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4. Claims. (C. 252-503) 

This invention relates to new and improved resistor 
compositions and low temperature flexible heaters pro 
duced therewith. 

Heretofore many attempts have been made to pro 
duce resistor compositions that can be applied to light 
flexible materials such as paper, cellophane, polyethylene, 
polypropylene and other resinous polymeric films to make 
low temperature heaters. Such flexible low temperature 
heaters are demanded in making electric blankets, radi 
ant room heater panels, ice cube release devices, defrost 
ers, radiant room heater wall paper and the like. 

Silver has been prominently mentioned as a suitable 
conductive material and numerous resinous polymeric 
materials have been suggested as carriers for the con 
ductive material. Although previously constructed low 
temperature flexible heaters have been operative they have 
not been fully satisfactory from a standpoint of adequate 
resistance and long continued use under repeated flexing 
conditions. 

In the first place, such resistances must be applicable 
to common heat sensitive flexible materials such as paper, 
polyethylene or other synthetic base films at a low tem 
perature and under conditions that will not be harmful 
to the strength of such materials. 

Secondly, it must be strongly bonded to the flexible 
base and it must remain highly flexible without the slight 
est rupture in the resistance layer. 

Thirdly, it must have a properly adjusted resistance 
value when dried. 

It is an object of this invention to provide an improved 
resistor composition applicable at low temperature to 
flexible sheet material to form a low temperature flexible 
heating element. 

It is another object to provide a resistor composition 
applicable at low temperature to flexible sheet material 
to form a low temperature flexible heating element hav 
ing a properly adjusted resistance value. 

It is still another object to provide an improved resistor 
composition which when applied to a flexible sheet ma 
terial will be strongly bonded thereto and will remain 
strong and flexible under continuous flexing conditions. 

It is another object to produce flexible low temperature 
heaters comprising fiexible sheet material and a resistance 
element strongly bonded to the sheet material to permit 
repeated flexing without rupture. 

Other objects of the invention will appear hereinafter. 
The objects of this invention may be accomplished by 

preparing a resistance composition by mixing together 
finely divided silver, graphite and a binder composed of 
between 30% and 70% of an alkyl methacrylate polymer 
and between 70% and 30% of a copolymer of 60% to 
75% ethylene and 40% to 25% vinyl acetate, in the pro 
portions shown in area. ABCD in the accompanying 
ternary diagram. Such resistor compositions can be 
coated on flexible sheet material composed of paper, poly 
ethylene, cellophane, polypropylene or other tough flex 
ible synthetic resinous film to produce long lasting highly 
satisfactory low temperature heaters. 

Since the heating elements in refrigerators, freezers, 
electric blankets and the like require wattages of from 
about 2 to 120 watts and since the normal home voltage 
is 110 A.C., the resistance path should have a resistance 
of between about 0.1 and 10 ohms per square and a cur 
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rent carrying capacity of between about 0.5 and 12 am 
peres per inch of width. 
Throughout the specification, reference to "ohms per 

square” refers to conductive coatings having a thickness 
of approximately 1 mil. 
A resistance pattern produced with silver in a resinous 

binder has a resistance around 0.04 ohm per square 
whereas a similar resistance pattern with carbon as the 
conductive material has a resistance of around 100 to 
200 ohms per square. In order to obtain a resistance in 
the desired range it is necessary to combine 25% to 90% 
silver with 5% to 70% carbon and 5% to 35% of the 
aforesaid binder. 
The binder comprises a combination of an alkyl meth 

acrylate polymer and a copolymer of ethylene and vinyl 
acetate. The alkyl methacrylate polymer may be meth 
y, ethyl, isobutyl or normal butyl methacrylate polymer. 
The ethylenevinyl acetate coplymer is one containing be 
tween 25% and 40% vinyl acetate units in the polymer. 
The proportions of the methacrylate polymer and ethyl 
ene-vinyl acetate copolymer in the binder may vary be 
tween 30% methacrylate polymer and 70% of the co 
polymer to 30% of the copolymer and 70% of the 
methacrylate polymer. 
A binder composed of only one or the other of the 

above polymers is quite unsatisfactory for the production 
of the flexible printed resistors of this invention. The 
use of ethylene-vinyl acetate copolymer alone is unsatis 
factory since it is very difficut to use especially with 
screen printing and especially with the presence of finely 
divided carbon. The use of a methacrylate polymer alone 
is unsatisfactory because the resulting film is not suffi 
ciently flexible and will rupture after a period of use. 

