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-1- FLAME- RETARDANT CROSS- LI NKED COVPCSI TI ON AND FLAME- RETA| é% ‘CABLE

USI NG SAME The present invention relates to a flanme-retrida #o2s- Ilnked
conposition which -is excellent in reduced flane propagation and theggg
resi stance and further relates to a flane-retardant cable having a sheavrh
made 5 of such conposition. As typical flame-retardant resin conpositions
used for the insulation and the sheath of electric wires and cables there
-have been heretof ore known conpositions sdch as produced by n1X|ng ant i nony
trioxide as a flame mAmmmuNMMm%MWmﬁo@@swxdﬂ BEDI N,

chl orpprene rubber, chloro .rT. etc or by m xi ng
antinpony trioxide, a chlort Fe—Fct e f | ane retardant
with a polyethyleneThaisﬂememtvunyénacenaueleapalwnera éllbykeneparspahéne
rubber, etc. 1%, —11r§é33€c5ﬁ§§§hﬁf?gﬂo%} 11151 6 0UleN 1BRLOYHS rEBublA T

base resins or flane retardants uce at hi gh tenperatures toxic
gases such as FhaR% 0§ERPRIAIONG 22N hyﬁ?%ﬁ%lch’f%ﬁﬁfea% apdyr fgefkher
brom de gas) antlxded ogenag@lamekkethBf@agas)cablen Harfigry aDshéathvakdeng a
20 serio prqbl I n, saf et. hus, products using these conpositions are
not’ appropr at & tosq‘trjggle c|°r‘1u%a p)(:é(?-(g‘ V\/nere safety is highly necessary, for
exanpl e, an under gr dmdtypd¢ahy £lapgr-retagdantsitggin oromprsl bions pused

plant. Further Wre’tﬂé‘efﬁsdﬁa@.&l SZ4Y 2Bha8JBHA At [ dfebBd RICRi2Os all@SES
and hydrogen hallqﬁﬁg orro e thgﬁﬁ acent conductor and the like, In
“order to inprof@ aﬁﬁaleFPa F%PEFE?n noF,; ﬁ°@89ﬁb§FPP5n§uFH

‘thermal resistasceprodagdidt i by troifliagre aetiamsiencytrioickes- aisnkangfliamsade
.on their Oa@] %—%taéd%%tl Sw tﬁoraﬁ%@f% '%%H@Qz%’ée ?é'é’ir?t hyheBgBpeRYLENe

T ulber. cal Cross 'n on béam cr
o rubber, chlorosulfonated polyethylene rubber, etc or by

mixing antimony trioxide, a chlorine flame retardant or a

bromine flame retardant with a polyethylene, ethylene-
vinyl acetate copolymer, ethylenepropylene rubber, etc.

15 . Since these compositions contain halogens.in their

base resins or flame~retardants; they produce at high

temperatures toxic gases such as a hydrogen-hefide gas

(hydrogen chloride gas, bhydrogen bromide gas) and a

haiogen gas (chlorine gas) in a large amount involving a

20 serious problem in safety. Thus, products using these

compositions are not appropriate to use in a place where

.safety is highly necessary, for example, an underground

- railway, building, ship, or nuclear power plant.

Furthermore, there is a disadvantage in that the halogen

"25 gases and hydrogen halide gases corrode the adjacent

conductor and the like.

In order to improve the conventional flame-retardant

resin compositions in thermal resistance in addition to

flame retardancy, cross-linking is made on their base

«d

30 resins, for example. polyethylene and ethylenepropylene
rubber. Chemical cross-linking and electron beam cross-
linking are fregquently used for such treatment. In the
chemical cross-linking the composition is heat-treatad by
steam, etc under a high temperature and pressure, and

35



| i nking are frequently used for such treatnent. I'n the chenical

» cross-linking the conposition is heat-treated by steam etc under .a high
tenpé;ééige and pressure, and. 35 -2- hence a special pressure-resistant

recept :and heating appliances are needed. On the other hand, electron

beam c s-linking requires an el ectron beamemtting chanber and

appar at us. Either cross-linking requires rather 5 | ar ge

cross-linking equi pnrent which signficamy rai ses equi pment costs and

nai nt enance genke, at Bpeciat’ preisstrelecpictanti eeceptactt tha aeamagt | on.
Wth respect _to,the _convention abl t.her e arlﬁﬁ%?éno eri '

h .
‘problemin tﬁgPlﬁﬁgﬁ *eh& &S ‘uct ?h%IPth%% ?Q?ﬁﬁregb a@oﬁ&f'
such as are cudssoflipéing aﬁhﬁumaﬁeﬁnieiem$x¢mnhedmpemyéthygenhambare-

exposed to flLages FBai‘aEhEet L heye ef o Jmd 15y rh)f:hf}fbf Ir%uas.—e% diaRpke the

;- surface S the ca wher e y are ga5|f|ed g eratuyre
at nosphere aﬁ&rﬁﬁnﬁﬁQﬁiﬂﬂﬁQﬁﬁ%h equipmepg  whigh  signgt bapAEeEnd

makes the fi equlismeat. d-‘wwela,ndcahémtéwamw dostisns utimis omnemdatshagsheath

made of rubbers I tlc ri halogen are inferior in-
flame retardg'hceg’mdlel F@écﬁa ﬁgat 853 %@%ﬁ %é§t§ using materials '
containing a halo@éﬁhaﬁesaezm tOh&MGgGanEm&wsnaﬂepabd&ntthere agéses

i mproving t Eﬁo@ﬁé&e%eﬁbhﬁg p&%ﬁe&pamalt%\%n whalhe tha! in'n@rf he%&ci:a&amdancy

a great %nnu Pger Se'éﬁﬁﬁ rate is blgn ed in hma of og
degraded® tRE 6h¢§?E§ € o [COEri cHB GFardTRsMads poiyy
conventi onal ethgiienal adssrbissicligked tpelysechylene peaael dexpasedt he
like’ a ”at?igﬁgs-qgiﬁ§ef§re}Oth&pebgcome molten and flow as a drip
to the surface of the .cable where they are gasified in
the high temperature atmosphere and immediately catch
15 fire, so that the cable burns and makes the fire larger.
Further, cables having the insulation and the sheath made
of rubbers or plastic materials free of any halogen are
inferior in flame retardancey to cables having those
components using materialsf-containing a halogen and a
20 halogen flame retardant. .= For improving the cables
having such nonhalogen materials in flame retardancy a
great amount of the metallic hydrate is blended in them,
but this degrades their physical and electrical
properties.
25 " In conventional chem1ca1 cross-linking by the use of 2
- a peroxide or the 1like, a material adjacent to the
composition to be cross-linked can be deformed because
the cross-linking is carried out under a high temperature
and pressure., For example, the inner core of the cable
30 can be heat deformed by the cross-linkihg of the sheath
thereof.. .On the other hand, in electron beam cross-
linking it is difficult for an electron beam to reach to
' the innermost part of the composition layer to be cross-
‘linked. For example, in a relatively thick sheath only
35 the surface pdrtion thereof can be cross-linked. Electron



-éqnposktjon to be cross-linked can be deformed because the crosé-linking i's
carried out under a high tenperature and pressure. For exanple, the inner

core-gf~the cable 30 can be heat deformed by the cross-Iinking he
‘sheat h-.t'her eof . On the other -hand, 1in electron beamcross- |irf{i it is
difficult for an electron beamto reach to the innernost part of the

conposition |ayer to be cross- linked. For exanple, in a relatively thick
sheath only 35 the surface portion theré%T can be cross-linked. Electron
-3- beam  crosspéamkid¥bsd-<linkimfvdy adeeddvanftagkbak ih tiatarid cdsarly

difficutt to completely. cross-Li.nk a _thick |aver. of the conposition., .
Accordfngly, i @r‘:gcug%r:[%b?égflcgit t1fe © %]g%trﬁol% cg?%?/g?ﬂ%&na B%’mk
provide a fl|abayerteaf dame compssitiomed conposition and a fl ame-retardant

cabl e using same whigh-gpapR§1produce 3Ry tOXI GEHELLOr S tRedaghe A
‘snmoke when the conposition burnhs under high tenperatures, for exa f % In a

“fire, thus ®nhahBYRBtLSRet $OanBEOVLARNAR ndlARe-1at@ 1950 hiqhasP
~corrosion of adiempasitbdnl anand Ehambi-kethydgasesapledustdg Isames wiieither

e ot ar dant S¢r 5% HHOdUER caffy kBRiB SH OGRS Do el B Rnbke

same 15 - whi chwhepethexcompesition Wuins unrderphighedegpgraturgfd fomi ng
quality. It is axdhpi&einol] e¢tepf thil8 RNAAREGYH ngN\RF9N and RIGIdRtAng
flane;retaigant cgoss-lkgkggtcoo ositiron and 2 Iage-retgrd?ntegagle usj ng
same in whiCh tHie pgesibagiy| of hhe (FRARRFIOR 05, APAACOHE MEERLS! Ay
-speci al cross- thaklike coyi gases ,ptddiscedduci ng t he producti on cost

g ‘It is another object of preferred embodiments of the

S : presenﬁ invention to provide a flame-retardant cross-
linked composition and a flame-~retardant cable using same

15 which are excellent in both thermal resistance and

" forming quality. ' ' o | .
It is a further object- of the present invention to
- provide a_flamg-retardaﬁt cross-linked composition and a
flame-retardant - cable ,using same in which the cross-

20 linking thereof is carried out without any special cross-
linking equipment, thus reducing the production cost
thereof. ' _

It is a still further object of preferred
embpdiments of the present invention to provide a

25 flame~retardant cable which has an excellent  flame-
retardant structure. :

“Accordingly, one aspect of the present invention,
provides a flame-retardant <cross=-linked composition
produced by : '

30 (a) mixing a first compound of both a polyolefinic
resin and a hydrated metal. compound effective as a flame
retardant with a silane-grafted polyolefinic resin to
form a second compound, both the resins being free of any
halogen; '

35 (b) silane cross-linking the second compound to form



. .thereof. It is a still further object of preferred enmbodinents of

' the ‘present invention to provide a 25 fl ame-retardant cable which has

an ,excellent flanme- retardant structure. Accordingly, one aspect of :he-

pr e's-e'r).,t ention, provides a flanme-retardant cross-1linked conposition
o y © 30 (a) mxing a first conmpound of both a polyolefinic

resin @ A hydrated nmetal . conpound effective as a flame retardant with a

silane-ygrafted polyolefinic resin to f ot a second cormpound, both the

resi ns being ﬁnaaef]cﬁmeamemmm ci¥iss-linked Wompdsdrtelamr;ossd i nki ng the '

second conpound to Pr n | i gk

conposi tion; and (CS vWégiﬁﬁf?tkﬁ%egiaﬁggé&e&é§gf &08%8§ﬁ?siﬁt§gged in ‘9‘

amount of abdiR #FBOYRt apEuRLROSG t%ob?bWéFgl?toopePrarﬂﬁ) *@ﬁr?@lﬁbtw@leght of

both the pol yfdtﬁfparesrw me?iryht—_S of t Bthsidmn atféteﬁimﬂ@l yekehi Rina

resin, the olef I n,an anount_.of ab ut_
(100- X) arts \éﬂjﬁt i @ ?‘ 13%68‘&? oF SEhB si F3e-th5 oM
pol yol ef i nic crhﬁ:m:amdrééln_ >a.s< BOxedr ig Bn weimghtt. ofd about (Md-x)

flame-retar daid, L 0gg- | ikt CQRRES! 1 oggsaq_qg:_r damb_ﬂ el @t Nepgr S 3. e~

I nventi on does not ce any toxic gas such ydr ogen s or a*
hal ogen gas a&ft')a bé’@ﬁyqlﬁgﬁ&’-ct FeRtRx 200 e?ﬂQ § nXf 1980 (RAL "’da%yy
thermal resiwdige, and forming quality and further 15 advant ageous |

'n prodygtion S8l Fland A Sfhnt Lrdd ARG G‘dmé%n{po%eﬁm%o% Haona'_

conposi tion.

ing to the present  invention does not broduce any toxic

gas such as a. hydrogen halide gas or a halogen gas and

has been fbund to be excellent in flame retardancy, o/

thermal resistance and forming quality and further '

15 advantageous - in production cost as compared to the
abovementioned conventional compositign. The flame- |

retardant cross-linked composition according to the
present invention .is hencelparticularly useful for- the
sheath and the insulation of electric wires, cables and

20  the like. A o L :

| Further, according to another aspect of the present
invention there 1is provided a flame-retardant cabile
comprising: . : .

(a) a corée including one subcore or more than one

25 subcore twisted together, the subcore having a conductor .
coated with an electrical insulation, the insulation N\
being made of a material free from any halogen; and

(b) a sheath provided over the core and made of a
flame~retardant cross-linked composition produced by:

30 (c) mixing a first compound of both a polyoclefinic y
resin and a hydfated metal. compound with a silane-grafted
polyolefinic resin to form a second compound, both the

" resins being free of any halogen}
(d) silane cross-linking the second compound to form

35 the flame-retardant cross-linked composition; and



retardant cross-linked conposition according to the present invention
I's hence particularly useful for- the sheath and the insulation of electric
mnres,/cables and 20 the |ike. Further, according to another aspect  of
therpresent i nvention there is provided a flane-retardant cable conp

(a) a core including one subcore or nore than one 25  subcore tmnst

toget her, the subcore having a conductor coated with an electrica

i nsul ation, the insulation being nade of aSmaterial free from any halogen

and (b) a sheath proyigegnayesnt f&aecwaﬁ%a%aqf onfdoHHRt 164 ahtRed i
crossz11 nked conposition produced xing.a first coggrund

of bo\"ﬁ a pol yoP flar‘ﬂ"(’:mrtes‘? ahout }Fli9dr"‘8t PR aé c3:05?r‘56E|1?1db@G (eight
silane-grafted mobyq:la:fugnhyreeughto dforveth sehangodyaledicichotds iheand

resins being fr ool spiXoal0aeea( N il A0PLE OS5l NdeliiecRECORG:

~conpound to form 3 ane-ret cross-lin nposi t1on
-5- (e) mheﬁblnoﬂﬁélnysnﬁﬁﬁimmtélmaﬁﬁ&nmm ﬁ§|ﬁ@GRPﬁn°§n%hﬂﬁhu(b$0aﬁbut

-150I toI a]?out 200 pRgtkS lﬂ%’h%h ght paﬂ{eﬁéf)?xgafélstﬁé Vicitiit 0bf batn Td Qtﬂlhane-l
-pol yolefinic resin e-grafte nic resjn, _ an e poly-
5 olefinic resi AF I""g%ﬁgx e}[ ’Eﬂr’tﬁmtr%‘?l bﬁé %b0-=xf ;iar?g RAEhS gﬁ
Where x is the semght.of the silane- grafted polyoleflnlc resin and 20 < x

< 80 parts by weightp ghglbgyﬁét%tﬁﬁﬁ!“c&@ﬂ eaﬁ&&?ﬁgiﬁg £ t%]l'{be ?f&é@ﬁ‘& 10

invention may be provi en the core and t
barrier Ia9€¥ f ARVeAkARL NgYf PanerpEidedaheyween the core and the sheath

with a flame barrier layer for enhanCLng flame retardancy
thereof in combination with the effects of the flame-

~ retardant cross-linked compositon.
In the drawings, Figure 1 is a cross-sectional view
15 of a- flame—retardant cable according to the present
invention;

Figure 2 is a cross-sectional view of a modified

form of the cable in Figure 1l; and
| Figure 3 is a cross-sectional view of another
20 modification of the cable in Figure 1.

