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retardancy without using any halogen-based flame retardant,

as well as to a sealant for semiconductor, using the

composition.

Related Art Statement

etc.

Thermosetting resins typified by epoxy resins,

are in wide use in parts of electric or electronic

appliances, etc. for their excellent properties. In many

cases, flame retardancy is imparted to the thermosetting

resins to allow them to have safety to fire. The flame

retardancy of these resins has generally been achieved by

using a halogen-containing compound such as brominated

epoxy compound or the like. While halogen-containing

compounds have high flame retardancy, aromatic bromine

compounds liberate bromine or hydrogen bromide (these are

corrosive) when thermally decomposed and, when decomposed

in the presence of oxygen, may form a polybromodibe-

nzofuran or a polydibromodibenzoxine (these are very

toxic). Further, bromine-containing waste materials are

very difficult to dispose.

It is well known that for the above reasons, ex-

tensive study is being made on phosphorus compounds as a



tensive study is being made on phosphorus conpounds as a

-2- flame retardant replacing the brom ne-containing flane

retardant. Addition of a phosphoric acid ester or the |ike to an epoxy
resin, however, has |imted applications because of problens of

bl eedi ng and hydrol ysis. Further, 5 ordinary phosphoric acid ester
conpounds having a func- tional group such as phenolic hydroxyl group
or the like cause hydrol ysis and Iipega;e free phosphoric acid, which
i nvites conspicuous inpairment of electrical properties or

reliability. Ifiame reOBIESAt Qephtde inVENE! SPbmine-containing Alah&t ensive

study has been nmade to solve the above problens and, as a result, the
present inventimetardant. AdiHernocoonpl etpdosdieripr esédt esheendt orheprlokiedes a
resin 15 conposition which has high flane retardancy w_ thout using
any hal ogen conpb@7d eRATYWAFEH e VEE /i Rphi tinheepragpdicationstjes of an
article to which the conpositjon i pli.ed. SgNNARY THE
TWENTI QN 20 pecalse SRR o WRekiPe gy Turther,
flaUE'retar@antofé¥ﬂé}ycgﬂggﬁh$ffg]égyamés§bggéompounds havinP a( Aip@D epoxy
resin other than hal ogenated epoxy resins, having at [east two epoxy
groups in the nnl®@ell group such as pheno(lBr Ry@H6xyD AGRIM orafHe like
cause hydrolysis and liberate free phosphoric acid, which
invites conspicuous impairment of electrical properties or
reliability.
10
OBJECT OF THE INVENTION
An intensive study has been made to solve the
above problems and, as a result, the present invention has
been completed. The present invention provides a resin
15 composition which has high flame retardancy without using

any halogen compound and which does not impair the proper-

ties of an article to which the composition is applied.

SUMMARY OF THE INVENTION
20 The present invention resides in:
a flame-retardant resin composition comprising:
(A) an epoxy resin other than halogenated epoxy
resins, having at least two epoxy groups in the molecule,
(B) a curing agent, and
25 (C) a product obtained by reacting (Cl} a phos-
phorus compound having at least one P-H linkage in the
molecule, with (C2) a compound having, in the molecule, at

least one functional group selected from the group



25 (C a product obtained by reacting (Cl) a phos- phor us

conpound having at |east one P-H linkage in the nol ecule, with (C2) a
conmpound having, in the nolecule, at | east one functional group
selected fromthe group - 3-

consi sting of C-C double bond, epoxy group, alcoholic hydr oxyl group
and carbonyl group, and at |east one func- tional group selected from
t he group consi sting of epoxy group, phenolic hydroxyl group, am no
group, cyanate ester 5 group and i socyanal e group, and having a

h h tent of 0.3% ight .to, 8%b i ght: d ..
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addition of a phosphoric acid ester or the like to an epoxy resin has
limted applibnati gasup essltsa eaf fpoabtrasgdup|eediisgiagdofiyefrotyy- 15
sis. Further, ordinary phosphoric acid ester conpounds havi ng a
functional grougrsueh BRephbid YNy logyPulr cypLlne groye. t AE2Rd k@ &5HeFe
hydrol ysis and |iberate free phosphoric acid, which invites

conspi cuous Pnp&FPHEnEREf 18PSERE (G 9T OuP properties or reliability. In
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reacting a conpeuidhiaving a P-H I inkage, with a func-
a sealant for semiconductor, using the above
composition.
10
DETAILED DESCRIPTION OF THE INVENTION
As mentioned above, addition of a phosphoric
acid ester or the like to an epoxy resin has limited
applications because of problems of bleeding and hydrcly-
15 sis. Further, ordinary phosphoric acid ester compounds
having a functional group such as phenolic hydroxyl group
or the like cause hydrolysis and liberate free phosphoric
acid, which invites conspicuous impairment of electrical
properties or reliability. In order to solve these
20 problems of the prior art, the present invention has
achieved both flame retardancy and reliability by (1)
reacting a compound having a P-H linkage, with a func-
tional group capable of causing an addition reaction or a
condensation reaction with said compound, to form a phos-
25 phorus compound having a P-C linkage stable to hydrolysis
and (2) reacting a matrix resin (an epoxy resin and a
curing agent having a phenolic hydroxyl group) with a

functional group reactive with said epoxy resin or said



tional group capable of causing an addition reaction or a condensat i on
reaction with said conpound, to forma phos- 25 phorus conpound havi ng a

P-C-linkage stable to hydrolysis and (2) reacting a matrix resin (an
epoxy resin and a curing agent having a phenolic hydroxyl group) wth
a functional group reactive with said epoxy resin or said

-4- curing agent, to forma strong bond. In the
present invention, the epoxy resin (A _ other than hal ogenated epoxy
resins, having at |east two epoxy groﬁps in the nol ecul e can be
exenplified by bhaphgy ageht, Ngb FornyRE sRRBXY HESAN; bi sphenol F type epoxy
resin, bi sphenol S type epoxy resin; phenolic novolac type epoxy
resin; cresol novol ac typéneﬁm(prreeseinm;di?aphttmhenﬂud yapgxy ]::esixepa:()_y resin;
bi phenyl type epoxy resin;_ and N-glycidy ~ conpounds of aromatic
ampnesyor th er cpft'i})h/qu Ehant Padesenaied spory, resinexdipiiag at least two

N, N-di gl ycidyl ani line, .triglycidyl i socyanurate and. . o
N,N,N,N -tetrag Ayc;(?&d)glrpﬁpg(%r} a%lyeng‘-c’leculehﬁﬁ%%;)e- Pﬁa}%é?d;% ]Bb%‘i’g%/e re5|dn
A) is not restrigtedd LA6S8 e %20BheSo1 THESHE! ngdas Ry be use
i(n) adm xture of ?\%S gxrm}rcryore Ki nds. g?he %poxy res%ﬁ%&) e>s<(£:rﬁqudes 15

hal ogen- cont ai nitigrdyeme) SesyPs eueoly aesbnonpheieli Dirtieac type N&boy EPOXY
resin, brom nated novol ac epoxy resin and the _like because the resin
conposi tion of t”r‘?élﬁr"e§6ﬁ§°fnwmlac CYPR| BROYY s 'haepgshabasedtydeane

