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Background of the Invention

The invention relates to electrically insulative
polymeric films useful as conductive insulators and

electrical tape backings.

Description of the Related Art

Various electrically insulative resins are known in
the art. Polyolefins have been used in various resins,
with and without flame retardancy in the electrical
industry.

Most insulative films which are used commercially,
and have both good flame retardancy and good physical
properties contain some vinyl chloride. Because of the
toxins produced when such compositions are burned, either
accidentally or when discarded, it is desirable to reduce
the halogen content as much as is possible, particularly
chlorine content. However, it is difficult to attain
both the flame retardancy and the physical properties
such as tensile and elongation in an alternative product.
This is especially true of films being used for tape
backings in the electrical industry where the tapes must
stretch and drape in a certain manner to be acceptable
for use.

U.S. Patent 5,017,637 discloses fire-retardant
thermoplastic compounds that are chemically crosslinked,
comprising 5-60% olefinic copolymers, 1-15%
organopolysiloxane, and 20-85% flame retardant.

Preferred embodiments include a copolymer, and an
additional elastomer or ethylene copolymer. The preferred
elastomers are EP or EPDM copolymers. Ethylene
vinylacetate is also disclosed. Metal oxide hydrates are
used as the fire-retardant compound.

U.S. 3,941,859 discloses EPDM polymers physically
blended with polyethylene and an ethylene-vinyl acetate

copolymer having improved tensile strengths. Use as wire
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are burned, either accidentally or when discarded, it is desirable to
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JP 3149240 discloses a composition useful as a wirg
5 coating comprising 100 parts of polyolefin, 80-200 parts
of a metal hydroxide for fire retardancy, and a silane
coupling agent. The example disclosed contains 80 parts
of EP rubber, 20 parts of ethylene vinyl acetate
copolymer, and 110 parts of magnesium hydroxide, 5 parts

10 of a silane, along with minor ingredients such as carbon
black and a crosslinking agent.

U.S. Patent 5,071,904 discloses ammonium
pclyphosphate partiéles treated with a cationic
surfactant to impart flame retardancy. The particles arg

15 used in a resin which may be polyolefins, epoxy, or
polyether urethanes.

JP 3134041 discloses a polyolefin resin with flame
retardant and a specific triazine which is useful as a
coating material for electrical wires and cables.

20 PCT WO 83/00488 discloses a flame retardant
insulative wire coating comprising a polyolefin resin
containing two flame retardants; a brominated flame
retardant and antimony oxide. It is disclosed that the
tensile strength of such compositions is about 2100 psi,

25 and the elongation is about 400%.

AUS-B-39114/85 discloses a flame retardant
insulative composition comprising copolymers of ethylené
and acrylic esters. Aluminum hydroxide is used as the
flame retardant.

30 EPO 391336 discloses polypropylene and silane
containing ammonium polyphosphate particles for flame
retardance.

U.S. Patent 3,922,442 discloses a ethylene vinyl
acetate copolymer containing a silane which is used for

35 electrical conductor coatings.
U.S. Patent 3,832,326 discloses an electrical wire

_coating comprising at least 66% of crosslinkable ethylé
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polyolefin. Sllane treated hydrated inorganic fillers

are added for flame retardancy. Elongations of 140% to
425% are disclosed.

U.S. Patent 4,772,642 discloses a resin containing
polyolefins, preferably polypropylene. Ammonium
polyphosphate particles are used for flame retardance,
and a melamine resin is preferred to encapsulate the
particles.'

EP 466193 discloses an ethylene vinyl acetate
copolymer useful for cable jacketing containing magnesium
hydroxide for flame retardancy.

GB 272071 discloses a resin containing ethylene
vinyl acetate copolymers having a vinyl acetate level of
more than 60%, and a minor amount of acrylonitrile-
butadiene copolymer.

Polyolefins and ethylene vinyl acetate copolymers
are also known for use in non-flame retardant tape
backings. U.S. Patent 4,036,912 discloses a closure tape
for a disposable diaper having as its backing, a blend of
an ethylene-propylene or ethylene-propylene diene polymer
and a crystalline polyprop&lene polymer.

U.S. Patents 4,808,474 and 4,769,283 disclose a
pressure-sensitive adhesive tape backing having improved
toughness comprising blends of crystalline isotactic
polypropylene and compatible flexible polymers (in the
former) or compatible ethylene containing polymers (in
the latter), such polymers including EPDM and/or EVA.
U.S. 4,985,024 discloses a biodegradable pressure-
sensitive adhesive tape backing comprising such a blend
combined with an unsaturated elastomer.

U.S. Patent 5,134,012 discloses a fixing tape for a
disposable diaper comprising a two or three layer
construction; a plastics film layer, a polymer blend
layer, and an adhesive layer. The plastics film layer
may contain an EVA copolymer, and EP copolymer, or a
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combination thereof; the polymer blend layer contains at
least two resins selected from EVA, EP, and polyethyleng

However, these attempts to produce a film for the
electrical industry, and especially for tape backings,
have not been able to produce a film with the required
flame retardance and physical properties.

The present inventors have found that films
comprising ethylene vinyl acetate (EVA) copolymers and a
elastomer selected from ethylene propylene (EP) and
ethylene propylene diene monomer (EPDM) rubbers and an
effective amount of a specific flame retardant system
will provide an electrically insulative film with good
physical properties without vinyl chloride. The films
have a total halogen content of less than 8%.

Further, such films will provide electrical tape
backings having the feel, and handling properties of the
most popular poly(vinyl chloride) backings with minimal
amounts of halogen, which reduces or eliminates the
release of toxic gases into the air, and also reduces
negative environmental éspects from processing and

disposal.

Summary of the Invention

The invention provides a low-halogen, electrically
insulating film having a total halogen content of 1 to
8%, comprising a resin component containing:

a) from 0 to 40 parts of a rubber selected from EP

or EPDM rubber,

b) correspondingly, from 60 to 100 parts of an

ethylene vinyl acetate polymer,
c) from 20% to 40% based on said resin component, o
a flame retardant system comprising

i) from 5 to 25% of a bromine containing flame

retardant,
ii) from 1.5% to 10% of an antimony containindg

flame retardant, and
iii) from 1% to 20% of a flame retardant
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k3 cqrrwemandegygl y, from about 60 to about 90 parts of an ep@yiusesiony!
acet-dte polyner, c) fromabout 20%to about 40% based on said resin
conpgnent of a flame retardant system conprising i) fromabout 5 to about
25% df a bromine contain- ing flame retardapi. and ii) fromabout 1.5%to
about] 10% anti nony oxide, and iii) from 1% to about 20% of al um nium
ingidpjdrate, wherein said dea@ted af i g MRl BAF "Ret &1 8kiQeOhyalrdfesym
1§féggdrate to brom ne- COﬂt%eﬁé%% said flame retardant system has a ratio
the of metal oxide hydrate to bromine of no more
gs, than 3;
ired 5 said film being free of vinyl chloride,
wherein a nonoriented film self-extinguishes in less than
5 seconds, has an elongation at break of at least 500%, a
and aﬂ dielectric strength of at least 1200 V/Mil, and a stress-
1 strain curve having a wholly positive slope.
i an 10 Insulating films of the invention are suitable for
-em use as an electrical tape backing. Preferred electrical
jood tape backings are low-halogen electrical tape backings
-ms having a total halogen content of 1% to 8%
comprising
pe 15 a) from 10 to 40 parts of a rubber selected from EP
£ the or EPDM rubber,
iimal b) correspondingly, from 60 to 90 parts of an
ethylene vinyl acetate polymer,
es c) from 20% to 40% based on said resin component, of
20 a flame retardant system comprising
i) from S5 to 25% of a bromine containing flame
retardant,
ii) from 1.5% to 10% antimony oxide, and
ally iii) from 1% to 20% of aluminum trihydrate,
to 25 wherein said flame retardant system has a ratio
of aluminum trihydrate to bromine of no more
n EP than 3;
said film being free of vinyl chloride,
wherein a nonoriented film self-extinguishes in less than
30 5 seconds, has an elongation at break of at least 500%, a
i, o dielectric strength of at least 1200 V/Mil, and a stress-
strain curve having a wholly positive slope.
‘lamé The invention also provides electrical tapes
comprising a backing film having a total halogen content
ning 35 of 1% to 8%, comprising a resin component containing:

a) from 0 to 40 parts of a rubber selected from EP

or EPDM rubber,
This Sheet Has Been R laced
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flame retardant of no nore than about 3; said filmbeing free of vinyl

chl ori deWOWPHEEBh a nonori- ented fil msel f-extinguishes in Pﬁﬁﬂﬁﬁwunzabpttvw)94
|

5 seconds, has an el ongation at break of at |east about 500% a dielectr
strength of at |east about 1200 VVMI|, and a stress-strain curve with a
whol |y positive slope. 7. A |low hal ogen el ectwi-cal tape backi ng according
to claim6 containing fromabout fromabout 10%to about 15% of said
broni ne containing fl afk fFerzedpandisglypy,| dwohabogtn d08cPards afamn

backi ng according to Cé@hﬁlZnEOOiﬁyﬂiQgeEEQE1BBQQEe§?6tO about 7% of said
c) from 20% to 40% based on said resin component,a
a flame retardant system comprising 1
5 i) from 5 to 25% of a bromine containing flame
retardant,
ii) from 1.5% to 10% of an antimony containhw
flame retardant, and
iii) from 1% to 20% granular aluminum
10 trihydrate, wherein said flame retardant syst
has a ratio of aluminum trihydrate to bromhmu1
of no more than 3;
said film being free of vinyl chloride,
wherein said tape self-extinguishes in less than 5
15 seconds, has an elongation at break of at least 500%, a
dielectric strength of at least 1200 V/Mil, and a stress-
strain curve having a wholly positive slope, and an
adhesive coated on one major surface of said backing.

As used herein the term "low halogen" includes all

20 film compositions having an actual halogen content of
from 1% to 8%.

As used herein, the term "“granular" refers to
particulates prepared by grinding processes, and does no
include precipitated particulates.

25 All weights, percents, parts, and ratios herein are
by weight unless specifically noted otherwise.

Description of the Drawings

FIGs. 1 and 2 show the stress-strain curve for

30 various unfilled resin compositions. EVA/EPDM, EVA bB”“

copolymer blends and ionomer blends are unique in theif

elongation, tensile strength and minimal yield/neckind
tendencies when compared with other resin blends.

FIG. 3 shows that a filled blend outside the scopf

35 of the invention exhibits very poor elongation.
FIG. 4 shows that films containing a coupling agent
exhibit improved tensile-elongation properties.
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the ambient properties of plasticized PVC even at -18°C
whereas the PVC film becomes very stiff, exhibits a yield
5 point and is brittle at the low temperature.

FIGs. 6 and 7 compare tensile performance of a film
of the invention and a poly{vinylchloride} film at _
ambient temperature and at 100°C, as a function of amount
of irradiation. The filled blend retains elongation and

10 mechanical properties more closely resembling the ambient
properties of plasticized PVC. Tensile values for all
films drop considerably as the temperature is raised.

The tensile values for blends of this invention do not
drop as greatly as tensile values for plasticized vinyl

15 film. .

FIG. 8 shows ambient stress-~strain curves of two
comparative products and a filled £ilm of this invention,
Example 30, (with post-processing), compared with
plésticized PVC. The film of the invention shows good

20 tensile properties and the wholly positive slope required
for good mechanical performance. The comparative
products do not show such slope and good tensile
properties.

FIG. 9 shows the amount of unrecovered

25 strain/initial strain of a PVC film plotted versus
initial strain for Example 30. The unrecovered strain is
less for the filled blend film up to about 75% initial
strain. Strain recovery is an important feature for
applying electrical tapes to maintain a tight wrap and

30 aid in conformability. Typical application strains range
from about 50 to 100%. In this range, the present
invention is comparable to, or superior to plasticized
PVC film.

FIG. 10 shows the onset dissipation factor for a

35 film of the invention. The dissipation factor marks the

temperature limit for proper insulative performance. An
onset of 150°C is typical in transformer applications.

Wi



EP or EPDM rubber, b) correspondingly, fromabout 60 to about 100 parts
of an et WO {987 ny| acetate polyner, c) from about 20%to aBETUSSIEBIsed] WO I

on said resin conponent of a flanme retardant system conprising i) from
about 5 to about 25% of a brom ne contain- ing flane retardant, and ii)
fromabout 1.5%to about 10% of an antinony =8-

The onset of this material occurs at 180°C to 190°C,
demonstrating the improved high temperature performance,

Detailed Description of the Invention

5 Compositions of the invention comprise a resin :
component containing at least one ethylene-vinyl acetate;
copolymer (EVA). Ethylene vinyl acetate copolymers i
useful in the films of the invention contain at least 10
by weight vinyl acetate, preferably at least 15% by

10 weight. The resin component may contain only ethylene
vinyl acetate, or it may also contain a rubber selected
from EP and EPDM rubbers; when such a rubber is present,f'f
the resin component may contain as little as 60 percent

EVA copolymer.
15 Useful rubber polymers comprise from 50% to 90% of

ethylene, from 10% to 50% propylene, and from 0 to 3%
diene.

Examples of suitable diene monomers include, but are
not limited to, conjugated dienes such as isoprene,

20 butadiene, 2,3-hexadiene, and the like, and nonconjugated
dienes such as 1,4-pentadiene, 1,5-hexadiene, 2,5~
dimethyl-1,5 hexadiene, 1,4-hexadiene and the like;
cyclic dienes such as cyclopentadiene, cyclohexadiene,
dicyclopen;adiene, 3-methyl-tricyclo(5,2,1)-3,8~

25 decadiene, and the like, and alkenyl norborenes such as
S5-ethylidene-2-norborene, 2-methallyl-5-norborene, and
the like. These polymers are easily prepared by well
know solution or suspension polymerization techniques.