The polyolefinic resin used in the present invention
does not contain any halogen. For example, a poly-
ethylene, ethylene-alpha-olefin copolymérs (such as

: _ ethylene-propylene copolymers), ethylene-vinyl acetate
: &_J 25 copolymers, ethylene propylene diene: elastomer (EPDM),

ethylene—méthyLacrylate copolymer, ’pe&ymethy&ae*y&atey

- ethylene acrylic
elastomér, hydrogenated styrene-butadiene rubber and
mixtures thereof may be used as the polyoléfinic resin in

30 the present invention. '

As the hydrated metal compound, aluminium hydroxxde,

magnesium hydroxide, basic magnesium carbonate, calcium
hydroxide or those hydrates surface-~treated with fatty
acids, phosphoric esters, silane coupling agents,
35 titanate coupling agents, etc may be used in the present



~thereof in conbination with the effects of the flanme- retardant
cross-linked conpositon. In the drawings, Figure 1 is a cross-sectional

vi ew~15 of a flane-retardant cable according to the present : s
i nvent i Figure 2 is a cross-sectional view of a nodified formof the
cable i gure 1; and Figure 3 is a cross-sectional view of another 20
nodi fi catron of the cable in Figure 1. The polyolefinic resin used in the
present invention does not contain any al ogen. For exanple, a poly-
et Ey: ene, atnlmérﬂﬁ@ml lphémﬁlrﬁf bmendlé50|vyilﬁi S the(. spksryolzéfmlc rleSJ.n,
et hyl ene- propyl ene 0 ene; vi o]

et hyl ene prop e cc?"«%n “y'gas éorr%e C(E’I'Dﬁ@r e @ﬁség}'ﬁ%t ﬁf t‘ﬁg% M @i
copol yner, etadtylkhgh Zemperatalrgstoneft Hyair bgbhaved mrten’ehbﬂélt éd-laGWe

rubber and me@wm@%sa&tﬂax beawsed qscteheaaolsm@w C T@ndd) iehe30
the present i nventlon As ydr at ed rret al conpound ni um hydr oxi de,
‘!ﬁ%r

magnesi um hy ®¥&gaded bd’é‘?’ia]rragﬁﬁ’gﬁ’ﬂﬁi’éﬁr bdA¥CA, A4 cikheA okPde 3% hose
hydr at es surftmn@dﬂaﬂﬂimt,vmdﬂys‘w ynaﬂmnﬂ&,s digmsyiled andevedensed.si | ane

coupl i ng a S1:'=s Jh':.tc%n bcl% egl Q:q}er{:tl'ﬁ] Iﬁkf: %e'ﬁ:e%uen ttohe N

pr esent I nvent| on. oﬁy efinic resin,
t hese corrpourifb!ss-?élé?rhﬁéﬂ-tC?d’l r@fartd‘%oﬁﬁﬁﬁ?'bn witathavhensiheated tm high

. tenperatures temﬁérats;:@é i gued ¢bata t |ﬁ|1§'ef | 85 tifs andkBg sbeagidton tunekes |

Pace tud,”! ks a%ﬂatf{ﬁ]%séfc@%? ! obhd® rgLarég{E'% ﬁ?sdb&%alpél 8§sed

the resin.

*'

Although the amount of the HMC is determined in view R

of the desired degree of flame retardancy, compatlbillty d
with the resin with which it is to be mixed; etc., it is

15 according to the present invention used in an amount of
about 50 to about 200 parts by weight} preferably'about
80 to about 150 parts by weight ber abodt 20 to about 80
parts by weight of the polyolefinic. resin. With less
than about 50 parts by weight of the HMC a sufficient

20 amount of the crystal water cannot be released, thus
resulting in unacceptable flame retardancy. On the other
hand, with more than about 200 parts by weight of the
HMC, the forming quality of the cross-linkable compound
deteriorates.

25 The  silane-grafted polyolefinie resin used in the -
present invention is, for example, a resin in which a
vinylalkoxysilane, such as vinyltriethoxysilane, gamma-

- methacryloxypropyl-trimethoxylane and vinyltrimethoxy-
silane, or the like is grafted by using organic peroxides

30 to one of the above~mentioned polyolefinic resins, and
which has many branches . including silanol functional
groups and is preferably excellent in compatibility with
such polyolefinic resxns. The 311ane—grafted poly-
olefinic resin is easily cross-linked and this reaction

35 is accelerated in the presence of moisture, a catalyst,



The rési-n mhlch i s blended with the HVC | oses heat due to d|5500|at|on of

t he crystal wat er when heated to high tenperatures due to a fire or the .

| i ke 7S that the 10 tenperature thereof drops, thus retarding the ’7§\
burni ng- of the resin. Although the amount of the HVMC is deternined in vi é%
of the desired degree of flame retardancy, conpatibility wth the resih
~wWith which it is to be mxed, etc., it is_ 15 according to the present
Jdnvention used in an anount of about 50 tg about 200.parts by weight,
"preferably abo@tcg0 tEeratiog alSthiees-+dingnsiengdi rp@twcaﬁoustzectmr@boutmo

-'._’parts By wei ght; 0 lg:tél-”uu@d WHA! I dHGs 851 dne cVBEE-1 BRRiAda0waPAH! cPBsBartS
- by melght of the MC a syfficient 20 anount of the crystal water_cannot

t
- be rel eased, ﬁﬁ&¥ﬁqg§ulﬂﬁngalncﬁﬁéeeéﬁﬁéﬁpe FﬁéﬁélPQtaPéanEQe O L1LABOLt her
hand, with rmr & ridiheadh et 2 @ hyatdat dan ,wes ght nécémw/&otbnefpresegt

Jqual ity of &he grossslinkahle cOMROUNL ARSI QLAIERae ADic rosin TIE uped

si |l ane- grafted polyol'efi'ni T resi'h us I'nventton 1S,
~exanpl e, 51resMﬂlﬁmmhm@hn§\ﬂﬁwﬂhpkbxﬁﬁl%mea ukh &% parts by weight
Vi ny: E“ et?ﬁxyweaaéql n &Q@T%mdmi@ﬁf WX YPS DRyl e 14 BT Aoednl e tﬁ@dbased
- vinyltrimet hox sil ane, or i ke is usi ng orga er oxi des
30  to one of ﬁq}é’%oﬁ‘eg n(EW[Q' e P d&ef‘?%%‘? cEheke % ﬁh?cﬁ OHas
S mapy  br anches ofi nthedi aglaae#—gnaftedumlymbéfgnmups:emd\ | aspdef er abhy
~excel | ent LDidd t I ; 'n h
ed po Jf %ﬁéMéfhéﬂgﬁbré¥“éﬁ)é%i%éféff cPen%g-ﬁn the

'si | ane- gra nic resin is easi 0SS

" reaction 35 sa@@@ éegtr@@ ok W@Sﬁl"éé@#éégof Wa it &Pés &haat abgyt, 20
--7- etc., formpaﬁ't% Y eR-idh¥cE ehal sidhwergrafited! po@yollbfinic resin,
N any acceptable degree of cross~linking cannot be obtained

and the finished product is hence inferior in thermal
15 resistance, With more than about 80 parts by weight of
the silane-grafted polyolefinic resin, . the. forming
quality of .the composition in blending and molding
significantly deteriorates and the appearancé of the
finished product is degraded. Preferably, the amount x
20 of the silane-grafted polyolefinic resin is from about 20
to about 50 parts by weight. It is one of the important
features of the present invention that in order to
facilitate the  processing of  the flame-retardant
-cross-linked composition of the present invention the
25 : first compound, which contains the polyolefinic resin and
L . the HMC, and the silane-grafted polyolefinic resin are
- separately stored and brought into .contact when the
extrusion molding is made
After the sxlane-grafted polyoleflnlc resin 1is
.30 blended with the £flame-retardant compound, the cross-
.linking.reaction is accelerated by bringing the blended

)

compound in contact with external moisture, a catalyst,
etc. or by passing it under water, and thus a d&ross-
linked structure is formed in the finished product mainly
35 with the. silane-grafted polyolefinic resin to thereby



.is presumed that this silane cross-linking (water cross- linking) is a
condensati-on reaction of the silanol branches with dehydration, etc.
Accerdi to the present -5 i nvention, the silane-grafted pol on ef i nic
resim- sed in an anount of about 20 to about 80 parts by wei ght wherein

t he".af of the polyolefinic resin as the base polyner is (100-x) parts
by wei- where x is the anount of the _silane-grafted polyolefinic
resin used. 'The 10 anmount of the /T ane-grafted pol yol efini c depends
on the desi r elnphegyectlvd mmseﬁihkimrma\/!'tfeéﬁs&mémn about 20 parts .by
wei ght of the silape-graf ef r abl e of;
cross-1inking canrafgot r%gaogﬁglsﬁgé¥g%d %%gf rﬁeﬁs pro E %ence i nf ertor

in thernmal 1%Powden; st guek. aF t hcappent hhﬁaalseut té!(?rp}@rltly byemrgsmve)f the

si | ane-gr aftejira;wiwl eétal ¢ magslua bid¥ded OWTtAT thiéal £ 1ame Ofetd Ftfant
conpositi and I.ng, Si |f|car1tlé deteriorates and

- | di di
the app rarf?:‘E“D‘b"ant heg‘ﬁ‘?ﬁ‘sﬁ’é‘@ Ukl amppptgy 4 HtRESS he
anount x 20 maah‘.etimlm | canmcaiertd tosl po:i'qnb@riiznmasmsi nof s feloen albwegi®0 to

about 50 pa” xﬁé‘t by | thl do@ém%fe HE‘E: éé@%‘gf.e%u pf?od@ée the

present |nve |on ocessi ng of

‘the flane- r@%ﬁ%ﬂf‘-%r d@é’-elr-nkedr%‘?ﬁﬁﬁﬁq orT—h@f EREPREESEAR iBhAmisdn the
25 first CG&mUnﬁheV\Bé&h §6§§Bbf|ﬁstbﬁér§0|r)é@_|a%filahltc andyotr mt&&m and,

the sil graftcﬁd pol |c regin are ratel séored nd brou

into coﬁ]t act RIERS r[he"'ﬁ %3P hol*&i ng e. pﬁ?%%? S H&efgjrrl'%nea af t ed
pol yol ef i ni c drippingi e£3Gche btempleexm.oh Mln@n‘ Iahea.lsetlmajzeﬂ tonmpuoigid, :
the cross- |igkjnged éorgést@&@eéﬁf@é&dof)yum'mmgo@f b pndad gaumpound.

i n contact Wlt external noisture, a catal %St etc Yy passi nﬂfe]d;[ under
water, and tht® aveided orjakedeast cedugefs LBERERY| o RANENGS HR®R odu \f/
mai nl'y 35 - wWigdtatdncw | anet griaf t bd1pevyal efhdt C theesaBcéDetHELi6HY of

15 carbonization of the compound by the red phosphorus fire
‘retardant is caused by a reaction whereby the phosphorus
obtains hydrogen from - the resins and changes into
hydrogen phosphate, etc. by  oxidization due to high
temperature heating, and that the carbon powder serves to

20 accelerate carbonization of the resins during burning
thereof and thereby prevents the dripping of the molten
resins by the firm carbide layer thus formed.