Composi 11 on 15 SH5*YaA 58781 B enawy Y PEFRCRY GHtt FPOmIEBIERrSFbhydr i n.
t he compounds of aromatic amines or heterocyclic nitrogen

10 Dbases, for example, N,N-diglycidylaniline, triglycidyl
isocyanurate and N,N,N',N'-tetraglyciéyl-bis(p-amino-
phenyl) -methane. The epoxy resin (A) is not restricted to
these examples. These compounds may be used in admixture
of two or more kinds. The epoxy resin (A) excludes

15 halogen~containing epoxy resins such as brominated bisphe-
nol A epoxy resin, brominated novolac epoxy resin and the
like because the resin composition of the present inven-
tion uses no halogen-based flame retardant. However, when
the epoxy resin used in the present resin composition is

24 an ordinary epoxy resin produced from epichlorohydrin, the
chlorine contained in the epoxy resin is inevitably con-
tained in the present resin composition, but the amount
thereof is a level known to those skilled in the art and
is an order of several hundreds of ppm in terms of hydro-

25 lyzable chlorine.

In the present invention, as the curing agent

(B), there can be used all curing agents known to those

skilled in the art. Examples thereof are amines such as



chlorine contained in the epoxy resin is inevitably con- tained in the
present resin conposition, but the anmount thereof is a level known to
those skilled in the art and - is an order of several hundreds of ppmin
terms of hydro- 25 |[|yzable chlorine. I'n the present

I nvention, as the curing agent (B), there can be used all curing
agents known to those skill.ed in the art. Exanples thereof are am nes
such as _ o -5 (Jerr]

straight chain aliphatic diamnes (e.g. eth?lénedla- m ne,

trinmethyl enedi amd,ng. stedigietdndianadi gRh Oe: ahmines (BEYaNELAVA &hgdiaani ne),

net aphenyl enedi am ne, paraphen- yl enedi am ne, paraxyl efdedi am ne,
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4,4 - dlanlnodlphen I et her, 4,4'-di am nodi phenyl sul fone, 4,4'-diam -
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the |ike; Ehdweal, i ¢, 4 esdienivisdi pasny €50l Sody pey Aheagbine-resi n, phenol
aral kyl resin and the like; polyoxystyrenes such as 15 polyparaoxystyrene
and the like; a@@dééwélahﬁ¥%n¢mkh§s(4Thmln0phem1&»pn;nagmathéﬁ§,|3 ot
restricted to these.exa resent resin conposition is
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novol ac type mine, 1,l-bis(4-aminophenyl)cyclohexane, dicyandiamide and

10 the like; novolac type phenolic resins such as phenolic
novolac resin, cresol novolac resin, tert-butylphenocl
novolac resin, nonylphenol novolac resin and the like;
phenolic resins such as resole type phenolic resin, phenol
aralkyl resin and the like; polyoxystyrenes such as

15 polyparaoxystyrene and the like; and acid anhydrides. The
curing agent (B) is not restricted to these examples. When
the present resin composition is used as a semiconductor
sealant, the curing agent (B) is preferably a novolac type
phenolic resin (e.g. phenolic novolac resin, cresol

20 novolac resin, tert-butylphenol novolac resin or nonyl-
phenol novolac resin), a resole type phenolic resin, a
polyoxystyrene (e.g. polyparaoxystyrene) or a phenol
aralkyl resin, for their excellency in moisture resistance,
reliability, etc.

25 In the present invention, the phosphorus
compound (Cl) having at least one P-H linkage in the
molecule, used for synthesis of the component (C) is

preferably at least one phosphorus compound selected from



phenolic resin (e.g. phenolic novolac resin, cresol 20 novolac resin,

tert-butyl phenol novol ac resin or nonyl - phenol novolac resin), a
resole type phenolic resin, a - pol yoxystyrene (e.g. polyparaoxystyrene)
or a phenol aral kyl resin, for their excellency in noisture _
resi stance, reliability, etc. 25 In the present invention
t he phosphorus conpound (Cl) having at |east one P-H linkage in the
nol ecul e, used for synthesis of the conponent (C) is preferably at

| east one phosphorus conpound sel ected frad - ig{ _—
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phenyl phosphi ni qiaatihtene-10-oxide, diphehglphessRime Wi deC2)aipaedyior
synt hesis of the S_.conmponent (C), it is preferable that the C C double
bond as t RhESPRdftroARf Ry phesghindasacdde group sel ected

fromthe group consisting.of_.allyl groyp, _acryli roup, . nmethacrylic
group and nel ei ni de group™®or’% ﬁyﬂ“pgﬁﬂg ((jl;- %?"c%h%l’? é;ﬁ;@gﬁk? °§r‘3&bﬁ) als
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The conponent (C), which is a product obtained 15 by the reaction of the
phosphorus conp ﬁﬁfG@&)gﬁPWPIqqn§15tlngcgﬁp®hhﬂl(¢§§qpxua¢rbé1usedca5,a

single Conpoundn%&hggrylic group and maleimide group, or that the

alcoholic hydroxyl group as the functional group is hydr-
10 oxymethyl group, or that the carbonyl group as the
functional group is at least one group selected from the
group consisting of carboxyl group, formyl group and
acetyl group.
The component (C), which is a product obtained
15 Dby the reaction of the phosphorus compound (Cl) with the
compound (C2), can be used as a single compound or in
admixture of two or more compounds.
In the present invention, the reaction for
synthesis of the component (C) is conducted by melt-mixing
20 the phosphorus compound (Cl) having a P-H linkage and the
compound (C2) at a temperature not lower than the melting
point of the compound (Cl). The condensation reaction
between the P-H linkage of the compound (Cl) and the func-
tional group of the compound (C2) is preferably conducted
25 while the condensation water generated is being removed
under reduced pressure. The reaction can be conducted in a
bulk state, but can alsc be conducted using a solvent

inert to the phosphorus compound having a P-H linkage and



adm xture of two or nore conpounds. In the present

i nvention, the reaction for synthesis of the conponent (C) is
conducted by nelt-mxing 20 the phosphorus conpound (Cl) having a P-H

| i nkage and the conpound (C2) at a tenperature not |ower than the

mel ting poi nt of the compound (Cl) . The condensation reaction
between the P-H |inkage of the conpound (Cl) and the func- tional
group of the conpound (C2) is preferably caonducted 25 while the
condensati on water generated is being renoved under reduced pressure.

