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7 Claims. 

This invention relates to electrical insulation 
and more-'1 particularly to organically insulated 
electrical ‘conductors. The invention is especial 
ly concerned with improvements in coating ma 

5‘ terials (for example, so-called "wire enamels”) 
comprising synthetic compositions of the poly 
merized acrylic acid‘ type or kind, such as poly-. 
merized acrylic acid or its homologues, or poly 
merized derivatives, for example esters, nitrile, 

10 etc., of acrylic acid or its homologues. Such syn 
thetic materials may be used either separately 
orv mixedwith one another. 
mixed with other synthetic materials of a re 
lated type or with natural or synthetic materials 

15 of a di?erent type. , 
For some time it has been attempted to an'in 

creasing extent to use synthetic instead of oleo 
resinous coating compositions for insulating pur 
poses in the electrical industry, for instance in 

9Q the manufacture of varnished or enameled wires. 
This growing tendency is due in part to the fact 
that the oleo-resinous varnishes are not entirely 
resistant tomineral oil and mineral oil-contain 
ing materials,v and since‘ it is now known that 

25 many varnishes comprising synthetic materials 
are more resistant to oils and impregnating com- , 
pounds which contain oil (such as mineral oil 
resin compounds) than ‘are the oleo-resinous 
varnishes. 

30 Many different derivatives of polyacrylic acid 
are among the numerous highly polymerized 
compounds which frequently have been used in 
making liquid coating compositions. It has been 
found, however, that compositions of the poly 

35 acrylic acidtype have poor heat and moisture 
resistance and that their dielectric properties are 
inadequate for many purposes. 
‘complete lack of color of most varnishes, pro 
duced from such synthetic materials causes ~se 

40 rious manufacturing di?lculties, since’ the lack 
of color makes it impossible to judge the quality 
of the applied ‘coating. Additions of' coloring 
materials in many varying forms lead toa fur 

' ther reduction in the dielectric properties of the 
46 varnish. _ -‘ 

‘Although in electrical engineering many'syn 
thetic resins have been used as components of 
insulating varnishes, it has not been possible up 
to the present, for the above indicatedv reasons, 

50' to replace the oleo-resinous varnishesvto any 
._ great extent since, despite the, frequently better 
‘chemical properties of ‘ varnishes comprising 
synthetic resins, they do not in general attain 
the quality of the‘ oleo-resinous varnishes in 

55 mechanical or electrical respects. ' - 

They also may be 7 

In addition, the . 

evaporationot the solvent. 
employed were always below the temperature 01' 56 

(Cl. 174-125) 

It is an object of the present invention to pro 
vide a method for improving the'physical and 
electrical properties of varnishes, enamels and 
the like comprising synthetic materials of the 
polymerized acrylic acid type or kind such, for 5 
instance, as polymerized acrylic acid and its 
homologues, polymerized derivatives of ‘acrylic 
acid, for example, methyl, ethyl, propyl, butyl 
polyacrylates and the like, polymerized methyl 
alpha methacrylate, ethyl alpha methacrylate l0 
and the like, polymerized acrylonitrile and the ' 
like, and similar polymerized derivatives of. 
homologues of acrylicacid, as well as separately 
or conjointly polymerized mixtures of substances _. 
such as aforementioned. Synthetic materials 013115 
the kind described are designated, generally, in 
the appended claims as “polymerized acrylic 
compound." ' 1 

Another object of this invention is to provide 
an improved insulated electrical conductor com- 20 
'prislng a metallic conducting core such, for ex 
ample, as plain or' tinned copper wire, and av 

. superposed adhering layer ,of insulation of the 
polymerized acrylic acid type, which insulation is 
'highly resistant to heat, oil, moisture,'solvents 25 
and various chemicals, and has ?exibility and 

‘ insulation resistance of a high order. 
The above objects are atttained in’ accordance 

with the present invention by heating the solid - 
base materialoi the varnish or the applied sol- 30 
vent-free varnish ?lm to the point of incipient 
decomposition, that is to a point at, or closely 
approaching, the beginning of its dissociation. 
The material, however, is notheated to a point 
at which substantial decomposition or dissocia- v35v 
tion occurs. The heat treatment in all ‘cases 
must be conducted in a manner such as to avoid 
the formation of carbon and other dissociation 
products which'would a?'ect detrimentally the 
-mechanical and electrical properties of the var- 40 
nish ?lm. ‘. 
The accompanying drawing illustrates in cross 

section a conductor provided with insulation 
comprising a' product of heating a material of 
the polymerized acrylic acid type to the point 45 
of incipient decomposition'thereof. . 

Heretofore the formation 01' a ?lm of 'varnis , ‘ 
of the kind to which this invention relates, was 
accomplished by means ‘of a heat treatment 
which was relatively low .in comparison with that p50 
employed in applying an oleoeresinous varnish‘ v 
to a base material such as wire.“ Such heat treat 
ment was intended merely to accelerate~ the. 

The temperatures, . 



