above,

i.e., a bi sphenol A type epoxy resin, 65 parts by weight of
YDCN—704P not ed above, i.e., cresol novol ak epoxy 20 resin, 105 parts
_by weight of the co-condensation resin prepared in Manufacturing
Exanple A, 200 parts by wei ght of al um num hydroxi de, and 0.1 part
by wei ght of 2-ethy|-4-nethy|inidaz%ﬁe, SO as to prepare an epoxy
resin varni sh containing 65@6by wei ght of the resin 25 solid
gggg?g??;g of 260 ﬁ%}¥ggre consisting of 55?%%%@5 Qdﬁgl&ﬁt 0E1Xture

benzoguanamine, 300 parts by weight of formalln
(aqueous solution containing 37% by weight of
formaldehYde), and 367 parts by weight of phenol. The

5 . resultant mixture was subjected to reaction for 2 hours
at 80°C, followed by dehydrating the reaction mixture
under a reduced pressure. Further, methyl ethyl ketone.
was added to the dehydrated reaction mixture to adjust
fhe resin solid component (phenol/benzoguanamine/

10 formaldehyde co-condensation resin) at 70% by.weight.
The co-condensation resin thus prepared was found to
contain 4% by weight of nitrogen.

Manufacturing Example B

A mixture consisting of 18 parts by weight of

15 melamine, 28 parts by weight of benzoguanamine and
50 parts by weight of formalin was subjected to
reaction for 30 minutes at 80°C. Then, 367 parts by
weight of phenol and 250 parts by weight of formalin
were added to the reaction mixture, followed by further

20 adding 0.1 part by weight of oxalic acid to the
reaction mixture. The resultant reaction mixture was
subjected to reaction for 2 hours at 80C, followed by
dehydration under a reduced pressure. Further, methyl
ethyl ketone was added to the dehydrated reaction

25 mixture to adjust the resin solid component
(phenol/melamine/ benzoguanamine/formaldehyde

co-condensation resin) at 70% by weight.



19 v by wei ght of EPIKOTE 1001 noted above, i.e., a

bisphenol A type epoxy resin, 65 parts by wei ght of YDCN- 704P

not ed -above,i.e., cresol novol ak epoxy resin, 105 parts by weight
of the co-condensation resin 5 prepared in Manufacturing Exanple A
30 parts by weight of RDP referred to previously, 175 parts by
wei ght of ~al um num hydroxi de, and 0.1 part by weight of 2-ethyl-
4-nethyl i midazole, so as to prepare an epoxybresin varni sh
cont ai ni ng 65% by wei ght of the resin solid 10 conponent .

Control 1 - PGM was added to.a mxture consisting_of 283 parts
The co—condensatgon resin ghus prepared wasgfoun% %op

contain 4% by weight of nitrogen.

Manufacturing Example C

0.1 part by weight of oxalic acid was added

5 to a mixture consisting of 50 parts by weight of
benzoguanamine, 214 parts by weight of formalin,
248 parts by weight of phenol, and 36 parts by weight
of RDP (resorcyl diphenyl phosphate available from
Ajinomoto K.K., Japan). The resultant mixture was

10 subjected to reaction for 2 hours at 80C, followed
by dehydrating the reaction mixture under a reduced
pressure. Further, methyl ethyl ketone was added to
the dehydrated reaction mixture to adjust the resin
solid component (phosphorus-modified

15 benzoguanamine/phenol/formaldehyde co-condensation
resin) at 70% by weight. The co-condensation resin
thus prepared was found to contain 4% by weight of
nitrogen and 1% by weight of phosphorus.

