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This invention relates to a process of improving the di-
electric life of polymeric thermoplastic materials useful
as electrical insulation and to the product of such process,
and, more particularly, to a coated polyethylene tereph-
thalate film having an improved dielectric life.

Polyethylene terephthalate film, particularly oriented
film (film which has been stretched and/or rolled in two
directions and heat-set at elevated temperatures within
the range from 150°~250° C.) has been found to possess
a unique combination of electrical, physical and chemi-
cal properties which make it outstanding for use as a di-
electric. This is particularly true of polyethylene tereph-
thalate film which has been stretched and/or rolled to
substantially the same degree in both directions, e.g., 3X,
where X equals the original dimension of the film, to ob-
tain a substantially “balanced” film, which means that

“the physical properties of the film as measured in both

directions are substantially the same. The oriented, heat-
set, polyethylene terephthalate film is outstanding as a
dielectric because it retains a considerable percentage of
its electrical properties, strength and durability at elevated
operating temperatures. Consequently, the film is par-
ticularly useful as a dielectric in capacitors, motors, gener-
ators, transformers, etc., at not only moderate operating
temperatures, but also at ambient temperatures approach-
ing 150° C.~175° C.

In extending the usefulness of polyethylene terephthal-
ate and like thermoplastic polymeric film dielectric to a
wider variety of electrical end uses, it became apparent
that the dielectric life of the film required improvement,
particularly for use in equipment subjected to high volt-
age stresses. As employed herein, the term “dielectric
life” of the polymeric thermoplastic film applies to the
actual time that a particular film may be subjected to a

particular voltage stress under conditions of corona dis--
.charge before actual physical breakdown, i.e., rupture, of

the film dielectric.

It is the action upen the polymeric film dielectric of
corona discharge (in air or other gaseous medium) which
causes actual physical breakdown of the film under condi-
tions of a particular voltage stress (a potential difference
large enough to produce a visible discharge but not large
enough to produce instantanecus breakdown). Obvious-
1y, the lower the voltage stress, the longer the dielectric
life of the film. “Corona discharge” is defined as the dis-
charge of electricity which appears upon the surface of
a conductor when the potential gradient exceeds a certain
value. For example, when a continuous potential applied
to a pair of narrow wires is slowly increased, the volt-
age will be reached at which a hissing noise is heard, and
a pale violet light is visible (in the dark) around the
wires. This voltage is defined as the “critical visual
corona point.” Corona is due to ionization of the air
or surrounding gases (it does not.occur in a vacuum).
That is, the air in the ionized region is conducting, and this
results in increasing the effective diameter of the con-
ductor. For example, even though a film dielectric is
wound tightly around a wire, air is not entirely excluded
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from -the space. between the conductor and the film di-
electnc, and it is the air or other gaseous medium which
is ionized. The corona envelopes a conductor as a con-
centric cylinder, and the outside diameter becomes such
that the gradlent at that point decreases to the rupturing
point of the air. Beyond this point, the corona cannot
increase for the constant applied voltage because the
gradient decreases with increasing radial distance from
the wire. The glow or breakdown of the surrounding air
starts first at the pomt of maximum gradient or at the
conductor surface. It is the bombardment of the dielec-
tric film with ions or electrons that actually results ini-
tially in roughening or pitting the surface of the film. As
the bombardment continues, the film eventually ruptures;
hence, this causes short circuits owing to the physical
failure,

These objects are realized in accordance with the pres-
ent invention which, briefly stated, comprises providing
a dielectric base ﬁlm of thermoplastlc polymeric material,
e.g., polyethylene terephthalate with a relatively thin, ad-
herent, continuous coating consisting essentxally of a low
molecular weight polymeric siloxane resin having from
0.05 to 2 silicon-bonded alkoxy radicals per silicon atom,
and a titanium organic compound having :the formula:

R
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wherein R is a member of the group consisting of alkyl
radicals and acyl radicals of the formula R”C=0 where
R” is alkyl, R’ is an alkyl radical containing from 1 to 8
carbon atoms, and x is an- mteger from 2 to 10, the
weight ratio of the siloxane résin to the tltanlum orgamc
compound ranging from 1/3 to 3/1. :

The present invention will be further descrlbed speCIﬁ-i
cally: with respect to improving the dielectric life of poly-
ethylene terephthalate film, but it should be understood
that the invention is applicable as well to enhancing the
dielectric life of other types: of unplasticized. polymeric
thermoplastic films useful as dielectrics, such as films of
polyethylene, polytetrafluoroethylene, polystyrene, poly-
amides, etc.

