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SPECIFICATION
TITLE OF THE INVENTION
Heat-Resistant, High-Voltage Lead wire for Direct
Current
FIELD OF THE INVENTION

The present invention relates to heat-resisfant,
high~voltage lead wires for direct current, which have
performances covering the UL Standards at higher than 125 <
of temperature ratings and are to be utilized, for example,
for wiring in televisions, electromagnetiq cookers, copying
machines, combuters and-other electronic appliances.
BACKGROUND OF THE INVEN&ION

It is.important for the insulated wires used in
televisions,-electromagnetié cookers, copying machines,
computers and other electronic appliances to be safe
against fire, and such fire-resistant, insulated wires as
authorized by the Electric Appliances Regulations in Japan,
the UL Standards in the United States and the CSA Standards
in Canada are used for the purpose.

In addition, since the fire—resistant, insulated
wires used in the high-voltage parts of electronic
appliances deal direct current of so high a voltage of 10
to 40 kV, safety against high voltage is also important.

As the method of evaluation of high-voltage wires
for electronic appliances, one described in the Subject 758
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The present invention relates to heat - resistant, high - voltage |ead
wrres for direct current, which have perfornmances neetlngnhg% Lt Bh8
at_tenperature ratings hlgher than 125[err]C and are to be U pLagip Tor
exanple, for wiring in televisions, el ectromagnetic cookers

machi nes, conputers and other el ectronic appliances. ’ﬂlg“ﬁiiim'ﬁﬂ“ant
for the insulated wires used in tel evisions, electronagnef ;
copyi ng machines, conputers and other electronlc appliances to be

safe against fi rieri tahned I?ﬁjcg]t Jarc{ es'rset wr{ nSL.’[Inatt?l% Waeﬁta%sing method

described there, (1) the high-voltage cut-through test and
(2) the fire-resistance test are regarded to be technically
difficult to pass.

Fig. 2 is given for explaining thé high-voltage
cut-through test according to the Subject 758 in the UL
Standards. As shown in the figure, to both ends of a wire
13 which is hung down over two parallel drill rods 11,
1/32" in diameter, are applied loads 10 of 1 poﬁnd, in a
bath kept at the temperature rating, and when 1.5 times as
high a rated voltage is applied from the source of direct
current 12, breakdown must not take place within 7 hours.

Fig. 3 is provided for the explanation of the
Fire~resistance test according to the UL Standards. As
shown in the figure, when a wire 18, placed perpendicular
in an enclosure 14 for the protection'from the movement of
surrounding air, is exposed to fire from a burner 15, the
fire must be extinguished within 60 seconds, and an
absorbent cotton 17 placed on the bottom must not take fire
from dropped burning matter and moreover a sheet of kraft
paper 16 placed above must not take fire into flame nor be
scorched.

In order to satisfy these two requirements, double
layered wire comprising iﬁner polyethylene insulation and

outer flame retarding resin composition jacket have been
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auwt horized by the Electric Appliances Regulations in Japan, the UL
Standards in the United States and the CSA Standards in Canada are used for
t he purpose. In addition, since the fire-resistant yHISSHEEIHAS BEENES
used in the high-voltage parts of electronic appliances deal”ﬁ?mﬁnﬂ)current

of so high a voltage of 10 to 40 kV, safety against high.volt
| nport ant. As the nmethod of evaluation of high-vol tages %%E E
el ectroni c appliances, one described in the Subject 758 it andar ds

are known. In EHﬁ § g?uatlng met hod described there, (1) the high-voltage
cut - through t est é ¥ the fire-resistance test are regarded to be

For instance, a wire in which polyethylene with
melting point higher than 105 C is coated over the
conductor for passing the high-voltage cut through test, and
the flame retarding jacket compriéing mainly ethylene-
vinylacetate~vinylchloride copolymer is coated
surrounding the polyethylene insulatibn is reported. (See
Japanese Patent Publication No. 41786/1977)

It is also reported that the simmilar double
layered wire outer layer of which is comprising
polyvinylchloride grafted chlorinated polyethylene
(Japanese Patent Publication No. 15058/1979),
chlorosulfonated polyethylene. (Japanese Patent Laid-Open
Publication No. 42755/1974)

Tﬁese insulated wires achieve VW-1 level flame
retardancy by means of covering polyethlene with a highly
fire resisting resin composition, which can compensate
easy flamability of polyethylené while keeping the exdellent
insulation property and tracking resistance of polyethylene.

However, these insulated wires have upper limit
of temperature rating of 105C , because the outer resin
composition layer have PVC moiety or chlorine-containing
monomers as a repeafing unit.

There are also some examples of single layered

high-voltage lead wires in prior art, the insulation of
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technically difficult to pass. Fig. 2 is given for explaining the

hirgh- vol tage cut-through test according to the Subject 75
St andards. As shown in the figure, to both ends of a w r?%%kﬁs ?51% E”':‘-'Efla“ung'

dotwn over two parallel drill rods 11, 0.8 nm (1/32") in dlaneter are

appl i ed | oads 10 of 4549 (1 pound), in a bath kept at the tj@ hﬁg&mmml

rating, and when 1.5 tinmes as high a rated voltage is apphﬂ@ﬂ

source of direct current 12, breakdown nust not take place within 7 hours.
these wires are flame retardant resin like a chlorinated

polyethylene. Howevér, these insulated wires also have
upper limit of temperature rating of 105°C , so these
high-voltage wires cannot be used at higher temperatures.

A method to make a flame retarded polyethylene
composition by adding the flame retardant is also known.
However, the withstand voltage characteristics of these
flame retarded polyethylene composition is inferior, so the
high-voltage lead_wireé with excellent properties have not
been obtained by using such a flame retarded polyethylene
composition as an insﬁlation.

On the other hand, requirements for the use of
high-voltage lead wires have increasingly been severe.
Size of electronic appliances has become more and more
smaller and many functions have been required with the
result of increased amount of wiring and increased
requirement for highef safety and higher heat resistance in
wiring materials. To meet such requirements employment of
some highly heét—resistant resins other than polyolefins
may be considerable.

Generally the high-voltage lead wires used in
an enviroment at higher than 150°C , wires with vulcanized
silicon rubber have been employed.

Silicon rubber insulated high-voltage lead wires

have excellent flexibility and electrical properties,
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REPLACEMENT SHEET - 2- Fig. 3is
provided for the explanation of the fire- resistance testrge QﬁgfnﬂngEﬁhe
UL . St andar ds.

i A= an

As shown in the figure, when a wire 18, place PRABER

Icul ar
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sedl

however, the silicon rubber insulation is apt to tear by

aiwii {J

scrapping with metal edge during wirihg operation. It
sometimes causes cracks of the insulation and leads to the
dielectrical brake-down trouble in the worst case.

Some techniques, for example, covering the silicon
rubber insulated wires with braided glass tubing or resin
tubing are known. However, in generall silicon rubber
insulated wires are expensive, and the total cost becomes
much higher when such protecting tubingslare adopted. And
in addition, diameter of the protected wire becomes so
large, the handling property becomes insufficient in wiriﬁg
operation.

High-voltage wires for direct current utilizing
such fluorocarbon resins as tetrafluoroethylene and
tetrafluoroethylene-hexafluoroethylene copolymer as the
insulating materials are also known. They are excellent
wires with heat resistance at higher than 150 C , but they
are more expensive than silicone-rubber insulated wires and
accordingly they are not practical for use other than for
specific purpose.

Thus the first objective of the present invention
is to provide a heat-resistant high-voltage lead wire for
direct current with temperature rating of 125 °C , which
can be manufactured efficiently using inexpensive materials.

The second objective of the present invention is

//ll/////lll///////l//eii]ced



en€losure 14 for the protection fromthe novenent of surrounding air, is
exposed to fire froma burner 15, the fire nust be extingui shed within 60
seconds, and absorbent cotton 17 placed on the bottom nustHIS$SHEERHAS BEEN
frém dropped burning matter and noreover a sheet of kraft paﬁ??hi | aced

BED
above nust not take fire into flame nor be scorched. gL f“ﬂ
satisfy these two requirenents, double |ayered wire corrpﬁg;ﬂ mﬂm
pol yet hyl ene insul ation and outer flame retarding resin conposition jacket

have been empl oygd. ,roviaeFQ nbBEL PSSt antl £Egh il ele PRLYS DYEE LW th

direct current with extremely large utility value
corresponding to Ehe requirement of higher heat resistant
property in the fields of using high-voltage wires for
‘direct current.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 (A) and (B) are cross sectional diagrams
of embodiments of the high-voltage lead wire for direct
current according to the present invention;

Fig. 2 is a diagram for explaining the high-
voltage cut-through test; and

Fig. 3 is a diagram for explaining the VW-1
combustion test.
SUMMARY OF THE INVENTION

The present invention has been completed after
extensive studies for over-coming the above described
problems by using a polyethylene resin composition as an
insulating material with which high-voltage lead wires for
direct current having the perpendicular flame resistance
(VW-1) in UL Standards and the characteristics passing the
requirements for the temperature rating of higher than
125 °C in UL Standards.

The temperature rating of 125 °C here referred to

means that the products pass the above~stated high-voltage

\\\\\\\\\\\Sff:fﬁiifgh test in the UL Standards at the test
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meliing point higher than 105[err]C is coated over the conductor

f or” passing the high-voltage cut-through test, and the flane retardin

j acket conprising mainly ethylene- vinylacetate-vinyl chl of §eSHEET EENer
is ™ coated surrounding the polyethylene insulation is repo?%%&ﬁc ee
Japanese Patent Publication No. 41786/ 1977) 't is gligamin ﬁﬂ rat
the simlar double | ayered wire outer |ayer of which is 3'J”¢ﬂgﬁmmﬁ @ﬁ

pol yvinyl chl oride grafted chlorinated pol yet hyl ene (Japanese Pat ent

Publ i cati on emper eﬁé%‘%7ﬁ5 . an%%ﬂ%%%ﬂl%ﬁ}ﬁ;% PRI VWP Heat

(Japanese Pat ent | T cation

aging tests.

In case of the polyethylene insulated wire with
temperature rating of 125 C, it is required that the
retention of tensile strength is more than 70% and
retention 6f elongation is more than 65% after heat aging
test for 7 dafs at 158°C and for 60 days at 136 C .

In case of temperature rating of 150°C , it is
required that the retention of tensile strength is more
than 70% and retention of elonéation is more than 65%
after heat aging test for 7 days at 180 C and for 60 days
at 158C .

One example of the embodiment of such polyolefin
resin compositions satisfying the above mentioned
perpendicular flame resistance (VW-1) and other requirments
for temperature rating of 125 € in UL Standards is the
flame retarded polyolefin resin composition which
essentially contains (A) resin mixture of polyethylene of
which crystalline component has higher than 125 C of
melting point and ethylene- a -olefin copolymer, and (B)
multi-functionalized monomer which has the unsaturated
carbon-carbon bonds in a molecule.

And the high-voltage lead wire for direct current
can be manufactured by extruding the said flame retarded
polyolefin resin composition over the conductor followed by

-7 -
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Theése insulated wres achieve VW1 level flane retardancy by nmeans of
covering polyethylene with highly fire resisting resin conposition, which
can conpensate easy flammbility of polyethyl ene whil e KEHBISHEET hAS BEEN
exéel l ent insulation property and tracking resistance of polyetitfEBne.

However, these insulated wires have upper limt of tenperat, Ggiof
105[err]C , because the outer resin conposition |ayer havg@%ﬁ%ﬂkﬁ'ﬂWim

chl ori ne-cont ai ni ng nononmers as a repeating unit.
ionizing radiation process.

In more detail, the resin mixture (A) is
comprising polyethylene of which crystalline component
has higher than 125 C of melting point and ethylene-
vinylacetate_copolymer, ethylene-methylacrylate copolymer,

| ethylene-ethylacrylate copolymer, ethylene-
methylmethacrylate copolymer, ethylene-l-butene copolymer,
ethylene-propylene rubber or other ethylene-¢ -olefin
copolymer, and it is preferable that the polyetﬁylene of
which drystalline component has a melting point higher than
125 °C occupies in the resin mixtures more than 40% by
weight and less than 80% by weight.

To the 100 parts of above mentioned resin
mixture(A), a'single or an admixed multi-functionalized
monomer (B) which has the unsatufated carbon-carbon bonds in
molecule selected from trimethyrolpropanetrimethacrylate,
pentaerythritoltrimethacrylate, triallylisocyanurate,
triacrylformal is added preferably 1 to 10 parts by weight,
as well as flame retardant and inorganic fillers.

And the high-voltage lead wire according to the
present invention is obtained by extruding this resin
composition over the conductor in single or double layer
structure followed by irradiation of ionizing radiation.

Figs. 1 (A) and (B) are cross-sectional views of

the high-voltage wires for direct current according to the
_ ~ 8 -
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There are al so sone exanples of single layered high- voltage lead wires in

pr-for art, the insulation of these THIS SHEET HAS BEEN

REDLACED
R
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present invention and 1 stands for the conductor while 2

o

and 3 for the coating films of the above stated resin
composition; 2 and 3 méy be of a same composition or of
different ones within the range of the above stated
compositions.

As examples of the above flame retardant may be
mentioned such organic halogen compounds as a brominated
diphenylether derivative, a brominated bisphenol
derivative, a brominated epoxy-resin derivative, a
brominated phthalimide derivative,
perchloropentacyclodecane and trichloroethyl phosphate, and
antimony trioxide, borates and molybdenum oxide.

Examples of the inorganic filler are talc, clay,
silica and calcium carbonate as well as aluminium hydroxide
and magnesium hydroxide.

As the ionizing radiations to be employed,

a —rays, pB —-rays (electron beam), <+ -rays, X-rays,
ultraviolet rays and others may be mentioned, but in view of
the transmitting distance of the radiation, irradiation dose
and other aspects of industrial profitability electron beam
is particularly preferable to use.

Needless to mention, antioxidants, lubricants,
éoloring pigments, fillers and other additives may be added

to the above resin compositions if desired.
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wrFe are flame retardant resin |like a chlorinated pol yethyl ene. Fbmever
these insulated wires also have an upper limt of tenperat rathg
105[err]C, so these high-voltage wires cannot be used at hlg BEEN
teﬁperatures A method to make a flane retardant polyethyl 8HED
conposition by adding a flame retardant is al so known. Homever.r&jtmﬁmmtage
resi stance of these flanme retardant pol yethyl ene conpositi ansiig

so high-voltage |l ead wires with excellent properties have not been obtained

by using such a flanme ret fh%ﬂ?%r?%'? {;é/ é‘;%?clo‘h %Hﬂ%saﬁl aébrdﬂbsstitaitdr@

On the other hand, requir
to embody the present invention is the resin composition

which is the mixture of 100 parts by weight of polyolefin
resin and mofe than 100 parts by weight and less than 200
parts by weight of metal hydroxide and more than 5 parts by
weight and less than 50 parts by weight of a halogen
containing flame retardant and 1 parts by weight and less
than 10 parts by weight of organic silane compound
represented by general formula bellow, and the high-voltage
lead wire for direct current is produced by extruding the
said resin composition over the conductor and irradiating
said extruded resin composition layer with an ionizing
radiation. |

- X!

