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Field of the Invention
The invention relates to electrically insulative
polymeric films useful as conductive insulators and
electrical tape backlngs that contain no halogen
material.

‘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 ié-éspecially true of
films being used for tape backings in the electrical
industry where the tapes nust étretch and drape in a

‘certain manner to be acceptable for use.

- U.S. Patent 5,017,637 discloses flre-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 COpolymef. The
preferred elastomers are EP or EPDM cbpolymers.
Ethylene vinylacetate is also disclosed. Metal oxide
hydrates are used as the fire-retardant compound.

U.S. Patent 4,772,642 discloses a resin contéining
polyolefins, preferably polypropylene. Ammonium
polyphosphate particles are used for flame retardance,
and a melamine resin encapsulates the particles.
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material . Description of the Related Art 10 Vari ous
el ectri cafylowsiipgaal ative resins are known in the art. PoPGHU8I4E7Ihave
been used in various resins, with and without flane retardancy in the
el ectrical industry. Most insulative filnms which are used
commercially, 15 and have both good fl ane-get ardancy and good physi cal
properties contain sone vinyl chloride. Because of the t oxi ns produced
when such conpositi @Ps Paterturater, 888 distbosescadtbamne| yebardant

di scarded, it h§1g8% %@é% elastomer composition containing greater
than 50% inorganic filler. Addition of a coupling
agent is not disclosed.
5 EP Patent 391,336 discloses the use of a silane
| coupling agent and/or an olefinic synthetic rubber in a
flame retardant composition of polypropylene and
ammonium polyphosphate or melamine modified ammonium
polyphosphate with one or more nitrogen-containing
10 organic'compounds. The organofunctional groﬁp of the
silane can be vinyl, chloro, amino or mercapto. Vlnyl
trimethoxysilane, vinyl triethoxysilane and 3- .
mercaptopropyl trlmethoxy silane are preferred.
COmp051tlons with an olefinic synthetic rubber and
15 without silane are also disclosed.

JP Patent 04,139,241 discloses an olefinic resin
blended with ammonium polyphosphate, a silane coupling
agent, and olefinic synthetic rubber and a petroleunm
resin. An example of the silane is vinyl

20 trimethoxysilane. Advahtages of this compound are high
electrxcal resistance and high bleed resistance.

US Patent 5,130, 357 discloses a flame retardant

"composition containing polypropylene as the major
constituent, a silane coupling agent, and/or olefinic

25 synthetic rubbers, ammonium polyphosphate (APP) or
melamine-modified APP and one or more nitrogen
compounds, and optionally polyethylene resin,
crosslinking agent and thiophosphate.

U.S. Patents 4,808,474 and 4,769,283 disclose a

30 pressure-sensitive adhesive tape backing having
improved toughness comprising blends of crystalline

isotactic polypropylene and compatible flexible

polymers (in the fofmer) or compatible ethylene

containing polymers (in the latter), such polymers
35 inclﬁding EPDM and/or EVA.
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i to reduce the hal 6gen content_as as 1s possible, 20 particularly

chl or i neypYa}1684s I-bms/%petmh ﬁE ifficult to attain boPOTMsed#d1zhe

.. retardancy and the rties such as tensile and el ongation in

Y an alternative product ecially true of films being used for
tape backings in the electrlcal 25 industgy where the tapes nmust stretch
and drape in a certain manner to be acceptable for use. uU. S.

Pat ent 5,017, 637 dUSS|OaQ$SBImgﬂr@mﬁdxﬁﬁes a thEsd ggébgeconpounds that
are chemcal | crossli onprisin 5 60% olefinic co ners,
1- 15@6organopéF??FPBﬁaﬁ?ns&%&vfb i qgﬁeﬂﬁﬁﬁﬁng copp Fé Red

enbodi ment s i sathda bleagdolcpmhineandrilth an unsaturated elastomer.
U.S. Patent 5,134,012 discloses a fixing tape for
5 a disposable diaper comprising 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 combination thereof; the polymer
blend layer contains two or more resins selected from
10 EVA, EP, and polyethylene.
U.S. Patent 3,941,859 discloses EPDM polymers
. physically blended with polyethylene and ethylene vinyl
acetate copolymers having improved tensile strengths.
Use as wire and cable insulation is disclosed.

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

20 The present inventors have found that films

.. comprising ethylene vinyl acetate  (EVA) copolymers and
an elastomer selected from ethylene propylene (EP) and
ethylene propylene diene monomer (EPDM) rubbers and an
effective amount of flame retardant phosphorous-

‘l 25 nitrogen containing intumescent fillers and an
amino-functional silane coupling agent has tensile
stress-strain behavior such that the first derivative
of stress with respect to strain is positive for the
entire curve, and a curve showing a second derivative

30 of stress-strain is negative over more than 50% of the

curve,

Further, such films will provide electrical tape
backings having the feel, and handling properties of
the most popular poly(vinyl chloride) backingé with no
halogen, which eliminates the release of toxic gases
into the air, and also reduces negative environmental
aspects from processing and disposal.

35

THIS SHEET HAS BEEN
REPLACED




5
addi tional _el astoner or ethyl ene copol yner. The preferred elastoners ar ‘
EP or EPDMWVONGMAter s. E¥hy|ene vinyl acetate is al so di scPGIRI§4/09 Kbtal

oxi de 35 hydrates are used as the fire-retardant conpound. UusS

Patent 4,772,642 discloses a resin contalnlq pol yol ef ins, preferably
polypropylene. Anmoni um pol yphosphat e particles are used for flame

r et ar dance, and a nel am ne r%ﬂnﬁhaﬂfa&fmilﬁé efmtrehr?tf)art I cl es.

The invention provides a halogen-free,
electrically insulating film comprising a resin
component containing:

5 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 about 40 parts to 150 parts of ethylene

10 diamine phosphate per 100 parts of said resin
component, and

df from 0.5 part to 5 parts of an

amino-functional silane coupling agent per 100

parts of said resin component,

15 wherein a nonoriented film self-extinguishes in less
than 5 séconds, has an elongation at break of at least
200%, a dielectric strength of at least 1200 V/Mil, and
stress-strain behavior such that a curve showing a
first derivative of stress-strain is positive over the
20 entire curve, and a curve showing a second derivative
of stress-strain is negative over .more than 50% of said
curve. .
' Insulating films of the invention are suitable for
use as an electrical tape backing. Preferred
25 electrical tape backings are halogen-free electrical Q
tape backings comprising a resin component containing:
a) from 10 to 40 parts of a rubber selected from
EP or EPDM rubber,
b) correspohdingly, from 60 to 90 parts of an
30 ethflene vinyl acetate polymer,
c) from 40 parts to 150 parts of ethylene
diamine phosphate per 100 parts of said resin
component, and
d) from 0.5 part to 5 parts of an
35 amino-functional silane coupling agent, per 100
parts of said resin component,

________’__———.—“—
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-2- EP Patent 274,888 discloses a flane retardant hal ogen-free

el ast oneL, ?QIW? tion containing greater . than 50% i nor gpoTUS94/091 2T .
Addi tion 37a coupl i ng agent is not disclosed. 5 EP Patent 391, 336
di scl oses the use of a sil ane coupling agent and/or an olefinic
synthetic rubber in a fl ame retardant-gonposition of pol ypropyl ene and

wherein a nonoriented film self-extinguishes in less
than 5 seconds, has an elongation at break of at least
200%, a dielectric strength of at least 1200 V/Mil, and
the stress-strain behavior described above.

5 The invention also provides electrical tapes
comprising a halogen-free backinglfilm,comprising a
resin component containing:

a) from 0 to 40 parts of a rubber selected from
EP or EPDM rubber,

10 b) correspondingly, from 60 to 100 parts of an

_ ethylene vinyl acetate polymer,

. ' c) from 40 parts. to 150 parts of ethylene
diamine phosphate per 100 parts of said resin
_component, and

15 d) from 0.5 part to 5 parts of an amino-functional
silane coupling agent, per 100 parts of said resin
component,

wherein said tape self-extinguishes in less than 5
seconds, has an elongation at break of at least about

20 200%, a dielectric strength of at least 1200 V/Mil, and

a stress-strain curve as described above, and an
adhesive coated on one major surface of said backing.
All weights, percents, parts, and ratios herein

are by weight unless specifically noted otherwise.
" 25 . '
Description of the Drawings
FIG. 1 shows the stress-strain curve for Example 1
and Comparative Example 1 films having thicknesses of:
150 um to 200 um (6-8 mils).
30 As can be seen from the figure, there is dramatic
'~ improvement in mechanical properties for films
containing the amino-functional silane. The yield
point completely disappears, and the lower elongation
of Example 1 is evidence of the improved adhesion
35 between the filler and the matrix polymers.
FIG. 2 shows the stress strain curves for films
having various amounts of amino-functional silane.
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' ammoni um QQ hate or mel am ne nodified amoni um pol wth
one or ﬁ%?%ﬁ) gen contai ning 10 organi ¢ compounds. The g?g@%%?ﬁ%c I onal
~group of the silane can be vinyl, chloro, am no or nercapto. Vinyl

“trinmethoxysilane, vinyl trlethoxyS|Iane and 3- mer capt opr opy! tri nmethoxy
silane are preferred. conposi tions wi ti®an ol efinic synthetlc rubber and

Lo, Lhaut ST, Skett 30 A ithaegon i BT hrErb B L
si |l ane coupl i ngheredgethe dypeolas isiilang nishardriedbberibmsl aopeamlmgm
:ﬁf;ncofr\goﬁﬁgngpg AnihBe fUrcANora) Wined i {FHO W ARRE ARG ages of
changed curve as compared to vinyl functional silanes,
5 benzyl mercapto functional silanes, and methacryl
functional silanes, demonstrating the reinforcing
effect of the amino functional silanes. '
FIG. 4 shows the stress-strain curves for electron
beam irradiated films. Flame retardant properties are
10 not noticeably effected by the addition of differing
types of silane coupling agents.
FIG. 5 shows the stress-strain curves of
non-silane couplihg'agents which contain an amino
functional group, i.e., amino-functional titanates and
15 zirconates. '