30 Insulative films of the invention also contain a
flame retardant system. The flame retardant system is
present in an amount of from 20 to 32 percent based on
the resin component.

At least one brominated flame retardant is present.

35 Useful brominated flame retardants include decabromo-
diphenyl ether and ethylene bis(tetrabromo)phthalimide.
The brominated flame retardant is present in amounts of
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cont!i bYdsbegyne retardant, and iii) from 1%to about 20% 593)Ydo2s
al umld%%trihydrate, wherein said flanme retardant systen1hg§T§frat|o of

al umgnum tri hydrate to brom ne- containing flame retardant of no nore than

abouf 3; said filmbeing free of vinyl chlgqgide, wherein said tape

sel f {exti ngui shes in | ess than about 5 seconds, has an el ongation at break

of aff |east abglopdics ss¢! eﬁfe\ﬁgﬂgiﬂgng}gmog%a%d g3st about 1200 VIM I,
olly p

and d stress-strain curve with a ositive slope, and an adhesjve
The system further comprises at least one additional

1c
h flame retardant containing antimony, e.g., antimony oxide
or antimony oxide hydrate; such flame retardant being
S5 present in the amount of from 1.5% to 10%, preferably
“ate from 3% to 7%. '
The system also contains an additional flame
104 retardant selected from the group consisting of Group I
and group II metal oxides and oxide hydrates. Preferred
1e 10 additional flame retardants include, but are not limited
-ed to alumina oxide trihydrate, aluminum oxide pentahydrate,
ant,‘ and dibromo diphenyl ether, and ethylene
ant bis(tetrabromo)phthalimide. All metal oxide hydrates
present must be granular, as precipitated forms do not
of 15 result in films with good properties. This is believed
¥ to be related to such factors as the particle size and
the coatings used on the precipitated particles. The
- are aluminum oxide flame retardant is present in an amount of

from 1% to 20%, with the proviso that the ratio of the
yated 20 oxide trihydrate to the brominated flame retardant should
be less or equal to 3.

Preferred insulating films of the invention also
comprise a coupling agent selected from the group
consisting of silane coupling agents. Alkyl silanes,
as 25 amino silanes and the like are useful in films of the
1d invention. Preferred films contain from 0.05% to 5%

! coupling agent.
3 Films of the invention may also comprise
conventional additives such as reinforcing fillers,

X 30 pigments such as carbon black, and TiO,, dyes,

.5 ultraviolet stabilizers, plasticizers, fungicides,

mn extenders, waxes, antioxidants, and the like, in amounts

known to those skilled in the art.

int. Other useful fillers include fumed silica, calcium
35 and magnesium carbonates, calcium and barium sulfates,

le. aluminum silicates, and the like, which may be included

of o in small amounts, such that they do not interfere with
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or surface of said backing. 12. An electrical tape
™ 11 wherein said backing film contains fromPEaIs93/t00an-

13. A
14.

Films of the invention are useful as insulative Wirg
and pipe coatings, as insulative backings for multilayer
films, and especially, as electrical tape backings. Syc}
films would also be useful for various molded and ;
extruded items such as shoe soles, shower curtains,
kitchen ware and the like. _

The films of the invention are made by physically
mixing the rubber, the ethylene vinyl acetate copolymer,
and the flame retardant, along with any additives in a

H
¢

mill, mixer or extruder. The mixing conditions are not
critical, and such processes are well known to one
skilled in the art.

Films of the invention have a stress-stain curve
having a wholly positive slope. Surprisingly, by
balancing the flame retardant types, and amounts, the
films of the invention demonstrate this slope, whereas
most films have at least some portion of the slope which
is negative. Electrical tapes backed with films with the
positive slope demonstrate a vastly improved handling
characteristic over the prior art low-halogen films;
i.e., they approximate the stretch and "drape"
characteristics of vinyl chloride backed electrical
tapes. This is extremely critical for proper insulation
and sealing of repaired cables and connections, as well
as for acceptance by persons skilled in electrical

maintenance and repair.

Tapes comprising backings of the invention have an
improved low temperature performance as compared to prior
art poly(vinyl chloride) backings. PVC film becomes very
stiff, exhibits a yield point and is brittle at the low
temperature. The filled blend retains good elongation
and mechanical properties even at temperatures of
-20°C. Further, vinyl does not have a stress-strain
curve with a wholly positive slope at such low
temperatures, whereas films of the invention do have a

stress-strain curve which retains a positive slope even

WO
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at -20°C.

Electrical tapes of the invention have at least one
side of the film backing coated with an adhesive. The
adhesive may be any conventional adhesive known in the
art, including but not limited to, natural rubber,
thermoplastic elastomers, such as block copolymers,
thermoset adhesives, acrylic adhesives, silicone
adhesives and the like. The adhesive may further
comprise such conventional additives as tackifiers,
plasticizers, pigments, fillers, initiators, crosslinking
agents, and the like, as desired.

The following examples are meant to be illustrative
and should not be construed as limiting the scope of the
invention, which is defined only by the claims. One
skilled in the art would be able to create variations
which would be within the spirit of the invention.
Comparative examples are indicated by the use of the
letter "C" in front of the example number.

Test Methods

Flame Retardance
Flame retardance was tested by the ASTM D1000 test

method. This test involves wrapping a film strip around
a wire with a 50% overlap and repeating with another film
strip in the opposite direction. The wrapped wire is
exposed to an open flame for 30 seconds. The flame is
removed and the burn time of the film is measured.
Desirable flame retardance would be exhibited by a
material that does not begin to burn, or self
extinguishes in less than 5 seconds.

Tensjile Test
Tensile strength was tested by the ASTM D1000 test

method.

Glossary of Abbreviations
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ATH ALUMINUM TRIHYDRATE
BLOCK BLOCK COPOLYMER Rubber
5 Brl, Br2... BROMINATED FLAME RETARDANT
BUTYL BUTYL RUBBER
ca COUPLING AGENT
CB CARBON BLACK
Dx DISSIPATION FACTOR
10 EAA POLY (ETHYLENE ACRYLIC ACID) COPOLYMER
EMA POLY (ETHYLENE METHACRYLIC ACID) COPOLYMER
EPDM ETHYLENE PROPYLENE DIENE MONOMER
EPR ETHYLENE PROPYLENE RUBBER
EVA POLY (ETHYLENE VINYL ACETATE) COPOLYMER
15 E(VA/AA) POLY (ETHYLENE VINYL ACETATE/ACRYLIC ACID)
COPOLYMER
EVOH POLY (ETHYLENE VINYL ALCOHOL) COPOLYMER
HDPE HIGH DENSITY POLYETHYLENE
LLDPE LINEAR LOW DENSITY POLYETHYLENE
20 Mbl, Mb2... MOLYBDENUM~CONTAINING FLAME RETARDANT
Mgl, Mg2... MAGNESIUM-CONTAINING FLAME RETARDANT
P-N1, P-N2... PHOSPHOROUS-NITROGEN FLAME RETARDANT
PA PROCESSING AID
PB POLYBUTYLENE
25 PBD POLYBUTADIENE
PE POLYETHYLENE
PP POLYPROPYLENE
PVC POLY (VINYL CHLORIDE)
Sbl, Sb2... ANTIMONY COMPOUND (FLAME RETARDANT)
30 VINYL POLY (VINYL CHLORIDE)
a es

Comparative Examples 1-C7

‘Two-component blends were prepared from an olefinic
35 component and a thermoplastic component, the former beind
the major component and the latter being the minor
component (olefin/thermoplastic > 1), and were mixed
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Aieag wi high shear paddles at 105°c for 5 mlnutes until
a uniform dispersion of the polymers in the thermoplastic
blend was achieved. 0Olefinic components and rubberic
components are listed below. These blends are unfilled.

Blends were pressed between heated platens to form
films 125 um to 500 um thick. Tensile properties of the
films varied considerably in shape of the curve as well
as tensile strength and elongation, as shown in Figures 1
and 2.

These figures show that EVA/EPDM, EVA block
copolymer blends and ionomer blends having the required
flame retardant system are unique in their elongation,
tensile strength and minimal yield/necking tendencies.
These blends have not undergone any type of post=-
processing, therefore the films are nonoriented, and

noncrosslinked.
Table 1
ﬂ Example No. Blend Components
' 1 TIONOMER/EPDM2
80/20
c2 PP1/EPDM2
75725
c3 PP2 /EPDM3
60/40
4 EVA/BLOCK COPOLYMER
80/20
S EVA/EPDM2
80/20
[ﬁ C6 HDPE/BUTYL RUBBER
c7 LLDPE/BUTYL RUBBER
75/25

Examples C8-C19

The mixing procedure described in Example 1 was used
to prepare olefin/rubber blends with flame retardant

fillers as listed below. Filled blends were pressed into
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a) fromQ to 40 parts of a rubber selected fromEP or EPDM rubber, b)
cor r esporf¥P#4/13887f r om 60 to 100 parts of an 30 et hyl en®PGIVESIB/18823t at ¢ WO
polynmer, c).from 20%to 40% based on said resin conponent, of a flane T
retardant systemconprising i) from5 to 25% of a brom ne containing flane
retardant, 35 ii) from1.5%to 10%44f an antinony containi ng
flame retardant, and iii) from1%to 20% of a flane retardant

films between heated platens, and flame retardance was

measured as described in the test methods, above.

Measured burn time for these samples is listed in

Table 2. ;

o e .




0029- | gotsad2¢grom granul ar metal oxide hydrates, wherein saperAisosmoz
retarglant systemhas a ratio of nmetal oxide hydrate to brom ne of no nore
than B; 5 said filmbeing free of vinyl chloride, wherein a nonoriented
fil mgel f-extinguishes in |ess than 5 seconds;~ has an el ongation at break

of at]l east 500% a

was TABLE 2
i in FILLER
t ) - | CONCENTRATION
5 cs EVAl/EPDMl 0 56 s
(50/50)
co EVA1/EPDM1/ATH1 50% 42 s
+ (25/25/50)
] 10 EVA1/EPDM1/Br1l/Sbl 30% 1s
(35/35/22/8) h
c11 EVA1/EPDM1 /Mgl 38% 34 s
(31/31/38)
; 12 EVA1/EPDM1/Br2 30% 1 s"
(35/35/30)
10 c13| EVA1/EPDM1/ATH1/Brl/Sbi 40% 10 s
(30/30/25/11/4)
c14| EVA1/EPDM1/ATH1/Brl/Sbl 36% 20 s
(32/32/30/4.4/1.6)
C15] EVA2/EPDM2/CB/Br1/Sbl/Mbl 16.5% 45 s
(62/21/1/8/4/4)
16 | EVA1/EPDM2/CB/ATH2 /Br1/Sbl 26% 1 sﬂ
(62/11/1/13/9/4)
17 | EVA1/EPDM3/CB/ATH2/Brl/Sbl 32% 1s
(51/17/1/16/10/5)
15 18 | EVA1/EPDM3/CB/ATH/Br1/Sbl 25% 2s
(55/18/1/8/12/6)
€19 | EVA1/EPDM3/CB/Brl/Sbl/Mg2 23% 31 s
(57/19/1/11/5/7)

The unfilled polymer blend, example C8, exhibits
20 uncontrolled burning until the sample is consumed.
Different flame retardant fillers have varied effects on
the flame retardance of the filled blends.
As can be seen, it is not merely the concentration
of flame retardant present; to achieve flame retardance
25 while maintaining good mechanical film properties, i.e.,
elongation > 500%, it is necessary to use a flame
retardant system and filler level within the scope of the

I

invention. —
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b
dielectric strength of at least 1200 VVM I, and a stress- strain curve -

haV|ng.a.@?EL¥% E ositive slope. 10 Insulating filns ofdkﬂﬁugﬁﬁﬁ&élo
are suita use as an electrical tape backing. Preferred €electric
t ape backings are | ow hal ogen el ectrical tape backings having a total

hal ogen content of 1%to 8% conprising 15 _a) from10 to 40 parts of
rubber selected fromEP or EPDM rubber, b) coFFespondlneg from60 to 90

parts of an ethyl ene vinyl acetabgmegkgggbe Examples C20-C22
The following blends, listed in Table 3, were
prepared by Banbury™ mixing followed by two roll milling
and then calendering.

5
TABLE 3
—
EXAMPLE BLEND COMPONENTS FILLER
CONCENTRATION
c20 EVA2/EPDM2 0%
{75/25)
c21 EVA2/EPDM2 0%
10 (85/25)
c22 EVA2/EPDM2 /ATH1/Br1l/Sbl/Mbl 26 % 1
(59/15/11/7/4/4)

Film forming conditions and post-processing
15 conditions were chosen to modify the stress-strain curve
to yield properties similar to that of plasticized poly
(vinyl chloride) (PVC) film. The tensile curves for C20,
C21, €22 and plasticized PVC are displayed in Figure 3.
The curves for blends without fillers are very similar to
20 the vinyl curve while this filled blend, outside the
scope of the invention, exhibits very poor elongation.