Xz Si- R

X3
where, R stands fdr an alkyl group containing acryl or
methacryl group and X!, X3 and X* are atomic groups selected
from the group of alkoxy, alkyl and halogen.

As polyolefin resins may be mentioned, in
addition to polyethylene, such ethylene-qg -olefin copolymers
as ethylene-vinylacetate copolymer, ethylene—methyl
acrylate copolymer, ethylene-ethylacrylate copolymer,
ethylene-methylmethacrylate copolymer, ethylene-l-butene
copolymer, ethylene~l-hexene copolymer and

- 10 -
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appl i ances have becone smaller and smaller and many fun BEENN
requi red which result in an increased anount of wiring and 1 hcreased
redqui renments for safety and heat resistance in wring mmm“mﬁll!lgﬂﬁlmet
such requirenents the enploynent of sonme highly heat-

other than polyolefins has ,Lbeen considered. Cenerally, as

hi gh-voltage |ead wires used in an environnent at higher than 150[err]C

i res WEh vul CARlgd SdLEUIS USRS UR" RIHO KR etny1efleviRgE

r ubber -i nsul at ed a

vottage lead wires have becone increasingly severe. *F$§ﬂ§§ é
c

acetate copolymer, ethylene-methylacrylate copolymer and
ethylene-ethylacrylate copolymer are particularly
preferable from the view point of their flexibility and
extrusion performance.

As the halogen-containing flame retardants may be
mentioned as examples such a chlorine-containing retardant
as perchloropentacyclodécane, such bromine-containing
retardants as brominated diphenylether derivative,
brominated bisphenol derivative, brominated epoxy resin
derivative and brominated phthalimide, and such a
phosphorus-containing retardant as brominated phosphate, and
it is also possibie to augment the flame retarding
performance by using in combination of auxiliary flame
retardants such as antimony trioxide, zinc borate and
molybdenum oxide.

The halogen—containing flame retardants are
desired to be used in the range of 5 to 50 parts by weight
in view of the perpendicular flame resistant property (VWw-1)
of the high-voltage wire for direct current with thicker
than 1.0 mm of insulating layer, and when they are used in
less than 5 parts by weight flame retarding performance is
unsatisfactory while when they are used in more than 50
parts by weight heat aging resistance will be deteriorated.

Examples of the metal hydroxides are aluminum

- 11 -
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have excellent flexibility and electrical properties, but the silicone

rubber insulation is apt to tear by scraping against a ngja ring
the wiring operation. This sonetimes causes cracks of thé HEﬁNand
| eads to a dielectric break-down in the worst case. Sone te

for exanple, covering the silicone rubber insulated wires V\Mhﬂlﬂmiﬂm

gl ass tubing or resin tubing are known. However, in genemd@é

rubber insulated wires are expensive, and the total cost beconmes nuch

i gher when suoh, Lol SEhLY Cad ihb00in Y5 GRPAS ‘and" el 81 8 hid M1 4 ana
of them magnesium hydroxide with the particle size in the
range of 0.1 to 3 mm is preferable in view of its extrusion
processibility, and the particles with no surface treatment.
with fatty acid salts, silane coupling agents or other
agents are preferable in view of their high-~voltage
cut-through performance and initial tensile strength.

The préferable amount of metal hydroxide to be
added is in the range of 100 to 200 parts by weight
in view of the high-voltage cut-~through performance, and
when it is less than 100 parts by weight the high-voltage
cut~through performance is unsatisfactory while when it is
more than 200 parts by weight extrusion operation will be
undesirably affected.
As the organic silane compounds as shown by the
above general formula may be mentioned, for examples,
v -methacryloxypropyltrimethoxysilane,
¥ —~acryloxypropyltrimethoxysilane,
v ~methacryloxypropyldimethoxymethylsilane, and
vy -methacryloxyethyltrimethoxysilane are preferably to
be used, and the organié silane compound is to be added when
mixing the moiten polyolefin reéin, metal hydroxide and
halogeﬁ—containing flame retardant with compounding machine.
The preferable amount of the organic silane
compound to be added is in the range of 1 to 10 parts by

- 12 -

_—
This Sheet Has Been R

LTI !lll



-4~ becones so large that handling beconmes difficult in the wiring

opérati on.

5 SHEET HAS BEEN
“EPLACED

i R A

weight in view of the balance between the high-voltage
cut-through property and initial tensile strength at break
where the amount of metal hydroxide is in range of 100 to
200 parts by weight.’

When the added amount of organic silane compounds
is less than 1 part by weight, the high-voltage cut—thr&ugh
property is insufficient and the initial tensile strength
at break is lower than the level of 1.06kg/mm?* which is
required for polyolefin insulated wires in UL Standards,
while addition of the organic silane compounds more than
10 parts by weight leads to undesirable effect in the
flame retardancy.

Into the above resin compositions may be added,
if desired, such inorgénic fillers as talc, clay, calcium
carbonate; magnesium carbonate and zinc oxide antimony
trioxide, zinc borate, antioxidant, coloring pigment, such a
multi-functionalized monomers which accelerates
cross-linking as trimethylolprqpane trimethacrylate, and
other additives, and mixing these ingredients may be done by
using such well-known mixing apparatus as banbury mixer,
pressure kneader, open-roll mixer and mono- and biaxial
mixers.

Coating the conductor with these resin
compositions may be performed by using known melt extruder,
and the insulation may be formed over the conductor in

-~ 13 -
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Hi-gh voltage wres for direct current utilizing such fluorocarbon resins as
tetrafl uoroet hyl ene and tetrafl uoroethyl ene-hexafl uoroet hyl ene copol yner as
the insulating materials are also known. They are excel | ditS SiE BREN

heat .resi stance at higher than 150[err]C, but they are nore eX}Eh4FER than

si'li cone-rubber insulated wires and accordingly they are ] Iﬂgr
use other than for specific purpose. EP- A- 474252, dm Nm mﬁ l er
1991, claimng priorities of 7th Septenmber 1990 and 19th April 1991 and

publ i shed 11th March_1992, discloses a, flane, - retargant resin gonPOEition
obt ai ned by irra8tB8iRglaver PEnip pyltiple layers of a same material.

For the cross-linking of the resin compositions,
thermal curing may possibly be employed if an orgaﬁic
peroxide is added into the compositions and compressed
steam is applied for heating after extruding over the
conductor, but in view of the balance between the high-
voltage cut-thréugh préperty and the mechanical properties
of insulation layer such as tensile strength and elongation,
at break, the quring process with ionized radiation is
preferably used.

Cross-linking with irradiation of ionizing
radiations may be conducted by using ¢ -rays, electron beam
( 8 -réys), v ~rays, X~rays, ultraviolet rays and others
from the sources of ionizing radiations, but in view of such
industrial profitabilities as transmitting distahce,
irradiation dose and time required by irradiation, electron
beam is desirable as the source of radiation.

(First Embodiment)

Sample wires were prepared by the procedures
described below.

The.resin compositions shown in Tables 1 to 3
were applied by the melt extrusion method over annealed
copper wire, 0.8 mm ¢ in outer diameter, to make an
insulation layer of 1.21 mm thick, and then irradiated by
electron beam at 1 MeV of acceleration voltage to obtain

) - - 14 -
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radi-ation a resin conposition conprising 100 parts by weight of a

t hernopl astic resin, from 100 to 250 parts by wei ght of nagnesi um
hydroxi de, and from1 - 10 parts by wei ght of an or ganosiTHiS SHEED HASBEEN
represented by fornul a: REPLACED

00

sample wires.

The resin compositions shown in Tables 1 to 3
were formulated in common, other than polyethylene,
ethylene~ g -olefin éopolymer and a monomer
containing unsaturated carbon-carbon bond moiety in the
molecule, 45 parts by weight of tetrabromobisphenol
derivative (containing bromine in 62 % by weight;
molelcular weight about 8000), 30 parts by weight of
powdered antimony trioxide, 15 parts by weight of powdered
clay, 5 parts by weight of powdered silica, 3 parts by

weight of pentaerithrytyl-tetrakis[3-(3,5-di-t-butyl-4-
hydroxyphenyl )propionate], 1 part by weight of distearyl
thiodipropionate and 0.5 part by weight of zinc stearate
per 100 parts by weight of the resin mixture of
polyethylene and ethylene;a -olefin copolymer, and the
preparation of the resin compositions were done by using an
open-roll mixer heated at 150 C and after the mixing the
compositions were made into pelets and used for melt
extrusion.

In Tables 1 to 3 the high-voltage cut-through
tests were performed in a gear oven maintained at 125 °C by
charging loads of 1 pound each at both end of sample wire
and applying 30 kV of direct current at n = 3. The
withstand voltage tests were performed in a gear oven

maintained at 125 °C by applying direct current of 25 kV at
//
_ - 15 -
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[ err] wherein R represents an al kyl group containing a nethacrylic or

aerylic group and Xerr], Xerr] and Xerr] each repreggs f
group, an al koxyl group or a hal ogen group; and an insul ated eﬁgﬁfﬂﬁégptb"

wi fe obt ai ned by
R RN O

n = 3, after sample wire was submitted to heat aging for 7
days in a gear oven at 158C and wound 7 times round a
mandrel, 0.5 inch in outer diameter. In the columns for the
high~voltage cut-through test and withstand voltage test in
Tables 1 to 3 are given the breaking time of the first of
the 3 test samples.

In the heat aging tests the residual elongétion
percentage of sample wires after submitting to heat aging
for 7 days in a gear oven at 158°C was evaluated. Here,
the residual elongation percentage = elongation of
heat-aged sample wife/initial elongation x 100, and 65% or
higher of the residual elongation percentage was evaluated
as acceptable. The Combustion tests were carried out by

following the VW-1 method at n = 5.
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There can thus be provided a heat-resistant hig

dwing the nixing of nore than 100 parts by wei ght and | ess t Hi8 SHEET HASBEEN

by ‘wei ght of a metal hydroxide to 100 parts by weight of a pol yol RERLACED

resin.
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current. Preferred enbodi nents of the invention will now be descri bed
wth reference to the acconpanying draw ngs wherein: A%
and (B) are cross sectional diagranms of embodinments of tﬁ%"%l%§§&g£g§%
lead wire for direct current according to the present inventi
Fig. 2 is a diagramfor explaining the high- voltage cut- Fﬂﬂ“land
Fig. 3 is a diagramfor explaining the VW1 conbustion te ﬂﬂ'ﬁ“'ﬂ”
tenperature rating of 125[err]C here referred to

The results on the characteristics of the high-

voltage cut-through test, withstand voltage test, heat
aging test and combustion test for the different resin
compositions of sample wire are as follows.

For the high-voltage cut-through test such resin
compositions as Examples 1 to 6 and Comparative Example 12
which contained polyethylene with higher than 125 C of
melting point and ethylene- ¢ ~olefin copolymer in the ratio
of more than 40/60 by'weight and also contained a monomer
having unsaturated carbon~carbon bond moiety in the
molecule passed the test at 125 €. .

On the other hand, such a composition as
Comparative Example 2 of which base resin was comprising
solely of polyethylene with melting point higher than
125 C passed the high-voltage cut-through test however,
it showed markedly lowered initial eiongation.

As for the withstand voltage test such
compositions as Comparative Examples 1, 3, 4, 5, 6, 7 and
8 which did not contain a monomer having unsaturated
carbon-carbon bond moiety in the molecule caused dielectric
break~down before reaching 7 hours of testing time. By
contrast such sample wires as Examples 1 through 6 and
Comparative Examplés 2, 9, 10, 11 and 12 containing the
monomer having unsaturated carbon-carbon bond moiety in the

molecule showed longer than 8 hours of the withstand

e, ' - 20 -
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means that the products pass the above-stated high- voltage cut-through
tést in the UL Standars at the test tenperature of 125[err]C and al so
satlsfy the foll owi ng heat aging tests. I n case of THIBSHEET HASIBHENNE
insulated wire with . REPLACED

g
!

voltage characteristics.

As for the results of the heat aging resistance
test and the combustion test of VW-1, it was found that
such compositions as Examples 1 through 6 and Comparative
Examples ll.and 12 which contained a monomer having
unsaturated carbon-carbon 5ond moiety in the molecule showed
higher than acceptable 65% df residual elongation percentage
after heat aging and also passed the VW-1.

By contrast such compositions as Comparative
Examples 5, 6, 7 and 8 which did not contain a monomer
having unéaturated carbon-carbon bond moiety in the
molecule gave undesirably lower than 65% of the residual
elongation percentage after heat aging; the compositions of
Comparative Examples 6 and 8 which were irradiated 30 Mrad
dose of electron beam passed the VW-1 test however, these
samples did not passed the heat aging test. On the other
hand, Comparative Examples 5 and 7 which were irradiated 10
Mrad dose of electron beam showed higher than 65% of the
residual elongation percentage after heat aging test
however, some samples could not pass the VW-1 test.

As obvious from the above discussion, in view of
the balance of all of the characteristics of high-voltage
cut-through, withstand voltage, VW-1 combustion test and
heat aging resistance, it is concluded that such resin
compositions are preferable, which contain the polyethylene

- 21 -
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terperature rating of 125[err]C, it is required that the retention of
tensile strength is nore than 70% and retention of elongation is nnreigpan
65% after heat aging test for 7 days at 158[err]C and f@W&ﬁﬁﬁﬁ%ﬁﬁ%ﬁE
136[err]C. In case of tenperature rating of 150[err]C,R?FL| equi red
that the retention of tensile strength is nore than 70% a

el ongation is nmore than 65% iﬂm“ﬂ'lﬁw

with melting point of higher than 125 C and ethylene-aq -

olefin copolymer in higher than 40/60 of composing ratio,
more preferably in the range of 40/60 to 80/20, and

which contain the monomer having unsaturated

carbon-carbon bond moiety in the molecule. It is mentioned
further on the monomer having unsaturated carbon-carbon
bond moiety in the molecule that such so-called
trifunctional monomers as trimethylolpropane-
trimethacrylate, pentaerythritoltrimethacrylate, triallyl
isocyénurate and triallylcyanurate are preferably
contained into the resin compositions for efficient
production of high-voltage lead wire for direct current by
using relatively low doses of irradiation.