The carbon powder is geherally used in the present

invention in an amount of about 5 to about 70 parts by

.25 weight, preferably aboﬁt 10 to about 40 parts by weight, R
per 100 parts by weight of the polyolefinic resin plus
silane-grafted polyolefinic resin, i.e., 100 parts by
weight in the total amount of the polyolefinic resin and
the silane-grafted polyolefinic resin. With 1less than

30. about 5 parts by weight of the carbon powder the
acceleration of  carbonization of the resins is not
sufficiently performed and hence the dripping - of the
molten resins cannot be prevented. On the other hand,
with more than about 70 parts by weight the forming

35 quality of the composition largely detsriorates.



i nprove“the product in thermal resistance. A red phosphorus fire

retardant and/or a carbon powder, such as <carbon black, thermally

- expansTVve graphite, etc., may be blended with the flame-retardant 5 _
conpound. When bl ended in appropriate anounts, these materials Sae Ry
accel erate carboni zation  of t he resin conmponents by high d‘g
tenperature heating to produce -a carbonized |ayer. Therefore, the™~—"

“conposi tion bl ended with the red phosphortd=fire retardant and/or the
~ tarbon. 10  powder ThHe afsltiphbspiorddie FiC fuwAeHt ri¥dd NGn anthe

dripp{ng of the conpositjon when it is heated fo high.enmperatures, sq that
spr ea{cTuof t he tﬁﬁ%% t'of”l"f‘uee'\’,\'lt’1 4 n_§"?ys o] oreec# orpr}h%qkboars S é’cfucead, fflﬁgr eby
to enhance fl ametatdaniancpntainings ned | phesphdnnst hedacioe| cegrivadoftols

~ carboni zati on ofo 4885 £ OFPQUBHAoRYNEPEs 8 RROHRHAUMS df £bdel 25088 drdut
caused by asreactlon wher eby t he phosphorus obtai ns hydrogen fromthe

resins and ThamePIFED B it PHREREARLY ahqut thaRREa 30 Pardfe
to high tenpers uweighal i gy aXub t batt s hdycardightposfletheepmsyrdiefdtic

accel erate carhopjzat i pf . £ £S] 1S ' | hereqf. an reby
‘prevents the dlrol?%%%%gﬁ %’P? ?{'Peé hrr%f]t%?\é ;%sa%\gséd;% %&%ﬁrélgr%fg@en’l a;}lté:%%td%us
torned. The cartom pemeleifiedgerrnrgs| ythgedfinet haeppzdant | deentliangely an

anount of aboutadgifaédoth ¥€sPeapschiy2Bo avRelbiratR’ @her ddrboriddltil to
about 40 Ry ts b er 100 parts by weight of the polyolefinic resin

: t‘é‘§' ght . L
plus silane gr &% eHofSBATinic resin, i.e., 100 parts by weight in the
total anount of the Iwolpoépitrimg thei nrasd-lhekedll aompgsdftied @adcodddfngni c

resin.  Wth [gss {han S0ege00UL nyane PERL StoPY p WALGA a8 e 5000
poyder the acceleration of carbonization of Phe restns is not
insulating material, sheath or the like, it is preferabile
in view of the forming quality of the second compound to
15 separately prepare the siiane-grafted polyolefinic resin
and to store it in a sealed aluminium foil-laminated bag
so that external moistuke is prevented from entering it.
On the other hand, in preparing the first compound, the
HMC. is added to the polyolefinic resin and if necessary
20 an antioxidant, catalyst, processing aid and one or beth
of the red phosphorus fire retardant and carbon powder
may be further added to the polyolefin resin. These
materials are homogeneously blended by means of roller
mill, Banbury mixer, kneader, etc. to thereby produce the
25 flame~retardant compound which is also stored sealed.
This flame-retardant 'compcund is then formed in the
conventional manner into a desired shape and thereafter
undergoes silane cross-linking as already described.
With reference to FiguréS- 1 to 3, there are
30 illustrated three kinds of flame retardant multi-core
.cables according to another aspect of the present
invention, each having a sheath made of the
flame-retardant cross-linked composition according to the
first aspect of the invention. ‘In the Figures, the
35 reference numeral 11 designates a conductor, around which



sufficiently performed and hence the dripping of the nolten resins
-cannot be prevent ed. On the other hand, with nore than about 70.parts by
wel.ght the formng 35 quality of the conposition largely deteriorates.
-9-T, red phosphorus fire retardant used. in the present invention
nay;;€§> red phosphorus or a fire retardant containing red phosphorus
and i equired to contain red phosphorus -in an anount of about 2 to about
5 50 parts by wei ght, preferably aboutl®0 to about 30 parts by weight,

per 100 part LdYcsRvghitiohallp pohyehelnisldcit Pl Hsulieich| aBemgia t od
pol yol efinic resip. t Si the spe ed range the fire retardant. is -«
| argel'y degr d gﬁri?§a@8 %chViQSEQXESPEra€%°Fﬁéﬁegﬁﬁ i%ﬁiﬁ%) zﬁ?necﬁ? :
the resins. |thersinaiter trefermad-to nkedXbBRpes inataradcoubbierg totile
present invenkiggefo @fgﬁé&ﬁa afmse_elc,]g rﬁg&gﬂ@pﬁ%,f&:{@tﬁm@r @paath or

the like, it s preferable in view o ormn qgallt of. t he secdnd

conpound ®0 BFhYLeNmRERYING AP IR ATHORRE Ry FRHVGISRS Wid¥lesi n

and to store ddetdtsd TRVoAGmeiryni ethyléaelmeahiydat&cr phatso ddpailyedrer nal

oSt o ARSI | Fonlobls. 0 PoLchpie 1 ARSI

20 an anti cddaikemerat ahydirogsgnatedsi ngtirgnaneubadiene poted agtamer .+ ed

phosphorus figgxiptdd denérodel 621 RAB NAWEEr  MBe benbiiiPesn adldedalyo e

pol yol efin resin. These majerials are ho eneousl y bl ended by ans of

Col lor eI, BRARPS @ Jhend BEdshese SOMPIIRARLDALPEIILE PRe FEoe

f | ame-r et ar damd texigiosindwhiichh are alfSlanstretard=dl edby Thadding the

flame-retar d%evfm—%nﬂispné&]emm{h%rl n.i @la{nge retardant. The . .-
.conductor 11 and the insulation. 13 constitute an
insulation subgcore 15. When the insulation 13 is made of

15 - XLPE, conventional 'chemical_'o;_ electron 'beam ' cross-
linking may  be adopted for 'cross—linking the poly-
ethylene. In chemical cross-linking there are used an
organic . peroxide, such as DCP -(dicuﬁylperoxide);
2,5-dimethyl;2,5 di(t-butylperoxine)hexane, cumenehydro-

20 peroxide or t-butylperoxipivalate, and a silane coupling
agent such as VTMS (vinyltrimethoXysilane),' vinyl-
triethoxysilane, &-metacryl oxypropyl tfimethoxysilane,
vinyltris{ l? -methoxyethoxy)silane, or = <& -methacryl
oxypropyl methyl dimethoxysilane. - _

25 The insulation 13 may'be formed according to silane
cross-linking of the already-described flame-retardant
cross~linked composition of the present invention. .'_

Three ' subcores 15 are twisted together with an
filler 17 to form a core, the filler 17 including jute,

30 paper, nonhygroscopic paper, nonhygroscopic flame-
retardant paper, polyethylene drawn yarn, flame-retardant
polypropylene .  (PP), polyproleené varn, Tetron yarn,
polyethlene terephthalate film, etc. {("Petron® is a
registered trade mark). Around this core there is formed

35 a carbonizable tape layer 19 which may be made of a kraft



“conventional manner into a desired shape and thereafter undergoes silane
cross-linking as already described. Wth reference to Figures

t here ~are 30 |IIustrated three kinds of. flane retardant nultl-core ~,
-icab(és ~according - ‘anot her aspect ‘of the present invention, aéﬁ})
havi ng a sheath made of the flame-retardant cross- Ilnked
.conposition according to the first aspect of the invention.” In the
‘Figures, the 35 ref erence. numeral 11 dek}gnates a conductor, .around

whi ch |s|cot gTéfpnahbkyqq%teEfgaegle@Pﬁtﬁ InSﬂiﬁgﬂOnclétﬁadefﬁgtu{?¥
vexanp e, polye ros i nke e ene ereinafter referre o]

‘as XLPE natur% f%ﬁ%%& tﬁk%ﬁ TL&%&&S SPP|86ﬁél%ubb@PregPﬁ§?§né"b$%p91ene

.rubber (EPR) SSlled:dmyéenfammiy,l erd lficen@aenishoner (EROM lilke hyl erthidsg nyl
acetate copolyrrg g},byglgfg Fshéyllsa aﬁﬁéeaEBBHbyﬁﬁ core to form the

“et hyl ene- al gha _ acrylic el astoner,
‘hydr ogenat e %@%énepbuit%ﬂjl @ﬁﬁ bep| %%sze% whenedheaadof dloWeRer i ke.

~.The insul ation 481 §8Ya PodDzabT@dpa pér A1 P el 55 ddaseedonhal ogen nmaterial s
or these materials i ch re flame-retard add| the

" prévi ousl y- nent i one\é& el al'gbeen Froant zl’ag’g';?rdgﬁ ﬁ’é chhdutt®re 174 %ind
t he insul ation ﬂﬁtmaﬁsalfhaneaharnseraiayarsGbcore235wnﬂhénHnu;eqkantneon
13.is made of 1§nsui%1gfona g | oRE! £GNEE B £2bm %efagen beaM¢ he

cross- |inking f cross- 11 nk |nq) - ethyl ene.
1n chem calocro%%b ¢ nRhaynt H@r@lér‘lé'%s%d sReofdamec a‘ﬁ"ér%(ﬂsléi’er fdchts as

bCP E}dhcuwlzgﬁém&ebdeWLEd?hgeidw 31:5 shydrdt bhlé&l’e@XI ael) f'ﬁ&%tﬁ:oof
Soent . Luch  act ARSI (hdnd ; hhoWS: | BRey 72 oL | B, iR e

~Jerr]-nmetacryl @aq@anmwmgta|¢nmanmmysmtath llke and hav1ng, for example,
- about 0.05-0.2 mm thickness. The fireproof inorganic
15 tape includes, for example, mica Mylar laminated tape
("Mylar" is a registered trade mark), mica glass tape,
mica~-paper composite tape, asbestos  tape, mica-paper
laminated tape, silicone-~ or alkyd varnish-applied glass
tape,” a composite of a glass fiber %F& %&mgﬁgﬁ‘ia-?éitﬁa

20 molten yarn tape such as Kaowool a? ceramic fiber,
alumina-glass-~laminated tape and the llke. Alternatively,

the flame barrier layer may be formed by winding one or

" several pieces of flame-retardant tapes mainly made of an
organic material of which oxygen index is 35 or more.

25 - These flame-retardant tapes includes, for example, a
flame-retardant'rubber coated cloth tape and a tape made

of pblyetheretherketone (PEEK), polyimide resin,
polyethersulphone, polyetheriﬁide' polysulphone, poly-
carbonate, phenolic resin or aromatic polyester. Wwhen

30 used, one to five pieces of these tapes having 0.05 to
0.2 mm thickness are wound around the carbonizable tape
layer 19 with 1/5 to 1/2 overlap. 1In the cable shown in
Figure 2, the flame barrier layer 23 is formed by winding

one or a few pieces of one or two kinds of metallic tapes

35 or tapes containing a metal in a major proportion, with



vinyffris( [err] -nmethoxyethoxy)sil ane, or [ferr]-nmethacryl oxypropyl
nmet hyl "~ di net hoxysi | 'ane. 25 The insulation 13 may be formed.according
kiane cross-1linking of the already-described fl ane-retardant

i nked conposition of the present invention. Three subcores 15 are
std together with an filler 17 to forma core, the filler 17 including
. jute;” 30 paper, nonhygr oscopi c pa nonhygr oscopi c fl ame-
‘retardant paper, polyethylene drawn yar ?1 ame-r et ar dant pol ypr opyl ene
(PP), pol yprff|temel/yaoverldget r d?hes,aartﬂP%ﬁ)ll)aaléﬂ iy examgple habou:

film etc. d08ld08 wh® EhiSMALL’ Cdnll adendBida . LopHad, tNigkdall e

there is fornmed 35 a carbonrzable tape | ayer 19 which nay. a
kr af t papettainkass | steels (BUS) .. brass, alumigyumy cﬁlwmmﬁmmﬂar
cellulosic flahﬁnatédloiape@at ehdalthe | Mikegnat ecartiidh ia Sthecmle

var ni sh, var r li ke T z e i.s, wound
ar ound tﬁ% £§? t?%#?ékhg glggﬁaygf %@e t JHe %£g5€ oin % § %ﬁéni%%ued.
However , th| scwmﬁ zob| an| dporgaoigniape olﬁyeuedanvl\r aumtatlﬂéc tape

car boni zabl e 1 4 Lavensed? inhhende | cduided g f Ilafr?up@r rper aln@yerz 21 or
23 which protects the |nsulat|o li?and t.he Ellle afire. In the

10 cabl e sHRFPSFEEYFe 1,54 IRk d& rFormedy By Minding, ppg RF

wi ndi ng one osever#l akapeecesitdf 1yBepoool/2 nowgarmap.tathewiitrtnﬂgd}mc) 1/2 .

overl ap,,t he S ai nLn h n

exanpl e, lc}atbouttféi@%‘g %38,2% Pé f;eg:;agﬁ‘ % ﬁggeée&ﬁlo&f% I ?ﬁ‘iél? g?leléc IS

incl udes, - fotapsahpyer. mwewlliar thammrafnxapen@ mptadlics tapes

regl ster_ed t rrhe aﬁé}namﬁélglsésv:bgaa, a&baaaf)a;mer ca%mﬁlszlatbqe tagesr .