The reaction cag1bs €OMNEUCIRADLLIE Bond, egBihK giloabe, abebhsBit alysir o9l
conducted using a sol vent inert to the phosphorus conpound having a

P-H | i nkage andgroup, carbonyl group, phenclic hydroxyl group, -dfino al so
to C C doubl e bond, epoxy group, alcoholic hydroxyl group, carbonyl
group, phenoli cgﬁ?‘éﬁox‘ibfaf@rt@uﬁs’iam Fooup andgrléﬁﬁyaé?éﬂaQJé"%t er group and

I socyanat e group. LI oportions of the. epaxy S (A and
t he 5 curing agent (B) useﬁro %r%ﬁ%roﬁﬁfaEEIypax¥e?%ﬁﬂ%d&% and Eﬂe

considerati an of,ibad IN&CcamEponspl 4£3 éwdﬁ\i@tamyeammmed group or a
phenoli ¢ hydroxyl group. The presence of ‘either of these functi onal

groups in a |argenekdesscicn pdt that tips efaahlentbeécausey ihaveadn epoxy
reduction in noisture resis- 10 tance, noldability and el ectrical
properti es aftegrewpey.a phencihe bY@%R#Xl(ﬁ?Q@P t HEhe arRssease OE) efgher

determ ned so thg phosphor us cont en in the resin conp05|t|on
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preferable because it invites reduction in moisture resis-
10 tance, moldability and electrical properties after curing.
The proportion of the component (C) is determined so that
the phosphorus content in the resin composition becomes
0.3% by weight to 8% by weight. When the proportion is
smaller than 0.3% by weight, no flame-retardant effect is
15 obtained. When the proportion is larger than 8% by weight,
there occur reduction in heat resistance and moisture
resistance and impairment of moldability.
The flame-retardant resin composition of the
present invention has high flame retardancy without using
20 any halogen compound and does not impair the properties of
an article to which the composition is applied. Therefore,
the resin composition can be suitably used as a sealant
for semiconductor element, electronic part or electrical
part; as a coating material; as an insulating material: or
25 as a laminated sheet, a metal-clad laminated sheet, or the
like.
When the present flame-retardant resin composi-

tion is used as a sealant for semiconductor element,



smal'l er than 0.3% by weight, no flane-retardant effect is 15 obtai ned.

When the proportion is |arger than 8% by wei ght, there occur reduction
i n heat resistance and noi sture resi stance and inpairment of

nmol dabi lity. The flame-retardant resin conposition of the
present invention has high flame retardancy without using 20 any hal ogen
conmpound and does not inpair the properties of an article to which the
conposition is applied. Therefore, the _resin conposition can be
suitably used as a seal ant for seni confuct or el enent, electronic part

or electrical varisid adstdvesakhdieh "R @hiodle sRS188q1 s W iaRg gRierial;
or 25 as a |lam nated sheet, a netal-clad | am nated sheet, or the

li ke. added Weerhehgoppesimior | afech edadddaintesr dsiciudenpbkiers

tion is used as seal ant, for sem conductor el ement,
- 8- vari ous g%lt:ﬁ't i St CRNBRHAR D (Ho¥H- ki [tReE . | Ralmiimyqarioaate,  added
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powder, al um na, cal'Cium car
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wax, netal salt of straight chain fatty acid, acid amde, ester and
paraffin), st iglitnghadenfst{e. aridankad bhagk, askdredndr gAraxige) ,
curing accelerators, etc. A sem conductor seal ant can be produced by
uni formly ni xi ngSO¥RF % agsatsf (@ o xaarkeon bhack1gnd | jéck,irome opidsknt
[lame-retardant e GUURILLLSN:, Ree. afLenflofileR"SLa PO LAPTS 2
gl ven conposition, en
produced by uniformly mixing, by the use of a mixer or the
10 1like, the present flame-retardant resin composition, a
filler and other additives at a given composition, then
subjecting the resulting mixture to kneading by a hot roll
or to mixing by a kneader or the like, cooling the result-
ing material for solidification, and grinding the result-
15 1ing solid into an appropriate size. The thus-obtained
sealant can be suitably used for sealing of semiconductor
elements by transfer molding, injection molding or the
like.
When the present flame-retardant resin composi-
20 tion is used for coating, production of a laminated sheet,
or other usage, the composition is dissolved in a solvent
to prepare a varnish. In producing a laminated sheet, the
varnish is coated on or impregnated into a substrate such
as paper, woven glass fabric, nonwoven glass fabric, non-
25 glass fabric or the like; the coated or impregnated
substrate is dried in a dryer at 80 to 200°C; thereby, a

prepreg is produced. The prepreg is heated and pressed to

produce a laminated sheet, a metal-clad laminated sheet



subjecting the resulting mxture to kneading by a hot roll or to

m xing by a kneader or the like, cooling the result- ~  ing material for
solidification, and grinding the result- 15 ing solid into an appropriate
size. The thus-obtained seal ant can be suitably used for sealing of
sem conduct or el enments by transfer nolding, injection nolding or the
like. When the present flane-retardant resin conposi- 20
tion is used for coating, production of a |am nated sheet, or ot her
usage, the conposition is dissolved in a 30f vent to prepare a varnish

I'n producing a lraw paigcedneslonithBoara, ¥ArMisSN @ coated on or
| npregnated into a substrate such as paper, woven gl ass fabric,

nonwoven gl ass fabric, ndm pr2bar@hgass ¥atish @f the pikesend hEl@ated or

| npr egnat ed substrate is dried in a dryer at 80 to 200[err]C thereby,
a prepreg FSLpréduEcRsitheoppepitions dreaimstinamy pobvermt io used.
produce a | amn sheet, a netal -clad | am nated sheet

d . .
-9- for pr% eeao YUt BEFRGT e CoHRAYS 1geod solvency for a part
preparing a yarish; 9f o he,Pres Bhegkgggf the fla%%%@gggpéar€§}é§in
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conposition, an ordinary solvent I's used. solvent i's reqﬁ Fed to

have good sol vepegitdsna ey may Be &rpadt £i1ddir @@MEAENES o HAE no
flame-retardant resin com position, but may be a poor solvent as |ong

as it has no  advguserstfesftf.ccExamixbamlas the t:heblsadiloresrl aeet katenket one

type solvents such as acetone, nethyl ethyl ketone, nethyl | sobut yl
kg?one, cycl oheXERBNBOGRPEShEUFrKaS” aFehitg c methyl ethyl ketone, methyl

isobutyl ketone, cyclohexanone and the like; aromatic

10 hydrocarbon type solvents such as toluene, xylene,
mesitylene and the like; glycol ether type solvents such
as methyl cellosolve, ethyl cellosolve, butyl cellosolve,
isobutyl cellosolve,.diethylene glycol monomethyl ether,
triethylene glycol monomethyl ether, propylene glycol