10 

30 

2 
incipient decomposition of the varnish ?lm. The 
material was not heated to the point of incipient 
decomposition, since it was assumed that the 
changes occurring in the material, or the dis 

. sociation thereof, would lead to considerable de 
terioration of its physical and electrical prop 
erties. 
Unexpectedly it’ was found that when var-I 

nishes made. from synthetic materials of the 
polymerized acrylic acid‘ type were heated be 
yond the temperature that corresponds to their 
normal heat resistivity, that is to or at the‘point I 
of their incipient decomposition, but not mate 
rially thereabove, the resultant ‘varnish ?lms 
have physical and electrical properties of an 
outstanding order. The improvement, which 
will be described more fully hereinafter, is so 
pronounced as to indicate that a material which 
is different in kind from the starting material 
is formed. The heat, moisture and oil resist 
ances, and the dielectric values, are improved to 
such-an extent that varnishes ‘so produced con 
stitute a high grade insulating material for use 
throughout the entire electrical industry. 
In carrying this invention into effect a dis 

coloration of the varnished product takes place, 
as a result of the material ‘change caused by the, 
heating. The varnished ?lms assume an in 
creasing color from bright to dark when the 
heating is increased, while the transparency is 
retained. In‘the heating treatment the time 
and the temperatures employed exert an im 
portant in?uence. For instance, if a varnish 
?lm be heated for from about. 3 to 4 hours at 
about 180° C. the same change is effected as by 
heating for about one to two minutes at about 
300° C. These values, of course, depend to a‘ cer 
tain extent upon the particular varnish utilized 
and the mass or ?lm thickness‘ that is heat 
treated. . v . 

A speci?c example illustrative of the marked 
improvement in the physical and electrical prop 
erties of compositions treated in‘accordance with 
this invention follows. ‘\ _ 
Without a heat treatment in accordance with 

this invention, a varnish comprising polymerized , 
acrylonitrile ‘when applied to wire and freed of 
solvent in accordance, with conventional practice 
could withstand at most an operating tempera 
ture of only about 65° to 70° C. The same var 
nish yielded a product which was able to with 
stand operating temperatures up to about 150° 
C. for one minute, without changing its prop 
erties after cooling to room temperature, when it 
was heated according to the invention at,‘ 'for 
example, aboutr300°'C. for about one to two 
minutes. . ’ 

Themoisture resistance of, the material was 
also investigated. The insulation resistance of 
test pieces one meter long, and twisted in pairs, 
was measured from conductor to. conductor for 
one minute with a voltage of 200 volts, and the 
loss factor was measured .at 800 cycles under 
room conditions. The wire which had not been 
treated according to the invention had a mean I 
insulation resistance of 55,000 megohms per meter 
after it had .been pre-dried for a short time; a 

. loss factor tangent a of 14.0><10—»3 was found. 

70 
After the wire had been stored for eight days at 
room temperature in air with a relative humidity 
'of 80 per cent, the insulation resistance was 45, 

' 000 megohms per meter and the loss factor was 

75 

23x 104. As compared vtherewith, the wire 
treated according to the invention had a mean 
insulation resistance of ‘700,000 megohms per 

2,191,5a4 
meter and a mean loss factor of 8.8x 10-’. After 
this wire had been stored for eight days at room 
temperature in air with a relative humidity of 
80 per cent, the wire showed the same mean in 
sulation resistance and the same mean loss factor 
as at the start of the test. 
From the results of the above-described tests 

it will be noted that electrical insulation com 
prising the residue of heating a ‘polymerized 
acrylic compound to incipient decomposition, but 
not materially thereabove, has an electrically in 
sulating value and moisture resistance higher 
than that of the same starting acrylic compound 
heated under conditions insuiiicient to cause in 
cipient decomposition. 
‘The resistance against .oils and impregnating 
compounds containing 011 were further investi 
gated in a mechanically stressed condition. The 
wire which had not been treated according to 
the invention showed that it could not' always 
be called resistant to attack by oil and the like 
when wound on cores of small diameter, that is, 
as small as one millimeter. Wire treated accord 

10 

15 

20. 

ing to this invention is resistant to attack by the - 
above-mentioned impregnating and other com 
pounds even when the material is stressed very 
sharply as by such winding. >' 
The comparative values show that varnishes 

comprising synthetic compositions of the poly 
merized acrylic acid type or kind, obtain by the 
method of this'invention properties ‘which make 
them highly suitable as an insulating material 
for the requirements of the electrical industry 
and particularly for the manufacture of var 
nished wire. 3 
The thermal treatment according to the in 

vention that provid’es the improvement of the 
physical and electrical qualities of varnishes of 
the kind herein set forth may be given, as de 
sired or as may berequired, on the rawv syn 
thetic material, that is, without solvent being 
present during any stage of the treatment. The 
heat-treated product then may be made into a 
liquid coating composition by dissolving it in a 
suitable solvent. Preferably the hereindescribed 
heat treatment is given either during the ?lm 
forming period or thereafter by heating the var 
nished object. When the method of treatment 
comprises heating the solvent-free synthetic ma 
terial at, or approaching, incipient decomposition 
before making the same into a varnish, it is nec 
essary to use, in applying the varnish to the ob 
ject to be varnished, only such temperatures as 
may be required for the evaporation of the solvent, 
since the varnish has obtained its valuable physi 
cal and electrical properties before its manufac- , 
'ture.‘ 
A preferred method of providing a conductor 

with ‘electrical insulation in accordance with this 
invention comprises coating a bare conductor, 
such as copper wire, with liquid composition com 
prising a solvent solution of synthetic composl- 
tion or the polymerized acrylic acid type. The 
coated conductor is then heated at a tempera 
ture and for a period of time su?lcient to evap 
orate the solvent and to leave an adhering sol 

25 

30 

35 

45 

55 

65 

vent-free coating of the aforesaid composition on - 
the conductor. , The thus coated conductor is then 
heated further to the point of incipient decom 
position of said composition but not materially 

‘ thereabove. 

