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ABSTRACT: An electrical heating element, comprising an 
electrically conducting carded fibrous carbon web contacted 
by electrodes, a supporting layer of loosely woven fabric over 
lying and united to one face of said web and a fitted fabric sur 
face layer overlying and united to the other face of said web, 
there being a finishing layer overlying the supporting layer. 
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ELECTRICAL, HEATINGELEMENTS 

This invention relates to electric heating elements. 
It has already been proposed to employ fabrics incorporat 

ing carbon fibers as padlike heating elements, heat being 
generated by passing an electric current through the fabric. 
Carbon fibers, as such, are quite brittle and abrasive, and do 
not possess very good cohesive properties. It is for this reason 
that hitherto they have generally been proposed to be incor 
porated with the yarns of woven fabrics or the like to maintain 
the cohesion thereof, but so far no satisfactory commercially 
marketable product capable of enduring normal wear and 
tear, for example in use as fabric for heated clothing, heated 
carpet underlays or the like, has emerged. 
An object of this invention is to provide a form of electrical 

heating element which incorporates carbon fibers as 
aforesaid, which operates efficiently for the generation of heat 
upon passage of an electric current therethrough, and which is 
of enduring construction not susceptible to deterioration 
under normal conditions of use or due to being folded, rolled 
or otherwise handled for storage and/or transportation pur 
poses, as well as a method of making the same. 
With this object in view, the present invention provides, a 

laminar electrical heating element comprising a nonwoven 
fibrous carbon web having two spaced-apart electrodes in 
contact therewith and having a supporting or holding layer of 
loosely woven textile fabric united thereto at one face thereof, 
a surface layer of felted fabric united thereto at the other face 
thereof, and a finishing layer overlying the supporting or hold 
ing layer. 
The supporting or holding layer is preferably an open weave 

scrim fabric, and there may be a second such holding layer 
disposed between the surface layer of felted fabric and the 
fibrous carbon web. 
The finishing layer may, for example, be a decorative or 

other woven fabric, in which case the heating elements may be 
employed in or as part of heated clothing or the like; alterna 
tively it may be of a foamed plastics material, for instance 
where the heated element is required to be used as a heated 
underlay for a carpet or other floor covering. Obviously other 
finishing layers may be incorporated according to the in 
tended use thereof. 
The supporting or holding layer or layers and/or the surface 

layer may be united to the carbon web by needling, but the 
finishing layer is preferably united by bonding, e.g. by means 
of an adhesive. Needling has the effect of causing intermin 
gling of the needled fibers, and accordingly should be avoided 
in relation to the finishing layer, so that no carbon fibers are 
exposed thereon in the finished heating element. 
The invention further provides a method of making a 

laminar electrical heating element which comprises applying 
two spaced-apart electrodes to a nonwoven fibrous carbon 
web, uniting a supporting or holding layer of loosely woven 
textile fabric to said carbon web at one face thereof, uniting a 
surface layer of felted fabric to the web at the other face 
thereof, and then bonding or adhering a finishing layer over 
the supporting or holding layer. 

In carrying out such method, the uniting of the supporting 
or holding layer with the web and the uniting of the surface 
layer with the web is preferably effected by needling. 
The method may, if desired, include the further step of unit 

ing a second supporting or holding layer with the web at the 
said other face thereof, prior to uniting the surface layer with 
the web. 
The supporting or holding layer may be an open weave 

scrim fabric, e.g. of cotton, and the surface layer may, for ex 
ample, be of wool or a mixture of wool and other suitable 
fibers, 

In order that the invention may be fully understood, it will 
be described further, by way of example, with reference to the 
accompanying drawings in which: 

FIG. 1 is a diagrammatic perspective view illustrating a sec 
tion of a carded fibrous carbon web as employed in a 
preferred embodiment of the heating element of the inven 
tion; 
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FIG. 2 is a view similar to FIG. 1 but showing the carbon 

web applied to a supporting or holding layer; 
FIG. 3 is a view comparable with FIG. 2 but showing the 

web with the supporting or holding layer united to one face 
thereof by needling, thereby illustrating one of the steps in 
volved in the method of the invention; 

FIG. 4 is an enlarged an diagrammatic fragmentary sec 
tional elevation illustrating a part of the united web and sup 
porting or holding layer of FIG. 3; 

FIG. 5 is a view similar to FIG. 4 but illustrating a modifica 
tion wherein the web has a second supporting or holding layer 
united to the other face thereof; 

FIG. 6 is a diagrammatic side elevation, to a reduced scale, 
illustrating the united web and supporting layer of FIGS. 1 to 4 
having electrodes and a surface layer applied thereto, thereby 
illustrating further ones of the steps involved in the method of 
invention; 

FIG. 7 is an enlarged and diagrammatic fragmentary sec 
tional elevation, comparable with FIG. 4, but showing the 
structure resulting from uniting the surface layer to the carbon 
web and supporting layer as illustrated in FIG. 6; 

