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A CROSSLINKED, FLAHE-RETARDANT RESIN COMPOSITION AND THE INSULATED WIRE
HAVING LAYER USING THE ABOVE COMPUSITION

The present invention, in general, relates to a crosslinked,

flame-retardad resin composition and the insulated wire having a sheath layer,

5.}

end particularly to & crosslinked, flame-retardant resin composition capable
of protscting a flammable inner material from a direct fire and an

insalated wire having a sheath 1laysr usging the sbove composition.

s

10 It Is knovn to those skilled to the art that an insulated vwirs usad
in  high voltage-operating electric equipments such as television sats,
microvave ovens, duplicatoers and satc. has such & structure that an
electric wire is coated with an insulating layer vhich is encapsulated

- ———-%with a protecting-sheath-layer——as—an—insulating layer for the nsulated

15 wire, there has been u;ed 8 polymer of polyethlylene or polypropylene, The
polymers have such an excellent insulation resistance property that they are
endurable to high voltages up to several tens of KVs. Such polymérs, howsvar,
have a disadvantage of being conmbustible in themselves. To overcome the
combustible property of polyethylene or polypropylene, in general, additives‘

20 such as flame-retardant £illers or the like are added. The addition of suchm

additives, hovever, causes to deteriorate the insulation resistance property

. -‘,‘AQ

]
¥

of the polymers in spite of giving an lmprovemsnt of flfae-retgﬁdancy to thsm. e#

So, the vire coated with the polymers havxng such adéltivas is not, suztable
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for a high wvoltage-operating equipment.

In an effort to mnake up for +the deficient proparty of flammahilify
of the polymers, a mnaterial for a sheath iayer vhich protacts the flammable
insulating layer 1is made to have an excellent property of flame-retardancy.
Polyvinylchlorige,' erosslinked polyvinylchloride or crosslinked
flame-retardant polyethylene has bean chisfly used for a conventional sheath
layer. When <they ars mad; to have a properiy of nigh flame-retardancy,
mechanical properties and flexibility thereof are deteriorated so largely that
the wire sheathed' vith them is unsatisfactory to be applied te the slactric
equipments.

in fast, the sheath layer of insulated wire is not necessarily to have

-
(4]

high insulation resistance, it is prafsrable to mininize deteriorétioa of
flexibility as nmuch as poésible vhen the matarial for sheath layer is made to
have an excellent property of flame-retardancy. .The gbave mentioned
conventional materials for sheath layer have an excellsnt property of
flame-ratardancy and yet, da not shov good flexibilisy. Thus, the above

mentioned conventional materials are not desireble for sheath materials of

insulated wire in the viswpoint of flame-retardancy and flsxibility.

ne
LY

For solving ths problems above stated, tha present inventors have
recognized that there exists 3 need for a material that is capable of being
applied for an Ainsulated wire that is éuitable for high valtage-operating
equipnent. '

Accordingly, in one aspect of the present invention, there is provided a
resin composition that has good :lgiég%;iigsu_and flame-zg;grdg?cy,?

simultaneously.



82 334 2669
APR 18 796 ©6:@5PM EUN JIN SOHN PATSLAW 554 2663 P.6

i

This Sheet Has Been Repl

R

In another aspect of the present jnventioh, there is provided the
insulated wire having sheath layer of the composition.

To accomplish the foregeing and related objects, this invention
comprises the features of improvament hereafter fully described and the

5 folloving description setting forth in detail certain illustrated embodiments

The flame;retardant resin composition accordinq. to the present

10 invention comprises ethylenevinylacetate-vinquhloride graft copolymer
(hersinafter: "EVA-YCY) as & base component, which itsslf has fundamental
flexibility and & property of flame-retardancy, as well as .a good
£iller-loading property. EVA is & kind of ethylenevinylacetate copolymer which

is structured to have an ethylene nzin chain from which & number of

= vinylacetats groups, & volumetriecally large group, are pending, so has an
excellent flexibility and a good filler-leading property. In EVA~VC, to the
ethylanevinylacetate copolymer are grafted polyéinyl chloride chains having

— . Chloride groups that provide an excellent property of flame-ratardancy for the
polyner. Accordingly, this polymer i; suitable for the main polymer for a

50 flame-retardant resin composition because of its inherit properties of
flexibility and flame-retardancy. In addition, BVA-VC has a property in  that

EVA~-VC is foamed by decomposed gas generated at burning. & foameﬁ carbonated

layer plays a role of a protecting wall vhich is capable of prsventing a

tlammable insulator encapsulated thereby from being directly sxposed to a

flame, so that a sheath layer of EVA-VC is able to prevent or retard burning.

