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A CROSStIHKED, FLAME-RE'l!ARDAN'l' RESIN C0liPOSI1':tON AND THE INSULATED WIRE 

MAVlNG tAYER USING ~HE ABOVB COMPOSlTION 

•. 

~he p?esent invention, in qeneral, relates to a crosslinked, 

flame-retarded resin composition and the insulated ~ire having a sheath layer, 

5 and particularly to a crosslinked, flame-retardant resin composition capable 

of protecting flammable inner material from a direct fire ar.d an 

in~~lated ~ire having a sheath layer usinq the above composition. 

10 It is knovn to those skilled to the art that an ins~lated wire ussd 

15 

20 

in hi9n volta~e-operatin9 electric equipments ~uoh as television sets, 

microwave ovens, duplioa~ors and etc. has su~h a structure that an 

electric wire is coated with an insulating layer Yhich is encapsulated 

As an insulatin9 layer for the insulated 

vire.1 there has been used a polymer o! polY.ethlylene or polypropylene. The 

polymers have such an excellent insulat~on resistance property that they a~e 

endurable to high voltages up to several tens of KVs. Suah pol1mers, howaver, 

have a disadvantage of being combustible in the~selves. To overcome the 

combustible property of polyethylene or polypropylene, in general, additives 

such as flame-retardant filleri or the like are added. Tbe addition of such 

addliives, however, causes to deterio~ate the ins~lation resistance property 

-lt> 

.,.. .. , 

of the polymers in spite of qivini.; an impr~.vamerit of ur1e-::ietf'j;d{~c~"'·t~ \h~;1• ~J u 
So, ths vire coated vith the polymers having such add'itives is not. suit.able ... . ~ . 

,lf -
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for a hi9h voltage-operatinq equipment. 

!n an effort to make up for the deficient property cf flammability 

ot the polymers, a material for a sheath layer ~hich protaots the flammable 

insulating layer is made to have an excellent property of flame-retardancy. 

Polyvinylchloride, · crcsslinl<ed polyvinylchloride or cross linked 
• 

flame-retardant polyethylene has been cltief ly used for a conventional sheath 

layer. Whan they ars made to have a property of high flame~retardancy, 

mechanical properties and flexibility thereof are deteriorated so lar9ely that 

the ~ire sheatned with them is unsatisfactory to be applied to the electric 

~ 0 equipments. 

!n fact, the sheath layer of insulated Yira is not necessarily to have 

high insulation resistance. !t is preferable to mini~Jze deterioration of 

flexibility as much as possible when the mate:ial for steath layer is made to 

hai;e an excellent p:operty of flama-ntardancy. The above mentioned 

1; conventional materials for sheath layer bave an exoellant property ot 

flame-·retardar.ey and yet, do not show good £luibili~y. Thus, the above 

mentioned conventional materials are not desirable for sheath materials of 

insulated wire in the viewpoint of flame-ratardancy and flexibility. 
--------

20 

for solving the problems above stated, the present ~nventors have 

recognized that there exists a need for a material that is capable of being 

applied for an insulated wire that is suitable for hi9h volta;e-ope4atins 

equipment. 
·, 

~- Accordingly, in cne aspect of the pre$ent invention, there is provided a ·' , 

tesin composition that has 9cod f+@~~~" and flame-:re~;rdaticYn' 
.,. .,. -~- ~·'· ..... ' .'.\ ~ .~ ~ ~ 

simultaneously. 
· .. ~ .... 
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In another aspect of the present invention, there is provided the 

insulated wire having sheath layer of the composition. 

To accomplish the foregoing and related objects, this inventioo 

comprises the features of improvement hereafter fully described and the 

5 followinq description setting forth in detail certain illustrated emoodiments 

·10 

The flame-retardant resin composition accordinq to the present 

invention comprises ethylenevinylacetate-vinylchloride 9raft copolymer ,. 

(hereinafter· "EVA-9Ck) as a base com?onent, which itself has fundamental 

flexibility and a property of flame-retardancy, as vell as a qood 

filler-loading property. EVA is a kind Of ethylenevinylacetate copolymer wnich 

is st=uctured to have an ethylene main chain f ron vhich a number or 

15 vinylacetata 9roups, a volumetrically larqe group, are pending, so has an 

excellent flexibility and a good filler-loading property. In EVA-VC, to the 

ethylenevinylacetate copolymer are grafted polyvinyl chloride chains having 

--- ·-- .. - chlo.:-ide~oups that pr.Qv.j de an excellent. property of flame-retarda.ncy for the 

poly?:ler. Aocordin9ly, this polymer i~ suitable for the main polymer for a 

2o flame-retardant resin composition because of its inherit properties of 

flexibility and flame-retardancy. In addition, SVA-VC has a prop~rty in that . . 
EVA-Ve is foamed by decomposed gas generated at burnlnq. A foamed carbonated 

layer plays a role of a protecting wall which is capable of ~reventinq a 

f larnmable i~sulator encapsulated thereby from being directly ~xposed to a 

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

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

polymer, an additional method may be sought !n vhich flame-retatdant fillers 
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are added to !VA-VC. 