Szrﬁ?gﬁsapgﬁﬁgh gr1ca g beg a o%g, t%pls %Ecé%%Q%} %o %of% each of o
‘the carbonizable tape layer 19 and the barrier tape

.15 layers 21, 23 by winding the tape around the underlying
' layer in an overlapplng manner. - With the other winding

t ape

manners molten and gasified flammables can be ejected out
from the inside during burnlng of the cabie.
Around the flame barrier layers 21, 23 thus formed,

20 there may be ‘wound a barrier protection layer 27 which
protects those flame barrier layer. . The barrier
protection layer 17 is formed by w1nd1ng a tape made of,
for example, asbestos, glass, ceramlc flber, a composite
of these materlals or the like. _

.25 _ Further, a cross—llnked sheath 29 is formed around - .~
the barrier protection layer 27. The cross-linked sheath |
29 is made of the previously-described flame-retardant
cross-linked composition according to the first aspect of
the present invention. |

30 . In the cable in Figure 1, the flame barrler layer 21
is formed of an inorganic tape containing a ceramic in a
major proportion and hence has an excellent  thermal
resistance. When the layer 21 is heated in a fire, it is
not easily destroyed, so that transmittance of heat and

35 supply of air to the inside of the cable core are



tape, “a conposite of a glass fiber and an alunmina-silica 20 nolten yarn
tape such as .Kaowool Registered trade nmark) and ceramic fiber, -~
‘al um;fia= gl ass-l ami nated tape and the liké. Alternatively, the flane barrfen
‘layer-may be formed by w nding one or several pieces of flane-retardant -
tapes mainly made of an organic material of which oxygen index is 35 or
nore. 25 These flane-retardant tapes _jiqucl udes, for exarrpl e, a
flame-retardant rubber coated cloth tape and a tape nade q

pol yet her et her I&RfgRELvelppmngvented, Yiarehy to ééﬁfﬁlcﬁﬁl"}étyh&r%leﬁﬁoﬁ@e
-pol yethéri m de cqxad ysulspaénemd apbyopeaabenylt Sarbawiele cthiesunderligiagatic

pol yester. V\hen 3 ﬁ_(? q'Pe etrfo ]H] |eces§o%?éh§:3§ui ,E)fgnh%l ng Qh 5 to

0.2 nmm t hi cknesg a8 4t ape ayer Wt R
to 1/2 overl ap.cab¥e t¢ereabb ebehomasi NOIIItQDr &Y, thehetemperpatizre i é;seay-@r 23
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tapes 35 or ‘tapes contalnln a nmetal in a major proporijon t
1/5 to 1/2 ovedgyeffeskhe tRR el nfRatloppld THAL FPOWheg. Sutsife
“.thi.ckness and theclasxtde copperqombnsiaﬂﬁ]qn stwdittl edthest ddlockays) , olfir ashe

~alum nium alu at t t he
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of -an i nor gani cambe Ikiyng an@ie?%talﬂaikl-t ape layer as wused in the

cables |ingFigure 1hq @@ca%lreesnﬁ@tﬂg\@é/ 2, tE@cfﬂlameerbalrs.-lteQr rraqel@y 23

- W ndi ng one or ver al h 1/ 1/20 rIa nor gan

t ape Igyer Fﬂfgf%rﬁ'ﬁltﬁﬁgr"gp ¢ i nvgﬁ”oé)ht $’E°? effia gr%% rfal”
However, the i negjcstianand et abpecionpés raﬁﬁlalngerqtmlm ytd»etheuﬁdameound
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‘each of
: transpiration of the molten drips of the insulation, etc.

15 through it. The use of aluminium foil as the flame
 barrier layer 23 is preferable in the production cost.

In the double- or multi~layer structure of the flame
barrier layer, including the inorganic léyer 21 and the
metallic tape layer 23,' shown in Figure 3, combined

20 effects of the inorganic and metallic layers are produced
and superior results are hence obtained. '
_' The barrier protection layer 27, which is provided
- around flame barrier layer 21 or 23,'.mechanica11y
_ protects and reinforces the latter against outer force.
, 25 Further, the protection layer 27 which is low in heat
N | ' conduction from its nature provides thermal protection
against fire to the flame barrier layer 21, 23 to thereby
prevent or reduce a rise id temperature of the sheath 29,
| The sheath 29 is formed by mixing the silane-grafted
30 polyolefin resin and the flame-retardant compound which
are prepared according to the first aspect of the present
invention and then extruding them around the barrier
'protection layer 27 in a conventional manner to thereby
produce each cable. The insulation 13 may be formed in
35 the same manner.



" the like. .25

the carbonizable tape layer 19 and the barrier tape 15 | ayers 21,

23 by tndlng the tape around the underlying layer in an overl apping
manne SPWth the ot her wi ndi ng manners nolten and gasified flammbl es can
be~ej €T #d out fromthe inside during burning of the cable. Around the
fYame Yarrier layers 21, 23 thus forned, 20 there may be wound a barrier

protection |layer 27 which protects ,those flane barrier |ayer.
~The barrier protection l-ayer 17 is forﬁéd—by wi nding a tape nmade of, for

exanpl e, aSbeSt°S1Aﬂkﬁéﬁgﬁg%%%md%éééﬁﬁ é?éﬁ!%?ﬁ;&ﬁéoﬁeéﬂfgglﬁgE?éhéhs OLe

_ a. cros aroun
barri er prote¥it8nreipepngs. t°Tﬁ61§FU§§rP|ﬁﬂéae§heaﬁhm29 Pe appéied Fﬁe

previ ousl y- degckiibglefbape taadagt cross-1inked conposition accordlng to
the first aspect ﬁz e cabl e

i.nvent
Flgure 1 the 1 ansobdhd cRBpaSzRosset bo, smaPimants 8o Papaent
contalnlng a ¢eventdionnp amaﬂﬁﬁaqacmemarémnandahéasedn&;pmpwmdedlwmth

thermal resi ShangfnoMignie 12y5t, 2 kadadediied bhia® s | brbBeBPiofast !y

destroyed, so_that transm ttance of heat air )
i nside’ of thaYeEabl &t cigt showgeer tojhe eptteét .tmty tﬂt%nt@aet%eaésy to
sufficiently ﬁb&tQébebberﬁDyepraehdédandnapﬂhaﬁre&éﬁ|¥fC&h50ma§Gr§har°

under | yi ng carbo bl ¢ | aye en’if the nsuI%tlon 13 of the cable
Core 15 beconBihbFRen iy YRESt Khpsiiel, sord ot 1l Perdiabieh) S
flame baPrieachiayed aad ngutbxcce9689spc@ﬂehesprhéuqeﬂten i nsul ation 13
fromflow ng outS|de the cable in gggﬁpﬂgglgn wgt h the blockage of the .
' s;lane-grafted polyoleﬁlq_ resins A and B were ;;)
separately prepared in compositions shown in TABLE 1
according to the following proceduree.  In each
15 procedure, dicumylperoxide (DCP) wae dlssOIVed in
vinyltrimethoxysilane, to whlch is then added .a high
den51ty polyethylene oowder to prepare a compound in the
form of a paste. This paste was hcmogeneously mixed into
an ethyleﬁe-— qL-elefin copblym_er manufactured by Mitsui
20 Petrochemical Ind. Ltd.,'Japan and sold under a Japanese
tradename "Tafmer A-4085" to form a mixture, which was
then extruded by a conventional extruder having a
cyllnder of 40 mm diameter at an extru51on temperature of
200°C with a residence time of 4 to 5 minutes to thereby
25_ obtain each qf Silane-grafted'polyolefinic_resine A and B z;J
in the form of pellets. The resins A and B thus produced
were each stored sealed in an_alﬁminium foil-laminated
bag with'external moisture and the like excluded. '

30

35



car boni zabl e tape | ayer 19 which becones carbonized to forma kind of
biscuit wall. 10 In the cable'in Figure 2, the flane barrier |ayer
23 of @ netallic tape, which is also excellent in thermal resistance, is
supérior in sealing quality to the flane barrier layer 21 and hence al'm
~conpletely prevents the transpiration of the nolten drips of the -
_insulation, etc. 15 through it. The usesaf alumniumfoil as the flane
~barrier layer 23 is preferable in the production cost. In the double- or
~multi-layer str&®B®elof the flame barrier layer, including the inorganic
elayer\%i and'the netallic tape layer - 23, shown in Figure 3, conbined
.20 effects of the inorganic and netallic layers are p e . erior
~results are. hence obtained. The barrier protection Iayéggg%,gﬁz?ghayg
“brovided around flame barrier |afétangtgrafted3 ne8hdaneagryfpedtects
~and reinforges the |latter against ogbheyoleEefic25  FurpbeyoletbRic
protection layer 27 which is low in_heat conduction fromiis pature

‘provi des thermal protection-agai nst P8 £o the flame bAPPIBr®layer 21, 23
‘to thereby prevent or reduce a rise in tenperature of the sheath 29. The
-.sheath 29 is fogqg 1Q¥equbgg&%ge silane-grafted 30 polyolefin resin and
“the flame-retardant conpoun Ich are prepared according to the first
"aspect of the pcePEA¥mREvention and then éBPruding t hem around L®@ barrier
protectionlbayepecg7 in a conventional manneg,8o0 thereby produce eagh cable.

= The insulation.&B ngﬁ be Lgrhed in 35 the same manner. -14- Al t hough
“the present inv AP AES™B8EY i1l ustrated with reference to multi-core
cables, it nmay lsélapplied to. - 4 : -2
A High density poly~- o
~_ethylene* . 2 : _ 2

15

*having a density of 0.95

Each batch for use in Examples 1 to 6 was prepared in

‘compositions shown in TABLE 2 according to the following

20 - procedure. Td the ethylene-O% -olefin copolymer as

deséribed above 1in connection with the silane-grafted

polyolefinic resins A and B there were added and mixed

aluminium hydroxide, magnesium hydroxide, red phosphorus

firé retardant, cérbon black, stearic acid as lubricant,

, 25 a conventional antioxidant, silane condensation catalyst

() - and'DCP according to the.compounding recipe in TABLE 2 to

produce each flame retardant compound (the first

compound) in the form of pellets. ~The condensation

catalyst was dibutyltindilaurate (DBTDL). This mixing was

30 carried out by means of a Banbury mixer at 160°C or

higher. _ .

Then, the flame retardant compounds thus prepared were

each stored sealed in an aluminium foil~laminated bag to
exclude external moisture and the like. _

35 . Thereafter, the thus-prepared silane-grafted poly-



" a single-core cable. In the above-described embodinments of the present 5

i nvention, the flame retardant cables are provided with a carbonizable
Iayen, barri er | ayer and a protection layer. It is however to be noted

t hat- @e | ayers are not necessarily provided, and that even if the | ayers
are o ed, in certain cubes good flanme retardancy can be 10 achi eved
and no toxic gases can be produced. EXANﬁ%ES 1 - 6- Silane-grafted
polyolefin resins A and B were separately prepared in conpositions
shown in TABbEefinkecoreim Ao orhed fand ovwarh phcelilana-retardant | n

each 15 pro&@,ﬁiég o Xy d ( leood
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obtai n each of sil ane- raf nic resins B.i.n the form of

pel lets. The resihReA %ﬁ‘ﬂ %ugxﬁ?oahﬁﬁdmeérﬁcha& SPbgestste £ R an
al um ni um f oi hedtanaghbgdtbat) andhackeatndeformatica dedtt o |ddeemudaaided. |

30 35 1015 cﬂgigéiérpgﬁfésb¥hggég?t In the heat aging test, each
insulated wire was measured as to tensile strength and
felongatlon after they were allowed to stand at 120°C for -
7. days or at 100°¢ for 2 days. 1In the heat deformation \4 '
‘test, the degree of thermal deformation of each insulated

15 wire was measured according to IEC 92-~3 under a condition
that it was heated at 90°C for one hour with an applied
load of lkg.  In order_to examine the flame retardancy of
the tube of the insulated wire of each example, the
oxygen index was measured according to ASTM D-2863. 1In

20 order to examine the toxic and corrosive gases produced,
halogen halide gas was analysed accordlng to IEC-754.

TABLE 2 :
Parts by Weight
: "EXAMPLE

25 ' S ' -1 2 3 4 - 5 6 Py
Silane grafted polyolefinic _ -
resin A - - 20 30 - 50 60 80
Silane grafted polyolefinic ' '
resin B - 30 - - -

30 EBthylene-ct-olefin ' )
copolymer . - 80 70 70 50 40 20
Aluminium hydroxide 100 100 - 100 100 100 :
Magnesium hydroxide*l - - - 100 - - =~

Red phosphorus fire

*

35  retardant 2 | 30 - 30 30 30 30 30
Carbon black 200 20 20 20 20 20

. . *3
Antioxidant



Si | arfe- graf t ed Silane-grafted 5 ' pol yol efinic

polyol efinic-resin A resin B. Ethylene [err]-olefin copolyner‘;,
100 /T 100 10 DCP 0.3 @(
0.3 Vinyltrinmethoxy sil ane 4
‘Hi gh density poly- ethyl ene* 2

15 *having .a density of 0.95 Each batch for use in Exanples 1 to 6 was
prepared in conpositions shown in TABLE 2ﬁﬁktord|ng to the follow ng 20

. procedure. T ed P £tfwlene-[err] -olefin jopolyner ; as ldesclrl b d
- abovesin connection wth the silane-grafted. pollyol ef | n| Cc resins

_there were addd®® AR uni ni um hydr oxi de, Qrh Rpdr (9x|]d(9 1red
phosphorus fi repgetar dant, carbon bl ack, steard.c aC|-d as- | ubri cant, 25 a
conventional a d I Tane condensation catalyst and DCP accordlng to
the conpoundrnqéefg%e&%&jﬁgiABLE 2 to pyoduce each flanme retardant
conpound ¥t heTensilke stxanaimdikg/mr )t he flordn df.1 paldZetls.l 1.3THs0
~ condensation catpbygdtr¥Es @ putyl t| nd| | aur at esg(PBHY9 - 4HD 0% Higtd s 30
~carrried out by npans of a Banbur _ sl 160C or higher. Then, the flane
. retardant conpciRER £ xeh stored sealed in an alun1n|um
foil-lam nat ed heamgsile esclcd'axd;atkemarermﬁldml sture and the like. 35

Thereafter, the thus-prepared sil an{'%)grafteq_oq_pl Y02 1‘159.f11f1|,' G117 elszion A
or B and each of flane-retardan

10 Elongation retention (%) - 85 89 85 82 87 80
After aging 10 davys at 100°% '
Tensile strength retention

"
(%) 102 107 110 105 103 107
Elongation retention (%) -~ 93 91 100 92 95 91
15 Heat deformation ° (%) 48 22 32 17 15 13
Oxygen index = ° 32 32 32 32 32 32
Hydrogen halide gases *7 o o0 0 0 0 0
(mg/g)
Extruding moldabilityﬂ’8 X X X X XX XX
- 20 *1 surface treated with stearic acid; *2 a .conventional
' fire retardant containing 24% by weight of red phbsphor—
~us; *3 antioxidant manufactured and sold by Ciba-Geigy,
Switzerland, under the tradename "Irganox '# 1076"
("irganox“ is a registered trade mark); *4 dicumyl
U, 25 peroxide curing agent; *5 according to IEC 92-3 at 90°C

with a load of 1 kg; *6 according to ASTM D-2863; *7 test
according to IEC~754-1; and *8 x, xx and Xxx in-
dicate good, acceptable and not acceptable respectively.

