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BACKGROUND OF THE | NVENTI ON 5 l1.Field of the Invention
invention relates to a flanme-retarded thernosetting resin

The flanme-retarded thernp- setting resin conposition contains
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The present invention relates to a flame—-retarded
thermosetting resin composition. The flame-retarded thermo-
setting resin composition contains an aromatic phosphate.
2.Description of Related Art

Thermosetting resins typified by polyurethane and phe-
nolic resin are widely used for electrical parts, electronic
parts, automobile parts and the like since they can be ob-
tained at relatively low costs and have remarkable charac-—
teristics such as good moldability. The resins, however,
are combustible and tend to cause uncontrollable combustion
once they catch fire, and a lot of efforts have been made by
the industry for their flame-retardation. Today in some
fields using the resins, the flame-~retardancy is legally re~
quired.

In order Eo give flame-retardancy to the thermosetting
resin, a fla&e reéardant is added at preparation of an
article made of the resin. Examples of the flame retardants
are inorganic compounds, organic phosphorus compounds,
organic halides and organic halogen-containing phosphorus

compounds.
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organic halides and organi c hal ogen-contai ni ng phosphorus 25

conpounds. 2 Organi c halides and organi ¢ hal ogen-conai ni ng phospho- rus
‘compounds exhi bit excellent flame-retardancy, but gener- ate hydrogen
hal i de gas with heat deconposition. The flame retardants which do not
contai n hal ogen(s) 5 I ncl ude i norgagni c conpounds and organic

phosphorus com pounds. The_ i norgani.c conpqounds.typified hy .magnesi u
hydroxi de and al UAf &Rt RyRPbx188 ABFeO5RRY 1S P&Pégnffgﬁgﬁ%ép§?3 P& ect
and nust be used in large quaniity, which do dama 1 o.the

e et o propareoBRoBRdE hEXRTbEE putG1 TonEr R1aMRI £y aRdensghna itaener-
properties). The organi c phosphorus conpounds typified,%y tri phenyl

phosphat e (T?*ﬁ,h¥¢?%$%§yﬁa hggpﬁaﬁewe? peakqdeceapesditifg- nyl phosphat e
(CDP) have relatively good flane-retardant 15 effect, and .are eqerally
used. However, éTh%ef?ﬁ@9 nebapapREs) Wwhiche dgs80tnEPBSL 1R P R8S T Shhe

heat resistance and nechani cal properties of the resin. Japanese Unexam ned
5 include inorganic compounds and organic phosphorus com-—

pounds.

The inorganic compounds typified by magnesium hydroxide
and aluminum hydroxide have only a little flame—-retardant
effect and must be used in large quantity, which does damage

10 to the intrinsic properties of the resin (e.g., workability
and mechanical properties).

The organic phosphorus compounds typified by triphenyl
phosphate (TPP), tricresyl phosphate (TCP) and cresyl diphe-
nyl phosphate (CDP) have relatively good flame-retardant

15 effect and are generally used. However, since they are
volatile, the use thereof may impair the heat resistance and
mechanical properties of the resin. Japanese Unexamined
Patent Publication Nos. Heil(1989)-242633 and Hei2(1990)-
67310 disclose phenolic resins containing aromatic phos-—

20 phates. They are excellent in punchability at low tempera-—
tures, but the products made of them are found to be low in
the electrical and mechanical qualities.

The thégﬁosetting resin is_widely used as an insulating
substrate for eleptronic circuit in the form of a laminated

25 sheet, and particularly is required to have good insulation

quality and heat resistance. For example, when a laminated
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Pat ent Publication Nos. Heil (1989)-242633 and Hei 2(1990)- 67310 di scl ose
phenolic resins containing aromati ¢ phos- 20 phates. They are
“excellent in punchability at |ow tenpera- tures, but the products nmade of
themare found to be lowin the electrical and nechanical qualities. The
thernosetting resin is widely used as aB insulating substrate for

el ectronic circuit in the formof a |am nated 25 sheet, and

particularly.is required to have good j atJ Sal ist—
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resin, it exhibits a t resist- ance for 40 cond rin
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adde or inproving a property ofothe yesipn ssch s f r r dancy,
the target pProp&idPafayPbel pbstdivety {r?f)ri(ﬂ)b/ed', V\l;??vr%‘,’egt ¥ %H‘sa%rrg&?i ne, y
the principle qualities of the resjn are, often | ower d,0%0£hgxg