15 monomethyl ether, dipropylene glycol monomethyl ether,
propylene glycol monopropyl ether, dipropylene glycol
monopropyl ether, ethylene glycol monoisopropyl ether{ ai—
ethylene glycol monoisopropyl ether, diethylene glycol
monobutyl ether and the like; ester type solvents such as

20 methyl cellosolve acetate, ethyl cellosolve acetate, butyl
cellosolve acetate, ethyl acetate and the like; dialkyl
glycol ether type solvents such as ethylene glycol
dimethyl ether, diethylene glycol diethyl ether, diethyl-
ene glycol dibutyl ether and the like; amide type solvents

25 such as N,N-dimethylacetamide, N,N-dimethylformamide, N-
methyl-2-pyrrolidone and the like; and alcohol type sol-
vents such as methanol, ethanol and the like. These sol-

vents can be used singly or in combination of two or more



10 - hydrocarbon type solvents such as tol uene, xylene, mesi tyl ene and

the like; glycol ether type solvents such as net hyl cell osol ve, ethyl

cel |l osolve, butyl cellosolve, - i sobutyl cellosol ve, diethylene glycol

nononet hyl et her, triethylene glycol nononethyl ether, propylene

glycol 15 nononethyl ether, dipropylene glycol nononethyl ether,

propyl ene gl ycol nonopropyl ether, dipropyl ene glycol nonopr opyl

et her, ethyl ene glycol nonoi sopropyl ether,,di- et hyl ene gl ycol

nonoi sopropyl ether, diethylene glycol nonobutyl ether and the |ike;

ester type sol veah8ssuch as 20 nethyl cell osol ve acetate, ethyl

cel l osol ve acetate, butyl cel l osol ve acetate, ethyl acetate and the

li ke; dialkyl gl ycolThst féameypetandarhiresdgc hompoet tidrems ghecol

di ret hyl et her, diethglene | ycol diethyl_ ether, diethyl- ene gl ycol

di butyl ether aR#SEfRB |+fk‘é‘%ng’é1w1déaﬁybég of hAsf §et%da§ﬁ¥hwh%h°“t using

N, N- di net hyl ace i I Ildone
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and the like; S su anol
and the |likes Thesgiges-a novelveabhsa@cmy&e@sm @g{nﬁogiticﬁhm nation of

two or nore 10 - Ki nds.
The fl ame-r et ar tahbgeesirec ompresibl odendnddi® in thepfeseneé. i nventi on has
hi gh flame retardancy w thout using any hal ogen conpound and al so has

high reliability, and 5 provides a novel thernosetting resin conposition
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The present invention is described in more

10 detail below by way of Examples. However, the preseﬁt
invention is in no way restricted to these Examples. In
the following, description is first made on Synthesis
Examples 1 to 4 for synthesizing phosphorus-~containing
compounds as the components (C); then, description is made

15 on Examples 1 to 7 for producing molding materials for
sealing (flame-retardant resin compositions) and a lami-
nated sheet by use of these phosphorus-containing
compounds.
Synthesis Example 1

20 100 parts by weight of 9,10-dihydro-9-oxa-10-
phosphaphenanthrene-10-oxide and 87.5 parts by weight of
p-hydroxyphenylmaleimide were placed in a four-necked
flask provided with a thermometer, a stirrer and a
condenser. The mixture was subjected to a reaction at 130

25 to 135°C for 3 hours to obtain product (a). An elemental
analysis indicated that the product {(a) had a phosphorus
content of 7.7% by weight.

hesi am



DESCRI PTI ON OF PREFERRED EMBODI MENTS The present invention
Is described in nore 10 detail bel ow by way of Exanples. However, the

pr esent invention is in no way restricted to these Exanples. In

the follow ng, description is first nade on Synthesis Exanmples 1 to 4
for synthesi zi ng phosphorus-contai ni ng conmpounds _as the conponents
(Q; then, description is made -15 on Exanples 1 to 7 for producing

nol ding materials for sealing (flane-retardant resin conpositions) and
a lam - nat ed sheet by use of these pﬁ sphor us- cont ai ni ng

conpounds. Synt hesi s1ExaHplte by @0ight of diphehdd BABLShDYe WEigHt of
9, 10- di hydr o- 9- oxa- 10- phosphaphenant hr ene- 10- oxi de and 87.5 parts by

wei ght of g-ohydPaxyphaneimhsi wifdecwetampldacedd plackduinnackadr -
flask provided mﬁt? %gernnneter, a stirrer. and a condenser. The
m xture was subf*&E 5% 2k RERMIASE WEth3® thermeueteys| @r SEEFFeF andidurs to

obt ai n product | e t al nal ysis indicated that, the product
(a) had a phosp%g%lggﬁgeg' (@%t g‘% CaFe M A)%“fpj\ﬁéﬁt&%t EO a reagedts l%)Qanpl e
2

5 to 135°C for 3 héQQsp@étébéa&dMﬁr%thQféﬁiPhQQYE18B839€£;e and

35.1 parts by weight of acrylam de were placed in a four- nec

fl ask provi ded whehyaishbndiorestedr thatstherprodurt ab) had €0pHEsSKsrusihe

m xture was subjected to_a reaction at_ 130 5 to 135[err]C for 3 hours to
obtain product EBPLenBnof|Eheth &v weight.

Svnthesis Example 3
A reaction was conducted in the same manner as
10 in Synthesis Example 1 except that the p-hydroxyphenyl-
maleimide was replaced by 164 parts by weight of a
biphenyl type epoxy resin, YX-4000H (a product of Yuka
Shell Epoxy K.K.), whereby product (c) was obtained. An
elemental analysis indicated that the product (c¢) had a
15 phosphorus content of 5.4% by weight.
i X 4
100 parts by weight of phenol, 81 parts by
weight of 37% formaldehyde and 5 parts by weight of a 20%
agueous sodium hydroxide solution were placed in a four-
20 necked flask provided with a thermometer, a stirrer and a
condenser. The mixture was subjected to a reaction at
100°C for 1 hour. Thereto was added 230 parts by weight of
9,10-dihydro-9-oxa~10-phosphaphenanthrene-10-oxide, and
the mixture was heated under reduced pressure to conduct a
25 reaction for 4 hours while the water generated in the
system was being removed, whereby product (d) was obtained.
An elemental analysis indicated that the product (d) had a

phosphorus content of 9.1% by weight.



anal ysis indicated that the product (b) had a phosphorus content of

11. 4% by wei ght. Synt hesis Exanple 3 A reaction was
conducted in the same manner as’ 10 in Synthesis Exanple 1 except that the
p- hydr oxyphenyl - mal ei m de was replaced by 164 parts by weight of a
bi phenyl type epoxy resin, YX-4000H (a product of Yuka Shel | Epoxy
K.K'), whereby product (c) was obtained. An el emental anal ysis

i ndicated that the product (c) had a 15 phosphorus content of 5.4% by

wei ght . Synt hesi s Exanple 4 - 12 - 100 parts by weight of
phenol, 81 parts._ b wei ght of 37% f ormal dehyde and 5 parts by wei ght
of a 20% aqtk di um hydroxi de solution were placed in a four- 20

necked flask provided wi tf,a d RRLAONBLES. g& égfgglg;g[ 2’?9?%“ of f enser.