Manufacturing Example D

20 A mixture consisting of 92.5 parts by weight of
benzoguanamine, 218 parts by weight of formalin,
212 parts by weight of phenol, and 115 parts by weight
of RDP referred to previously was subjected to reaction
under the conditions equal to those in Manufacturing

25 Example C to obtain the desired phenolic resin containing
phosphorus atoms nitrogen atoms. Specifically, the

phenolic resin thus obtained was found to contain 8% by



by me?ght of brom nated epoxy resin (available from Dai - Ni ppon

anid Chemicals Inc
conmponent of 75%
above, : i
bi sphenol A type

Chem cals Inc., h
conmponent of 70%
hydr oxi de, and O.
as to pr
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., having an epoxy 15 equi val ent of 490 and a solid
by wei ght), 34 parts by wei ght of YDCN 704P noted
e., cresol novol ak epoxy resin, 92 parts by weight of
novol ak resin (available from ' Dai - Ni ppon I nk and
aving a hydroxyl 20 val ue of 118 and a solid
by wei ght), 130 p&ﬂts by wei ght of al um num
1 part by wei ght of 2-ethyl-4-nethylimdazole, so
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by

gggi ﬁgdﬁd to a mxture consi sting of 360 parts

Propyleneglycol monomethyl ether (PGM) acting as a
solvent was added to a mixture consisting of 260 parts
by weight of EPIKOTE 1001 (a bisphenol A type epoxy
resin available from Yuka Shell Inc., Japan, having
an epoxy equivalent of 456 and a resin solid of 70%
by weight), 65 parts by weight of YDCN-704P (cresol
novolak epoxy resin available from Toto Kasei K.K.,
Japan, having an epoxy equivalent of 210 and a solid
component of 70% by weight), 128 parts by weight.of the
nitrogen- and phosphorus-containing phenolic resin
prepared in Manufacturing Example C, 175 parts by
weight of aluminum hydroxide, and 0.1 part by weight of
2-ethyl-4-methylimidazole, so as to prepare an epoxy
resin varnish containing 65% by weight of the resin

solid component.

Example 2

PGM was added to a mixture consisting of 260 parts
by weight of EPIKOTE 1001 noted above, i.e., a
bisphenol A type epoxy resin, 65 parts by weight of
YDCN-704P noted above, i.e., cresol novolak epoxy
resin, 184.parts by weight of the nitrogen- and
phosphorus-containing phenolic reéin prepared in
Manufacturing Example D, 150 parts by weight of
aluminum hydroxide, and 0.1 part by weight of 2-ethyl-

4-methylimidazole, so as to prepare an epoxy resin



20 resin used in Control 1, 43 parts by weight of YDCN\

794P noted above,i.e., cresol novol ak epoxy resin, 7.5 parts by
wei ght of di cyandi am de, 130 parts by wei ght of al um num
hydroxi de, and 0.1 part by weight of 5 2-ethyl -4-nethyl i m dazol e,
SO as to prepare an epoxy resin varni sh containing 65% by wei ght
of the resin solid conponent. A gl ass unwoven fabric
or a glass cloth was conti nuously tBated or i npregnated with the
epoxy resin 10 varni sh prepared in each of Exanples 1 to 5 and

Controls 1 and 2’vi?ﬁiSﬁego§¥a9£¥£896§er§a@éi&hé°of the resin solid
component.
Example 3
PGM was added to a mixture consisting of 260 parts
5 by weight of EPIKOTE 1001 noted above, i.e., a
bisphenol A type epoxy resin, 65 parts by weight of
YDCN-704P noted above, i.e., cresol novolak epoxy
resin, 206 parts by weight of the nitrogen- and
phosphorus-containing phenolic resin prepared in
10 Manufacturing Example C, 150 parts by weight of
aluminum hydroxide, and 0.1 part by weight of 2-e£hyl-
4-methylimidazole, so as to prepare an epoxy resin
varnish containing 65% by wéight of the resin solid
component.
15 Example 4
PGM was added to a mixture consisting of 260 parts
by weight of EPIKOTE 1001 noted above, i.e., a
bisphenol A type epoxy resin, 65 parts by weight of
YDCN-704P noted above, i.e., cresol novolak epoxy
20 resin, 105 parts by weight of the co-cbndensation resin
prepared in Manufacturing Example A, 200 parts by
weight of aluminum hydroxide, and 0.1 part by weight of
2-ethyl¥4—methylimidazole, so as to prepare an epoxy
resin varnish containing 65% by weight of the resin
25 solid component.