The results of these tests are given in TABLE 2,
30 from which it will be noted that the insulated wires of
. Examples 1-4 which fall within the preferable range of
the present invention, were superior in extruding
moldability and elongation before aging to the insulated
wires of Examples 5 and 6.
35 ' COMPARATIVE EXAMPLES 1 - 5
With the use of the apparatus and procedure of the

Examples 1-6, there were preparad four kinds of insulated



- conpounds in Exanples 1 to 6 were mixed according t'o the conpounding recipe
in T ;E 2 to prepare a second conpound, which was extruded over a copper

' Nor 5 having 0.9 mm di aneter by a conventional extruder to thereby
an insulated wire having a coating of thickness about 2.8 to 3 mm
for each exanple. The insulated wire thus prepared was subjected to a heat
aging test and a heat deformation test to determne 10 characteristics

- thereof. In the heat aging test, eactl7arsul ated wite was neasured as to

tensil e strengifesgnEd) el tﬁaQriv@f t gg;aiangsv\eleggal ggwgldiggst@@d @;e 120 C

f 7 d t 100.C f d Iln th t f t test,
dogr e of TR AT PGIPRF BLER ASUITAE 15 WP SRIPARIAN, o

accordlng1n3Gdﬁpéﬁhﬁhv&mﬂxampb@mdltaoﬁ BhdtdlMOWasdnamuﬂjanySElKhﬁQH one
hour with an %#g% I fer xﬂg% I argdancy
of the tube %&? Fﬁgngggékafréﬂ? eac%ggg éF%APﬁVéogggeﬁgg dgx was
neasur ed Bicc ARRPIRLT oIl (B Ias prepared olffde‘FhQ oS MFe heas okt ¢ and

corrosi ve -gasgse ppedaéadnghakaa@nefsald:&%p&asww 8hal YorpoARGOrehdiged®
O TS TP qgeathia B e Hatel NS Brided it wdarvens stean

20 30 - c¥Huss-ebinkng | aRbegeafimsylasiefowitres cwerei subjected to

- . 3Othe sarie tes@Qas £ htaperd £r1lg ol efin copol ymer <
80 70 70 50 40 0 Al um nLum hydr oxi de 100 100 - 100
100 100 N%gneS|Lnn?®%rE&?¥&Fs of 'the’tests are givegpin TABLE 3.. [ghe

. phosphorus fidfoss-linked compositions from. Comparatlve Examples 1 and
| 2, in which the cross-lxnkable component was not used or
used in amount ‘below the lower limit of the scope of the
present invention, were unacceptable since they largely
15 deformed in the heat deformation test and became molten
or slightly molten in the aging tests. The cross-linked
compounds from-cOmparative'ExampleS'B and 4, in which the
cross-linkable component was used in an amount beyond the
upper 1limit of the present invention, were also
20 unacceptable since extfudlng moldability was poor. The
- cross-linked compound from Comparative Example 5, in
which DCP was used for cross-linking, exhibited
acceptable results in all the tests but it required a

high temperature and high pressure eguipment for

25

30

35



35 £et ardant *2 30 30 30 30 30 30 Carbon bl ack

20 20 .20- 20 20 .20 *3‘Ant|OX|dant fQ; )
1 1.1 -17- Stearic atid 11 ég%
DBTDL:- catalyst 0.1 O. 0. 010101*4DCPBefore
aging 57 Tensile strength [err] T&PQ? 3.1 1.2 1.11.31.0
-El ongation (% |
days at 120—€ f ' . COMPARAS S A 20
10 Elongation retention (% o 85 891 85 82 87 89 Aft@r agd ng
10 days: at Teggention (7 107 ITI0 105 103
107 E?‘L'Sngatiorréﬁ,entlmn (% 93" 91 ~100 92f895 91995 1°‘Heat
deformati on 5 sil&fe graftedlﬁﬁlyoaéfanZ 17 .15 13 Oxygen index - -
=32 32 32 ré&2in32 B32 Hydrogen halide gases 7 0O O 0O O
0 0 (ng/g) ERthyliémeyrGrsilefiinity8 100X Xgs X  ¥g XX. XX @

" *1 surface treeerelymeth stearic acid; *2 a conventional fire Tretardant
-cont ai ni Ng 24% Dim ¥Rk Hy Rloxidd phosphor- usyob3 ant pgsi dantygmnufact urgsl
and sold by G ba-Ceigy, Swtzerland, under the . tradenane "lrganox #
.1076" ("1 rganaxégneaumhyrd&gﬂﬁmréd trade nerk): *4 dicumyl 2500 ~

perOX|de curi C ing to | EC 92-3 at [err] '

_ %é%s;)hoﬁmas €9 % 30 30 10 30 30
retardant”
Carbon black ' 20 20 20 20 20
. o .
Antioxidant 3_ . _ S ¢ 1 1 1 1

St Stearic acid | | 1 1’ 101 1
DBTDL catalyst - - 0.1 0.1 0.1 -
bce - - - - - 2.5
Before aging o _

Tensile strength (Kg/mmz) 0.8 1.2 0.7 0.6 1.3
Elongation (%) 520 490 100 . 80 450

.After aging 7 days at 120°¢

Tensile strength-ret?ggzon molten molten 130 132 92

Elongation retention (%) molten molten 82 87 90
After aging 10 days at 100°C '

Tensile strength retention slightly
v (%) molten. softened 115 121 9S
: . _ L - slightly
Elongation retention (%) molten softened 90 87 97
Heat deformation*s (%) 100 56 12 10 8
Oxygen index"® C 32 32 . 32 33 34
) Hydrogen halide gases *7 . 0 0 0" 0 0
_ (mg/g) _ o
. Extruding moldability'8 x x XXX XXX x




- _deformation test and

with a load of 1 kg; *6 according to ASTM D-2863; *7 test according to
IEC—754 1; and *8 x, xx and xxx in- dicate good, acceptable and not
| e respectlvely The results of these tests are given in TABLE 2,
ym which it will be noted that the insulated wires of Exanples 1-4
_ all within the preferable range of the present invention, were
superior in extruding noldability and fg(angatlon before aging to the
insul ated wires of Exanples 5 and 6. 35 COMPARATI VE
EXAMPLES 1 - drd¥s+lifmieinge of Dmrren@ppanat uBCRndcposselliinking tde Exhamrpl es
1-6, there V‘%(lgeé’tlﬁ?paﬁe% fc?égié“ ngérQE ‘ijggstfedcan beéBiie Vot e and

*: Conparative accordi ng e oundi ng recipes given In’
TABLE 3. Th@@:*!ﬁr‘fﬁfim%l%g% %ﬂp%’i‘%t h@@cﬁxﬁhﬁl €§bieaﬁ(§199d|ad D& RRST n any
+ silane- graf 1eckedl yﬁés{hnhssr QSIﬁbstrll_dtflo@)mﬁirﬂét¥91EX§m&beHé Rased

anot her ate ar ame_panpet _a he .precedi ng
exanpl escsgxce e t{ﬁﬁ? gﬁﬁéﬁ%’g 't htadrqneosh %Egl é;a (Li" cerC sgél ng
extruded it ukiderimat a@oeaﬁdcn@ssthe nkragent mnmld@@ﬂ wortesnemle

subj ected to e SAEs é-eﬁin}@ﬁx fe]ﬁﬁi%&?t 1-6nd 1Q3oes nothendwsuldepf the
tests are given in TABLE 3 e cross-J]inked conpositions from Conparative
Exanpl es 1 an‘EP%trW]tWﬁ‘c’I'f‘tfﬁée MHRE3fkabl e conponent was not used or
used in anount bel ow t he | ower IHEXAMEFLES]G ~Xzxope of the present '

i nventiop, were unag &gpttqgl e, sLncg aﬁﬁ’?’%%&% a?jﬁfo gggehgréheopeat

ecane rmleten OI’ S? en In agl ng tests

" The cross-1i riccamebepolnbs erﬁtﬁvérﬁ%arﬁﬂ eknsubgiged, Wlﬁ‘-‘v\kﬁ%#] t he
cross-|i nkabl@a&@ﬂ@ﬁaﬁpiewa&cu%adngnw 2O UBbmPBYAATInE NG ecipes given

in TABLES 4 and 5, in which Examples 7-10 and 20-23

u’ .
_showed preferable compositions in view of extrusion

15 moldability and other properties. Examples 7-19 showed
various combinations : in = composition of. aluminium.
hydroxide with other flame retardants. Examples 20-32
demonstrated various combjﬁations in composition of
magnesium hydroxide with other flame retardants.

20 These insulated wires were :subjected, to the same
tests as in Examples 1-6, of which results are also given
in TABLES 4 and 5. _ _

The cross-linked compositions from 'Ekamples 11-13
and 24-26 in which the silane grafted polyoleflnlc resin

25 was used in amounts beyond the preferable range of the
present 1nvent10n, were inferior in extrusion moldability
and elongatlon before the aging tests to the cross—llnked
compositions from Examples 7-10 and 20-23 respectlvely.

From Examples 14 and 27; in which- the"flame-

30 - retardant compounds contained only 'HMC'S as the flame
retardant beyond the preferable range ~of the present
1nventlon,_1u was noted that extruding moldab1llty was
degraded. Such high

35



P |
-3

:upperr*kinit of the preésent invention, were als

+Conpdrative Exanple 5, in which DCP&#&s used

qexhlblted acceptable results in all the tests but it
.tenperature and high pressure eqU|pnent for 25 30 35
iWei ght - COVPARATI VE EXAMPLE 1 2 43 4

{pol yol efin 15 90 100

pol yol efin

o 20

f or

unaccept abl e
.since_extruding nol dability was poofr . The cross-1linked yonpound-

fr.

cross- i nki
requi red a high

TABLE 3 Parts by
5 Silane grafted

resin; Si.lane, grafted
r?g?&s éﬁ heggﬁt

PACYRF JEpRp— VY

"{Ethyl ene-Terr]-olefin . 100 - 85E X A MOP L-E 100 '
jcopolyfrer  Alumi num hydroxi de 71008 9100 10 100 12 109
gﬁ%&'ﬁﬁbi‘ﬂ‘sh?f’@fﬁfﬂ‘?‘* %iafted %%lyorefmm 20 3§ 480 590 }éfFfS?dam 80
farbon back hylene” acrein 20 020 70 0 s 48 sy, o
-l?C|d 0.1 AlEPﬁPuT)qydréxaeP[]jD 150 130 120 1OQBTE§00at?byst50
N - -Redposphonts Lingy 10 10 2 30 30 30 30
Carbon black 10 10 20 30 30 ' 40 30
Antioxidant *3- 1 l‘ 1 1 1 1 1
Stearic acid | 1 1 1 1 1 1 1
N | DBTDL catalyst 0.1 0.1 0.1 0.1 0.1 0.1 0.l

”é “ Béfore aging _
P Tensile strength (Kg/mm?) 1.1. 1.0 1.1 1.1 1.0 1.1 1.0
1 Elongation (%) 300 290 260 230 210 190 180

Aftér aging 7 days at 120%
.% o Tensile strength ret?:gion 111 ilo 125 115 121 108 100
Elongation retention (%) 97 95 89 87 89 90 98
After aging 10 days at 100°C |

% _ Tensile strength ret?g§ion 94 102 110 107 106 113 102
Elongation retention (8) 98 98 93 94 91 97 97
| Heat deférmation *5 (%) 35 21 18 17 16- 15 14
Oxygen Index *6 ’ : 34 33 a3 33 30 30 26
? Hydrogen halide ga?::/g;7 0 0 0 0 0 0 0
Extruding moldability *8 B x x . x XX - XX XX




.Ten,sue strength (Kg/nm 0.8: 1.2 + 0.7 0.6 1.3 Elongation

(9. 520 490 "100. 80 . 450 Aftet aging 7.days at
120 %’enm e strength retention nol :T;Q nol ten 130° 132 9:2 -
E'{88t i on retention (% nol ten en ‘87 90 After aging 10
days2Aat [err] Tensile strength retention rmlten slightly - 115 121 95
(% sof tened El ongati oap1f eftddmie ikdda nolten slightly
90 87 97 softened Heat deformation . - (9 100 56
12 10 8 Oxygen index*6 , S 32 parts E;QWelght 32 33
.. 34 ' Hydr ogep—hat-de—gases—tA+————---—"-—f——0 5 O~ B—Ferr]
Extruding moldability , _ EvXAM%(f(I?‘(E & 9-195"/
cross-lin ' '

cabl e, cor esstlﬁélﬂéoﬁréﬁ eﬂeE%Hé°%f%’én andzadhez@d taget hey , - .am;j hence the

cabl e using Se s‘? £Fed sheath has a restriction in materials to be
used 5 forBE EBFe heP&Bf*™ On the othee hadel, s86 aneBerosn |igdking

adopted in tﬁgpﬁﬂgg‘gﬁ i nvention does not need any cross-|inking equi pment
‘and does not Ahgménsmchydeexidetion in t he2®@it et9@i s. SEXANA EI 30 32 510
Wth the usepgly phB8pREPasafiise and procedure of Exanpl es 1-6, there was
prepared an }ggaﬁagﬁg wepe for each exanpl® acce? di ng to the c’d’n‘p I ng

reci pes give T 4. and 5, in which Exanpl es 0 wed
pref erabl e §85§8§AE#8?§1’§ view of extrusion ‘} ma)#lgabll ty%}ﬁ

ot her proper}\hgiondggrrpl,gs 7-19 showed 4 1 1
Stearic acid -1 1 i' 1 1 .
DBTDL catalyst 0.1 0.1 0.1 0.1 0.1 0.1 ~
Before aging _
Tensile strength (Kg/mm2) 0.9 0.8 1.2 1.0 0.9 0.8
' Elongation (%) 220 350 250 350 370 210
'After_aging 7 days at 120°% _' _ |
Tensile strength ret?:§ion 105 120 117 102 L120 115
 Elongation retention (%) 100 80 .102 100 105 90
After aging 10 days at 100°c B | |
Tensile strength ret?g§ion 114 "105 101 101 116 98
' Elongation retention (%) 97 102 92 101 105 91 )
Heat deformation *5 (%) 30 38 46 37 35 37
Oxygen Index *6 35 32 24 33 35 27
Hydrogen halide gases *7 0 0 0 0 '6' 0
(mg/qg}

