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2168162 - 1-*FLAME- RETARDANT COVPCSI TI ON AND FLAME- RETARDANT CABLE USI NG
SANE The * present . invention relates to a hal ogen-free fl anme-retardant
conposition and further relates to a flame-retardant cabggdga %?h
conposi tion. Conventional nethods of inparting flane ret 3 ordi
cables include: (1) the adoption gf.a cable insulation or sheath made o
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alunﬁgunphyardxm@cyr&am&eslunchydem<ﬁﬁﬂ1thgnaemmtngnfméne ¢©@a¢dant as a
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hal ogen- conF&FAFn&°ﬂé@A¢AMQI#(hakmqﬁﬂnﬁthuﬁauﬂh¥¢6hn%f°§.?F%m%n¢etardant

of fer probl gn 1n r@%%d?ld@“iﬂV&fﬁLBof?éﬁi%ﬁbﬁ?bﬁﬁnaabﬂéfh | ar ge
25 volunes o n hal i de gases such as hydrogen chlorid HCT) or
hydr ogen brSH#&€°FHé%FnQ§%§ PQ%MEQR%%QR%M?QRP&E@t?%dc%¥°¥ﬁ%aF% in and

retardand. pBayethylenesNiorsidin sudM 4 Gdilrt gIwdn dMecanOiosy i 8148 apot her
\,/j other similar flame retardant for added retardancy; (2)
the use of an insulation of sheath of a composition
consisting of a flammable resin, e.g., polyethyliene,
ethylene-vinyl acetate copoliymer (EVA), ethylene-ethyl
15 acrylate (EEA), cr ethvlene precpylene rubber (EPR!, and =
flame retardant containing a halogen such as chlcrine or
bromine and combined with an antimony oxide:; and (3) the
employment of aluminum hydroxide rather than a halogen-
containing flame retardant as a principal retardant -to be
20 added to a flammable resin.
The methods (1) and (2); whereby a cable insulatior
or sheath is formed of a halogen-éontaining resin with cr
k\,/ without the addition of a flame retardant, offer probiems
of metal corrosion and harmful'ef‘ects on human with iarge
25 volumes of hydrcgen halide gases such as hydrogen chilori:e
(HCl) or hydrogen bromide (HBr), e.g., evolved upon
combustion of the resin and retardant. Heavy smoke
emission that results from the combustion is another
knotty prcblem. Thus, these flame-retardant composit:ions
30 and flame-retardant cables using the compositions are no:
quite harmless. They therefore cannot be used 1n subwavs:,
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underground markets, Yospizals, cffice buildings, shi
nuclear power plants, chemical clants, and other

nstallaticons wnere safety is an important consideration.
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The last methecd (3) that emplovs aluminum hydroxide
as a -r;"ci al flane retardant =o be added to a flammable

resin, unlike zhe methods (1) and (2), does rnot cause



knotty problem Thus, these flanme-retardant conpositions 30 and .
~flame-retardant cables using the conpositions are no-: quite harn1ess
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They‘qywefore cannot. be used.in subways, underground markets, hospitals, "
cof fi bui | di ngs, ships, nuclear power plants, chem cal plants. and ‘ot her
I nstall ati ons where safety is an inportant consideration. 35 The | ast
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According to one aspect resent- invention there is provided a

f1ame-r et DER . (ﬂﬂfﬁﬁﬁ‘ﬁ‘?%‘?ﬁ?epﬁ ecdhes PWW%&H‘@’ 16F p&P@?sﬁy%ﬁght of

.a hal ogen foapingbbeye ortﬁéastdcf@pa&iblabouuuiqriq) abael 288uPdét s JyY
wei g of na ne3|un1hé X|de havi n average particle dianmeter of about

0.3 abRff 9% HRT ebLBH S%emsg’ﬁ?'parts by wei ght “of carbon bl ack
powder having arhei lprafswemtpt invention is aimed at solving all the

aforedescribed problems of the prior art. : . \\j
According to one aspect of the present invention

there is provided a flame-retardapt composition prepared

15 by mixing 100 parts by weight of a halogen free rubber or
plastics with about 50 to about 200 parts by weight of
magnesium hydroxide having an average particle diameter

of about 0.3 to about 2 pm, about 5 to about 50 parts by
weight of carbon black powder having an oil absorption of

20 about 0.5 to about 2.0 ml/g, about 3 to about 10 parts by
weight of an organopolysiloxane and about 3 to about 10
parts by weight of a basic lead compound of the formula
beo.Pb(R);yHZO, in which 0¢ x < 3, R is a higher fatty

acid group, an aromatic carboxylic acid group having & or

25  more carbon atoms or a sulfuric acid group, and 0¢ y< 10,
and then cross-linking the mixture with an organic
peroxide, sulfur, or a sulfur compound as a vulcanizing

agent. _ | _

_ Accordlng to another aspect of the present invention
30 there is provided a flame~retardant composition prepared
 by: -
(a) mixing (1) 100 parts by weight of a halogen-free
polymer which is at least one member selected Erom the
group consisting of polyethylenes, ethylene propylene
35 rubbers, ethylene propylene diene elastomers, ethyiene—



20 about -0.5 to about 2.0 nm /g, about 3 to about 10 parts.by weight of an
or ganopot ysi | oxane and about 3 to about 10 parts by weight of a basic |eag
conpound of the fornula xPbO. Pb(R).yH2O, in which O< x < 3, Ris a high @f)
fatty acid group, an aromatic carboxylic acid group having 6 or 25  nore-
carbon atons or a sulfuric acid group, and O< y< 10, and then cross-1inking
the m xture with an organic peroxide, sulfur, or a sulfur conpound as a
vul cani zi ng agent. According to another aggect of the present invention 30
there is provided a flanme-retardant conposition, prepared . (a) mxing (1)
100 parts by w‘éf‘ﬁﬁ? of aﬁeﬁaﬁggeng?ngy%Fﬁl‘mr \?A’?P‘é’ﬁgf’g'ﬁfghastLSE‘élﬁﬁ%ber
sel ected from chpoyymepsconsithyilegesf ol yatdfirenesopelyméesne peehylene 35
rubbers, ethyl : qpyl i el ast ene; = 2ax
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acetate copolg , ylene-pthﬁl acrylate copo rs, ene-

[ERR] -ol efin @t3pbPPREES andet i ichebdengsic (2)e| 2ROWHEPY, to MRPWYeRBPed
styrene- busadi page gl a%t GilRyrfesith (NP FoRl@8dRavidy AROWvaded ROV -280 5
part s_af nagneglun%FZdrox%de haV|ngn$n aver%%gtgartlcle dégggrér of ,about
0.3 to about IPRPRATCE AU ARGHEsi HaPhyt? o efnd*Bur SA3E- t PRIREALWAL h
stearic acid ohydtekideacibeifd) sihofdced-treatmiit wiklparstteaxficcankdd bback

powder having ale 04! 28RO 3 ) Olo8hi 380Lb Q63ut05APBUELE: Be18arnbh black
and (4) a flame retardan contarning red phoSphorus_in an anount such
that the red pPRYPRHrBAVHBReanUPLALBREOPPEACRLBEL 3R9upaPt 8- B9 aRPYRt 2-8Nnd

10 ml g, and (4) a flame retardant containing red
. _ _ phosphorus in an amount such that the red phosphorus
NIV makes up about 2 to about 15 parts-by weight, and
(b) then cross-linking the mixture with an organic
peroxide, sulfur, or a sulfur compound as a vulcanizing
15 agent.
According to'aﬁother aspect of the invention there
is provided a flame-retardant cable of the type including
a cable core composed of an electric conductor coated
with an electrical insulation or a plurality of such
20 cores twisted together and covered, together with a
filler, with a sheath, the insulation and/or thé sheath
being made of a flame-retardant composition.