The m xture was subjected to a reaction at for 1 hour.

Thereto was added123@,parpspiyrsveiyghteight of a biphenyl type epoxy resin,
9, 10- di hydr o- 9- oxa- 10- phosphaphenant hr ene- 10- oxi de, and the m xture
was heat ed unde¥~44G8Ed (prexeduar tof ¥ukduBhehl EX®xyr a&t-iiogpday 4 hours

vhi Lo the pater genetied L AN oo, SV SILYES belNg Lempver, uhe oby
Prggu?t (D Eigr?glaékp PQ%EP%}}%]{C%E%'EE?e?%/veé;rééé)rﬁ%g(?\%gqg%?%ST%%/tstei ght of
fused Chemicals, Inc.; hydroxyl equivalent = 175 g/eq), 8 parts

by weight of the product (a) obtained in Synthesis Example

1, 0.3 part by weight of a releasing agent (natural

10 carnauba wax), 0.2 part by weight of a pigment (carbon
black) and 0.3 part by weight of an epoxy silane coupling
agent, A-186 (a product of Nippon Unicar Co., Ltd.). The
resulting mixture was kneaded using a hot roll to obtain a
molding material for sealing a semiconductor.

15 The molding material was measured for spiral
flow, curability, flame resistance and reliability. The
spiral flow was measured using a die meeting the EMMI
specification, under conditions of 175°C and 70 kgf/cﬁz.
The curability was evaluated by producing a molded article

20 from the molding material at 175°C for 120 seconds and
measuring the Barcol hardness of the molded article. The
flame resistance was evaluated by producing a molded
article from the molding material at 175°C for 3 minutes,
subjecting the molded article to post-curing at 175°C for 8

25 hours to obtain a 1.6 mm-thick sample for flame resistance
test, and subjecting the sample to a flame resistance test
(vertical method) according to UL-94. The reliability was

evaluated by producing, from the molding material, a



silica, 8.2 parts by weight of a biphenyl type epoxy resin, YX- 400

(a product of Yuka Shell Epoxy K K.; epoxy 5 equi valent = 195 g/eq),
parts by wei ght of a phenol * aral kyl resin, Xylok XL-225 (a product
M tsui Toatsu Chem cal s, Inc.; hydroxyl equivalent = 175 g/eq), 8
parts by wei ght of the product (a) obtained in Synthesis Exanple
1, 0.3 part by weight of a releasing agent (natural 10 carnauba wax),
part by weight of a pignment (carbon _bh ck) and 0.3 part by weight
an epoxy silane coupling agent, A-186 ?a product of N ppon Unicar
Ltd.). The mbAsHbti 1Y (MegDirg waeankpegdewetsdma sihalated! alwmirhinai
nol ding material for sealing a sem conductor. 15 The nol di n

OH
3.8
of

0.2
of
Co. ,
n a

g

mat eri al was neasemedtf oundsgy rtdle same £bnditienslsd used fihabkeresi st ance

and reliability. The
speci PFEEFB

EMM

dhec GATPLROAST of L AT [TESAFERRAR 78S kgfF Ehfver

The curability I rodyci rt.icl omth
nmol di ng nateria&% t%§%5¥§$$$f9¥brt%238é§%0§%€q23§R{%OuE%eggﬁ%?n%ﬁ%he Ba
hardness of ghe gRbdedrard idde nuli@ity cohffFord£YShanee Has Al uahad by

produci ng a nol

3 m nut es,

met hod) ac
pr oduci ng,

cord
fro

10

15

20

25

. spiral flow was neasured uysing a die neeting the
h?nu%g

r].
e
r col

ded article fromthe nolding material at 175[err]C for

theh| eotintiing hemmudddravti cldefeotposs - cdefiargiate IT5[err] C
for 8 25 hours to obtain a 1.6 mmthick sanple for flane resistance
test, and subj e®CPAGOFRL- sTMS| ESEBLES faumeshwd dPafekle ekt (vertic

i to.UL-94. The reliability was eval uat ed by
terial, a

Melding materials were obtained in the same
manner as in Example 1 except that the amounts of the
biphenyl type epoxy resin YX-4000H and the Xylok resin XL-
225 were changed as shown in Table 1 and the product {(a),
(b), (c) or (d) was used in an amount shown in Table 1.
Each of the molding materials was measured for spiral flow,
curability, flame resistance and reliability. The results
are shown in Table 1.

m i 1 to

Molding materials were obtained in the same
manner as in Example 1 except that compounding was made
according to the formulation shown in Table 2. Each of the
molding materials was measured for spiral flow, curability,
flame resistance and reliability. The results are shown in
Table 2.

As clear from Tables 1 and 2, in Comparative
Examples 5 and 6 using a conventional flame retardant, the
amount of the flame retardant is relatively small and
consequently the flame resistance is low (V-1); but, the

spiral flow is long, the curability is low, and the

al



- 13 - nonitor 1 C (16pDIP) nounting thereon a sinulated al um num

el emrent, under the sane conditions as used in the production of the
sanple for flane resistance test, allow ing the nmonitor IC to stand
for 1,000 hours under the 5 tenperature and hum dity conditions of
121[err]C and 100% and t hen counting the nunber of defectives
(defective IC nonitors). The results are shown in Table 1.