N
n

In order to give more improvement of flame-retardant property to EVA-VC

polymer, an additional methed may be sought in which flame-retardant fillers
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are added to EVA-VC.

Flexibility and a property of flame-retardation of EVA-VC is determined
by the contents of ethylenevinylacetate and vinyl chloride, In general, the
more the content of ethylenevinylacetate is high, the more flexible is EvVA-VC.
On the other hand, the more the content of vinyl chloride is high, the baetter
is the property of flama-retardancy But a quantity of vinylenlorides lower
the flexibilicy of EVA-VC, Thus, it Is important to s=2lect & proper EVA-VC
in vhich the content ratie of ethylerevinylacetate and vinyl chloride is such
that EVA-YC is excellent in a property o? flame-retardancy and flexibility,
simultarecusly. .

The resin composition according to th; present invention is &g
flame~ratardant composition that comprises BEVA-YC &s a bass componént in

combination with chlorinated polyethylene, thermal stabilizers, satioxidants,

h

lane-rezardant fillers, lubricants and monomers vith multifunctional ¢roup.

In eaccordance with the present inveation, thers iIs provided
flame-retardant composition essentially consistzs of 1)0 veight parts ¢of EVA-VC,
10 to 70 welight parts of éhlorinated polysthylene, 40 to 120 velght parts of

flame-retardant fillers and 5 to 20 velght parts of nonomers with

muitifunctional group.

The EVA-VC used in the present invention is preferably selestsd to have
25 to 75% of vinylchloride by weight. .

Chlerinated polyethylene is preferable in the chlorine content of 25 to
45% by veight, and both ¢rystalline and amorphous types are possible to employ.
Chlorinated polyethylene reinforces a mgchanicai strength and <he property of
flame-retardancy and improves an adhesion to polyethylens insulator.

Flage~retardant fillers preferably comprise 10 to 30 veight parts of

antimony trioxide, 10 to 80 geight parts of metal hydroxides such as aluminum
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hydroxjde, magnesium thydroxide and eta., and 10 to 30 veight parts of zinc

horate and may comprise clay, asbsstos, mica, calcium carbonate, bariunm
sulfate and etc., in addition, Antimony trioxide is burned vith halogen such
és chlorine to be formed into halogenated antimony, for ezanple, antimony
trichloride, and a group of non-volatile oxide compound is produced in a f£lame
to dissipate ‘the gnergy of the <flame, Metzl hydrate contributes to an
effect of flame-retardaney by 'a manner in that when the metal hydrate is
burned in a flame, the hydrated water is vaporized to ahsorb ths energy of
the flanme. Zine borate 1s knawn to provide an synergistic effect of
flane-retardancy vhen used in combinstion with antimony trioxide, and to
grohibit the generation of gas when burned. .

Such a {flame~retardant fillers not only provids an improvement of the
property of <flame-retardancy but also support the carbonatad layer of EVA-vyC
in exder not to collapss.

As the monomer with multifunctional group used in the pressant invention,
there may be employsd a monomer with bifunctional group or trifunctional group,

preferably nonomer with trifuncticnal group, such as

rimet hylo’nropanetr;methacrylate, trlaryllsocyaur1a~e and eic.

<

The monomer with multifunctional group may be crosslinked by methods auch
as peroxide worosslinking and electron beanm crosslinking. Crosslinking by
g¢lectron  beanm enargy” is efficient to an extrudad product such as elegtric
vires.

4 three-dimensional structure is formed by crosslinking, which
plays an important role in foaming and supporting the cerbonzted layer vhen
burned. Therefore, the resin composifion gecording to the present invention
must be applied vith a crosslinking process.