30
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(b) then cross-linking the mxture with an organic peroxide, sulfur, or a
sul fur conpound as a vul cani zing 15 agent. According to another aspect of
the jmvention there is provided a flane-retardant cable of the type
inc!ﬁé@hg a cabl e core conposed of an electric conductor coated with an
ele I'cal insulation or a plurality of such 20 cores twsted

together and covered, together wth a filler, with a sheath, the

i nsul ati on and/ or the sheath being.nade'%? a flanme-retardant comnposition.
25 30 35 - -3- The flame-retardant conposition and the flane- retardant
cabl e using the sarhe i filawecoretanuiant tdontdus iiriesenind rm-mtﬁ'l@me-as not ed

above, posse by t conposi tion |t elf is free
from an;e 5 f}%%rﬁ%i&%#eﬁﬁiﬂ&@‘%ﬁ} og%ag“ :.%e arc{%gedrarbce [Waa t@f as the
base resin aRfFefEdganventdanidias vated Ghesyuanssess thighr filame a fire or
other hazard,rddistatde, ld dHd Qo Gidh indiogen hadidle f% P (e

noxi ous g Qﬁﬁfonbustlon ases fronlthe bur ni n cable I'l" not Corrode
10 metals | MAYRSSTY FRRHSI oY RAATERTERAR TURHATo QT GHHARSHES. 25W 1§
| ess snoke enilesiasd. fﬂsmmrﬁlth&m’cajerﬁﬂeﬁs aatid:ra.vetéle Qﬁ'bis%qﬁfentthg
invention is safi o S addi tlonal ant a S 0
nmechani cal pro?g)eq{zl'%é rq tzﬁie dr°§® ng ’1 d sé’%gect I onal
15 vi ews  of quereamrdmﬂrqm dzalusimgarf |tifen atcaridarst gas. The
combustion gases from the burnlng cable will not corrode
10 metals in the neighborhood nor have & harmful effect on

human. With less smoke emission than conventional cables ;;‘)

afire, the cable of the invention is safer from hazards.
'An additional advantage is its good mechanical properties.
" In the drawing, FIGURES 1 and 2 are cross-sectional
15 views of flame-retardant cables using flame-retardant
compositions as embodiments of the invention.

The rubber and plastics to be used in the present
invention are free from any halogen. Examples are
polyethylene (PE), natural rubber}'butyl rubber, silicone

20 /rubber, ethylene propylene rubber (EPR), ethylene
propyléne diene elastomer (EPDM);éthylene-Vinyl acetate
copolymer, ethylene-ethyl acrylate copolymer, ethylene-o-
olefin copolymer, ethylene acrylic elastomer, hydrogenated

25 blends. In order to attain high tensile strength and
other favorable mechanical properties, it is desirable to
use a polyolefin resin having an ethylene content of at
least 90% or a combination of two or more such resins.

The flame-retardant composition according to the

30 present invention includes magnesium hydroxide having an
average particle diameter of about 0.3 to about 2 Fm.
Magnesium hydroxide less than about 0.3 pm in diameter has
such great cohesive force that it does not disperse
thoroughly in the mixture and exercises adverse effects on:

35 cthe mechanical and other properties of the resulting
composition. A size larger than about 2 pm is again

undesirable because the particles have a reduced overall

-

styrene-butadiene elastomer, polyester elastomer and their \~J)



conpositions as enbodi nents of the invention. The rubber and plastics to be
used in the present inhvention are free from any hal ogen. Exanples are

pol yet hyl ene '(PE), natural rubber, butyl rubber, silicone 20 /rubber, Aj
et hyl ene propyl ene rubber (EPR), ethylene propyl ene di ene el ast oner C
(EPDM , et hyl ene-vi nyl acetate copol yner, ethyl ene-ethyl acryl ate copol yner,
ethyl ene-[ERR] - ol efin copolymer, ethylenet-acrylic el astoner, hydrogenated
styrene-but adi ene el astoner, polyester elastoner and their 25 blends. In
order to attain high tensile strength and other favorabl e nechani cal
properties, it PYTABSPrapPe-tLeydena pol yntdsdvateshertravian] aroperylicone

content of at |eash 990/18& 2eR8IDE NSLLORG LA 4R é’ioﬁ% L€ HICILE 85inS. The

fl ame-r et ar dant co étlon according to'the 30 i nvention incl udes
magnesi um hydr o‘i‘i"a AP RY - anVaSR r BIRNESHT cll‘iédﬁ‘?’&h%? eﬁ’°"6?e’%ﬁj%LR° @ 3426
about 2 pm Magweshum byer spédef ies srahge ﬂé)oetﬁpfbﬁ’e@,ra i e XH &I RIIGT High such

great“cohe5|gea%g%ggetgﬁf {. S§£ é%éiél rsvglébho Iy m;:#\e m xture

and &xerci ses rse e hahit cal §Fe™i es of
the resul ting cBRPBARiFah. pmeez’emargreql QXM‘MMIW [@?Ft]hel semyditiing

undesi rabl e becaaﬁﬁoébe;mrta&b%@ﬂﬁﬂiﬁ@'%ﬁ&h&@ High flafie SUrface
area, leading tg uat e ani cal ro erties, such as |l ow tensile

strength and elﬁﬁtﬁf BRSY of ?NRE%? Ynﬁn%ﬂﬁﬁﬁ?ﬁﬂyﬂiﬁQﬁﬁWEﬁFB%?Hélde
powdered to a s:.seaddeaumtm ammﬁleﬂ asnge 36 wmm;mﬂ 200 @lagtcisveky high

o ook oS! i Lot EPE08 il b A S P L i
y i With less than about 50 parts by weight of the hydroxide
N : it is 1mposs;ble to achieve an adequate flame-retardant
effect. Over about 200 parts by weight is so much that
the composition has deteriorated mechanical pfoperties and
15 foams on extrusion or becomes hardly processable. In the
case of magnesium hydroxide, the temperature at which its
-water of crystallization is released iS'éround 370 °c, or
higher than that of aluminum hydroxide (about 200 °c, the
temperature being below the processing temperature of
20 certain resins and hence a factor limiting the‘choice of
the resin to be employed). The higher crystal-water-
release temperature is so close to the thermal
decomposition point of the base resin that it puts
practically no limitation to the temperature at which
magnesium hydroxide is mixed with the résin and to the
extrusion temperature of the resulting composition.
Surface treatment of magnesium hydroxide with stearic or
oleic acid makes possible an even greater degree of
filling and imparts better précessability to the
30 compositioﬁ. '

The carbon black to be used in the'present invention
is specified to have an.oil absorption of about 0.5 to
about 2.0 ml/g, because it permits the composition to
combine a high flame-retardant effect with gbod

35 processability and excellent mechanical properties. With
~an cil absorption of less than about C.35 ml/g, the carkoer
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and insufficiearts by weight, the mixture becomes too v15cous to

process or results in low elongation of the product. When

the flamé-reta:dant composition is caused to burn, the

' 15 'carbon_black contained therein_is heated in an oxygen~free

state and, in a process of carbonization, it forms a

' carbonized laYgr_within the composition. The carbonized

. layer so formed, in turn, effectively prevents the flow of

the compoéition itself and the outflow of flammables
.20 (dripping'of the melt) from the inside of the cable,

thereby controlllng the spread of flre.

Use_fu1 vulcanizing agents for the present invention

include, among peroxides, dicumyl peroxide (DCP), 2,5-

dimé:hyl-z,S-di(t-butylperqune)hexane, 2,5-dimethyl-2,5~ ;,/

25 di(t-butylperoxy)fhexyne, and t—butylperbenzoate. Other

usable vulcanizing agents include sulfur and sulfur

compounds_combined with thiuram vulcanizers. The flame-

retardant composition according to the present invention,

cross~linked with such a vulcanizing agent, exhibits

30 excellent mechanical properties.

Desirably, in practicing the invention, red

phosphorus is added. to the flame-retardant composition in

an amount of about 2 to about 15 parts by weight per 100

parts by weight of the rubber or plastics. If the amount

35 1is less than about 2 parts by weight, the phosphorus

achieves practically no carbonization-accelerating effec:.