Example 5

PGM was added to a mixture consisting of 260 parts



obtain a prepreg., Eight prepregs thus obtained were | am nat ed one

upon the other, followed by superposing a copper foil 18 [err]m
thick on each of the two surfaces of 15 the resultant |am ante.

Then, a pressure of 40 kg/cn® was kept applied for 90 mnutes to
the | am nate at 170[err]C so as to obtain a copper-clad | am nate
havi ng a thickness of 1.6 nm Vari gs properties of the
copper-clad | am nate were neasured including the flame 20 ret ar dancy,
tracki ng resistance, insulation resistance, peeling strength of
the copper foil (initial, val Ig@g- er eterioration),
heat resistance a welght OEﬁE€£§9T§ %%%%s?%%%%. a +é Q!%hbmé t he
results. bisﬁﬂenol A type epoxy resin, 65 parts by weight of

YDCN-704P noted above,i.e., cresol novolak epoxy
resin, 105 parts by weight of the co-condensation resin
5 prepéred in Manufacturing Example A, 30 parts by weight
of RDP referred to previously, 175 parts by weight of
aluminum hydroxide, and 0.1l part by weight of 2-ethyl-
4-methylimidazole, so as to prepare an epoxy resin
varnish containing 65% by weight of the resin solid
10 component.
Control 1
PGM was added to a mixture consisting of 283 parts
by weight of brominated epoxy resin (available from
Dai-Nippon Ink and Chemicals Inc., having an epoxy
15 equivalent of 490 and a solid component of 75% by
weight), 34 parts by weight of YDCN-704P noted above,
i.e., cresol novolak epoxy resin, 92 parts by weight of
bisphenol A type novolak resin (available from
Dai-Nippon Ink.and Chemicals Inc., having a hydroxyl
20 value of 118 and a solid component of 70% by weight),
130 parts by weight of aluminum hydroxide, and 0.1 part
by ﬁeight of 2-ethyl-4-methylimidazole, so as to
prepare an epoxy resin varnish containing 65% by weight
of the resin solid component.
25 Control 2
Dimethylformamide was added to a mixture

consisting of 360 parts by weight of brominated epoxy
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20

22 . [err]

20

resin used in Control 1, 43 parts by weight of YDCN-
704P noted above,i.e., cresol novolak epoxy resin,

7.5 parts by weight of dicyandiamide, 130 parts by
weight of aluminum hydroxide, and 0.1 part by weight of
2-ethyl-4-methyl imidazole, so as to prepare an epoxy
resin varnish containing 65% by weight of the resin
solid component.

A glass unwoven fabric or a glass cloth was
continuously coated or impregnated with the epoxy resin
varnish prepared in each of Examples 1 to 5 and
Controls 1 and 2, followed by drying the fabric to
obtain a prepreg. Eight prepregs thus obtained were
laminated one upon the other, followed by superposing a
copper foil 18 im thick on each of the two surfaces of
the resultant lamiante. Then, a pressure of 40 kg/cm2
was kept applied for 90 minutes to the laminate at
170C so as to obtain a copper-clad laminate having
a thickness of 1.6 mm. Various properties of the
copper-clad laminate were measured including the flame
retardancy, tracking resistance, insulation resistance,
peeling strength of the copper foil (initial value and
the long-term deterioration), heat resistance and

humidity resistance. Table 1 shows the results.



Exanple 6 . A glass unwoven fabric or a glass woven fabric was

cehtinuously coafed or inpregnated with the epoxy resin var ni sh
obtained in Exanple 2 and, then, dried at 160[err]C 5 to obtain a
prepreg. Eight prepregs thus prepared were | am nat ed one upon the
other, followed by pressurizing the lam nate structure with
pressure of 40 kg/cnferr] for 90 m nutes at 170[err]C to obtain a
gl ass epoxy | am nate. The fIaWE|%ﬂ%ﬁdancy, tracki ng resistance,
i.nsulation 10 resi stance and hum dity resistance of the |am nate were
measured by the nmethods described previously, to obtain t he
results given bel ow Fl ane retardance: V-0
Tracki ng- resi stance: 600V 15 | nsul ation resistance: 2.0[err]
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| am nat e
25 prepare an
An additional prepreg

both surfaces of the inner

Prepregs prepared as in
fol | owed by

[err]

the resultant
anple 6 to

B

I n
| am nat e having a thickness of 0.8 nm

Condition A

Exanple 7 20
Furt her

35 [err]mthick on each of both surfaces
heat as

one upon the ot her,

foil

| ami nate structure.