volatili- z&&teFigr the addrd &b- HRERYHRE nRfe?PThebe’ti rcurrs?ngaﬁeggght °

t here has been denand for a 10 fl ame retardant ' [
whichSs | ogs flame retardancy, the target propert§cﬁa§h§£”B§§§Ek981§es'”

improved, while, at the same time, the principle qualities
of the resin are often lowered, for example due to volatili-
zation of the added sub-material.
Under these circumstances, there has been demand for a
10 flame retardant for thermosetting resin which is low-—
volatile and does not impair the intrinsic properties of the

resin.

SUMMARY OF THE INVENTION
Therefore, it is an object of the present invention to
15 provide a flame-retarded thermosetting resin composition
containing a flame retardant which is low—volatile and does
not impair the intrinsic properties of the resin in order to
eliminate the above—describéd drawbacks of the prior arts.
Specifically, the invention provides a flame—retarded
20 thermosetting resin composition qontaining an aromatic
phosphate with excellent flame-retardant effect which is so
low—volatile that it does not lqwer the heat distortion
temperature of the resin or does not impair the electrical
resistance or mechanical properties of the resin.

25 The inventors, having keen study in view of the above



vol atile and does not inpair the intrinsic properties of the resin. SUMWARY
. OF THE I NVENTION Therefore, it is an object of the present invention to 15
provide a flame-retarded thernosetting resin conposition containing a flane
retardant which is lowvolatile and does not inpair the intrinsic
properties of the resin in order to elimnate the above-descri bed drawbacks
of the prior arts. Specifically, the invention provides a flane-retarded 20
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5 ance, electrical resistance and mechanical properties of
thermosetting resins when added as a flame retardant.
The above improvement of the properties is considered
to be due to steric hindrance of the aromatic phosphate.
That is, the afomatic-phosphate of the formula (I) charac-—
10 teristically has substituents at 2—- and 6-positions of the
benzene ring. It is considered that the steric hindrance
also results in improved resistance to hydrolysis over a
long time.
The invention, therefore, provides a flame-retarded
15 thermosetting resin composition containing (a) a thermoset-

ting resin and (b) an aromatic phosphate represented by the

§<::j§_f*5}—4’03R ¥s-n | (D

, wherein R1 and Rz are, the same or different, a lower

formula (1):

alkyl group, R3 is a hydrogen atom or a lower alkyl group,
20 RY is a Cg—2qg aromatic hydrocarbon residue and n is an

integer 2 or 3.



5 .ance, electrical resistance and nechani cal properties of
.thernosetting resins when added as a flanme retardant. The above i nprovenent
of -the properties is considered to be due to steric hindrance of the
aromati ¢ phosphate. That is, the aromatic phosphate of the formula (1)
charac- 10 teristically has substituents at 2- and 6-positions of the
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i nproved resistance to hydrolysis over ong t he 1 nvention,
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conposi tion contal ning ernosét- ting resin an an aromatic

phosphat e rqgi§$§Q$e€hbyhthe 38a ngLBhL@ kbﬁhereln [err] and R2 are,
a

t he sane or eren ower a hydrogen atom or a
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Is an integer 2 or ane-reta her t1ng resi

Conp0§|t|0n tion include an acrylic resin, polyurethane resin, phenolic

resin, epoxy resin, melamine resin, urea resin, unsaturated
polyester resin and diallyl phthalate resin. The above
resins may be used as a mixture of two or more thereof.

The aromatic phosphate used as the component (b) is

10 represented by the fofmula (1).

The lower alkyl group represented by Rl,'Rz and R% in
the formula (I) includes a Cy_y straight-chain or branched
chain alkyl group such as methyl, ethyl, propyl, isopropyl,
butyl and isobutyl groups. Exaﬁples of the Cg_gg aromatic

15 hydrocarbon residues represented by R4 include a phenyl or
naphthyl group optionally substituted by a Ci—4 lower alkyl
group (e.g., methyl or ethyl group), specifically phenyl,
tolyl, xylyl, mesityl, cumenyl, naphtyl, methylnaphtyl,
dimethylnaphtyl and ethylnaphtyl groups.