Conversely, an excessive addition, more than about 153

&
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-5- flame-retardant effect due to a limted overall surface area of the
particles. If the oil absorption exceeds about 2.0 m/g, the m xture _
becones too Vviscous to work and |l owers the electrical \insulation prop es
of the 5 conposition. In the present invention the carbon black is atld#d
in an anpbunt of about 5 to about 50 parts by weight per 100 parts by wei ght
of the rubber or plastics. Wth less t about 5 parts by weight of the
car bon black it is 10 inpossible to achieve flane-retarding and

car boni zed- | aygrory pasehtecks As gabled, MLDIMPE gl hag, aboul 50, parts

by wei ght, the n1xtur bec Pscons t o process or re
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to burn, the 1%¢ w@%&?&emoeh%aeg bPS{nSEQs' Eh@eeafgowz@&%ygen free

state and in a prOCESS or__car onlzatlon it forns a carboni zed
within the conpdSiideother{d amegs5ar8antagempPesifarreleing cansed o

?}c fecs L?/el yzsgr ewatt.s toime sf Ll@wﬁef:rﬁlbabmermestheOHattzehéifzanﬁstheblpslt flow OL
a es (0] t he ne e . |Lnsiae, o the, ca e epy
o] 0 2 e & helalSne ak) e16SLEA° s RBL S LR e I SERAS L 08,

i nventi on |ncI@d&uran@hgrpQEmeues;eduounﬁllperbxddegéﬁxﬁbd Relps the

di met hyl - 2, 5- diddgshuted R, @%Eh%ﬁQBﬁ n €he gbﬂ?&?%%hgn regngon The

_di (t-butyl peroxy)-hexyne, an rbenzoa te e vulcan|2|ng
agents incl ude WFEPtéﬁG §Bﬂf&ﬁr96ﬁﬁ66ﬁ6§ncéﬁﬁlﬁéﬁeﬁﬁ?ﬁ vHrRremty a

vul cani zer 9.0 Trsa.aflllaraaroumt drdaal ﬁﬁ&BFﬁbEhQn peepedably t Dn t EEMPLeSEIvn
| nvention, Crosstlhl 05 CUBTRMEEL I T AR I
\_/J rendering a base resin flame-retardant, desirable '
materials according to the invention, viz., magnesium
hydroxide of a particular particle size, cafbon black with
15 a particuia; oil absorption, and red phosphorﬁs, are used.
As a consequence, the composition gives off less smoke on
combustion than ordinary flame retardants containing
chlorine, bromine, or other halogen. |
It is further desirable to add to the above mixture
200 about 3 to about 10 parts by weight each of an
organopolysiloxane and a basic lead compound of the
formula beO.Pb(R).yHZO per 100 parts by weight of the
rubber or plastics, where 0£x%3, R is a sulfuric acid
_ group, a higher fatty acid group or an aromatic carboxyl:yc
k\«/' 25 acid group, the higher fatty acid group and the aromatic
carboxylic acid group each having 6 or more carbon atoms,
and Qéy&lo. . Useful organopdlysiloxanes include, for
example, dimethylpolysiloxane, methylphenylpolysiloxane,
and methylVinylpolysiloxane. The basic lead compoﬁnd may.,
30 e.g., be tribasic lead sulfate, dibasic lead phthalate, or
.basic lead stearate. Less than about 3 parts by weight
each of the organopolysiloxane and the basic lead compourd
scarcely prove effective in increasing the flame
retardancy. On the other hand, more than about 10 parts
35 by weight of each additive or too large a combined
proportion of the two additives will reduce the tens:le
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mechani cal properties. Desirably, in practicing the .- »
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composition or one of the halogen-free rubbers or
plastics. Three subcores 3, each formed in the manner
described, are twisted together conventionally with a
filler 4 of paper tape, jute, or the like to make up a
core 5. Over this core 5 is formed a sheath 6 of the
flame-retardant composition according to the invention in
the usual manner by extrusion. '

FIGURE 2 illustrates another embodiment of the
flame-retardant cable using the flame-retardant
composition of the invention. Elements like those of the
cable in FIGURE 1 are given like numerals and the

- explanation is not reiterated here. In the flame-

25

30

retardant cable of this modified strueture, a core tape 7,
such as sold under the trademark "Mylar", is wound around
each subcore 3. Three such subcores 3, with the core tape
7 wound thereon, are twisted together, and the filler 8 is
extruded over the twisted subcores. The filler 8 is of a
solid type formed of a flame—retafdant composition free
from eny halogen and having'en 0xygen'index of at least
30. Where the solid filler is to be employed, it is a

- preferred practice to wind the core ‘tape’ 7 of Mylar or the’

‘like over the subcores 3 so as to avoid fusion between the

filler and the cores. Likewise a hold-down tape 9 of
Mylar or the like is wound around the solid filler 8.

However, the hold-down tape 9 is not necessarily used.

‘The filler of the halogen-free flame-retardant composition

having an cxvgen index of at least 30, as used in the

arda e5|rabL§

o,

s



or ganopol ysi | oxane and a basic | ead conpound of the formula xPbO Pb(R).yH20

per 100 -parts by wei ght of the rubber or plastics, where [ERR], Ris a

sulfuric acid group, a higher fatty acid group or an aromatic carbOX'?'25

acid group, the higher fatty acid group and the aromatic carboxylic lﬁc

group each having 6 or nore carbon atons, and [ERR]. Useful

or ganopol ysi | oxanes i ncl ude, for exanpl e~ 8i met hyl pol ysi | oxane,

met hyl phenyl pol ysi | oxane, and net hyl vi nyl pol ysi | oxane. The basic | ead

conmpound may, 30 e.qg., be tribasic |ead sulfate, dibasic |ead phthalate, or

. basic lead st @&Wbﬁdg-.mel_nésQthFan des6ai o8 GparPIPRPeReVdhh EREhSBRaERe

or ganopol ysi | oxaiiy/ o dHeh e ik ilopad oraidRowEd theakrgamy-pee¥edght ective in

i ncreasing the flane.retardgn%%P nore_than abogt 10
ddit

g an t.he otgﬁr gandh
parts 35 by weiGHPoSH &88h * PEMFEY 3 PalfgE ANYGRBIRBATBr 5Bt EF on of
t he 'tvvp additi\ss&nmgrieaﬂtai-ucfaandeeneg:rasidlaecy on7thet cahdeh of the
composi tion.g The flan® Jif art‘i’%”%%b'l%s”%tf gH{et EnbBREO¥RI i {1 PhstPlred are
propurtions of the expensi've additives, and this I's undesirable rn view of
the cost. A fI&ﬁémﬁéﬁﬂﬂ$ﬂﬂ9qaﬁyqé°ﬂsﬁﬁ@eﬁhel&féﬁetée§erpb€§r§t°°d that
fl ane-ret ar dante neo IPRAEINILI¥M 3EC Aot NGmieldN@ol BHEBNEPERiPLEL| efS¥E DRent s
expl ained with refer n . the fi e reference nuneral 1

tog FIGURE 1. I t
desi gnat es an é?ﬁ???ﬁg%gﬁhgﬁbF@P¥iﬁ&P&8 éﬁt?ﬁ@ﬁgg%EPﬁ HAtRF cbYPPE 28

i nsul ati on 2 bweddnventional extrusion to forma subcore 3. The 10"

insulationl% i s nade of ggiﬁ@FE%hg_ﬁbagﬁar%bﬁbggﬂ&igﬁgggghgﬁg$ogllene of

t he hal ogen-free rubbers or plastics.” Three subcores 3, eac rmed in the
Cfﬁper ' " TABLE 1 presents a summary of Examples 1 through 10
for preparing flame-retardant compositions in accordance

with the invention, giving their constitutions and
property test results. TABLE 2 summarizes the
15 constitutions and property test results of compositions
which do not fall within the scope of the present
invention and .ordinary polyvinyl chloride compositions as
Comparative Examples 1 to 10. Each sample, shown in
TABLES i and 2, except for Comparative Examples 6 and 7
20 was prepared by mixing a composition by means of a roll
mill at 110°C and then by hot press cross-linking it.at
160°C for 30 minutes to thereby form a sheet of 2 mm
thickness. _

As can be seen from TABLE 1, the flame-retardant
compositions of Examples 1 to 10 that were within the
scope of this invention exhibited excellent gqualities in
mechanical properties, proCessability, smoke emission and
flamg-retardancy. | ' - -

On the other hand,.TABLE 2 reveals the following
30 facts. In Comparative Example 1 the proportion of

'magnesium hydroxide was so small that the resulting
composition was not adequately flame-retardant and burned
in the air. Conversely in Comparative Example 2, too muach
magnesium hydroxide reduced the processability and