In accordance  wvith  the present invention, an electric vire for
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high voltage-operating equipments which is structured to have a sheath
layer of the present composition encapsulating an imsulator for the vire
has a satisfactory flexibility and property of flame~retsrdancy,
simultaneously. .

The prasent invention will become mors apparent as the following

.
dagarinticn opronaeds,

EXANPLE 1

Each of compbunding components was veighed as shown in Table 1. The
components were mized in an 8~inch open roller at 140i:5%3 for 10 minutes, and
then, two pressed sheets vith thickness of 2mm and 3an vere made by prass at
170°C. Specimens for testing a property of flame~retazdancy and flexibility
vers preparsd by irradiating the pressed sheets with an 2lectron beam in
g¢sposure dosa of 4 Mrad to crosslink thenm,

The specimen sheets had 42% of oxygen index based on ASTH D2883, so thet
gsnoved an excellent property of flame-retardancy., The specinans also had

-28°C by lov temperature resistant hammering tast based on ASTY D746, so taet

shoved an sxcellent flexibility even in lov tenmperature.

4 specimen for combustion test was prepared by extruding the composition
vith a single screv extruder of 75 =m diameter &t 145°C in an extrusion
velocity of 100m/min. to coat the composition on a crosslinked Polysthylene
insuiator in a thickness of 0.9 mm, vhich encapsulated a copper wire of lanm
diameter in a thickness of 0.8 nm, and irradiating the resultant virs
vith electron beam in exposture dose of 4 Mrad,

The specimen was put over & Bunsen buzner in vhich the inner flame
height and outer flame height wvere adjusted to be 30 mm and 127 nmm,

respectively., 'The flames from Bunsen burner had an oblique angle of 20 to the
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vaertical direction of vire, and put in the specimen for 15 seconds and put
out for 15 seconds. The property of flame-retardancy of the specimen vas
tested by repeating the putting in and out five times. Flame in the specimen
vas extinguished instantly on putting out the flame from Buéan burner. 4
Moreover, the specimen formed a thick and non-splitted carbenated layer
when burned, which played a zole of protecting or retarding the combustiqn

¢i flammable insulator of crosslinked polyasthylene.

COMPARATIVE EXAHNPLE ]

Pressed sheets and specimens <for testing a property of
flame-retardancy vere prepared in a manner siailar to Example 1 except that an
axtrusion temperature for the specimen for testinpc a property of
flame-retardancy vas 170°C.

As a «result, oxygen index was 32 % vhich was about 10% less +han

iat of Bxample 1, and was ~-10°C by lev temparature resistant hammeri ng test
wvhich shoved that flexibility was inferiar to that of Example 1. Furthermore,
a carbopated layer formed during combustion was thinner and splittad. As &
result,—ecresslinked . flammable insulator of rpolyethylene flaved out so-thase

continued to burn.

EXANPLES 2-4 e
Bach of compounding components vas weighed as shovn in Table 1. Pressed
sheets and specimens for testing a property of flame-retardancy vers prepared
in a rmanner similar to Example 1 to measure oxygen index and low temperatura
resistant hammering temperatuﬁe.

Their results are given as shovn in Table 1.

Alike, these materials vere effective matsrials for sheath layer durable
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to high voltage.

COMPARATIVE EXAMPLES 2-3

Prassed sheets and specimens for testing a property of flame-retardancy
vare preparsd in a manner s§imilar to Exaaple 1 except that an extrusien
temperature for the spvecimen for tasting & property cf flame-retardancy vas
170°%C .

As a result, oxygen indices were sbout 10% less than those of Examples,
and had low tempé:ature resistant haammering temperatures ¢f -~10°C and -3°C
vhich showed that thair flexibility wers inferior tc thoss of Exaaples.
Furthermore, carbonated layers fo:me§' during cémbusticn. vere thinper and