The silicone resins which may be employed in prepar-.
ing the coating compositions of this invention-are ‘those
low molecular weight polysiloxanes having 2-50 siloxane
Si—O units in the polymer chain. The preparation of
these compounds is fully described in U.S.P. 2,584,342
issued to Goodwin and Hunter. These polys1loxanes are

" prepared by the partial hydrolysis of the silanes -of ‘the

type R,SiX,_, where R is a saturated aliphatic radical
of less than 7 carbon atoms or a monocyclic aryl radical
and X is alkoxy or chlorine and » has a value from 0.9
to 2.1. - These partially hydrolyzed polysiloxanes are usu-
ally mobile liquids in which the functional groups are al-
koxy. " These polysiloxanes contain from 0.9 to 2.1 sili-
con-bonded monovalent hydrocarbon radicals per silicon
atom and from 0.05 to 2 silicon-bonded alkoxy radicals
per silicon ‘atom, the remaining valances of the silicon
being satisfied by oxygen atoms, of an Si—O-—Si linkage..
A preferred polysiloxane employed in the coating compo-
sition of the present invention is dimethyl triphenyl tri-,
methoxy trisiloxane (“Sylkyd” 50—manufactured by the
Dow-Corning Corporation). The -amount of siloxane
resin in the coating may vary from 25% to 75% of the
total weight of resin and titanjum organic compound; and:
is preferably within the range of 40-60%.

The titanium organic compounds utilized in the com-
pounding of the coating compositions -characteristic' of
the present invention are preferably either organic: esters.
of orthotitanic acid having a formula Ti(OR’), where R’



2,920,985 , o

3

is an alkyl radical containing 1 to 8 carbon atoms, or acyl
alkyl polytitanates obtained by the acylation of ortho
esters of titanium through the admixtures and reaction of
carboxylic acids and water with a titanium ortho ester,
as described in U.S.P. 2,621,195 in the name of J. H.
Haslam. The alkyl acyl polytitanates have the gemeral
formulae:
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where R’ is an alkyl radical containing from 1 to 8
carbon atoms, R” is an alkyl radical and x is an integer
from 2 to 8. A preferred composition utilized in the
process of the present invention is isopropoxy titanium
linseed acylate

The organic esters of orthotitanic acid having the
formula Ti(OR"), where R is an alkyl radical containing
1 to 8 carbon atoms, may be advantageously plasticized
by the addition of organic esters of orthotitanic acid
having the formula

2o s)

wherein an alkyl radical having more than 8 carbon atoms,
e.g., tetraoleyl titanate.

The following examples will further illustrate the
principles and practice of the present invention. Parts
are by weight.

' EXAMPLE 1

Seventy-five parts of dimethyl -triphenyl trimethoxy
trisiloxane (“Sylkyd” 50)—Dow-Corning, 75 parts of
isopropoxy titanium linseed acylate and 2 parts Dow-
Corning catalyst XY-24 (a mixture of cobalt and man-
ganese naphthenates and lead octoate) were mixed and
coated on polyethylene terephthalate film, air-dried and
then heat-set at 150° C. for 30 minutes in an -oven.
The coated film was tested for corona life at 120° C.

EXAMPLE 2
In a similar manner to that described in Example 1,
75 parts of “Sylkyd” 50, 75 parts of isopropoxy titanium
linseed acylate, and 2 parts Dow-Corning ecatalyst
XY-~24, were-mixed together and coated on polyethylene
terephthalate film, air-dried and then heat-set at 150° C.
for 30 minutes-in an oven. The coated film was tested
for corona life at 23° C.
EXAMPLE 3
Seventy-five parts of “Sylkyd” 50, and 75 parts of tetra-
butyl titanate were mixed and applied to polyethylene
terephthalate film. _The film coating was air-dried and
then heat-set.at 150° C. for 20 minutes. The coated film
was tested for corona life at 23° C.