35 elongation of the composition. 1In the third example
- excessive carbon.black again affected the processability

and elongation unfaverakly. Comparative Example 4 used a



descrlbed are tw sted together conventionally with a:filler 4 of paper

tape, jute,

in
e
conposition
are given li
flame- retar
sol d under t

or the like to make up a 15 core 5. Over this core Sis-

‘dn_in the usual manner by extrusion. FIGURE 2 illustrates another

f:ggﬁf ‘a sheath 6 of the flanme-retardant conposition according 'to the
i nent of the flame-retardant cable usgn the flame-retardant 20

of the invention. Elenents ITké those of the cable in FI GURE 1

ke nunmeral s and the explanation is not reiterated here. 1In the

dagh-68R! 8205 BLacHREL LEBnSLriGLULE: @nE8FEe18RE ({4 SuUCh as

he tra emark -"Mylar”, 1's wound aroun eac ré 3. Three

such subcores BL/@)vhthKE EBFELEapE ¥nwdandteneidenstaeagthi spéditamet her,

and the flI|err8ta8dextrBdcécﬁverThEGSEMbshﬁﬁlﬁébcﬁﬁéﬁ exdB8s{ié| pEg8 is of
a solid type fokned of a flane- rg ardant cog203| ion_free_from any hal ogen

and havi ng an B
be enpl oyed5 i tedsphoppbbensedoptanti wast d7wWwbds)bhe compatapevd Pfa

$§8H°Fﬁae%a8f°a? | 88sEP36°BBardkive EXE™BLfi o fYPeER theto
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the solid fi
used. The fl||PVCOthbeshéh@ﬁeQnérSefihﬁgﬁréﬁéﬁégﬁﬂtl&@ﬂﬁ@f'ﬁ%?n having an *
oxygen index of at le used in the. . -8 enbodi ment bein
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strength but were productlve of smoke and, above all,
hydrogen hallde gases. These comp051tlons were. .
unde51rable because of their corrosiveness and toxicity.

TABLE 2A

COMPARATIVE EXAMPLE (wt. parts)
* 6 . 7_
PVC resin - (P=1100) 100 100
(DOPi piasticizer 50 60
' Stabilizer (DLF) 4 g
Sb,03 ' 10 10
CaCo - 50

3

Cbmparative Example_8 used a carbon having high oil
absbrption and the.resulting composition was high. in
Mooney viscosity and hencg was poor in processability.
Comparataive Example 9 used Mg(OH)2 having a small average
particle diameter, resulting in a composition having a
‘small elohgation and poor processability. Comparative
Example 10 adopted Mg(OH) having a large average partlc e
_dlamete* and the resultlng composition was poor in tensile
strenc h and elengaglon : :
fXAMPLua 11-14 and COMPARATIVE EXAMPLES 11-15

Each sample of which composition is given in TABLES 32
and 4 was prepared in the same manner as in the preceding
examples.

Qs



L]

even greater. flame retardancy on the cable. 5 Al t hough the cabl es of

the invention illustrated are of nultiple-conductor types, it is to be
under st-ood that’ the invention is not linmted to the specific enbodi .
t hereof but is applicable to single-conductor types as well. 10 '

EXAMPLES 1-10 and COVPARATI VE EXAVPLES 1-10 TABLE 1 presents a summary of
Exanples 1 through 10 for preparing flans-ng ardant conpositions in
accordance with the invention, giving their constitutions and property test
results. TABLE 2 sumari zes the 15 constitutions and property test results
of conpositions whi cAsdésnebviaks f@ioni BABhE 3¢oplee of Lardme-prneddnt nventi on

and ordi nary pokym I r Sk Ies lto
and ordinary pol Eamtsehg la@@oPEHHQ khi oRe %ﬁ&g@?&@éiﬁ;ﬁl P ol es 6

ggm TABLES 1 and 2, except

and 7 20 was prsﬁﬁ? °BY ﬁPiFhﬁlﬁscbﬁpB§¢P?%hcﬁ& REQPSFQﬁe%»roII mll at
[ERR] Han](cj t hen bﬁobéésﬁbe$$t9t OSﬁ?(kéanﬂgsiénaérE)&Eﬂaﬁmé-]f&‘e@é}_rd}BL i‘s tg

t hereby form.a sheet i ckpess e seen_ from t he
fIanE\Letarggnt 8&%8@ ?n%ﬂglg? %&aﬁ%?e§°ﬁi§YFﬁi)tkﬁﬁ CRIRATALIYEN t he
scope of this |ﬁuemplenléxhhbreedhexcembfmédcnmbmﬁtEﬁf|ﬂhémmhan|ca
properties, pro SSi f etard C On the

ot her hand, TABEEééﬂgg\éﬁég&léggggoﬁq%w@rﬁ%n%%&?cacjt "@oor%‘a‘i] “%lals\/e Exanpl e
1 the proporti of*6ESFa¥Restifh RoBRbkipe Q@@P@%ﬂtﬂﬂﬂIhaduneddﬂsdwaamsmlmg
conposi tion massﬁﬁéngﬁnquﬂaefatﬁéﬁﬂﬁné&é Qugedt sk Dlgdgdidna he air.

Conver SeL &8, EBIBRER-E SRRRLE: 2p | B R RSt PO er oot e
exggple retardant (decabromodlpheqyl ox1de). when large volumes of
hydrogen bromide gas and smoke were evolved. Comparative
- Examples 13 and 14 used conventional chloriﬁe4containing
compositions for cable sheathing, i.e., a flame-retardant
15 PVC composition and a flame-retardant low-HCL PVC
composition respectively, of which compositions are same
- as those of Comparataive Examples 6 and 7 respectively
shown in TABLE 2A. These samples possessed balanced OI
and tensile strength but produced so much smoke and
20 hydrogen halide gases that they were undesirably cerros:ve
and toxic. Comparative Example 15 used both
organopolysiloxane'and tribasic lead sulfate in small
_ amounts, resuling in a composition béing'poor'in flame-
&\wf retardancy.
: 25 - EXAMPLES ' 15-19 and COMPARATIVE EXAMPLES 16-21
TABLE 5 summarizes Examples 15 to 19 showing flame-
retardant cables according to the present invention, and
the structures and property test results of those cables.
TABLE 6 gives the structures and property test results cf
30 cables using compositions outside the scope of the
invention and of an ordinary polyvinyl chloride
composition as Comparative Examples 16 to 21. Each samgle
cable was prepared in the similar manner as illustrated :n
connection with the embodiments shown in FIGS. 1 ané 2.
35 It is clear from TABLE 5 that all the flame-retardant
cables of the invention met the IEEE Std. 383. The cables

were finished with gocd appearance, evolved no hydrogen



excessi ve carbon black again affected the processability and el ongation

unfavorably. Conparative Exanple 4 used a -9- carbon of a,structure
W th .OW+0i | absorption (0.4 m/g), thus resulting in lowtensile N
stre ~and flanme- retardant effect. The sane applied when excessive red

phosphorus was used as in Conparative Example 5 (where the 5 red
phosphorus content was 17 w. 9% . Cbnparét#@e'Exanples 6 and 7 enpl oyed
conventional chlorine-containing conpositions for cable sheathing, i.e., a -

- iti - H PVC
compost £1 on. WS TERE STl bct eCHADI RIS 26 PO AR AR ¢
bal anced i n r espeetthbfoug d]-samgsmflatslewgtmmuhews r agluctd akte oOf
o Fah o g eI ARI L Ao oaty  REER AP G L
COVPARATI VE EXARPRESTHfCaRARRY)S@lid filler pNereshigh (Ela@0)retardancy 100
100 (DOP) plgstigig®rbe achieved. 50 60 Stabilizer(DLF)
4 4 20 [ER ' 10 . 10 [ERR] (>
50 Conparative Exanpte g udedh AR havihR i gt ti $abirs isiingh AP t¥ee
resul ting conposf t& olowesxygeh inmdewoxeyiriCamnsddat el B3angal e s ORNa 11V
processabi | 1Y wdf COBAMAIE, PR S woss LT Hoh iyl
average particle dianeter, resulting i'n a conmposi U1 0h havi Ey
oxygen index (OI) of 26 as in Comparative Example 17, the
10 cable was not passable. The cable of Comparative Example
18 paSsed the combustion tests, but a high -degree of _
fillihg adversely affected the processability and gave a \\‘}
défective product with a poor appearance of seriously
roughéned surféce. Comparative Example 19 to 21 all
15 empldyed PVC sheaths. Although the cables passes the
combustion tests, they produced a large volume of hydrogen
chloride gas, corroded metals and proved harmful to human
in case of a fire. They also gave off much smoke.
EXAMPLES 20-22 and COMPARATIVE EXAMPLES 22-25
20 TABLE 7 shows flame-rétardant_cables according to
Examples 20 to 22 of the present invention, together with
their property test results. TABLE 8 likewise shows, as
Comparative Examples 22 to 25, cables using compositions _
outside the scope of the present invention and an ordinary \;k
25 polyvinyl cable composition, and their property test
results. Each sample cable was prepared in the similar
manner as in the preceding Examples 11-14 and 11-15.