structure was pressurized under

i nner

[err]
Exanpl e 6 were | am nated

super posi ng a copper

Hun{GTty resi stance
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Condition B
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A

24 by superposing an additional copper foil 18 [err]mthick on
each of the prepregs. Further, the resultant structure was
pressuri zed under heat as in Exanple 6 to obtain a multi-layered

| am naté having a thickness of 1.6 nm - The resultant nulti-Ilayered
| am nate was put under condition A (boiling for 6 hours) shown in
Table 1, . followed by neasuring the28unm dity resistance of

the lam nate by the nmethod described previously in conj unction
with Table 1. Blistering was not recognized 10 at all in the

mul ti-layered | am-nate_tested. As descri bed above, the present

I nvention prOV|de§§239———— a hal ogen-free epoxy resin conposition

B o T
continuously coated or impregnated with the epoxy resin
varnish obtained in Example 2 and, then, dried at 160C

5 to obtain a prepreg. Eight prepregs thus prepared were
laminated one upon the other, followed by pressurizing
the laminate structure with pressure of 40 kg/cm2 for
90 minutes at 170C to obtain a glass epoxy laminate.
The flame retardancy, tracking resistance, insulation

10 resistance and humidity resistance of the laminate were
measured by the methods described previously, to obtain
the results given below:
Flame retardance: V-0
Tracking resistance: 600V
15 Insulation resistance: 2.0Q
Humidity resistance
Condition A: ©
Condition B: ©
Example 7
20 Prepregs prepared as in Example 6 were laminated
one upon the other, followed by superposing a copper
foil 35 um thick on each of both surfaces of the
laminate structure. Further, the resultant laminate
structure was pressurized under heat as in Example 6 to
25 prépare an inner laminate having a thickness of 0.8 mm.
An additional prepreg sheet was further laminated on

each of both surfaces of the inner laminate, followed



15 v manuf acturing a copper-clad gl ass epoxy | am nate. Further
peinted wiring board excellent in various properties can be
menuf act ured by using the copper-clad . | am nat e.

1. A halogen-free flanme-retardant epoxy resin ’ conposi tion,
conpri si ng: (A) a bisphenol A type epoxy resin,; 5

(B) a novolak type epoxy resin; (C a nitrogen-containing
phenolic resin acting as a curing agent;

by superposing an additional copper foil 18 m thick on
each of the prepregs. Further, the resultant structure
was pressurized under heat as in Example 6 to obtain
a multi-layered laminate having a ihickness of 1.6 mm.
The resultant multi-layered laminate was put under
condition A (boiling for 6 houfs) shown in Table 1,
followed by measuring the humidity resistance of
the laminate by the method described previously in
conjunction with Table 1. Blistering was not recognized
10 at all in the multi-layered laminate tested.
As described above, the present invention provides
a halogen-free epoxy resin composition exhibiting
an excellent flame retardancy. The epoxy resin
composition of the present invention can be used for
15 manufacturing a copper-clad glass epoxy laminate.
Further, a printed wiring board excellent in various
properties can be manufactured by using the copper-clad

laminate.

a



(D) a‘‘curing accel erator; and (E) an inorganic filler. 10

2 The conposition according to claim1, wherein sai d
nPtregeHLQQnLaLnLng_png_olic resinis a co- condensati on resin
f or med t he reaction anong a phenolic conpound, a guanam ne
conpo w Hlu(lmmlmyﬁn al dehyde conmpound. 15 3. The
conpo oclaiml or 2, 25 wherein said bisphenol A
type epoxy reési b hiis an epoxy equi val ent of 170 to 1000.