(Second Embodiment)

Sample wires were prepared és follows: The resin
compositions shown in Tables 4 to 6 were kneaded together
with polyolefin resin, fillers, organic silane compound,
anti-oxidant and other additives which were added at a same
time by using an open-roll mixer heated at 130°C and the
mixture was made into pellets. The pellets were used to
be extruded over annealed copper wire, 0.8 mm in diameter by
using-a melt extruder to obtain insulated wires with
diameters of 2.27 mm and 4.23 mm, which were irradiated by
electron beam at 2 MV of acceleration voltage to prepare the
sample wires.
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when it is nore than 200 parts by weight extrusion operation wll be
undesirably affected. As the organic sil ane conpauEisSHEET BWASBBENY t he
above general formula may be nentioned, for exanples, [errREPLACED

met' hacryl oxypropyl tri met hoxysilane, [err] -acryl oxypropyl, | ane,
[err] -nethacryl oxypropyl di net hoxynet hyl si | ane, and mg{ m“ mm

To the resin compositions described in Tables 4
to 6 were formulated, in addition to the shown ingredients,
10 pérts by weight of antimony trioxide, 3 parts by weight
of pentaerythrityltetrakis[3-(3,5-di-t-butyl-4-
hydroxyphenyl) propionate], 1 part by weight of distearyl
thiodipropionate and 0.5 part by weight of zinc stearate in
common, against 100 parts by weight of the polyolefin
resin.

The high-voltage cut-through test in Tables 4 to
6 was performed by charging 1 pound load at each of both
ends of sample wire in a gear oven maintained at 125°C and
the dielectric breakdown time was measured by applying
15kV of direct current to the saﬁples of 2.27 mm¢ and 60 kV
to those of 4.23 mm ¢ at n = 3 respectively, and when 3
samples stood unbroken for longer than 8 hours the example
was judged as passed.

In the heat aging tesf with the sample wires with
2.27 mm ¢ diameter, the retention of tensile strength and
of elongation of the samples which had been submitted to
aging by heating for 7 days at 158C and those aged for 60
days at.136 ‘C were measured.

Here, retention (%) = (Value of heat-aged
sample/ Initial value) x 100, and samples were judged as

~passed when they showed higher than 70% of the retention
of tensile strength and higher than 65% of that of
- 29 -
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-8=- [err]-nethacryl oxyethyltrinmethoxysilane are preferable to be used, and
t*he organic silane conpound is to be added when m xi ng t heyhgldi@eeT HAS BEEN
polyolefin resin, netal hydroxide and hal ogen-contai ni ng FIanREPWQMEIdant
7R
%
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elongation. The combustion test was carried out
following the VW-1 method at n = 5.

The characteristics of the resin coatings in the
high-voltage cut-through tesf, heat aging test, combustioh
test and other tests in reference to their composition are
as follows.

In Examples 7 thrﬁugh 13 such resin compositions
as containing magnesium hydroxide with no surface treatment
in the range of 100 to 200 parts by weight, halogen
containing type flame retardant in the rahge of 5 to 50
parts by weight and aﬁ organic silane compound as
represented by the general formula [1l] in the range of 1 to
10 parts by weight, against 100 parts by weight of the
olefin resin, were extruded over the conductor and
cross—-linked by electron bean irradiation. Theée samples
passed the high-voltage cut-through test and both of the
2.27 mm ¢ and 4.23 mm¢ samples passed the combustion test.
They showed the initial tensile strength in the range of 1.1
to 1.3 kg/mm?, satisfied the tensile strength higher than
1.06 kg/mm? required in the UL Standards and passed both
heat aging tests at 158 C for 7 days and at 136°C for 60
days. These samples showed about 3 to 6 kg/mm? of the
Young's modulus in the insulating layer demonstrating that
they were materials with excellent flexibility.

In Comparative Example 13 the sample contained

o - 30 -
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THe-preferabl e anmount of the organic silane conpound to be added is in the

range of 1 to 10 parts by weight in view of the bal ance betvesHeRTI®AS BEEN

' hlgh vol tage cut-through property and initial tensile strengtRERLABERakK
where the anobunt of netal hydroxide is in range of 100 to 20 t

wei ght . When the added anmount of organic sil ane corrpou@ @E‘\H‘T‘lm“l

than 1 part by weight, the high-voltage cut- through properﬁ'

insufficient and the initial tensile strength at break is | ower than the

level of 1.06 kosgHl ghElevBlCllelSnt o0 hEdhdOluR ByRLEEIde IRELAGLED Wi res
|§ ﬁdl# %P ﬁ | g

in UL Standards, e organic s ne conpounds
' surface-treatment, 20 parts by weight of halogen containing

type flame retardant and 5 parts by weight of an organic
silane compound represented by the general formula [1] and
was not irradiated by electron beam for cross linking. - This
sample failed to pass the high-voltage cut-through test and
did not reach the level of 1.06 kg/mm? required in the UL
Standards for the initial tensile strength. .

In Comparative Example 14, a resin compound
without being added with the the organic silane compound
represented by the general formula [1] was used for
insulating layer. The sampel failed to pass the high-~
voltage cut-through test. .

In Comparative Example 15, magnesium hydroxide
of which surface had previously been treated with oleate was
used. The sample passed the VW-1 test however, it showed
the tensile strength lower than 1.06kg/mm* and did not
passed the high-~-voltage cut-through test, heat-aging test.

The sample in Comparative Example 16 used
magnesium hydroxide previously surface-treated with
vinylsilane paésed the VW-1 test however, it showed the
tensile strength lower than 1.06kg/mm? and failed to pass
the high-voltage cut-through test, heat-aging test.

In Comparative Example 17, magnesium hydroxide
which had previously been surface-treated with

- 31 -
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nore than 10 parts by weight | eads to undesirable effect in the flane
ret ar dancy. . Into the above resin conpositions may b&HERREET HAS BEEN
degired, such inorganic fillers as talc, clay, calciun1carbon3£€hﬂﬁﬂgnesium

carbonate and zinc oxide antinony trioxide, zinc borate,
coloring pignent, such a nulti-functionalized nononers V\:hl gm ﬂﬂ mn

cross-linking as trinethyl ol propane trinethacrylate, and ot trves,
and m xi ng these ingredients may be done by using such mell-knomm m Xi ng

ngirg}ui1izrganburXeEhég£y18§§S§g£§1kggﬁﬁg£ho£§5{aéﬁglwég)%geéq"jfﬁgmﬁaﬁgfg
passed the combustion test but the initial tensile
strength was lower than 1.06 kg/mmZ, and it failed to pass
the high-voltage cut-through test and showed lower than 65%
of the Eesidual elongation percentage after the heat aging
test.

In Comparative Example 18, vinyltriethﬁxysilane
was employed in place of an organic silane compound
represented by the general formula. The sample did not
pass the high-voltage cut-through test and did not satisfy
the required 1evei of 1.06 kg/mm? of the initial tensile
strength. |

In Comparative Example 19, a polyfunctionalized
monomer of trimethylolpropanetrimethacrylate, which had
been widely used as a cross-linking accelerator for
polyolefin and other thermoplastic resins, was added to
accelerate the cross-linking effiéiency by electron beam
irradiation, but the sémple failed to pass the high-voltage
cut-through test and the 4.23 mm ¢ sample did not pass the
combustion test.

The sample in Comparative Example 20 contained 80
parts by weight of magnesium hydroxide of which surface had
not been treated failed to pass the high-voltage
cut-through test.

| The sample in Comparative Example 21 contained

- 32 -
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Cbabing the conductor with these resin conpositions may be perfornmed by

using known nelt extruder, and the insulation nmay be for ver the
copductor in single layer or in multiple layers of a sane AE%HASBEEN
Cross-1inking with irradiation of i oni zi ng radiations GED

conducted by using a-rays, electron beam ([err]-rays)”mmmm] ﬂ '
X-rays, ultraviolet rays and others fromthe sources of Eﬂﬂ?
radi ations, but in

240 parts by weight of magnesium hydroxide. It passed the

high-voltage cut-through test however, it is questionable
in practical use because it had slightly unsatisfactory
appearance after extrusion and lower than 100% of initial
elongation.

In Comparative Example 22 no halogen containing
type flame retardant was added to the sample. It passed the
high-voltage cut-through test but in the VW-1 test, thé
sample of 2.27 mm ¢ passed if while the one of 4.23 mm ¢
failed.

In the samples of Comparative Examples 23 and 24,
halogen containing type flame retardant was not used but
tributyl phosphaté and ammonium polyphosphate, phosphorus-
type retardants, were used instead. In comparison with
Comparative Example 22, the replacements were found to
lower the flame resistance and also exert undesirable
effects on the high-voltage cut-through characteristics.

In Comparative Examples 25 and 26, 2 parts by
weight of dicumyl peroxide were added per 100 parts by
weight of the polyolefin resin to make a thermally curable
resin compositions and they were extruded over the conductor
and heat-cufed by compressed steam. The sample of
Comparative Example 26 satisfied the high-voltage
cut-through characteristics however, it showed undesirably

lower than 100% of initial elongation, while the sample of

- 33 -
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-9-, view of such industrial profitabilities as transmtting

b- .THIS SHEET HAS BEEN
. REPLACED

0 AR Ol o

Comparative Example 25 satisfied the initial elongation
characteristics but failed to pass the high-voltage
cut—through and heat aging resistance test, showing
unbalance among characteristics. .

Thus, a high-voltage lead wire for direct current
which passes the required high-voltage cut-through
property and flame resistance (VW-1), with temperature
rating higher than 125°C grade and excellent flexibility can
be obtained by making a resin composition by adding
more than 100 parts by weight and less than 200 parts by
weight of magnesium hydroxide with no surface treated,
more than 5 parts by weight and less than 50 parts by weight
of a halogen containingltype flame retardant and more than 1
part by weight and less than 10 parts by weight of an
organic silane compound which is.represented by the general
formula to 100 parts by weight of EVA, EEA or other
polyolefin resin and mixing to make a resin compbsition,
which is extruded over the conductor and is irradiated by
electron beam, in other words, by using such a resin
composition that is made, in the manufacturing process of
the composition, by adding an organic silane compound
represented bj the general formula, during hot melt
kneading of a mixture of polyolefin resin,magnesium
hydroxide withoqt surface treatment, halogen

containing type flame retardant and other fillers

- 34 -
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distance, irradiation dose and tine required by irradiation,
el.ectron beamis desirable as the source of radiation. E%ﬁ%g
Sagple wires were prepared as follows: The resin conposi BEEN
Tables 1 to 3 were kneaded together with polyolefin resin, fi i T organic
silane conpound, anti - oxidant and other additives whi c@ﬁﬁ“ﬂ'ﬂﬂmm a
sane tinme by using an open-roll m xer heated at 130[err] G re
was nade into pellets. The pellets were used to be extruded over anneal ed
copper wire. 0.8 1 iy o) AT £l Rl 5 thdh B RIS U rddt YA s
electron beam.

As explained above, according to the present
invention for high-voltage lead wire for direct current,
high-voltage wire for direct current'that\satisfies
the temperature rating of 125 C can be manufactured using
an inexpensive materials efficiently, and it should meet the
demand of heat resistance in the field of high-voltage wires

for direct current and it is expected to have extremely

large value of utility.
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WHAT 1S CLAIMED IS:
(1) A heat-resistant, high-voltage lead wire for direct
current, characterized in that the insulating layer over
the conductor is formed by a polyolefin based resin
composition and said high valtage lead wire satisfies the
perpendicular flame resistance (VW-1) and has
characteristics of higher than 125°C of temperature rating
in the UL (Underwriters Laboratories) Standards.
(2) A heat-resistant, high-voltage lead wire for direct
current as claimed in claim (1), wherein the polyolefin
resin composition is a flame-retarded resin composition
comprising a resin mixture (A) of a polyethylene of which
crystalline component has melting point of higher than 125C
and ethylene- ¢ -olefin copolymer, and multi-functionalized
" monomer (B) having the unsaturated carbon-carbon bond'moiety
in molecule as an indispensable component and said
insulating layer is irradiated by an ionizing radiation.
(3). A heat-resistant, high-voltage lead wire for direct
current as claimed in claim (1), wherein the polyolefin
resin composition is a resin composition made by adding
more than 1 part by weight and less than 10 parts by weight
of an organic silane compound which is represented by the
general formula described below, during the mixing of more
than 100 parts by weight and less than 200 parts by weight
of a metal hydroxide and more than 5 parts by weight and

- 36 -
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less than 50 parts by weight of a halogen containing type
flame fetardant-to 100 parts by weight of a
polyolefin resin, and said insulating layer is irradiated by
an ionizing radiation:

X!

x=\51 R
/

X3

where, R stands for an alkyl group containing acryl or'
methacryl group, and X!, X2 and X* represent the atomic
groups selected from a group comprising of alkoxy, alkyl
and halogen.

(4). A heat-resistant, high-voltage lead wire for direct
current as claimed in claim (2), wherein the monomer (B)=

having unsaturated carbon-carbon bond moiety in the

‘molecule is a compound or a mixture of 2 or more compounds

selected from a group comprising of trimethylolpropane
trimethacrylate, pentaerythritol trimethacrylate, triallyl

isocyanurate, triallyl cyanurate and triacrylformal.

//
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Table 1 Exanple 1 Exanple 2 Exanple 3
Exanpl e 4 Exanple 5 Exanpl e 6 Exanpl e 7 : THIS SHEET HAS BEEN
- | REPLACED
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ABSTRACT OF THE DISCLOSURE

Disclosed is a heat-resistant, high-voltage lead
wire for direct current, which meets the demand'fof higher
heat resistance, and its insulating coating over the
conductor is formed by a polyolefin resin composition. The
polyolefin resin composition is a flame-retarded resin
composition comprising of a mixture of a polyethylene whose
crystalline component has melting point higher than 125 °C
and a copolymer of ethylene and ¢ -olefin, which
contains a multifunctionalized monomer having
unsaturated carbon~carbon bond moiety in the molecule as an
indispensable component, and the insulating coating made of
this resin cqmpbsition is.irradiated by an ionizing
radiation to ine‘a heat-resistant, high-voltage lead wire
for direct current, which has the perpendicuiar'flame
resistance (VW-1) acceptable in the UL Standards and the

characteristics of higher than 125C of temperature rating.
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TITLE OF THE INVENTION
Heat-Resistant, High-Voltage Lead Wire for Direct
Current |
FIELD OF,THE INVENTION
The present invention relates to heat—resistant,
high-voltage lead wires for direct current, which have
performances covefing the UL Standards at higher than 125 C
of temperature ratings and are to be utilized, for example,f
for wiring in televisions, electromagnetic cookers, copying
ﬁachines, computers and other electronic appliances.
BACKGROUND OF THE INVENTION
It is important fot the insulated wires used in
televisions, electromagnetic cookers, copying machines,
computets and othe;?electronic appliances to be safe
against fite,‘and sugﬁifire—resistant,’Tnsulated wires as
authorized by the Electti&tAppliances Regulations in Japan,
the UL Standards in the United States and the CSA Standards
in Canada.are used for the'Pquose.~';¥&' |
. In addltlon, 51nce the flre-re51stant insulated
wires used in the hlgh-voltage parts of electronlc

Aa, e,

appliances deal dlrept cu:?Ent of so glgh a voltage of 10

to 40 kV safety againstthlgh voltage is also important.
As the’ method of evaluation of high-voltage wires

for electronic appliances, one described in the Subject 758

REPLACEMENT- SH_EET - . This Sheet Has Been Repl
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hydroxi de (phr) 120 140 160 140

180 150 150 [err]- Methacryl oxypropyl- trinmethoxysilane
4. 3 2 4 THIS SHEET HAS BEE

4 (phr) Irradiation dose (M ad) 20 15 REPLACED 5
20 20 . 22Q Hi gh-voltage cut-thro

Standards.

il

4
b

in the UL Standards are known. In the evaluating method

described there, (1) the high-voltage cut-through test and
(2) the fire-resistance test are regarded to be technrcally
difficult to pass. |
Fig. 2 is given for explaining the high-voltage
cut-through test according to the Subject 758 in the UL
As shown in the figure, to both ends of a wire
13 which is hung down over two parallel drill rods 11,
1/32" in diameter, are applied loads 10 of 1 pound, in a
bath kept at the temperature rating, and when 1.5 times as
high a rated voltage is applied from the source of direct
current 12, breakdown must not take place within 7 hours.