Exanples 2 to 6 Mol ding materials were obtained in the sanme
10 nmanner as in Exanple 1 except that theld&nounts of the bi phenyl

type epo resin YX-4000H and .t he Xyl resin - : h as
yp poxy ! K abtlgét% is, low €§§IWQ§1 %Fb)c&anfag%v% %l% Q %QQEQ

. elLl
shown in Table TR roduct was used I n an

anount shown inzfakh@rleonventiEd@h @fahBerabdidit MallehbabE tRs amAagit ed
for spiral flow, 15 curability, flane resistance and reliability. The

results ar efshaenfland aldwmriant is Coopeased \amdExhrpely the oflame

Ml ding materials were obtained in the sane manner _as in Exanple 1
except that comF@FiGtAGCRass nawsoved tacko? di the A REIEoFFut St shown in
Tabl e 2. Eagh qf t he I

nol_di rrzl'l‘:eri | s ) sured for Irfslow
4 . hHeEohd :
curability, Fie2rre ?és(f"é’ipgﬁégg‘éﬁ ’faé’l"p?laaosl 15 & hlé_s%e%uaf tps%%:p_e Shown in
Table 2. compound 68 CAEHredl T1a0LEEIdn &Y thatl RnEOPRGEFIME 25
Exanples 5 and 6 uSing a conventional flame retardant, the anount of
the flanme retar daditent beteahés dlowesmahbnatde rangeofis@quenssyby hees idlaie
resistance is low (V-1); but, the spiral flowis long, the curability
is low, and the specified in the present invention, the flame resistance
is low (V-1l); in Comparative Example 3 using a phosphorus
10 compound of the present invention so that the phosphorus
content becomes higher than 'said range, the spiral flow is
short and the reliability is low. Meanwhile, in each of
Examples 1 to 6 using a phosphorus compound of the present
invention so that the phosphorus content falls within said
15 range, the flame resistance is satisfactory at V-0 and, '
even when the phosphorus compound is contained in a

relatively large amount (Examples 1-4 and 6), the number

of defectives is zero and the reliability is high.



- 14 - reliability is lowas well. In Conparative Exanple 4 using

anot her conventional flane retardant, although the anpunt of the flane

retardant is increased and thereby the flane resi stance is inproved to

V-0, the reliability is even 5 lower. |In Conparative Exanples 1 and 2

usi ng a phosphorus conpound of the~pkt8sent invention so that the

phosphor us content becones | ower FP %éya range (0.3 to 8% by wei ght)

specified in the present invention, the resi stance is low (V-1);
PP Ve 2 QoA h OSPROUS 10 c-opoupd-—of-t-he present

o

i n Conpar at ipye apH-e—3—uSs+hRg—a—phResp
i nvention sq that the phosphorus $?ﬁg\§nt ;@Em ﬁg ‘h ﬁ’ﬁ@‘ t?%@ﬁ’"viég?“_
i

range, the gpiral flowis short 1hg religabr3ity i1s | e,
i n each of Exasples, L to 6 using ansPQ@rusdﬁpgpo%Ed qr 85QF Regent
i nvention sd £h< H SRS apgs.—the
flame re5|staﬁceY¥s“@8¥|sfactorv at V-O‘hﬁd, 8.6 [efeh Wherms theoph)sphbrus
conpound is cantg;ng@ |n a rel atijvel g llarge anpunt QE%anp@e§ -4:@np
6), the nunbep of—defectives—+s—z .u—a1d t-herretapt —s—hH-gh-
.15 - N Product (a) 8.0Tdbl e 1 - - 1.2 -
Exam  Examy iExamducExay Exam  Exam - 5.2 - - - 13.2
ple ple | &p ple w
1 2 -3 g’”d“cg () - Eysed silflcd | - - - 80.0
80.0 80. 0| 58pribducBO(d) 80. 0 YX- 4i00(lH - - 6.6 8.2 _ 86
6.4 8.8 El)Nazturalbdaz;:nauba wax 0.3 | 0.3 | 0.3 | 0.3 | 0.3 | 0.3
g Carbon black 0.2 0.2 0.2 0.2 0.2 0.2
[o}
= |a-186 0.3 0.3 0.3 0.3 0.3 0.3
Phosphorus content (wt.%) 3.1 3.0 3.0 3.0 0.5 7.5
Spiral flow (cm) 90 80 93 86 83 75
Curability (Barcol
.§ hardness) 60 65 62 65 71 73
ES]
5 | Flame resistance 0
& | (criteria of UL94) v- v-0 V-0 V-0 V-0 V-0
M
A | Reliability (number of
defectives/number of all 0/20 0/20 0/20 0/20 0/20 0/20
samples)




XL- 225 3.8 6.2 2.4 4.6 8.6 1.0
Product (a) 8.0 - - - 1.2 -
Product (b)- 5.2 - - 13.2
Product (c) - - 11.2 - - -
Product (d) - - 16 - . 6.6 - -
Nat ural carnauba wax 0.3 .3 0.3 0.3 0.3
Car bon bl ack 0.2 8ra}le % 2 0.2 0.2 0.2 A-186
0.3 0.3 O—3— 03 O3 hospharts—eon rter**r ok g
3.1 30| 3.0 30 0.5 ““‘a“;“"’c"‘“"ﬁﬁl R Al R T R o
90 80 93 86 83 ExAbple(Exaabid |Examp[HErGp|le | Example | Example$0
65 62 65 71 73 hatdnbs Blage Pesilstdheel (cPithbrif of
UL94) Fu¥e® silica V-0 86.0 | 80.0 \-@0.0 | 80V60} 80.0 V-€b.0
Reliability D defectrT yes{nunber ,of [ 720 4 720
020 of oY ﬁ%@c} pd MUTPeE o1 &ly | Y 10% 9.2 ]
16 - ] XL-225 9.0ahl @.2 0.2 4.6 5.0 8.2
Conpar a- @nﬁarﬂod@pg{ a- Conpara{ Gogpara- npar a- - _ _
tive tivel Blt+ve—7iive L acy e AV
Exanpl e Exajy @rEﬂleﬂ‘mI(é) Exanpl e Exganple Ex®npl 4 14:4 - - -
1 2 M| sorcin 4ai henylp'iws_ 6 Fusgd sililca 8010
80.0  80.p&| 830  80.0 80.0| YX-4Q00H - |66 | 104 -10]4
5.4 8.8] o XE=225 90 52 o2
4.6 9.0 | $ %“Ehenylpﬁlﬁa’ﬂt?e (a) - ; 0.6 -- | o.8-| 2.6 |-
] - prdEiee (h) 0l 14 4 -
- Resorcin 'édlmlaefam phﬁ&ubph,aatxe Tii phenyl phesghine dxids 0.3 0.3
- ¥ ) Z. 6 0 Nat al car.ngun 0.3
0.3 0.3 | 2|fazbon bgﬁg& 03 agh%n 1% 0.2 6.2 Q82 o)
0.2 0.2 0186 0.2 0.3 0.3 0.3 0.3 0.3
Phosphorus content (wt.$) 0.2 0.2 8.2 3.0 0.5 1.5
Spiral flow (cm) 8Q 75 55 95 93 153
Curability (Barcol
§ hardness) 70 70 75 60 30 10
4
4| Flame resistance
§. {criteria of UL94) v-1 v-1 v-0 V-0 v-1 v-1
& Reliability (number of
defectives/number of 0/20 0/20 10720 } 15/20 2/20 13/20
all samples)