Examples 23-28
Filled blends listed in Table 4 were prepared by the

25 following two methods: Banbury mixing followed by two
roll milling then calendaring; and, twin screw extrusion
through a film die. Tensile results were performed on
each film and are shown in Figure 4. Examples containing
coupling agent exhibit improved tensile-elongation

30 properties.
Tensile tests of these extruded films were then

performed at -18°C. Tensile tests at room temperature
and at -18°C were also performed on plasticized pvc film- §
Figure 5 compares results for these samples. The PVC
— 35 film becomes very stiff, exhibits a yield point and is
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m 20% t 0 40% based on said resin conponent, of 20 a flame
arWOSMERIh conprising i} from5 to 25% of a broni ne cRCEUSINGIY ane
jant, ii) from1l.5%to 10% antinony oxide, and iii) from1% to 20% of
umtrihydrate, 25 wherein said flanme retardant system has
o of alumnumtrihydrate to brom ne oflfle nore than 3; said film

bei n@ free of vinyl chloride, wherein a nonoriented filmself-extinguishes
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brittle at the low temperature. The filled blend retains
elongation and mechanical properties more closely
resembling the ambient properties of plasticized PVC.

TABLE 4
EXAM BLEND COMPOSITION OTHER PROCESSING
(parts by weight) ADDITIVE METHOD -
(EVA2 /EPDM2 /ATH2/
Brl/Sb1/Pa/A0)
23 (80/20/20/11/5/1/.15) none calender
24 (80/20/20/11/5/1/.15) |coupling agent|{ calender
" 25 |(80/20/15/11/5/1/.15) Mbl calender
26 (80/20/20/11/5/1/.15) none extruder
27 (80/20/20/11/5/1/l15) coupling agent| extruder "
28 (80/20/15/11/5/1/.15) Mbl extruder ﬂ
Examples 29-32
Filled blends were prepared by twin screw extrusion
through a film die. Flame retardance for the films was
tested by the ASTM D1000 test with the following results
shown in Table 5. As can be seen, the coupling agent
causes flame retardance to improve for the filled blends.
TR




30 5 seconds, has an elongation at break of at |east 500% a dielectric
st r engt hWE¥9442987cast 1200 V/ M|, and a stress- strain curve PGNVUSS/HRANO! |
positive slope. The invention also provides electrical tapes conprising a
backing filmhaving a total hal ogen content 35 of 1%to 8% conprising a
resin conponent containing: a) fromO to 4d8|5'arts of a rubber selected frd
EP or EPDM rubber,
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REPL ET -6- b) correspondingly, from60 to 100 paﬂﬁ’liﬂ
°€’thy| ne \Iin,ny acetate polyner, c) from20%to 40% based on $ |g;3 leog?z’n

conpogent, of a flane retardant system conprising 5 i) fromb5 to
25% of a brom ne containing flame retardant, ii) from1.5%to 10 of an
antinpny containing flame retardant, and iFF?'fron11@6to 20% gr anul ar

aIuni?unl . " e 33
’ Tensile performance at ambient temperature and at
100°C of the blend listed below is displayed in Figures 6
and 7 as a function of amount of irradiation. Tensile
5 properties of plasticized vinyl £ilm at room temperature
and at 100°C are also shown for comparison.

EVA2 EPDM2 ATHz  Brl Sb2 CA AO

80 20 20 11 6 0.3 0.15
10 Tensile values for all films drop considerably as
the temperature is raised. The tensile values for blends
of this invention do not drop as greatly as tensile
values for plasticized vinyl film. High temperature
elongation of the present invention at 9 and 12 Mrads is
15 comparable to the ambient temperature elongation of
vinyl, while elongation of vinyl film at 100°C is quite
high.
Figure 7 shows the ratio of the tensiles at 100°C to
the tensiles at room temperature, indicating the amount
20 of tensile strength retained at high temperature. The
sample irradiated at 15 Mrads is clearly superior to the
other samples.

; Examples 34-35
g 25 Blends listed below were extruded into films and

post-processed. Strips of these films and strips of
plasticized vinyl film, having approximately the same
thickness, were cut and exposed to various solvents of
the most commonly encountered types (ethyl acetate,

30 toluene, acetone). The change in weight, length and
width were used as measures of swelling of the film. A
large change in length indicates high swelling and good
compatibility of the solvent and the film, which is
undesirable. No change in length indicates good solvent

35 resistance of the film and better performance under harsh
conditions. Solvent resistance results are listed in

Table 6, B
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10 tri hydrate, wherein said flanme retardant systemhas a ratio

of al um 4 rate to bromine of no nore than 3; said fil ' e § wWo!
of vinyl n@g%gilnge‘)d wherein said tape sel f-extinguishes in | esﬁ@ggg@% _
seconds, has an elongation at break of at |east 500% a dielectric strengt

of at least 1200 VVMI, and a stress- strain _curve having a wholly positiv

sl ope, and an adhesive coated on one nmj or surface of said backing. As use
herein the term "l ow hal ogen" incpygdes @l! 20 film conpositions having an
actual hal ogen content of - R H

Component Example 34 Example 35

EVA2 80 -
5 EPDM1 20 -
E(VA/AA)1 - 100 :
ATH2 20 20 ;
Bri 11 11 H
Sbi 5 5
10 CA 0.3 0.3 .
A0 0.15 0.15 ;
PA 1 1 j
i
IABLE 7 :
15 ;
% CHANGE Vinyl Example Example .
33 34 i
20 TOLUENE:
WEIGHT -28.5 -12 -13.5
LENGTH -16 -1 -31
WIDTH -12 -8 -1
25
ETHYL ACETATE:
WEIGHT -14 0 -4
LENGTH -18 . -1 -3
30 _WIDTH -6 0 -2
ACETONE:
WEIGHT -33 0 -2
LENGTH -25 0 -2
35 WIDTH -9 0 0 s

Examples C35 and €36

Two commercial non-vinyl electrical tapes are known:
40 Polyken™ and Polynor™. Ambient stress-strain curves and
flame retardance times of these two products, a filled
blend of this invention, Example 30, with post-
processing, and plasticized PVC are shown in Figure 8 and
Table 7, respectively.
45
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from 19
r
particuf at es.

used herein, the term™"granular" refers topgﬁié#ﬁ%@ﬁes

grindi ng processes, and does not include precipit

25 Al'l weights, percents, parts, and ratios herein are

by wei ght unless specifically noted otherw se ? Description of the Draw ngs
0

FI Gs.

conposi tions.
uni que in their elongation,

nown:
es and
lled

1! and 2 show the stress-strain curve f

30 various unfilled resin

EVA/ EPDM EVA pol ynmer bl ends and i ononer blends are
b"%Tr*si%eistrength and m ni mal yiel d/ necking

IAPE
3M VINYL 1ls
Ex. C35 (POLYKEN (EVA BASED)) - until consumed
5 Ex. C36 (POLYNOR (PE BASED)) until consumed
Ex. 30 ls

The deficiencies of these low halogen products outside
the scope of the invention are lack of flame retardance
10 and poor tensile strength, low elongation and necking
characteristics. Performance of the filled system of
this invention shows good tensile and flame retarding

performance.

15 Examples €37-~39
The abrasion resistance of the following films was

evaluated hsing a Taber Abraser model 503 and a
consistent test methodology. The average weight loss
from abrasion is listed in Table 8. A higher weight loss

20 indicates poorer abrasion resistance.

TABLE 8
BLEND COMPOSITION (parts by |FILLER
25 ‘weight) CONCEN-
TRATIO
c37 PLASTICIZED VINYL 9% .135

" 38 |[EVA2/EPDM2/ATH2/Brl/Sb2/PA/CA/RO| 27% .092
(80/20/20/11/5/1/.3/.15)

39 E(VA/AA) /ATH2/Br1/Sbl1/PA/CA/AC | 27% .051 ]
(100/20/11/5/1/0/.15)

30 The weight loss for each filled blend is lower than
that for plasticized PVC.

Exanmple 40

The composition described in Example 30 was melt
35 processed in a twin screw extruder through a film die.
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t endenci es when conpared with other resin bl ends.

FIG 3 shows that a

filled bl WRP4H39&i de the scope 35 of the invention exhibits VRCPUSISI0N23
el ongation. FIG 4 shows that filnms containing a coupling agent exhibit

I nproved tensile-elongation properti es. -7-

FIG 5 shows that a fil m of

the invention retains elongation and nechani cgb-properties closely

resenbl i ng

10

15

20

25

30

35

Post-processing conditions of orientation and
crosslinking of this film varied. Strips of this
composition with different post-processing conditions
were cut and the initial length was measured. Strips
were placed in the oven at 140°F for one week. The
average percent change in length (shrinkage) is recordegd
in Table 9.

TABLE S

[ Example POST-PROCESSING % SHRINKAGE

unoriented, uncrosslinked
EX 40 oriented, uncrosslinked 20 - 27
EX 40 unoriented, crosslinked 1.2
EX 40 oriented, crosslinked 1.2 - 2.5
PVC unoriented, uncrosslinked 1.9

Crosslinking of the filled blends of this invention
provides a film with thermal dimensional stability,
comparable to plasticized PVC film.

Example 41

Hysteresis tests were performed on plasticized vinyl
film and on a filled blend film of the present invention.
The amount of unrecovered strain/initial strain is
plotted versus initial strain for these two materials in
Figure 9. While the amount of unrecovered strain
increases more rapidly for the filled film of this
invention than for the PVC film, the unrecovered strain
is less for the filled blend film up to 75% initial
strain. Strain recovery is an important feature for
applying electrical tapes to maintain a tight wrap and
aid in conformability. Typical application strains range
from 50 to 100%. 1In this range, the present invention is
comparable to, or superior to plasticized PVC film.

amples 42-44 This Sheet Has Been RT
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he | perties of plasticized PVC even at -180C wh VC
I m @E%gﬁggry stiff, exhibits a yield 5 point and is bﬁ%ﬁ?ﬁghé e | ow
tenpefature.-FIGs. 6 and 7 conpare tensile performance of a filmof the
invenfion and a poly(vinylchloride) filmat _anbient tenperature and at

[err]} as a function of anount of irradiatT®&~  The filled blend retains
clongat 1on and 10 JEENaTLCRL LOPSRLLIRIONE Slselutonert | g Lhe andient
consi derably asmaterisiparet axeremely deportiamtt dnsidlectaticss] fwirél ands of
1Ehis | hventi on égbfgtcoatings, coverings and tapes. Typically, neat
' polymers are good electrical insulators, but this
5 property can be degraded by the addition of filler
materials such as flame retardants. The dielectric
breakdown strength, a measure of the electrical
insulation properties, was evaluated for the films
described in Table 10 and for premium vinyl electrical

10 tape. Dielectric breakdown strength results are also

::1 f listed in Table 10.

)s

wwrded

15

FILLER | DIELECTRIC
CONCEN| STRENGTH,
TRATION V/mil

T O L s NI PN

o EVA2/EPDM2/ATH2/Br1/Sb2/CA/AO
3 (80/20/20/20/6/.3/.15)
‘ EVA2/EPDM2/Mg2/Br1/Sb2/CA/AQ
i ' (80/20/20/11/5/.3/.15)
20 PLASTICIZED VINYL
iyl f
.ion.?
: Dielectric breakdown strength of the blends of the
in present invention meets or exceeds the dielectric
strength of premium vinyl electrical tape.
25
in | Example 45
A layer having the composition described below, was
extruded and post-processed. Pieces of the layer were
i cut and hot pressed (200°F) against aluminum panels until
inge 30 the layer and aluminum adhered to each other. The
1 18 aluminum panels have a ridge running lengthwise to
emulate a typical wire radius. Some panels were prepared
with the layer only on one side while other panels were

prepared with the layer covering both sides and sealed on

This Shéet Has Been RTlaced
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drop as greatly as tensile values for plasticized vinyl 15 film FIG 8
shows anbMEh®4/8398%ss-strain curves of two conparative product PCRAUISINVIeNS [ e
filmof this invention, Exanple 30, (wth post-processing), conpared with
pl astici zed PVC. The filn1of the invention shows good 20 tensile propertie
and the wholly positive slope required for geadrechani cal performance. Th
conparative products do not show such sl ope and good tensile properties.

FIG 9 shows the &imuredgdEs.unrBomserneith one side covered were used for

10

15

20

dielectric breakdown strength testing on the flat regiong
and on the ridges of the panel, while those with both
sides covered were examined by a dissipation factor test |
as a function of temperature. These two tests provide ;
fundamental electrical property information to screen !
potential materials for electrical wire insulation, §
especially in transformer applications.

COMPOSITION

[ T

EVAl EPDM1 ATH2 Brli Sb2z CA CB AQ

80 20 20 11 6 0.3 1 0.15

Averaged test results for dielectric strength are 165&
V/mil for the flat regions and 1640 V/mil for the ridges.
Dielectric strength values greater than 1000 V/mil
provide sufficient insulation for wire coverings.

The Dissipation factor, D,, for this example was
figured and plotted in Figure 11. The onset of increase
in the dissipation factor marks the temperature limit for
proper insulative performance. An onset of 150°C is
typical in transformer applications. The onset of this
material occurs at 180°C to 190°C, demonstrating the
improved high temperature performance.
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25 st qw@&u%#h strain of a PVC filmplotted versus initial strain for
@Funrecovered strainis less for the filled bf@ﬁﬁﬁ??@ﬁpﬁp to

about 75% initial strain. Strain recovery is an inportant feature for

appl ying electrical tapes to maintain a tight wap and 307aid in -
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1. A low-halogen, electrically insulating film having
a total halogen content of 1% to 8%, comprising a resin
component containing:
a) from 0 to 40 parts of a rubber selected from EP or
EPDM rubber,
b) correspondingly, from 60 to 100 parts of an
ethylené vinyl acetate polymer,
c} from 20% to 40% based on said resin component, of a
flame retardant system comprising
i) from 5 to 25% of a bromine containing flame
retardant,
ii) from 1.5% to 10% of an antimony containing

flame retardant, and
iii) from 1% to 20% of a flame retardant selected

from granular metal oxide hydrates, wherein said
flame retardant system has a ratio of metal oxide
hydrate to bromine of no more than 3;
said film being free of vinyl chloride,
wherein a nonoriented film self-extinguishes in less than
5 seconds, has an elongation at break of at least 500%, a
dielectric strength of at least 1200 V/Mil, and a stress-
strain curve having a wholly positive slope.