' FIG. 6 shows the stress.strain curves of the
effects of no silane, and two different levels of amino
silane with various flame retardant fillers.:
FIG. 7 shows the stress-strain curve of

20 compositions having non-phosphorous-nitrogen (P-N) type
flame retardants. . . . .: e e .
_ FIG. 8. shows the stress-strain curves of various
matrix polymers with P-N type flame retardants of this
1nventlon. oL . -

25 FIG. 9 shows the stress-strain curves at low ‘i
temperatures of Example 1 of the invention and
Comparative Example 3.

ailed Description the Inventio

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

35 least 15% by 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

This Sheet Has Been Replaced -

H
[T
M

———




‘el ectrical resistance and high bl eed resistance. US Pat ent :

5, 130, 35Aw0iosabsazes a fl ane retardant conposi ti on cont ai RCTFS94/09171

;pol ypropyl ene as the maj or constituent, a silane coupling agent, and/or
‘ol efinic 25 synthetic rubbers, annnnlunlpoLyphosphate (APP) .or

mel ami ne- nodi fi ed APP and one or nore nitrogen conpounds, and optionally

pol yethyl ene resipber iSrprebenl, NEndeds BG4 HEWSPRRY) Ccontain asU. S
Pat ents 4, 808, 474-€fe a?nﬁs 283 di sclose a 30. pressure- sen5|t|ve adhesi ve

tape backing hatth oPEE CERYy RYA CORAMMET ng bl ends of crystal | ine
i sotactic poIypropylegefamdrubmp&tleyﬁéﬁB“é&ﬂprlsémﬁﬁﬁﬁr§b6hﬂ 0% to

former), or conpalibre ghNLERE from 10% to 50% propylene, and ‘from 0
5 to 3% diene.

Examples of suitable diene monomers include, but
are not limited to, conjugated dienes such as isoprene,
butadiene, 2,3-hexadiene, and the like, and
nonconjugated dienes such as i,4-peﬂtadiene, i,5-

10 hexadiene, 2, S-dimethyl-1, 5 hexadiene, 1, 4-hexadiene
and the like; cyclic dienes such as cyclopentadiene,
cyclohexadiene, dicyclopentadiene, 3-methyl-

"I’ tricyclo(s,2,1)-3,8-de6adiene, and the like, and
alkenyl norborenes such as 5-ethylidene-2-norborene, 2-

15 methallyl-5-norborene, and the like. These polymers
are easily prepared by well know solution or suspension
polymerization technigues.

Insulating films of. the composition comprise an
effective amount of ethylene diamine phosphate as the

20 flame-retardant agent, such as that available
commercially from Albright & Wilson.

. Insulating films of the invention also comprise an
amino silane coupling agent. Useful amino silanes
include, but are not limited to, N-beta-(amino-ethyl)

. 25 gamma-aminopropyl trimethoxy silane and aminopropyl |
triethyoxy silane and trimethoxy silane. Films of the
invention contain from 0.05 part to 5 parts
amino-functional silane-coupling agent,preferably from
0.1 part to 2 parts per 100 parts resin component.

30 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

35 amounts known to those skilled in the art.

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

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

_hixing the rubber, the ethylene vinyl acetate

copolymer, and the ethylene diamine phosphate, along
with any additives in a mill, mixer or extruder. The

_mixing conditions are not critical, and such processes
15

are well known to one skilled in the art.
Films of the invention have a stress-stain
behavior such that a curve of the first derivative

-stress-strain relationship has a wholly positive slope.

This is surprising, as most olefin-based films have at
least some portion of the slope which is negative.
Further, a curve of the second derivative shows that it

is_mostly_negative. That means that these films do not

have an inflection point below 200% elongation.
Electr1cal tapes backed with films with these
characterlstlcs demonstrate a vastly improved handling
characteristic over the prior art halogen-free 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 peint and is
brittle at the low temperature. The filled blend

v




[ . . .
‘U.S. 4,985,024 discloses a biodegradabl e pressure-sensitive adhesive

t ape backmsmmrl si ng such a bl end conbined with an ungiaisdlach7
el ast oner. U. S. Patent 5,134,012 discloses-a fixing tape for 5 a

“di sposabl e di aper conprising a plastics filmlayer, a pol yner bl end

| ayer, and an adhesive |ayer. The pl as®i~cs filmlayer may contain an EVA
copol yner, and EP copol yner, or a conbination thereof; the pol yner

bl end | ayer cyﬁﬁéﬂm§13&94Nelnnqat£gmn%n@eMQ@hédltaénprprmgldEPevanj

N - T DR i
a stress-straln curve with a wholly pos1t1ve slope at
such low temperatures, whereas films of the invention

5 do have a stress-strain curve which retains a positive
slope even 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

10 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,

15 plasticizers, pigments, fillers, initiators,
ciosslinking 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

20 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

30 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

35 eihibited by a material that does not begin to burn, or
self extinguishes in less than 5 seconds.
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‘acetate co oll%;rrers havi ng i nproved tensile strengths. Mor$ and
cabl e | &% I s disclosed. 15 However, these attéﬁ%? ?o produce a
;hal ogen free filmfor the electrical industry, and especially for

t ape backi ngs, have not been able to prq§1_p a hal ogen-free filmwth
the required flame retardance and phystcal properties. 20 The

present inventors have found that fgigg.; %pggrising et hyl ene vi nyl
acetate (EVA) copol yners and an ected from et hyl ene
propyl ene (EP) andTensdieysfrengtdppasncasted byntnerASTPON00Abbest and

an ef fecti ygegpgunt of flame retardant phosphorous- 25 nitrogen
contai ning intunescent fillers and an

5 Glossary of Materials _
Elvax™ 470 poly(ethylene vinyl acetate) copolymer;
- 18% vinyl acetate; available from DuPont
Epsyn™ 7506 ethylene-propylene terpolymer; 77%
ethylene; 5.5C/100C unsaturated,
10 available from Copolymer
LDPE low density polyethylene 1017; available
from Chevron b
PP-PB amorphous polypropylene-polybutylene
_ copolymer; available from Eastman
15 LDX 314 experimental ethylene methyl acrylate-
acrylic acid terpolymer; available from
Exxon _ ’
EVOH 27 poly(ethylene vinyl alcohol); 27% vinyl
alcochol; available from EVALCO |
20 IFR 10 ammonium polyphosphate based flame
retardant filler; avallable from
: Hoechst-Celanese s
IFR 23 ~ ammonium polyphosphate flame retardant_
filler; available from Hoechst~-Celanese
25 Phoschek P40 ammonium polyphosphate based flame ‘!
retardant filler; available from

Monsanto
Exolit 422 ammonium pél&phosphate based flame
retardant filler; available from
30 Hoechst-Celanese
EDAP ethylene diamine phosphate; available
from Albright & Wilson
DE83R decabromodiphenyl oxide flame retardant
filler; available from Great Lakes Chemn.
s corp.
Solem 932 alumina trihydrate; available from J.M.
Huber
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* ami no-functi onal SFLaﬁe~CUUﬁTTﬁ§~5§gﬁ; has tensile stress-strain
behavi or“&b%]g%"hztat thg.d SlhgefﬁasdﬁénRﬁa‘Pqe of stress wi th rrspeslaebrstrain

. is positi and a curve show ng a second

© derivative 30 of stres am atlve over nore than 50% of the
curve. Further w | vi de el ectrical tape backi ngs
havi ng the feel, and handllng propertles o t he nost popul ar pol y(vi nyl

chl oride) bac@vxygﬁmtrlno 353@@&& ggbﬁde'bSheék%§aEQF irel ease of

t oxi ¢ gases into the air, uces negati ve environnenta
aspects from processing and cP%bﬁé%thleﬂe v1nyl acetate); available

from Laurel

A0750 aminopropyltriethoxy silane; available
5 from Union Carbide
aAl151 vinyltriethoxy silane; available from
, Union Carbide
Al1100 aminopropyltrimethoxy silane; available
. from Union Carbide
10 A1120 N-beta-(aminoethjl)-gamma-.
. ' aminopropyltrimethoxy silane; available
‘ ' from Union Carbide
1130 triamino-functional silane; available
from Union Carbide
15 Al74 gamma-methacryloxypropyltrimethoxy
silane; available from Union Carbide
M8500 3-mercaptopfopyltrimethoxy silane;
_ available from Huls Petrarch
26032 N={2(vinyl benzyl amlno)-ethyl]-s-
20 amlnopropyltrlmethoxy silane; available
from Dow Corning
Lica 44 . neopentyl(diallyl)oxy, tri(N-
o ethylene§iamino)ethyl titanate;
_ e e .available from Kenrich
‘. 25 Lica 97 neopentyl (diallyl)oxy, tri(m-amino)
phenyl titanate; available from Kenrich
L44/H 2,2(bis-2~propenoclatomethyl)butanlato,

tri(N-ethylaminoethylamino) titanate;
available from Kenrich
30 NZ44/H 2,2(bis-2-propenoclatomethyl)butanlato,
tri(N~ethylaminoethylamino) zirconate;
available from Kenrich
1L97/H 2,2(bis-2-propenolatomethyl)butanlato,
tri(m-amino) phenyl titanate; available
35 from Kenrich
NZ97/H 2,2(bis-2-propenolatomethyl)butanlato,
tri(m-amino) phenyl zirconate; Kenrich
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Irganox 1010 hindered phenolic antioxidant; available
from Ciba Geigy .

Irganox 1035 hindered phenolic antioxidant; available
from Ciba Geigy

Examples

Examples'of typical polymer blend compositions
with and without the amino-functional silane coupling
agent are provided by the formulations in Table 1.

10 Compositions were mixed in a Brabender™ rheometer using

a small batch mixing head with high shear paddles at
105°C for 5 minutes until a uniform dispersion of the '
polymer and filler componénts was achieved. Blends
were pressed between heated platens to form films.

