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The present invention relates to an improved elec 
t-rical resistance element which varies in resistance in re 
sponse to changes in temperature and an improved 
means for manufacturing same. More speci?cally, the 
present invention deals with an improved resistor con 
taining a thermoplastic and ?nely divided conducting 
particles, said resistor exhibiting a relatively small in 
crease of resistance, for an‘ increase of temperature be 
low a selected temperature value, and which exhibits an 
extremely high temperature coe?‘icient of resistance at 
temperatures above said selected temperature value, such 
that the resistance of said resistor increases sharply when 
the selected value of temperature is exceeded. 

Heretofore, it has been suggested that a resistance ele 
ment could be made from plastics, mixed with conductive 
materials} However, in general, such materials have not 
been put to wide use. The plastic body often will melt 
during its use or the plastic will deteriorate at elevated 
temperatures. Further, they have not shown such par 
ticular properties which would make their use advanta 
geous. ‘ 

In accordance with the present invention, means are 
taught for forming a resistor element which is character 
ized by its unusual change of resistance with change in 
temperature. More particularly, the present resistor is 
in the form of a plastic e.g., a thermoplastic or suitable 
thermosetting material, preferably a polyole?n plastic, 
containing a ?nely divided conductive powder intimately 
dispersed through the plastic matrix. The relative quanti 
ties, types and arrangement of the ?nely divided conduc 
tive particles and the plastic are such that below a cer 
tain selected temperature level, particle to particle con 
tact exists between the ?nely divided particles of the con 
ductive constituents, thus giving the total composition 
a relatively low resistance. Above said selected or critical 
temperature the substantial difference in thermal coe?i 
cient of expansion between said conductive particles and 
the thermoplastic material results in the breaking down 
of contact between the conductive particles with a result 
ant sharply increased resistivity. By way of example, a 
resistance element of the present invention normally 
exhibits an increase in resistance of more than 250% 
over a temperature range of less than 25° F., at about 
said selected critical temperature value. A 1000% in 
crease in resistance or even higher percentage over a 
temperature range of less than 25° F. at about said critical 
temperature value has been obtained in experimental 
samples. 
As noted previously, the non-conductive plastic poly 

mer which serves as the- matrix holds said conductive 
particles together and is preferably a polyole?n, such as 
polyethylene, polypropylene, polyisobutylene, halo-deriv 
atives of polyethylene, such as polytetrafluoroethylene, 
trifluoromonochloroethylene, copolymers or admixtures 
thereof. The polyole?n plastic must have 'a substantial 
ly greater coefficient of thermal expansion than the con 
ductive particles. The polyole?n polymers may be pro 
duced by any of a wide variety of conventional processes 
now in industrial use, such as high pressure polyole?n 
processes, relatively low temperature, low pressure polym 
erization reactions such as the use of titanium halides 
in combination with alkyl aluminum compounds, etc. 
The polymer generally has a thermal coe??cient of ex 
pansion of about 2><l0—5/‘° C. to 25><10—5/° C., pref 
erably l2><10—5/ ‘’ C. to '22><10—5/° C., said tempera 
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ture coe?icient of expansion being at least 3, preferably 
30 times greater than the thermal coef?cient of expan 
sion of the conductive materials. An example of this 
is the combination of carbonp woder with a coe?icient 
of thermal expansion of 5 .4>< 10-5/ ° C. and polyethylene 
which has a coe?'icient of thermal expansion of about 
16>< lO—5/ ° C. 
The ?nely divided conducting particles are preferably 

carbon, such as carbon black, graphite, etc. Alternative 
ly the conducting particles may be ?nely divided metals, 
alloys, non-metallic conductors, metal salts, etc. Ex 
amples thereof include iron, copper, chromium, titanium, 
tungsten, platinum metals, boron, silicon, silver, gold 
and aluminum. The conducting particles are normally 
of a size range of about 0.003 to 1.0 microns, preferably 
0.010 to 0.080 micron. In ‘general, the present composi 
tions will contain, based on thermoplastic and conducting 
particles, 25% to 75%, preferably 35.0 to 60.0% thermo 
plastic, the remainder being ?nely divided conductive 
particles. These percentage ?gures are based on the 
volumes respectively of the thermoplastic and of the 
particles in their ?nely-divided form, such as carbon black. 
The present compositions are made in a manner which 