Extruding moldability *8 XX X xx @ X x xx




var| ous* conbi nati ons in conposi tion of al uni ni um hydroxi de wi th

ot her /LI ame JFetardants. Eéarrpl es 20-32 denonstrated var i)ous : S
. ‘conbihations in conposi ti of rragnee'{l hydr oxi de wi t h ‘ot her fl ane (@
‘tetardants. 20 These insulated w res were subjected to the same

tests as:in Exanples 1-6, of which re %age al so given in TABLES 4 and

‘5. The cross-1inked conposi tions from arrpl es 11-13 pigh 24526:d {hhi ch the
- silane graft
cpreferabl e range of the present invention, 2ger ezinf ezz' or 3N exiq usixN 26

-.fmol dapi ) ity "an@ialawed ariadt edCpolgolBEIAGI N tes@ ‘i/he 0SS~ T :
-€onposi tions frm:]ﬁxarrw es 7 10 and 20- 23 spe |ve1 Ft'om %am@l bs 8y

~and 27, in ' é,ﬁ Q&_ 30 ret ardant conpounds contained only

“HMC' S as the fI dant eyond the pré&erab®e 6G&lnges®df 4he @Fleserd?
i nventi on, ed t hat extrud| ng rml dability-was de 0graded Such hi gh
35 TABLE 4 W&ﬁm§ﬁew groxXEdg A*j p 1§07 13057120 91001780 17 70 15 50

13 Sil ane gr af tredt Wdﬁplhefrhﬁ £iz@ 30 4 5 6. 7
. Et hyl ene- [errjredaafdant *2 : 80 70 P%O P%O 90 9030 83%2 ?otgoly@e

Al um num hydr o ' 150 130 120,410 8 7 ed 4
.phosphorus fi r)e&aq%"m blafb‘ 10 20 30 10 010 020 3003r et a% ant *2

-Carbon black aptioxidant *3 10 10 20 ) 30 1 30]_ 40 301 2 1

Stearic acid _ 1 1 1 1 1 1 1
DBTDL catalyst - 6.1" 6.1 0.1 0.1 0.1 0.1 0.1
N Before aging _ . :

Tensile strength (Kg/mm?) 1.0 1.0 1.0 1.0 0.9 1.0 0.9

Elongation (%) : 320 310 280 260 230 210 200
After aging 7 days at 120°C :

Tensile strength ‘et?:§i°“ 110 104 115 93 117 105 112

Elongation retention (%) 90 88 83 82 84 85 82
After aging 10 days at 100°C '

Tensile strength retegglon 97 96 100 90 93 99 97

Elcngation retention (%) 100 98 92 92 90 - 95 90

Heat deformation *5 (%) - 37 23 20 19 18 17 16
gx Oxygen Index *6 34 33 33 33 31 30 26
Hydrogen halide gases *7 0 0 0 '0 ' 0 0 0
(mg/qg) :
Extruding moldability *8 x X X x X¥x XX XX




-«

: Antuexudant *3 : 1 1 1 1 1

1 1 Stearic acid
1 .é, 1 1 1 DBTDL cat al yst ' 0.1 0.1.0.1 0.1
@ 1 0 .L Before aging-2 Tensile le-ength (Kg/mm) " 1.1 1.0 1.1 1.1
1.1 1.0 El ongation (% 300 290 260 230 210 190
' After aging 7 days at [err] Tensile strength retention 111 110 125

115 121 108 100 (% Elongation red¥ i®nd@inved?’ 95 89 87 89
90 98 After aging 10 days at [err] Tensile strength retention 94 102

- 110 107 106 113 102 Elongation retention (% Parts 9By weéight 93 94
91 97 ' ' . '

: )
14 Q<ygen Index’ *6 34 3387 3§3 _ 2532 ?
FNdrogen trat+de gasts O V) O ﬁ; svn O \Hg/gf

Ext rudi ng mSidapel HF?fteg P°1Y°13§1n X 20X 20X 26X 206X 26X 20 TABLE 4
conti nued P& Fé‘nbﬁ I E g XA M P L E 14 15 16 17 18 19 Sil ane
XﬁF e-ado ?

grafted pol 20 280 280 280res8; 80 Et 80 ene-
[err] -ol ef mex 80 80 80 80 80 copolyner ‘Al umi num
hydr oxi de Magnes.lum hQGQOXLGG *50 1302003010050 Fed bibsphift us 50 re
> 30 sotEaBhesEPReR BTN T se - g0z o0 £0 g
Carbon black | - - 70 20 5 50
Antioxidant *3 | 1 1 1 1 1 1
Stearic acid S 1 1 1 1 1 -
DBTDL catalyst _ ¢.1 0.1 0.1 0.1 0.1 0.1
Before aging _ : _
Tensile strength (Kg/mm’) 0.8 0.7 1.1 0.9 0.8 0.7
Elongation (%) 1240 370 280 370 380 230
After aging 7«days at 120°% _
Teﬁszle strength ret?gflon : .95- 111 100: _90 121 107
Elongation retention (%) .94_ 84 100 94 99 82
After aging 10 days at 100°C
Tensile strength ret?:t):ion 102 101 92 - 97 111 101
- Elongation retention (%) 102 98 88 93 101. 87 _';;
Heat deformation *5 (%) 31 39 48 39 37 39
Oxygen Index *6 | 35 32 25 33 35 27
Hydrogen halide gaT:;/g;'l 0 0 0 0 0 0

Extruding moldability *8 . XX X XX x X XX




Ant i gki dant

1

A 1.

*3 L 1 1 1 1 1 1 Stearic acid

1 1 1 DBTDL cat al yst 0.1 0.1 0.1

'0.1%0.1° 0.1 Bef ore aglng_2 Tensile strength {err] ) 0.9 0.8 1.2

0.9 0.8 Elongation (%

aging 7 days at 120 C Tensile strength retention 105 120 117 102 1

115 El ongation retention

220 350 250 350 370 210 After

20

(%. 100 9024r02 100 105 90 After aginmg

10 days at [ er idonkadtdat it Qﬂgtﬁhdfé Qf&rioih fééf’f ca195e hEat é@%er&%@on 98

El ongation retentian ﬁf

def or

35
._XX

‘26 Silane g af tearhsat Yol
Et hyl ene-[err] dﬁﬁﬂﬂﬁklate amount, 80

5
Magnesi um hydr oxi de * 100 80 70 50 Red
-phasphorus fire 10 10 E"é’é‘%%% 30 |

.copol yner

3

tion
24

* g7

Q1 91
L the extryger’ ayiings extrpslons redybedpgndn FRamine: o
i3 fifbshed7 pydiuayen hallindeogdsees to 7obtain hidgh fl@me

0

*ABLE 5 eg‘% ‘%g'{)éf i r%déa%i%e %Eufﬁ’ TS gogetiE yith

“'Car bon bl ack

*3

10

15

20

25

30

35

0 40 30 - 20

30 retardant *2

agk n'=md Hhe e p P ws Bire petardganteippan A

For each emeplqu1hergowas3®rega@ed 40 the0faddowindant

man&Er:a]sampr caﬂje iﬂcludﬂng tHree subcores, as shown
in Figures 1-3, each having a copper conductor of 5.5mm2
cross~-sectional area. An insulation was extruded over
each conductor and then cross-linked with steam to form a
subcore having 5.0 mm diameter. In Examples 33-~44 the
insulation was made of XLPE and had a coating thickness
1.0 mm and the insulation in Examples 45-54 was made of a
nonhalbgen flame-retardant cross~linked - polyolefinic
compound and had a;l.olmm coating thickneSs, the compound
consisting of ethylene-«-olefin copolymer (100 parts by
weight), magnesium hydroxide (80 parts by weight), DCP (2
parts by weight) and anti-oxidant (1 part by weight).
Three subcores thus prepared were twisted in a
conventional manner together with a kraft paper tape of
90 pm thickness as a filler to form a core, and
subsequently' the carbonizable tape, flame barrier tape
and barrier protection tape were, aé shown in TABLE 6,
wound around the core in a conventional manner. The
carbonizable tape, flame barrier tape "and barrier
protection tape were wound in overlapping manner.
Finally, a sheath shown in TABLE 6 was extruded around
the core thus prepared'at”an extrusion temperature of
120-150°C to prdduce a cab}e which was then water cooled
and wound on a reel. These samples were subjected to the
IEEE standard 383 test (vertical tray flame test).
Further, .the concentration of hydrogen halide gas
produced by this test and the distance visible through
smoke produced were measured. |

The results of the .vertical tray flame test were



- St ea,wc aci d _ 1.1 1 1 1 1 1 DBTDL

st ¢ 0.1 0.1 01 0.1 0.1 0.1 0.1 Before aging
.e strength [err] 1.0 1.0' 1.0 1.0 0.9 1.0 0.9 Elongation (% :
310 280 260 230 210 200 After aging 7 days at [err] Tensile
_strength retention 110 104 115 983 117 105 112 (% El ongation

retention (% 90 88 83 82 84 85 82 After aging 10 days at

100 C Tensile strength retention 97 T~100 90 93 99 . 97
El ongatlon rejevdn obn CXBLEIG] afB it9%as %ted9Q:hat‘95the9QeHﬁQJts of -

def ormati on gen
% afd (8] exquprdf wefd, acklprabs. Dre fhp rbteRRIOGAdN S0
*7 (nmgl/ g) from OExamples (033-54 that ngthp ERyduoodgey mbhdla@el i tgas *8

X X X cox’fcent‘f‘atlé(ﬁ( wa§X pr%BLEné Gl nt‘l?éi B"i‘%tﬁn@& WiﬁﬁieE X A
NPLE27 28 29 Si'l ane c};__rafte ol efin

20 20 320 thW?%sFWkeAPE?ﬂ‘}F%ﬂewfér & dgp 100 m. From sfé*eseao
80 80 80 reﬁﬂlmpollytneisl\/h:g.rml uﬁhhydrmﬂﬁg ’bi:trn:l.ng, 200 cdMles 50

'rlgtoar éggt @%p%gﬁa%(“&{dr%he scope of _the lﬁgem}bon ﬁ)?odu%eo

Ant i oxi dant sxgoke in a small amopnt apd nq hydqogenlhallde gas, and
' they had suff:.c:.ent flame retardancy. It was further .

10 noted that no other toxic and corros:.ve gas was produced
. COMPARATIVE EXAMPLE 6
For companson purposes, a sample cabie was prepared -
in the follow:Lng manner. A PVC resin was conventlonally
extruded over a copper conductor of 5.5 mm2 cross-
15 sectlonal area to form a subcore havxng a coatlng of 1.0
mm thlckness, the subcore hav:.ng 5. 0 mm diameter. These -
subcores thus prepared were tw15ted in a conventional
manner together Wlth Jute as a flller to form a core,
around whlch a flame retardant PVC was then extruded to
20 produce a - cable hav1ng a sheath of 1. 5 mm thlckness.
This sample was sub_'}ected to the same tests as in
Examples 33-54. -
The results of the vert1ca1 tray flame test were
given in TABLE 7 ‘and were acceptable., It was .however
25 noted that the distance 'visible through smoke produced
was 1 m, and that hence thJ.s cable produced smoke in a

)

much larger amount than the cables of Examples 33-54. It

was further noted that hydrogen hallde gas was produced

_ in an amount of 530 ppm whlch was beyond a level as will

. 30 provide a hazard to the human be:.ng and will corrode
adjacent devices such as electrical contacts.
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f&emivadd 1 1 1 1 1 1 mﬂu_aHMym

;D.l _11 1l 0,1 0.1 0.1 0.y Before aging 2 Tensile strength. (Kg/nmm)
- D.8 OV “1°0.9 0.8 0. El ongat.i on % 240 370 ég%;
370 380 230 After aging 7 days at 120C sile strength retention

‘111 106-. 90 121 107 Elongation retention (% 94 84 100 94
P9 82 After aging 10 days at 100 C Tensile strength retention 102 101
b2 97 111 101 Elongation retention (% 102 98 88 93 101 87

'tbat deformation *5 (% 31 39 48 39 37 - 39 Oxygen Index
¥6 ' 35 32 25 33 35 27 Hydrogen halide gases *7
b. ¥ 0 0 0 0 (ng/g) Extruding noldability *8 XX X
kx X X XX -24- concentration of HMC S can in fact cause heat
_?eneration within the extruder during extrusion resulting in foamng in
i ni shed products. I'n pgder to olgain high glame retardancygit is
‘buitable to use HVC|S topgther with'5 carbagh bl ack and the F'ed phospghorus
“fire retardant in af appyf Erléte‘hdﬁunt EfANﬁLES‘SS - 54%For Bach Exdgnpl e
;there was prepared ijnt hp O|§ wéhgﬁﬁaﬁﬁerga %pnﬁﬁe gableflnclgdlngvthree
$ubcores, as shown 102 nvFlg 18 3, 2eagh ffvifg & copRer anducgor of
:-Eerr] cross-sectionqlwaraam 9An 9 ns@l aPi o wes eRtr@ded Bver Bach @
.¢onductor and then dross}linked with steamto forma subcore having 5.0 nm
di amet er . I n Exangl es B3-44 the
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insylation was made of XLPE and had a coating thickness 15 1.0 nmand the
i nsul ation in Exanpl es 45-54 was nmade of a nonhal ogen ﬁl ane-r et ar dant

cross:tinked polyolefinit conmpound an d a 1.0 nmcoating thickness, the

co pnand consi sting of ethylene [err]-acefin copolymer (100 parts by
¢$y , magnesi um hydroxi de (80 parts by weight), DCP (2 20 parts by

weiNgi{) and anti-oxidant (1 part by weight). Three subcores thus
prepared were twisted in a conventional manner together with a kraft
paper tape of 90 [err] thickness as a filler to forma core, and
subsequently the carbonizable tape, flanme barrier tape 25 and barrleLJ
protection tape were, as shown in TABLE 6, wound around the core in a _
conventi onal manner. The carboni zable tape, flane barrier tape and
barrier protection tape were wound in overlapping manner. Finally, a sheath
. shown in TABLE 6 was extruded around 30 the core thus prepared at an