15
Table 1
B Exv;;;ﬁ;;gﬁ_A‘_#“_ﬁ$4ﬁ%A‘¥7-¥-Aﬁ_‘ﬁ—“7—“¥i
! Epsyn™ 7506 ‘ 20 20 "
20 EDAP 50 50 |
A0750 0.15 ———
Irganox™ 1010 0.15 0.15 i

The tensile propertiés_of Example 1 and C1 films
25 having a thickness of 150 um to 200 um (6-8 mils) of
Examples 1 and Cl are depicted in Figure 1. As can be

seen from the figure, there is dramatic improvement in

mechanical properties for films containing the

amino-functional silane. The yield point completely
30 disappears, and the lower elongation of Example 1 is

evidence of the improved adhesion between the filler

and the matrix polymers.

The shape of the curve for the composition of
Example 1 more closely resembles the behavior of

THIS SHEET HAS BEEN
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‘c!nponent containing: 5 a) fromO to 40 parts of a rubber selected

from 0.95f0843’ EPDM r ubber, b) correspondi ngl pcriosowosi0it o
;100 parts of an ethylene vi nyl acetate polyner, c) from
“about 40 parts to 150 parts of ethylene 10 di am ne phosphate per 100
parts of sald resin conponent, anq d) fromO0.5 part to 5
parts of am no-functional silané coupllng agent per 100
parts of sald gﬁﬂg@ 84 v (+2nYRCER1Y NOhfSjt {d ;
sel f - exti ngui s‘Les In essnﬁ Y( ng@seconﬁtﬁﬂas 1:lan eﬁ‘g’ngaﬂl on a%g%l%ak of
at | east desirable for fllms used in tapes for the electrical
industry.
5 Exam es C2 and 2-4

Blends were prepared in the same manner as
described previously except containing varying amounts
of amino-functional silane. Figure 2 demonstrates the
effect of the amount of amino-functional silane on the

10 mechanical properties for the following compositions
listed in Table 2.

15 "Elvax™ 470
I! " Epsyn™ 7506 20 © 20 20 20 "
EDAP 50 50 50 50
All00 0.3 0.6 1.0 0
Irganox™ 1010 | 0.15 0.15 0.15 0.15
I=:=======:====L_-===$======
20 ) '
. ' As addition of amino-functional silane increases,

the shape of the stress-strain curve remains
approximately the same although slight increases in
tensile strength and reductions in ultimate elongation
25 occur with higher silane contents. The stress-strain
behavior of plasticized vinyl (PVC) film is shown for
comparison of the relative shapes of the curves
(Example C3). '
Compositions for several blends containing a
30 phosphorous-nitrogen flame retardant (EDAP) and various
coupling agents including a composition with no
coupling agent were hot melt mixed and pressed into
films as described previously and are listed in Table
3.
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Insulating filns of the LRyention are suitable for
t ape backing. Preferred 25 el ectrical
hal ogen-free el ectri cal
cont ai ni ng:

the types of silane coupling agent were varied.

t apegaﬁxggbagg-s?ami 83&@
S 0

The;e exagplescgppgb

s

RS

nore than 50% of said

use as

t ape backings are
sa resin conponent
sel ected from

P barts of an
i.e., with 80 parts Elvax™ 470, 20 parts Epsyn™ 7506,

50 parts EDAP, and 0.15 part Irganox™ 1010.

G e

However,

The

Exampls_numbsrs and types of silane are listed below in

Table 3.

A1100

Ex

Ex 6

Ex C4

Ex C5

Ex Cé6

Al120

All30

‘ Al74

M8500

26032

Tensile stress-strain curves are shown in Flgure 3
for films of the compos1t10ns listed in Tah1e~3 and

film C1 shown in Table 1.

and methacryl functional silanes.

The amino-functional s1lanes-
change the shape of the stress-strain curve
dramatically'compared to the vinyl, benzyl, mercapto

The 26032 silane

does contain an amino functional group, but it is
centrally located within the molecule and,for stearic
considerations, is not freely accessible to interact
The primary functionality of this

with the polymer.

silane is vinyl.

These non-amino silanes,
the 26032, may have some feinforcing effect over
compositions without silane, but not nearly the effect
obtained with amino-functional silane coupling agents{
The dry and wet dielectric properties and the
flame retardance of these compositions with the
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4

" 30 et hyl ene vinyl acetate polyner, c) from 40 pérts to 150

parts of e di am ne phosphate per 100 parts of Io.resi
_ conponent, (f(;l%g'z d) from0.5 part to 5 parts of an Sgiqj"?sg‘"g&"?

“am no-functional silane coupling agent, per 100 parts of said resin
conponent, 15

addition of various coupling agents and without
coupling agent are listed in Table 4.

Table 4
5 BURN TIME D ECTRIC STRENGTH
' Seconds (V/mil)

EXAMPLE ' ‘ DRY WET
1653 537
1534 518
1361 541
1756 535
1856 542
1589 536
1327 522

10
C4
‘I" CS
cé
Cl

e T i

15
The dielectric properties of compositidns using
most types of coupling agents are improved over
compositions without coupling agent. No advantage of
amino-functional silanes, compared to other silanes, is
20 evident here. Flame retardant prdperties are not
noticeably affected by the addition of different types
of silane coupling agents. Amino-silane coupling
agents perform similarly to other silanes in dielectric
propérties and flammability tests of these compounds.
Q 25 Films of the compositions listed in Table 3 were
exposed to electron beam radiation at a dose of 15
megarads. Tensile properties of irradiated samples are
shown in Figure 4 and burn time and dielectric strength

of irradiated samples are shown in Table 5.
30
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strength

wherein a nonoriented fil mself-extinguishes in |ess than 5

seconds, ongation at break of at |east 200% a dj |
d gﬁﬁggﬂpéé ) 2 OhenREiddein

st 1200 VIMI, and the stress-strai n behav

descri bed above. The invention also provides electrical tapes
conprising a halogen free backing fllnlconPg|S|ng a resin conmponent

cont ai ni ng:

10

15

20

25

30

35

Table 5
URN T ELECTR S NGT

EXAMPLE | , DRY WET
1597 527
1836 542
1259 532
1940 523
1654 515
1359 543
1079 525

7

C4
147
Cé
Cl

W R SR T SR X I

Irradiation of these compositions changes the
ten51le properties by crosslinking the polymeric
matrlx, but the effect of the amino-functional silane
on the tensile properties is still obvious compared to
irradiated compositions containing no coupling agent.
Although the curves are shifted together upon
irradiation, close examination reveals that blends with
non-amnino functional silanes have an inflection point,
a change from negative to positive second derivative of
stress with respect to strain, below 200% elongation.

Blends containing amino-functional silane exhibit
an inflection point after irradiation,. which. is
characteristic of crosslinked materials, but this
occurs at elongations higher than 200%. Tensile
properties of irradiated films containing non-amino
functional silanes do not show the reinforcement seen
with amino-functional silane coupling agents.

Irradiated samples containing silane coupling
agents demonstrate improvements in dry dielectric
strength over samples without silane coupling agents,

'

and amino silanes appear to perform similarly to other
silanes, as was noted in non-irradiated samples.
Irradiation has no obvious effect on flame retardance
or dielectric properties.
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[ § _ .
a) fron10 to 40 parts of a rubber selected from EP or EPDM
ey BiE: cedf rom 60 to 100 parts o
c) from 40 parts t%@’@ﬁ“ﬁ"&% X of

ubbe % Shes
et hyl ene Wﬂﬁp’l% tatel AR _
et hyl ene dlan1+ r 100 parts of said resin
m 0.

conponent, and 15 "part to 5 parts of an am no-functi onal

sil ane coupling agent per 100 parts of S resin conponent,
wherein said tape se ixtln ui shes in less, than 5 seconds, has an
el ongation at break BPP nhs, Wity amipe- %9%?E+%E?1?EY$tP§H§Fh of at

| east 1200 V/ Mhanasdlane coupling agents, do not demonstrate the
dramatic improvement in tensile stress~-strain behavior.
Blends containing amino-functional titanates and
5 zirconates are described in Table 6 and tensile
properties of hot melt mixed and pressed films are
shown in Figure 5.

Comparative Examples C7~

10 These Examples were made similar to Example C1,
i.e., with 80 parts Elvax™ 470, 20 parts Epsyn™ 7506,
‘i': _ 50 parts EDAP, and 0.15 part Irganox™ 1010. However, .

these examples use amino-functional titanates and
zirconates in place of amino functional silanes of

15 compositions of the invention as coupling agents. The
coupling agents are listed for each Example in Table 6.

Ex.
ci12

[en o o 11 ||

[ e |

NZ44/H 0.3

(‘

25 L97/H 0.3

“ N297/H '_ o 0.3
MW\

Addition of these non-silane amino~-functiocnal
coupling agents reduces the elongation of the
30 compositions and increases the tensile values somewhat,
similar to non-amino silane coupling agents, but does
not dramatically improve the tensile values or the
shape of the stress-strain curve as does the amino

functional silane coupling agents.
THIS SHEET
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'a stress-strain curve as described above, and an adhesi ve §Lﬁ%ﬁ
maj or surf ac¥08%1842 4 packi ng. Al'l weights, percents, L%'al[r?
ratios herein are by wei ght unless specifically noted otherw se. 25
Description of the Draw ngs FIG 1 shows the stress-strain curve

for Exanple 1 and Conparative Exanple 118 s ‘havi ng t hi cknesses of

figure, P . 2 et S
‘cont ai ni ng the am no- tumpbsdmabnsl bantaﬁiimgmainhous mmtfrmal etely

dlsappears and thgarggﬁt % 3&%@%’3 e listed in Table 7. The effect of
0.3 phr and 1.0 phr of an amino-functional silane on
5 these compositions is also shown in Figure 6. EDAP is
the only flame retardant that demonstrates the desired
improvement in stress-strain properties. The other
- systems show very little change in tensile stress-
- strain properties with the addition of amino-functional
10 silane coupling agent.