20 Preferred examples of the aromatic phosphates of the
formula {(I) include tris(2,6-dimethylphenyl)phosphate,
tris(2,4,6-trimethylphenyl)phosphate, bis(z,s—dimethyl
phenyl)phenyl phosphate, bis(z,4,6—trimethy1pheny1)phenyl
phosphate, bis(z,6—dimethy1phen&1)cresyl phosphate,

25 bis(2,4,6-trimethylphenyl)cresyl phosphate, bis(2,6—-dimeth-

ylphenyl)xylyl phosphate, bis(2,4,6-trimethylphenyl)xylyl



of the present invention, the thernosetting resin (a) is mxed wth the
~aromati c phosphate (b). Exanples of the thernosetting resins (a) of the

i nven- 5 tion include an acrylic resin, polyurethane resin, phenolic
resin, epoxy resin, nelamne resin, urea resin, unsaturated polyester resin
and diallyl phthalate resin. The above gesins may be used as a m xture of
two or nore thereof. The aromati c phosphate used as the conponent (b) Is 10
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the aromatic phosphates of the fornmula (1) include
tri s€2 6- di ﬁﬁ?h?laﬁﬁéﬁyllfﬁﬁé'sBl‘l‘étférrterdi s(2, 4, 6-tri met hyl phenyl ) phosphat e,
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produced by a per se known method. For example, it is
produced by reacting an aromatic monohydroxy compopnd with
phosphorus oxychloride, or by reacting an aromatic monohy-

10 droxy compound with phosphorus trichloride followed and then
oxidizing the resultant.

In such a production, a compound represented by the
formula (I) wherein n=1, e.g., diphenyl(2,6-dimethylphe-—
nyl)phosphate, may be produced as a by—-product. Such a by-—

15 product does not have to be separated out when the amount
thereof is small enough not to affect significantly the
properties of the resin compositidn, and the produced aro-
matic phosphate caﬁ be directly used as the component (b).
When the aromatic phosphate contains about 10% or more such

20 a by-product, it adversely affects the resistance to hydrol-
ysis and heat resistance of the resin composition.

The aromatic phosphate (b) is either crystalline solid
or liquid, and both the crystalline solid and liquid aromat-
ic phosphates can be used in the composition of the present

25 invention. Additionally, the component (b), being an apt



25 . bis(2,4,6-trimethyl phenyl)cresyl phosphate, bis(2,6-dineth-

_yl phenyl ) xylyl phosphate, bis(2,4,6-trinmethylphenyl)xylyl 6 phosphat e,
bi s( 2, 6-di met hyl phenyl ) naphtyl phosphate and

bis(2,4,6-trinethyl phenyl)naphtyl phosphate, anong which

tris(2,6- dinethylphenyl)phosphate tris{2,4,6-dinethyl- phenyl)phosphate
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t he produced aro-
In addition, the flame retardant as the component (b)

can be used with a thermoplastic resin as well as the ther-—
mosetting resin (a).

The mixing ratio for the components in the flame-

10 retarded thermosetting resin composition of the present
invention may be suitably determined depending on the kind
of the resin used and a desired flame retardancy. In gener-
al, 0.1 to 100 parts by weight, preferably 5 to 50 parts by
weight, of the component (b) are used with 100 parts by

15 weight of the component (a).

The resin composition of the present invention is
prepared in a known method, i.e., by blending the thermoset-
ting resin (a) with the aromatic phosphate (b) with a blend-
er and mixing them with heating with a heated roller or Ko-

20 kneader, and is further formed into a flame-retarded form.

Also the resin composition of the present invention may
be made into a varnish form with a solvent, and be applied
to or impregnated into a base mgterial to give flame retard-
ancy thereto. Examples of the solvents are toluene, alco-—

25 hol, methylethylketone, acetone, dimethylformamide and

styrene. Examples of the base materials are paper, glass



mati ¢ phosphate can be directly used as the conponent (b). Wen the
.aromati c phosphate contai ns about 10% or nore such 20 a by-product, it
adversely affects the resistance to hydrol- ysis and heat resistance of the
resin conposition. The aromatic phosphate (b) is either crystalline solid
or liquid, and both the crystalline soligd and liquid aromat- ic phosphates
can be used in the conposition of the present 25 I nventi on.