Flexibility and a property of flame-retardation of !VA-vc is determined 

by the contents of ethylenevinylacetate a~d vinyl cnloride, ln Cieneral, the 

more the content of ethylenevinylacetate is high, the more flegible is EVA-VC. 

5 On the ether hand, the more the co~tent of vinyl ohloride is high, the better . 
is the property of flama-retardan~y. But a quantity of vinylchlorides lo~er 

the flexibill~y of EVA-Ve. Thus, it is important to select a proper EVA-VC 

in which the content ratio of ethylenevinylacetate and vinyl chloride is such 

that BVA-VC is excellent in a property of flame-retardancy·a~d flexibility, 

10 simultaneously. 

'i5 

The resin composition accordinq to the present invention is a 

flame-retardant composition that comprises SVA-VC as a base component in 

ooa.bination with chlorinated polyethylene, thermal stabilizer~, antioxidants, 

fla~e-re~ardant fillets, lubricants and monomers vith multifunctional qroap. 

In accordance with the present invention, there is provided 

flame-retardant composition essentially consists of l~O ~eight parts of EVA-VC, 

10 to 70 weight parts of chlorinated polyethylene, 40 to 120 velqht pa~ts of 

flame-retardant fillers and S ta 20 weight patts of monomers vith 

' 

·~~~~- -~~~~~~~ 

:'.O 

multifunctional group. 

The EVA-VC used in the present invention is preferably selected to have 

25 to 75~ of vinylchloride by ~eight. 

Chlorinated polyethylene is preferable in the chlorine content of 25 to 

45% by vei9ht, and both crystalline and amorphous typ~s are possible to employ, 

Chlotinated polyethylene reinforces a ~echanical strength and the property of 

~5 flarne-retardancy and improves an adhesion to polyethylene in$ulator. 

Flame-retardant fillers preferably comprise 10 to 30 weight parts of 

antimony trioxide, 10 to 80 weight patts of metal hydroxides such as aluminum 
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nyd:oxide, magnesium hydroxide and eta., and l~ to 30 weight parts of iinc 

borate and may comprise clay, asbestos, mica, calcium carbonate, barium 

sulfate and etc., in addition. Antimony trioxide is burned vith halogen such 

aa chlorine to be formed into haloqenated antimo11y, for exa~ple, antimony 

5 tricbloride, and a group of non-volatile oxide compound is produced in a flame 

to dissipate the energy ot the flame. Metal bydr~te contributas to an 

effect of flame-retardanoy by a manner in that vhen the metal hydrate is 

burned in a flame, the hydrated water is vaporized to absorb the energy cf 

the flame. Zinc borate is known to provide an synerqistic effect of 

10 flame-retardancy vhan used in combination with antimony trio~ide, and to 

prohibit the qeneration of qas when burned. 

Such a flame-retardant fillers not only provide an improvement of tne 

prcpe~ty of f lame-retardanoy but also support the carbonated layer of EVA-Ve 

in order not to collapse. 

5 As the monomer with multifunctional group used in the present invention, 

thare may he employed a monomer with bifunctional g:oup or tri!unctional group, 

preferably monomer wlth t~ifunctionai group, such as 

trimethylolpropanetrimethacrylate, triarylisocyaurnate and etc. 

The monomer vith multifunctional group may be crcsslinked by methods such 

0 as peroxide crosslinkinq and electron beam crosslinkin;. C.rosslinking by 

electron beam ene.r9y is efficient to an extruded product such as electric 
~ 

wires. 

A three-dimensional structure is formed by crosslinkin9, which 

plays an important role in foaming and ~upporting the carbonated layer ~hen 

5 burned. Therefore, the resin composition aocordin9 to the present invention 

must be applied ~ith a crosslinkin9 process. 

In accordance Yit!i the present invention, an electric vire for 

.··· .. · .... · .. : .... , 
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high voltage-operating equipments ~hieh is structured to nave a sheath 

layer of the Ptesent composition encapsulating an insulator for the vire 

bas a satisfactory flexibility and property of flame-retardancy, 

simultaneously. 