filns

- Most of the commercial phosphorous-nitrogen type
flame retardants (including those tested) are composed ‘
primarily of ammonium polyphosphate.: EDAP is an |
exception. EDAP has tri-hydroxyl functionality that
15 imparts some level of acidity to this filler. Without
_ ‘wishing to be bound by theory, it is believed that this
C ' causes the EDAP to be more reactive than the APP
compounds with the hydrolyzable groups of the silane.
. Infrared analysis was conducted on samples.of EDAP,
20 EDAP in EVA/EPDM and EDAP in EVA/EPDM with amino-
& functional silane. The spectra ;ndicate no chemical
:é ' reaction between the EVA and the EDAP with or without
Zﬁ _ .. the amino-functional silane. Hydrogen bonding would
' . not be detectible as a chemical reaction.
s
c arative Exa es C27-C
Films of flame retarded compositions that do not
"contaln P-N type flame retardants were prepared that
_ contain various types of silane coupling agents. These
30 are described in Table 8 and the tensile properties of
these films are shown in Figure 7. The shape of the
stress-strain curve is not affected by the different
type of functionality of the silane coupling agent,
although the addition of a silane of any type provides '
35 a small improvement in tensile properties'when compared
with the properties of compositions containing no
silane coupling agent.
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Exanple 1 is evidence of the inproved adhesion 35 between the filler and

of
t he natrlx 0 S. FIG 2 shows the stress strain j
: PUridsvaodi71
filns 4%9 i ous amounts of am no-functional silane. 0¥ :
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:6- FIG 3 shows stress-strain curves for filns wherein the
type of siwe9&/1082varied. Filns containing the anino funcPCEHEM @I Ianes

exhibit a dramatically changed curve as conpared to vinyl functional
silanes, 5 benzyl nercapto functional silanes, and nethacryl functi onal
si | anes, dermnstratlng the rei nforC| ng 2c"effect of the am no functional
si | anes. mmaadcada oo SRS S S urves for electron beam
irradiated fjfla _ nt pronert es |are (10 not noticeably effected
by the addit o@ af d;nf1eJ,| de | o YP&S ol)f, suen% doupl i ng agents.
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)FI 5 shows the stress-strain curves of. non-si | ane coupling agents
whifch con@#}’lﬁg‘uam no functional group, i.e., am no-funci,k.tr luo9171

tittanat es Zi rconat es. FIG 6 shows the stress-Sstralin curves
of the effects of no silane, and two different | evels of am no si | ane
with various flame retardant fillers. _ FIG 7 shows the
stress-strain curve of 20 co 05|t|onsz%aV|n non-phosphor ous-ni trogen
(P-N) type S e stress-strain
curves of pe retardants of this
i nventi on.
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25 FIG 9 shows the stress-strain curves at |ow t enper at ur es of

Exanpl e 1 w0 9%/10842 nventi on and Conpar ati ve Exanple 3. PCT/US94/09171
.Detail ed Description of the Invention 30 Conposi tions of the i nvent i on
conprise a resin conponent containing at |east one ethyl ene-vinyl
acetate copol yner (EVA). Ethylene vinyl atx2-ate copol ymers useful in the
films of the invention contain at |l east 10% by wei ght vinyl acetate,

preferably at 35 | east 15% by weight. The resin conponent nay contain
only ethylene vinylcamedpheival ExkbmBR¥sALS9-€30! 3N &xamples 10-13
Compositions with a P-N type flame retardant and
different matrix polymer materials were prepared and
5 pressed into films. Table 9 shows these compositions
and the legend states whether the matrix polymer is
capable of forming hydrogen bonds. |
Figure 8 shows the tensile stress-strain curves
for these blends. The polymeric materials that are
10 capable of forming hydrogen bonds demonstrate greatly
improved mechanical properties with the addition of
aminofunctional silane, i.e., elimination of a yield ,
point and higher tensile values. The polymeric
materials that are not capable of forming hydrogen
15 bonds do not show this type of improvement with
addition of aminosilane. Reduced elongation is evident
in all blends containing silane coupling agent.
Without wishing to be limited by theory, it is believed
that the amino functionality of the silane provides
20 dramatic improvements in mechanical properties for
polymeric matrices capable of forming hydrogen bonds.
The PVC films used widely in electrical tapes
display excellent ambient stress-strain properties
which can be an. indication of the films handling
25 behavior. Films of this invention have similar
properties at room temperature, and also have superior
low temperature stress-strain propertles compared to
PVC films.
Figure 9 shows ambient and low temperature stress-
30 strain behavior for PVC film and low temperature
stress-strain behavior for the material of Example 1.
The shape of the Example 1 film shows no yield point
and more closely resembles the ambient PVC behavior
while the low temperature PVC curve has a yield point,
35 very low elongation, and very high ultimate tensile
strength. At low temperatures, films of this invention
have handling charifteriitisg_§gg§5;9r to PVC.
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*rubber is present ; the Tesimconperent y contain as little as 60 '

peeent aegna! Il llullluﬂﬂzm;;g&egrsgg.ygﬁms T

dlene Exanpl es ‘of tsul't abl e* di ene mononers in % ReXLE4T
limted to, conjugated di enes such as |5§Qrene but ﬂﬁ 5 Boen Rplace
2, 3- hexadi ene, and the like, and nonconj ugat ed di ene m ”l III
1, 4- pent adi engpad, 55 éQaﬁﬁéadhgne 2, 5-dimethyl-1, 5 h

4- hexadi ene and the like; cyclic dlenes such as cyclopentadlene

cycl ohexadi ene, dicycl opentadi ene, 3-methyl -
tricyclo(5,2,1)-3, 8; decadhalegennrtriels ldlledtrathlly insulating film

comprising a resin component containing:
5 a) from O to'4o parts of a rubber selected from
EP or EPDM rubber,
b) correspondingly, from 60 to 100 parts of an
ethylene vinyl acetate polymer, and
c) from 40 parts to 150 parts of ethylene

10 diamine phosphate per 100 parts of said resin
component, and
d) from 0.5 part to 5 parts of an .

amino~functional silane coupling agent per 100
parts of said resin component,

15 wherein a nonoriented film self-extinguishes in less
than 5 seconds, has an elongation at break of at least
200%, a dielectric strength of at least 1200 V/Mil, and
stress-strain behavior such that a curve showing a
first derivative of stress-strain is positive over the

20 entire curve, and a curve showing a second derivative
of stress-strain is negative over more than 50% of said
curve.

2. A halogen-free electrical tape backing N
25 comprising an insulating film according to claim 1.

&

3. An electrical tape comprising an adhesive and
a backing film, said backing film being a halogen-free,
insulating film according to claim 1.
30 |
4. A halogen-free electrically insulating film
according to any of claims 1 through 3 wherein said
ethylene diamine bhosphate comprises from 40 parts to
80 parts per 100 parts of said resin component.
35 '
5. A halogen-free electrically insulating film
- according to any of claims 1 through 4 wherein said

THIS SHEET HAS BEEN
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ialﬁenyl nor bor enes me 2- nor borene, 2- 15
nmet hal | ylwa ?Bren m \ hese pol yners ar e PR/ Hpar ed
0

by well know's emsi 8n * polynmerization techni ques.

Insul ating films of the conposition .conprise an effective anount of

et hyl ene di am ne phosphate as the 20 fIa r et ar dant agent such as that
avai l abl e commercially from Al bright &9\Ilson Insulating filns

ari no-si | anos Sty ePyRBPERRET B515ne" Pl Tncl aGert Ronith AR lenof ) )

am no sil anes am no- et h
gamma- anm nopr dhy} par'mstﬁozypartanpeandoémwﬁﬁom said mesityoxy sil ane
and trinmet hoxysshhShéne Fi I M8 of the

5 6. A halogen-free electrically insulating film

' according to any of claims 1 through 5 wherein said
amino-functional silane coupling agent is selected from
the group consisting of N-beta-(amino-ethyl)
gamma-aminopropyl trimethoxy silane and am1nopropy1

10 triethyoxy silane and trimethoxy silane.
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;! .
I nvention contain fromO0.05 part to 5 parts am no-functional -

si | ane- coupWp§/108gent , preferably from 0.1 part to 2 parts per 100 parts
r-esi n conponent. 30 Filnms of the invention may al so conpP¢EES94/09171

conventional additives such as reinforcing fillers, pi gnents such as

carbon bl ack, and TiJerr], dyes, ultrayiolet stabilizers, plasticizers,
fungi ci des, extenders, waxes, anti oxi dah gand the like, in 35 amounts
CIher useful fillers include

known to those skilled in the art.
fumed silica, calcium and magnesi um car bonates, cal cium and bari urréx 1

sul f at es, -
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;ﬁli alum num silicates, and the |like, which may be incl uded in
Il amugbasnggssh t hat they do not. interfere with t he pp&,bgﬂmgln

FIG.2

properties required. Films of the invention are usef
i nsul ati ve
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5 w fe and pi pe coatings, as insulative backi ngs for mul tilayer fil s,

and pspeci alwg.9s46842! ectrical tape backi ngs. Such filnms would al so be
usefjl for various mol ded and extruded itens such as shoe sBFEYSYMbiler

curtfains, kitchen ware and the like. 10 The filnms of the invention are

made by physically m xi ng the rubber, the_efhylene vinyl acetate

copol yner, and the ethyl ene di am ne phospha@/]gong wth any additives
inamll, mxer or extruder. The m xi ng conditions are not critical. EX.5
and such processes 15 are well known to one skilled in the art. :
Films of the invention have a stress-stain behavi or such that a curve of

the first derivative -+ EX6
- EX.7

+_

EX.C4
> EX.C5
-+ EX.C6
&

EX.C1

TENSILE STRESS, psi (Thousands) -

1

0 l | l L | 2| J
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EJLess-strain rel ati onship has a wholly positive sl ope.