In the drawing accompanying this description, FIG. 1 
shows a ternary diagram in which curves F, G, H, I, J, 
K, L, M and N show the variations of silver, graphite 
and binder to produce a dry film having specific resist 
ances in ohms per square, as indicated. The area ABCD 
designates the area on the ternary diagram containing the 
relative proportions of silver, graphite and binder in the 
resulting dry film that will produce the uniquely oper 
ative compositions of this invention and have resistances 
substantially within the range of 0.1 to 10 ohms per 
square and a current carrying capacity of between about 
0.5 and 12 amperes per inch of width. 
Throughout the specification, specific reference is re 

peatedly made to graphite as the source of carbon. It is 
to be understood that other forms of carbon such as iamp 
black and charcoal can be used equally well. 
The carbon and silver are in a finely divided form 

preferably of a size to pass through a 200 mesh or finer 
screen. The carbon, silver and binder are usually in 
corporated in a vehicle and are applied to the flexible 
base film by screen stencilling. 
As vehicles for the finely divided silver, graphite and 

binder slow drying materials having a good solvent action 
for the binder may be used, for example, mono ethylene 
glycol butyl ether acetate, mono ethylene glycol ethyl or 
phenyl ether acetates, diethylene glycol mono ethyl ether, 
diethylene glycol mono ethyl (or methyl, propyl, butyl) 
ether acetates, pine oil, alpha or beta terpineol, terpene 
ethers, turpentine, or petroleum solvents that will dis 
solve the methacrylates. In order to obtain the requisite 
viscosity of suitable screen stencilling, the vehicle should 
be present in about 15% to 35% by weight. 
The following tabulated dried compositions of silver, 

carbon and binder composed of 50% ethylene-vinyl ace 
tate copolymer of 28% vinyl acetate content and 50% of 
methyl methacrylate polymer on a flexible film will con 
stitute resistances of the values indicated. The particu 
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lar composition of binder used will have very little effect 
on the resistance values. 

Ohms, Square Silver Carbon Binder 

75 15 O 
0.2------------------------------------- 70 22.5 7.5 

83 5. 2 
75 O 15 

0-4----------------- - H - - - - - - - - - - www.r- - - { 67 20 3 
6 29 O 
f 0. 9 

10-------------------------------------- 59 25 16 
49 4. 1 
57 20 23 

5.0-------------------------------------- 48 35 9 
40 45 5 

Many other examples may be chosen from the area 
of the chart that is traversed by the constant ohms/square 
contours. The maximum amps./inch of each possible 

I composition is not known, but they all lie above 1.0 if 
the binder is kept below 20% and are probably above 
0.5 if the binder is below 35%. The upper limit for 
amps./inch is not fixed since a substantial safety factor 
should be allowed. - 

After printing and drying, the pattern must be con 
nected electrically to the outside circuit. Several effective 
methods are available for this. 

(1) Wires may be cemented to the ends of the pat 
tern with air drying or thermosetting silvers. 

(2) Patches of solderable silver may be applied to the 
ends of the pattern and the wire leads soldered to these 
patches. 

(3) Wires may be crimped through holes in the film 
in such a manner that they contact the pattern. 

(4) Wires may be flattened or soldered to brass lugs 
which are placed on the pattern and held in place during 
the succeeding laminating process. 
Although the device will act as a heater after the leads 

are attached, it is preferable to laminate or coat the cir 
cuit to obtain good electrical insulation. Again, several 
methods are available to accomplish this result. 

(1) The entire heater may be coated with a mixture 
of ethylene-vinyl acetate copolymer, a silicone resin, or 
other polymer either by a hot melt application, brushing 
of a paint or dipping in a coating composition. 

(2) A layer of cellophane, polyester film, polypropyl 
ene, or paper may be connected over the pattern using 
a suitable adhesive. 
Throughout the specification and claims, any reference 

to parts, proportions and percentages refers to parts, pro 
portions and percentages by weight unless otherwise 
specified. 
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4. 
Since it is cbvious that many changes and modifica 

tions can be made in the above-described details without 
departing from the nature and spirit of the invention, it 
is to be understood that the invention is not to be limited 
to said details except as set forth in the appended claims. 
What I claim is: 
1. A composition suitable for application to a flexible 

film to produce an electrical resistor consisting essentially 
of finely divided silver, carbon and binder in the propor 
tions shown by the area ABCD of the accompanying 
ternary diagram, said binder consisting essentially of be 
tween 30% and 70% of an alkyl methacrylate polymer 
taken from the group consisting of methyl, ethyl, isobutyl 
and normal butyl methacrylate polymers and between 
70% and 30% of a copolymer of 60% to 75% ethylene 
and 40% to 25% vinyl acetate. 

2. A composition suitable for application to a flexible 
film to produce an electrical resistor consisting essential 
ly of finely divided silver, carbon and binder consisting 
essentially of between 30% and 70% of an alkyl meth- - 
acrylate polymer taken from the group consisting of 
methyl, ethyl, isobutyl and normal butyl methacrylate 
polymers and between 70% and 30% of a copolymer of 
60% to 75% ethylene and 40% to 25% vinyl acetate, 
said materials being present in the proportions of 25% 
to 90% silver, 5% to 70% carbon, and 5% to 35% 
binder. 

3. The composition defined in claim 2 containing be 
tween 15 and 35% of an air-drying vehicle having a 
solvent action on said binder. 

4. An electrical resistor consisting essentially of a flex 
ible film and a printer pattern consisting essentially of 
finely divided silver and carbon in a binder matrix in 
the proportions of 25% to 90% silver, 5% to 70% car 
bon and 5% to 35% binder, said binder consisting es 
sentially of between 30% and 70% of an alkyl meth 
acrylate polymer taken from the group consisting of 
methyl, ethyl, isobutyl and normal butyl methacrylate 
polymers and between 70% and 30% of a copolymer of 
60% to 75% and 30% to 25% vinyl acetate. 
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