~extrusion tenperaturgq of 120-150 C to produce a céblea

i s then water
cool ed and woundjon g4 meels <hese sanp#es<vvere<sub’1 e €d o tlhe | EEE
standard 383 t es] gvgrg cH tgaysfl e gesf). FEriker Fthe Foncentration of,
hydrogen halide §& 359 @odfce@ byg th§s fest &nd & hel di st@nce visible
t hrough snoke pr p@cedﬁ/\erﬁ ngasfred The fiesulfis & th vier tli cal tray
flame test were -45- given in TABLE 7, and it was notfed th the results
of all the exanples Jere acceptable. It was further not fro Exanpl es
33-54 that the|l hydrogen halide gas concentration. 5 0 ppm and t hat

' the distance vis|ige|5 t hrough snoke produced was nore¢ than J100 m  From
.+ these results, 219 clear .that during burning, the caples .
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whi chsfall within the scope of the invention produced snoke in a small
~amoupt-and no hydrogen halide gas, and-they had sufficient flane

.ret drdancy. It 'was further 10. noted that no other toxic and.corrogggaum
..gas was produced. COVPARATI VE EXAMPLE 6 For conpari son purposes, a sa .
~cable was prepared in the followi ng manner. A PVC resin was conventionally
~.extruded over a copper conductor of _ §;5 mP cross- 15 secti onal~-
tarea-to fornla*%pbcore havi ng a coating'oF 1.0 mmthickness, the subcore
'having 5.0 nm di'aretgirece ¥ieseicarbriass tips of epal2dmmetbicknesadwonnd
- convequional MRARG FQOESSGAN;th jute as a filler to forma core, around
Aahich a flanme mgtgardant, PVC was then extruded to 20 produce a cabl e
“‘having a sheat h of thes fhameniratagdantrrrossakinkegs somppisdiion pPeeprEedane
‘tests as in Exdnplmeandleds ahde hardugt 1 .6f mnhehiekineaa; tray flame test

the distande viei b TRSLGR SHOREE e cot w2 RS eRRRNSha Tnundcvifns

“‘cabl e produced M¢oleverlapinuch | arger anpunt than the cables of Exanples

33554, It was ™ urthes; Kol ede t BahsBY ¢hpEcRENY 1de RS NESKAL SEIUGSEnT A /an
-amount of 530 p i'ch was beyond a level as wll 30 provi de a hazard to
“the human bei n§V&td-38R? | corrode adjacent devices such as el ectri cal

: pOntaCts. 35 f%[erplece of aluminium Mylar laminated tape of 50 nm
10 thickness wound with 1/4 overlap
*14 the flame retardant cross-linked composition used in
Example 14 and having 1.5 mm thickness;
*15 the flame retardant cross-~linked composiiioh as used

in Example 31 and having 1.5 mm thickness;
15 *16

*17

a flame retardant PVC and having 1.5 mm thickness.
the flame retardant cross-linked composition used in
Example 27 and having 1.5 mm thickness; and
*18 the flame retardant cross-linked composition used in
_ Example 10 and having 1.5 mm thickness.
20 EXAMPLES 55 - 62 AND COMPARATIVE EXAMPLES 7 - 9
With the use of the apparatus and procedure of
Examples 1-6, there was prepared a flame-~-retardant
composition for each example in compounding recipes given
in TABLE 8. These compositions were measured as to
25 oxygen index and heat deformation. - The results are also

given in TABLE 8.

30.
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- wArwarie

T pap

~used in Exanple 27 and having 1.5 mmthickn

[Lerrl—~ferr] -28- *9 a piece of mca-glass tape of 0.13 mmthickness

wourg with 1/4 overlap; 1q the flanme:retardant cross Iinlﬂed conposi tion

preépgffed i'n Exanple 3 and’having 1.5 mnth&({!)ness 11 ‘a sheet of kraft
.s 90 [err] thickness wound with 1/3 erlap; 12 a piece of glass

t apk 59 0.13 nmthickness with 1/4 overl ap; a piece of alum nium Ml ar

| amiwdt ed tape of 50 [err] 10 thi ckness wound with 1/4 overlap 14 the

flame retardant cross-|inked corrp05|t| on used in Exanple 14 and having 1.5

-mm t hi ckness; 15.the flanme retardant cross | i nked- conposition as used in

Exampl e 31 and havi ng 1.5 nmthickness; *16 a flame retardant PVC @d

having 1.5 nmthickness.” 17 the flane ret ar&gg&‘ Loss- | i nked conposition -
Ad 18 the flame retardant

cross-linked_conposition used in Exanple 10 and having 1.5 nm thi ckness. 20

EXAVPLES 55 = 62 AND G NYSA Iz - FANReE Telt BbBehNe use gigilifce visibl
appar at us angk e dud s tindeX 1! e$rultg§me'hlﬁereH§§§dgre§9§re a‘I‘hf‘ouggeGa;:; ©

flame-retardant conpasitriead shaat@ach exanpl e i eopesReEadiss BgSed! vVen
in TABLE 8. Ihese conpiBO toroNs Waiceepkapleed as tQ.pbM oxyﬁgﬂel m
heat deformatidh. The rkHults are al sd given in TABLE 8. 30 "
35 145 _ " , "
36 . 130 “ o . R .
37 140 " " : "
38 130 . . "
39 135 " " "
40 120 oo . "
41 100 - " n -
42 90 _ “ " w N\
43 ' 95 ’ " . . " n
44 85 o [ . ’ ” [
45 . 90 ] . ) " . "
46 80 : - ) » ’ " : ”»
47 85 “ " "
48 8s " "
49 75 [1] " ”
S0 - 80 " o "
51 70 " " "
52 130 " " »
: 53 150 - L] [ "
54 415 [ [ n
Compara- _
tive Exam- 120 N 530 o 1m
ple 6 : : . :

L]



-
<
il
i

g om G sSAV e W

(]
S ©
—_— = QO - O
235.. 8 2o
ST e o g9o
n (e} = Lo = O~ o Qo
O o o™ < Lo (@] .
0w o o e
c N.W : = = O:=- = = 0= = = = = <«
= = - _ 3shreIeo qaleq
.MM&.C — *snaoydsoyd pax jo 3yuFrom £q % 02 SBuruiejuod juepaelsd aJTJ TRUOTIUIAUOD mma
SO . ) -
o %Sy %01, %007 %82 ~ %82 %L  %LL  %2¢ %62  %0E  %0v g, UOTIEUI0IP 3B
= . sz 1€ o¢ 1€ o o€ 1€ 1€ 0 1€ 1€ g, XoPUT Ue3hx0
— O = ) *
g <t X XXX X X X x x x x x x 8 K311T9BpPIOW UOTISNJI} X3
*
- ™ o Tw™ 1T ol 1 1 T T 1 1 1 1 proe otueslg
> o . % 1o®ro o |10 T0 TOo TO TO 0 0 T sATe38d wnuue
o wnm ) 0 om-u T 1S
58 : N | 1 1.8 T 1 T T 1 1 1 ¢ JuEPTXOTIUY
) ® .
£ oD o - 02 02 - - (07 02 o2 02 02 o2 ¥oR[q uogae)
— T O . uepae) ad
» T ° M_ N N~ o mﬁnu PI=
o fa < O8F 0T 100t - o1 - ot o1 o1 o1 ot sweyy snaoydsoud pay
c = 5 OF Pogr @r| ost ort oeT o2t o2 - o2t o2t . . @Prx0apAy wnysaudey
m = O = O o } — . Ta
G E.Z @ - - -1 - - - - - ot - - apTXOIPAY WNUTWNTY
(T m m < H = = } = I .hthﬂOﬂOO
SSET o oo - oot | o o oL .0 09 o oL o8 urFeTO-N-2UBTAUIT
5 o . ut3
c O (e 0] o™ .
<= G889 o F oe Yoor & ot o€ o€ 0s o og o 0z -aToAtod pajjead-suellg
O y— o™ - -
—o < : 6 = 8 L 29 19 09 6S 85 Ls 95 s
58 £ * . 31dWVX3 AAILYEYJWOD IT1dHVXa .
V c L0 n - 1=y - >
C~ O (a0} o0} N~ —
N~ - o — ~—
w2 E 8 3Tavi
- O
3° m
T.e _“... B
CEE s . dl
A o = o < o V v - .
c oMo m O < < O L0 > .
L0 _._vm e ™ A o [o0] — 4 :
(4p] n O 1 = = 1 = 9 = et Z LR



. exhi bited’ sufficrent

~ferr}—  -31- EXAWMPLES 63-71 For each exanple, there was prepared a sanple
cable substantially the same manner as in Exanple 33 -44. That is, a core

Beepared in the sane manner and by the use 5 of the sane material s as
les 33 - 44 and then a carbonizable tape, flame barrier tape
Zrrier protection tape were, as shown in TABLE 9, wound around the
core in a conventional nenner. As the f{ame barrier tape which formed the
whol e ‘or part of each flame barrier ayer, a flanme-retardant tape nade
of an organic material of which tkﬁﬁ%ﬂ@kﬁﬁlg (O) was 35 or nore was

~used. These sanpl @&labé@éhveﬁ&nm@; eehe_ﬁletwahhg B.'&eﬁe%t Ssapld @ml e
33 -44, the results of ﬁ@ Wﬁ? I ven ¥b %ﬁ t
from TABLE 10°URHeARGLLY 59Tk | MaRagE rP‘? "H&P 3 3he Ptesctha
i nvention proisicesl comkewas prepmidd aiwuriie ssaeonamner amdl kprehesivee gas
such as Nyl ogenehidl 8andCadRSrialk! 28RS 3&{@1@9@9 Lhay b GaflPs

ane retar ancy he shea o
excel | ent in §REPRRI32DIE 38aBS, iABEE ieprrier tape and . barrier

protection tape were, as shown in TABLE 9, wound around

the core in a conventional manner. As the flame barrier
tape which formed the whole or part of each flame barrier

10 layer, a flame-retardant tape made of an organic material
' .of which the oxygen index (0I) was 35 or more was used.
These sample cables were subjected to the same tests as

in Examples 33 -44, the results of which are given in S
TABLE 10. - .
15 As seen from TABLE 10, the cables which fall within

the scope of the prelsent invention produced smoke in a

small amount and no toxic and corrosive gas such as

hydrogen _Chloride' gas. It was further no_téd that the

cébiés-exhibited sufficient flame retardancy, and that
20 the sheath was excellent.iﬁ property.

25

30

¥
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Exampl e” :Vertl cal. Tray Flage Test Hydr ogen D stance Visible
Di st ance-of -- Judgenment Halide Gas Thrﬁ] Gases Burned Sheath '

Concentration - Produced 55 . 150 accept abl e - 0 PPM ;
100 m or- hore 56 145 " " . ! @)
145 S " ' " " 58 140 YA
! ' " 59 130 . ' "

" 60 120 oo " - 61

130 7. ' " " 62 -~ 120 "
" i " 63 160 - "

TABLE 9 Exanple Carboni zable Tape Flanme Barrier Barrier
-Protection Sheat h Layer . Layer (1/4 overl ap) Layer (1/4
-overl ap) - 55 none nonhal ogen f | ane- ) none

sheat h retardant rubber- TABLE 10 A coated tape*22 56
kraft paper 90 [err] thick- (1/3 .overlap) 57 none

gl ass tape O—t3—rm-thi-ck-—58- —krafi paper 90 [err] thick (1/3 gverl ap)

*9 7 59 ExampheneVertical Tray Flamg Jes ta{fmin&gen + - Distancerifisdble
| -nonhal ongen fl ane- r Bistadesmtofr ubdudgement cdHeldde* @3 60 Through Gases "

Burned Sheath . Concentration Produced
55 150 cm acceptable O PPM 100 m or more
56 145 » L "
\ - 87 145 " "o .
58 140 " _ " e
59 130 e .o | o
60 120 " " _ "
61 130 o " L
62 120 : ' ._u . W - o
63

160 ' " . " "




el A " ' " 62 |
?non?a]ogen flame- retardant rubber- coat tape*22 63 *22: ‘Having 0.5 nm’
~thi 63s and ‘oxygen index of' 52. = -34° AINB 1. A flane-retardant
3croj§%}rnked conposi tion produced by: (a) mixing a first conpound -of both a -
:pol efinic-resin and-a hydrated netal conpound effective as a flane 5
‘retardant "With a silane-grafted polyolefinic resin to forma second
conpound both the resins being free of any hal ogen; (b) silane -
cross linking the second conpound to fermthe flame-retardant cross-Iinked
conposrtron and 10 (c) wherein the hydrated netal conpound is m-.xed
~#in an anpbunt of about 50 to about 200 parts by wei ght per 100 parts by
:*WEIght of both the ponoIeflnlc resin and 43&? S|Iane grafted pol yol efinic

rvr\llnf * nf ahn“f

RO PTAF F U TR N

- I‘eSI n and LII ICII 1 S IIII\\/U a8t Bt -
§(100- X) 15 E"‘"‘é’r @ e PR eifz”'le B{j‘T ;‘I*ﬁﬁ?—" (,:;rsri‘FFE‘bl
spol yol efini¢c._resi n8nd 20 < x < gh? %a'rf P h a’? 1/4\overlap
.aflane retard crossybhaked as recited in Claiml
iwherein the faégrst corrpodllr.r cont ai n% 5 to about 79™Parts b%f‘eath
_merght of ~a carbon powder per 100 pgdted a@gght of the- polyolefrnrc resrn’
“3and the sil anss gr af t ppafOpagEref i ni ¢ resi mtogether. 3. . " "
:Eflane retardant . .croegm tinickd conp05|t|on as '- R .