This is

SLrpriS| 55?

sljope whi ch gati ve. Furt her,

that it s nostly negati ve.

an inflection point below 200% el ongati on.

fi

Ims with these 25 characteristics deno

El ectri cal

st plefin-based filnms have at 20 | east SO”&&&R@%&&Q%Pf t he
| |

a curve of the second
That neans that these filnms do not

shows
have
t apes backed with

e a vastly inproved handling

characteristic over the prior art hal ogen-
approximate the stretch and "drape”
backed el ectri cal t apes.
I nsul ation and seal i ng of

TENSILE STRESS, psi (Thousands)

0 »—
0

FIG .4

% ELONGATION
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COI’]¥Ct I ons,

as well as for acceptance by persons skilled in electrical
Tapes conpri si ng backings of the invention

nalrtenance“gnQMb
Iow t enperature performance as conpared t 8CTAISHPUTL ar t

hravg an

pol \

yielld point and is

~&

TENSILE STRESS, psi

i nprove
(vinyl chloride) backings. PVC film becones very stiff, exhibits a

brittle at the Iom1te??erature; The fiIIed bl end
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t enjper at

curlve with a

filfms of
pogitive
i nyentio

retai ns good el ongation and nechani cal properties even at

ur 890 9&/1 ﬁ%9[err]C Further, vinyl does not have a stress-strain
? y positive slope at such | ow t enper at ur eBCT/USBIN9 EH

the invention 5 do have a stress-strain curve which retains a’
sl ope even at -20[err]C. El ectrical tapes of the

n have at | east . _ é/]&
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of

;ON side of the filmbacking coated with an adhesi ve. The adhesive rfay
e

beJany conventional adhesive known in 10 the art, including but not limted

to] natur VO HRE t hernopl astic el astoners, such as bl cRKI/ESPANTer s,

t hg¢r noset adhesi ves, acrylic adhesives, silicone adhesives and the |ike.

The¢ adhesive may further conpri se such conventional additives as
~tagkifiers, 15 plasticizers, pignments, fill ﬁinitiators, crosslinking
~agents, and the like, as desired. ol | owi ng exanpl es are neant

to| be illustrative and should not be construed as limting t he scope

the invention, which is defined only by 20 the clains. One skilled in

the art would be able to
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create variations which would be wthin the spirit of t he i nvention.
Conpar ati v s are indicated b the -use of the letter "C' |n front
WO93/18H4E y VERGTE94/09171

of the exanple nunber. 25 Test
Fl ame Ret ar dance .Flame retardance was tested by the ASTM D1000 t est.
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Tey¥i | e Test Tensile strength was tested by the ASTM D1000 test
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bol;,ethylene vinyl acetate); available from Laur el
A0750 Lnopropyl triethoxy silane; available 5
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Exag es Exanpl es of typical polyner blend conpositions w th and

wi't hout the am no-functional silane coupling agent are provided by the
fornul ati or®¥Oi9%10848| ¢ 1. 10 Conpositions were nixed in a BrabREHES@911
rheomet er using a small batch m xing head with high shear paddl es at
105[err]C for 5 minutes until a uniformdi spersion of the pol ymer and
filler conponents was achi eved. Bl ends - \1%(7 essed between heated
platens to formfilms. 15 Table 1
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ELECTRICALLY INSULATING FILM BACKING 17 OCT 1994
-Background of the Invetrition ' 1
Field of the Invention

The invention relates to electrically insulative

polymeric films useful as conductive insulators and
electrical tape backings that contain no halogen
material.

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 reta:dahcy ahd good physical

properties contain some vinyl chloride. Because of
toxins produced when such compositions are burned,

the

either acc1dentally or when discarded, it is desirable

to reduce the halogen content as much as is possible,

particularly chlorlne content. However, it is

difficult to attaln both the flame retardancy and the
physical propertles such as ten51le and elongation in

an alternative product.- Thls ls espec1ally true of

' films being used for tape backlngs in the electrical

industry where the tapes nust stretch and drape 1n a

"' cértain manner to be acceptable for use.

30

35

U.S. Patent 5,017,637 dlscloses 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 v1nylacetate is: also- dlsclosed.. Metal oxide

hydrates are used as the flre-retardant compound.

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 encapsulates the particles.




25 having a thickness of 150 [err]mto 200 [err]m (6-8 mls)

1 and O are depicted in Figure 1. As can be seen fromth

there is dramatic inprovenment in mechani cal properties forf ffil ?!?%CT 1995
cont ai ning the am no-functional silane. The yield point c

di sappears, and the |ower elongation of nple 1 is evi dgénce of the

I mproved adhesi on betmeen the filler ng;the matri x pol yners.

Th h
regeib?gg ?Letgghg. % P% en%hg7ﬁog3%mdlsc oses a igg%(}e éggé%@losely

halogen-free elastomer composition containing greater
than 50% inorganic filler. Addition of a coupling
agent is not disclosed. '

EP Patent 391,336 discloses the use of a silane
coupling agent and/or an olefinic synthetic rubber in a
flame retardant composition of polypropylene and
ammonium polyphosphate or melamine modified ammonium

"'polyphosphate with one or more nltrogen-contalnlng
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organic compounds. The organofunct10nal group of the
silane can be vinyl, chloro, amino or mercapto. V1ny1
trimethoxysilane, vinyl triethoxysilane and 3-
mercaptopropyl trlmethoxy silane are preferred.
CompOSltlonS with an olefinic synthetlc rubber and
without silane are also disclosed.

'~ JP Patent 04,139,241 discloses an olefinic resin
blended with ammonium polyphosphate, a silane coupling
agent, and olefinic synthetic rubber and a petroleum
resin. An example of the silane is vinyl
trimethoxysilane. Advantages of this compound are high
electrlcal re51$tance and high bleed re51stance.

US Patent 5, 130 357 dlscloses a flame retardant
composition contalnlng polypropylene as the major
constltuent, a silane coupling agent, and/or olefinic
synthetic rubbers, ammonium polyphosphate (APP) or
melamine-modified APP and one or more nitrogen
compounds, and optionally polyethylene resin,
crosslinking agent and tniophospnate.

U.S. Patents 4,808,474 and 4,769,283 disclose a
pressure—sensitive adhesive tape backing having
improved toughness comprising blends of crystalline
1sotact1c polypropylene and compatlble flexible
polymers: (ln the former) or compatlble ethylene
contalnlng polymers (1n the latter), such polymers
lncludlng EPDM and/or EVA.
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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 plastics film layer, a
polymer blend layér, and an adhesive layer. The
plastics film layer may contain an EVA copolymer, and
EP copolymer, or a combination thereof; the polymer
blend layer contains two or more resins selected from
EVA, EP, and polyethylene.

U.S. Patent 3,941,859 discloses EPDM polymers
physica;ly blended with-polyethylene and ethylene vinyl
acetate copolymers having improved tensile strengths.
Use as wire and cable insulation ié disclosed.

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

The present inventors have found that films

. comprising ethylene vinyl acetate- (EVA) copolymers and

an elastomer selected from ethylene propylene (EP) and
ethylene propylene diene monomer (EPDM) rubbers and an
effective amount of flame retardant phosphorous-
nitrogen containing intumescent fillers and an
amino-functional silane coupling agent has tensile
stress—-strain behavior such that the first derivative
of stress with respect to strain is positive for the
entire curve, and a curve showing a second derivative
of stress-strain is negative over more than 50% of the
curve. ' o |

Further, such films will provide eiectrigal tape
backings having the feel, and handling properties of
the most popular poly(vinyl chloride) backings with no
halogen, which eliminates the release of toxic gases
into the air, and also reduces negative environmental
aspects from processing and disposal.



5 Exanpl es C2 and 2-4 Bl ends werje REPERGEMENT SHERE
sane nmanner as descri bed previously except containing varp+hRg—arduais

of am no-functional silane. Figure 2 denonstrates the gf flect _of the
amount of am no-functional silane on the 10 nmechani cal prcpertﬂé%ocﬁ}ﬁﬂﬁe
foll ow ng conpositions listed in Table 24-

Table 2 MWat eri al Ex. 2 Ex. 3 Ex. 4 Ex. |C2

Summary of the Invention
The invention provides a halogen-free,

electrically insulating film comprising a resin
component containingﬁ
5 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 about 40 parts to 150 parts of ethylene

10 diamine phosphate per 100 parts of said resin

component, and |

df from 0.5 part to 5 parts of an
amino-fun;tional silane coupling agent per 100
parfs of said resin component,

15 wherein a nonoriented film self-extinguishes in less
ﬁhan 5 éééonds,_has an elongation at break of at least
200%, a dielectric strength of at least 1200 V/Mil, and
stress-strain behavior such that a curve showing a
first derivative of stress-strain is. positive over the

20 entire curve, and a curve showing a second derivative
of stress-strain is negative over:-more than 50% of said
curve. ' oL

Insulating films of the invention are suitable for
use as an elgctridal.tape backing. Preferred

25 electrical tape backings are halogen-free electrical
tape backings comprising a resin component containing:

a) from 10 to 40 parts of a rubber selected from
EP or EPDM rubber, T

o b) correspondingly, from 60 to 90 parts of an

‘30 ethylene vinyl acetate polymer,

c) from 40 parts to 150 parts of ethylene
diamine phosphate per 100 parts of said resin
component, and

d) from 0.5 part to 5§ parts of an

35 , amino-functional silane coupling agent, per 100

parts of said resin component,



15 El vax[err] 470 80 80 - 80 89

Epsyn[err] 7506 20 20 20 20 REPLAGE SHEET 1
50 50 50 50 A1100 0.8 | 0.6

1.0 0 | rganox[err] 1010 0.15 0.15 D. %57 OCT 199615
20 As addition of am no-functional silane increase, t he shape

of the stress-strain curve remains -5-

wherein a nonoriented film self-extinguishes in less
than 5 seconds, has an elongation at break of at least
200%, a dielectric stréngth of at least 1200 V/Mil, and
the stress-strain behavior described above.

The invention also provides electrical tapes
comprising a halogen-free backing film,comprising a
resin component containing:

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

EP or EPDM rubber,

10 b) correspondingly, from 60 to 100 parts of an
ethylene vinyl acetate polymer,-
c) from 40 parts. to 150 parts of ethylene
diamine phosphate per 100 parts of said resin
~component, and
15

20

25
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d) from 0.5 part to 5 parts of an amino-functional
~ silane coupling agent, per 100 parts of said resin

component, -
wherein said tape self-extinguishes in less than 5§
seconds, has an elongation at break of at least about
200%, a dielectric strength of at least 1200 V/Mil, and
a stress-strain curve as described above, and an
adhesive coated on one major surface of said backing.

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

-

Description of the Drawings

FIG. 1 shows the stress-strain curve for Example 1

and Comparative Example 1 films having thicknesses of:
150 gm to 200 gm (6-8 mils).

As can be seen from the figure, there is dramatic
improvement in mechanical properties for films
The y}eid
point completely disappears, and the lower elongation

containing the amino-functional silane.

of Example 1 is evidence of the improved adhesion
between the filler and the matrix polymers.
FIG.

having various amounts of amino-functional silane.