Additionally, .t c onent (b bei ng _an . fLame petardant itself,
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tion temperature of the flame—retarded thermosetting resin
composition, shows a great improvement in preservation of
the electrical resistance and mechanical properties of the
resin and exhibits such an excellent flame retardant effect
10 that the conventional flame retardant of organic phosphorus
base does not provide.

Th; present invention will be further described with
reference to the following examples; however, these examples
are intended to illustrate the invention and are not to be

15 construed to limit the scope thereof. In the examples, a
part/parts means a part/parts by weight unless otherwise
indicated. . '
Synthetic Example 1

2,6—Xylenol (366g, 3.0 moles) and anhydrous aluminum

20 chloride (6.1g) as a catalyst were fed in a four—-neck flask
provided with a stirrer, a dropping funnel, a thermometer
and a condenser connected with a water scrubber, and were
mixed with heating. When the témperature of the reaction

solution was raised to 100°C, phosphorus oxychloride (153g,

25 1.0 mole) was added in about 2 hours, while generated hydro-



of the.resin used and a desired flanme retardancy. In gener- al, 0.1 to 100
.parts by weight, preferably 5 to 50 parts by weight, of the conmponent (b)
are used with 100 parts by 15 wei ght of the conponent (a). The resin
conposition of the present invention is prepared in a known nethod, i.e.,
by bl ending the thernpbset- ting resin (& wth the aromatic phosphate (b)
with a bl end- and m

i th ith heati i 1 heat | Ko-
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or in two or nore |layers, can be heated and _pressured to provide a

|
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torr for 8 hours, thereby the reaction being completed. The
reaction mixture was washed with an acid and with hot water.
Then an aromatic phosphate was precipitated. The precipi-
tated crystals were separated by filtration, washed with

10 methanol and dried under reduced pressure. White crystal-
line powder of tris(2,6-dimethylphenyl)phosphate was ob-
tained in an amount of 308g (a 75% yield). The purity of
the crystals was measured on gas chromatography and found to
be 99.8% or more. The melting point was 137 to 138°C. This

15 will be referred to as Compound 1.

Synthetic Example 2
The same reaction as described in Synthetic Example 1
was conducted except that 2,4,6-trimethylphenol {(409g, 3.0
" moles) was used instead of 2,6—xylenocl (3.0 moles).

20 Tris(2,4,6-trimethylphenyl)phosphate was obtained in an
amount of 353g (a 78% yield). The purity of the crystals
measured on gas chromatography was 99.8% or more. The
melting point was 108 to 109°C."This will be referred to as
Compound 2.

25 Synthetic Example 3

2,6—Xylenol (244g, 2.0 moles) and anhydrous magnesium
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5 .invention is lowvolatile, does not |ower the heat distor- tion
.tenperature of the flane-retarded thernosetting resin conposition, shows a
great inprovenent in preservation of the electrical resistance and
mechani cal properties of the resin and exhibits such an excellent flame
retardant effect 10 that the convelional flame retardant of organic
phosphorus base does not provide. The present invention will be further
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a dropping funpnel, a t meter and a, condenser connec wth a water
scrubggr gadﬂ“ﬂ% e¥ h#&g%e€f{$5hea t@%eﬂengr? Hﬁ%r&% ggeoFePﬁélPBactlon

solution was raised to 100[err C phosphorus OXéCh|Orlde g% %, ? 1.0
nol ep was adtRti}irmpirs e to he? CgehbpsPRATRFgPEYCchlioride (1538,

1.0 mole) was added in about 2 hours, while generated hydro-
chloric acid gas was sent into the water scrubber.
After the addition of phosphorus oxychloride, the
reaction temperature was gradually raised to 180°C in 2
10 hours, thereby the reaction being completed.
‘After cooling, the reaction mixture was admixed with
p—cresol (108g, 1.0 mole) and anhydrous magnesium chloride
(1.5g), and heated. The temperature of the reaction mixture
was gradually raised to 180°C in 2 hours for dehydrochlori-
15 nation. Then the reaction mixture was matured at the same
temperature for 2 hours and further matured under a reduced
pressure of 200 torr for 2 hours, thereby the reaction being
completed. Then the reaction mixture was washed with an
acid and with hot water. With distillation, white solid of
20 bis(2,6-dimethylphenyl)p—cresyl phosphate was obtained in an
amount of 376g (a 95% yield). The purity of the solid
measured on gas chromatography was 98.5% or more. The
melting point was 70 to 71°C. This will hereafter be re-—

ferred to as Compound 3.