insures substantial contact among the conductive par 
ticles at temperature below the critical temperature of 
the resistor, with the consequent separation of the con 
ductive particles at the critical temperature due to the 
substantially greater thermal coe?icient of expansion of 
the thermoplastic material. The resistor, of course, has 
a positive resistance-temperature characteristic. As the 
temperature is raised, the thermoplastic expands more 
than the conductive particles, thus reducing the compres 
sive force on the particles. As the temperature increases 
a point is reached where there has been a very substan 
tial decrease in compressive pressure on the conducting 
particles due to the greater rate of expansion of the 
thermoplastic. At this point, there is encountered the 
very sharply increased resistance characteristic of the 
present resistance element. 
The present resistors are preferably produced in a 

manner characterized by the conductive ?nely divided 
particles being under compressive stresses while simul 
taneously the thermoplastic is formed by in situ polymer 
ization of the appropriate monomer. Thus, for example, 
the ?nely divided conductive particles, e.g., carbon black 
of less than 200 mesh may be mechanically compressed, 
e.g., pressures of 1 to 100 p.s.i., in a reaction vessel. 
Conventional catalytic agents for promoting the polymer 
ization of the monomer, e.g., ethylene gas, may be dis 
persed about said compressed carbon particles. The 
ethylene gas is then pumped preferably at high pressures 
of 1000 to 2000 atmospheres and at normal polymeriza 
tion temperatures into contact with said ?nely divided 
conductive particles. At the conventional polymerization 
temperature range, e.g. 300 to 400° F. the ethylene is 
polymerized to polyethylene which forms a matrix about 
and between the carbon particles without substantially 
disturbing the carbon-carbon particle contact due to the 
compressive forces exerted by mechanical means on the 
conducting particles. Very intimate contact between the 
carbon and polyethylene thus formed is assured and the 
conducting carbon lattice and plastic matrix will be rela 
tively densely packed together. \Under these conditions, 
the polymerizing monomer will tend to cross-link and 
intimately line the surface of the carbon particles. This 
upon cooling will assure particle to particle contact under 
pressure, provided that enough carbon had been used to 
form a coherent lattice. The mechanical compression 
means may take the form of a reaction chamber substan 
tially fully packed with conducting particles, a piston 
ended reaction zone. 
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While the polymerization of the thermoplastic about 
the conducted particles is preferably carried out in a 
gas phase is in situ polymerization, it may also take the 
form of a liquid phase reaction zone. As an example 
of this, the plastic material may be a liquid epoxy resin. 
As soon as practicable after addition of the catalyst, the 
liquid mixture is injected under pressure into a reaction 
vessel tightly packed with carbon particles. The polymer 
ization now takes place around the conductive particles, 
while particle to particle contact remains relatively un 
disturbed. 

It is also possible to produce the resistance element by 
solid, phase polymerization of a polyole?n of low molecu 
lar weight with carbon particles of a very small diam 
eter. For this purpose carbon blacks with a particle 
size in the order of 3-25 millimicrons are preferred. 
To accomplish this, about 60% carbon by weight must 

be used. This carbon is then intimately mixed with a 
partially polymerized polyole?n. The mixture is then 
heated to a temperature where the plastic forms a 
viscous ?uid and‘ then thoroughly blended. This blend 
ing is preferentially carried out in a pressure vessel under 
a pressure of 100 lbs./in.2 or even higher. Under these 
conditions, and especially under'the in?uence of a suitable 
catalyst such as an organic persulfate, the low molecular 
weight chain will grow in length along the great amount 
of surface area, provided by the carbon black. As the 
percentage of carbon is in the order of 60% by weight 
of the composition, carbon to carbon contact exits 
throughout the composition. At a temperature above 
350° F. extensive cross~linking of the polymer chains 
takes place, as well as linkages with the carbon atoms are 
formed. 
The above processes for forming the resistance element 

of the present invention are distinguished from merely 
admixing ?nely divided conductive particles with particles 
of preformed polymer. Further the concept of mechan 
ically compressing the conductive particles while form 
ing a thermoplastic matrix by in situ polymerization, dis 
tinguishes the present process from merely conducting 
polymerization in a solution containing ?nely divided 
particles. 