5 The presel\t invention will become more apparent as the f ollovin9 

EXAMPLE l 

Each of compounding components vas weighed as shcvn in Table 1. The 

O components were mixed in an 8-inch open roller at 140±S~c for 10 minutes, and 

then, two preued sheets \lith thickness of 2mt.t and 3m.rn ve·re made by P.t:ess a.t 

l?o•c. Specimens tor testl~g a property of flame·reta:dancy and flexibility 

5 

vera prepared by irradiatinq the pressed sheets ~ith an electron beam in 

iAposurs dose of 4 Mrad to crosslink them. 

The specimen sneets had 42~ of oxy~en l~dex based o: ASTM 02863, so tn~t 

showed an excellent property.of flame-retardancy. The speci~ens also had 

-2a~c by loY tamperatuie resistant bammerin9 test'based on AS~~ 0746, so t~at 

showed an e_xcellent flexibility even in lo"i temperatui:e ... ·-----------

A specimen for combustion test was prepared by extrudins the composition 

:J vi th a sinqle screw extruder of 75 mm diameter at 145°C in an extrusion 

velocity of lOOm/min. to coat the composition on a c::.rosdinked .polyethtlene . . 

insulator in a thickness cf 0.9 mm, whicn encapsulated a copper wire of lmm 

diameter in a thickness of 0.8 mm, and irradiati~g the resultant vire 

vith electron beam in expos~re dose of 4.,Mrad. 

The specimen vas put over a Bunsen burner in which the inner flame 

hei9ht and outer flame height were adjusted to be 30 mm and 127 mm, 

respectively. ~he flames from Sunsen burner had an oblique angle of 20 to the 

··:·';··::.:. 
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vertical direction of 

out for 15 seconds. 

wire, and put in the specimen for 15 seconds and put 

The property of f lama-retartlancy of the specimen was 

tested by repeating the puttinq in and out five times. Flame in the specimen 

vas extinquisned instantly on puttln9 out the flame from Busan burner. 

~ Moreover, the specimen formed a thipk and non-splitted carbonated layer 

when burned, which played a rcle of protectin9 or xetardinq the combustion 

of flammable insulator of crosslinked polyethylene. 

COMPARA!lVE EXAMPLE 1 

Pressed sheets and specimens for testing a property o: 

flame-:etardancy were. prepared in a manner si:n.ilar to Example l except .th.at an 

extrusion temperature for the speciillen for testing a property cf 

flame-retardancy was l 70 11C , 

As a result~ oxygen index ~as 32 % vhioh was about 10% less tha~ 

that of Exarntle l, and was -10 90 by lo~ tempa=ature resistant hammarin9 test, 

which shoved that flexibili~y vas inferior to that of Exampl9 1. Furthermore, 

a carbonated layer formed during combustion was thinner and splittec. As a 

----r.esu.l-t, ci;csslinke.d-. flammable insulator of ::olyethylene floi,;ed. ou-t--sof-tth!Hant::------

continued to burn. 

EXAMPLES 2-4 

Each of compounding component~ was weighed as shovn in Tabla l. Pressed 

sheets and specimens for testing a property of f lame-retardancy vere prepared 

in a manner similar to Bxample 1 to me~sure oxygen index and low temperature 

resistant hammering temperature. 

Their results are given as shown in Table 1. 
\ 

Alike, these materials were effective materials for sheatn layer durable 
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to high voltage. 

COMPARA~IVE EXAMPLES 2-3 

Pressed sheets and specimens for testinq a property of flame-retardancy 

ware prepared in a manner s imila.r to Exa:nple 1 except t·hat an extrusion 

temperature for the specimen for testing e. p:operty of f lame•retardancy •as 

As a result, oxygen indices were about 10~ less than those of Examples, 
' 

and had low temperature resistant b.ammering temperatures of -10~ and -3°C 

which showed that their flexibility vera inferior tc those cf Examples. 