smal | el ongation and poor processability. Conparative Exanple 10 adopted
[ERR] having a |arge average particle diameter and the resulting

gonposition was poor in tensile 30 strength and el engati on. EXAMPLESN - 14
and COVPARATI VE EXAMPLES 11-15 Each sanpl e of which conmposition is in
TABLES 3 and 4 was prepared in the sanme manner as in the preceding

exanpl es. - 10 - As is obvious fromTABhLé=O the fl ame-retardant
conpositions according to the invention ex ited excellent qualities in

mechani cal properties, processability, snoke em ssion and flanme-retardancy.
5 TABLE 4 indicates the followng. In Conparative Exanple 11 where

t he conbi ned anbunt of the organopol ysil oxane and the basic | ead conpound
was excessive, the resulting conposition had reduced tensile strength and
rather inadequate flame retardancy. 10 CaapaEatli ve Exanpl e ;12 enpl oyed a
brom ne-containing flane retardant (decabroondiphenyl oxidé) whep |arge
.vol ungs of hydrogen brom de gas and snoke were evol veEXABRPEar ati ve
ExanRl es 13 and 14 used conventional chlorine-cbntai%ing onpdsitidns for
cabl e sheat hi ng a Tlane-retardant 1o PVC conpositron and a

fl ame- retardant92EE@EEEEiaKEEEEﬁuEﬂJﬁSEEEEspect|ver, of mhlch conp05|t|ons

TABLE 2A a%é??@aﬁm RESLELER pmnf Hhena or Wity (1T T by oM,

produced so nu And 20 hydrogen hali de ggses that th
undesirably corr%glve %0130

Surface-treated Mg(OH)z ;50 100 150 - -

N Carbon Black 50 20 20 20 20
| | Red phosphorus-~contg. : .

- flame retardant*5 - - - - -

Antioxidant™® 2 2 2 2 2

Dicumyl peroxide 2 2 2 2 2

Property test results

Tensile strength (kg/mm2) ' 1.6 1.4 1.2 1.2 1.0
Elongation (%)’ 570 520 470 420 370
O (oxygen index) ° 26 28 33 26 - 33
Hydrogen halide gases (mg/g)*9 0 0 0 0 0
N/ Copper mirror corrosion test..
corroded area (%)*10 0 0 0 0 0
Mooney viscosity at l()Oochll 40 25 - 30 42 57
. -1,*12 _
Smoke emission, D(m ™) 0.7 0.6 0.5 0.6 0.5




and toxic. Conparative Exanple 15 used both organopol.ysil oxane -and. tri basic

Iam§MTMeinsmH
f I ame- -r.et ardancy. 25

-accor (
resul t®

16 to 21. Each sanple

illustrated .n connec@ton LGSt t RO

It is clear from TABL
invention net the | EE

appear ance, evol ved nd3f¢&fogen

anounts, resuling in a conposition being poor in

EXAVPLES 15-19 and COVPARATI VE EXAVPLES 16-21 -
TABLEum*rari zes Examples 15 to 19 showi ng flanme- retardant cables
il A0

to the present invention, and the structures and property t est
of those cables. TABLE 6 gives the structures and property test
results cf 30 cabl es using conpositions-du-side the scope of the invention

and of an or digaey :POkyYipRMhy AN 3% GRS iiddP it Se HRFIH AL d Nt Y@ PE €S

cable”was prepared_in the sim./lar manner as_.

ETarudER ald40g5e fdyaneivsiiarmaddodtadl @6l ofn § hexd .,
Std. 383. The cables were finished with good

nbRRR mefPidshonAdern Bihgs. Hragepame 35

chl oride gas but a negligible volunme of

snoke, atBai ni ng see- *@r ojpguiesiancehydfraideasnot00 sunfacettreddedases.

S aRid qu? i retardant s&bi d
#%Q?g?g% a%?%%éaé:§%gr éﬂ%é£?%§2%#§$§éﬁ§f§§1by-
contrast, shows that &3bl ¥39nepiymshBYErRIZéRes PRNLRKGERERRERX Wkthnp 2

The results suggested
filler where high fla

Conpar ative Exanpl es L@eatdcl/ad®d £ WABACEH advEragéVparviltheariidifatd e i On

havi ng an oxygen indexf(ggh of 26 as in Conparative Exanple 17, the 10

cabl e was not passabl
conbusti @0 tests, but

8 &bl e of Conparative Exanpl e 18 passed the
*3 hiRgv iegr ea ofsfrudtume adsachel ythefd ectbe t heil

processability and gaygedrption is 1.2 ml/g (HAF):

15

20

25

30

*5 Flame retardant containing 24 wt.3 of red
phosphorus; ' ' _ '

*6 Manufactured and sold . by Chiba-Geigy,
Switzerland, under the tradename “IRGANOX #
1076"; (IRGANOX is a registered Trade Mark)

*7 According to ASTM D-638:; -

*8 According to ASTM 042863;

*9 According to IEC 754-1;

*10 According to ASTM D-2671;

*11 ML, .4 min. value;

*12 Measured in conformity with JIS A-1306. Smoke
conc. D = 1/L loglolo/I wherg L is length of
light path (m), I is light intensity with smoke
and Io is light intensity without smoke:

\\_/



defecti,ve product with a:poor appearance of seriously roughened surface.
Conparative Exanple 19 to 21 all 15 enployed PVC sheaths. Al though ,
cgabl es passes the conbustion tests, they produced a | arge vol une of &EQED
hydrogen chl ori de gas, corroded netals and proved harnful to hunan i se
of afire. They al so gave off much snoke. EXAMPLES 20-22 and COVPARATI VE
EXAMPLES 22-25 20 TABLE 7 shows fl amelrétrardant cabl es according to
Exanples 20 to 22 of the present invention, together with their property
test results. TABLE 8 |ikew se sho Conpar.ati ve, Exanples 22 to 25,
.cabl es using conpositions outside %@c}pe{%”ﬁ e|éir)esent i nvention and an
ordi nary 25 pol yvinyl capbre conmposTtiom —arm—tterT PTEMEY £t TSt estH t S.
Each sanpl e cable was prepared in the sinmlar nganner; as’ign th pregﬁding
Exanpl es 11-14 and-11-15 =12 - TABIF 1 EXAMPIE 1 2 3
Conponent's, pardsmghevd Hhipdrk £ty apggHeRR] - ol efi n copol yner 100
100 300 100 TO0 My (O Z*Z N - - - 100
150 Sypface-tr eitlel diE-OHPe¥in copol ynd 110010850 100 - 100 - 16ar bapoBl ack

4 Qp 20 20 20 20 Red phosphorus-contg. flane
retardant*5 Mg (OH),* - - - - =- Aatiox~dant6 -
2 2 2 2 2 Di cunyl peroxi de 4 ' 2 2 2 2
2 Surface-treated Mg(OH)z* 200 100 100 100 150
Carbon Black 13 5 20 20 20 20
_ Red phosphorus-contg. '
k_/f flame retardant*5 . - 10 39 - -
Antioxida.nt*‘r6 2 2 2 2 2
- Dicuml peroxide 2 2 2 2 2

Property test results

7

Tensile strength (kg/mm?)" 1.0 1.2 1.0 1.6 1.0

7

*
Elongation (%) 360 510 480 520 500

8

o
0I (oxygen éndex) 39 30 35 29 27

Hydrogen halide gases (mg/g)*9

Copper mirror corrosion test.
corroded area (%)*1l0 0 0 o 0 0

KM/. Mooney viscosity at 100°c 11

1,*12

45 24 26 30 25

Smoke emission, D(m

) 0.4 0.8 0.9 0.6 0.5

Note: *1-3 and *5-*12 same as in TABLE 1;
*13 Having a structure such that the oil absorption
is 1.2 ml/g (HAF) for Examples 6-8, 2.0 ml/g (ISAF-
HS) for Example 9 and 0.5 ml/g (FF) for Example 19.