. Fig. 3 is provided for the explanation'of the
fire-resistance test according to the UL Standards. As
shown in the figure, when a wire 18, placed perpendicular
in an enclosure 14 for the protection from the movement of
surrounding air, is exposed to fire from a burner 15, the
fire must be extiﬁguished within 60 seconds, and an
absorbent cotton 17 placed on the bottom must not take fire

from dropped burning matter and moreover a sheet of kraft

paper 16 placed.above must not take fire into flame nor be

),ifﬁ'

[3 ‘!A

scorched. - . ' W ; 4
In order to satisfy these two requlrements, double
layered wire comprising inner polyethylene insulation and

outer flame retarding resin composition jacket have been
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employed.

| For instance, a wire in which polyethylene with
melting point higher than 105 C is coated over the
conductor for passing the high-voltage cut through test, and
the flame retarding jacket comprising mainly ethylene-
vinylacetate-vinylchloride copolymer is éoated
surrounding the polyethylene insulation is reported. (See
Japanese Patent Publication No. 41786/1977)

It is also reported that the simmilar double
layered wire outer layer of which is comprising
polyvinylchloride grafted chlorinated polyethylene
(Japanese Patent Publication No. 15058,/1979),
chlorosulfonated polyethylene. (Japanese Patent Laid-Open
Pﬁblication No. 42755/1974) |

These insulated wires achieve VW-1 level flame
retardancy by means of covering polyethlene with a highly
fire resisting resin composition, which can compensate
easy flamability of polyethylene while ﬁeeping the excellent
insulation property and tracking resistance of polyethylene.

However, these insulated wires have upper limit
of temperature rating.of 105°C , because the outer resin
composition layer have PVC moiety or chlorine-containing
monomers as a repeating unit.

There are also some examples of single layered

high-voltage lead wires in prior art, the insulation of
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these wires are flame retardant resin like a chlorinated
polyethylene. However, these insulafed wires also have
upper limit of temperature rating of 105°C , so these
high-voltage wires cannot be used at higher temperatures.

A method to make a flame retarded polyethylene
composition by édding the flame retardant is also known.
However, the withstand voltage characteristics of these
flame retarded polyethylene composition is inferior, éo the
high-voltage lead wires wifh excellent properties have nbt
been obtained by using such a flaﬁe retarded polyethylene
composition as an insulation.

On the other hand, requirements for the use of
high~-voltage lead ﬁires have increasingly been severe.
Size of electronic appliances has become more and more
smaller and many functions have been required with the
result of increased aﬁount of wiring and increased
requirement for highef safety and higher heat resistance in
wiring materials. To meet such requirements employment of
some highly heat-resistant resins other than polyolefins |
may be considerable..

Generally the high-voltage lead wires used in
an enviroment at higher than 150C , wires with vulcanized
silicon rubber have been employed.

- Silicon rubber insulated high-voltage lead wires

have excellent flexibility and electrical properties,
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however, the—silicon--rubber insulation is apt to tear by
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i,
a

ﬂ

b

scrapping with metal edge during wiring operation. It
sometimes causes cracks of the insulation and leads to the
dielectrical brake-down trouble in the worst case.

Some techniques, fo; example, covering the silicon
rubber insulated wires with braided glass tubing or resin
tubing are knﬁwn. However, in generall silicon rubber
insulated wires are expensive, and the total cost becomes
much higher when such protecting tubings are adopted. And
in addition, diameter of the protected wire becomes so
large, the handling property becomes insufficient in wiring
operation.

High-voltage wires for direct current utilizing
such fluorocarbon resins as tetrafluoroethylene and
tetrafluoroethjlene-hexafluoroethylene copolymer as the
insulating materials are also known. They are excellent
wires with heat resistance at higher than 150 C , but they
are more expensive than silicone-rubber ipsulated wires and
accordingly they are not practical for use other than forl
specific purpose.

Thus the first objective of the present invention
is to provide a heat-resistant high-voltage lead wire for
direct current with temperature rating of 125 °C , which
can be manufactured efficiently using inexpensive materials.

The second objective of the present invention is

This Sheet Has Been Repl
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to provide a heat-resistant high-voltage lead wire for
direct_current with extremely large utility value
corresponding to the requirement of higher heat resistant
property in the fields of using high-voltage wires for
direct current.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 (A) and (B) are cross sectional diagrams
of embodiments of the high-voltage lead wire for direct
current according to the present invention;

Fig. 2 is a diagram for explaining the hiéh—
voltage cut-through test; and

Fig. 3 is a diagram for explaining the VW-1
combustion test.
SUMMARY OF THE INVENTION

The present invention has been completed after
extensive studies for over-coming the above described
problems by using a polyethylene resin composition as an

insulating material with which high-voltage lead wires for

. direct cur:ent having the perpendicular flame resistance

(VW-1) in UL Standards and the characteristics passing the
requirements for the temperature rating of higher than
125 ¢ in UL Standards. |

The temperature rating of 125 °C here referred to
means that the éroducts pass the above-stated high-voltage

cut-through test in the UL Standards at the test
_ N —
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Exanple 1 Exanple 2 Exanple 3 Exanple 4 Exanple 5 Exanple 6 Exanple 7

Initial Tensile (2.27[err]) strength 1.13 1.26 1.16
1.32 1.16 7121 (kg/ mm er TH)S SHEET

El ongat i on 2 6REPLACt@1§HEE 169 213 166 REPLAgég’L%EEN
152 oung' s dulus, _ 4.78 .

S oo | amer s | 15 ko oot TN O

temperature of 125C and alsé satisfy the following heat
aging tests.

In case of the polyethylene insulated wire with
temperature rating of 125 €, it is required that the
retentioﬁ of tensile strength is more than 70% and
retention of elongation is more than 65% after heat aging
test for 7 days at 158C and for 60 days at 136 C .

In case of temperature rating of 150C , it is
required that the retention of tensile strength is more
than 70% and retention of elongation is more than 65%
after heat aging test for 7 days at 180 C and for 60 days
at 158C .

One example of the embodiment of such polyolefin
resin cbmpositions satisfying the above mentioned
perpendicular flame resistance (VW-1) and other requirments
for temperature rating of 125 C ih UL Standards is the
flame retarded polyolefin resin composition which
essentially contains (A) resin mixture of polyethylene of
which.crystalline component has.higher than 125 °C of
melting point and ethylene- « -olefin copolymer, and (B)
multi-functionalized monomer which has the unsaturated
carbon-carbon bonds in a molecule.

And the high-voltage lead wire for direct current
can be manufactured by extruding the said flame retarded

-polyolefin resin composition over the conductor followed by

—_—
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Resi dual 2 8 g
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ionizing radiation process.

In more detail, the resin mixture (A) is
comprising polyethylene of which crystalline component
has higher than 125 C of melting point and ethylene-
vinylacetate copolymer, ethylene-methylacrylate copolymer,
ethylene-ethylacrylate copolymer, ethyléne-
methylmethacrylate copolymer, ethyleng—l-butene copolymer,
ethylene-propylene rubber or other ethylene-g¢ ;olefin
-copolymer, and it is preferable that the polyethylene of
whiéh crystalline component has a melting point higher than
125 C occupies in the resin mixtures more than.40% by
weight and less than 80% by weight. |

To the 100 parts of above mentioned resin
mixture(A), a single or an admixed multi-functionalized
monomer (B) which has the unsatufated carbon-carbon bonds in
molecule selected from trimethyrolpropanetrimethacrylate,
pentaerythritoltrimethacrylate, triallylisocyanurate,
triacrylformal is added preferably 1 to 10 parts by weight,
as well as flame retardant and inorganic fillers.

And the high-voltage lead wire according to the
present invention is obtained by extruding this resin
composition over the éonductor in single or double layer
structure followed by irradiatién of ionizing radiation.

Figs. 1 (A) and (B) are cross-sectional views of

the high-voltage wires for direct current according to the
——~———;——""'__#_—ﬂ
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fisty on test (2.27 [err]) 5/ 5, passed
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- Condi tions of agi ; 71 C, 7 days (gear oven) EEA
Et hyl eneet hyl acryl&ate copolyner

present invention and 1 stands for the conductor while 2

el ongati on
94 rat

and 3 for the coafing films of the above stated resin
composition; 2 and 3 may be of a same composition or of
different ones within the range of the above stated
compositions.

As examples of the above flame retardant may be
mentioned such organic halogen compounds as a brominated
diphenylether derivative, a brominated bisphenol
derivative, a brominated epoxy-resin derivative, a
brominated phthalimide derivative,
perchloropentacyclodecane and trichloroethyl phosphate, and
antimony trioxide, borates and molybdenum oxide.

Examples of the inorganic filler are talc, clay,
silica and calcium carbonate as well as aluminium hydroxide
and magnesium hydroxide.

As the ionizing radiatidns to be employed,

a ~rays, B -rays (electron beam), < -rays, X-rays,
ultraviolet rays and others may be mentioned, but in view of
the transmitting distance of the radiation, irradiation dose
and othér aSpects of industrial profitability electron beam
is particularly preferable tb uée.

Needless to mention, antioxidants, lubricants,
coloring pigments, fillers and other additives may be added
to the above resin compositions_if desired.

-
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Another example of polyolefin resin compositions

to embody.the present invention is the resin composition
which is the mixture of 100 parts by weight of polyolefin
resin and more than 100 parts by weight and less than 200
parts by weight of metal hydroxide and more than 5 parts by
weight and less than 50 parts by weight of a halogen
containing flame retardant and 1 parte by weight and less
than 10 parts by weight of organic silane compound
represented by general formula bellow, and the high-voltage
lead wire for direct current is produced by extruding the
said resin composition over the conductor and irradiating
said extruded resin composition layer with an ionizing
radiation. |

- Xt

X2 Si- R

X3
where, R stands for an alkyl group containing acryl or
methacryl group and X!, X? and X®* are atomic groups selected
from the group of alkoxy, alkyl and halogen.

As polyolefin resins may be mentioned, in
addition to polyethylene, such ethylene-q -olefin copolymers
as ethylene-vinylacetate copolymer, ethylene-methyl
acrylate copolymer, ethylene-ethylacrylate copolymer,

ethylene-methylmethacrylate copolymer, ethylene-l-butene

copolymer, ethylene-l-hexene copolymer and
This Sheet Has Been Replac
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ethylene-propylene rubber, and among them ethylene-vinyl

acetate copolymer, ethylene-methylacrylate copolyﬁer and
ethylene-ethylacrylate copolymer are particularly
preferable from the view point of their flexibility and
extrusion performance.

As the halogen—contain;ng flame retardants may be
mentioned as examples such.a chlorine—containing retardant
as perchloropentacyclodecane, such bromine-containing
retardants as brominated diphenylether derivative,
brominated bisphenol derivative, brominated epoxy resin
derivative and Brominated phthalimide, and such a
phosphorus-containing retardant as brominated phosphate, and
it is also possible to augment the flame retardiﬁg
performance by using in combination of auxiiiary flame
retardants such as antimony trioxide, zinc borate and
molybdenum oxide. |

The halogen-containing flame retardanté are
desired to be.used in the range of 5 to 50 parts by weight
in view of the perpendicular flame resistant property (VW-1)
of the high-voltage wire for direct current with thicker
than 1.0 mm of insulating layer, and when they are used in
less than 5 parts by weight flame retarding performance is
unsatisfactory while when they are used in more than 50

parts by weight heat aging resistance will be deteriorated.

Examples of the metal hydroxides are aluminum
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hydroxide, magnesium hydroxide and calcium hydroxide, and
of them magnesium hydroxide with the particie size in the
range of 0.1 to 3 m is preferable in view of its extrusion
processibility, and the particles with no surface treatment
with fatty acid salts, silane coupling agents or other
agents are preferable in view of their high-voltage
cut-through performance and initial tensile strength.

The preferable amount of metal hydroxide to be
added is in the range of 100 to 200 parts by weight
in view of the high-voltage cut-through performance, and
when it is less than 100 parts by weight the high-voltage
cut-through performance is unsatisfactory whi;e when it is
more than 200 parts by weight extrusion operation will.be
undesirably affected.

As the organic silane compounds as shown by the
above general formula may be mentioned, for examples,
v -methacryloxypropyltrimethoxysilane,
v —acryloxypropyltrimethoxysilane,
¥ -methacryloxypropyldimethoxymethylsilane, and
v -methacryloxyethyltrimethoxysilane are preferably to

. be used, and the organic silane compound is to be added when

mixing the molten polyolefin resin, metal hydroxide and
halogeﬁ—containing flame retardant with compounding machine.

The preferable amount of the organic silane

compound to be added is in the range of 1 to 10 parts by

This Sheet Has Been Replaced
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Per chl or o- Per chl or o- Br oam nat ed Decabr onodi -

weight in view of the balance between the high-voltage
cut-through property and initial tensile strength at break
where the amount of.metal hydroxiae is in range of 100 to
200 parts by weight.

When the addéd amount of organic silane compouhds
is less than 1 part by weight, the high-voltage cut-through
property is insufficient and the initial tensile strength
at break is lower than the ievel of 1.06kg/mm? which is
required for polyolefin insulated wires in UL Standards,
while addition of the organic silane compounds more than
10 parts by weight leads to undesirable effect in the
flame retardancy.

Into the above resin compositions may be added,
if desired, such inoiganic fillers as talc, clay, calcium
carbonate, magnesium carbonate and zinc oxide antimony
trioxide, zinc borate, antioxidant, coloring pigment, such a
multi-functionalized monomers which accelerates
cross-linking as trimethylolpropane trimethacfylate, and
other additives, and mixing these ingredients may be done by
using such well-known mixing apparatus-as banbury mixer,
pressure kneader, open-roll mixer and mono~ and biaxial
mixers.