9 chloric acid gas was sent into the water scrubber. After the addition of

. phosphorus oxychloride, the reaction tenper- ature was gradually raised to
230[err]C in four hours, then the reaction mxture was nmatured at the sane
tenperature for 2 5 hours, and fur ger mat ur ed under a reduced
pressure of 300 torr for 8 hours, thereby the reaction being conpleted. The

reaction m>§ﬁ4€hé¥¥b!@££ﬁ&]¥ﬁih an acid and with hot water. Then an
aromati ¢ phosphate was preclipitated. The precipi- tated crystals were
separated by fil txaliofy, V‘ﬁé&‘@@}&‘ﬁtﬁs 1<9escr1bg8t pangineRdede 8datpder 3

reduced pressure. Wiite crysta | 1T he powder

75% yi ol d). =£*%%Pﬁ?¥43¥“€%93€* RN Qﬁagﬁﬁ%Q %%% of - SB8TR) Chad il
and found tCJ$§% 89@0 JDL £- g& @§%%Lpg L£5wm?§q§§$hegsgqrrk T%IS 15
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d bed t | t ed
24, 65011 merhA, h?%%@EPY§Y% RS ebiftc 8 G0 FREbeka Thr =2, Bmeypinss
3.0 I th hat bt d
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gas chromatography was 98.0% or more. This will be referred

to as Compound 4.

Examples 1 to 4

10 Each of the compounds from 1 to.4 of Synthetic Examples
from 1 to 4 (250g) was subjected to a Pressure Cooker Test
under a saturated vapor pressure of 2 atm at 120°C/100%RH
for 96 hours, then the acid value and resistance to hydroly-—
sis thereof were determined.

15 The results are shown in Table 1.
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15 . hat
.tenperature
torr for 2

white solid
obtained in
measur ed on

conducted e
(1.0 nol e).
was obt ai ne
nmeasur ed on
as Conpound
4 of>Synt he

10

15

20

25

lon. Then the reaction mxture was matured at the sane

for 2 hours and further matured under a reduced pressure of 200
hours, thereby the reaction being conpleted. Then the reaction
m xture was washed with an acid and with hot water. Wth distillation,

of 20 bis(2,6-dinethylb%enyl)p-cresyl phosphat e was

c@&ﬁ@qq@eofm&@ dd P% yd el d). The purity of the solid
~gas chronatography was .9% or nore. The nelting point was 70
to [err] This wi lihehergaf tfde d¥nifet {1 L8 40 @51 KOIPPYNExdmples SYNKASt i C

Exanpl e 4 The sane reaction as described in Synthetic Exanple 3 was

SR o P 00l DALl Lo S phe BED
qélgeg c%ﬁ‘?%%%rogbh%é@g%%#g%% éf.Jépﬁi gug\?lt : ge ﬁefGer Ir ggl to

4. | es o, 10
(te EEBER 40 it

henyl phospéte °(mdAGr EOERAIRG, M TOM 1 TO

Daihachi Chemiéal Industry Co., Ltd., Japan; trade name TPP)

Compound 6 : Tric

resyl phosphate {manufactured by

Daihachi Chemical Industry Co., Ltd.; trade name TCP)

Compound 7 : Trixylyl phosphate (manufactured by

Daihachi Chemical Industry Co., Ltd.; trade name TXP)

The results are s

Table 1 clearly s
the present invention
sis.

Examples 5 to 8

To component {(a):

hown in Table 1.
hows that the aromatic phosphates of

are better in resistance to hydroly-

100 parts of commercially available

phenolic resin vanish with a solid contént of 60%, component
{b): 15 pafts of one of the above synthetic compounds from 1
to 4 was added and mixed, which was then impregnated into a
sheet of linter paper and dried to provide a resin-
impregnated sheet with a resin content of 45%. The sheets
were laminated in 9 layers, and were pressured at 150°C
under QOg/cmz for 50 minutes to give a laminated sheet of
2Zmm in thickness. By repeating the above procedure on the
other syntheﬁic compounds, 4 laminated sheets were obtained.