A- 186 0.3 0.3 0.3 0.3 0.3 0.3
Phosphorus content (w.% 0.2 0.2 8.2 3.0 0.5 1.5
Spiral flow (cm 80 . 75 55 95 93 153
Curability (Barcol 70 70 75 60 30 10
hardness) Fl ame resistance Flane resistande - V-1 V-1

V-0 V-0 gl F\/-zl(criteriaof UL94) Reliability (nunber of
defectives/nu 0/ 20 0/ 20 10/ 20 15/20 2/ 20 13/ 20 al

sanpl es) d?eilif vent c?n51stiz?oof N, Eﬁ@ﬂ@k

A 1:1 m xed sol vent con5|st|ng di et h r mam de and nethyl

ethyl ketone W@érﬁgﬁl@aet 8n§3m33f1§'§ 8¥hy1 kewshghhagf addphersl 63 pavekapy
type epoxy resin, Epiclon N 5 770 (a product of Dainippon Ink and

Chem cal s, | ncweigh@x®yf a phefiuilval aetrorad9@ypkegpoxy pastia, bgpieilght Nof
dicyandianide and 35 parts by weight of the product (b) obtained in
Synt hesi s Exanfilé 2a phedeby afvBamnnspphaving andofthemicalsgol dhkcl.e eponkgnt
of 50% by wei ght was prepared. Inciden- 10 tally, the phosphorus content
in the above r egnAvadepsdsk- 190 g/efdn a/a§antewbwywmg§ht of dicyandiamide

The varni sh contalnlng 80 parts by weight of the solid content was
i mpr egnat ed i nB® 155 parts By W@FSHF 8 the Pﬁoéuiﬁ &Y t RPERLIGPEsdnc| oth (a
product of Ntto seki nated gl ass cl oth was

ried ina dry Vo vBEEaTK Auveehi e RataeE 2 RPBH: oy
d yoppests %%%8%? 2 HhkaRH Aureds
aving a resi nyoyac GNEEALCRE 44 4800 GLO: BaSNEBLSA0LL NI £ 01 £BK 20

wer e | am na €s 0 e resulting
pl aced a QJ?CtEQhX&LCtﬁngﬁbsEHbEugfcéﬁtEﬁErkH‘Eﬁet9b85Be§§51n composi-
tion was 4.0% by weight.
The varnish containing 80 parts by weight of the
solid content was impregnated into 100 parts by weight of
a 0.18 mm-thick glass cloth (a product of Nitto Boseki Co.,
15 Ltd.). The impregnated glass cloth was dried iﬁ a dryer of
150°C for 4 minutes to produce a prepreg having a resin |
content of 44.4% by weight. 8 sheets of this prepreg were
laminated; on both sides of the resulting laminate was
placed a electrolytic copper foil of 35 um in thickness;
20 the resulting assembly was subjected to pressure molding
under the conditions of 40 kgf/cm® (pressure), 170°C
(temperature) and 120 minutes (time) to obtain a both-
sides-copper-clad laminated sheet having a thickness of
1.6 mm.
25 The resultant copper-clad laminated sheet was
measured for flame resistance, soldering heat resistance,
peeling strength and glass transition temperature. The

flame resistance was evaluated by the vertical method of



20 ‘the resulting assenbly was subjected to pressure nol ding under the
conditions of 40 kgf/cnR2 (pressure), 170[err]C (tenperature) and 120
mnutes (tine) to obtain a both- si des-copper-cl ad | am nat ed sheet
having a thickness of 1.6 nm 25 .o _ The resul tant copper-cl ad
| am nat ed sheet was measured for flan% resi stance, sol dering heat
resistance, yL-9gel itk JJRAihAMED AeT il 1221 ?ﬁ@l@fn@t $t@enbite
flame resi stance was eval uated by the vertical nmethod o

- 18 - Ulw&de nbasspédesctgrdind teSIB$ aneeisihnd [eeltheg ssilideding

wer e neasured according to JIS C-6481. In the soldering heat

resi stance, theeabppesistaniceaninateobsénetladslaminatsedjsveetd was 2- hour
boiling to give rise to noisture 5 absorption; the resulting materi al
was floated onS@PEefEed to 2-heun eibbug ck? |G YOrrisy sedumistutden, the
abnormality of the appear ance. was exan ned, Thedgh$ss ransi tion

t enper at ur a]?SWégtﬁ%‘?ér :?le’aeﬂljoﬁ’.r’?%em%%%’klﬁjerfﬁe? &t et [Ri9ems
reacur ed accorgipg 19 4BaTgod s Sl oo Te A0 okGAUAS ¥ e

shown in Tabl e arative

Var ni shes and é?ﬁé&f&ﬁéﬁsxl?&@téx { fed! ORHELY LS trantsﬁ*;tg%?g%f%@%&u% in

Exanpl e 7 except that the formula tions shown In re used.
The | ani nat ed GAgedstekind@l EroRachE 68bd 0! L EhEd®a t 084 S ANGE Sodglering

heat resis- tance, peeling strength and glass transition tenperature.
The results armes&anedi icdeblitnd.to the viscoelasticity method. The
10 results are shown in Table 3.
Comparative Examples 7 and 8
Varnishes and laminated sheets were produced in
the same manner as in Example 7 except that the formula-
tions shown in Table 3 were used. The laminated sheets
15 were measured for flame resistance, soldering heat resis-

tance, peeling strength and glass transition temperature.

The results are shown in Table 3.
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Exanple 7
Example 7
N-770

2

72

Phosphorus content (wt.

Tabl e 3
Conparative
Exanpl e 8

Conparative
.Formul ation (parts by wei ght)

63 27 61
1 3 Pr oduct? (b)
Tri phenyl phosphi ne oxi de -
P yip p@@ 4_O’I‘able 3

Epi cl

D cyandi am de
35
36
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Properti eg
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two epoxy

)taFﬁ%ﬁfrb9grq§éEtﬁ%§QSTQBf? a(p

t he npol ecul e agent, and
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Blister

hyg abnor-
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1.9
165

Blister

Peeling strength (KN/cm)
Tg (DMA method) (°C)

1.5
151

0.5

ngt h
O
a

usi ng.
7

cause

1.
y

(O a

145
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As clear from Table 3, a flame resistance of V-0

was achieved in all of Example 7 and Comparative Examples
7 and 8; however, in Comparative Example 8 using a conven-
tional flame retardant and also in Comparative Example 7
using a phosphorus compound of the present invention in a
large amount, blister appeared in the soldering heat
resistance test because of the low glass transition tem-

perature, and further the peeling strength was low.