(1/3 overlap) - '
- 87 none ‘ oon : glass tape "
' 0.13 mm thick
58 kraft paper " " _ "
i 90 pm thick _ _
(1/3 overlap) . : -\
H : 59 none mica~-glass tape A 9 + none "
nonhalongen flame- : ' '
retardant rubber-coated -
" tape*22 . :
‘ 69 " " . ”" ) "
61 " " : 0 "
: 62 "o nonhalcogen flame- . Cm "
retardant rubber--
3 e coated tape*22 =
‘ 63 " " . " ’ "

4 *22: Having 0.5 mm thickness and oxygen index of S2. -




recited in Caim?2, wherein the first conpound contains 25 further a red
phosphorus flame retardant including about: 2 to about 50 parts by wei ght
of red _phosphorus per -10) parts by weight of the polyolefinic re5|nxg?§>the
si | ane~ grafted polyolefinic resin together. 4. A flane-retarda
‘cross-1inked conposi ti on as 30 recited in Claiml, 2 or 3, wherein
~the polyolefinic resin is polyethylene, ethylene-al pha-olefin copolyner,
ethyl ene-vinyl acetate copolyner, ethylgfe propylene diene el ast orer,
. ethyl enenet hyl acgpd @i - copol yner, 35 et hyI ene acrylic el ast orrer
~hydr ogenat ed L yr ene- _ put adi eneéubber or é‘gre t her eof

‘A flare-retard A r e TRRERE a%%nﬁﬁg??lehn e SCPQBPFé51°PnPEP9PﬁFd4

~wherein the eﬂnwlene al pha-ol ef in copolymer is ethylene pr opyl ene

“copol yner. 6. A dan r =1 ogi

“trecited in Caim 4 or Vﬁ%l% EE rSE ratd&él1 gae%oéngcqgoélegrinngcum
hydr oxi de, nagne%ﬁs't}lﬁ hiy’di cﬁul'éﬁédr%%ﬁ% %&M@@é“‘i)reéf%‘évée nagnasifdmme

car bongte g regsar\fl\%aﬁfﬁe Wwetar d@nésua(i'f |f:t'é|@ed ol?@ﬂ@ﬁﬁhitorkes'ﬁ&x to
recited in ai erein t onpQu S sur
ireated wth ondahm LY Hampourilic R Ehes PERLAG, BBASSSIER R 20¢n:
and titanate coupliaggregent. 8. A flame-retardant cable. conprising: (a)

-a core including one (%abfs%%&r JRY, -tmrm'aethé se%%a%embwuahe%o form
together, the subcore having a conductor coated with an el ectrical

_insulation, the $hesdfilamest rﬁg"%d’éo@ls‘d-lﬁﬁﬁér cRmPOsdE 1ons ARy hal ogen;
-and (b) a sfeat h pr ovicde dibmtdid hehes iRk drametall Compound is mixed in

an amount of about 50 to about 200 parts by weight per
100 parts oy weight of both the polyoclefinic resin and
the silane~-grafted polyolefinic resin, and the poly-

|

\./

olefinic resin is mixed in an amcunt of about (100-x)
15 parts by weight where x is the amount of the silane-
grafted polyoleflnlc resin and 20-¢ x < 80 parts by
weight.
2. A flame-retardant cross-linked' composition as
recited in Claim 1, wherein the first compound contains
20 about 5 to about 70 parts by weight of a carbon powder
per 100 parts by weight of the polyolefinic resin and the
silane-grafted polyolefinic resin together.
3. A flame~retardant cross-linked <composition as
Y recited in Claim 2, wherein the first compound contains
25 further a red phosphorus flame retardant including about
2 to about 50 parts by weight of red phosphorus per 100
parts by weight of the polyolefinic resin and the silane-
grafted polyolefinic resin together.

(L3

4. A flame-retardant <cross-linked <composition as

30 recited in Claim ‘1, 2 or 3, wherein the polyolefinic

resin is polyethylene, ethylene-alpha~olefin copolymer,

ethylene-vinyl acetate copolymer, ethylene propylene

diene elastomer, ethylenemethylacrylate copolymer,

{polymethylaesylare,—polyethylacrylate . polymeshaeryiers

35 ethylene acrylic alastomer, hydrogenated styrene-
butadiene rubber or a mixture thereof.

* [ L M s *




fl ame=retardant cross-linked conposition produced by: 20 - (c) mxing
a first conmpound of both a polyol efini-c resin and a hydrated netal, conpound
wi £ hgsa, si l-ane-grafted polyolefinic resin to forma second conpound, beth

t he ins being free of any hal ogen; (d) silane cross-linking the second
compednd to form 25. the flame-retardant cross-1l.inked conmposition; and (e)
wherein the hydrated netal conpound is mixed in an anount of about 50 to
about 200 parts by wei ght per 100 parts 33 wei ght of both the polyol efinic
resin and thes, silgne-flladd-adtadrdai ef ctogs-lenked asEmpbBEtidRl y-as30

| efini In i 1 xed i t . of . (100- t I ght Y:
% 15 the amourrebsdd nahy (eamda’ (3 hngrslR) ot e | FAVLER e tilekta ' ©
parts by wei giwpolymer A s fettinplentpropylenabtepolymerecited in Claim 8,

35 wherein ghe fArstey daddiher cir@:%Lsu‘i‘iiléﬁo‘Jtcgﬁ%QSﬁ@PHﬁ 7Qgarts
by wei ght_of a carbon powder per 100 parts by weight of_ the Eolyoleflnlc
resin and®t het@F1ERd- iy aftedMpot ySi%ef Pni VRSN { St nRydratedduetyd A
fl ame-ret ar da¢bmpowid € isasalominias hpdrékads, Smagbestam Hiydroxfidest

conpound fur . ains: e t including
red phosphoru(Léarlulféf‘‘i‘a‘g\Ok!l]«at’?’r‘tié}tgr15?1'%?1 %%O%tﬁ)%Qf%ng%# p%ér‘f‘;s&gy wei ght per 100 Y
-~ 5 parts by welght df tHansingfiagdantc r espssaddnked sifameosgkiPled as .
. polyolefinic y&sived 098t B8himlY, whdidi®- tREahYATateAD R 'ESddifhd N .
.. Caim8,_ 9 or, 10, further congrlsLng a flame barrier |ayer interposed
bet ween e cb? eSURbAFRetiRBEEA Wikd 1905 Q% Paférttb’eiar%‘al'o phq Sf a
pi ece of .nonfestempl esilbpee woemtbkimyincaddet, and titanate coupling
- agent.
8. A flame-retardant cable. comprising:
(a) a core including one subecore or more than one
15  subcore twisted together, the subcore having a conductor
coated with an electrical insulation, the insulation
being made of a material free from any halogen; and
(b) a sheath provided owver the core and made of a
flame~-retardant cross-linked qohposition produced by:

~/

20 (c¢) mixing a first compound of both a polyolefinic
resin and a hydrated metal compound with a silane-grafted
polyolefinic resin to form a second compound, both the
resins being free of any halogen; '

(d) silane cross-linking the second compound to form

25 the flame~retardant cross-linked composition; and

(e) wherein the hydrated metal compound is mixed_in
an amount of about 50 to about 200 parts by weight per
_lOOlparts by weight of both the polyolefinic resin and
the silane-grafted polyolefinic resin, and the poly-

30 olefinic resin is mixed in an amount of about (100-x)
parts by weight where x is the amount of the silane- ®
grafted polyolefinic resin and 20 ¢ x < 80 parts by

- weight,
9. A flame-retardant cable as recited in Claim 8,
+ 35 .wherein the first compound further includes about 5 to
about 70 parts by weight of a carbon powder per 100 parts
by weight of the polyolefinic. resin and the silane-
| grafted polyolefinic resin together, :
T
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core ifitan overlapping manner. 12. A flanme-retardant cable as recited
‘in Cairm 11, wherein the nonflammable tapeis a netallic tape, an
|norgan|c tape containing a ceramic i'n a major proportion 15 .or a -
conposite of the netallic tape and the inorganic tape. 13. A @§
flame-retardant cable as recited in Caim 12, wherein the inorganic
tape is one of a mca pol yester | am nated tape, mca glass tape,

n ca- paper conposite 20 - tape, mca- papeT3%ani nat ed t ape, asbestos tape,
silicone- applieol., gl ASSE1amerrétdeydamar Wabieapalsi edeghaea tbpe,Cld i e,

| t t | t f.
LB ng 1d Sfeg%d'éﬁggéér?%% RPohRAC LOTRAY | Bohilindl A A N
nel t - spi nni-ng 2Bhosphorys g raegtessrdalxbexnclmung at%ﬂnpfalfgpms | ieriamat ed

‘tape. 14. A flaaﬁoﬁ@éabéargb&ﬁblf 28 ra%rd&tedsan lesmb%,l,w@t@s@' Be&hqdd ane

barrier |ayer |sfor ret ar dant n .org

~materi al o%lg\mle’hr?'ﬁe gowel‘giﬁg%g‘a?%e&"}%ms%f’oﬁ‘ ‘Fm‘F%s”l?“‘flA:he Silane-

_'.-_flama retardantgrafibé@ pslyokefimil resithatogetilerfurther conprising a

- carboni zabl.e tapg |34 %eh Hé%?@é?&a{?@ﬁ‘é‘ﬁ@%t he. Egéﬁtéﬂd kh§1%% ”% b%r ?ger
a re

layer, the carboniz ape Tayer Iorne aroun
~tape which is chbofPEhBrE WeEWried ngath eflr%m%uBPEE!-éH tlgyﬁ,rghmterpoqed

‘tendperatures. betvse?en léhe Aoré! anm- ltﬁéal’sﬂéa'th cahbe AT rikeCillagr igkiG@dg@i m
15, where| car&)omfzabe t ap rrgf la bstance el ect f.rom
“t he ‘group con5|€? ofra éFFepaQEe Wacb % %? UPBP% the
cloth, natural co:elimlamcverlappmg manner.
o 12. A flame-retardant cable as recited in Claim 11,
— wherein the nonflammable tape' is a metallic tape, an
inorganic tape containing a ceramic in a major proportion
15 or a composite of the metallic tape and the inorganic
tape. : ' ,
13, A ﬁlame'-retardant cable as recited in Claim 12,
wherein the inorganic tape is one of a mica polyester
laminated tape, mica glass .tape, mica-paper composite
20 tape, mica-paper laminated tape, asbestos tape, silicone-~
applied glass tape, alkyd varnish-applied glass tape,
alumina melt-spinning tape, silica melt-spinning tape,
composite tape of an alumina melt-spinning fiber and a
glass fiber, composite tape of a silica melt-spinning
25 fiber and a glass fiber, and alumina-glass laminated
tape.
14. A flame-retardant cable as recited in <Claim 11,
wherein the flame barrier layer is formed of a flame-
retardant tape made of an organic material of which the
30 oxygen index is 35 or more. ,
15. A flame-retardant cable as recited in Claim 11,

b

furtherﬁcomprising a carbonizable tape layer interposed

between the core and the flame barrier layer, the

- carbonizable tape layer formed by winding around the core

35 a tape which is carbonizable when the cable is subjected
to high temperatures.

L



I descrlbe&

5 fiber, or those materials  inpregnated with a 5|I|cone varni sh or an

al kyd varnish. 17. A flane-retardant cable as recited in Oaim, 15,

furt ;Conprising a barrier protection |ayer, interposed between the- flane.
bar&ggé | ayer and the sheath, for 10" nmechanically and thermally

protecting the flane barrier layer, the barrier protection layer is forned
by wi nding at | east one peice of tape nade of asbestos, glass or ceramc
fiber. 18. A flanme-retardant cable as rédited in C|a|n111 15 further

conprising a l]_@r rigr premectbearhaner cduiier pesedepetugeni heifdiae 153" Kier

| d the sfieath h |1y apd th ting, the fl
barrior | ayer ARG Bl FRBr TRGCRAAARE aPBPS] & oPRES LO* wichd R AAoEE E{E“?

one piece of tselectede Ofomsldst ogroupgl asmaistAng ofr aai defafiter paper, A
flame-ret arda%r?&‘l'ce 23pkeci Eggtfh” Q%é'?a&cl%&{ 1Qrat‘4‘ﬂ»%fle' '?:eFLEElESETié" lic

hydr at e |% a subStance selecte rom the group con5|st|ng ym_ ni um
hydr oxi de, AOETum PY d tPASGe, MRRPELARE hydIRFEIRR R Bsi® sglicone

nagne5|un1carbamah@h 2. ah Ghaya- wa&@ﬁdant cable as recited |n Claim 19, .
wherein the h rat d t al 0 rface treat mnth tty cid, a_
phosphoric es 2 strafe” E%E%F?ﬁataéﬁﬁﬁfﬁraé tF?5h§?8 cbupl &ﬁf 30.1.
21. A flane- rf@tramamcomp@s@mw Re bagFigss Pricteciioor daygrio lm&rmged

substant i al |y pasweencr Lhed bﬁaneénaﬂztﬂe&ef %9@96 bhRdayhef ddriamebes:. :\
A flepe retardant _cabl e accord glg e cdaim8 and substantlall as
5

her@Pﬁhﬁqﬂﬁaﬁéﬂéﬁﬁﬁtet?%r%ﬁ °§§°§H6ﬂnqn?tﬁkﬁ%%cbﬁﬁﬁﬁ?an

dr awi ngs. layer, the barrier protection layer is formed by winding
at least one peice of tape made of ashestos, glass or
ceramic fiber. '
18, A. flame-retardant cable as recited in Claim 11,
15 - further comprising a barrier protection layer, interposed
between the flame barrier layer and the sheath, for
mechanically and thermall} protecting the flame barrier
layer, the barrier protection layer is formed by winding
at least one piece of taée made of asbestos, glass or
20 ceramic fiber. . ' ' |
19. A flame-retardant cable as recited in c1a1m 8, 9 or
10, wherein the metallic hydrate is a substance selected
from the group «consisting of aluminium hydroxide,
‘magnesium hydroxide, calcium hydroxide and a basic
25 magnesium carbonate.
20. A flame~retardant cable as recited in Claim 19,
wherein the hydrated metal compound is surface treated
with a fatty acid, a phosphoric ester, a silane coupling
agent or a titanate coupling agent.

C -

30 21, A flame-ratardant cross-linked composition according
to Claim 1, substantially as described herein with g
‘reference to any of the Examples.
22. A flame-retardant cable according to Claim /3and
substantlally as described herein with reference to and

35 as shown in the accompanying drawings.
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