2. A low-halogen, electrically insulating film
according to claim 1 containing from 10 to 15% of said
bromine containing flame retardant and from 3% to 7% of
said antimony containing flame retardant.

3. A low-~halogen, electrically insulating film
according to claim 1 further comprising from 0.05% to 5%

of a silane coupling agent.

4. A low-halogen, electrically insulating film
according to claim 3, wherein said coupling agent is
selected from the group consisting of alkyl silanes, and

il



tenperature limt for proper insulative performance. An onset of [err]fif
typi cal WQ %1293 or ner appl i cati ons. -8- The onset of thiRCTES93mbeh ;"
occurs at [err] to [err], denonstrating the inproved high tenperature
performance. Detailed Description of the Invention 5 T Conp05|t|ons o]
the invention conprise a resin conponent co¥ge ni n” | east f“““
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5. A low-halogen electrical tape backing having a
total halogen content of 1% to 8% comprising a
composition according to claim 1.

6. A low-halogen electrical tape backing according to
claim 5 containing from about from about 10% to about 15%
of said bromine containing flame retardant, and from
about 3% to about 7% of said antimony containing flame

retardant.

7. A low-halogen electrical tape backing according to
claim 5 further comprising from about 0.05% to about 5%
of a silane coupling agent selected from the group
consisting of alkyl silanes, and amino silanes.

8. An electrical tape comprising an adhesive
composition, and a backing film having a total halogen
content of about 1% to about 8%, comprising a resin
component according to claim 1.

9. An electrical tape according to claim 8 wherein
said backing film contains from about from about 10% to
about 15% of said bromine containing flame retardant and ;
from about 3% to about 7% of said antimony containing
flame retardant.

10. An electrical tape according to claim 8 wherein
said backing film further comprises from about 0.05% to
about 5% of a silane coupling agent selected from the
group consisting of alkyl silanes, and amino silanes.
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copol yJer ggp#y. Et hyl ene vinyl acetate copolyners useful in the filns of
toy | nEWOIH2Bnt ain at | east 10% by wei ght vinyl acetate, PERSISI3AMZ at
| east % by .10 wei ght. The resin conponent nmay contain only ethylene vinyl
acet at or it may also contain a rubber selected fromEP and EPDM r ubbers;

when sgch a rubber is present, the resijpqgonponent may contain as little as
60 per @nt EVA copol yner. 15 Usef ul rubber polyners conprise from 50%
to 90%fof ethylene, from10%to 50% propyl ene, and fromO to 3% di ene.
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Exanpl gs_of sui tabl e di ene mononers include, but are not limted to
conj ug tWH MWeMs such as | soprene, 20 butadiene, 2, 3- hex ad i BGTEUSS, aﬁﬂmt’he
| i ke, dnd nonconj ugated di enes such as 1,4-pentad|ene 1, 5- hexadi ene, 2, 5-
di mret hyl -1, 5 hexadi ene, 1, 4-hexadi ene and the like; cyclic dienes such as
cyclopéntadlene cyclohexadlene di cycl adi ene,
3-nmethyl-tricyclo(5,2,1)-3,8- 25 decadi and the |ike, and al kenyl
nor bor enes such as 5- ethylldene 2- norborene 2- et hal | yl - 5- nor borene, and
the like. These polyners are easily prepared by well know solution or
suspensi on pol yneri zation techniques.

N

STRESS (PSl) (THOUSANDS)

0 1 1 ! I 1 1 ! 1
! 0 100 200 300 400 500 600 700 800

% ELONGATION

FIG.2 et o Bosn Rplacd
(’

wes wexs e (NN




30 Insul ative films of the invention also contain a flane retardant
system W 1238% ret ar dant systemis present in an anpunt ofCT 923 o 32
per centg§based- on the resin conponent. At |east one brom nated flane
retardafit is present. 35 Useful brom nated flame retardants include
decabr ofo- di phenyl ether and ethyl ene py 6tetrabrorm)pht hal i m de. The
brom najed flanme retardant is present in anounts of

i
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-9- fro ‘g&h}éa@;% preferably from3%to 7% The system further conprises
at |eas ks ftional flame retardant containing antinony, PET{USI3AMZ3pny

oxi de of# antinony oxide hydrate; such flame retardant being 5 present in
the anount of from1.5%to 10% preferably from3%to 7% The system al so
contains an additional flame retardant gglmct ed fromthe group consisting
of Goup | and group Il netal oxides and oxide hydrates. Preferred 10
additional flame retardants include, but are not limted
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to alumy na oxide trihydrate, alum num oxi de pentahydrate, and di brono

di pheny§WRPHL987 and et hyl ene bi s(tetrabronmo)phthal i mi de. Al IPCFAISIB/10023 de
hydrat es present must be granular, as precipitated forms do not 15 result
in filns with good properties. This is believed to be related to such
factors as the particle size and the cog?wgs used on the precipitated
particles. The al um numoxide flanme retardant is present in an anount of
froml1l%to 20% wth the proviso that the ratio of the 20 oxide trihydrate
to the brom nated flane retardant should be |l ess or equal to 3.
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red |lg§#+l ating filnms of the invention also conprise BCHUSHIME agent
el e W0 34 he group consisting of silane coupling agents. Al kyl

silafes, 25 anino silanes and the |ike are useful in films of the

i nverition. Preferred filns contain fromO.05%to 5% coupling agent. Filns
of the i nvention may al so conprise condtdtional additives such as
relnforC|ng fillers, 30 pignents such as carbon black, and [err], dyes,

ul traviol et stabilizers, pl astici zers, fungicides, extenders, waxes,
antioxidants, and the like, in anounts o

- O
w

12 Mrad

15 Mrad

3
| | S |
350 400 450

12Mrad ¢ Mred
i
|
|
300

9 Mrad

C
\
250

15 Mrad 100
200

STRAIN (%)
EXAMPLE 33

-
!
150

=
100

"
FIG.6

{ | | i ' ¥ o

Qo
Te) wn -4
0 {0 i X

k4 ->—

A STHES S (PS]) (THOUS ANDS) This Sheet Has Been R,

‘ . U e



known t &@ﬂﬁﬁu@ jl1led in the art. O her useful fillers inC|Lfﬁié¢ﬁ§ahQ§
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and p Qyéqﬁégy as insul ative backings for nultilayer filns, and

lectrical t ape backings. Such 5 films woul d PEITEESI8E0023 o u
i ous ol ded and extruded itens such as shoe sol es, shower curtains,

kitchgn ware and the like. The filnms of the invention are made by
physiqally mixing the rubber, the ethyl &ygovinyl acetate copolynmer, 10 and
the flgane retardant, along with any additives in a mll, mxer or extruder.
The mixing conditions are not critical, and such processes are well known
to one skilled in the art.
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tapes backed with filnms with the 6 ositive slope denpnstrate a vastly

i mproved handling characteristic over the prior art |ow halogen filns;

i.e., they approximte the stretch and "drape" characteristics of V|nyI

chl ori de backed electrical tapes. This is extrenely critical for proper
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25 ang sealing of repaired cables and connections, as well as for
accepan®O MI238% sons skilled in electrical naintenance and PepAiSP3/106023 0
conprifsi ng backings of the invention have an inproved | ow tenperature
perfomance as conpared to prior 30 art polylvinyl chloride) backings. PVC
filmbecomes very stiff, exhibits a yigpgdqgoint and is brittle at the |ow
tenpegature. The filled blend retains good el ongati on and nechani cal
propektties even at tenperatures of [err]. Further, vinyl does not have a
stresg-strain 35 curve with a wholly positive slope at such | ow
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tenperatures, whereas filnms of the invention do have a stress-strain-curve.

whi ch retains a positive slope even at [err]. Electri PLﬂ@EMENT S}EET

i nventi on have at | east one side of the filmbacking coat HA—~erm
adhesi ve. The adhesive nmay be any conventional adhesive Kngwn ggfé&gﬁé?EWt’

including but not limted t t ¢ I, ol her | ast]i ¢ eP
such as bl ock copol yners, 966\0 8 .-rs) _

1
ELECTRICALLY INSULATING FILM BACKIN

5 Backaround of the Invention

The invention relates to electrically insulative
polymeric films useful as conductive insulators and
electrical tape backings.

10 Description of the Related Art
Various electrically insulative resins are known in
the art. Polyolefins have been used in various resins,
with and without flame retardancy in the electrical
industry.

15 Most insulative films which are used commercially,
and have both good flame retardancy and good physical
properties contain some vinyl chloride. Because of the
toxiné produced when such compositions are burned, either
accidentally or when discarded, it is desirable to reduce

20 the halogen content as much as is possible, particularly
chlorine content. However, it is difficult to attain
both the flame retardancy and the physical properties
such as tensile and elongation in an alternatiwve product.
This is especially true of films being used for tape

25 backings in the electrical industry where the tapes must
stretch and drape in a certain manner to be acceptable
for use.

U.S. Patent 5,017,637 discloses fire-retardant
thermoplastic compounds that are chemically crosslinked,

30 comprising 5-60% olefinic copolymers, 1-15% '
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stated that EP copolymers do not provide the properties
required.

JP 3149240 discloses a composition useful as a wire
coating comprising 100 parts of polyolefin, 80-200 parts
of a metal hydroxide for fire retardancy, and a silane
coupling agent. The example disclosed contains 80 parts
of EP rubber, 20 parts of ethylene vinyl acetate
copolymer, and 110 parts of magnesium hydroxide, 5 parts
of a silane, along with minor ingredients such as carbon
black and a crosslinking agent.

U.S. Patent 5,071,904 discloses ammonium
polyphosphate particles treated with a cationic
surfactant to impart flame retardancy. The particles are
used in a resin which may be polyolefins, epoxy, or
polyether urethanes.

JP 3134041 discloses a polyolefin resin with flame
retardant and a specific triazine which is useful as a
coating material for electrical wires and cables.

PCT WO 83/00488 discloses a flame retardant
insulative wire coating comprising a polyolefin resin
containing two flame retardants; a brominated flame
retardant and antimony oxide. It is disclosed that the
tensile strength of such compositions is about 2100 psi,
and the elongation is about 400%.

AUS-B-39114/85 discloses a flame retardant
insulative composition comprising copolymers of ethylene
and acrylic esters. Aluminum hydroxide is used as the
flame retardant.

EPO 391336 discloses polypropylene and silane
containing ammonium polyphosphate particles for flame
retardance.

U.S. Patent 3,922,442 discloses a ethylene vinyl
acetate copolymer containing a silane which is used for
electrical conductor coatings.

U.S. Patent 3,832,326 discloses an electrical wire
coating comprising at least 66% of crosslinkable ethylene



letter "IC" in front of the exanple nunber. 20

Met hods Fl ane Retardance Fl ane retardance was tested b
met hod. This test involves wapping a filmstrip aroun wirewth abp
overlap and repeating with another film25 strip in th PI®IIFES hoyect
The wrapped wire is exposed to an open flanme for 30 segopds. The fl ane
renoved and the burn tinme of the filmis negsured. Desfrable
retardance woul d be exhibited by a naterial "t hat does t_bedin to burn,] or
sel f
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vinyl acetate copolymer, and a minor amount of a
polyolefin. Silane treated hydrated inorganic fillers
are added for flame retardancy. Elongations of 140% to
425% are disclosed.

5 U.S. Patent 4,772,642 discloses a resin containing
polyolefins, preferably polypropylene. Ammonium
polyphosphate particles are used for flame retardance,
and a melamine resin is preferred to encapsulate the
particles.

10 EP 466193 discloses an ethylene vinyl acetate
copolymer useful for cable jacketing containing magnesium
hydroxide for flame retardancy.

GB 272071 discloses a resin containing ethylene
vinyl acetate copolymers having a vinyl acetate level of

15 more than 60%, and a minor amount of acrylonitrile-
butadiene copolymer.

Polyolefins and ethylene vinyl acetate copolymers
are also known for use in non-flame retardant tape
backings. U.S. Patent 4,036,912 discloses a closure tape

20 for a disposable diaper having as its backing, a blend of
an ethylene-propylene or ethylene-propylene diene polymer
and a crystalline polypropylene polymer. -

U.S. Patents 4,808,474 and 4,769,283 disclose a
pressure—senéitive adhesive tape backing having improved

25 toughness comprising blends of crystalline isotactic
polypropylene and compatible flexible polymers (in the

" former) or compatible ethylene containing polymers (in
the latter), such polymers including EPDM and/or EVA.
U.S. 4,985,024 discloses a biodegradable pressure-

30 sensitive adhesive tape backing comprising such a blend
combined with an unsaturated elastomer.

U.S. Patent 5,134,012 discloses a fixing tape for a
disposable diaper comprising a two or three layer
construction; a plastics film layer, a polymer blend

35 layer, and an adhesive layer. The plastics £film layer
may contain an EVA copolymer, and EP copolymer, or a
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combination thereof; the polymer blend layer contains at
least two resins selected from EVA, EP, and polyethylene.

However, these attempts to produce a film for the
electrical industry, and especially for tape backings,
have not been able to produce a f£ilm with the required
flame retardance and physical properties.

The present inventors have found that films
comprising ethylene wvinyl acetate (EVA) copolymers and an
elastomer selected from ethylene propylene (EP} and
ethylene propylene diene monomer (EPDM) rubbers and an
effective amount of a specific flame retardant system
will provide an electrically insulative film with good
physical properties without vinyl chloride. The films
have a total halogen content of less than 8%.