Coating the conductof with these resin
compositions may be performed by using known melt exfruder,

and the insulation may be formed over the conductor in
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pent acycl o-  pht RERLAGEMENT Shyt et her retardant 20 sRWEET HAS BEEI\ﬁO
phr decafpe - decane - decane deri vat R¢B ACED?
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619 10 phr ae5|un1% ide hr e L
206o P ' - 14(ph") ‘iﬁ!“ I“Iﬁml 00
Magnesi um hydrioxide (ol eatef- treated)

140 (phr)

single layer or in.multiple iayers of a same material.

Fo: the cross-linking of the resin compositions,
thermal curing may possibly be employed if an organic
peroxide is added into the compositions and compressed
steam is applied for heéting after extruding over the
conductor, but in view of the balance beﬁween the high-
voltage cut-thréugh property and the mechanical properties
of insulation layer such as tensile strength and elongation,
at break, the curing process with ionized radiation is
preferably used. |

Cross-linking with irradiation of ionizing
radiations may be conducted by using o -rays, electron beam
( 8 -réys), r -fays, X-rays, ultraviolet rays and others
from the sources of ionizing radiations, but in view of such
industrial profitabilities as fransmitting distance,
irradiation dose and time required by irradiation, electron
beam is desirable as the source of radiation.

(First Embodiment)

Sample wires were prepared by the procedures
described below.

The resin compositions shown in Tables 1 to 3
were applied by the melt extrusion method over annealed
copper wire, 0.8 mm ¢ in outer diameter, to make an
insulation layer of 1.21 mm thick, and then irradiated by

electron beam at 1 MeV of acceleration voltage to obtain
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sample wireé.

The resin compositions shown in Tables 1 to 3
were formulated in common, other than polyethylene,
ethylene- ¢ -olefin copolymer and a monomer
containing unsaturated carbon-carbon bond moiety in the
molecule, 45 parts by weight of tetrabromobisphenol
derivative (containing bromine in 62 % by weight;
molelcular weight about 8000), 30 parts by weight of
powdered antimony trioxide, 15 parts by weight of powdered
clay, 5 parts by weight of powdered silica, 3 parts by
weight of pentaerithrytyl-tetrakis[3-(3,5-di-t-butyl-4-
hydroxyphenyl)propionate], 1 part by weight of distearyl
thiodipropionate and 0.5 part by weight of zinc stearate
per 100 parts by weight of the resin mixture of
polyethylene and ethylene-q -olefin copolymer, and the
preparation of the resin compositions were done by using an
open-roll mixer heated at 150 C and after the mixing the
compositions were made into pelets and used for melt
extrusion.

In Tables 1 to 3 the high-voltage cut-through

' tests were performed in a gear oven maintained at 125 °C by

charging loads of 1 pound each at both end of sample wire
and applying 30 kV of direct current at n = 3. The
withstand voltage tests were performed in a gear oven

maintained at 125 C by applying direct current of 25 kV at
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n = 3, after sample wire was submitted to heat aging for 7

days in a gear oven at 158C and wound 7 times round a
mandrel, 0.5 inch in outer diameter. In the columns for the
high-voltage cut-through test and withstand voltage test in
Tables 1 to 3 aré given the breaking time of the first of
the 3 test samples.

In the heat aging tests the residual elongation
percentage of samplé wires after submitting to heat aging
for 7 dayé in a gear oven at 158C was evaluéted. Here,
the residﬁal eiongation percenfage = elongation of
heat-aged sample wire/initial elongation . x 100, and 65% or
higher of the residual elongation percentage was evaluated
as acceptable. The Combustiog tesfs were carriéd out by

following the VW-1 method at n = 5.
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The results on the characteristics of the high-

voltage cut-through test, withstand voltage test, heat

aging test and combustion test for the different resin

compositions of sample wire are as follows.

For the high-voltage cut-through test such resin

compositions as Examples 1 to 6 and Comparative Example 12

which contained polyethylene with higher than 125 °C of

melting point and ethylene- g -olefin copolymer in the ratio

of more than 40/60 by weight and also contained a monomer

having unsaturated carbon-carbon bond moiety in the

molecule passed the test at 125 € .

On the other hand,'such_a composition as

Comparative Example 2 of which base resin was comprising

solely of polyethylene with melting point higher than

125 C passed the high-voltage cut-through test however,

‘it showed markedly lowered initial elongation.

As for the withstand voltage test such

compositions as Comparative Examples 1, 3, 4, 5, 6, 7 and

8 which did not contain a monomer having unsaturated

carbon-carbon bond moiety in the molecule caused dielectric

break-down before reaching 7 hours of testing time. By

contrast such sample wires as Examples 1 through 6 and

Comparative Examples 2, 9, 10, 11 and 12 containing the

monomer having unsaturated carbon-carbon bond moiety in the

molecule showed longer than 8 hours of the withstand
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Fail ed to agi ng ol d shape 101 ma L“U“ﬂi h ﬁﬁ

86 122 strength (% (2.27[err])

voltage characteristics.

As for the results of the heat aging resiétance
test and the combustion test of VW-1, it was found that
such compositions as Examples 1 through 6 and Comparative
Examples 11 and 12 which contained a monomer having
unsaturated carbon-carbon bond moiety inifhe molecule showed
higher than accepfable 65% of residual elongation percentage
after heat aging and also passed the VW-1.

By contrast such compositions as Comparative
Examples 5, 6, 7 and.8 which did not contain a monomer
having unsaturated carbon-carbon bond moiety in the
molgcule gave undesirably lower than 65% of the residual
elongation percentage after heat aging; the compositions of
Comparative Examples 6 and 8 which were irradiated 30 Mrad
dose of electron beam passed the VW-1 test however, these
samples did not passed the heat aging test. On the other
hand, Comparative Examples 5 and 7 which were irradiated 10
Mrad dose of ‘electron beam showed higher than 65% of the
residual elongation percentage after heat aging test
however, some samples could not pass the VW-1 test.

As obvious from the above discussion, in view of
the balance of all of the characteristics of high-voltage
cut-through, withstand voltage, VW-1 combustion test and
heat aging resistance, it is concluded that such resin

compositions are preferable, which contain the polyethylene
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HIIII [T




el ongati on 46 . 39 22 47 43 58
rate(% VW 1 comsi iENT SHEET2/{5, passed 5/5, passed |§sniﬁﬁﬁﬂsBEEN
a

5/ 5, passed 5/5,p 5/15, passed t est (2. 27[ erggpLA®bl

conbusti on 45 assked 5/5, passed 5/5, passed

5/ 5, passed 2/5, fall rf]) Ext r uded app(’wmm ﬁi}}ﬁ ﬂﬁ

Good Good E£¥}d___,_ cEdd Good

190[err]C 2160 |'0a (g/ 10 ninuﬂes) Condi tions of aging A: 158[err]C, 7
days (gear oven)

with melting point of higher than 125 C and ethylene-q -

olefin copolymer in higher than 40/60 of composing ratio,
more preferably ih the range of 40/60 to 80/20, and

which contain the ﬁonomer having unsaturated

carbon-carbon bond moiety in the molecule. It is mentioned
further on the monomer having unsaturated carbon-carbon
bond moiety in the molecule that such so-called
trifﬁnctidnal monomers as trimethylolpropane-
trimethacrylate, pentaerythritoltrimethacrylate, triallyl
_isocyanurate and triallylcyanurate are preferably
contained into the resin compositions for efficient
production of high-voltage lead wire for direct current by
using relatively low doses of irradiation.

(Second Embodiment)

Sample wires were prepared és follows: The resin
compositions shown in Tablés 4 to 6 were kneaded together
with polyolefin resin, fillers, organic silane compound,
anti-oxidant and other additives which were added at a same
time by using an open-roll mixer heated at 130C and the
mixture was made into pellets. The pellets were used to
be extruded over annealed copper wire, 0.8 mm in diameter by
using a melt extrudef to obtain insulated wires with
diameters of 2.27 mm and 4.23 mm, which were irradiated by
electron beam at 2 MV of acceleration voltage to prepare the

sample wires.
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To the resin compositions described in Tables 4
to 6 were formulated, in addition to the shown ingredients,
10 parts by weight of antimony trioxide, 3 parts by weight
of pentaerythrityltetrakis[3-(3,5-di-t-butyl-4- .
hydroxyphenyl) propionate], 1 part by weight of distearyl
thiodipropionate and 0.5 part by weight of zinc stearate in
common, against 100 parts by weight of the polyolefin
resin.

The high-voltage cut-through test in Tables 4 to
6 was performed by charging 1 pound load at each of both
ends of sample wire in a gear oven maintained at 125C and
the dielectric breakdown time was measured by applying
15kV of direct current to the samples of 2.27 mm¢ and 60 kV
to those of 4.23 mm ¢ at n = 3 respectively, and when 3
samples stood unbroken for longer than 8 hours the example
was judged as passed.

In the heat aging test with the sample wires with
2.27 mm ¢ diameter, the retention of tensile strength and
of elongation of the samples which had been submitted to
aging by heating for 7 days at 158C and those aged for 60
days at 136 C were measured.

Here, retention (%).= (Value of heét-aged
sample/ Initial value) x 100, and samples were judged as
passed when they showed higher than 70% of ﬁhe retention

of tensile strength and higher than 65% of that of
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elongation.' The combustion test was carried out
following the VW-1 method at n = 5.

The characteristics of the resin coatings in the
high-voltage cut-tﬁrough test, heat aging test, combustion
test and other tests in reference to their compositicn are
as follows.

In Examples 7 through 13 such resin compositions
as containing magnesium hydroxide with no surface treatment
in Ehe range of 100 to 200 parts by weight, halogen
containing type flame retardant in the range of 5 to 50
parts by weight and an crganic silane compound as
represented by the general formula [1] in the range of 1 to
10 parts by weight, against 100 parts by weight of the
olefin resin, were extruded over the conductor and
cross-linked by electron bean irradiation. These samples
passed the high-voltage cut-through test and both of the
2.27 mm ¢ and 4.23 mm¢ samples passed the combustion test.
They showed the initial tensile strength in the range of 1.1
to 1.3 kg/mm?, satisfied the tensile strength higher fhan
1.06 kg/mm? required in the UL Standards and passed both
heat aging tests at 158 C for 7 days and at 136°C for 60
days. These samples showed about 3 to 6 kg/mm? of the
Young's modulus in the insulating layer demonstrating that

they were materials with excellent fleXibility.

In Comparative Example 13 the siTEEE_EQEEEiBQQ__,,_

een Replaced
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200 parts by weight of magnesium hydroxide without
surface-treatment, 20 parts by weight of halogen containing
type fiame retardant and 5 parts by weight of an organic
silane compound represented by the general formula [1] and
was not irradiated by electron beam for cross linking. "This
sample failed to pass the high-voltage cﬁt-through test and
did not reach the level of 1.06 kg/mm* required in the UL
Standards for the init1a1 tensile strength.

In Comparative Example 14, a resin compound
without being added with the the organic silane compound
represented by the general formula [1] was used for
insulating layer. The sampel failed to pass the high-
voltage cut-through test.

In Comparative Example 15, magnesium hydroxide
of which surface had previously been treated with oleate was
used. The sample passed the VW-1 test howeQer, it showed
the tensile strength lower than 1.06kg/mm? and did not
passed the high~voltage cut-~through test, heat-aging test.

The sample in Comparative Example 16 used
magnesium hydroxide previously surface-treated with
vinylsilane passed the VW-1 test however, it showed the
tensile strength lower than 1.06kg/mm2®* and failed to pass
the high-voltage cut-through test, heat-aging test.

In Comparative Example 17, magnesium hydroxide

which had previously been surface~treated with

- This Sheet Has Been Repl
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Initial Tensile (2.27[err])strength 1.38 1.33 1.20

1.08

El ongati on
Young's
5.33 5.

ozgg 1.18 26 (kg/mferr])
' HE%IG 222 139 HAS BEEN
rﬁﬁ‘r‘}@mm S 7.22 4.86 EH%%?EéPEJAC'EDESB

SRR Bk T T

v -methacryloxypropyl-trimethoxysilane was used. The sample
passed the combustion test but the initial tensile

strength was lower than 1.06 kg/mm?*, and it failed to pass
the high-voltage cut-through test and showed lower than 65%
of the residual elongation percentage after the heat aging
test.

In Comparative Example 18, vinyltriethoxysilane
was employed in place of aﬂ 6f§anic silane compound
represented by the general formula. The sample did not
pass the high-voltage cut-through test and did not satisfy
the required level of 1;06 kg/mm? of the initial tensile
strength. '

In Comparative Example 19, a polyfunctionalized
monomer of trimethylolpropanetrimethacrylate; which had
been widely used as a cross-linking accelerator for

polyolefin and other thermoplastic resins, was added to

accelerate the cross-linking efficiency by electron beam

irradiation,-but the sample failed to pass the high-voltage
cut-through test and the 4.23 mm ¢ sample did not pass the
combustion test.

fhe sample in Comparative Example 20 cbntained 80
parts bf weight of magnesium hydroxide of which surface had
not been treated failed to pass the high-voltage
cut~-through test.

The sample in Comparative Example 21 contained

e
-
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240 parts by weight of mégnesium hydroxide. It passed the
hiéh—voltage cut-through test however, it is questionable
in practical use because it had slightly unsatisfactory
appearance after extrusion and lower than 100% of initial
elongation.

In Comparative Example 22 no halogen containing
type flame retardant was addgd to the sample. It passed the
high-voltage cut-through test but in the VW-1 test, the
sample of 2.27 mm ¢ passed it while the one of 4.23 mm ¢
failed.

In the samples of Comparative Examples 23 and 24,
halogen containing type flame retardant was not used but
tributyl phosphate and ammoniﬁm polyphosphate, phosphorus-
type retardants, were used instead. In comparison with
Comparative Example 22, the réplacements were found to
lower the flame resistance an@_also exert undesirable
effects on the high-voltage cﬁt-through characteriétics.

In Comparative Examples 25 and 26, 2 parts by
weight of dicumyl peroxide were added per 100 parts by
weight of the polyolefin resin to make a thermally curable
resin compositions and they. were extruded over the conductor
and heat-cured by qompressed steam. The sample of
Comparative Example 26 satisfied the high-voltage
cut-through characteristics however, it showed undesirably

lower than 100% of initial elongation, while the sample of

This Sheet Has Been Replaced
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VW 1 conbust i[6F .
5/ 5, passed 5//5 58EAGHY
5/ 5, passed 3f5{fal
(4.23 [err]) [

sed 5/ 5, passed 5/5, passed 1/5,failed 1/5,fail ed
' w27[err]) VW1 conbustion 5/5, passed

d 3/5,fail ed 5/5, passed THISSHEESHAS BEEN

Good  No-good  ®FBHACED

Good  Good _ elt flow rate
| oad (g/10 of aging A 158[err] C Hmﬁt/l“mgumiﬁ en)
Condi ti ons 0 days (gear ove

Comparative Example 25 satisfied the initial elongation
characteristics but failed to pass the high-voltage
cut-through and heat aging resistance test, showing
unbalance.amdng characteristics.