phorus conpound having at |east one P-H Ilinkage in the nolecule, with (C2)
a conpound having, in the nolecule, at |east one functional group selected

fromthe group consisting of C C double bond, ep lic
hydroxyl group and carbonyl group, and at |east o llm['mmmj m roup
sel ected fromthe group consisting of~ep®xy group

group, am ster group and |socyanate group, and haV| ng
a phosphor@@ﬂgé eﬁ?ﬁﬁﬁﬁg§§$§by wei ght to 8% by weight. 2.

flame-retardant resin 'r%'n%'}o%%%o&@élga Qm gs,:«lltrilojrlh rqlsqnghe curing
agent (B) is a conpoun resin having at |east t i ¢ hydroxyl

groups in the noleculg -an3e oxy relill ¥ rdreitd=08Malk d&ﬂ@@'@%ﬁﬁy on
according to Caiml1, mherefhx?he pﬁbsphorus conpouné@?%E) havi ng " at

| east one Rgdiddkageriny tde Iedacwey diseds ffoupatitesitee nflddig econponent
(C is at |east one phosphorus conmpound selected fromthe group consisting
of 9, 10-di hydro-9- oxaB) B)-cquirdisghaglesrtantamdene- 10- oxi de, diphenylphosphine
oxi de, diphenyl phosphite and phenyl phosphinic acid. 4.

fl ame-retardant resi f@ompEFiobdusy sdxtgridiady byo reacting (C@I)alarrpi:losﬂner ein
in the conpound (C2 used for synthesis of the conponent (C), the CC
doubl e bond@BRFUhEIMRRUNG haydle Gourast Ane &t dikagodd $heected from

e griltd Ut A IRl O B WRTLS, FouP A
least one functional group selected from the group
consisting of C-C double bond, epoxy group, alcoholic
hydroxyl group and carbonyl group, and at least one func-
tional group selected from the group consisting of epoxy
group, phenolic hydroxyl group, amino group, cyanate ester
group and isocyanate group,
and having a phosphorus content of 0.3% by weight to 8% by
weight.

2. A flame-retardant resin composition according to
Claim 1, wherein the curing agent (B) is a compound or
resin having at least two phenolic hydroxyl groups in the
molecule.

3. A flame-retardant resin composition according to
Claim 1, wherein the phosphorus compound {(Cl) having at
least one P-H linkage in the molecule, used for synthesis
of the component (C) is at least one phosphorus compound
selected from the group consisting of 9,10-dihydro-9-oxa-
l0-phosphaphenanthrene-10-oxide, diphenylphosphine oxide,
diphenyl phosphite and phenylphosphinic acid.

4. A flame-retardant resin composition according to



5 A flame-retardant resin conposition according to Caim1l, wherein

I n the conpound (C2) used for synthesis of the corrpo l mﬂ“s“%m

al cohol i ¢ hydroxyl group as.the functional group is ﬂﬂ H) IHIHup

6. A flame-retardant resin conposition according*to® d ai®m k, wherein
in the conpound (C2) used for synt hests2lof the component (C), the carbonyl

t fs ti I,s at least.,o Iecte ran1the
8;838 a(S:ontse;fals ﬂg‘ o&%ca 1%1;3%&}})%@ NESFHRA Gﬁdub‘s a?c?etiyin }tﬁ
A flame-reta dapd éﬂHH%EytléHéengNégdgié (3 ﬁnﬁ% n the

phosphor us corrpound Cl) having at | east one P— T i age | nol ecul e,

used for swildiedl grodp tite toMeenaNtodOgricuits d183%e D& I AHI Fisup
conmpound selected fromthe group consisting of 9,10-di hydro-9-oxa-

10- phos phapieersdsthinen e£l G-l ldesr dligp h ertydyhies plricu , 0 xidtthacdiigheny |
phosphite and phenyl phosphinic acid and wherein, in the conmpound (C2) used
for synt hesiroust arte medgigrisiet gq@p- the C-C doubl e bond as the functiona
group is at_ |east one group selected fromthe group consisting of allyl
group, acryl-ic group? FeeRgcrtesdgndupesia cerbositdengecgording e

al coholic dr,oxyl group .as ,the_functional group is_ hydroxynethyl group,
or the car%ﬂﬂm% Vherein A5 fhe comppung g’t f}/rlsﬂﬂ}?tl'@@éis 2000

Vs at | east oRb s Er et dtdq ¢ an%{l%' u%y?aﬁgwi R B e
powder, al lfmn%,lotn%llcgz%pc&gnhy@og%@tewlt |gtr%n| um white, clay and m ca.
6. - A flame-retardant resin composition according to
Claim 1, wherein in the compound (C2) used for synthesis
of the component (C), the carbonyl group as the functional
group is at least one group selected from the group
consisting of carboxyl group, formyl group and acetyl
group. |
7. A flame-retardant resin composition according to
Claim 1, wherein the phosphorus compound (C1l) having et
least one P-H linkage in the molecule, used for synthesis
of the component (C) is at least one phosphorus compound
selected from the group consisting of 9,10-dihydro-%9-oxa-
10-phosphaphenanthrene-10-oxide, diphenylphosphine oxide,
diphenyl phosphite and phenylphosphinic acid and wherein,
in the compound (C2) used for synthesis of the component
(C), the C-C double bond as the functional group is at
least one group selected from the group consisting of
allyl group, acrylic group, methacrylic group and
maleimide group, or the alcoholic hydroxyl group as the

functional group is hydroxymethyl group, or the carbonyl



10. -The seal ant for sem conductor according to claim 9 V\,her ein the filler

is silica powder. 11. The seal ant for sem co ding to
claim 8, wherein said sealant is produced by the p “ﬂﬂ:ﬂu
m xing said filler with said resin, kneading, cool | I ndi ng.

12. A lam nated sheet conposed of the f2ane-ret ardant re5| n conposition

accordi ng % gﬁ'&g A dfxﬁucscli% t ratggr%la raﬁ 2t Sleaas aoggehSq lﬂ%}nﬁg nat ed sheet

accordi ng ai m wherein

14. The | agdnalcadefin ag'HR tc%re : am nat ed
sheet is netal -cl ad. g(il % 15. T régrznonat et accéerl ng to
claim 14 wneiyl grd asmaqcét S 1C QPRRRIE cI ad. 16. The

| am nat ed sheet accord(}ﬁng to claim12, wherein a sol vent dissolving said
fl ame-retagdant resi & seadameoSioti QEM1ﬂohﬂﬁcﬁdeU®oﬂ@o&re@CQﬁ%lQﬁl§.§" d

| am nat ed sheet is at | east one nenber selected fromthe group

consi sti ngodf aa flanetmatardamtaresdin cdmpdrsdgardmmt anmyt wdolclafikey .1 an
ester, a di_al kyl glycol ether, an am d, and an al cohol. 17.

A nol ded artd Jl.e arsHa fhidrheathe seal ant conposition of claim 8.