Further, such films will provide electrical tape
backings having the feel, and handling properties of the
most popular poly{vinyl chloride) backings with minimal
amounts of halogen, which reduces or eliminates the
release of toxic gases into the air, and also reduces
negative environmental aspects from processing and

disposal.

Summary of the Invention

The invention provides a low-halogen, electrically
insulating film having a total halogen content of 1 to
8%, comprising a resin component containing:

a) from 0 to 40 parts of a rubber selected from EP

or EPDM rubber,

b) correspondingly, from 60 to 100 parts of an

ethylene vinyl acetate polymer,

c) from 20% to 40% based on said resin component, of

a flame retardant system comprising

i) from 5 to 25% of a bromine containing flame
retardant,

ii) from 1.5% to 10% of an antimony containing
flame retardant, and

iii) from 1% to 20% of a flame retardant



ATH ALUM NUM TRI HYDRATE BLOCK BLOCK

Brl, Br2... BROM NATED FLAME RETARDANT BUTYL

COUPLI NG AGENT CB CARBON BLACK Dx

FACTOR 10 EAA POLY (ETHYLENE ACRYLI C ACI D)
POLY (ETHYLENE METHACRYLI C ACI D) COPOLYMER EPDM
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selected from granular metal oxide hydrates,
wherein said flame retardant system has a ratio
of metal oxide hydrate to bromine of no more
than 3;
5 said film being free of vinyl chloride,
wherein a nonoriented film self-extinguishes in less than
5 seconds, has an elongation at break of at least 500%, a
dielectric strength of at least 1200 V/Mil, and a stress-
strain curve having a wholly positive slope.

10 Insulating films of the invention are suitable for
use as an electrical tape backing. Preferred electrical
tape backings are low-halogen electrical tape backings
having a total halogen content of 1% to 8%
comprising

15 a) from 10 to 40 parts of a rubber selected from EP

or EPDM rubber,
b) correspondingly, from 60 to 90 parts of an
ethylene vinyl acetate polymer,
c¢) from 20% to 40% based on said resin component, of
20 a flame retardant system comprising
i} from 5 to 25% of a bromine containing flame
retardant, .
ii) from 1.5% to 10% antimony oxide, and
iii) from 1% to 20% of aluminum trihydrate,

25 wherein said flame retardant system has a ratio
of aluminum trihydrate to bromine of no more
than 3;

said film being free of vinyl chloride,
wherein a nonoriented film self-extinguishes in less than
30 5 seconds, has an elongation at break of at least 500%, a
dielectric strength of at least 1200 V/Mil, and a stress-
strain curve having a wholly positive slope.
The invention also provides electrical tapes
comprising a backing film havihg a total halogen content
35 of 1% to 8%, comprising a resin component containing:
a} from 0 to 40 parts of a rubber selected from EP
or EPDM rubber,
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b) correspondingly, from 60 to 10

ethylene vinyl acetate polymer,

c) from 20% to 40% based on said resin component, of

a flame retardant system comprising

i) from 5 to 25% of a bromine containing flame
retardant,
ii) from 1.5% to 10% of an antimony containing
flame retardant, and
iii) from 1% to 20% granular aluminum
trihydrate, wherein said flame retardant system
has a ratio of aluminum trihydrate to bromine
of no more than 3;
said film being free of vinyl chloride,
wherein said tape self-extinguishes in less than 5
seconds, hasg an elongation at break of at least 500%, a
dielectric strength of at least 1200 V/Mil, and a stress-
strain curve having a wholly positive slope, and an
adhesive coated on one major surface of said backing.

As used herein the term "low halogen" includes all
film compositions having an actual halogen content of
from 1% to 8%.

As used herein, the term "granular" refers to
particulates prepared by grinding processes, and does not
include precipitated particulates.

All weights, percents, parts, and ratios herein are
by weight unless specifically noted otherwise.

Description of the Drawings
FIGs. 1 and 2 show the stress-strain curve for

various unfilled resin compositions. EVA/EPDM, EVA block
copolymer blends and ionomer blends are unique in their
elongation, tensile strength and minimal yield/necking
tendencies when compared with other resin blends.

FIG. 3 shows that a filled blend outside the scope
of the invention exhibits very poor elongation.

FIG. 4 shows that films containing a coupling agent
exhibit improved tensile-elongation properties.
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FIG. 5 shows that a film of the invention retains
elongation and mechanical properties closely resembling
the ambient properties of plasticized PVC even at -18°C
whereas the PVC film becomes very stiff, exhibits a yield
point and is brittle at the low temperature.

FIGs. 6 and 7 compare tensile performance of a film
of the invention and a poly(vinylchloride) film at
ambient temperature and at 100°C, as a function of amount
of irradiationm. The filled blend retains elongation and
mechanical properties more closely resembling the ambient
properties of plasticized PVC. Tensile values for all
films drop considerably as the temperature is raised.

The tensile values for blends of this invention do not
drop as greatly as tensile values for plasticized vinyl
film.

FIG. 8 shows ambient stress-strain curves of two
comparative products and a filled film of this invention,
Example 30, (with post-processing), compared with
plasticized PVC. The film of the invention shows good
tensile properties and the wholly positive slope required
for good mechanical performance. The comparative
products do not show such slope and good tensile
properties.

FIG. 9 shows the amount of unrecovered
strain/initial strain of a PVC film plotted versus
initial strain for Example 30. The unrecovered strain is
less for the filled blend film up to about 75% initial
strain. Strain recovery is an important feature for
applying electrical tapes to maintain a tight wrap and
aid in conformability. Typical application strains range
from about 50 to 100%. In this range, the present
invention is comparable to, or superior to plasticized
PVC film.

FIG. 10 shows the onset dissipation factor for a
film of the invention. The dissipation factor marks the
temperature limit for proper insulative performance. An
onset of 150°C is typical in transformer applications.
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The onset of this material occurs at 180°C to 190°C,
demonstrating the improved high temperature performance.

Detailed Desgcription of the Invention

5 Compositions of the invention comprise a resin

component containing at least one ethylene-vinyl acetate

copolymer (EVA). Ethylene vinyl acetate copolymers
useful in the £films of the invention contain at least 10%

by weight vinyl acetate, preferably at least 15% by

10 weight. The resin component may contain only ethylene
vinyl acetate, or it may also contain a rubber selected
from EP and EPDM rubbers; when such a rubber is present,
the resin component may contain as little as 60 percent

EVA copolymer.

15 Useful rubber polymers comprise from 50% to 90% of
ethylene, from 10% to 50% propylene, and from 0 to 3%

diene.

Examples of suitable diene monomers include, but are

not limited to, conjugated dienes such as isoprene,

20 butadiene, 2,3-hexadiene, and the like, and nonconjugated
dienes such as 1,4-pentadiene, 1,5-hexadiene, 2,5-
dimethyl-1,5 hexadiene, 1,4-hexadiene and the like;
cyclic dienes such as cyclopentadiene, cyclohexadiene,

dicyclopentadiene, 3-methyl-tricyclo(5,2,1)-3,8-

25 decadiene, and the like, and alkenyl norborenes such as
5-ethylidene-2-norborene, 2-methallyl-5-norborene, and
the like. These polymers are easily prepared by well

know solution or suspension polymerization techniques.

30 Insulative films of the invention also contain a

flame retardant system. The flame retardant system is

present in an amount of from 20 to 32 percent based on

the resin component.

At least one brominated flame retardant is present.

35 Useful brominated flame retardants include decabromo-

diphenyl ether and ethylene bis(tetrabromo)phthalimide.

The brominated flame retardant is present in amounts of
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The system further comprises at least one additional
flame retardant containing antimony, e.g., antimony oxide
or antimony oxide hydrate; such flame retardant being
present in the amount of from 1.5% to 10%, preferably
from 3% to 7%.

The system also contains an additional flame
retardant selected from the group consisting of Group I
and group II metal oxides and oxide hydrates. Preferred
additional flame retardants include, but are not limited
to alumina oxide trihydrate, aluminum oxide pentahydrate,
and dibromo diphenyl ether, and ethylene
bis(tetrabromo)phthalimide. All metal oxide hydrates
present must be granular, as precipitated forms do not
result in films with good properties. This is believed
to be related to such factors as the particle size and
the coatings used on the precipitated particles. The
aluminum oxide flame retardant is present in an amount of
from 1% to 20%, with the proviso that the ratio of the
oxide trihydrate to the brominated flame retardant should
be less or equal to 3.

Preferred insulating films of the invention also
comprise a coupling agent selected from the group
consisting of silane coupling agents. Alkyl silanes,
amino silanes and the like are useful in films of the
invention. Preferred films contain from 0.05% to 5%
coupling agent.

Films of the invention may also comprise
conventional additives such as reinforcing fillers,
pigments such as carbon black, and TiO,, dyes,
ultraviolet stabilizers, plasticizers, fungicides,
extenders, waxes, antioxidants, and the like, in amounts
known to those skilled in the art.

Other useful fillers include fumed silica, calcium
and magnesium carbonates, calcium and barium sulfates,
aluminum silicates, and the like, which may be included
in small amounts, such that they do not interfere with
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the physical properties reguired.

Films of the invention are useful as insulative wire
and pipe coatings, as insulative backings for wmultilayer
films, and especially, as electrical tape backings. Such

5 films would also be useful for various molded and
extruded items such as shoe soles, shower curtains,
kitchen ware and the like.

The films of the invention are made by physically
mixing the rubber, the ethylene vinyl acetate copolymer,

10 and the flame retardant, along with any additives in a
mill, mixer or extruder. The mixing conditions are not
critical, and such processes are well known to one
skilled in the art.

Films of the invention have a stress-stain curve

15 having a wholly positive slope. Surprisingly, by
balancing the flame retardant types, and amounts, the
films of the invention demonstrate this slope, whereas
most films have at least some portion of the slope which
is negative. Electrical tapes backed with films with the

20 positive slope demonstrate a vastly improved handling
characteristic over the prior art low-halogen films;
i.e., they approximate the stretch and "drape"
characteristics of vinyl chloride backed electrical
tapes. This is exéremely critical for proper insulation

25 and sealing of repaired cables and connections, as well
as for acceptance by persons skilled in electrical
maintenance and repair.

Tapes comprising backings of the invention have an
improved low temperature performance as compared to prior

30 art poly{vinyl chloride) backings. PVC film becomes very
stiff, exhibits a yleld point and is brittle at the low
temperature. The filled blend retains good elongation
and mechanical properties even at temperatures of
-20°C. Further, vinyl does not have a stress-strain

35 curve with a wholly positive slope at such low
temperatures, whereas films of the invention do have a
stress-strain curve which retains a positive slope even
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Electrical tapes of the invention have at least one
side of the film backing coated with an adhesive. The
adhesive may be any conventional adhesive known in the
art, including but not limited to, natural rubber,
thermoplastic elastomers, such as block copolymers,
thermoset adhesives, acrylic adhesives, silicone
adhesives and the like. The adhesive may further
comprise such conventional additives as tackifiers,
plasticizers, pigments, fillers, initiators, crosslinking
agents, and the like, as desired.

The following examples are meant to be illustrative
and should not be construed as limiting the scope of the
invention, which is defined only by the claims. One
skilled in the art would be able to create variations
which would be within the spirit of the invention.
Comparative examples are indicated by the use of the
letter "C" in front of the example number.

Test Methods
Flame Retardance
Flame retardance was tested by the ASTM D1000 test

method. This test involves wrapping a film strip around
a wire with a 50% overlap and repeating with another £ilm
strip in the opposite direction. The wrapped wire is
exposed to an open flame for 30 seconds. The flame is
removed and the burn time of the film is measured.
Desirable flame retardance would be exhibited by a
material that does not begin to burn, or self
extinguishes in less than 5 seconds.

Tensile Test

Tensile strength was tested by the ASTM D1000 test
method.

Glossary of Abbreviations
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AO

ASTM
ATH
BLOCK
Brl, Br2...
BUTYL
CA

CB

Dx

EAR

EMA
EPDM
EPR

EVA
E(VA/AR)

EVOH
HDPE
LLDPE
Mbl, Mb2...
Mgl, Mg2...

P-Ni, P-N2...

PA

PB

PBD

PE

PP

PVvC

Sbl, Sb2...
VINYL

component and a thermoplastic component, the former being
the major component and the latter being the minor
component (olefin/thermoplastic > 1), and were mixed

to achieve flame retardance 25 whil
.e., elongation > 500%
| evel -2t hin the sgopé

ANTIOXIDANT

AMERICAN SOCIETY OF TESTING AND MATERIALS
ALUMINUM TRIHYDRATE

BLOCK COPOLYMER Rubber

BROMINATED FLAME RETARDANT

BUTYL RUBBER

COUPLING AGENT

CARBON BLACK

DISSIPATION FACTOR
POLY (ETHYLENE ACRYLIC ACID) COPOLYMER
POLY (ETHYLENE METHACRYLIC ACID) COPOLYMER

it

R0 f

neces
i

ETEYLENE PROPYLENE DIENE MONOMER
ETHYLENE PROPYLENE RUBBER

POLY (ETHYLENE VINYL ACETATE} COPOLYMER

POLY (ETHYLENE VINYL ACETATE/ACRYLIC ACID)
COPOLYMER

POLY (ETHYLENE VINYL ALCOHOL)} COPOLYMER

HIGH DENSITY POLYETHYLENE
LINEAR LOW DENSITY POLYETHYLENE

POLYBUTYLENE

POLYBUTADIENE

POLYETHYLENE

POLYPROPYLENE

POLY (VINYL CHLORIDE)

ANTIMONY COMPOUND (FLAME RETARDANT)
POLY (VINYL CHLORIDE)

Examples

Comparative Examples 1-C7
Two-component blends were prepared from an olefinic

MOLYBDENUM-CONTAINING FLAME RETARDANT
MAGNESIUM-CONTAINING FLAME RETARDANT
PHOSPHORQUS-NITROGEN FLAME RETARDANT
PROCESSING AID
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together in a Brabender™ rheometer using a small mixing
head with high shear paddles at 105°C for 5 wminutes until
a uniform dispersion of the polymers in the thermoplastic
blend was achieved. Olefinic components and rubberic

5 components are listed below. These blends are unfilled.