' The resistance elements of the present invention ?nd 
"a wide variety of interesting applications. For example, 
they may be employed in space heaters or radiant type 
wall heaters in which it is. desired that the maximum tem 
perature will be self-limiting. Because of their extremely 
rapid and sharp increase in resistivity at a selected tem 
perature level, the resistors of the present invention may 
readily be employed in combustible panels or walls where 
a maximum temperature may not be exceeded even in the 
event of, a short circuit. These resistance elements used 
as heaters have the property of drawing more current as 
the ambient temperature decreases. This is due to the 
fact that in colder surroundings the maximum tempera 
ture, which these resistor elements reach is a few degrees 
lower than the maximum temperature reached in a warmer 
ambient. ‘Consequently, as the resistance body is a few 
degrees cooler, the resistance is considerably lower. This 
means that in cooler weather more power is automatical 
ly drawn from the power lines, without the use of a 
thermostat. A heating system using the said resistance 
elements will consequently be largely self-regulating. 
They may be employed as a thermal-control element 
which would permit the construction of time delay relays. 
In one application of the present invention the resistor 
may be placed in series with a source of electrical power 
in the load. Under normal conditions, the resistance of 
the load is such that relatively little current ?ows through 

-Ithe resistor and thus the temperature of the resistor 
remains below the critical value. If, for example, the 
load is short circuited, the current in the resistor increases 
and its temperature is rapidly raised to about its critical 
value. As a result, the resistance of the “thermoplastic 
?ne particle” resistance element greatly increases. This 
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means that a great deal of power is dissipated in the 
resistance element. This power dissipation, however, 
can only take place for a very short time, such as a frac 
tion of a second, because the dissipated power will raise 
the temperature of the element to a value where the 
resistance has become so high, that the original current 
is limited to a negligibly small value; in fact, a value of 
current just high enough to maintain the element at its 
new high temperature-high resistance equilibrium point. 
Accordingly, the resistor may act as a form of “fuse” 
which reduces the current ?ow through the short circuit 
load to a safe extremely low value when the resistor is 
heated to the critical temperature range. Normally, when 
employed in this manner, it is necessary to ?rst interrupt 
the current in the circuit 50 as to allow the resistor to 
cool below its critical temperature before reapplying the 
current. The electrical circuit thus described is quite 
advantageous in that it eliminates the need for replace 
ment of fuses, costly circuit breakers or other fuses'char 
acterized by moving parts and offers a highly effective 
means of controlling maximumcurrent to the circuit. 
Depending on its mass, and the type ‘of heat-sink it is 
mounted on, various inverse time vs. current character 
istics are possible. . 

When employed in the above uses, one or more con 
ductive materials are ?xed, e.g., clamped, screwed, etc., to 
the plastic element to form the resistor, the plastic being 
between two conducting surfaces. The select value of 
current corresponding to the rapid increase of resistance 
will depend on and can be varied by, choice of cross-sec 
tional area and surface to value ratio of the resistor, the 
speci?c resistivity and thermal characteristics of any heat 
sink to which the plastic resistor is attached, etc. 
With reference to the drawings; 
FIGURE 1 depicts the greatly enlarged segment of the 

present resistor under normal temperature conditions. 
FIGURE 2 illustrates the structure of the present re 

sistor upon reaching and exceeding the critical tempera 
ture range. 
FIGURE 3 graphically illustrates the temperature vs. 

resistance characteristics of an experimental resistor pro 
duced as per the teachings of this application, 
FIGURE 4 shows a practical design for a recycling 

“fuse,”- which will reduce the current in the circuit to a 
negligibly small value in a short interval after a certain 
critical value of current in the circuit has been exceeded. 
The various aspects and modi?cations of the present 

invention will be made more clearly apparent by refer 
ence to the following descriptive examples and accom 
panying drawings. 

Example 1 

The following examples illustrate a typical procedure 
for forming a resistance element in accordance with the 
present invention. 

