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This invention has to do with innprovements 
in heating devices and heating elements of the 
type enploying a uniforn and intinate a dinix 
ture of inely divided electrically conductive pal 
ticles and relatively high resistance filler par 
ticles, held by a binder in current-passing rela 
tio;i. in certain of its nicle Specific aspects the 
invention relates to fin dinension heating ele 
inents of this general composition, and to fiexible 
heating Yea:S in the fort of a teinperature 
resistaint, base layer, sheet or Strip to Which is 
bc.nded the haating film. Although adaptable 
to different, specific purposes and forms, the in 
vention has an in portant field of use as a flexi 
ble (26:Yposite sheet or tape applicable to pipes, 
vessels and various other objects requiring Sur 
face or Wall heating, and therefore will be de 
Saribed as encodied in this typical form. 

C:le of Iny general objectS is to provide a novel 
heating eierrent having the combined properties 
and advantages of (1) complete flexibility for 
application to various Surface shapes, (2) sta 
bility in its physical, thermal and electrical prop 
erties over long periods of time, and (3) capacity 
for heating at heraperatures within the range of 
about 100 F. and upwards. 
for better understanding of the particular ob 

jects and accoraplishments of the invention, left 
erence may be had preliminarily to the general 
nature and conposition of the electrically con 
dictive and resistive particles in the heating ele 
Yet, in its broader aspects the invention Con 
templates the use of any Suitable finely divided 
particles in Such ploximate and current passing 
reiation as Wii produce a predetermined tem 
perature at given potential. Preferably I employ 
an intimate ai: uniform mixture of conductive 
metallic particies and relatively high resistance 
file particles, all of which for best results are 
sized preferably below 10 anicrons in their great 
est dissensions. faintenance of contact between 
the particies despite flexure or thermally induced 
dirensional changes in the element, and stabili 
zation therefore of the electrical and tiherrnal 
properties gif the eleinent, may be aSSured to ad 
vantage by using netal particles in flake for 31, Ol' 
mixtures of netal particles Sone at least of which 
have flaky fol'ii. 
Typical metals include silver fiake (e.g. prod 

uct, No. MD-535 of Metals Disintegrating Cory 
pany of Elizabeth, New Jersey), nickel flake 
(e. g. Metal Disintegrating Company's product 
MD-750), zinc precipitate (e. g. "Merrillite' sold 
by Aloys Division of Metals Disintegrating Com 
pany, of Berkeley, California), and finely di 
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vided powdered or flaky stainless steel. Copper, 
aluminum and various metal alloys lay be used, 
depending upon the particular electrical and 
thernal properties desired for a particular heat 
ing element. As obtainable, these powdered 
Imetals may l'ange in size as high as 40 microns, 
but the minus 10 micron and preferably minus 8 
nicron sizes have been used inost successfully 
for the purposes of the present invention. Of the 
various metals silver nay be regarded as pre 
ferred. 
The relatively high resistance powdered file' 

inlay include any or mixtures of the following: 
titanium oxide, calcium carbonate, calciuin sili 
Cate, talc and silica. Other materials having 
Corresponding resistance properties may be used. 
Fol Certain purposes, less l'esistive taaterialis such 
&S Carbon and graphite may be used. 
Generally Speaking, the propolitions of 1eia! 

and filler particles may range within rather wide 
limits, depending upon the resistance and heat 
ing characteristics desired. For example in a low 
resistance eieinent designed to opei'ate at about 
380° F., at 2A. Watts per square inch, the mix 
ture inay contain about 60 parts of metal (e. g. 
Silver) to 90 parts of filler. This ratio may way 
typically to around 90 parts of Inetal to 60 parts 
of filler in a high resistance element, designed to 
operate at corresponding temperature and watt 
age. 