Blends were pressed between heated platens to form
films 125 um to 500 pm thick. Tensile properties of the
films varied considerably in shape of the curve as well
as tensile strength and elongation, as shown in Figures 1

10 and 2.-

These figures show that EVA/EPDM, EVA block
copolymer blends and ionomer blends having the required
flame retardant system are unique in their elongationm,
tensile strength and minimal yield/necking tendencies.

15 These blends have not undergone any type of post-
processing, therefore the films are nonoriented, and

noncrosslinked.
Table 1
|
20 Example No. Blend Components
1 IONOMER /EPDM2
80/20
C2 PP1/EPDM2
75/25
C3 PP2/EPDM3
60/40
4 EVA/BLOCK COPOLYMER
80/20
25 5 EVA/EPDM2
80/20
Cé HDPE/BUTYL RUBBER
Cc7 LLDPE/BUTYL RUBBER
75/25

Examples C8-C19

30 The mixing procedure described in Example 1 was used
to prepare olefin/rubber blends with flame retardant
fillers as listed below. Filled blends were pressed into



(vinyl chloride) (PVC) film The tensile curves for C20, €2 A-ahe
pt asticized PVC are displayed in Figure 3. The curves fAREgﬁAGEEE%ﬂf&HEET

fillers are very simlar to 20 the vinyl curve while this{filled bt :
out side the scope of the invention, exhibits very poor 3I)ﬂgﬁ3rg§.9§ga
23-28 Filled blends listed in Table 4 were prepared by fhe 25 I1 W ng
two nmethods: Banbury mxing followed by two roll mllipg i
and, twin screw extrusion through a filmdie. Tensile rijgsults were
performed on each filmand are shown in Fr&ﬁfe 4. Exanpl es contarmnrmyg

films between heated platens, and flame retardance was
measured as described in the test methods, above.

Measured burn time for these samples is listed in
Table 2.
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coupling agent exhibit inproved tensile-elongation 30 pyo 1 EN%éﬁggﬁ;
S

tests of these extruded filns were then perforned at [erf]} E%Q?éée { est
at roomtenperature and at [err] were al so perforned on [plfas¥i d9%c
film Figure 5 conpares results for these sanples. The HVA35 film beconed

very stiff, exhibits a yield point and is -17-
~15-
TABLE 2
EX. BLEND FILLER BURN
NO. COMPONENTS CONCENTRATION| TIME
{
m
5 C8 EVA1l/EPDM1 0 56 s
(50/50)
C9 EVA1/EPDM1/ATH1 50% 42 s
(25/25/50)
10 EVAl/EPDM1/Brl/Sb1l 30% 1s
(35/35/22/8) 1
Cl1 EVAL1/EPDM1 /Mgl 38% 34 s
(31/31/38)
12 EVA1/EPDM1/Bx2 30% 1l s
(35/35/30)
10 Cl13| EVAl1/EPDM1/ATH1/Brl/Sbl 40% 10 s
(30/30/25/11/4)
Cl4| EVA1/EPDM1/ATH1/Bril/Sbi 36% 20 s
(32/32/30/4.4/1.6)
C1l5} EVA2/EPDM2 /CB/Br1l/Sbl/Mbl 16.5% 45 s
(62/21/1/8/4/4)
16 | EVA1/EPDM2/CB/ATH2 /Brl/Sbhil 26% 1 s
(62/11/1/13/9/4)
17 | EVAL/EPDM3 /CB/ATH2 /Brl/Sbl 32% 1s
(51/17/1/16/10/5)
15 18 | EVA1/EPDM3 /CB/ATH/Brl/Sbl 25% 2 s
(55/18/1/8/12/6)
C19 | EVA1/EPDM3/CB/Brl/Sbl/Mg2 23% 31 s
(87/19/1/11/5/7)

The unfilled polymer blend, example C8, exhibits
20 uncontrolled burning until the sample is consumed.
Different flame retardant fillers have varied effects on
the flame retardance of the filled blends.
As can be seen, it is not merely the concentration
of flame retardant present; toc achieve flame retardance
25 while maintaining good mechanical film properties, i.e.,
elongation > 500%, it is necessary to use a flame
retardant system and filler level within the scope of the
invention.
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mechani cal properties nore closely resenbling the anbi ent pfofpertres of
pl asticized PVC. 5 TABLE 4 [err]{Exa 332’
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Filled blends were prepared by twin screw extrusion throughfa

Fl ame retardance for the filnms was tested by the ASTM D1000 t bst—wi-th—t-he-
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mparative Examples C20-C22
The following blends, listed in Table 3, were
prepared by Banbury™ wmixing followed by two roll milling
and then calendering.

TABLE 3

EXAMPLE BLEND COMPONENTS FILLER
CONCENTRATION

C20 EVA2/EPDM2 0 %

(75/25)

c21 EVA2/EPDM2 0 %
(85/25)

| c22 EVA2/EPDM2 /ATH1/Bxrl/Sbl/Mbl 26 %
(59/15/11/7/4/4)

Film forming conditions and post-processing
conditions were chosen to modify the stress-strain curve
to yield properties similar to that of plasticized poly
{(vinyl chloride) (PVC) film. The tensile curves for C20,
C21, C22 and plasticized PVC are displayed in Figure 3.
The curves for blends without fillers are very similar to
the vinyl curve while this filled blend, outside the
scope of the invention, exhibits very poor elongation.

Examples 23-28
Filled blends listed in Table 4 were prepared by the

following two methods: Banbury mixing followed by two
roll milling then calendaring; and, twin screw extrusion
through a film die. Tensile results were performed on
each film and are shown in Figure 4. Examples containing
coupling agent exhibit improved tensile-elongation
properties.

Tensile tests of these extruded films were then
performed at -18°C. Tensile tests at room temperature
and at -18°C were also performed on plasticized PVC film.
Figure 5 compares results for these samples. The PVC
film becomes very stiff, exhibits a yield point and is
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brittle at the low temperature. The filled blend retains
elongation and mechanical properties more closely
resembling the ambient properties of plasticized PVC.

5 TABLE 4
EXAM BLEND COMPOSITION OTHER PROCESSING
(parts by weight) ADDITIVE METHOD
{EVA2/EPDM2 /ATH2/
Brl/Sbl1/PA/A0O)
23 (80/20/20/11/5/1/.15) none calender
24 |(80/20/20/11/5/1/.15) |coupling agent| calender
10 25 | (80/20/15/11/5/1/.15) Mbl calender
26 {80/20/20/11/5/1/.15) none extruder
27 (80/20/20/11/5/1/.15) coupling agent| extruder
28 {(80/20/15/11/5/1/.15) Mb1l extruder
15

Examples 29-32
Filled blends were prepared by twin screw extrusion

through a f£film die. Flame retardance for the films was

tested by the ASTM D1000 test with the following results
20 shown in Table 5. As can be seen, the coupling agent

causes flame retardance to improve for the filled blends.




[err] of the blend listed belowis displayed in Figures 6
function of amount of irradiation. Tensile properties of p
filmat roomtenperature and at [err] are also shown for c
EPDV2  ATH2 Brl Sh2 CA AO 80 20 20

0.15 Tensile values for all filnms drop considerably as the
rai sed. The tensile values for blends of this invention d
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tlenperature is
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greatly as tensile values for plasticizedi&inyl film Hilg
el ongati on of the present invention at 9 and 12 Mads is
=T
z 2l w 0 w a
g;SNHE’.

COUPLING

FILLER
27%
27%
27%
28%

TABLE 5

BLEND COMPOSITION
(parts by weight)
EVA2/EPDM2/ATH2 /Br1/Sb2/PA/CA/CB/A0
(80/20/20/11/5/1/0/0/.15)
EVA2/EPDM2 /ATH2 /Brl/Sb2/PA/CA/CB/AO
(80/20/20/11/5/1/.3/0/.15)
EVA2/EPDM2/ATH2/Bx1/Sb2/PA/CA/CB/AO
(80/20/20/11/5/1/.3/0/.15)
B/EPDM3/EPR/EVA3/CB/LLDPE/ATH2/Br2/Sb2 /00
(22/36/10/14/2/16/20/11/5/.15)

b
i

EXAM.
#
29
30
31

2
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of vinyl filmat [err] is quite high. Figure 7 shows the r ]
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amount of tensile strength retained at high tenperature. Thg
irradiated at 15 Mads is clearly superior to the other s
34-35 Blends |isted bel ow were extruded into filns and pogt
Strips of these films and strips of

10

15

20

25

-19-

Example 33
Tensile performance at ambient temperature and at

100°C of the blend listed below is displayed in Figures 6
and 7 as a function of amount of irradiation. Tensile
properties of plasticized vinyl film at room temperature
and at 100°C are also shown for comparison.

EVA2 PDM2  ATH2 Brl Sb2 CA AOQ

S e

80 20 20 11 6 0.3 0.15

Tensile values for all films drop considerably as
the temperature is raised. The tensile values for blends
of this invention do not drop as greatly as tensile
values for plasticized vinyl film. High temperature
elongation of the present invention at 9 and 12 Mrads is
comparable to the ambient temperature elongation of
vinyl, while elongation of vinyl £ilm at 100°C is gquite
high.

Figure 7 shows the ratio of the tensiles at 100°C to
the tensiles at room temperature, indicating the amount
of tensile strength retained at high temperature. The
sample irradiated at 15 Mrads is clearly superior to the
other samples.

Examples 34-35
Blends listed below were extruded into films and

post-~processed. Strips of these films and strips of
plasticized vinyl film, having approximately the same
thickness, were cut and exposed to various solvents of
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and exposed to various solvents of the nost commonly encount r,d&hﬁpgg

(ethyl acetate, The change in weight, lenpth doR7
were used as neasures of swelling of the film A |arge chang |

I ndi cates high swelling and good conpatibility of the solvent and the film
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t ol uene,

acet one).

film having approximately the sane thickngs

Component Example 34 Example 35
EVA2 80 -
EPDM1 20 -
E(VA/AA)1 - 100
ATH?2 20 20
Brl 11 11
Sbi 5 5
ca 0.3 0.3
AQ 0.15 0.15
PA 1 1
TABLE 7
% CHANGE Vinyl Example Example
33 34
TOLUENE :
WEIGHT -28.5 ~12 -13.5
LENGTH -16 -1 -31
WIDTH ~12 -8 -1
ETHYL ACETATE:
WEBIGHT -14 0 -4
LENGTH -18 -1 -3
WIDTH -6 0 -2
ACETONE:
WEIGHT -33 0 -2
LENGTH -25 o -2
WIDTH -9 0 0

Polyken™ and Polynor™.

Examples C35 and C36

Two commercial non-vinyl electrical tapes are known:

Ambient stress-strain curves and

flame retardance times of these two products, a filled

blend of this invention, Example 30, with post-

processing, and plasticized PVC are shown in Figure 8 and

Table 7,

respectively.
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Table 7
TAPE BURN TIME

3M VINYL 1s
Ex. C35 (POLYKEN (EVA BASED))
Ex. C36 (POLYNOR (PE BASED})

Ex. 30 1 s

until consumed
until consumed

The deficiencies of these low halogen products outside
the scope of the invention are lack of flame retardance
and poor temsile strength, low elongation and necking
characteristics. Performance of the filléd system of
this invention shows good tensile and flame retarding

performance.

Examples C37-39
The abrasion resistance of the following films was
evaluated using a Taber Abraser model 503 and a
consistent test methodology. The average weight loss
from abrasion is listed in Table 8. A higher weight loss

indicates poorer abrasion resistance.

TABLE 8

FILLER
CONCEN-
TRATION

u EXAaM. BLEND COMPOSITION (parts by
# weight)

PLASTICIZED VIﬁYL 9%

38 |EVA2/EPDM2/ATH2/Brl/Sb2/PA/CA/ACl 27%
(so/20/20/11/5/1/.3/.15)

39 E(VA/AA) /ATH2/Brl/Sbl/PA/CA/AO 27%
(100/20/11/5/1/0/.15)

C37

The weight loss for each filled blend is lower than
that for plasticized PVC.

Example 40
The composition described in Example 30 was melt

processed in a twin screw extruder through a film die.
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Post-processing conditions of orientation and —

crosslinking of this film varied. Strips of this
composition with different post-processing conditions
were cut and the initial length was measured. Strips

5 were placed in the oven at 140°F for one week. The
average percent change in length (shrinkage) is recorded

in Table 9.
TABLE 9
10
I Example l POST-PROCESSING l % SHRINKAGE |
EX 40 unoriented, uncrosslinked 8
EX 40 oriented, uncrosslinked 20 - 27
EX 40 unoriented, crosslinked 1.2
15 EX 40 oriented, crosslinked 1.2 - 2.5
PVC unoriented, uncrosslinked 1.9

Crosslinking of the filled blends of this invention
provides a film with thermal dimensional stability,
20 comparable to plasticized PVC film.