The same method herein described also may 
be utilized in other ways, for instance‘ in the 
manufacture of varnished cambrics for the wire 
and cable industry, in which case bolored bases 
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amass‘ 
canv be used on account of ‘the transparency or 
the varnish ?lm: Consequently, by a suitable 
selection of the duration and temperature or heat 
ing the varnish and of a'suitably colored base. 
many di?erent color effects may be obtained. ‘ 
Of’ course it will be understood‘ that varnishes 

produced or applied to wires in accordance with 
this invention may contain materials in addi 
tion to the hereindescribed synthetic composition 
and solvent therefor. For example,’they may 
contain dyes, plasticizers for the synthetic ma 

‘ terial as well as other addition or modifying 

16 

agents. . 

Synthetic materials of the polymerized acrylic 
acid type to which‘ the present invention is par 
ticularly applicable include polymerized methyl 
and ethyl esters of acrylic acid, polymerized 
acrylonitrile, separately or coniointly polymerized 
mixtures of methyl and ethyl esters of acrylic 
acid and separately or coniointlyv polymerized 
mixtures of either or'both of said esters with 
acryionitrile. ‘ 1. ' 

In the co-pending application 1 Serial No. 
159,972 of Paul Nowak, Hermann Hofmeier ‘and 
Carlos Tobis, ?led concurrently herewith and as 
signed to the same assignee as the present inven 
tion, is discloud and claimed electrical insula 
‘tion comprising synthetic composition consisting 
of mixed polymerizate of acrylic acid ester and 
acrylic acid-nitrile (acrylonitrile) heated to the 
point gt dissociation (incipient decomposition) 
thereo . ‘ 

What I claim as new and desire to secure by ' 
lgetters Patent 0! the United States is: 

1. An electrical conductor insulated with a cov 
ering comprising the residue of heating to in 
cipient decomposition, but not materially there? 
above, a polymerized acrylic compound, said resi 
due having an electrically insulating value and ' 
{moisture resistance higher than that of the same 
starting acrylic compound heated under condi 
_tions insumcient to cause incipient decomposi 
tion. F ' - 

2. An insulated electrical conductor comprising 
a metallic conducting core and a layer of insula 
tion superposed thereon, said layer comprising a 
coating which is the residue 01' heating a polymer 

‘ ized acrylic compound to incipient decompoation, 
. but not materially thereabove, said residue hav 
inganelectricallyinsulatingvalueandmoisture 

‘decomposition. ' 

3 
resistance higher than that of the same starting 

' acrylic compound heated under ‘conditions insuf 
?cient to cause incipient decomposition. 

3, Electrical insulation comprising. the residue 
of heating‘ a polymerized acrylic compound to 
incipient decomposition, but not materially there 
above, said residue having an electrically insu 
lating value and moisture resistance higher than 
that of the same starting acrylic ‘compound heat 
ed under conditions insumcient to cause incipient 

4. A liquid composition ‘for coating wires and 
the like, said composition comprising a volatile 
solvent and the residue of heating, to incipient 
decomposition but not materially thereabove, a 
polymerized acrylic compound, said residue hav 
ing an electrically insulating value and moisture 
resistance higher than that of the same starting 
acrylic compound heated under conditions insuf 
?cient to cause incipient decomposition. 

- 5. The method ofv improving the physical and 
electrical properties of a polymerized acrylic com 
pound which comprises heating the material to 
incipient decomposition, but not materially 
thereabove. I 

6. The method of providing a conductor with 
electrical insulation which comprises coating a 
bare conductor with a liquid composition com 
prising a solvent solution of a polymerized acrylic 
compound, heating the coated conductor at a 
temperature and for a period of time su?icient to 
evaporate the solvent and to leave an adhering 
solvent-free coating 0! the said compound on the 
conductor, and further heating the thus coated 
conductor to incipient decomposition of the said 
compound but not materially thereabove. 

7. An electrical conductor provided with a high 
dielectric strength, heat--, oil-, and moisture-re; 
sistant, ?exible coating which is the residue of 
‘heating a composition comprising polymerized 
acrylonitrile to incipient decomposition, but not 
materially thereabove, said residue having. an 
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electrically insulating value and heat-, oil- and 4 
moisture-resistance higher than that of the same 
starting composition‘ comprising polymerized 
acrylonitrile heated under conditions insu?icient 
to cause incipient decomposition of the said 
acr‘ylonitrile. . ' 

‘ Q ,GEORG POH'LER.~ 