The obtained laminated sheets were tested according to



froml.to 4 (250g) was subjected to a Pressure Cooker Test under a
.saturated vapor pressure of 2 atmat [err] for 96 hours, then the acid

val ue and resistance to hydroly- sis thereof were determ ned. 15

The results are shown in Table 1. [err] 13 Conparative Exanples 1 to
3 The sane deternination as described | A4Exanpl es 1 was conducted on the
foll ow ng conpounds fromb5 to 7 instead of the conpounds of Synthetic

Exanpl es fro@%y;&f%(% %thods-Cfﬁgg!??ﬁ&;?%?@?\?%a%‘gs%astt d on

(manuf acture em cal pan; trade nane

TPE) (COMPOUNGS o T #d £Ws PLRSPHRLS L BAULAS! Uogd By Balhaghly hemgal

| ndustry Co. rade nhanme oan rxy osphate
%QE?UfaCturePigx %ﬁko 4 ca £E§§?£s§h$ﬂb?ab—ﬁ?d¥25r%nQOHB;LE%e;h%%%qe nhame
resistance at soldering was tesped on JIS (Japanese Indus-—

5 trial Standards) C-6481 and shown as a time period (seconds)
till the beginning of bulging or peeling at 260°C; The
punbhability was tested at 18.6kg/cm2 on ASTM (American
Societ& for Testing Materials) standard D-617; The insulat—
ing properties were tested on JIS C-6481; and the tracking

10 resistance was tested on the electrolyte dropping method.

The results were shown in Table 2.



The results are shown in Table 1. Table 1 clearly shows that the aromatic
phosphates of the present invention are better in resistance to hydroly-
sis.- 15 Exanples 5 to 8 To conmponent (a): 100 parts of comrercially
avai | abl e phenolic resin vanish with a solng content of 60% conponent (b):

15 parts of one of the above synthetic conpounds froml to 4 wasiadded and
m xed, which was fher inpregnated into aj20 _  sheet of | i nt er “paper and
dried to provijde B rgsin- inpregnated sheet vm—éh aresin ontertgof 45%
The sheets wele |l amirated in 9 |ayers, wwndoser®& pkessurna atﬁ‘{e-r-n] under
90g/cn? for 50 mihutds tQ give' d I'ati hat dddshebt & 2mifi® t AT dkRess. By
repeating thejaboye, procedure on the 25 8Lher synthetic cq nﬁounds, 4
| am nat ed shegts werg obtained. The obtaijned I-anm nated sheets wefe tested
according to | wlf tHe TolTow ng nethods:| The flane retardancy jwas tested
on the UL (Undej!}wwters Laboratories) -94 staffdard and clgssi - fE'ed into 4
categories, V408 V-1, V-2 and HB; The heat , S o o 5 .
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resi stance at soldering was tested on JI'S (Japanese Indus- 5 trial

. Standards) C-6481 and shown as a tine period (seconds) till the begi nning
of. bul ging or peeling at [err] The punchability was tested at 18. 6kg/cnR2 on
ASTM (Anerican Society for Testing Materials) standard D-617; The insul at-
ing properties were tested on JIS C64€1; and the tracking 10

resi stance Lest e0e ORxLE1 654t £ gl ¥te dropping nethod. The results were
shown in Ta@gf——f_‘%‘ﬁ_‘rmﬁTaratlve Exanples 4 to 6 Lam nated
sheets were obtatpgd,bRehNEnsalE WaY.a3pd8itk 'db% 't'?le%'ﬁ}é' Ga3 QCEpt that

t he conpounds fromb5 to 7 were used as conpounds (b) instead of the

conpounds Oéegcmbﬁxsmt EQ%ESJFEX%”B!(%?PE"EW&L% Q% comﬂiﬁlﬁ%@t "238112;%9 SNESLe

were tested as r esu are shown

were used as compounds (b) instead of the compounds of
5 Synthetic Examples form 1 to 4. The obtained sheets were
tested as in Example 5.
The results are shown in Table 2.
From Table 2, it is clearly recognized that the flame-
retarded thermosetting resin compositions coﬁtgining the
10 aromatic phosphates according to the invention outperform
the thermosetting resin compositions containing the conven-
tional flame retardants not only in the flame retardancy and
punchability at'low temperatures, but also in the resistance
to bleeding of the flame retardants from the laminated
15 sheets, particularly in the tracking resistance and insulat-

ing properties due to the good resistance to hydrolysis.