Example 41
Hysteresis tests were performed on plasticized vinyl

film and on a filled blend film of the present invention.
25 The amount of unrecovered strain/initial strain is
plotted versus initial strain for these two materials in
Figure 9. While the amount of unrecovered strain
increases more rapidly for the filled film of this
invention than for the PVC f£ilm, the unrecovered strain
30 is less for the filled blend f£ilm up to 75% initial
strain. Strain recovery is an important feature for
applying electrical tapes to maintain a tight wrap and
aid in conformability. Typical application strains range
from 50 to 100%. 1In this range, the present invention is
35 comparable to, or superior to plasticized PVC film.

Examples 42-44
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The electrical insulation characteristics of a
material are extremely important in electrical wire and
cable coatings, coverings and tapes. Typically, neat
polymers are good electrical insulators, but this
property can be degraded by the addition of filler
materials such as flame retardants. The dielectric
breakdown strength, a measure of the electrical
insulation properties, was evaluated for the films
described in Table 10 and for premium vinyl electrical
tape. Dielectric breakdown strength results are also
listed in Table 10.

TABLE 10
EXAM. BLEND COMPOSITION FILLER | DIELECTRIC
# (parts by weight) CONCEN| STRENGTH,
TRATION V/mil

WET | DRY

42 ‘EVAZ/EPDM2/ATH2/Br1/Sb2/CA/AO 32% 1940 | 1900
(80/20/20/20/6/.3/.15) ‘

43 EVA2/EPDM2/Mg2/Br1/Sb2/CA/AO 27% 1780 | 1780

(80/20/20/11/5/.31.15)
u 44 PLASTICIZED VINYL 9% 1600 | 1600

Dielectric breakdown strength of the blends of the
present invention meets or exceeds the dielectric
strength of premium vinyl electrical tape.

Example 45
A layer having the composition described below, was

extruded and post-processed. Pieces of the layer were
cut and hot pressed (200°F) against aluminum panels until
the layer and aluminum adhered to each other. The
aluminum panels have a ridge running lengthwise to
emulate a typical wire radius. Some panels were prepared
with the layer only on one side while other panels were
prepared with the layer covering both sides and sealed on
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the edges. Those with one side covered were used for
dielectric breakdown strength testing on the flat regions
and on the ridges of the panel, while those with both
sides covered were examined by a dissipation factor test

5 as a function of temperature. These two tests provide
fundamental electrical property information to screen
potential materials for electrical wire insulation,
especially in transformer applications.

10 COMPOSITION

EVAl EPDM1 ATH2 Brl Sb2 CA CB AQ
6

80 20 20 11 0.3 1 0.15

Averaged test results for dielectric strength are 1650

V/mil for the flat regions and 1640 V/mil for the ridges.
15 Dielectric strength values greater than 1000 V/mil
provide sufficient insulation for wire coverings.

The Dissipation factor, D,, for this example was
figured and plotted in Figure 11. The onset of increase
in the dissipation factor marks the temperature limit for

20 proper insulative performance. An onset of 150°C is
typical in transformer applications. The onset of this
material occurs at 180°C to 190°C, demonstrating the
improved high temperature performance.
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deficiencies of t rbducts out si de the scope
I nvention are lagk o adance 10 and poor tennmgmm gﬁ H!‘\ow
el ongation and n ing characteristics. Pegformance of HEWe fiF] st em of

this invention shows good tenstte--and flame retarding
What is Claimed is:

1. A low-halogen, electrically insulating film having
a total halogen content of 1% to 8%, comprising a resin

5 component containing:
a) from 0 to 40 parts of a rubber selected from EP or
EPDM rubber,
b) correspondingly, from 60 to 100 parts of an
ethylene vinyl acetate polymer,

10 c) from 20% to 40% based on said resin component, of a
flame retardant system comprising

i} from 5 to 25% of a bromine containing flame

retardant, _
ii) from 1.5% to 10% of an antimony containing
15 flame retardant, and

iii) from 1% to 20% of a flame retardant selected
from granular metal oxide hydrates, wherein said
flame retardant system has a ratio of metal oxide
hydrate to bromine of no more than 3;
20 said film being free of vinyl chloride,
wherein a nonoriented film self-extinguishes in less than
5 seconds, has an elongation at break of at least 500%, a
dielectric strength of at least 1200 V/Mil, and a stress-
strain curve having a wholly positive slope.

25
2. A low-halogen, electrically insulating film
according to claim 1 containing from 10 to 15% of said
bromine containing flame retardant and from 3% to 7% of
said antimony containing flame retardant.
30
3. A low-halogen, electrically insulating film
according to claim 1 further comprising from 0.05% to 5%
of a silane coupling agent.
35 4. A low-halogen, electrically insulating film

according to claim 3, wherein said coupling agent is
selected from the group consisting of alkyl silanes, and
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amino silanes.

5. A low-halogen electrical tape backing having a
total halogen content of 1% to 8% comprising a
5 composition according to claim 1.

6. A low-halogen electrical tape backing according to
claim 5 containing from about from about 10% to about 15%
of said bromine containing flame retardant, and from
10 about 3% to about 7% of said antimony containing flame
retardant.

7. A low-halogen electrical tape backing according to
claim 5 further comprising from about 0.05% to about 5%
15 of a silane coupling agent selected from the group
consisting of alkyl silanes, and amino silanes.

8. BAn electrical tape comprising an adhesive
composition, and a backing £ilm having a total halogen
20 content of about 1% to about 8%, comprising a resin
component according to claim 1.

9. An electrical tape according to claim 8 wherein
said backing film contains from about from about 10% to
25 about 15% of said bromine containing flame retardant and
from about 3% to about 7% of said antimony containing
flame retardant.

10. An electrical tape according to claim 8 wherein

30 said backing f£ilm further comprises from about 0.05% to
about 5% of a silane coupling agent selected from the
group consisting of alkyl silanes, and amino silanes.
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Abgtract
5 ELECTRICALLY INSULATING FILM BACKING

An electrically insulating f£ilm having a total halogen
content of about 1% to about 8%, comprising a resin
component containing:

10 a) from 0 to about 40 parts of a rubber selected from

EP or EPDM rubber,

b} correspondingly, from about 60 to about 100 parts

of an ethylene vinyl acetate polymer,

¢) from about 20% to about 40% based on said resin

i5 component, of a flame retardant system comprising
i) from about 5 to about 25% of a bromine
containing flame retardant,
ii} from about 1.5% to about 10% of an antimony
containing flame retardant, and
20 iii) from 1% to about 20% of a flame retardant
selected from granular metal oxide hydrates,
wherein said flame retardant system has a ratio of
metal oxide hydrate to bromine of no more than
about 3;
25 said film being free of vinyl chloride,
wherein a nonoriented film self-extinguishes in less than
about 5 seconds, has an elongation at break of at least
about 500%, a dielectric strength of at least about 1200
Vv/Mil, and a streés-strain curve having a wholly positive

30 slope.

FIGURE 1
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25 The anmount of unrecovered strain/initial strain is pl|

initial strain for these two materials in Figure 9. Wil WSHEET
unrecovered strain increases nore rapidly for the filledi f§Imof this
invention than for the PVC film the unrecovered strain BOli §3BEB 997 t|he
filled blend.filmup to 75%initial straig. _Strain recovery is an inportlarjt
feature for applying electrical tapes to maintain a tight Wrap and ard 1n
conformability. Typical application strains range from5) t0.100% . _Jln_thid

range, the present invention is 35 conparable to, or superior to
pl asticized PVC film
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Exanpl es 42-44 -23- The electrical insulation charactei
material are extrenely inportant in electrical wire and cgl
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coverings and tapes. Typically, neat polyners are good eI}
i nsulators, but this 5 property can be degraded by the adfi

materials such as flame retardants. The_djelectric
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breakdown strength, a measure of the electrical insulatio
eval uated for the filns described in Table 10 and for pre

el ectrical 10 tape.
in Table 10. TABLE 10 15 EXAM

Dl ELECTRI C (parts by wei ght)

exceeds the dielectric strength of prem um vinyl
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25 Exanple 45 A | ayer having the conposition described bel ow,_ was extruded
and post-processed. Pieces of the |layer were cut and hot preSaa]
agai nst al um num panels until 30 the layer and al um num ad LAy
ot her. The al um num panel s have a ridge running | engthw seft¢ e
typical wire radius. Sone panels were pregared with the |ayerf og
side while other panels were prepared with the | ayer coverifng bot

and seal ed on

JrEp e
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-24- the edges. Those with one side covered were used for REP& A
br eakdown strength testing on the flat regions and on th
panel, while those with both sides covered were exam nedf by
factor test 5 as a function of tenperature. These two te
fundanmental electrical property informti gn-to screen pQ
for electrical wire insulation, espécially in transfornyg
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10, COWPCOSI TI ON EVA1 EPDML ATH2 Br1l Sh
20 20 11 6 0.3 1 0.15 Averaged test resul
strength are 1650 V/m| for the flat regions and 1640 V/

insulation for wire coverings. -The D ssipgtion factor, [e r]03fprg
exanpl e was figured and plotted in Figure 11. The onset o]

performance. An onset of [err] is
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typical in transfornmer applications. The onset of this material occurs at

[err] to [err] denonstrating the inproved high tenperatpe~parigrmnce.
25 What is clained is: 1. A low halogen, electrically j EBL@@ENEHWF T
havi ng a total hal ogen content of about 1% to about 8% FoOmr—op 0

resin conmponent contining: -8 -
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a) TromO0 to about 40 parts of a rubber selected fromEP or EPDM rubber, b)
correspondi ngly, fromabout 60 to about 100 parts of an ethyl ene vinyl
acetate polyner, c) fromabout 20%to about 40% based on said resin
conponent of a flame retardant system conprising i) fromabout 5 to about
25% of a brom ne contain- ing flame retatdant, and ii) fro out 1.5%to
about 10% of an antinony containing flame retardant, and i ifj

20% of a flame retardant sel ected ' r,. /
L‘ “:/
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from granul ar netal oxide hydrates, wherein said flane etardant system has
aratio of netal oxide hydrate to brom ne-containing flane retar- dant of
no nore than about 3; said filmbeing free of vinyl chloride, wherein a
nonori- en ed filmself-extinguishes in |ess than about 5 seconds, has an
el ongation at break of at |east about 60D84~-a dielectric strength of it
| east about 1200 VVM, and a stress-strain cur L. 2 whol |y positive
sl ope. 2. A low hal ogen, electrically insulatifn ISHEEQ" gtoclaim
1 containing fromabout from about 10 to
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about 15% of said brom ne,cont.ai n| ng flame retardant.

3% to about 7% of said anti EW fIa retar

3. A | ow hal ogen,

dant 4. A

efectfically insulating film ‘ E‘T‘%’SBE@H iml containi ng from about
n Ia'rl

| ow- hal ogen, efectrically i - ing
conpri si ng—f rom about._ 0. 05% to about ‘S%OT a si I ane- cqu
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What is claimed is:

1. A low-balogen, clectrically insulating film having a
total halogen content of about {% to about 8%, com-

prising 1 resin component containing:

1) from O to about 40 parts of a rubber selected from

EP or EPDM rubber,

b) correspondingly, from about 60 to about 100 parts

of an ethylene vinyl acetate polymer,

c) from about 209 to about 409% based on said resin
component of a flame retardant system comprising
i) from about § to about 25% of a bromine contain-

ing flame retardant, and

D if) from about 1.59% to about 10% of an antimony

containing flame retardant, and

iii) from 1% to 20% of a flame retardant selected
from granular metal oxide hydrates, wherein -
said flame retardant system has a ratio of metal
oxide hydrate to brominecontaining flame retar-

dant of no more than about 3;

said film being free of vinyl chloride, wherein a nonori-
ented film self-extinguishes in less than about § seconds,
has an clongation at break of at.least about 500%, a
dielectric strength of at least about 1200 V/Mil, and a
stress-strain curve with a wholly positive slope.

2. A low-halogen, electrically insulating

film accord-

ing to claim 1 containing from about from about 10 to
about 15% of said bromine containing flame retardant.

" 3. A low-halogen, electrically insulating

film accord-

ing to clsim 1 containing from about 3% to about 7% of

said antimony containing flame retardant.

4. A low-halogen, electricaily insulating film accord- |
ing to claim 1 further comprising from sbout 0.05% to

sbout 5% of a silane coupling agent.

5. A low-halogen, electrically insulating film accord-
mg to claim 4, wherein said coupling agent is selected
from the group consisting of alkyl silanes, and amino

silanes.

\\\ i "\
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6. A low-halogen electrical tape backing having a
total halogen conteat of about 1% to about 8% com-
prising:

a) from 10 to about 40 parts of a rubber selected from

EP or EPDM rubber,

b) correspondingly, from about 60 to about 90 parts

of an cthylene vinyl acetate polymer,

c) from about 20% to about 40% based on said resin

component of a flame retardant system comprising
i} from about 5 ta about 25% of a bromine contain-
ing flame retardant, and
ii) from about 1.5% to about 10% antimony oxide,
and
iii) from 1% to about 20% of aluminum trihydrate,
wherein said flame retardant system has 2 ratio
of aluminum trihydrate to bromine-containing
flame retardant of no more than about 3;
said film being free of vinyl chloride, wherein a nonori-
ented film self-exdnguishes in less than about § seconds,
has an elongation at bresk of at least about 500%, a
dielectric strength of at least about 1200 V/Mil, and a
stress-strain curve with a wholly positive slope.

7. A low-halogen electrical tape backing according to
claim 6 containing from about from about 10% to about
159 of said bromine containing flame retardant.

8. A low-halogen electrical tape backing according to
claim 7 containing from about 3% to abaut 7% of said
antimony containing flame retardant.

9. A low-halogen electrical tape backing asccording 10
claim 6 further comprising from about 0.05% to about
5% of a silane coupling agent.