Thus, a high-voltage lead wire.for direct current
which passes the required high-voltage cut-through
property and flame resistance (VW-1), with temperature
'rating higher than 125%: gra&élénd excellent flexibility can
be obtained by making a resin composition by adding
more than 100 parts by weight and less than 200 parts by
weight of magnesium hydroxide with no surface treated,
more than 5 parts by weight and less than 50 parts by weight
of a halogen containing type flame retardant and more than 1
part by weight and less than 10 parts by weight of an
organic silane compound whiéh'is répfesented by the general
formula tq 100 parts by weight of EVA, EEA or other
polyoiefin resin and mixing tb make a resin composition,
which is extruded over the conductor and is irradiated by
electron beam, in other words, by using such a resin
composition that is made, in the manufacturing process of
the composition, by adding an organic silane compound
represented by the general formula, during'hot melt
kneading of a mixture of polyolefin resin,magnesium
hydroxide without surface treatment, halogen

containing type flame retardant and other fillers
_ [
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-165‘ To the resin conpositions described in Tables 1 to 3 were

formulated, in addition to the shown ingredients,
THIS SHEET HAS BEEN
REPLACED
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and by irradiating by such an ionizing radiation as

- 35 -

w..rm

electron beam.
As explained above, according to the present
- invention for high-voltage lead wire for direct current,
high-voltage wire for direct current that satisfies
the temperature rating of 125 °C can be manufactured using
.an inexpensive materials effip?ently, and it should meet the
demand of heat resistance in fge'field of high—voltage.wires
for direct current and it is expected to have éxtremely
large value of utility.
-
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10 parts by weight of antinony trioxide, 3 parts by weight of
pentaerythrityl {€ t-butyl-4- hydroxyphe HAB&EEN 1
part by wei ght hﬁg\cggﬁwds'ﬁ?rdl propi onate and 0.5 pam%)ﬁgggjﬁ

zinc stearate {njcomon, againgt| 100 parts by wei ght of the p

resin. Th [ gmzwqum cht} through_:,gt est in Tabl es ﬁ!mﬁ)
performed by charging a 0.45 Rg] (L pound) |oad at each of

sanple wire in : rmtaj ned at 125[err]Cand the dielectric

br eakdown ti ne s _neasured by applying 15 kV of dig he
sanples of 2.27 mmferr] and 60 kV to those of 4. 23 +ﬂmmﬂn H"lﬁ"“

WHAT IS CLAIMED IS:

(1) A heat-resistant, high-voltage lead wire for direct
current, characterized in that the insulating layer over
the conductor is formed by a polyolefin based resin
composition and said high valtage lead wire satisfies the
perpendicular flame resistance (VW-1) and has
characteristlcs of higher than 125C of temperature rating
in the UL (Underwriters Laboratories) Standards.

(2) A heat-resistant, high-voltage lead wire for direct
current as claimed in claim (1), wherein the polyolefin
resin composition is a flame-retarded resin composition
comprising a resin mixture (A) of a polyethylene of which
crystalline component has melting point of higher than 125°C
and ethylene~ ¢ -olefin copolymer, and multi-functionalized
monomer (B) having the unsaturated carbon-carbon bond moiety
in molecule as an indispensable component and said
.1nsu1ating layer is lrradiated by an ionizing radiation.

(3) A heat-resistant, hlgh-voltage lead wire for direct
current as claimed in claim (1), wherein the polyolefin
resin composition is a resin composition made by adding
more than 1 part by weight and less than 10 parts by weight
of an organic silane .compound which is represented by the
general formula described below, during'the mixing of more
than 100 parts by weight and less than 200 parta by weight

of a metal hydroxide and more than 5 parts by weight and

This Sheet Has Been Replaced
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= 3 respectively, and when 3 sanple for longer than 8 hours
t he exanpl e was judged as passed. ﬂlmﬁmm‘ﬂi’gﬁai"agl ng test wwth the
sanple wires with 2. 27 mjerr] di aneterg N on of THISBHEEF HAS BERN h
and of elongation of the sanples which had been subnmitted to BEPHAFER

heating for 7IHahest t] C and thgge.aged for 60 d t
wer e measur ed. ” | retention (% = (Value %ﬂlﬂﬂmjaﬂﬁnnr
sanpl e/l nitial and sanpl es were judged as passe en they

showed hi gher than 70% of the retention of tensile strength and higher than

65% of that of el ongation. The conbustion test was carried out
less than 50 parts by weight of a halogen containing type

flame ietafdant to 100 parts by weight of a
polyolefin resin, and said insulating layer is irradiated by
an ionizing radiation:

xl

x=\s.~1 R

xs/

'wﬁere, R stands for an alkylréroup containing acfyl or
methacryl group, and X!, X? and X* represent the atomic
groups selected from a group comprising of alkoxy, alkyl
and halogen. - |

(4). A heat-resistant, high-voltage lead wire for direct.
current as claimed in claim (2), wherein the monomer (B)
having unsaturated carbon-carbon bond moiety in the
molecule is a'Eompound or a mixture of 2 or more compounds
selected from a group compiising of trimethylolpropane
trimethacrylate, pentaefythritol trimethacrylate, triallyl

isocyanurate, triallyl cyanurate and triacrylformal.
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follbmﬁng the VW1 nmethod at n = 5. '_' The characterist#@s
coatings in the high-voltage cut-through :test, heat §ﬁ§§,
conmbustion test and other tests in reference to their conpositi

as
fol | ows. In Exanples 1 through 7 such resin conposi tii l
cont ai ni ng magnesi um hydroxi de with ne 38irface treatnent Ilmmmmmlmm
100 to 200 parts by wei.ght, halogen containing type flanme retardant in the
range of 5 to 50 parts by wejght and an organic sil ane conmpound as
epresented by the (MATZRESHSANE, [HIGH TV OLEAGE AEARMIRE FOR DIRECT

ABSTRACT OF THE DISCLOSURE

of the resin
ET EEN

Disclosed is a heat-resistant, high-voltage lead
wire for direct current, which meets the demand for higher
heat res;stance, and its insulating coating over the
conductor is formed by a bolyolefin resin composition. Thé '
polyolefin resin composition is a flame-retarded resin
composition comprising of a.m;xfure of a polyethylene whose
crystalline cqmpdnent has meifing point higher than 125 °C
and a copolymer of ethylene and « ~-olefin, which
contains a multifunctionalized monomer having
unsaturated carbon-carbon bond moiety in the molecule as an
indispensable'component,'and the insﬁlating coating made of
this resin composition is irradiated by an ionizing
radiation to give a heat-resistant, high-voltage lead wire
for direct current, which has the perpendicular flame
resistance (VW-1) acceptable_;p the UL Standards and the

characteristics of higher than 125°C of temperature rating.

FIGURE 1

e+ == 5 ow - This Sheet Has Been Reilaced
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to 10 parts by weight, aga| nst 100 parts by wei ght of the
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ol efinpn resin,
ef'ectron bea

t he conducto é?iﬁﬂﬁﬂﬁﬂﬂﬁBNTWﬂHEEery 8§66

[These sanpl e dﬁa&pﬁmegaggh Mad tpaged . B 20

hel 2. 27 nmmf err] m)ﬂlalm(s)zs :paged 2l to vagid &3
ey showed t hie I Dirhvinlg(d) epaide.. ks @A 1.0

erf], satisfied thavseasi | @ pabs MYk pAbANET,
| N the UL-3t-and rds and passeﬁ bot h heat

passed the cp
the range of 1} 1ftd
than 1.06 kg/n

"s%ai_ia%

aging tests at 158[err]C for 7 dhpys and at 1 Q.. day3qgrp \Hoese
sanpl es showed ' Al err] of the mmg')fioégq"i ST e
insul ating |ayer denDnstratlng t hat they were naterlals wi t h excel | ent
flexibility. HEAT — PROOF LEAD WIRE FOR HIGH DC VOLTAGE

The present invention relates to heat — resistant,
high — voltage lead wires for direct current, which have
performances meéting the UL sStandards at temperature
ratings higher than 125C and are to be utilized, for
example, for wiring in televisions, electromagnetic
cookers, copying machines, computers and other electronic
appliances. o

It is important for the lnsulated wires used in
televisions, electromagnetic “cookers, copying machines,
computers and other electronic appliénces to be safe
against fire, and such fire—resistant, insulated wires as
authorized by the Electric Appliances Regulations in
Japan, the UL Standards in the United States and the Csa
Standards in Canada are used for the purpose.

In addition, since the fire—resistant, insulated
wires wused 1in the high—voltage parts of electronic
appliances deal direct current of so high a voltage of 10
to 40 kv, safety against high voltage is also important.

As the method of evaluation of high—voltage wires
for electronic appliances, one described in the Subject
758 in the UL Standards are known. In the evaluating
method described there, (1) the high—voltage cut—through
test and (2) the fire—resistance teét are regarded to be

-

technically difficult to pass.

Fig. 2 is given for explaining the high—voltage
cut—through test according to the Subject 758 in the UL
Standards. As shown in the figure, to both ends of a
wire 13 which is hung down over two parallel drill rods
11, 0.8 mm (1/32”) in diameter, are applied loads 10 of

4549 (1 pound), in a bath kept at the temperature rating,
and when 1.5 times as high a rated voltage is applied
from the source of direct current 12, breakdown must not:

take place within 7 hours.



In Conparative Exanple 1 the sanpl e contained 200 r hsp
m i P PR REPUACENENFTShERT

ragnesi um hydr oxi de wi thout surface- treatnent, 20
hal ogen containing type flanme retardant and 5 parts
sil ane conmpound represented by the general formula
I rradi ated by electron beamfor cross linking. This
t he high-voltage cut- through test and d¢d not reac

by wei ght of an{ ofganic
[ L] ThSER 990t

sanpl e fail ed tjo Jpass

h the level or1.(06

~altensile strergth

kg/mierr] required in the UL Standards for the ini

In Conparative Exagl.e 32,is2 gr@viitie BtV dfunPeid cxddad Wikl he

organi c sil ane, conpound represented

resistance test according to the UL Standards. As shown
in the figure, when a wire 18, placed perpendicular in an
enclosure 14 for the protection from the movement of
surrounding air, is exposed to fire from a burner 15, the
fire must be extinguished within 60 seconds, and
absorbent cotton 17 placed on the bottom must not take
fire from dropped burning matter and moreover a sheet of
kraft paper 16 placed above must not take fire into flame
nor be scorched.

In order to satisfy these two requirements, double
layered wire comprising inner polyethylene insulation and
outer flame retarding resin composition jacket have been
employed. ' '

For instance, a wire in which polyethylene with
melting point higher than 105°C is . coated over the
conductor for. passing the high—voltage cut—through test,
and the flame retarding jacket comprising mainly ethylene—
vinylacetate—vinylchloride copolymer is coated
surrounding the polyethylene insulation is reported.
(See Japanese Patent Publication No. 41786/1977)

It is also reported that the similar double layered

wire outer layer of which is comprising polyvinylchloride

grafted chlorinated polyethylene (Japanese Patent

Publication No. 15058/1979), chlorosulfonated .
polyethylene. (Japanese Patent Laid — Open Publication No. °

42755/1974)

These insulated wires achieve VW—1 level flame
retardancy by means of covering polyethylene with highly
fire resisting resin composition, which can compensate
easy flammability of polyethylene while keeping the
excellent insulation property and tracking resistance of
polyethylene.

However, these insulated wires have upper limit of
temperature rating of 105°C , because the outer resin
composition layer have PVC moiety or chlorine—containing

monomers as a repeating unit.



by thg general formula [1] was used for insulating |layer. The sanple failed
t:0 pass the high-voltage cut-through test. In Co gt ' éé% ,
magnesi um hydr oxi de of which surface had previously be REPLAG
?Ieatﬁ was used.h rhe sanpl e passed the VW1 test howevey,[ 1t showed th
ensil e strengt ower than 1.06 kg/mferr] and did not| pps

hi gh-vol tage cut-through test, heat-aging. lest T 2 sgﬁgFEm?ﬁnq
Conpar ative Exanple 4 used nagne5|un1hydrOX|de previ oust ystrface=tTeat ed
wi th vinyl silane Tiessedidaldy bdmsexampdear ofi 8isbhdecliayered dnghe

voltage lead wires in prior art, the insulation of these

wire are flame retardant resin 1like a chlorinated
polyethylene. However, these insulated wires also have
an upper limit of temperature rating of 105C, so these
high—voltage wires cannot be used at higher temperatures.

A method to make a flame retardant polyethylene
composition by adding a flame retardant is also known.
However, the voltage resistance of these flame retardant
polyethylene compositions is inferior, so high—voltage
lead wires with excellent properties have not been
obtained by using such a flame retardant polyethylene
composition as an insulation.

On the other hand, requirements for the use of high—
voltage lead wires have become increasingly sévere.
Electronic appliances have become smaller and smaller and
many functions have been required which result in an
increased amount of wiring and increased requirements for
safety and heat resistance in wiring materials. To meet
such requirements the employment of some highly heat—
resistant resins other than polyolefins has been
considered.

| Generally, as high—voltage lead wires used in an
environment at higher than 150°C , wires with vulcanised
silicone rubber have been employed.

Silicone rubber—insulated high—voltage lead wires’
have excellent flexibility and electrical properties, but
the silicone rubber insulation is apt to tear by scraping
against a metal edge during the wiring operation. This
sometimes causes cracks of the insulation and leads to a
dielectric break—down in the worst case.

some technique, for example, covering the silicone
rubber insulated wires with braided glass tubing or resin
tubing are known. However, in general silicone rubber
insulated wires are expensive, and the total cost becomes
much higher when such protective tubings are adopted.
And in addition, the diameter of the protected wire
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becomes so large that handling becomes difficult in the

wiring operation.

High voltage wires for direct current utilizing
such fluorocarbon resins as tetrafluoroethylene and
tetrafluorcethylene—hexafluorocethylene copolymer as the
insulating materials are also known. They are excellent
wires with heat resistance at higher than 150°C, but they
are more expensive than silicone—rubber insulated wires
and accordingly they are not'praétical for use other than
for specific purpose.

EP—A—474252, dated 7th September 1991, claiming
priorities of 7th September 1990 and 19th April 1991 and
published 11th March 1992, discloses a flame — retardant
resin composition obtained by irradiating with ionizing
radiation a resin composition comprising 100 parts by
weight of a thermoplastic resin, from 100 to 250 parts by
weight of magnesium hydroxide, and from 1 — 10 parts by
weight of an ofganosilicon compound represented by
formulas

X3

wherein R represents an alkyl group containing a
methacrylic or acrylic group and X', X’ and X’ each
represents an alkyl group, an alkoxyl group or a halogen
group; and an insulated electrical wire obtained by
coating the above flame—retardant resin composition on a
conductor followed by irradiation.