F~rthermore, carbonated layers formed during combustion vere thinner and 

splittad. Alike to comparative Example l, crosslinked flammable insulator of 

polyethylene flo~ed out so that continued to burn. 
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T a b l e 1 

Example 

1 2 3 4 

c EVA-VC*~ 100 100 100 100 
0 
M CPE*2 30 20 10 50 
f 
0 PVC{p.di;;l300) - - - -
s 

a I I Tribasio lead sulfate a 8 8 
'.r I 

is ! 1 Antimony trioxide 20 I 10 30 
0 
N Zir.c borate 20 l is I 10 30 I 

' 

I 
I 

60 I 20 I Magnesium hydroxi~e 40 I -
Aluminum trihydroxide - I - I so I M 

Antioxidant 2 2 2 I 2 I 
TO.TM - - I - -
Monomer with trifunctional 
group '*3 15 10 10 20 

' 

Re- Oxygen index ( ~) 42 42 41 441 
sul-
ts Lov temperature resistant 

.. hammering temperature ( °C) -28 -30 -30 -28 ---··--

For~ation of carbonated I layer*4 A I A A A 

Combustion test *5 s s $ s 

*l vc content so' 
*2 C~E:chlorinated polyethylene of Cl content 35• 
t3 Trimatylolpropanetrimethacrylate or t:iarylisocyanurata 
•4 A:exeellent, B:gccd, C:poor 
*5 Sisuccess, F;failure 

P.12 

C.Example 

1 2. 3 

- - -
- - -
100 100 100 

7 I 7 7 
. 

10 I 10 lO 

1C I - I * 

so I - - I r 
I I -~ - I -

• I 
i I t I i I - ' i I 

i 3-;i 50 i 40 ! 

! I 

~ I 
I 

s I 10 I 
I 
I I 

32 1 331 :is 
! 

i 

-10 I -11'1 •. 3 
l 

I 
B I c c: 

'! F !' 
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1rom the results of Examples and comparative Examples, it is apparent 

that the crosslinked, flame-retardant resin coroposition has qood flexibility 

and a proferty of bigh flame~retardanoy, simultaneously, so that the 

composition'is suitable tor the material for a sheath layer of wire or cable ! 

durable to hiqh 'voltages. 

Whilst the present invention has bean described with reference to 

certai~ preferred embodiments and examples, it w!ll ba appreciated hy thosa 

skilled in the art that numerous ~ariaticr.s and modifications are possible 

vithout departing 

described. 

from tbe spirit or scope of the inv~ntion as broadly 

,. 
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' CLAIMS 

111111111111111111111111111111 
* C L M S * 

l. A crosslinked, flame-retardant resin composition which essentially 

comprises 100 weight parts of EVA-VC havinq 25 to-75' by weiqht of vinyl 

chloride, 10 to 70 weiqht parts of chlorinated polyethylene havinq 25 to 45% 

by weiqht of chlorine content, 40 to 120 weight part~ ci f la~e-ret!rd~'t 

fillers, and 5 to 20 weight parts of monomer ~ith mul~ifunctional grou?. 

2. A crosslinked, flame-reta~dant resin composition of.claim 1, ~nerein 

the flame-retardant fillers comprise 20 to 30 wei9ht ?arts of antimony 

~:ioxi~e, 10 to 30 weight parts of zinc borate, and 10 to 80 ~eight parts 

of metal hydrate selected from a qroup ccnsistin9 of illuminura trihydroxide and 

magnesium hydroxide. 

3. A ctosslinked, flame-retardant resin ccmpcsition of claim 1, vhe:ein 

the monomer wi~h multifunctional group is a monomer wi~h trifunctional 

group selected from a qro~p consistin9 of trimethy:olpropanetrimethacrylate 

and triarylisooyanurate. 

4. A crasslinked, insulated electric vire havin9 a property of 

flame~retardancy, which ls structured to have a crosslinked prot~cti~g shEtath 

layer that enca?sulates a vire ooated with an insulting layer, the sheath 
~ 

layer essentially comprising 100 weight parts of EVA-VC having 25 to 75% by 

veight of vinyl chloride, 10 to 70 weight parts of chlorinated polyethelene 

havinq 25 to 45' by weight of chlorine content, 40 to 120 wei9ht parts of 

flame-retardant fillers, and 5 to 20 weight parta of rnononer vitn 

multifunctional qroup. 
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5. A cros$linked, insulated eleetric wire having a property of 

flame-retardancy of claim 4, vhrerin the sheath laye~ is crosslinked by 

irradiation of electron beam. 

6. ~ orosslinked, insulated elsctrio vira having a property of 

flame-retardancy of claim 4, ~herein the flame-retardant fillers compriae 10 

to 30 vei9ht parts of antimony trioxide, 10 to 30 veight parts of zinc 

hotate, and 10 to 80 veight parts of metal hydrates selacted from a group 

consisting of aluminum trihydroxide and maqnesiu~ hydroxide. 

7. A orosslinked, insulated electric wire having a property of 

flarne-retardancy of claim 4, vherein the ~onomer ~lth multifunctional group is 

a monomer with trifunctional qroup selected from a q4oup consistin9 of 

trimethylolprcpanetrimethacrylate and triarylisocyanurate. 