2 shows the stress strain curves for films



approxi mately the sane al though slight increases in t ensi

reductions in ultinate el ongation 25 occur with highér sil ane

stress-strain behavi or of plasticized vinyl (PVC) filmis

conparison of the relative shapes of the curves (Exanpl e g

Conpositions for several blends containing a 30 phosphorous-ritrogen flane

retardant (EDAP) and vari ous coupling afents including a comrpesitian .

with no coupling_agent were hot nelt m xed and 3res§ed into films as
es for films

descri bed previ ousl JI@nd3afBomWssiSSF eSS BiH N Cur
' wherein the type of silane is varied. Films containing

the amino functional silanes exhibit a dramatically
changed curve as compared to vinyl functional silanes,
5 benzyl mercapto functional silanes, and methacryl
functional silanes, demonstrating the reinforcing
effect of the amino functional silanes. ' "’
- FIG. 4 shows the stress-strain curves for electron
beam irradiated films. Flame retardant properties are
10 not noticeably effected by the addition of differing ‘
types of silane coupling agents.

FIG. 5 shows the stress-strain curves of
non-silane coupling -agents which contain an amino
"functional group, i.e., amino-functional titanates and

15 zirconates. T
] FIG. 6 shows the stress.strain curves of the
effects of no silane, and two different levels of amino
silane with various flame retardant fillers.

FIG. 7 shows the stress-strain curve of

20 compositions having non-phosphorous-nitrogen (P-N) type
flame retardants. a _

FIG. 8. shows the stress-strain curves of various
matrix polymers -with P-N type flame retardants of this
invention. '

25 FIG. 9 shows the stress-strain curves at low
temperatures of Example 1 of the invention and
Comparative Example 3.

Detailed Description of the Invention
30 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

35 least 15% by 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
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rubber is present, the resin component may contain as
little as 60 percent EVA copolymer.

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

5 to 3% diene. '

‘Examples of suitable diene monomers include, but
are not limited to, conjugated dienes such as isoprene,
butadiene, 2,3-hexadiene, and the like, and
nonconjugated dienes such as 1,4—peﬁtadiene, 1,5~

10 hexadiene, 2, S5-dimethyl-1, 5 hexadiene, 1, 4-hexadiene
and the like; cyclic dienes such as cyclopentadiene,
cyclohexadiene, dicyclopentadiene, 3-methyl-
tricyclo(s,z,1)-3,8-deéadiene, and the like, and
alkenyl norborenes such as 5-ethylidene-2-norborene,. 2-

15 methallyl-5-norborene, and the like. These polymers
are easily prepared by well know solution or suspension
polymerization techniques.

Insulating films of. the composition comprise an
effective amount of ethylene diamine phosphate as the

20 flame~retardant agent, such as that available
commercially from Albright & Wilson.

_Insulating films of the invention also comprise an
amino silane coupling agént. Useful amino silanes
include, but are not limited to, N-beta-(amino-ethyl)

25 gamma-aminopropyl trimethoxy silane and amihopfopyl'.
triethyoxy silane and trimethoxy silane. Films of the
invention contain from 0.05 part to 5 parts
amino-functional silane-coupling agent,preferably from
0.1 part to 2 parts pér 100 parts resin component.

30 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

35 amounts known to those skilled in the art.

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



i.e., with 80 parts Elvax[err] 470, 20 parts Epsyn[err] 7 O&EPLACEWTD%EH

EDAP, and 0. 15 part Irganox[err] 1010. However, 5 the tygeq of sil ane
coupling agent were varied. The Exanpl e nunbers and typgs qﬂ'gcnap86afe
listed below in Tabl e 3. Table 3

Silane Ex 5 Ex 6 Ex 7 Ex C4 Ex CQg.Ex C6 AJ100

aluminum silicates, and the like, which may be included
in small amounts, such that they do not interfere with
the physical properties required.

Films of the invention are useful as insulative

5 wire and pipe coatings, as insulative backings for
multilayer films, and especially, as electrical tape
backings. Such films would also be useful for various
molded and extruded items such as. shoe soles, shower
curtains, kitchen ware and the like.

10 The films of the invention are made by physically
mixing the rubber, the ethylene vinyl acetate
copolymer, and the ethylene diamine phosphate, along
with any additives in a mill, mixer or extruder. The

- mixing conditions'are_not critical, and such. processes

15 are well known to one skilled in the art. -

Films of the invention have a stress-stain
behavior such that a curve of the first derivative
stréss-strain relationship has a wholly positive slope.

~ This is surprising, as most olefin-based films have at

20 least some portion of the slope which is negative.
Further, a curve of the second derivétive shows that it
is mostly negative. That means that these films do not
ha§e an inflection point below 200% elongation.
£lectrical tapes backed with films. with these

25 characteristics demonstrate a vastly improved handling
characteristic over the prior art halogen-free films;
i.e., they approximate the stretch and. "drape"
characteristics of vinyl.chloride backed electrical

, tapes. This is extremely critical for proper

30 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

35 prior art poly(vinyl chloride) backings. PVC film
becomes very stiff, exhibits a yield pbint and is
brittle at the low temperature. The filled blend
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1 Tensil e stress-strain curves are shown in Figurg 3 17 OGT 1996
films of the conpositions listed in Table 3 and
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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 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 rubbér,
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,
cfbsslinking 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. ' '



20 film Cl shown in Table 1. The am no-functional silanes ’ REBhHE@ENEWgEET
shape of the stress-strain curve dramatically conpared]{tq(
benzyl, mercapto and nethacryl functional silanes. The z,aosf_ ¢.€3§9
does contain an am no functional group, but it is 25 centrpl oca 6

wi thin the nolecule and,for stearic consi derations, is}n
accessible to interact with the pol yngp=~ The primary ffunctionality of
this silane is vinyl. These non-am no silanes, including

may have sone reinforcing effect ovéLJmﬂ_bﬂﬂﬁﬁiEtlonS wi t hout silane, but
not nearly the e”efénslleoﬁ’ﬁf‘é V‘?SE fEkeeq ¥ gc%%”%s '@i@o&%@ﬁ ng
e

agents. Qf dry and wet “dielectric propérties an

5 Glossary of Materials
Elvax™ 470 poly(ethylene vinyl acetate) copolymer,

18% vinyl acetate;- available from DuPont
Epsyn™ 7506 ethylene-propylene’ terpolymer; 77%
ethylene; 5.5C/100C unsaturated-

10 ‘ _ available from Copolymer
LDPE low density polyethylene 1017; available
from Chevron ; -
PP-PB amorphous polypropylene-polybutylene
. copolymer; available from Eastman
15 LDX 314 experimental ethylene methyl acrylate-
acrylic acid terpolymer; available from
Exxon
EVOH 27 poly(ethylene vinyl alcohol); 27% vinyl
alcohol; available from EVALCO
20 IFR 10 ammonium polyphosphate based flame

retardant filler; -available from
: Hoechst-Celanese
IFR 23 "~ ammonium polyphosphate flame retardant
' filler; available from Hoechst-Celanese
25 Phoschek P40 ammonium polyphosphate based flame
retardant filler; available from

Monsanto
Exolit 422 ammonium pél}phosphate based flame
' retardant filler; available from
30 Hoechst-Celanese
EDAP ethylene diamine phosphate; available
from Albright & Wilson
DE83R decabromodiphenyl oxide flame retardant
filler; available from Great Lakes Chem.
35 Corp.
Solem 932 alumina trihydrate; available from J.M.

Huber
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EVA8SH antimony trioxide concentrate in
poly(ethylene vinyl acetate); available
from Laurel .

A0750 aminopropyltriethoxy silahe; available

5 from Union Carbide
Al51 '~ vinyltriethoxy silane; available from

Union Carbide
Al100 aminopropyltrimethoxy silane; available
from Union Carbide
10 21120 N~beta-(aminoethyl) -gamma-
aminopropyltrimethoxy silane; available
from Union Carbide

1130 triamino-functional silane; available
from Union Carbide ,
15 Al74 gamma-methacryloxypropyltrimethoxy
silane; available from Union Carbide
M8500 3-mercaptopfopyltrimethoxy siiane;
available from Huls Petrarch
26032 N-{2(vinyl benzyl amino)-ethyl]-3-
20 aminopropyltrimethoxy silane; available

_ ~ .from Dow Corning -- -
Lica 44 neopentyl(diallyl)oxy, tri(N-
ethylenediamino)ethyl titanate;
.available from Kenrich -
25 Lica 97 : neopentyl(diallyl)oxy, tri(m-amino)
' phenyl titanate; available from Kenrich
L44/H 2,2 (bis-2-propenolatomethyl)butanlato,
tri(N-ethylaminoethylamino) titanate;
available from Kenrich
30 NZ44/H 2,2 (bis-2-propenolatomethyl)butanlato,
tri(N-ethylaminoethylamino) zirconate;
available from Kenrich '
LS7/H 2,2 (bis~2-propenolatomethyl)butanlato,
tri(m-amino) phenyl titanate; available
35 from Kenrich
Nz97/H 2,2 (bis~2-propenolatomethyl)butanlato,
tri(m-amino) phenyl zirconate; Kenrich



-15- addi tion of various coupling agents and w t hout RHﬁﬁSFMﬁNFé%%ﬁI
are listed in Table 4. Table ¥ 5

BURN TI ME DI ELECTRI C STRENGTH {SedohOET 1994
(VI.ml) EXAVPLE - DRY WET

1 1653 537 -126 L_i

1534 518 10 7 1 341

o541 Irganox 1010 hindered phenolic antioxidant; available

from Ciba Geigy
Irganox 1035 hindered phenolic antioxidant; available
from Ciba Geigy

Examples
Examples of typical polymer blend compositions
with and without the amino-functional silane coupling
agent are provided by the formulations in Table 1.

10 Compositions were mixed in a Brabender™ rheometer using
a small batch mixing head with high shear paddles at
105°C for 5 minutes until a uniform- dispersion of the
polymer and filler-componeénts was achieved. Blends
were pressed betwéen.heated platens to- form films.