EXAMPLE 4

Sixty parts of “Sylkyd” 50, 60 parts of tetrabutyl
titanate and 44 parts of a 50/50 naphtha solution of
tetraoleyl titanate were-mixed -and coated on polyethylene
terephthalate film as in the previous examples. The
tetraoleyl - titanate -was ‘included as a plasticizer for -the
siloxane-titanate copolymer. The film was heat-set at
150° C. for 25 -minutes in an oven. The coated film
was- tested for corona life at 23° C. -

v EXAMPLE 5
Seventy-five parts of “Sylkyd” 50, 75 parts of iso-
propoxy -titanium' linseed . acylate, and-2 parts. of Dow-
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: 4
Corning catalyst XY-24 were mixed together and coated
on high-density polyethylene film (density 0.960), air-
dried, and then heat-set in an oven for 30 minutes at
125° C. The coated film was tested for corona life at
120° C. ,
EXAMPLE 6

Seventy-five parts of “Sylkyd” 50, 75 parts of iso-
propoxy titanium linseed acylate, and 2 parts of Dow-
Corning catalyst XY—24 were mixed togethed and coated
on high-density polyethylene film (density 0.960), air-
dried, and then heat-set in an oven for 30 minutes at
125° C. The coated film was tested for coroma life
at 23° C.

EXAMPLE 7

Control sample - consisting of uncoated oriented,
heat-set, polyethylene terephthalate film.

Table I, below, records the corona life of the inorganic
coatings described in Examples 1 to 6. The fifth failure
in ten samples was taken as representativé of possible
corona life. Also listed are the overall thickness (gauge)
of the coating, and the temperature at which the corona
life of the film was tested. All of the films listed under
Examples 1 to 6 were coated on both sides of the film.

The coated films as described in Table I were sub-
jected to the dielectric life test as described below.

Dielectric life test

“The film sample to be tested was placed on a brass
plate to which the high voltage was to be applied. A
brass rod (6" long and 4" in diameter) was placed on
top of the film sample and mormal to the brass plate
(the film sample was sandwiched between the brass plate
and an end of the brass rod). The rod served as the
ground electrode. The end of the rod touching the film
sample was rounded off at a radius of curvature of 14g"".
The pressure exerted on the film was due only to the
gravxtatlonal forces on the rod. The entire test apparatus
was set up in air. Sufficient voltage was applied to the
plate to give a voltage stress of 1,000 volts pér mil across
the sample. Failure of the sample was indicated by rapid
increase in the flow of current between the brass plate
and brass rod. At the moment current flowed, an arc was
struck between the electrodes, the arc passing through
the hole in the film caused by the failure. The abrupt
increase in the flow of current was used to trip a relay
giving a record of the failure. Ten samples were treated
simultaneously. The time to the failure of the fifth
sample was used as a measure of the dielectric life (under
corona discharge conditions) of material tested.

TABLE I
Overall Thick-
ness (Gauge) Corone Life
Coating on Poly- | of Coating on | Temper- | at 1,000 volis/
Example | ethylene Tereph- | 0.5 mil Poly- ature, | mil, 5th fail-
thalate Film ethylene Ter- °C. ure in 10
ephthalate samples
Film .
) T, 50/5(} “Sylkyd” 0.61 120 116
LNA
Peemceee 50/50 “Sylkyd” 0.86 23 165
) 50/TRLNA.
[ S, 50/50 ¢‘Sylkyd” 0. 63 23 31
50/TBT.
[ ST, 60/60/12 “Sylkyd” 0. 54 | 23 29
50/TBT/Tolt,
51._.__._| 50/50 “‘Sylkyd” 0.59 120 105
50/TRL
[ R 50/50 ¢ Sylkyd” 0.62 23 180
50/TRLNA. )
Feeeaee Polyethlyene 0.00 23 10
Terephthalate
Fim-Controdl
(No Coating)
0.5-mil gauge.
“Sylkvd” 50--dimethyl tripheny! trimethoxy siloxane-—Dow-Corning.
TRLNA--isopropoxy titaniuim linseed acylate.
Tolt—tetrs oleyl tithnate.,
1 BT—tetra butyl titanate.
+ Coating on 1 mil bigh- density polyethylene film.
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As can be seen from the table listed above, the use of
coatings composed of organic titanium esters or alkyl
acyl polytitanates and low molecular weight polysiloxane
resins containing at least .05 to 2.1 bonded silicon alkoxy
radicals per silicon atom, having substantially increased
the corona life at 1,000 volts per mil at both 23° C. and
120° C. These coatings have a main polymer chain which
is completely inorganic substituents Si and Ti to prevent
too much cross-linking which would cause excessive
brittleness, Many of these inorganic compounds have the
added advantage of being liquids, and consequently can
be mixed and applied as a coating, so that no solvents or
fillers are necessary. These coatings extend the useful-
ness of polyethylene terephthalate, high-density polyethyl-
ene, and like thermoplastic film dielectric to a variety of
end uses, particularly for use in equipment subjected to
high voltage stresses. As employed herein “dielectric
life” of the polymeric thermoplastic film applies to the
actual time that a particular ilm may be subjected to a
particular voltage stress under conditions of corona dis-
charge before actual physical breakdown, ie., rupture,
of the film dielectric.