The present invention consists in a heat resistant,
high voltage lead wire for direct current, comprising a



strength lower than 1.06 kg/mierr] and failed to pass therFR' gnAgmgl\HgﬁHEEﬂ
cut-through test, heat-aging test. I n Conparative Expa b 1
magnesi um hydr oxi de whi ch had previously been surfacett eateggg,gk?h
[err]- nethacryl oxypropyl -trinethoxysilane was used. The sh e
conbustion test but the initial tensile strength was | ower

¥

kg/mierr], and it failed to pass the high-voltage cut-thr¢ugh test and

showed | ower than 65% of the residual elongation percentangaLLep +hre—teat
agi ng test.conductpn @ndp@mtinanldimd cléyewi of| ar pelyotpdiinandawed

enpl oyed i BegRhacomPbsitiond 93 radidited® by OMRYH I Wing radiation,
surrounding the conductor, wherein the resin composition
contains 5 to 50 weight parts of a halogen — containing
flame retardant per 100 weight parts of the resin and is
made by adding more than 1 part by weight and less that
10 parts by weigh of an organo—silane compound which is
represented by the general formula I described above,
during the mixing of more than 100 parts by weight and
less than 200 parts by weight of a metal hydroxide to 100
parts by weight of a polyolefin resin.:

There can thus be provided a heat—resistant high—
voltage lead wire for direct current with a temperature
rating of 125°C , which satisfies the perpendicular flame
resistance (VW—1) test according to the UL Standard and
which can be manufactured efficiently using inexpensive
materials. '

Such lead wires have considerable wutility in
meeting the requirements of higher heat resistant
properties in the field of high—voltage wires for direct
current. _

Preferred embodiments of the invention will now be
described with reference to the accompanying drawings
wherein:

Figs. 1 (A) and (B) are cross sectional diagrams of
embodiments of the high—voltage lead wire for direct’
current according to the present invention;

Fig. 2 is a diagram for explaining the high—
voltage cut — through test; and

Fig. 3 is a diagram for explaining the VW—1
coﬁbustion test.

The temperature rating of 125C here referred to
means that the products pass the above—stated high—
voltaée cut—through test in the UL Standars at the test
temperature of 125°C and also satisfy the following heat
aging tests.

In case of the polyethylene insulated wire with



represented by the general formula. The sanple did
hi gh-vol tage cut-through test and did not satisfy th
1.06 kg/mierr] of the initial tensile strength.
Exanmple 7, a polyfunctionalized nonomer of
trimethyl ol propanetri net hacryl ate, which has been si dégl
cross-linking accelerator for polyol efingand other ther
was added to accelerate the cross-linking efficiency Qy el ect
irradi ati ontehperbbareanpaeihgi |€fl 12590ss ide iy glreqd ethdt- t Bheugh

test and the 4.23:001 eLL] 88IPLELY ge0QL RS 1RGP UEALR" 168 ana
retention of elongation is more than 65% after heat aging

test for 7 days at 158°C and for 60 days at 136°C.
In case of temperature rating of 150°C, it is

i
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required that the retention of tensile strength is more
than 70% and retention of elongation is more than 65%
after heat aging test for 7 days at 180°C and for 60 days
at 158°C.

And the high—voltage lead wire for direct current

can be manufactured by extruding the said flame retarded
polyolefin resin composition over the conductor followed
by irradiation of ionizing radiation.

Figs. 1(A) and (B) are cross—sectional views of
the high—voltage wires for direct current accofding to
the present invention and 1 stands for the conductor
while 2 and 3 for the coating films of the above stated
resin composition; 2 and 3 may be of a same composition
or of different ones within the range of the above stated
compositions.

Needless to mention, antioxidants, lubricants,
coloring pigments, fillers and other additives may be
added to the above resin compositions if desired.

As polyolefin resins may be mentioned, in addition
to polyethylene, such ethylene—a—olefin copolymers as .
ethylene—vinylacetate copolymer, ethylene—methyl -
acrylate copolymer, ethylene—ethylacrylate copolymer,
ethylene—methylmethacrylate copolymer, ethylene—l—butene
copolymer, ethylene—l—hexene copolymer and ethylene—
propylene rubber, and among them ethylene—vinyl acetate
copolymer, ethylene—methylacrylate copolymer and ethylene—
ethylacrylate copolymer are particularly preferable from
the view point of their flexibility and extrusion
performance.

As the halogen—containing flame retardants may be
mentioned as examples such a chlorine—containing

retardant as perchloropentacyclodecane, such bromine—



The sanple in Conparative Exanple 8 contained 80 part g

ragnesi um hydroxi de of which surface had not been tregté¢

t he hi gh-voltage cut- through test. - The sanple i%
9 contained 240 parts by wei ght of magnesi um hydr oxi de
hi gh-vol t age cut -t hrough t est however, it i $
practical use because it had slightly ungatisfactory ap

extrusion and | ower than 100% of initial elongation.
Exanpl e 10 contteimigen conébtandagts ypeadl anbroatinptedt

Itdé?%@%%&ve, brominated bisphenol derivative, brominated

sanpl e.

epoxy resin derivative and brominated phthalimide, and
such a phosphorus—containing retardant as brominated
phosphate, and it is also possible to augment the flame
retarding performance by using in combination of
auxiliary flame retardants such as antimony trioxide,
zinc borate and molybdenum oxide.

The halogen—containing flame retardants are used
in the range of 5 to 50 parts by weight in view of the
perpendicular flame resistant property (VW—1) of the high—
voltage wire for direct current with thicker than 1.0 mm
of insulating layer, and when they are used in less than
5 parts by weight flame retarding performance is
unsatisfactory while when they are used in more than 50
parts by weight heat aging resistance will deteriorate.

Examples of the metal hydroxides are aluminum
hydroxide, magnesium hydroxide and calcium hydroxide, and
of them magnesium hydroxide with the particle size in the
range of 0.1 to 3 um 1is preferable in. view of its
extrusion processibility, and the particles with no
surface treatment with fatty acid salts, silane coupling
agents or other agents are preferable in view of their
high—voltage cut—through performance and initial temnsile
strength.

The preferable amount of metal hydroxide to be-
added is in the range of 100 to 200 parts by weight in
view of the high—voltage cut—through performance, and
when it is less than 100 parts by weight the high—
voltage cut—through performance is unsatisfactory while
when it is more than 200 parts by weight extrusion
operation will be undesirably affected.

As the organic silane compounds as shown by the
above general formula may be mentioned, for examples,
7—-methacry1oxypropyltrimethoxysilane,

7 —acryloxypropyltrimethoxysilane,
v —methacryloxypropyldimethoxymethylsilane, and




t he hi gh-voltage cut-through test but in the VW1 test, s
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7 —methacryloxyethyltrimethoxysilane are preferable to be
used, and the organic silane compound is to be added when
mixing the molten polyolefin resin, metal hydroxide and
halogen—containing flame retardant with compounding
machine.

The preferable amount of the organic silane
compound to be added is in the range of 1 to 10 parts by
weight in view of the balance between the high—voltage
cut—through property and initial tensile strength at
break where the amount of metal hydroxide is in range of
100 to 200 parts by weight.

When the added amount of organic silane compounds
is less than 1 part by weight, the high—voltage cut—
through property is insufficient and the initial tensile
strength at break is lower than the level of 1.66 kg /mm’
which is required for polyolefin insulated wires in UL
Standards, while addition of the organic silane compounds
more than 10 parts by weight leads to undesirable effect
in the flame retardancy.

Into the above resin compositions may be added, if
desired, such inorganic fillers as talc, clay, calcium
carbonate, magnesium carbonate and zinc oxide antimony
trioxide, =zinc borate, antioxidant, coloring pigment,
such a multi—functionalized monomers which accelerates
cross—1linking as trimethylolpropane trimethacrylate, and
other additives, and mixing these ingredients may be done-
by using such well—known mixing apparatus as banbury
mixer, pressure kneader,'open—roll mixer and mono— and
biaxial mixers.

Coating the conductor with these resin compositions
may be performed by using known melt extruder, and the
insulation may be formed over the conductor in single
layer or in multiple layers of a same material.

Cross—linking with  irradiation of ionizing
radiations may be conducted by using a—rays, electron

beam (B-—rays), Y —rays, X—rays, ultraviolet rays and

- others from the sources of ionizing radiations, but in



the sanple of 2.27 mmferr] passed it while the one of 4.23 mjerr] f ailed.
kn the sanple of Conparative Exanples 11 and 12, hal ogen contai ning type
flame retardant was not used but tributyl phosphate and ammoni um

pol yphosphat e, phosphorus -type retardants, were used instead. In
conparison wth Conparative Exanple 10, the replacenents were found to

| ower the flame resistance and al so exerg _undesirable effects on the

hi gh-vol tage cut-through characteristics. I n Conparative Exanples 13
and 14, 2 parts by weight of dicunyl peroxide were added per 100 parts by

view of such industrial profitabilities as transmitting
distance, irradiation dose and time required by
irradiation, electron beam is desirable as the source of
radiation.
EXAMPLES

Sample wires were prepared as follows: The resin
compositions shown in Tables 1 to 3 were kneaded together
with polyolefin resin, fillers, organic silane compound,
anti — oxidant and other additives which were added at a
same time by using an open—roll mixer heated at 130°C and
the mixture was made into pellets. The pellets were used
to be extruded over annealed copper wire, 0.8 mm in
diameter by using a melt extruder to obtain insulated
wires with diameters of 2.27 mm and 4.23 mm, which were
irradiated by electron beam at 2 MV of acceieration

voltage to prepare the sample wires.




wei ght of the polyolefin resin to make a thermally curable resin
conpositions and they were extruded over the conductor and heat-cured by

conpressed steam

hi gh- vol tage cut-through characteristics however,

| ower than 100% of

initial

el ongati on,

The sanpl e of Conparative Exanple 14 satisfied the
it showed undesirably

whil e the sanpl e of Conparative

Exanpl e 13 satisfied the initial elongatyjgen characteristics but failed to
pass the high- voltage cut-through and heat aging resistance test,

show ng

unbal ance anong characteri stics. Thus, a high-voltage lead wire for
direct current which passes the required high-voltage cut-through
Table 1
Example 1| Example 2 | Example 3 | Example 4 | Example 5 | Example 6 | Example 7
N |Base EVA EEA EVA EMA EEA EVA [Etylese-
resin resin capalymer/
100 EEA = 50/50
phz (by wet)
Mele
flow 1 0.5 1 1 0.5 1 2.5
rate .
Note VA EA VA MA EA VA EEA:EA
content |content |[content |[content |content |[content |[content
25% 19% 33% 20% 19% 25% 19%
Halogen~type Brominatad |Decabromodi- |Perchloro— Decabromodi—~ |Perckloro— Teis Decabromodi—
flame retardaat phthalimide |phenylether |[pentacyclo—~ |[phenylether |[pentacyclo— |(tribromo— [ptezylathar
derivative (20 phr decane 10 phz decane necpeatyl) 30 phr
(Br content 1S phr 10 phkr phosphate
61%) 30 20 pkr
phr
Mesidn (she) 120 140 160 140 180 150 150
T —
Methacryloxypropyl—
tzinathoxysiiane 4 3 2 4 1 3 4
{phz)
ity 20 15 25 20 15 20 20
High—voltage
t~through
::141;;":&. Passed| Passed | Passed | Passed | Passed | Passed | Passed
(2.279) .
High-voltage
cut-through .
nong time Passed| Passed | Passed | Passed | Passed | Passed | Passed
(4.238) :
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properity and flane resistance (VW1), with tenperature rating higher than
125[err] C grade and excellent flexibility. can be obtained by naking a
resin conposition by adding nore than 100 parts by weight and | ess than 200
parts by wei ght of magnesi um hydroxide with no surface treated, nore than 5
parts by weight and | ess than 50 parts by wei ght of a hal ogen containing
type flame retardant and nore than 1 party;by weight and | ess than 10 parts
by wei ght of an organic silane conpound ich is represented by the general
formula to 100 parts by weight of EVA, EEA or other polyolefin resin and

m xing to make a resin conposition, which is extruded over the conductor

Table 1 (Cont‘d)

Example 1 |Example 2 |Example 3 |Example 4 |Example S |Example 6 |Example 7
Initial |Tensile
(2.27 ¢) | strength 1.13 1.26 1.16 1.32 1.16 1.26 1.21
(kg/mm’) _
Signeation) 226 | 181 169 213 166 173 152
Young’s .
modulus 4.78 5.23 3.86 5.54 6.87 5.22 4.36
{(kg/mm?)
After Residual
aging tensile ;
(2) strength 95 112 105 82 101 78 85
(2.27¢) (%)
Residual
elongation 92 87 81 90 78 73 82
rate (%)
After Residual
aging tensile _
(8) strength 105 132 98 126 92 80 101
(2.27 ¢) [ (})
Residual
elongation 87 83 78 93 82 68 94
rate (%)
z:s-;l( ;:?rzn?u;t)ion 5/5,passed|5/5,passed{5/5,passed|5/5,passed|5/5,passed|5/5,passed|3/5,passed
::;_2'4 ?;:l;!:’u;tion 5/5,passed|5/5,passed|5/5,passed|5/5,passed|5/5,passed|5/5,passed|5/5,passed
Extruded appearance | Good | Good | Good | Good | Good | Good | Good

Melt flow rate: 190°C, 2160 g load (g/10 minutes) EVA: Ethyleneviﬁylacetate copolymer

Conditions of aging A: 158°C, 7 days (gear oven)

EEA: Ethyleneethylacrylate copolymer '

Conditions of aging B: 136°C, 60 days (gear oven) EMA: Ethylenemethylacrylate copolymer
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Table

by using such a

resin

Campacative
Example 1

Compazative
Szample 2

Compazative
Example )

Compaczative
Example ¢

Compacative
Zxample S

Compacative
Example §

Compacative
Sxample 7

Sase
casin

Poly -
olefin
resia

EVA

EEA

EVA

EVA

EVA

EVA

EVa

100 phke Nolt

flow
cata

0.5

Note

va
content
25%

EA
content
19%

VA
content

25%

VA
content
25%

VA
content
25%

VA
content
25%

VA
content
25%

type flame
retacdaxt

Halogen contaiaiag

Decabromodi-—
phenylather
20 phr

pheaylaether

Decabromodi~

20 phr

Perchloro-
peatacyclo~
decazne
20 phr

Pezchloro—-
pentacyclo—
decane
20 phr

Pearchloro—
pentacyclo—
decace
20 phr

3rominated
phthalinide
derivative
({3c content
§1t) 10 par

Decabcomodi—
pheaylecher
10 phr

(phz)

Magaesiun hydroxide

200

200

200

200

(phz)

Magnasium hydroxide
{(oleate — treated)

140

(vinyl silaze -
treated) (phr)

Magnesiun hydroxide

180

(-

treated) (phr)

Magnesium hydroxide

methacryloxypropyl—
trimethoxysilane —

160

7-

(phr)

Methacryloxypropyl
trimethoxysilane

Vinyl
triethoxysilane
(phr)

trimethaczylate
(phr)

Trimethylolpzopane

Iczadiation dose
(Mzad)