15
| Table 1
ﬂ Materials Example 1 (Parts) Example C1
t Exvax™ 470 80 - 80
Epsyn™ 7506 20 20
20 EDAP . 50 50
A0750 | 0.15 ' —
Irganox™ 1010 0.15 0.15

The tensile properties of Example 1 and Cl1 films
25 having a thickness of 150.#ﬁ to 200 um (6-8 mils) of
Examples 1 and Cl are depicted in Figure 1. As can be
seen from the figure, there is dramatic improvement in
mechanical properties for films containing the
anino-functional silane. The yield point completely
30 disappears, and the lower elongation of Example 1 is
evidence of the improved adhesion between the filler
and the matrix polymers.
The shape of the curve for the composition of
Example 1 more closely resembles the behavior of
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of amino-functional silane.

Examples C2 and 2-4
Blends were prepared in the same manner as

described previously except containing varying amounts

Figure 2 demonstrates the

effect of the amount of amino-functional silane on the
mechanical properties for the following compositions
listed in Table 2. N

- " Table 2
Material "Ex. 2 " Ex. 3 Ex. 4 Ex. C2
=
Elvax™ 470 80 80 80 80
Epsyn™ 7506 20 20 20 20
EDAP 50 50 50 50
A1100 0.3 0.6 1.0 0
Irganox™ 1010 0.15 0.15 0.15 0.15

As addition

of amino-functional silane increases,
the shape of ‘the stress-strain curve remains

approximately the same although slight increases in
tensile strength and reductions in ultimate elongation

occur with higher silane contents.

(Example C3).

The stress-strain
behavior of plasticized vinyl (PVC) film is shown for
comparison of the relative shapes of the curves

Compositions for several blends containing a

phosphorous-nitrogen flame retardant (EDAP) and various

coupling agents including a composition with no

coupling agent were hot melt mixed and pressed into

films as described previously and are listed in Table
- 3.




properties and flanmmability tests of these conpounds. 25 REFﬂNC
conpositions listed in Table 3 were exposed to electronfb

at a dose of. 15 megarads. Tensile properties of irradiptpd sanples are
shown in Figure 4 and burn time and dielectric strength |r7£Mthgg
sanples are shown in Table 5. 30
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Examples 3-5 and C3-CS5
These examples were made similar to Example 1,

i.e., with 80 parts Elvax™ 470, 20 parts Epsyn™ 7506,
50 parts EDAP, and 0.15 part Irganox™ 1010. However,

5 the types of silane coupling agent were varied. The
Example numbers and types of silane are listed below in

Table 3.
Table 3
10 | silane | Ex 5—- Ex 6 | Ex 7 | EXx C4 | Ex C5.{ Ex C6
L . <.
A1100 1
a1120 | 1
A1130 "1
A174 | 1
15 | mssoo . 1
26032 1

_—-—- — |

Tensile stress-strain curves are shown in Figure.B
for films of the compositions listed in Table-3 and
20 film cC1 shown in Table 1. The amino-functional silanes
change the shape of the stress-strain curve
dramatically compared to the vinyl, benzyl, mercapto
and methacryl functional silanes. The 26032 silane
does contain an amino functional group, but it is
.25 centrally located within the molecule and,foﬁ'stearic
considérations, is not freely accessible to in;eract
with the polymer. The primary functionality of this
silane is vinyl. These non-amino silanes, including
the 26032, may have some reinforcing effect over
30 compositions-without silane, but not nearly the effect
obtained with amino-functional silane couplfﬂg agents:
The dry and wet dielectric properties and the
flame retardance of these compositions with the
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30

addition of various coupling agents and without
coupling agent are listed in Table 4.

Table 4
BURN TIME DIELECTRIC STRENGTH
Seconds _ (V/mil)
EXAMPLE DRY WET
5 1 1653 537
6 1 1534 518
7 1 1361 541
c4 1 1756 535
cs 1 1856 542
cé 1 1589 536
c1 1 © 1327 522

The dielectric properties of compositions using
most types of coupling agents are improved over
compositions without coupling agent. No advantage of
amino-functional silanes, compared to other silanes, is
evident here. Flame retardant properties are not
noticeably affected by the addition of different types
of silane codpling agents. Amino-silane coupling
agents perform similarly to other silanes in dielectric
properties and flammability tests of these compounds.

Films of the compositions listed in Table 3 were
exposed to electron beam radiation at a dose of 15
megarads. Tensile properties of irradiated samples are
shown in Figure 4 and burn time and dielectric strength
of irradiated samples are shown in Table 5.



c4 1 1940 523

1654 515 10 C6 2
543 C1 1 1079
Irradi ati on of these conpositions changes the tensile
crosslinking the polyneric 15 matrix, but the effect of the
am no-functional silane on the tensilq_fgpperties Is sfill obv
conpared to i rradi ated conpositions contai ning no coupri ent .
Al though the curves are shifted togethepaug@ns irradiation, clos€
exam nation reveals.that blends with =
BURN TIME DIELECTRIC STRENGTH
(V/mil)
EXAMPLE . DRY WET
5 . 5 1l 1597 - 527
N 6 2 1836 542
7 2 1259 532
C4 1 1940 523
Cs 1 1654 515
10 cé6 2 1359 543
Cl 1 1079 525

Irradiation of these compositions changes the
tensile properties by crosslinking the polymeric

1s ﬁétrix, but the effect of the amino-functional silane
on the tensile properties is still obvious compared to
irradiated compositions containing no coupling agent.
Although the curves are shifted together- upon
irradiation, close examination reveals .that blends with

20 non-amihq functional silanes have an inflection point,
a change from negative to positive second derivative of
stress with respect to strain, below 200% elongation.’

Blends containing amino-functional silane exhibit
an infléc;ion point after irradiation,. which. is -

25 charactefistic of crosslinked materials, but this
occurs at elongations higher than 200%.. Tensile
properties of irradiated films containing non-amino
functional silanes do not.éhow the reinforcement seen
with amino-functional silane coupling agents.

30 Irradiated samples containing silane coupling
agents demonstrate improvements in dry dielectric
strength over samples-without silane coupling agents,
and amino silanes appear to perform similarly to other
silanes, as was noted in non-irradiated samples.

35 Irradiation has no obvious effect on flame retardance
or dielectric properties.



20 non-am no functional silanes have an inflection point, aR ﬁ%ﬁEﬂMEWWOSWEET
negati ve to positive second derivative of stress with respe¢t to STT=aR

bel ow 200% el ongat i on. Bl ends cont ai ni ng ani no-funct} o aI17idé’n?99
exhi bit an inflection point after irradiation,.which is 6
characteristic of crosslinked naterials,;? t this occurs fat erongs

hi gher than 200% . Tensile properties of irradiated fil ntainihg
non-am no  functpggah i$ n sh bheuhekRbR: t 53&3} '
am no-functi onal si%a%elggtgﬂﬁﬁﬁggdéﬁ%g. @3& Pu Ir?a&fgﬁé 'samples
cont ai ni ng si FhAR EddpRienFoupkipmtagerhtnstraneti Agronatsate ithalry
dielectric qghmgRaEh ittovat@t€SiN £8AHE 181 E@PeseCERralih 3 ior .
Blends containing amino-functional titanates and
5 " zirconates are described in Table 6 and tensile
properties of hot melt mixed and pressed films are
shown in Figure 5. ' '

Comparative Examples C7-~-C12
10 These Examples were made similar to Example C1,

i.e., with 80 parts Elvax™ 470, 20 parts Epsyn™ 7506,
50 parts EDAP, and 0.15 part Irganox™ 1010. However, .
these examples use amino-functional titanates and
zirconates in place of amino functional silanes of

15 compositions of the invention as coupling agents. The
coupling agents are listed for each Example in Table 6.

Table 6

Ex. No./ Ex. Ex. Ex. Ex. Ex. Ex. Ex.

20 Ingred Cl Cc7 c8 163°] C10 'Cll C12
. LICA 44 O— 0.3

LICA 97 | 0.3

L44/H ' 0.3

NZ44/H 0.3
25 L97/H 0.3

NZ97/H _ 0.3

Addition of these non-silane amino-functional
coupling agents reduces the.elongation of the.

30 compositions and increases the tensile values somewhat,
:éimilar to non-amino silane coupling agents, but does
not dramatically imprpve the tensile valges or the
shape of the stress-strain curve as does the amino
functional silane coupling agents.



NErLAVENVILIND Jillkld
and am no silanes appear to performsimlarly to other sifl anes, as was
noted in non-irradiated sanples. 35 Irradiati on has no obvi gug et7RECT 4996
fl ame retardance or dielectric properties.
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Comparative Examples €13-C26 and Examples 8 and 9

Compositions containing various P-N flame
retardant fillers are listed in Table 7. The effect of
0.3 phr and 1.0 phr of an amino-functional silane on

5 these compositions is also shown in Figure 6. EDAP is
the only flame retardant that demonstrates the desired
improvement in stress-strain properties. The other
systems show very little change in tensile stress-
strain properties with the addition of amino-functional

10 silane coupling agent.

Most of the commercial phosphorous-nitrogen type
flame retardants (inclﬁding those tested) are composed
primarily of ammonium polyphosphate. EDAP is an
exception. EDAP has tri-hydroxyl functionality that

15 imparts some level of acidity to this filler. Without
wishing to. be bound by theory, it is believed. that this
causes the EDAP to be more reactive than the APP
compounds with the hydrolyzable groups of the silane.
-Infrared analysis was conducted on samples.of EDAP,

20 EDAP in EVA/EPDM and EDAP in EVA/EPDM with amino-
functional silane. The spectra indicate no chemical
‘reaction between the EVA and the EDAP with or without
the amino-functional silane. Hydrogen bonding would
not be detectible as a chemical reaction.