splitted. Alike to comparative Bxample 1, crosslinked flammable insulator of

polyethylene floved out so that continued o burn,
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Tablel |
Example C.Example
1 2 3 | 4 1 2 3
o EVA-VC*] 100 { 00| 100 100 ~ - -
g CPE*2 30 20 10 50{ = - -
g pvC{p.d=1300) - - - - 1001 100} 100
? Tribasic lead sulfate 8 8 8 8 7 7 7
g Antimony trioxide 20 15 i0 30| 19 10 10
S Z2ine borate 20 15 %0 30 i - -
Magnesium hyd:ox;da 40 60 - 20 50 - -
aluminum trihydroxide ~ - 80 - - - -
Antioxidant ] 2 2 2 i 1 1
ICTH - - - - 50 40 30
Menomer with trifunctienal
group *3 15 10 10 20 10 5 5
Re~ | Oxygen index (%) 42 42 41 44 32 33 35
::lh Lov temperature resistant
‘hammering temperature(°’C) -28 | -30| ~30| -28) =10] -10 ~3
Formation of carbonated
layer+4 A A A A B ¢ ¢
Combustion test #*5 8 8 § § H F F

*1 VC content 50%

*2 CPE:

chlorinated polyethylene of Cl conient 36%

+3 Trimetylolpropanetrimethacrylates or triaryliscecyanurata
¥4 Aiexcellent, B:igood, C:poor
*5 Sisuccess, F:failure



82 534 2669
APR 1B ’96 ©6:@9PM EUN JIN SOHN PATELAW 554 2669 P.13

This Sheet Has Been Replaced

MR

- 10 -

From the results of Examples and CQmparatiQe Examples, it 1s apparent
that the crosslinked, flame-retardant resin compesition has good flexibility
and a property of high f£lame-retardancy, simultanesously, se that the
composition’is Quitable for the material for a sheatﬁ layer of wire or cable
durable to high ‘'voltages.

Whilst the opresent invention has been described with reference to
certain preferred embodiments ;nd examples, it vwill be appraciated by thoss
skilled in  the art that numerous variaticns and medificatiens are possgible
vithout departiné fram the spirit or scope of the imvention as broadly

described.

o
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1. A crosslinked, flame-retardant resin composition which essentially

ccaprises 100 weight parts of EVA-VC having 25 to .75 ¢ by veight of winyl

chloride, 10 to 70 weight parts of chleorinatsd polyethylene having 23 to 45%

by weight of chlorine content, 40 to 120 welght paric ci flans-reterdsst

fillers, and 5 to 20 veight parts of monsmer with multifunctionsl grous.

2. A crosslinked, flame-retardant resin composition of claim 1, vherein

the flame-retardant £illers comprise 10 to 30 weight parts of antimony

vrioxide, 10 te 30 veight parts of zinc borata, and 10 to 80 wveight parts

of metal hydrate selected from a group consisting of aluminum trihvdroxide and
magnesium hydroxide.

3. & crosslinked, flame-retardant resin composition of claim 1, vherein

the monomer with multifunctienal group is a monomer with trifundtional

group  selected from a group consisting of trlmeihylolpronanetrig ethacrylate

and triarylisocyanurate.

4. A crosslinked, insulated electric wire having a property of
flame—refardancy, vhich is structured to have a crosslinked protpeting sheath
leyer that encapsulates & vire coated with an insulting laysr, the sheath
layer essentially comprising 100 weight parté of EVA-VC having 25 to 75% by
veight of vinyl chloride, 10 to 70 weight parts of chlorinated pelyethelene
having 25  to 45% by weight of chlofine content, 40 to 120 weight parts of
flame-retardant fillers, and 5 to 20 wveight parts of monomer with

nultifunctional group.
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5. A crosslinked, insulated electric wire having a property of

flame~retardancy of claim 4, wvhrerin the sheath layer s crosslinked by

jrradiation of electron beszm.

L]

6. A crosslinked, insulated electric vire having a property of
flame-retardancy of claim 4, wéerein the flame-retardant fillers comprise 10
to 30 veight parts of antimony trioxide, 10 to 30 veight parts of zinc
borate, and 10 tﬁ 80 waight parts of nmetal hydrates selected from a group

consisting of aluominum trihydroxide and magnesium hydrzoxide.

7. A& crosslinked, insulated electric wire having a property of
flame-retardancy of claim 4, vhersin the nonomer with multifunctional group is
a monomer vith trifunctional group selected from a group censisting of

trimethylolpropanetrimethacrylats and triarylisocyarurats.