The invention is more particularly concerned 
With tine maniher in which the heating element 
or film particles are bonded together in stable 
Condition, and With So Supporting the element, 
particularly where the latter is in thin sheet, or 
Strip forin, as to provide a composite elemei: 
3 ind support having the degree of fres fiexibility 
adapting it to Various Surface application uses. 
In this aspect the invention contemplates arity 
proved heating element having elastoneric pro 
erties by using as a particle binder, a high ten 
parature resistant eiastomer. Also contemplated 
in Conjunction. With an elastoinetic heating elie 
inent, particuliarly in a thin or filra-like for;n, 
is the use of a heat-l'esistant elastomer body base 
or Carrier, bonded to and in effect integrated with 
the heating element. 
SucceSSful reStilts have beer achieved using as 

the elastomeric in atterial, the generally-termed 
Silicoine rubbers, the comr1ercial unpolynerized 
gun or resin grades of which, sold usually in a 
paste form, may be folyrherized by heating as 
permanent elasjoiners. Although for present 
purposes these silicone rubber's need not be dis 
cussed in chemical detail, they may be character 
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ized in accordance with their known structures 
as being macro-molecular alkyl di-substituted 
poly siloxanes copolymerized in an elastomer 
structure. As examples of useable commercial 
grades or brands of polymerizable pastes, I have 6 
used Dow-Corning “Silastic-125,' believed to be 
a naixture of the gum or polymerizable Silicones 
together with filler particles and an:accelerator, 
and General Electric Company’s “S. E. 76' gum, . 
a clear polymerizable silicone material to which I l0 
add the filler particles and accelerator. These: , 
polysiloxane elastomers are to be distinguished. . 
from the non-elastomeric resins, which are un 
suited for the purposes of the invention: as ther 
conductive particle binder material). 15 
In compounding the metal and filler particle 

mixture with a polymerizable silicone-material in . 
Which filler particles have not been incorporated, 
the weight ratio of the silicone material or paste . 
to the combined metal andfiller particles (which 2U 
are relatively proportioned as previously indi-. 
cated) may vary from 25 to .50 parts of the silis. 
cone material for 100 parts of the solid particles, . 
the object in most instances being to use no more . 
than enough of the silicones to give an effective. 25 
elastomer binder for the particles... As will apr. 
pear, formation. of the element may result from . . 
heating of silicone-filler. and metal particle mix 
ture containing a suitable polymerization a C- . 
celerator such as benzoyl peroxide. 30 

Further details concerning an illustrative emi 
bodiment of the invention in an- elongated strip 
or tape form of heating element, will be further 
understood fron the following detailed descrip 
tion of the accompanying drawing; in which: 35 

Fig. 1 is a view showing the composite heating 
tape applied to a pipe; 

Fig.2 is a plan view of the tape composite, With 
the layers progressively broken away to illustrate 
their relationship; and 40 

Fig. 3 is a cross-section on line 3-3 of Fig. 2... 
Referring to FigS. 2 and 3, the base, or Support 

ing layer consists essentially" of the silicone 
eastomer. in which is embedded suitable re 
enforcement, preferably in the nature of a heat 
resistant woven fabric. As illustrative, the layer. 
40 ray comprise a, sheet or tape of glass cloth 
embedded in the elastomer and formed by ini-- 
tially coating both surfaces of the glass cloth at 
unifornia thickness with the silicone paste (con 
taining an accelerator) and then heating the 50. 
base strip to polymerize and elastorinerize the 
silicone. If for any reason desired, suitable filler 
may be incorporated in the rubber:- Typically, 
the thickness of the base layer f may range be 

The heating element generally-indicated at 2: 
comprises a thin layer or coating 3 which as pre 
viously indicated, comprises in its final condition 
a uniform mixture of the metal andfiller powders: - 
in the silicone elastomer binder. which in turn is 60 
bonded to and in effect integrated with the base... 
layer. . . It will be noted that the heating ele-. 
ment film 2. is effectively: insulated electrically 
fron any metal. surface to which the tape.com -. 
posite may be applied, in that the element, strip. 65. 
is narrower than the base slayer. and ordinarily. 
Will be given equal spacing at: 4 from: the edges: 
of the base. 

ir nanufacture of the composite, the Silicone,: 
powdered inetal and filler, together with benzoyl 70 
peroxide, may be applied to the base, by spray. 
ing, birushing or knife.coating the paste mixture: ; 
at uniform thickness, and in spaced relation to... 
the edges of the base; : Following application of : 
the heating element film, the tape may beheated:55. 