I claim:

1. A polymeric thermoplastic dielectric substantially
non-porous base film: having a continuous adherent coat-
ing consisting essentially of a mixture of a low molecular
weight polymeric siloxane resin having from 0.05 to 2
silicon-bonded alkoxy. radicals per silicon atom, and a
titaniom organic compound having the formula:

;

|
~O—TFO —R’

(0]

|
R z

wherein R is a member of the group consisting of alkyl
radicals and acyl radicals of the formula R”C=0 where
R’ is alkyl, R’ is an alkyl radical containing from 1 to
8 carbon atoms, and x is an integer of from 2 to 10, the
weight ratio of siloxane resin to titanium organic com-
pound ranging from 1/3 to 3/1.

2. The product of claim 1 wherein the base film is poly-
ethylene terephthalate film.

3. The product of claim 1 wherein the base film is heat-
set, polyethylene terephthalate film oriented substantially
the same degree in both directions.

4. A polymeric thermoplastic dielectric substantially
non-porous base film having a continucus adherent coat-
ing consisting essentially of a mixture of a low molecular
weight polymeric siloxane resin having from 0.05 to 2
silicon-bonded alkoxy radicals per silicon atom, and a
titanium organic compound selected from the group con-
sisting of esters of orthotitanic acid having the formula
Ti(OR), wherein R is an alkyl radical containing 1 to
8 carbon atoms, and acyl alkyl polytitanates of the
formulae:

R/
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—R’

RI

10

15

20

25

30

35

40

45

50

65

6

i
0—C—R"
—0~Ti—0
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wherein R’ is an alkyl radical containing from 1 to 8
carbon atoms, R” is alkyl, and x is an integer from
2 to 8, the weight ratio of siloxane resin to titanium or-
ganic compound ranging from 1/3 to 3/1.

5. The product of claim 4 wherein the base film is
polyethylene terephthalate film.

6. The product of claim 4 wherein the base film is
heat-set polyethylene terephthalate film oriented substan-
tially the same degree in both directions.

7. Substantially non-porous polyethylene terephthalate
film having a continuous adherent coating consisting es-
sentially of a mixture of dimethyl triphenyl trimethoxy
trisiloxane and tetrabutyl titanate, the weight ratio of
trisiloxane to titanate ranging from 1/3 to 3/1.

- 8. The product of claim 7 wherein the tetrabutyl
titanate is plasticized with tetraoleyl titanate.

9. Heat-set polyethylene terephthalate film oriented
substantially the same degree in both directions having
a continuous adherent coating consisting essentially of a
mixture of dimethyl triphenyl trimethoxy trisiloxane and
tetrabutyl titanate, the weight ratio of trisiloxane to
titanate ranging from 1/3 to 3/1.

10. The product of claim 9 wherein the tetrabutyl
titanate is plasticized with tetra oleyl titanate.

11. Polyethylene terephthalate film having a continu-
ous adherent coating consisting essentially of a mixture
of dimethyl triphenyl trimethoxytrisiloxane and isopro-
poxy titanium linseed acylate, the weight ratio of tri-
siloxane to linseed acylate ranging from 1/3 to 3/1.

12. Heat-set polyethylene terephthalate film oriented
substantially the same degree in both directions having a
continuous adherent coating consisting essentially of a
mixture of dimethyl triphenyl trimethoxy trisiloxane and
isopropoxy titanium linseed acylate, the weight ratio of
trisiloxane to linseed acylate ranging from 1/3 to 3/1.

and

R — R’
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