FIG. 8 is a diagrammatic plan view, to a reduced scale, illus 
trating the structure of FIG.7; 

FIG. 9 is a diagrammatic side elevation, to a reduced scale, 
illustrating the application, to the structure of FIG. 8, of a 
finishing layer to achieve the finished heating element; 

FIG. 10 is a diagrammatic enlarged cross-sectional side 
elevation of a portion of the finished heating element as ob 
tained according to FIG. 9; and 

FIG. 11 is a view similar to FIG. 10 but illustrating another 
modification. 
Throughout the drawings similar reference numerals have 

been allocated to similar parts. 
FIG. 1 shows, very diagrammatically, a carded nonwoven 

fibrous web 10. This web 10, which will, of course, be floppy 
and will not take up the sharply defined geometrical configu 
ration illustrated, is obtained, for example, by firstly carboniz 
ing a bulk rayon fiber of short staple length, in an inert at 
mosphere in a furnace whose temperature is increased slowly 
up to about 1,000 C. and thereafter converting the resulting 
carbon fiber bulk into a carded web by use of a conventional 
carding machine or so-called "carding engine". 

Because the carded web 10 has very little coherence or in 
trinsic resistance to separation of the fibers thereof and falling 
part, so soon as it is obtained from the carding machine it is 
fed onto a supporting or holding layer 11 which is a loosely 
woven textile fabric, such as an open weave cotton scrim, and 
immediately thereafter the supporting or holding layer 11 is 
united to the web 10 by passing them through a conventional 
needle loom which serves to needle the two components 
together, as illustrated diagrammatically in FIGS. 3 and 4. 
This serves to needle the two components together, as illus 
trated diagrammatically in FIGS. 3 and 4. This serves to com 
pact the web 10 and causes the fibers thereof and of the sup 
porting or holding layer 11 to become intermingled at a plu 
rality of discrete locations distributed through the areas 
thereofas indicated at 12 in FIGS. 3 and 4 and illustrated very 
diagrammatically in FIG. 4 to unite the web 10 and layer 11 to 
form a readily handleable assembly indicated by reference nu 
meral 13 in FIG. 4. Such assembly 13 can be rolled up for 
storage quite readily and conveniently, which would not be 
the case for the web 10 on its own, 
Turning now to FIG. 6, this illustrates the application, to the 

assembly 13 of a surface layer 14 of felted fabric, e.g. of wool 
or any other suitable fibrous material. As shown, the carbon 
web/supporting or holding layer assembly 13 is drawn from a 
roll 15 with its supporting or holding layer 11 downwards, and 
the surface layer 14 is drawn from its respective roll 16 and 
brought into face-to-face contact with the upper or carbon 
web side of the assembly 13. Simultaneously therewith two 
flexible electrodes 17 are drawn off respective reels 18 (FIG. 
6) and one thereof is fed along each longitudinal side of the as 
sembly 13, just spaced in from the edges thereof as can be 
ascertained from FIG. 8, so as to contact the exposed face of 
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the carbon web of the assembly 13 and to become entrapped 
between the latter and the surface layer 14. 
These electrodes 17 are each in the form of a braided or 

woven tape of metallic tinsel, having a very great flexibility 
whilst not being susceptible to damage or fatigue as a result of 
flexing. 
As shown in FIG. 6, the assembly 13 with the electrodes 17 

and the surface layer 14 superimposed thereon is progressed 
through a conventional needle loom, which has been illus 
trated very diagrammatically at 19, whereat the surface layer 
14 is united to the assembly 13, as indicated diagrammatically 
at 20 in FIG. 7, in the same way as the supporting or holding 
layer 11 was united with the carbon web 12 as above 
described, to form the composite laminated carbon web/sup 
porting or holding layer/surface layer/electrode structure 21. 
The needling is, of course, effected through the electrodes 17 
to unite these with the rest of the structure. This laminated 
structure 21 can, if so desired, be rolled up. 
Turning now to FIG. 9, this figure illustrates the application 

to the structure 21 of a finishing layer 22. The structure 21 is 
drawn off a respective roll 23 and is progressed over a table 24 
with its exposed supporting or holding layer 11 upwards and 
the surface layer 14 downwards. A coherent adhesive film 26 
is drawn from its respective reel 26 and fed to the upper sur 
face of the structure 21 so as to overlie the scrim supporting or 
holding layer thereof against which it is pressed by a guide 
roller 27 whereupon the finishing layer 22, which may be for 
example, a decorative woven fabric, drawn from a respective 
reel 28 is applied over the film, 25, against which it is pressed 
by a respective guide roller 29. Thereupon, the resulting as 
semblage, being progressed along the table 24, is passed 
through a steam chamber illustrated diagrammatically at 30 
wherein it is subjected to steam which activates the adhesive 
film 25 causing the later to fuse and bond the finishing layer 
22 to supporting or holding layer 11 and the carbon web 10, a 
pressure roller 31 disposed adjacent the exit from the steam 
chamber 30 serving to press all of the components of the 
resulting heating element 32 to ensure intimate bonding of the 
finishing layer 22. 