Property test results Tensile strength (kg/ m®) - 1.6 1.4 1.2 1.2

1.0 Elongatlon (9% *7 570 520 470 420 370.0 (oxygen

i ndex . _ 26 28 33 26 33 Hydrogen hal i de '‘gases (ng/g)
9 0 0 0 0 0 Copper mirror corrosion test. corroded area

(% *10 0 0 0 0 0O Mooney viscosity at 100 *11

40 25 30 42 57 Snoke emission, [ERR - 0.7 0.6 0.5 0.6
0.5 -13- Notes: *1 Polyolefin resin having an ethylene content of at

| east 90% and sol d under the tradenanme "TAFUVER A-4085" by Mtsu
Petrochm cal In. Ltd., Japan; 5 TABLE? 2 Nhgnesiun1 ‘hydr oxi de not

surface-treated. hHV|nngan average particle diameter of 2 [ERR]: *3
Magnesi um hydr ozi de _surface treated with a SCOMPARATIVE, EXAMBLAN average
particle dianeter of 0.3 [ERR]; 10 _ I*4 Having a 4strubture

such that the 0|| absorptlon S 1.2 n1/g (HAF); *5 Flame retardant
containing 2 s L6 Manuf actured ~ and sold

zer | and, nder. __the _tradenane

-

by  Chi ba- Gei :
7! RGANOX £ 1o?%*yHﬁqﬁc&ws%e€& °F5§ﬁ§?§¥éd Tr 489 VEOR) 490acdBPdi B0t o oM

D-638; "8 Accidirided -t A3t gl 3 According tast01884 Ioo 100

*13

Carbon Black 3 10 70 20 20

Red phosphorus-eontg.

flame retardant*5 .. - - - - 70
Antioxidant’® 2 2 2 2 2 \\*/”
Dicumyl peroxide 2 2 2 2 2

Property test results

Tensile strength (kg/mm ) ? 1.8 0.6 0.8 0.8 0.7
Elongation (%)’ | 620 190 230 570 320

OI (oxygen index) S 21 43 30 24 30

Hydrogen halide géses (mg/c_:;)*9 0 0 0 -0 0

Copper mirror corrosion test. | |

corroded area (%)*10 : 0 0 0 0 0

Mooney viscosity at 100°¢*11 20 71 64 23 52 -
smoke emission, D(m 1)"12 1.6 0.3 0.5 0.5 2.1 e

Note: *1,*3,*5-*12 Same as in TABLE 1;
*13 Having a structure such that the oil absorption
is 1.2 ml/g (HAF) for Comparataive Examples 1-3 and 5
and 0.4 ml/g (FT) for Comparative Example 4.



20 ) . *10 According to ASTM D-2671; *11 M.+4 mn. value; *12
Measured in conformty with JIS A-1306. Snoke conc. D = 1/L [ERR CﬁE%re L
ics length of ‘li'ght path (m, | is light intensity with snmoke 25 <X

and lo is.light intensity w thout snoke; 30 - 14- TABLE 1 (continued)
EXAMPLE 6 7 8 9 10 Conponents, parts by weight

Ethylene [ERR] ol efin copol yner1 100 2006 200 100 100 Myg(OH) 2*2

- - Surface-treated Mg(OH) 3 200 100 100 100
150 2 Carbon Bl ack13 5 20 20 20 20 Red
phosphor us-contg. flane retardant*%ﬁBLﬂ 2 (C°“~l““ed) _ 10 39 -
Ant i oxi dant 6 F‘cuni per oxi de
2 2 2 2 2 Property test results Te@ﬂ”&?&ﬁ?%@%rﬁAg@ 1.0
1.2 1.0 1.6_1.0 Florgation (% 7 480 520
500 A (oxyge $553Q 30 35 27 Hydrogen
hal i de. gases E?éygﬂ ;7é% ,parts\by wglgh%) 0 Copper nlrror corrosion
test \gorrodeds@g r(e@a(;l&lefln copolymer * 0 -0 _ 0390 0140 O14Boney
V|sc03|ty at [ER 24 26 30 25

Surface-treated Mg(OH) x14 - - 150 100 100

Carbon Black' !> - - 40 20 20

Red phosphorus-contg.

flame retardant*3 - - - - -
N\l Antioxidant® - - 2 2 2

Dicumyl peroxide - - 2 2 2

Property test results

Tensile strength (kc_:,r/mmz)*7 2.5 1.6 1.8 1.2 0.7
Elongation (%)’ 300 360 450 220 280
OI (oxygen index) o 35 30 35 30 25

Hydrogen halide gases (mg/g) 0 270 80 0 0 0
Copper mirror corrosion test.

corroded area (%)*1l0 100 21 0 0 0

. . o,*1ll
Mooney viscosity at 100°C - - 75 82 48
\‘/ S 1S et M
; moke emission, D(m ™) 2.6 2.0 0.7 0.6 0.9

Note: *1, *2, *5-*12 Same as in TABLE 1l;
*14 Magnesium hydroxide surface-treated with a
stearic acid, with an average particle diameter of
0.3 pm for Comparative Example 8, an average
particle diameter of 0.2 pm for Comparative Example
9 and an average particle diameter of 3 pm for
Comparative Example 10;
*15 Having a structure such that the oil absorption
is 1.2 ml/g (HAF) for Comparataive Examples 9 and 10
and 2.5 ml/g (ECF) for Comparataive Example 8.



Snoke gm ssion, D(m1 *12
*H-* ane as in TABLE 1
absor

Exanpl £~9 and 0.5 m /g (FF)
EXANPLE 1 2 3 4

onis 1.2 m/g (HAF) for

0.4 0.8 0.9 0.6' 0.5 Note: *1-3 and
*13 Having a structure such that the oil
Exanples 6-8, 2.0 m/g (I SAF- "HS) for
for Exanple 10. -15 - TABLE 2 COVPARATI VE
5 Conponents, parts by weight *1

100 -1b0 -100 100 100 Surface-treated

Ethylene a-ol efin copol yner

Ng(crbz* 30 250 100 100 100 Carbon Bl ackl13

10 70 20 20 Red phosphor us- cont§£ flame retardant*5 :

- 70 Antioxidant6 - E. 2 2.

2 Di cunyl peroxide 2 :fr.operty t est
results Tensile strength (kg/ mR) 7 1. gﬁ ?Eguﬁﬁg% 0. 8 0.7
El ongati on (%-% 620 _ 190 0 0a (oxygen
i ndex) *8 Comoonents,-ﬁékts‘g§ weight 24 30 Hydrogen hal i de gases
(nmg/g)*9 0 0 v er mrror -corrosion test. corroded
area (9*10 Eth lene-a—olefﬁu cofblymé:'t 01000 Nmneyoon %.Ctﬁl)s' ty at [RRR
20 71 64 3 52 Snoke em ssion, D(m1)*12 0.3 0.5

0.5 2.1 Notemg(OH)X*5-*12 Sane as in TABLE 1;-

*13.$ﬁV|ng a s{ructure such

that the oil absor ion 3
Surface-treated Mg(OH)z* 100 100 100 100
Carbon Black 20 20 20 20
Red phosphorus-contg. .

. flame retardant*5 - - .30 30
Organopolysilo:n:ane*ls 3 5 5 10
Tribasic lead sulfate -3 - S 10
Dibasic lead phthalate - 5 - -
Antioxidant S 2 2 2 2
'Dicumyl peroxide 2 2 2 2
Property test results
Tensile strength (kg/mm2) ' 1.3 1.3 1.0 1.0
Elongation (%) 500 505 480 420
OI (oxygen index) ° 36 37 43 45
Hydrogen halide gases (mg/g)*g' 0 0 0 0
Copper mirror corrosion test. :
corroded area (%)*10 0 0 0 0

S . . . o *ll
Mooney viscosity at 100°C 23 23 28 35
. -1, *12 ﬂ
Smoke emission, D(m 7) 0.5 0.5 0.7 0.6

Note:
*16 Dimethylpolysiloxane.