Finely divided carbon black having a size range of 
about 0.010 to 0.080 micron is placed in a tubular reac 
tion zone having a movable end segment which can act 
as a piston. The reaction zone is substantially packed 
with the carbon particles and the position of the piston 
and the reactor set so as to employ about 10 pounds per 
square inch of mechanical pressure across the body of 
carbon particles. Thereafter, ethylene gas is introduced 
into the reaction zone which is maintained under reaction 
conditions of temperature and pressure, e.g., 350° F. and 
1000 atmospheres. A suitable catalyst such as an organic 
persulfate may be dispersed about the packed carbon 
particles or alternatively injected with the ethylene mono 
mer. The ethylene is thus polymerized in situ upon the 
carbon particles while simultaneously forming a matrix 
between and among the conducting particles- Because 
of the mechanical compression during the polymerization 
reaction and subsequent cooling, the resulting product re 
covered is characterized by a highly ?lled polyethylene 
plastic wherein the conducting particles are in substantial 
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contact with one another. In the present example the re 
sulting product may contain 40% polyethylene, 60% car 
bon particles and have a resistance at room temperature 
of about 1 ohm/inch. 
With particular reference to FIGURE 1, shown therein 

is‘a greatly enlarged and simpli?ed view of the resultant 
thermoplastic-carbon particle resistance element thus pro 
duced. ‘It is noted that carbon particles 10, although 
surroundedby thermoplastic matrix 11- are in relatively 
intimate, contact. Both the mechanical compression 
exerted during the polymerization and the contraction of 
the polyethylene during cooling of the reaction tempera 
ture to~room temperature, insure the close contact of the 
conducting ?nely divided particles and thus the relatively 
low resistance of the resistor unit. 
When the temperature of the resistance unit 12 is raised 

to a ‘critical temperature value, there is a substantial and 
relatively sharp decrease ~in the contact'among the con 
ducting particles due to the substantially greater coef?cient 
of thermal expansion of the thermoplastic as compared 
to. ?nely divided conductors. This is shown in exag 
gerated ‘form. in FIGURE. 2. As a consequence, upon 
r'eachirig'a temperature level at which this elfect becomes 
pronounced‘ the resistance of the resistor very sharply in 
creases in value. ' 

Example 2 

The dramatic increase in resistance of the elements of 
the present invention is graphically shown in FIGURE 
3.. ' FIGURE 3 illustrates the effect of temperature on a 
three-inch ‘long by-one-inch diameter tube of a polyethyl 
ene carbon material similar to that described above. 
This tube had a wall thickness of about .150". It was 
clamped with a metal ring, similar to a hose clamp at each 
end, sov that the distance between the edges of the rings 
was about three inches. 

' The resistance of the resistor was then measured while 
varying its temperature from about 80° to 395 °. The 
test‘was performed by placing the resistance element into 
an oven,"the temperature of which could be adjusted and 
measured. A thermometer was placed inside the resistor 
tube, 'while an ohm-‘meter’ was connected to leads con 
necting to the ends of the resistor.v ' 
‘F'Results are set forth in Table 1 and graphically illus 
trated in FIGURE 3. The speci?c resistance in terms of 
ohms-inch is obtained by multiplying the resistance in 
ohms by thecros'slsectional area divided by the length 
of the strip desired, i.e.‘.47v/37-#-0.157. ‘ ’ ' 

~ TABLE 1 

Temp., Resistance, . Temp., Resistance, 
° F. ‘ ‘ ohms‘ ‘ ° F. ohms 

80 ' 6.9 276 1, 750 
150 7.9 . 288 2,100 

_ - 190 10.0 301 2,300 
‘ 204 11.0 313 3,000 

224 , 16.0 320 3,900 
- 236 28.0 328 4, 900 

244~ ‘ 52.0 340 7,500 
248 , 83.0 352 10,900 
255 250. 0 370 24, 000 
266 1, 500 - 395 112, 000 

As shown in FIGURE, 3, the resistor of the present 
invention exhibits ‘a normal small and positive resistance 
temperature relationship. This is so under normal tem 
perature conditions to be encountered in its use. In 
the present example, this‘ could be considered to be tem 
peratures of up ‘to about 250°. However, as depicted 
in FIGURE 3, at this relatively critical temperature level 
a very sharply increased change in resistance with in 
creased temperature occurs, e.g., a 600% increase in 
resistance from a temperature of about 255° F. to 266° 
F. At temperatures beyond this point the resistance in 
creases manyrfolid beyond that at lower temperatures. 
It thus becomes apparent that the resistance elements used 
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in the test are characterized by a dramatically increased 
resistance over a relatively narrow temperature range. 