4. 
under temperature and time conditions (typicaliy 
at 500°F. over a period of one hour) sufficient to 
polymerize the silicones to their elastoineiric form. 
The resulting film thus has an essentially eia,Sto 
mer body both in the base layer and heating 
element film, giving the composite complete flex 
ibility and ready applicability to surfaces of vari 
OlS Shapes: 
As illustrative, the heating tape may be used 

for heating a pipe 3, as illustrated in Fig. 1, 
wherein the tape is shown to be wrapped spirally 
about the pipe and electrically connected at its 
ends to suitable poles of current conductors : S. 
The latter are shown to be attached to copper 
mesh conductorii placed about the end con 
volutions of: the tape in direct contact With the 
heating film 3. . At the location of the Conduc 
tors, the end convolutions of the tape may be 
electrically insulated from the pipe by a layer 
of asbestos cloth or other suitable insulating la 
terial 8 placed between the tape, and the pipe. 
In order to prevent, short circuiting or electrical 
bleed off from the filril 3, the strip composite 
may carry a surface insulation layer & Suitably 
bonded to the Surfaces beneath and conposed for 
example of fiber. glass and asbestOS Sheet, Such 
as 'Novaestos’ finalli actured by irvington Wal 
nish Corinpany of El Monte, California. For 
clarity in illustrating the base iayer and heating 
film in Fig. 1, showing of any surface installation 
9 has been Ornitted. 
The following aire illustrative examples of the 

composition and resistance characteristics of 
heating filiaS which taay be laid upon Silicone 
rubber or other base Supports, as discussed in 
the foregoing. 

Eacqngle. I 

Lower resistance element: 
Silastic i25 (Dow-Coining)------ 69 gins. . 
Silver Flake--------------------- 8i gmS. 
Xylene-------------------------- 50 gnas. 
Resistance-...--- approx. 0.0180 hm./sq. in. 
Thickness-------------------- (0.0045 inch 

Eacdi?ple II 
Moderately low resistance element: 

Silastic 125 (Dow-Corning)------- 8igns. 
Silver Flake--------------------- 69 gmS. 
Xylene-------------------------- 150 graS. 
Resistance ----- - approx. 0.240 hin.../sq.in, 
Thickness-------------------- 0.0045 inch 

Eacd/mple III 

timony Oxide--------------------- 20 gn.S. 
Silver Flake------------------------- 35 gn.S. 
Kylene------------------------------ 160 giin S. 
BenZOyl. Peroxide -------------------- 1.5 gn.S. 
Resistance------------- approx. 0.20 hm./sq. in. 
Thickness ------------------------- 0.045 inch 
The resistance and thickness : values given 

above are of course those of the heat-set or poly 
merized finished mixture. , 

I claim: 
1. A heating relenieit, comprising a uniform - 

mixture of finely divided metallic electrically 
conductive particles and leiatively high electri 
cally resistive filer particies a bonded together 
in proximate and current-passing relation by a 
heat resistant elastoner of copolymerized poly 
siloxanes, and a supporting member bonded to . 
Said element and composed of a heat resistant. 
elastone of copoly:rierized poly siloxanes: 

SE6 (General Elec. Silicone Ea. gS. tween 0.005 to 0.015 inch. 55 e ec. Silicone Eastomer) 15 gns 

2. A heating element comprising a freely flex 
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ible body composed of a uniform mixture of finely 
divided metallic electrically conductive particles 
and relatively high electrically resistive filler 
particles all bonded together in proximate and 
current-passing relation by a heat resistant 
elastomer of copolymerized poly siloxanes, and 
a flexible Supporting member bonded to said ele 
ment and composed of a heat resistant elastomer 
of copolymerized poly siloxanes. 