Examples 9 to 12

To component (a): 100 parts of commercially available
epoxy resin vanish with a solid content of 50% and 3 parts
20 of dicyandiamide, component (b): 15 parts of one of the
compounds from 1 to 4 of Synthetic Examples from 1 to 4 was
added and mixed. Then four laminated sheets were obtained
in the same way as in Example 5?
The obtained laminated sheets were tested as described
25 in Example 5.

The results are shown in Table 3.



From Table 2, it is clearly recognized that the flanme- retarded

t hernpsetting resin conpositions containing the 10 aromati ¢ phosphat es
according to the invention outperformthe thernosetting resin conpositions
contai ning the conven- tional flanme retardants not only in the flane
retardancy and punchability at |ow terrperat’tﬂres, but also in the resistance

to bl eedi ng of ft+herftare—retardants—fromthet+amnated—15 steed s,
particularly im the trfacking resistance and |nsu‘_+_z‘at- i ng propertips_ due to
the good resisfance tq hydrol ysis. Exanples|9 tocl2 To conpgnent 65: 100
parts of commefcially lavailabl e gpexy yesth|v@ni sh wBth aB @ i decprfi ent of
50% and 3 partg 20 og di cyandi am de, corpor@nt {b): 15Cparts one of
t he conpounds ffrom &xtjo 4 of Synthetic Exanples om 1l to 4 was apfded and
m xed Then foun | apndted sheets were qobtaij i i%
Exanpl e 5. The|oBt pi ngd | am nated sheets wefe tested as described 7o)
in Exanple 5. Thg resudlts are shown in Tablg¢ 3. <4 [err] 2 94
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18 Conparative Exanples 7 to 9 Lam nated sheets were obtained in the sane
. way as described in Exanple 5 except that the conpounds 5 to 7 were used

i nstead of Conpounds 1 to 4 of Synthetic Exanples 1 to 5 4. The
obtai ned | am nated sheets were tested as described in Exanple 5. The
results are shown in Table 3. Table 3 ws that the flanme-retarded

thernnsetti@gmégrative Egéhglggnpo§htbons containing the aromatic
phosphat es ‘ac- cording to the present invention are nore excellent than the
thermosetting reﬁ?ﬁliﬁ%@ﬁsbhb%ﬁcg_@%é' Bb%i?@a GANVHRL iRl falyAMEs .
retardants not only 1n the punchability at [ow tenper- atures,” but also in

the resist apeg. ol oBherl 00,0 NG EhABelSpar ong SRR |f 48 YSyere

| am nat ed s%%%fs, par ticular ng resistance, heat resistance
and i nsul at ,0gaptQRELaq! bEScole.hham- kel a1 dod UASKISRl WAG TS n ¢
conposi tion contarning tﬁe aPOﬁHPI C phosphate of “the present 1 nventl on,
5 4. '
The obtained laminated sheets were tested as described
in Example 5.
The results are shown in Table 3.
Table 3 shows fhat the flame—retarded thermosetting
10 resin compositions containing the aromatic phosphates ac-
cording to the présent invention are more excellent than the
thermoéetting resin composition containing the conventional
flame retardants not only in the punchability at low temper-—
atures, but also in the resistance of bleeding of the flame
15 retardants from the laminated sheets, particularly in the
tracking resistance, heat resistance and insulating proper-
ties.
The flame—-retarded thermosetting resin composition
containing the aromatic phosphate of the present invention,
20 compared with the thermosetting resin composition containing
.the conventional flame retardant, exhibits better punchabil-
ity at low temperatures, better resistance to bleeding of
the flame retardant from the laminated sheet; particularly
showing remarkable improvement in the tracking resistance,

25 heat resistance and insulating properties.