4. A hal ogen-free flane-retardant epoxy resin conposition,
conprising: 20 - (A a bisphenol A type epoxy resin

(B) a novolak type epoxy resin; @5 phosphorus- and

nit rogen- cont ai ni ng phelnol A halogen-fr e5|ﬂa§1ncet_|rneq:ae]1:sdae}ltcurl I';g, a esl}.tn

composition, comprising:
(A) a bisphénol A type epoxy resin;
5 (B) a novolak type epoxy resin;
(C) a nitrogen-containing phenolic resin acting as
a curing agent;
(D) a curing accelerator; and
(E) an inorganic filler.

10 2. The composition according to claim 1, wherein
said nitrogen-containing phenolic resin is a co-
condensation resin formed by the reaction "among
a phenolic compound, a guanamine compound and
an aldehyde compound.

15 3. The composition according to claim 1 or 2,
wherein said bisphenol A type epoxy resin has an epoxy
equivalent of 170 to 1000.

4. A halogen-free flame-retardant epoxy resin
composition, comprising:

20 (A) a bisphenol A type epoxy resin;

(B) a novolak type epoxy resin;

(C) a phosphorus- and nitrogen-containing phenolic
resin acting as a curing agent;

(D) a curing accelerator; and

25 (E) an inorganic filler.

5. The composition according to claim 4, wherein

said phosphorus atom- and nitrogen atom-containing



(E» a curlng ator; and 25 (E) an inorganic filler

5.« Th |on accordlng to claim4, wherein sai d phosphorus
atom cont ai ni ng phenolic resin is a
reacti 6n er umn;d by the reacti on anong a reactive
phosphori c aC|d eStef, a phenol i ¢ cpgrpound, a guanam ne conpound
and an al dehyde conpound. 5 6. The conposition
according to claimb5, wherein sai d reactive phosphoric acid ester

I's represented by
phenolic resin is a reaction product obtained by the

reaction among a reactive phosphoric acid ester, a
phenolic compound, a guanamine compound and an aldehyde
compound. |
5 6. The composition according to claim 5, wherein
said reactive phosphoric acid ester-is :epresentéd by

the formula

a
10
15 c
where a + b + ¢ =‘3; ais 1, 2 or 3; b is 0, 1 or 2;
"c is 0, 1 oxr 2; n is 1 or 2; and each of Rl, Rz, R3, rR¢
and R° is a hydrogen atom or an alkyl group, at least
20 one of these Rl to R being an alkyl group.
7. A halogen-free flame-retardant epoxy resin
composition, comprising:
(A) a bisphenol A type epoxy resin;
(B) a novolak ﬁype epoxy resin;
25 _ (C-l) a reactive phosphoric acid ester;

(C-2) a co-condensation resin of a phenolic resin,

a guanamine compound, and an aldehyde compouﬁd;



the f8rmra—————— [err]

Wiere a s 1, 2 or 3; bis 0, 1 or 2 cis 0, 1 or
2;2n |s”m ”mw of Rerr], Rerr], Rerr], Rerr] and

Rlerr] 1's a n1or an aIkyI group, at least 20 one of these
Rlerr] to Rerr] belng an al kyl group. 7. A hal ogen-free
fl ame-retardant epoxy resin conposi27on, conpri sing:

(A) a bisphenol A type epoxy resin;

(D) a curing accelerator; and

(E) an inorganic filler.

8. The resin composition according to claim 7,
wherein said reactive phosphoric acid ester (C-1) is

5 represented by the formula:

a
10
c
15 &here a+b+c¢c=23;ais 1, 2 0or 3; bis 0, 1 or.2;
c is 0, 1 or 2; n is 1 or 2; and each of Rl, RZ, R3, R4
and R” is a hydrogen atom of an alkyl group, at least
one of these Rl to R? being an alkyl group.
9. A prepreg comprising a glass substrate
20 impregnated with the epoxy resin composition according
to ény one of claims 1 to 3.
~10. A prepreg comprising a glass substrate
impregnated with the epoxy resin composition according
to any oﬁe of claims 4 to 6.
25 11. A prepreg comprising a glass substrate

impregnated with the epoxy resin composition according

to claim 7 or 8.