No

30

30

30

30

30

30
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manuf acturi ng process of the conposition,

si |l ane conpound represented by the general fornula, during hot melt

kheadi ng of a m xture of polyolefin resin,

surface treatnment

by addi ng an organic

magnesi um hydr oxi de wi t hout

hal ogen containing type flane retardant and ot her
fillers and by irradiating by such an ionizing
-13 -

‘Table 2 (Cont’d)

CompacativdComparativedComparativdCompacativdComparativaComparativgCampacativg
Example 1| Example 2 | Example 3 | Exampla 4 | Example 5 | Example 6 | Example 7
High — Voltage .
cut — through holding [<0.1 hr|<0.1 hr| 0.5 hr [<0.1 hri{<0.1 hr{<0.1 hr{0.2 hr
time (2.274)
High — Voltage
cut - through holding (<0.1 hr{<0.1 hr| 0.3 hr|<0.1 hr{0.4 hr |<0.1 hr|0.5 hr
time (4.239)
Initial |Temsile .
(2.27¢) |strength 0.62 0.68 0.58 0.61 0.79 0.81 0.88
(ka/mm’)
El ti
ay en 409 337 403 625 247 278 167
foung‘s
modulus 4.12 5.60 3.89 4.04 4.85 4.66 6.82
(kg/mm?)
After Residual Failed to :
aging tensile bold shape| 139 85 132 129 106 93
(A) strength (%)
(2.279) |Residual
elongation 38 22 19 52 41 44
rate (%)
After Residual Failed to
aging tensile hold shape} 101 122 115 85 122 129
(B) strength (%)
(2.27¢) |Residual
elongation 46 39 22 47 43 58
rate (%)
Zzsll(gogl;l;)tion 2/5,passed|S/5,passed|S/S,passed|5/5,passed|5/5,passed|5/5,passed|5/5,passed
X:s—tl‘:o;‘?l;ss)tion 4/5,falled]5/s ,passed{5/5,passed]S/5 passed|5/5,passed|5/5,passed|2/5,£diled
Extruded appearance| cooq | Good | Good | Good | Good | Good | Good

Melt flow rate: 190°C, 2160 g load (g/10 minutes)
Conditions of aging A: 158°C, 7 days (gear oven)

Conditions of aging B:

136°C, 60 days (gear oven)
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Table 3
Comparative{Comparative{Comparative|Comparative|Comparative|Comparative|Comparative
Example 8 | Example 9 | Example 10 | Example 11 jExample 12 ] Example 13 | Example 14
Poly ~|Base
b A il EVA EVA EVA EVA EVA EVA EVA
resin
100 |Melt
pe  [flow 1 1 1 1 1 1 1l
rate
Note VA VA VA VA \'Z: VA VA
content |content |content |content |[content |content (content
25% 25% 25% 25% 25% 25% 25%
Halogen — type Decabromodi- | Decabromodi~ pecabromodi~ | Decabromadi~
flame retardant [phenylether | phenylether phenylether |phenylethar
20 phr 20 phz 20 phr 20 phr
Flame retardant Tributyl |Ammonium
other than of polyphosphatd
halogen glgo;ﬁgate 30 phz
containing type
{phr)
Magnesium
hydroxide 80 240 180 180 180 160 160
(phr)
1:1: 1, 3
Methacryloxypropy
trimethoxysilane 6 2 2 3 3 3 3
(phr)
Dicumyl
peroxide (phr) 2 2
Irradiation Steam Steam
dose (Mrad) 30 10 20 20 20 . |cured for |cured for
$ min $ min °
High — voltage
t — through .
::Idi:gr:;:e 2.5 hr Passed Passed 5.5 hr 3.0 hr 3.5 hr Passed
(2.27¢)
High — voltage
t — th h
§§mmg’§§’.§e 4.5 hr passed Passed Passed 5.5 hr 4.5 hr Passed
(4.23 ¢)




CLAIMS: 1. A heat resistant, high voltage |lead wire for direct current,
conprising a conductor (1) and an insulating layer (2, 3) of a
poyol efi n-based resin conposition, irradiated by ionizing radiation,
surroundi-ng t he conductor, wherein the resin conposition contains 5 to 50
wei ght parts of a halogen - containing flanme retardant per 100 wei ght parts

of the resin and is nmade by adding nore qg_

Table 3 (Cont’d)

CQmpataéiveComparaciveCompara:ivJCompa:ativeCompa:aciv omparativeComparativd
Example 8 | Example 9 |Zxample 10|Example 11|Example 12|Example 13 Example 14
Initial |Tensile :
(2.27¢)|strength 1.38 1.33 1.20 1.08 0.94 1.18 1.26
(kg/mm*)
fiynaReion 295 53 | 216 | 222 | 139 | 164 86
Young’s .
modulus 4.20 7.22 4.86 5.01 5.63 5.33 5.02
(kg/mm?)
After Residual
" |aging |[tensile _ _
(A) strength 88 108 68 88 94
(2.27¢) (%)
Residual :
elongation 96 - 93 47 56 53 -
rate (%)
After Residual fs;i::g::
aging ({tensile _ m _
(2.27¢) (%)
Residual Estimation
elongation 67 - 82 3 impossible 78 -
rate (%)
Zz;tl(;?;u;‘;s;'lon $/5,passed|S/5,passed|5/5,passed|1/5,failed|1/5,£ailed|5/5,passed|5/5 passed
Z:s_tl( :?1;?1;55';::10!1 $/5,passed|5/5,passed|3/5,£ailed|2/5,£ailed|3/5,ailed 5/5,passed|5/5,passed
Extruded Slightly
appearance Good |no —Good | Good Good Good Good Good

Melt flow rate: 190°C, 2160 g load (g/10 minutes)
Conditions of aging A: 158°C, 7 days (gear oven)
Conditions of aging B: 136°C, 60 days (gear oven)




| - R ENT SHEET
than 1 part by weight and |l ess than 10 parts by wei ght of &n
conpound which is represented by the general fornula descrifbgd bel ow,
during the m xing of nore than 100 parts by weight and |es ithaQQZSEPﬁHVZS
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resin; S
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To the resin compositions described in.Tables 1 to
3 were formulated, in addition to the shown ingredients,
10 parts by weight of antimony trioxide, 3 parts by

weight of pentaerythrityltetrakis[3—(3,5—di—t—butyl—4—
hydroxyphenyl) propionate], 1 part by weight of distearyl
thiodipropionate and 0.5 part by weight of zinc stearate
in common, against 100 parts by weight of the polyolefin
resin. '

The high—voltage cut—through test in Tables 1 to 3
was performed by charging a 0.45 Rg (1 pound) load at
each of both ends of sample wire in a gear oven
maintained at 125°C and the dielectric breakdown time was
measured by applying 15 kV of direct current to the
samples of 2.27 mm¢ and 60 kV to those of 4.23 mm¢ at n
= 3 respectively, and when 3 samples stood unbroken for
longer than 8 hours the example was judged as passed.

In the heat aging test with the sample wires with
-2.27 mm¢ diameter, the retention of tensile strength and
of elongation of the samples which had been submitted to
aging by heating for 7 days at 158 °C and those aged for
60 days at 136°C were measured.

Here, retention (%) = (Value of heat—aged
sample/Initial value) X 100, and samples were judged as
passed when they showed higher than 70% of the retention
of tensile strength and higher than 65% of that of
elongation. The combustion test was carried out’
following the VW—1 method at n = 5.

The characteristics of the resin coatings in the
high—voltage cut—through test, heat aging test,
combustion test and other tests in reference to their
composition are as follows.

In Examples 1 through 7 such resin compositions as
containing magnesium hydroxide with no surface treatment
in the range of 100 to 200 parts by weight, halogen
containing type flame retardant in the range of 5 to 50
parts by weight and an organic silane compound as

represented by the general formula [1] in the range of 1
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to 10 parts by weight, against 100 parts by wei
olefin resin, were extruded over the conductor and cross—
linked by electron beam irradiation. These samples
passed the high—voltage cut—through test and both of the
2.27 mm¢ and 4.23 mm¢ samples passed the combustion
test. They showed the initial tensile strength in the
range of 1.1 to 1.3 kg/mm’, satisfied the tensile strength
higher than 1.06 kg/mm’ required in the UL Standards and
passed both heat aging tests at 158°C for 7 days and at
136°C for 60 days. ‘These samples showed about 3 to 6
kg/mm’ of the Young'é modulus in the insulating layer
demonstrating that they were materials with excellent
flexibility.

In Comparative Example 1 the sample conta@ned 200
parts by weight of magnesium hydroxide without surface—
treatment, 20 parts by weight of halogen containing type
flame retardant and 5 parts by weight of an organic
silane compound represented by the general formula [1]
and was not irradiated by electron beam for cross
linking. This sample failed to pass the high—voltage cut—
through test and did not reach the level of 1.06 kg/mm’
required in the UL Standards for the initial tensile
strength.

In Comparative Example 2, a resin compound without
being added with the organic silane compound represented-
by the general formula [1] was used for insulating layer.’
The sample failed to pass the high—voltage cut—through
test.

In Comparative Example 3, magnesium hydroxide of
which surface had previously been treated with oleate was
used. The sample passed the VW—1 test however, it showed
the tensile strength lower than 1.06 kg/mm’* and did not
passed the high—voltage cut—through test, heat—aging
test. _

The sample in Comparative Example 4 used magnesium
hydroxide previously surface—treated with vinylsilane
passed the VW—1 test however, it showed the tensile
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strength lower than 1.06 kg/mm* and failed to pass the
high—voltage cut—through test, heat—aging test.
In Comparative Example 5, magnesium hydroxide which

had previously been surface—treated with Y —
methacryloxypropyl—trimethoxysilane was used. The sample
passed the combustion test but the initial tensile
strength was lower than 1.06 kg/mm’, and it failed to pass
the high—voltage cut—through test and showed lower than
65% of the residual elongation percentage after the heat
aging test.

In Comparative Example 6, vinyltriethoxysilane -was
employed in place of an organic silane compound
represented by the general formula. The sample did not
pass the high—voltage cut—through test and did not
satisfy the required level of 1.06 kg/mm’ of the initial
tensile strength.

In Comparative Example 7, a polyfunctionalized
monomer of trimethylolpropanetrimethacrylate, which has
been sidely wused as a cross—linking accelerator for
polyolefin and other thermoplastic resins, was added to
accelerate the cross—linking efficiency by electron beam
irradiation, but the sample féiled to pass the high—
voltage cut—through test and the 4.23 mm¢ sample did not
pass the combustion test.

The sample in Comparative Example 8 contained 80.
parts by weight of magnesium hydroxide of which surface’
had not been treated failed to pass the high—voltage cut—
through test.

The sample in Comparative Example 9 contained 240
parts by weight of magnesium hydroxide. It passed the
high—voltage cut—through test however, it is
questionable in practical use because it had slightly
unsatisfactory appearance after extrusion and lower than
100% of initial elongation.

In Comparative Example 10 no halogen containing
type flame retardant was added to the sample. It passed
the high—voltage cut—through test but in the VW—1 test,
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the sample of 2.27 mm¢ passed it while the one of 4.23 mm¢
failed. |

In the sample of Comparative Examples 11 and 12,
halogen containing type flame retardant was not used but
tributyl phosphate and ammonium polyphosphate, phosphorus
—type retardants, were used instead. In comparison with
Comparative Example 10, the replacements were found to
lower the flame resistance and also exert undesirable
effects on the high—voltage cut—through characteristics.

In Comparative Examples 13 and 14, 2 parts by
weight of dicumyl peroxide were added per 100 parts by
weight of the polyolefin resin to make a thermally
curable resin compositions and they were extruded over
the conductor and heat—cured by compressed steam. The
sample of Comparative Example 14 satisfied the high—
‘voltage cut—through characteristics however, it showed
undesirably lower than 100% of initial elongation, while
the sample of Comparative Example 13 satisfied the
initial elongation characteristics but failed tb-éass the
high— voltage cut—through and heat aging resistance test,
showing unbalance among characteristics.

Thus, a high—voltage lead wire for direct current
which passes the required high—voltage cut—through
property and flame resistance (VW—1), with temperature
rating higher than 125°C grade and excellent flexibility,
can be obtained by making a resin composition by adding’
more than 100 parts by weight and less than 200 parts by
weight of magnesium hydroxide with no surface treated,
more than 5 parts by weight and less than 50 parts by
weight of a halogen containing type flame retardant and
more than 1 part by weight and less than 10 parts by
weight of an organic silane compound which is represented
by the general formula to 100 parts by weight of EVA, EEA
or other polyolefin resin and mixing to make a resin
composition, which is extruded over the conductor and is
irradiated by electron beam, in other words, by using

such a resin composition that is made, in the
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manufacturing process of the composition, by adding an
organic silane compound represented by the general
formula, during hot melt kheading of a mixture of
polyolefin resin, magnesium hydroxide without surface
‘treatment, halogen containing type flame retardant and
other  fillers and by irradiating by such an ionizing

radiation as electron beam.
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CLAIMS:

1. A heat resistant, high voltage lead wire for direct
current, comprising a conductor (1) and an insulating
layer (2, 3) of a poyolefin—based resin composition,
irradiated by ionizing radiation, surrounding the
conductor, wherein the resin composition contains 5 to 50
weight parts of a halogen — containing flame retardant per
100 weight parts of the resin and is made by adding more
than 1 part by weight and less than 10 parts by weight of
an organo—silane compound which is represented by the
general formula described below, during the mixing of
more than 100 parts by weight and less than 200 parts by
weight of a metal hydroxide to 100 parts by weight of a

polyolefin resin;

x? si

where R stands for an alkyl group containing an acrylic
or methacrylic group, and X', X’ and X' represent the’
atomic groups selected from alkoxy, alkyl and halogen.

2. A lead wire according to claim 1 wherein the halogen-—
containing fire—retardant. is selected from
perchloropentacyclodecane, 'Brominated diphenylether
derivatives, brominated bisphenol derivatives, brominated
epoxy—resin derivatives, brominated phthalimide and
brominated phosphates.
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HEAT-PROOF LEAD WIRE FOR HIGH DC VOLTAGE

ABSTRACT OF THE DISCLOSURE

Disclosed is a heat-resistant, high-voltage lead
wire for direct current, which meets the demand for higher
heat resistance, and its insulating coating over the
conductor is formed by a poiyolefin resin composition. The
polyolefin resin composition is a flame-retarded resin
composition comprising of a. mixture of a polyethylene whose
crystalline component has meiting point higher than 125 C
and a copolymer of ethylene and « -olefin, which
contains a mnltifunctionalized monomer having
unsaturated carbonwcarbon bond moiety in the molecule as anu_V-':
indispensable coggé;ent, and the insulating coating made off:
this resin composition is irradiated hy an ionizing
radiation to give a heat-resistant, high-voltage lead wire
for direct current, which has the perpendicular flame

resistance (VW-1) acceptable in the UL Standards.and the

characteristics of higher than 125C of temperature rating.

FIGURE 1