*1-*12 Same as in EXAMPLE 1;



fs 1.2 m/g.(HAF) for Conparataive Exanples 1-3 and 5 and 0.4 nl/g (FT) for

Conpar atti ve Exanpl e 4. TABLE 2 (continued) COMPARATI VE EXAMPLE 6 7
g 9 10 Conponents, parts by wei ght Ethyl ene- [ERR] ol efin copol yner*1
- 100 100 100 Surface-treated [ERR] - 150 100 1 N
Car bon Bl ackl15 - 40 20 20 Red
phosphorus-contg. flame retardant*5 -18 - - - - -

- Anti oxi dant 6 - - 2 2 2 Di cunyl

per oxi de - 2 Property test results
Tensile strength (kg/ m®) 2 5 ??§§E.f 8 1.2 0.7 Elongation (%

300 360 - 45072720 280 O (oxygen 1ndex)s 30 35
30 25 *9 Hydrogen halide gases (ng/Q) 27ql0%§§RATIqE ExéﬁPLEQSCOpper
mrror corrosion test. corroded area (% *10 2

0 0 Mooney VimsOnddts Alod by wei - 75 82 48 Snoke

em ssion, [E 26 ‘2%?-()7 0.6° 0.9 Note: *1, *2,
*5-*12 ;Sane asg fmﬁoléflﬁu%ﬁ i Hydr oxgidle 1 face-treatedoyith a
stearic acid, with an average partlcle di anmeter. of 0.3 pmfor Conparative

Exanpl e 8, an swuef a¢e-fipsdtad eVl et of 0. 2Aqom f or- Conpar at i=ve 1gganpl e 9
and an average particle dlgfnter of [ ERR] for

Carbon Black 20 20 - - -

: . *16 '

Organopolysiloxane 20 - - - 2
_ : Tribasic lead sulfate 20 5 - - 2
\'// . Decabromodiphenyl oxide*l7 - 40 - - -

szo3 E . - 20 - - -

. *6

Antioxidant 2 2 - - 2

Dicumyl peroxide 2 2 - - 2

Property test results

Tensile strength (kg/mm?) . 0.6 1.5 2.5 1.6 1.3

*7

Elongation (%) 420 370 300 360 470

*8

0I (oxygen index) 35 26 35 30 24

Hydrogen halide gases (mg/g) ° 0 60 270 80 0
\\/i Copper mirror corrosion test. _
corroded area (%)*10 0 15 100 21 0
- . . o0.*11l
Mooney viscosity at 100°C 26 22 - - 23
1,*12

Smoke emission, D(m ) : 0.6 2.8 2.5 2.2 0.7

*1, *3, *4 and *6-*12 Same as in TABLE 1l;
*16 Same as in TABLE 3;*17 A flame retardant containing 83
wt% bromine.



3

Conpar ative Exanple 10; *15 Having a structure such that the oil apsorption
is 1.2 mM/g (HAF) for Conparataive Exanples 9 and 10 and’'2.5 nl/g (ECF) for
Corrparl ve Exanpl e 8. TABLE 3 EXAMPLE 11 12 13 14 Corrp’onents, ' .

parts vvel ght Et hyl ene-[ ERR] - ol ef| n copolyrrer*l 100 100 100 " 100
- Surface treated [ ERR]

[ERR]
100 100 100 100 Carbon Bl ack4 . 20 20 20 20
Red phosphorus-contg. flame retardant*5 - - 30 30
Or ganopol ysi | oxane* 16 3- 195 5 10 Tribasic lead sulfate
3 - 5 10 Di basic |ead phthal ate - 5 - -
Ant i oxi dant*6 _ 2 2 2 2 Di cunyl peroxide
2 2 2 2 Property tes}twresults Tensi e strength [ ERR] 1.3
1.3 1.0 1.0 Elfong Bié)@é% g 5 5090 505 .A480 420 O
(oxygen index)8{ = |- &g . 36 37 43 45 Kydr ogers hal i de gases
(nmg/g)*9 = *;G%ECA c0 Copper m risor corr@si on test. corroded
area (% *10 2 |I8355z2E08 20 g & Mogey vrscosﬁty -at [ERR]
23 23 28 3% Sfoke em s$i%®n, [Er-‘e“R]~ & A 045705 0.7 0.6
Note: *1-*12 Same-as i R*.EXAMPLE 1, S a
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*16 Dinet hyl.pol ysi | oxane: TABLE 4 COVPARATI VE EXAMPLE 11 12 13 14

15 Conponents, parts by weight Ethyl ene-[ERR]-ol efin copolyner 106;.
%00 - ° - 100 Surface-treated [ERR] 100 - )
100 Carbon Bl ack 4 20 20 - Organopol ysi | oxanel
20 - - - 2 Tribasic | ead sulfate 20 5 -
- 2 Decabrom)dl phenyl oxi de*17 - 40 - - - Sbh203
- 2Q - - - Antioxi dant6 2 2 -
- 2 Dicunyl peroxide -20 - 2 2 - - 2 Property
test results Tensile strength [ ERR] 0.6 1.5 2.5 1.6 1.3 Elongation
(% *7 420 370 300 360 470 A (oxygen index) 8
35 26 35 30 Igjydro@en hal i de ggses (rmg/g)*9 0 60 270
80 0 Copper mi rr()g S@posion test. coFroded area (% *[L0
0 15 100 21, |B3vsbeey! v85005|t8/ a [ER] 8 3 26 22 - -
23 Smke emissiqd [BRRE B~i ~ ~“0.§ 2.8 25 2.2 0.7 *1, *3, *4
and *6-*12 Sane g |8 STABEE 1; *16 Same &s in TABLE 3;*17 A flanme retardant
contai ning 83 vvt‘%brom ne.. | o o o ° o ¢
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-19- [ERR] 20 [ERR] [ ERR] -22 - [ERR| -23- CLAIMS 1. . A I—
fl ame-retardant conposition prepared by mxing 100 parts by wei ght of - .a
rchree rubber or plastics with about 50 to about 200 part's by\melght a
i um hydr oxi de having an average particle dianeter of about 5 0.3
2 [ERR], about 5 to about 50 parts by weight of carbon bl ack
powder having an oil absorption of about 0.5 to about 2.0 m /g, about 3 to
about 10 parts by wei ght of an organopol ysil oxane and about 3 to about- 10
parts by weight of a basic lead conpound of the. fornula 10 [ ERR],
in which S x < 3, Ris a hlgher fatty,acid group, an aromatic carboxylic

acid group having 6 or
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nore carbon:atons or a sulfuric acid group, and O< y< 10, and then
cross-linking the m xture with an organic peroxide, sulfur, or a sulfur
gonpound as a vul cani zi ng 15 agent. 2. A flanme-retardant conpositig
according to aim1, which further conprises a flane retardant contaegggb
red phosphorus in an anmount such that the red phosphorus. nakes up abo 2
to about 15 parts by weight per 100 20 parts by weight of the rubber or
plastics. 3.. A flame-retardant conposition according to Claim1l or 2
wherei n the magnesi um-hydroxide is surfdce-treated with stearic or oleic .
acid. 4. A fl anme-retardant conposition according to Claim1, 25 2 or 3°
wherein the hal ogen free rubber or plastics is selected fromthe group

consi sting of polyethyl ene, wnatuyal rubber, butyl rubbper,- silicone rubber,
et hyl ene propyl ene fubbeg, @;tﬁyl ne propyl ene di ene e|astoner,
et heyl ene-vi nyl aqgta% 8% CO q$yner; ethglene-ethyl 30 acrylate
: 4 e o] ;
copol ynmer , ethyl ephet ;j,‘EbE'g-Q[efmn copol y?nar,— ethy|ene- acrylic
el astQner, hydr ogerat €515 Ssi\§ ene- but adi ene el astpner, pol yester ¢
el astomer, and theiy plends. 5 A flanme-retardant} conposition according
to Cdaim1, 35 '24*82..’. "‘32'@:: 4 wher ei n4 heg haBogen-free rubber or
pl astics is a pol yo & grgiﬁagi@ hav? ng an et Y| eBe confent of at |east 90%
6. A flane-retardant| compesiftipon according to pny
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5 preceding claim wherein said organopolysiloxane is .

di met h ol ysi | oxane, nmet hyl phenypol ysi | oxane .or . A
met hyl | pol ysi | oxane. 7. A flame-retardant conposition ‘according y
to af receding claimwherein the said basic |ead compound is 10

tribasic | ead sul phate, dibasic | ead phthal ate or basic |ead stearate. 8.