Example 3 

The following illustrates a typical application of the 
present resistance element in terms of its use as a circuit 
fuse. 
By way of example, as shown in FIGURE 4, a simple 

series cincuit containingr a load which may, for example, 
be a IOU-watt lamp ‘and a resistance element of the present 
invention is connected by wiring 15. to a standout AC. 
or DC. voltage source of 110-120 volts. The resistance 
element may be a polypropylene carbon particle corna 
position 12 of the present invention wedged or threaded 
between two metal cylinders 13 and 14 which are con 
nected so as to be in series with the remainder of the 
circuit. The wedge has a resistance of about 0.05 ohm 
at room temperature and the resistance of the load ele 
ment is about 85 ohms. , 4 -, 

During the course of normal use the temperature of 
the overall circuit may rise to, for example, 200° F. 
However, the resistance of the polyethylenecarbon par; 
ticle wedge will only increase to about 0.10 ohm. Heat 
dissipation in the composition will be about .1 Watt. 
However, when the load element is short circuited, there 
is initially a very substantial increase in current passing 
through the circuit and due to the IZR volt-age ‘factor 
the ‘fuse of the present invention is heated to a temperature 
within the critical range. This causes the resistance of 
the fuse element to increase to the order of 1000 ohms 
at 300° or 50,000 ohms or "greater at 350°. Thus a new 
equilibrium point is 'reachedwhere heat dissipation due. 
to PR, equals thermal losses. Thus, while normal cur 
rent ?ow would not cause heating to the temperature 
above which there is a rapid increase in resistivity, the 
increase in current due to the short circuiting gives‘ a 
sudden increase in heat generation and greatly increases 
the resistivity of the fuse to such ahigh value that the 
present composition itself will thus become the current 
limiting device, thereby limiting the ?nal equilibrium 
current to a ?nal fraction of vits initi-al safe value. 
Uponremoving the power source, or opening the cir 

~ cuit on the load side of the ‘fuse of the present invention, 

45 
the composition will in short time return to a temperature‘ 
at which its resistance is very low, thus permitting the 
power to‘ be applied again to the circuit, 'while all ‘the 
time the mass '12 in FIG. 4 as shown retains its shape 
as a solid body. As an automatic safety factor, unless 

i the initial short circuiting. difficulty has been eliminated 
50 

60 

the cycle will again be rapidly repeated and the current 
reduced to a safe value. 
When using the electric resistance element of the 

present invention to control current ?ow, it ‘generally 
will comprise less than 5% of the total resistance of the 
circuit ‘at room temperature. When the current increases 
to heat theelement to the temperature range of markedly 
increasing resistance with temperature, the element will 
comprise more than 95% of the total resistance value 
of the circuit. The current may thus be limited- to less 
than 5% of its normal value. , ' 

Various modi?cations may be made to the present 
invention. For example, the following are a number of 
additional applications of the unusual characteristics of 

l the present material for useful and practical purposes. 
65 

70 

75 

(1) A water heater, which upon evaporation of the 
water will shut itself off automatically by virtue ofthe 
material essentially becoming a non-conductor. 

(2) A positive temperature-coe?icient thermistor (re 
sistor with high temperature coe?icient of resistivity). ' 

‘ (3) A sensing element for a heat or ?re detection’ 
system. 

(4) A protective element ‘for dry-cell batteries, open 
ing the circuit upon any short circuiting, but passing 
current again upon removal of the short. 

(5) An ambient temperature sensitive timing element, 

I 
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Where the time ‘delay is a function of ambient tempera 
mm. 

(6) A temperature limiting resistance element. This 
would be useful for applications such as a baseboard 
heater, baking ovens, electric blankets, electric irons, etc. 

(7) A sensing element for an air or water flow meter, 
in the manner in which the conventional negative therm 
istor elements are presently used. 

(8) In tubular form a heating element for liquids 
passing through it. 

(9) A thermostatic element without moving parts for 
automatic control systems. , 

(10) In the form of thin ?bres, a memory or storage 
element for computers (or in any form in which the 
thermal mass involved is small). 

(11) As an element exhibiting negative resistance 
characteristics over a portion of its operating range. 

Having described the present invention, that which is 
sought to be protected is set forth in the following claims. 