(B) a neveLak_‘xge epaxy resin; 25 (G1) a reactive phosphoric

acrd ester -(C—2) a co-condensation resin of a phenolic

resin, ne conpound, and an al dehyde conpound,;

(D) a Jmm’ﬁ""ﬂlmllmyrﬁr and (E) an inorganic filler.
. The r*esin €onposs according to claim7 wherein said

reactlve phosphoric acid ester (G 1) is 523 represented by the

formul a: [err]

12. A laminate comprising a plurality of
prepregs according to claim 9, laminated together,
wherein said epoxy resin composition is cured.

13. A laminate comprising a plurality of

5 prepregs according to claim 10, laminated together,
wherein said epoxy resin composition is cured.

14. A laminate éomprising a plurality of prepregs
according to claim 11, laminated together, wheréin said
epoxy resin composition is cured.

10 15. A copper-clad laminate, comprising a substrate
consisting of a prepreg according to claim 9, and
a copper foil mounted to at least one surface of said
substrate, the epoxy resin composition in said prepreg
being cured.

15 16. A copper-clad laminate, comprising a substrate
consisting of a prepreg sheet according to claim 10,
and a copper foil mounted to at least one surface of
said substrate, the epoxy resin composition in said
prepreg being éured.

20 17. A copper-clad laminate, comprising a substrate
consisting of a prepreg sheet according to claim 11,
and a copper foil mounted to at least one surface of
said substrate, the epoxy resin composition in said
prepreg being cured.

25 18. A printed wiring board, comprising a substrate
consisting of a prepreg according to claim 9, and a

wiring layer formed of at least one surface of said



ﬁi5 “vmaea-rb+c 3, ais 1l 2or 3 bis 0, 1or 2 cis
anleE’érrilllllIIﬂllfalﬂ BBLAR o5 or o & e o bt b Thast TS one o

these R err] R et r]® béing an al kyl group. THHSSHE 9
conprising a gI ass subStrate 20 | npregnat ed wit t@}%g@g%@ N
conposi tion according to any one off%l ai ns&&

10. A prepreg conprising a gjass substrate

éubstrate, the epoxy resin composition in said prepreg
being cured.
19. A printed wiring board, comprising a substrate
consisting of a prepreg according to claim 10, and
5 a wiring layer formed on at least one surface.of said
substrate, the epoxy resin composition in said prepreg
being cured.
20. A printed wiring board, comprising a substrate
consisting of a prepreg according to claim 11, and
10 a wiring layer formed on at least one surface of said.
substrate, the epoxy resin composition in said prepreg

being cured.
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|npregnated with the.epoxy resin conposi t.i on accordlng to.any one
of clains 4 to 6. 25 11. ~ A prepreg conprising a glass substrate

i fpregnated with the epoxy resin conposition accordi ng toclaim?7
or 8. ~12. Alaninate conpr|3|ng a plurality of
prepregs according to claim9, |am nated t%ﬂFth wherein said
epoxy resin conposition is cured. 13 A | am nate conprising a
plurality of = 5 prepregs according to claim 10, |am nated together,

ABSTRACT
Disclosed in a halogen-free flame-retardant epoxy
resin composition, comprising (A) a bisphenol.A type
epoxy resin, (B) a novolak type epoxy resin, (C)

5 a phenolic resin type curing agent, (D) a curing
accelerator, and (E) an inorganic filler. The phenolic
resin type curing agent (C) is provided by a nitrogen-
containing phenolic resin, preferably, by a co-
condensation resin formed by the reaction among

10 a phenolic compound, a guanamine compound, and an
aldehyde compound. More desirably, a phenolic resin
containing both phosphorus and nitrogen should be used
as the curing agent (C). Further, a combination of the
co-condensation resin noted above (C-1) and a reactine

15 phosphoric acid ester can be used as a curing agent.



wherein said epoxy resin conposition is cured.