3. The combination including a base layer hav 
ing an extended flat surface and composed of a 
heat resistant elastomer of a copolymerized poly 
Siloxane and a heating element layer bonded to 
Said base layer surface and comprising a uniform 
mixture of finely divided metallic electrically 
Conductive particles and relatively high electri 
cally resistive filler particles all bonded together 
in proximate and current-passing relation by a 
heat resistant elastomer of copolymerized poly 
Siloxanes. 

4. The combination including a thin flexible 
base layer of heat resistant elastomer of copoly 
merized poly Siloxanes, reenforcing woven glass 
fabric embedded in said elastomer, and a thin 
flexible heating element coating bonded to said : 
base layer and comprising a uniform mixture of 
finely divided electrically conductive particles 
and relatively high electrically resistive filler 
particles all bonded together in proximate and 
current passing relation by a heat resistant 
elastomer. 

5. A heating element comprising a uniform 
mixture of finely divided metallic electrically 
conductive particles and relatively high electri 
cally resistive filler particles all bonded together 
in proximate and current-passing relation by a 
heat resistant elastomer of copolymerized poly 
siloxanes, said conductive and filler particles be 
ing less than 10 microns in their maximum di 
mensions, and a supporting base member bonded 
to said element and Composed of a heat resistant 
elastomer of copolymerized poly siloxanes. 

6. A heating element comprising a uniform 
mixture of finely divided metallic electrically 
conductive particles and relatively high electri 
cally resistive filler particles all bonded together 
in proximate and Current-passing relation by a 
heat resistant elastomer of copolymerized poly 
siloxanes, Said metallic particles being in flake 
form and both the conductive and filler particles 
being less than 10 microns in their maximum 
dimensions, and a Supporting base member 
bonded to said element and composed of a heat 
resistant elastomer of copolymerized poly sil 
OXaeS, 

7. A heating element comprising a uniform 
mixture of finely divided electrically conductive 
flake silver particles and relatively high elec 
trically resistive filler particles all bonded to 
gether in proximate and current-passing relation 
by a heat resistant elastomer of copolymerized 
poly siloxanes, and a Supporting base member 
bonded to said element. 

8. The combination including a thin flexible 
base layer of heat resistant material and a thin 
flexible heating element coating bonded to said 
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base layer and comprising a uniform mixture of 
finely divided electrically conductive flake silver 
particles and relatively high electrically resistive 
filler particles all bonded together in proximate 
and current passing relation by a heat resistant 
elastomer. 

9. The combination including a thin flexible 
base layer of heat resistant copolymerized poly 
siloxane elastoner, and a flexible heating ele 
nent coating of about 0.030 to 0.055 inch thick 
ness bonded directly to said base layer and com 
prising a uniform mixture of finely divided 
electiically conductive flaky metal particles and 
relatively high electrically resistant filler par 
ticles all bonded together in proximate and cur 
rent passing relation by copolymerized poly 
Siloxane elastomer so that the composite base 
layer and coating are freely flexible, said con 
ductive and filliar particles being less than 10 
microns in their maximum dimensions. 

10. The combination including a thin flexible 
base layer of heat resistant copolymerized poly 
Siloxane elastomer, woven glass fabric embedded 
in Said layer, and a flexible heating element 
Coating of about 0.030 to 0.055 inch thickness 
bonded directly to said base layer and compris 
ing a uniform mixture of finely divided electri 
cally conductive flaky metal particles and rela 
tively high electrically resistant filler particles 
all bonded together in proximate and current 
passing relation by copolymerized poly siloxane 
elastomer So that the composite base layer and 
coating are freely flexible, said conductive and 
filler particles being less than 10 microns in their 
maximum dimensions. 

11. The combination including a thin flexible 
base layer of heat resistant material composed 
of copolymerized poly siloxanes and a thin flex 
ible heating element coating bonded to said base 
layer and comprising a uniform mixture of finely 
divided electrically conductive flake silver par 
ticles and relatively high electrically resistive 
graphite particles all bonded together in proxi 
mate and current passing relation by a heat 
resistant elastomer of copolymerized poly 
siloxanes, Said Silver and graphite particles being 
predominately under 10 microns in size. 
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