I claim: 
1. An electrical resistor element comprising a resistor 

provided with conductive connecting terminals for form 
ing portions of an electrical circuit, said resistor compris~ 
ing ?nely divided conductive particles dispersed in a ma 
trix of a relatively non-conductive plastic, said plastic 
having a coef?cient of thermal expansion at least three 
times greater than that of said conductive particles, said 
conductive particles being in substantial particle to particle 
contact, said resistor containing su?icient conductive par 
ticles amounting from about 25% to about 75% of the 
total volume of the resistor material and dispersed 
through said plastic matrix so that below a critical tem 
perature level immediate particle to particle contact exists 
between the conductive particles, whereas above said tem 
perature level and while the resistor remains a solid, said 
contact between conductive particles is substantially 
broken due to the differences in thermal coe?icient of 
expansion between said particles and said non-conductive 
matrix, said critical temperature being substantially above 
room temperature and below the temperatures of melting 
and of substantial deterioration of the plastic, said resistor 
being characterized by a relatively ?at curve of electrical 
resistance versus temperature below said critical tempera 
ture level and by a sharply rising curve beginning at said 
critical temperature level, said resistor further being char 
acterized by an increase in resistivity of more than 250% 
over a temperature range of 25 ° F. at about said critical 
temperature level. 

2. The resistor element of claim 1 wherein said plastic 
is a polyole?n. 

3. The resistor element of claim 1 wherein said ?nely 
divided conductive particles comprises carbon. 

4. The resistor element of claim 1 wherein said con 
ducting particles range in size from .003 to 1.0 micron. 

5. The resistor element of claim 1 wherein said plastic 
isv polyethylene and said conducting particles are carbon 
particles. 

6. An electrical resistor element comprising a resistor 
provided with conductive connecting terminals for form 
ing portions of an electrical circuit, said resistor compris 
ing a polyole?n polymer containing ?nely divided carbon 
particles distributed Within a matrix of said polyole?n 
polymer, said carbon particles being present in about 25 
to 75 volume percent based on total volume of said poly 
ole?n polymer and particles and. being in carbon particle 
to carbon particle contact at room temperature, said car 
bon particles having such a substantially lower coe?icient 
of thermal expansion than said polyole?n and being dis 
tributed through said polyole?n matrix, whereby below a 
critical temperature level immediate carbon particle vto 
carbon particle contact predominates whereas above said 
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temperature level and while the resistor remains a solid, 
such carbon particle contact is substantially broken so 
that the resistor exhibits an increase in electrical resistivity 
of more than 250% over a temperature range of 25° F. at 
about said temperature level, said resistor being character 
ized by a relatively ?at curve of electrical resistance versus 
temperature below said critical temperature level and by 
a sharply rising curve beginning at said critical tempera 
ture level. 

7. The resistor element of claim 6 wherein said poly 
ole?n is polyethylene and said carbon particles have a 
size range of 0.003 to 1.0 micron. 

8. An electrical resistor element comprising a resistor 
provided with conductive connecting terminals for form 
ing portions of an electrical circuit, said resistor com 
prising ?nely divided conductive particles having an aver 
age particle size of 0.01 to 0.08 micron dispersed in a 
matrix of a relatively non-conductive plastic, said plastic 
having a coefficient of thermal expansion at least three 
times greater than that of said conductive particles, said 
conductive particles being in substantial particle to particle 
contact, said resistor containing su?icient conductive par 
ticles amounting from about 25% to about 75% of the 
total volume of the resistor material and dispersed through 
said plastic matrix so that below a critical temperature 
level immediate particle to particle contact exists between 
the conductive particles, whereas above said temperature 
level and while the resistor remains a solid body, said 
contact between conductive particles is substantially 
broken due to the differences in thermal coef?cient of ex 
pansion between said particles and said non-conductive 
matrix, said critical temperature being substantially above 
room temperature and below the temperatures of melting 
and of substantial deterioration of the plastic, said re 
sistor being further characterized by an increase in resis 
tivity of more than 250% over a temperature range of 
25° F. at about said critical temperature level. 

9. An electrical resistor element in accordance with 
the foregoing claim 1 and in which said matrix comprises 
a polyole?n polymer which is polymerized with the con 
ductive particles in situ substantially in particle-to-particle 
contact and under pressure. 

10. An electrical resistor element in accordance with 
the foregoing claim 1, and in which said plastic matrix 
has been polymerized, and its molecules are cross-linked 
with said particles in situ. 
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