A flanme-retardant conposition prepared by: (a) mxing (1) 100 parts by
wei ght of a hal ogen-free pol yner which is2¥3t |east one nmenber selected from

the 15 gr oup:mqmssi sti ng of polyethylenes, ethylene propylene

rubbers., ethyléne pr Ryl ene d| 5 e elastoners, ethylene- vinyl acetate
copol yners, Biét hylpbré' éfenfl AWRBHOT IR rRECPIT Y| RieBixing ol @ n
copol yners, @ehntisery aweightt of ad asiogesy sfr%e hytgbbgena&e(b]_astt,scos twlt% :
st yr ene- but adi 20 el ast aﬂﬁgt | nds u 0, abou
200 parts of rargg‘r%gm D h%/gr OXI havi ngggﬁrtgvefggge é%% cl‘é dlr&mﬁl‘b‘?
about 0.3 to aﬁgmonzie[ Bmymealaa rmgm@qe:rrpnmmledehmrgr of about

surf ace- t seat @43 Wot tsbo&tteezr)ﬁz abdht ¥ & o fCidh b;(a?')té‘ fwei itk 40P
50 parts of carb HﬁCk 25 ovvder havi ng an oi | orpti ou 0 5
to about 2.0 8"1 a&n’fdp"("l?)er havingan r%t]arat%ﬂrp"c’cﬂﬂ aﬁﬁﬁﬂ?u#&iﬁ

phosphorus intanabnummz Qumli/tghatabmx:nragﬁtqsomlr? AP BiP ¥ Wg{ﬁogo
g?gghl g538artperoe/%'%1$s°u]lﬁhﬁé@nea 3t cothpg gaasbqé‘ﬁluréamafltﬁg B¥%ent .
9. - The flan¥eighsrdafi cdnpbsisticon Jaembrdlcngp'oanel aiof 8, thieer eforniuvia sai d
pol ymer i1® a RPb®QOP&dRY. E,stn RV i i & @g hgl @n cc§1t ggt og.l gg‘elreafsattt%p% ..
35 10. The fI me retajdant conpQsi t1 on“accat d |
group, an aromatic carboxylic aczd group having 6 or \\/
more carbon atoms or a sulfuric acid group, and o¢ y¢ 10, |
and then cross-linking the mixture with an organic
peroxide, snlfur{ or a sulfur compound as a vulcanizing
15 agent. _
2. A flame-retardant composition according to Claim 1,
which further comprise's -a flame retardant containing red
phosphords in an amount such that the red phosphorus
makes up about 2 to abeut 15 parts by weight per 100
20 parts by weight of the rubber of plastics.
3.. A flame-retardant composition according to Claim 1
or 2 wherein the magnesium hydroxide is surface-treated
with stearic or oleic acid. _
4. A flame-retardant composition according to Claim 1, \/
25 2 or 3 wherein the halogen free rubber or plastics is
selected from the group consisting of polyethylene,'
natural rubber, butyl tubber,'silicone rubber, ethylene
propylene rubber, ethylene propylene dlene elastomer,
etheylene-vinyl acetate copolymer, ethylene-ethyl
30 acrylate - copolymer , ethylene- « -olefin copolymer,
ethylene acrylic elastomer, hydrogeeated styrene-
butadiene elastomer, polyester elastomer, and their
blends.

-

5. A flame-retardant composition according to Claim 1,

(W)
(9]

A O
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-25- 'or 9,.-wherein the said m xture contains about 3 to about 10 parts by
wei ght of an organopol ysi| oxane, and about 3 to about 10 parts by weight of
a basic |ead conpound of the fornula [ERR], in which 0 < x <3, Ris 5

hi gher fatfy acid group,-an aromatic carboxylic acid group having 6 ogggg)e
carbon atons or a sulfuric acid group, and 0 <y < 10, per 100 parts

wei ght of the said hal ogen-free polyner. 11. The flane-retardant

conposi tion according to Claim10 10, WR&rein the said organopol ysil oxane

i sI di nmet hyl poldx. 8i b@xﬂn@herlmhh%dwem?aldljéér)@ﬁﬂéh(af@b@f oﬂepmakval Rel y-
sul fate. di bast cOPLeaTaReRar 8 8n oPsliancan. S8 RTdRR pRnt a2 8 ak Fase

fl ame- retardan?O%eonp05|t|on substantially as herein described with

reference to, and ag d o] a 2.
and ag %iﬁfnét ?gth?daﬁ’é m@oﬁaa sl idr? t%:?brdﬁx to  any

fl ame-retardant cabl e of i ncl uq&éJ a ca core conposea
an electri8 coﬂﬂﬁ%?@%“%oa?éalﬂvth reign 3akd ri HPARPRR} ¥R i bpxape g is

pluraljty of smlheenyepoiy@swﬂaﬁeget her mythyeIpiBbotvgictdkined th aor

filler, with a 2€§%% P jpsu ation and/or the sheath being made of a
f1 ame-r et ar dan? SERYHBRLERELPEPRG t o any one of the preceding clains.

25 14. A fTane-Aet fldusrretabientaccompiosjtion Gedondirg mhereanythe
filler inter poé?@c@&iﬂ‘?eﬁéﬁﬁﬁ Gl n (WSt ngﬁo'%%%lcan%]é S8R N1g
e og en and

conpri ses | ame-retardant conposition free from an haV|ng
an oxygen10nde§era§%clé5§F1§91Phate' dibasic lead phthalate or basic

lead stearate.

\,// ' 8. A flame-retardant cohposition prepared by:
(a) mixing (1) 100 parts by weight of a halogen-free
polymer which is at least one member selected from the
15 group consisting of polyethylenes, ethylene propylene
rubbers, ethylene propylene diene elastomers, ethylene-
vinyl acetate copolymers, ethylene-ethyl acrylate
copolymers, ethylene- = -olefin copolymers, ethylene
_ acrylic elaétomers. hydrogenated styrene-butadiene .
20 elastomers and their blends, (2) about 50 to about 200
| parts of magnesium hydroxide having an aVerage particle
diameter of about 0.3 to about 2 um, said magnesium
hydroxide being surface-treated with stearic acid or
_ oleic acid; (3) about 5 to about 50 parts of carbon black
\\/ 25 powder having an oil absorption of about 0.5 to about 2.0
ml g-l, and (4) a flame retardant containing red
phosphorus in an amount such thét the red phoéphorus
.makes_up about 2 to about 15 pérts by weight, and'
(b)'then cross-linking the mixture with ah organic
30 peroxide, sulfur, or a sulfur compound as a vulcanizing
agent. _ |
9. The flame~-retardant composition according to Claim
8, wherein the said polymer is a polyoléfin resin having
an ethylene content of at least 90%.
10. The flame retardant composition according to Claim 38

[P9]
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A flane-retardant -cable substantiall y as described with-
referegce to and as illustrated in Figures 1 and 2 of the acconpanylng

-25-

or 9, wherein the said mixture contains about 3 to about
10 parts by weight of an organopOleiloxane, and about 3
to about 10 parts by weight of a basic lead compound of
the formula xBbO . Pb(R) . yazo, in which 0 £ x<3, Ris
a higher fatty acid group, an aromatic carboxylic acid
group having 6 or more carbon atoms or a sulfuric acid
group, and 0 < y < 10, per 100 parts by weight of the
said halogen-free polymer. ' -

11. The flamé-retardant composit_ion according to Claim
10, wherein the said organopolysiloxane_is dimethylpoly-
siloxane, methylphenylpolysiloxane or _methylvinylpoly-

siloxane, and wherein the said. basic lead compound is

tribasic lead sulfate, dibasic lead phthalate or basic

'lead stearate.

12. A flame-retardant composition 'substantially as

herein descrlbed w1th reference to, and as described in,

Examples 1 to 22.

~13. A flame-retardant cable of the type including a

cable core composed of an electr1c conductor coated with
an electrical insulation or a plural:.ty of such cores
twisted together and covered, together with a filler,

with a sheath.' the insulation and/or the 'sheath. being

made of a flame-retardant composa.t:.on accord:.ng to any
one of the precedlng claxms. _

14. A flame-retardant cable according' to"Claim 13,
wherein the flller 1nterposed between the core or twisted
cores and the sheath comprlses a flame—retardant
composltlon free from any - halogen and hav1ng an oxygen
1ndex of at least 30.

15. A flame- retardant cable substantially as described
with reference to and as 1llustrated in Flgures 1 and 2

of the accompanylng draw1ngs.
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