25 |

Comparative Examples C27-C36

Films of flame retardep,compositions that do not
contain P-N type flame reﬁardants were prepared that
contain various types of silane coupling agents. These

30 are described in Table 8 and the tensile properties of
these films are shown in Figure 7. The shape of the
stress-strain curve is not affected by the different
type of functionality of the silane coupling agent,
although the addition of a silane of any type provides ’

35 a small improvement in tensile properties when compared
with the properties of compositions containing no
silane coupling agent.
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agents, do not denonstrate the dramatic i nprovenent in teqsifle
stress-strai n behavi or. Bl ends contai ni ng am no-functionalj tfit&7aQ€? 1
5 zirconates are described in Table 6 and tensile propertifes of hot nelt
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coupling agents reduces the el ongation of- the 30 conpositions aﬁgPhMHWQW$

ShEeT

the tensil e val ues sonewhat, simlar to non-am no silane cpupl i NO
agents, but does  not dramatically inprove the tensile val ues or17?ﬁ:g
shape of the stress-strain curve as does the am no functi gngl si'l 1996

coupl i ng agents.
REPLACEMENT SHEET ' =22-

Comparative Examples C37-C40 and Examples 10-13
Compositions with a P-N type flame retardant and

different matrix polymer materials were prepared and
5 pressed into films. Table 8 shows these compositions
and the legend states whether the matrix polymer is
capable of forming hydrogen bonds. '
Figure 8 shows the tensile stress-strain curves
for these blends. The polymeric materials that are
10 capable of forming hydrogen bonds demonstrate greatly
improved mechanical properties with the addition of
aminofunctional silane,-i.e., elimination of a yield
point and higher tensile values. The polymeric
materials that are not capable of forming hydrogen
15 bonds do not show this type of improvement with
addition of aminosilane. Reduced elongation is evident
in all blends containing silane coupling agent.
Without wishing to be limited by theory, it is believed
that the amino functionality of the silane provides
20 dramatic improvements in mechanical properties for
polymeric matrices capable of forﬁing hydrogen bonds.
The PVC films used widely in electrical tapes
display excellent ambient stress-strain properties
which can be. an. indication of the films handling
25 behavior. Films of this invention have similar
properties at room temperature, and also have superior
low temperature stress-st:ain properties compared to
PVC films.
Figure 9 shows ambient and low temperature stress-
30 strain behavior for PVC film and low temperature
stress-strain behavior for the material of Example 1.
The shape of the Example 1 film shows no yield point
and more closely resembles the ambient PVC behavior
while the low temperature PVC curve has a yield point,
35 very low elongation, and very high ultimate tensile
stréngth. At low temperatures, films of this invention
have handling characteristics superior to PVC.
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10 silane coupling agent. Most mmmﬂlt
phosphor ous-ni trogen type flame retlmmltml g thoge

conposed primarily of annonlun1polyﬁhosphate EDAP is an
EDAP has tri - hydroxyl functlonalltylthat 15 inparts sone | evel
tothis filler. Wthout wi shing to be bound by theory,

that this causes the EDAP to be nore +paetive than the APP
with the hydrol yzable %_oups of the silane. I nfrared anatys
conducted on ¥aa#l ds &laEnped P9: EDAP in EVA EPDM and EDAP in EVA

am no- functional silane. The spectra indicate no chem cal reaction

bet ween the EVA and the EDAP with or w thout
A halogen-free, electrically’ insulating film

comprising a resin component containing:

s 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, and
c) from 40 parts to 150 parts of ethylene

10 diamine phosphate per 100 parts of said resin

- component, and |

d) from 0.5 part-to S parts of an
amlno-functlonal 511ane coupling agent per 100
parts of said resin component,

15 wherein a nonoriented film self-extinguishes in less
than 5 seconds, has an elongation at break of at least
200%, a dielectric strength of at least 1200 V/Mil, and
stress-strain behavior such that a curve showing a
first derivative of stress-strain is positive over the

20 entire curve, and a curve showing a second derivative

 of stress-strain is negative over more than 50% of said
curve.

2. A halogen-free electrical tape backing
25 comprising an insulating £film according to claim 1.

3. An electrical tape comprising an adhesive and
a backing film, said backing film being a halogen-free,
insulating film according to claim 1.
30
4. A halogen-free electrically insulating film
according to any of claims 1 through 3 wherein said
ethylene diamine bhosphate comprises from 40'parts to
80 parts per 100 parts of said resin component.
35
' 5. A halogen-free electrically insulating film
according to any of claims 1 through 4 wherein said



t he am no-functional silane. Fwdrogen—bgndLﬂg_mgng__Exnot b-’ﬂéﬂﬁugfp
a chemcal reaction. 25 ! ; ‘
Films of flame retarded conpositi ns”llmH @HE’”U!&OM aifn fP- izt

retardants were prepared that tont*al e varl
agents. These 30 are described in:Table 8 and the tensi

these filnms are shown in Figure 7. The shape of the st
is not affected by the different type g% functionality of t'
coupling agent, al though the addi tion~ a silane of any type prOV|des

35 a small i rovenent in tensile properti G
mgmlno functional 511§nepcouﬁilﬁg“g§e égﬁﬁklses from

0.1 part to 2 parts per 100 parts of said resin

component.

5 6. A halogen-free electrically insulating film
according to any of claims 1 through 5 wherein said
amino-functional silane coupling agent is selected from
the group consisting of N-beta-(amino—-ethyl)
gamma-aminopropyl +rimethoxy silane and amlnopropyl

10 triethyoxy silane and trimethoxy silane.



mﬁgh the properties of conpositions containing no. “silane i ng agent.
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ELECTRICALLY INSULATING FILM BACKING

ABSTRACT

A halogeﬁ-free, electrically insulating £ilm
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 polymexr; c) from 40 parts to
150 parts ethylene diamine phosphate per 100 parts of
said resin component; and d) from 0.5 to 5 parts of
an amino-functional silane coupling agent per 100
parts resin component; wherein a nonoriented £ilm
self-extinguishes in less than 5 seconds,. has an
elongation at break of at least 200 %, a dieletric
strength of at least 1200 V/Mil, and said film has a
stress-strain relationship such that a curve showing
a first derivative of stress versus strain is positive
over the entire curve, and a curve showing a second
derivative of stress versus strain is negative over

more than 50 % of sald curve.
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different matrix polynmer naterials were prepared and 5 presqe®REPp4 7,

Tabl e 9 shows these conpositions and the | egend states whet +-1E
matri x polyner is capabl e of form ng hydrogen bonds. F'?ure 8
shows the tensile stress-strain curves for these bl ends. pi) MM
materials that are 10 capabl e of form ng ghydrogen bonds de ate greatly
| nproved nechani cal properties with the addition of am ngfuncti ona
silane, i.e., elimnation of a yield poi nt and hi gher ternst -
The pol yneric materials that are not capable of form ng hydrogen 15
bonds do not show this type of inprovenent with addi ti on of am nosil ane.
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in all blends containing silane coupling agent. ~Wthou R’-EMCEMENPSFIEET
limted by theory, it is believed that the am no functj gnalT Ty =6+t

silane provides 20 dramatic inprovenents in mechani cal prfoger i or
polynmeric matrices capabl e of form ng hydrogen bonds. t'?ﬁéci?ml I

used widely in electrical tapes di spl gy -excel | ent anbfe -strafn{
properties whi ch can be an indication of the filnms hahdling 25 behavTor
Films of this invention have simlar properties at room and
al so have superior  -low tenperature stress-strain properties conpared to
PVC fil ns. Figure 9 shows anbient and | ow tenperature st+8sfEX C1
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PVC filmand | ow tenperature stress-strain
- The shape of the Exanple 1 film
PYS-behavi or

30 strain behavior for
behavior for the material of Exanple 1.
shows no yield point and nore closely resenbl es the anbie tR

while the | ow tenperature PVC curve has a yield point, 35 very
el ongation, and very high ultimte tensiél e strength. At Ifoy
tenperatures, filns of this invention have handl i ng char Ac erjy&kﬁgawﬁ

superior to PVC
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1. . A halogen-free, electrically insulating film conprimﬁg‘

conponent containing: 5 a) fromO to 40 parts of afr
from EP or EPDM rubber, b) corresponding
100 parts of an et hyl ene vinyl acetate polyner,
from40 parts to 150 parts of ethylene 109 . di am ne phosptre
parts of said resin conponent, and d)
parts of an am no-functional silane coupling agent per
parts of said resin conponent, 15 wherein a nonoriented film
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than 5 seconds, has an elongation at break of at | east
dielectric strength of at |least 1200 VVMI, and stri
such that a curve showi ng a first derivative of str¢sg-s
positive over the 20 entire curve, and a curve show ngf af se

rve?qu%va |
2. A halogen-free electrical tape backing 25 conprisilng an insurat+ag ffi | m
according to claim1.
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3. An electrical tape conprising an adhesive and a bac

backi ng fil mbeing a hal ogen-free, I nsul ating film accorldil
30 4. A halogen-free electrically insulating film
any of clainms 1 through 3 wherein said et hyl ene di am ne
conprises from40 parts to 80 parts per-100 parts of sajd}resin
conponent. 35 5. A halogen-free electrically insufa '
according to any of clainms 1 through 4 wherein said
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- 25- am no-functional silane coupling agent conprises from 0.1 part
to 2 parts per 100 parts of said resin .
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conponent . 5 6.

according to any of claims 1 through 5 wherein said

silane coupling agent is selected from
ganma- am nopropyl trinet hoxy si lfarje amm

N- bet a- (am no- et hyl)

A hal ogen-free electrically insulating f|Im

10 triethyoxy silane and trinethoxy siltane.-
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ELECTRICALLY INSULATING FILM BACKING

ABSTRACT

A halogen-free, electrically insulating £ilm
comprising a resin component containing: a) from 0 to
40 parts of a rubber selectéd from EP or EPDM rubber;
b) correspondingly, from 60 to 100 parts of an
ethylene vinyl acetate polymer; c) from 40 parts to
150 parts ethylene diamine phosphate per 100 parts of
said resin component; and d) from 0.5 to 5 parts of
an amino-functional silane coupling agent per 100
parts resin componeht; wherein a nonoriented £ilm
self-extinguishes in less than 5 seconds, has an
elongation at break of at least 200 %, a dieletric
strength of at least 1200 V/Mil, and said £ilm has a
stress-strain relationship such that a curve showing
a first derivative of stress versus strain is positive
over the entire curve, and a curve showing a second
derivative of stress versus strain is negative over
more than 50 % of said curve.

FIGURE 1