10. A low-halogen electrical tape backing according
to claim 9. wherein said coupling agent is selected from
the group consisting of alkyl silanes, and amino silanes.

11. An electrical tape comprising a backing film hav-
ing a total halogen content of abont 1% tc sbout 8%,
comprising a resin component containing:

a) from O to about 40 parts of a rubber selected from

EP or EPDM rubber,
b) correspondingly, from about 60 to about 100 parts

— ‘_ . ' - This Sheet Has Been Re

i
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c)- from about 20%to about "40%, i n conponent of a flane
retardant system conprising i ﬁscsﬁﬁﬁ'dMSBEE% about 25 % of _a_ bromine
and REPLAGEDN abol

contain- ing flame retardant;

oxide, "and .i-i i) from 1%t numtrrhydratv pWRe:
fl ame retard m ratro of al tm numtrrhydrate [ O

brom ne’ cont
free of vinyl'iC

t 1.5%to abayto) AGBfENT SHBET
ardiant of no nore than about 3 sapdzﬁuﬁnmi

orrde wherein a nonori -

of an ethylene vinyi acetate polymer,

c) from about 20% to about )% based on said resin
component of a flame retardant system comprising
i) from about 5 to about 25% of a bromine contain-
ing flame retardant, and
ii) from about 1.5% to about 10% of an antimony
containing flame retardant, and
iif) from 1% to about 20% of granular aluminum
trihydrate, wherein said flame retardant system
has a ratio of aluminum trihydrate to bromine-
containing flame retardant of no more than about
3;
said film being free of vinyl chloride, wherein said tape
self-extinguishes in less than about 5 seconds, has an
elongation at break of at least about 500%, a dielectric
strength of at least about 1200 V/Mil, and a stress-strain
curve with a wholly positive slope, and an adhesive
coated on one major surface of said backing.
12. An electrical tape according to claim 11 wherein

said backing film contains from about from about 10%
to about 15% of said bromine containing flame retar-
dant.

13. An electrical tape according to claim 12 wherein
said backing film contains from about 3% to about 7%
of said antimony containing flame retardant.

14. An electrical tape according to claim 11 wherein

-said backing film further comprises from about 0.05%

to about 5% of a silane coupling agent.

15. A low-halogen electrical tape backing according
to claim 14, wherein said coupling agent is selected
from the group consisting of alkyl silanes, and amino

i



ented filmself-ex

! , ASEENT SHEEBS| t han about 5 seconds, has an
el'ongation it break

ut 500%. a dielectric strength of at
| east about 1200 Vi Q@ﬁ? @@re st strain ¢ oll'y positiyve
slope. 7. A lowhalo erpé P thpe baché&@@ngj“ncl
containing [err] fhof about. 10%.tal apout 15% a|m
flame retardant 8. }A | ow hal ogen el eftriqal tape backing according to claim
7 containing fromd % of said antinony containing flane

retardant. S. Actoutdial IRNSTATIN FSRM AEPTAPEBACRING HAOE THEREDP

Background of the Invention

The invention relates to electrically insulative
polymeric films useful as conductive insulators and
electrical tape backings.

Description of the Related Art
Various electrically insulative resins are known in

the art. Polyolefins have been used in various resins,
with and without flame retardancy in the electrical
industry.

Most insulative films which are used commercially,
and have both good flame retardancy and good physical
properties contain some vinyl chloride. Because of the
toxins produced when such compositions are burned, either
_accidentally or when discarded, it is desirable to reduce
the halogen content as much as is possible, particularly
chlorine content. However, it is difficult to attain
both the flame retardancy and the physical properties
such as tensile and elongation in an alternative product.
This is especially true of films being used for tape
backings in the electrical industry where the tapes nmust
stretch and drape in a certain manner to be acceptable
for use.

U.S. Patent 5,017,637 discloses fire-retardant
thermoplastic compounds that are chemically crosslinked,
comprising 5-60% olefinic copolymers, 1-15%
organopolysiloxane, and 20-85% flame retardant.

Preferred embodiments include a copolymer, and an
additional elastomer or ethylene copolymer. The preferred
elastomers are EP or EPDM copolymers. Ethylene
vinylacetate is also disclésed. Metal oxide hydrates are
used as the fire-retardant compound.

U.S. 3,941,859 discloses EPDM polymers physically
blended with polyethylene and an ethylene-vinyl acetate
copolymer having improved tensile strengths. Use as wire



claim6 further conprising fromabout 0.05%to about_b5%.of a_ silane.

coupl i ng agent 10. A | ow hal ogen electrical tape b CREMACEMERT RyFgTL
St-+10¢ Of

al kyl silanes, and am no silanes. 11 An electrical {t pﬁygo I.SdaNgt a
odUN 200 3,

9. wherein said coupling agent is selected fromthg @goup—cenrsis

backing filmhav- ing a total hal ogen caontgent of alpout

claim

conprising a resin conponent containing: a) fromO}t@ adbout 40 parjsjof a
rubber selected from EP or EPDM rubb@&aﬁaléxyjesp ndi ngly, from abopt 60

to about 100 parts

Tensile performance at ambient temperature and at

100°C of the blend listed below is displayed in Figures 6

and 7 as a function of amount of irradiation. Tensile

properties of plasticized vinyl film at room temperature

and at 100°C are also shown for comparison.

EVvAZ2 EPDMZ2 ATH2 Bril Sb2 CA AO

80 20 20 11 6 0.3 0.15

Tensile values for all films drop considerably as

the temperéture is raised. The tensile values for blends

of this invention do not drop as greatly as tensile
values for plasticized vinyl film. High temperature

elongation of the present invention at 9 and 12 Mrads is

. comparable to the ambient temperature elongation of

vinyl, while elongation of vinyl film at 100°C is quite

high.

"Figure 7 shows the ratio of the tensiles at 100°C to

the tensiles at room temperature, indicating the amount

of tensile strength retained at high temperature. The

sample irradiated at 15 Mrads is clearly superior to the

other samples.

Examples 34-35
Blends listed below were extruded into films and

post-processedl Strips of these films and strips of
plasticized vinyl film, having approximately the same
thickness, were cut and exposed to various solvents of
the most commonly encountered types (ethyl acetate,
toluene, acetone). The change in weight, length and
width were used as measures of swelling of the film.

large change in length indicates high swelling and good

compatibility of the solvent and the film, which is

undesirable. No change in length indicates good solvent

resistance of the film and better performance under harsh

conditions. Solvent resistance results are listed in
Table 6.



-27- of an ethylene vinyl acetate polyner, c) from about 20%to about 40%
based on said resin conponent of a flanme retardant system conprising i)
fromabout 5 to about 25% of a bromi ne contain- ing flame retardant, and

ii) fromabout-1.5% to about 10% of an antlrmny-cnﬂ-t-a-r-ﬁrﬁa—-f—-i—a-nce-,
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What is claimed is:

1. A low-halogen, clectrically insulating film having a
total halogen content of about {% to about 8%, com-
prising a1 resin component containing:

1) from O to about 40 parts of a rubber selected from

EP or EPDM rubber,

b) correspondingly, from about &7 to about 100 parts

of an ethylene vinyl acatate polymer,

¢) {from about 20% to about 40% based on said resin

component of a flame retardant system comprising
i) from about 5 to about 25% of a bromine contain-
ing flame retardant, and
if} from about 1.5% to about 109 of an antimony
containing flame retardant, and
i} from 1% to 20% of a flame retardant selected
from granular metal oxide hydrates, wherein
said flame retardant system has a ratio of metal
oxide hydrate to bromine-containing flame retar-
| dant of no more than about 3;
said film being free of vinyl chicoride, wherein a nonori-
ented film self-extinguishes in less than about 5 seconds,
has an-elongation at break of at.least about 500%, a
dielectric strength of at least about 1200 V/Mil, and a
stress-strain curve with a wholly positive slope.

2. A low-halogen, electrically insulating film accorgd-
ing to claim 1 containing from about from about 10 to
sbout 15% of said bromine containing flame retardant.

3. A low-halogen, electrically insulating film accord-
ing to claim 1 containing from about 3% ta about 7% of
said antimony containing flame retardant.

4. A low-halogen, electrically insuiating film accord-
ing to claim 1 further comprising from about 0.05% to
sbout 5% of a silane coupling agent.

5. A low-halogen, electrically insulating {lm accord-
mg to claim 4, wherein said coapling agest is selected
from the group consisting of alkyl silanes, and amino
silanes.



iii) from1%to about 20% of granular alum numtri hy
ftame retardant systemhas a_ratio of alum numtrih
containing flanmeretardant of no nore than about 3;

vi nyl chl ori de,
seconds, has an

strength of at |east cabbut™ 1200 V/ M|, and-a2&tresst

whol |y positive
backi ng.

CABAE DU AR ot - o mawt shes)

aln _curve wit

rd-f—a-f-ﬁ..wid

IRERIACERERT UHERF

free of
ut 5
thric
a

st s
sl ope, and an adhesi ve coated on onEmaj or surface off said

6. A low-halogen electrical tape backing having a
total halogen conteat of about 1% to abcut 8% com-
prising: :

a) from 10 to about 40 parts of a rubber selected from

EP or EPDM rubber,

b) correspondingly, from about 60 to about 30 parts

of an ethylene vinyl acetate polymer,

c) from about 20% to about 40% based on said resin

componest of a flame retardant system comprising
i) from about 5 to about 25% of a bromine contain-
ing flame retardant, and
ii) from about 1.5% to about 10% antimony oxide,
and
ii1) from 19 to about 20% of aluminum trihydrate,
wherein said flame retardant system has a ratio
of aluminum trihydrate to bromine-containing
flame retardant of no more than about 3;
said film being.free of vinyl chloride, wherein 2 nonori-
ented film self-extinguishes in less than about 5 seconds,
has an elongation at break of at least about 300%, a
dielectric strength of at least about 1200 V/Mil, and a
stress-strain curve with a wholly positive slope.

7. A low-halogen electrical tape backing according to
claim 6 containing fromyf aboge from about 10% to about
15% of said bromine containing flame retardant.

8. A low-halogen electrical tape backing according to
claim 7 containing from about 3% to abaut 7% of said
antimony containing flame retardant. :

9. A low-halogen electrical tape backing according to
claim 6 further comprising from about 0.05% to about
5% of a silane coupling agent.

10. A low-hatogen electrical tape backing according
to claim 9. wherein said coupling agent is selected from
the group consisting of alkyl silanes, and amino silanes.

11. An electrical tape comprising a backing film hav-
ing a total halogen content of about 1% to about 8%,
comprising & resin componesat contsining:

a) from 0 to about 40 parts of 2 rubber selected from

EP or EPDM rubber, '
b) correspondingly, from about 60 to about 100 parts



12. An el ectrical

tape according to claim11l wherein said backing film

cont ai ns from about- —10%-to_ahout 15% of said brom ne containing flane

retar- dant i cal 'tape according to ¢
backi ng fil m]ﬂﬂ ggﬁﬂ out 3% to about 7% of
flame retardant.c

backing filmfurther conprises from abo&? 0.05%tp

bQ§ J a
coupling agent. 15. A | ow hal ogen el ectrical tapejbjcking accordi

rl'cal tape accordingjft

of an ethylene vinyl acetate polymer,
c) from about 20% to about ¥0% based on said resin
component of 1 flame retardant system comprising
i) from about 5 to about 25% of a bromine contain-
ing flame retardant, and
ii) from about 1.5% to about 10% of an antimony
containing flame retardant, and
iif) from 1% to about 20% of granular aluminum
trthydrate, wherein said flame retardast system
has a ratio of aluminum trihydrate to bromine-
containing flame retardant of no more than about
3
said film being free of vinyl chloride, wherein said tape
self-extinguishes in less than about 5 seconds, has an
elongation at break of at least about 500%, a dielectric
strength of at least about 1200 V/Mil, and a stress-strain
curve with a wholly positive slope, and an adhesive
coated on one major surface of said backing.

12. An electrical tape according to claim 11 wherein -

said backing film contains - from abaut 10%
to about 15% of said bromine containing flame retar-
dant.

13. An electrical tape according to claim 12 wherein
said backing film contains from about 3% to about 7%
of said antimony containing flame retardant.

14. An electrical tape according to claim 11 wherein

-said backing film further comprises from about 0.05%

to about 5% of a silane coupling agent.
15. A low-halogen electrical tape backing according
to claim 14, wherein said coupling agent is selected

from the group consisting of alkyl silanes, and amino
silanes.
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to claim 14, wherein said coupling agent is selected fromthe group
consi sting of al kyl silanes, and am no sil anes.

- 28 - REPLACEMENT SHEET |

06 JUN 2600

Abstract
ELECTRICALLY INSULATING FILM BACKING

An electrically insulating film having a total halogen
content of about 1% to about 8%, comprising a resin
component containing:

a)} from 0 to about 40 parts of a rubber selected from

EP or EPDM rubber,

b} correspondingly, from about 60 to about 100 parts

of an ethylene vinyl acetate polymer,

c) from about 20% to about 40% based on said resin

component, of. a flame retardant system comprising

i) from about 5 to about 25% of a bromine
containing flame retardant,
ii) from about 1.5% to about 10% of an antimony
containing flame retardant, and
iii} from 1% to about 20% of a flame retardant
selected from granular metal oxide hydrates,
wherein said flame retardant system has a ratio of
metal oxide hydrate to bromine of no more than
about 3;
said £ilm being free of vinyl chloride,
wherein a nonoriented film self-extinguishes in less than
about S seconds, has an elongation at break of at least
about 500%, a dielectric strength of at least about 1200
V/Mil, and a stress-strain curve having a wholly positive
slope.

-FIGURE 1