FIG. 10 serves diagrammatically to illustrate the form of the 
finished laminated electrical heating element structure 32 
produced by the method as described, the various layers 
thereof having been shown exaggeratedly simply so that the 
nature thereof can readily be understood. It will be ap 
preciated that the resultant continuous length of the structure 
32 will be severed at appropriate locations to form individual 
heating elements. 

Variations may be made to the method of making heating 
elements as above described. Thus, for example, the carbon 
web 10 from the carding machine can, if desired, have not 
only the supporting or holding layer 11 applied thereto, but 
can have second similar supporting or holding layer 14 over 
laid thereover, the two layers 11 and 40 being simultaneously 
united to the carbon web 10 by needling, prior to the uniting 
therewith of the surface layer 14, as illustrated in FIG. 5. 
FIG. 11 illustrates a modification wherein a formed plastics 

or like layer 41 is bonded to the carbon web 10 at the side 
thereof opposite to the surface layer 14 so as to form a con 
struction of heating element which is particularly suitable for 
use as an underlay for carpets and like floor coverings. In the 
production of this form of the heating element, as is illustrated 
in FIG. 9, the structure 23 passing over the table 24, instead of 
having the adhesive film 25 and finishing layer 22 applied 
thereto, is coated with an appropriate fluid plastics material 
42 from a supply receptacle 43 and passes beneath a a doctor 
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4. 
blade 44 which serves to ensure that the coating is even over 
the entire area of the structure 23. The component 30 through 
which the coated structure 23 then passes will, instead of 
being a steam chamber, be a curing chamber wherein the 
plastics coating is caused to expand and at least partially set to 
form the layer 41. Naturally, instead of being formed in situ as 
just described, the foamed plastics layer 41 may be separated 
formed and caused to adhere to the structure 21 by means of an appropriate adhesive, for example as already described in 
relation to the finishing layer 22. 
The heating element as described can be employed in the 

manufacture of heated clothing or panels, or electrically 
heated underlays for floor heating, for example in domestic 
dwellinghouses, caravans and other locations as has already 
been mentioned. For such purposes, a low voltage, for exam 
ple of 12 volts or 25 volts, is preferably employed, and in prac 
tice a loading of the order of 15 watts per square foot will pro 
vide, in an underlay measuring approximately 12 feet by 12 
feet will provide adequate room heating for a room of slightly 

0 larger floor area, being slightly in excess of 2 kilowatts. 
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Obviously, when appropriate elements have been severed 
from the continuous lengths produces as described with 
reference to the drawings, the electrodes 17 must be ap 
propriately exposed for connection of current supply leads 
thereto and this can be effected in any convenient manner, for 
example by shirring back the layers overlying one end of each 
electrode 17 and making corresponding soldered connections 
(not shown) to the resultant exposed ends of the electrodes. 
The described method of making the heating element of the 

invention, wherein the needling of the various layers to the 
carbon fiber web to unite them is effected prior to the bonding 
in place of the finishing layer 22 or 41 has the advantage that 
no carbon fibers are present at the exposed surface of the 
finishing layer 22 or 41 which would be the case if such finish 
ing layer were united to the rest of the components of the ele 
ment by needling also. 
The heating elements of the invention may incorporate non 

woven fibrous carbon webs produced otherwise than in the 
manner specifically described, for example by carbonishing a 
previously felted rayon fiber web. The finishing layer may be a 
knitted fabric or a nonwoven fabric instead of the described 
woven fabric or plastics layer. 

claim: 
1. A laminar electrical heating element comprising: a non 

woven fibrous carbon web, a pair of spaced-apart electrodes 
in contact with the web, a supporting layer of loosely woven 
textile fabric united with the web at discrete needled locations 
at one face thereof, a surface layer of felted fabric united with 
the web at the other face thereof, and a finishing layer overly 
ing the supporting layer and united therewith and with the 
web. 

2. A heating element as set forth in claim 1 wherein the 
fibrous carbon web is a carded web. 

3. A heating element as set forth in claim 1 wherein the sup 
porting layer is an open weave scrim fabric. 

4. A heating element as set forth in claim 1 and further in 
cluding a second loosely woven textile fabric supporting layer 
disposed between the surface layer and web. 

5. A heating element as set forth in claim 1 wherein the 
finishing layer is of a woven fabric. 

6. A heating element as set forth in claim 1 wherein the 
finishing layer is of foamed plastics material. 

7. A heating element as set forth in claim 1 wherein the sur 
face layer is united with the web and supporting layer at dis 
crete needled locations. 
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