REPLACTART SHERT

alcopper foil

the epoxy resin
16 A

sting of a

resin _
17. A

conpr i sing a pturatity—ef prepregs according to c

I am nat t ein said ~ epoxy resin conpgsiftion is cured
10 ﬂmnﬂmﬂﬁb{m;@@r clad | aninate, conprising a substratelQFEB 1999
consi stifng ol ¢ 'eflaccording to claim9, and

mounted to at | east one surface of said29 - substrate,

conposition in said prepreg bei ng cured. 15

copper-clad | am nate, conprising a substrate consi

prepreg shedibsioeaiieli fghe GR®Y mepin compositipn im e@dgerregitegount ed to
at |east ong sid fagkedf said substrate, the epoxy

conposition in said : : prepreg being cured. 20

copper-clad | ami nate, conprising a substrate consi

sting of a

prepreg shegd. aQeqiinted it bdard, comprisity & GRRRATHt@ | mounted to

.at | east one surface of

consisting of a prepreg according to c¢laim 10, and a wiring
layer formed on at least one surface of said substrate, the
epoxy resin composition in said prepreg being cured.

20. A printed wifing board, comprising a substrate
consisting of a prepreg according to claim 11, and a wiring
layer formed on at least one surface of said substrate, the
epoxy resin cémposition in said prepreg being cured.

21. The composition adcording'to_claim 1; wherein said
nitrogen-containing phenolic resin comprises a co-
condensation resin formed by the reaction among a phenolic
compound, a guanamine compound and an aldehyde compound in
the presence of an acid catalyst.

22. The composition according to claim 21, wherein said
compdnenté (A) and (B) are present in total in an amount of
about 51 to 80% by weight based on the total amount of the
resin components (A) - (D).

23. The'composition acdording to claim 21, wherein said
component (A) is present in an amount of 60 to 95% by
weight based on the total amount of said componénts (A) and
(B) . | |

24. The composition according to claim 21; wherein said
components (A), (B) and (C) are contained such that 0.8 to
1.2 epoxy equivalents are present'per hydroxy equivalent in
said composition. o ' |



saixd substf?ﬁ??‘?ﬂ??iEpoxy—+ésLn conposition in said

€ur ed.

formed of at

29 substrate t he epoxy resin conposition in said prddEEB 1999
bei ng cured. 19. A printed 28aing board, conprjsjng a substrat
consisting of a prepreg according to claim 10, and 5 |awring Tayer

formed on at | east one surface of said

prepreg being

e of said

rinted wring board, conprisin A
consi st ng 0 ”HMBHU@E ding to cl algm 9, and arrp @Wﬁﬁ%@m

e

25. The composition according to claim 21, wherein said
component (C) is present such that the composition contains

1 to 10% by weight of nitrogen atoms.

26. A prepreg comprising a glass fibexr substrate
impregnated with the epoxy resin composition according to
any one of claims 21 to 25.

27. A laminate comprising a plurality of prepregs

according to claim 26, laminated together, wherein said
epoxy resin composition is cured.

28. A copper-clad laminate comprising a substrate

consisting of a prepreg according to claim 26, and a copper

foil provided on at least one surface of said substrate,
wherein said epoxy resin composition is cured.

29. A printed wiring board comprising a substrate

consisting -of a prepreg acc¢ording to claim 26, and a wiring
layer provided on at least one surface of said substrate,

wherein said epoxy resin composition is cured.
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A halogen-free flame.retardant epoxy resin oomposmnn eommnmg (A) a bisphenol A epoxy resin; (B) 2 novolak epoxy resin; (C) a
phenol resin curative; (D) a cure accelerator; and (E) an inorganic filler. The curative (C) is a nitrogenous phenol resin, preferably a
cocondensate resin formed among phenol, guanamine and aldehyde compounds, still preferably a phenol resin containing phosphorus and
nitrogen atoms. It is also -possible to use a curative comprising a combination of (C-1) the cocondensate resin with (C-2) a reactive
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