20 ared with the thernpsetting resin conposition containing the
conventl HT mamumﬂammnt exhibits better punchabil- ity at |ow
tenperat stance to bleeding of the flame retardant fromthe

| am nat ed sheet partlcularly showi ng r rkabl e i nprovenent in the
tracki ng re5|stance 25 heat resistance and insulating properties.
19 What is ghatned c3aiked id:fl ane-retarded thernosetting resin
conposition conprising (a) an thernosetting resin and (b) an aromatic
phosphate represented by the formula (I): [err] 5 , Wherein

[err] and RZ arep fhamsanR t@rddidl ft@le@iosed tligwerediky|lcdMpyitiFhis a
hydrogen atomor a |ower alkyl group, [err] is a [err] aromatic hydrocarbon

resi due anchmb%x@@n%“Rﬁge%nZt%br%ms%ttln% GREAPS Il O ACEH dfhdOi &l aim 1
in which 0.1 to 100 parts by weight of the conponent (b) are m xed

to 100 partﬁh@%ﬁgﬂ’ﬁkghtrfaﬁfre%Qﬁt%ﬁ”B‘}r”%‘ﬁe ®rmuia (14 :CONPOSIition according

toclaim1l I ch
@'@}‘P (OrR* )3-n (1)

5 , wherein Rl and Rr? are, the same or different, a lower
alkyl group, R3 is a hydrogen atom or a lower alkyl group,
R4 is a Cg_gp aromatic hydrocarbon residue and n is an

integer 2 or 3.

2. A composition according to claim 1 in which 0.1 to 100
10 parts by weight of the component {(b) are mixed io 100 parts

by weight of the component (a).

3. A composition according to claim 1 in which 5 to 50
parts by weight of the component (b) are mixed to 100 parts

by weight of the component (a).

15 4. A composition according to claim 1 in which R! and R2

of the formula (I) are the same lower alkyl groups.

5. A composition according to claim 1 in which the aromat-
ic phosphate (I) is tris(2,6-dimethylphenyl)phosphate,
tris(2,4,6—dimethylphenyl)phosphate or bis(2,6—dimethylphe—

20 nyl)cresyl phosphate.



i

parts by wei ght of the conponent (b) are mxed to 100 parts by wei ght of

*t he cenp ) A conposition according to claim1l1 in

mhlch [e mm ﬁﬁ!ﬂﬂ he fornula (1) are the sane |ower alkyl groups.
: A cornpogi tronsac ng to claiml bn whi ch the aromat- ic phosphate

(I) is tris(2,6- dlnethylphenyl)phosphat%

tris(2,4,6-dinmethyl phenyl)phosphate or bis(2,6-dinethyl phe- 20

nyl)cresyl mhosphatemposi2idh acdoFQIR %St&i@Da@ﬁCQr@hnGhﬁeth%%%m&%—

whi ch the conpo- nent (a) is any one selected fromthe group consisting of

an acrylic mesith, (890! yireihadice r@élé\at@@eﬁPJmCtﬁ@SgPouﬁpeéMsEé%hﬂg Zgl agi ne

resin, urea resin, unsaturated pol yester 5 resirn and di al y phthalate
resin. 7. a‘z\.x@qmos,uéggp ?&Wﬁé‘%&&e%é‘éﬂhl bﬂeﬁ‘@i?? £Q§ xgent (a)
is a phenolic resin. 8. conposi tion accordlng to c a|n1 "&h the
compo- nent ey smaﬁpmsey {6814, dea redin, dnlhedFate 9?%9%

mat eri al obtai ned by application or inpregnatfon o on of any of

t he Cgﬁponemé%fﬁ and diallyl phthalate resin.

7. A composition according to claim 1 in which the compo-—

nent (a) is a phenolic resin.

8. A composition according to claim 1 in which the compo-—

nent (a) is an epoxy resin.

10 9. A flame-retarded base material obtained by application

or impregnation of a solution of any of the components of

claims from 1 to 8 in an organic solvent.
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claing, from1l to 8 in an organic solvent.

k-

10

21

ABSTRACT OF THE DISCLOSURE

Flame-retarded Thermosettimg Resin Composition

A flame—retarded thermosetting resin composition
comprising (a) a thermosetting resin and (b) an aromatic

phOSphate represented by the formula (I):

R3 ’ R] : fl) |
@‘ P (0R4-)3—n (1
/ R2
n

, wherein Rl and R2 are, the same or different, a lower
alkyl group, R3 is a hydrogen atom or a lower alkyl group,
R4 is a Cg—_oo aromatic hydrocarbon residue and n is an
integer 2 or 3. The composition, compargd with résin cCOmpo—
sitions containing conventional flame retardants, has excel-
lent punchability at low temperatures, resistance to bleed-—
ing of the flame retardant from a laminated sheet, and
particularly shows significant improvement in the tracking

resistance, heat resistance and insulation .properties.




