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@ Conductive materiais.

@ A conductive material comprises carbon/graphite parti-
cles dispersed in a polymer, such as polyacrylonitrile or
polyurethane. The conductive material may be used to make
heating tapes by coating a fabric, such as polyamide,
therewith on both sides and providing energising conductors
attached thereto.
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Title: Conductive Materials

DESCRIPTION

This invention relates to conductive materials for
use for example in the manufacture of protective screens,
electrically heated fabric for tapes, panelﬁ, under~-
blankets, garments and for other purposes.

An object of the invention is to provide an
effective and versatile conductive material which is
relatively simple and inexpensive to manufacture and is
capable of withstanding adverse conditions of use.

According to the invention therefore there is
provided a conductive material comprising carbon/graphite
particles dispersed within and held together by a body of,
preferably water-soluble, aliphatic and/or aromatic
polymer.

The polymer chosen may depend on the end use of the
conductive material., For example, for uses in connection

with a high voltage, such as used for mains electricity

in the U. K., aliphatic polymers, such as polyacrylonitrile,

are preferred, However, for uses in connection with a
lower voltage, such as used for mains electricity in the
U.S.A. or D.C., a polyurethane, particularly an aliphatic
polyurethane is preferred.

With this material, desirable conductive and
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protective properties can be obtained in a particularly
simple and convenient manner whilst at the same time it is
oosSsible to achieve-good resistance to abrasion, to
corrosive materials (such as acids and alkalis), and to
moisture. Moreover the conductive and protective
oroperties (particularly the electrical conductance or
resistanée) can be maintained generally constant (or at
least can be maintai;ed within an acceptance range),-
throughout a range of operating conditions (e.g. over a
temperature range of say —40°C to 150°C).

Further, the material may have a high modulus of
elasticity and good resistance to hydrolysis.

The polymer and the carbon/graphite (which may
comprise the carbon material identified as Vulcan CX72R
or Corax I6) may be uniformly mixed for example by a
milling process to give a precursor dispersion.

Preferably the carbon/graphite particles comprise
12 to 55% of the solid polymer by weight.  Additives,
such as to eﬁhance flame retardancy, may also be
incorpbrated in the material. ZExamples of such
additives are decabromodiphenyl oxide DE-83R at 20 to 40%,
vreferably 25 to 40%, by weight or antimony trioxide.

The precursor dispersion may be processed, to give
the conductive material in the form of a flexible film
or yarn or tape, and this may be in conjunction with

any suitable substrate, supporting material or
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reinforcing material.

In a preferred process, the conductive
material mixture is deposited at a suitable viscosity
onto both sides of, or integrated into a suitable
fabric. A preferred fabric is an aromatic polyamide
fabric. The fabric preferably has desired properties,
such as inflammability and flame resistance.  Ancther
suitable fabric is disciosed in U.S. Patent No. 4251589
and U.K. Patent No. 159%246. The resulting textile
material obtained as explained above can be extremely
stable to ultra violet rays, oxXygen in general, -and
to heat and may have excellent resistance to water,
solvents, mineral oils and grease.

The conductive material of the invention
compares favourably with, for exaﬁple, cupro-nickel
wire as a heating medium since it does not produce
a magnetic field and may be inflamﬁable. The
conductive material of the invention can be used in
a variety of items as a heating medium. Examples of
such items include therapeutic heating pads, domestic
underblankets and heated mattresses, heated seats for
motor vehicles, heated blankets for truck drivers and
heated clothing. As can be seen some of the above will
require mains electricity and others battery power.
The conductive material of the invention can be used

for both electricity sources subject to the provision
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of a suitable interface.

The conductive fatric of the irvention may be
constructed to give a square law circuit having a closed
vath for the electrical energy in which the current
functions equélly and uniformly due to the ohmic
resistance within the hegyed fabric,

Moreover, dug to the "excitation state", a higher
than normal heat energy distribution over frequencies
extending into the far infra red at low and ultra low
levels can be obtained. This arises due to the
energising source (electric current) passing through
molecules of the carbon particles,

Also, basic fabric can be chosen %o have no fire
hazard or wettability, and so be an ideal medium for the
conductive material to form an infra red (far) energy
emitter for far infra red rédiation (wavelength of the
order of microns).

Typical mechanical properties for the basic fabric
may be as follows:

1005 modules (kg/cm?) at 459 carbon CX72R

blended at 25% to 505

Loading =96

300% modulus (kg/cmg) =200

Tensile strength (kg/cme) =Tongitudinal 7.5

Latitudinal 6.5
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Elongation % | =average 150
Brbrittlement (°0) = 40 to —45
Toss of flexibility (°C) = =35
Hardness (Shore 4) = 88
FPilm thickness = 0,08 mm average

Exploiting electrical conductivity/resistance to
pass electrical currents, for example in safe, reliable
heating whether either dfrectly or indirectly via an
associated storage material, such as sodium sulphate
crystals Na2804.1OH2O say for warming~pads. These can
be used by people, e.g. divers, pilots, oil rig or building
industry personnel, simply to combat cold, or more
generally for therapeutic purpases.

The area and space between electrodes which
transfer the supply of electrical energy over the heating
area is approximately four to twelve inches apart.

The electrical energy flow between adjacent electrodes
occurs only through the conductive field of resistive
material comprising woven or non-woven film in
between the electrodes.

In order to ensure good electrical (CHIM) resistance,
preferably to be coated over the fabric of this
conductive substrate for a volume of quality at the

dry stage per square metre is about 150 grammes, Where
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the fabric of construction requires warp/weft
295DTXZ530XS5%0 weave warp/weft 12.8 ends/picks per ca.
Weight 160 gramﬁes/square metre further to ensure a
full bonding integration of the conductive polymer to
be applied on both sides of fabric.

According to another aspect of this invention thére
is é;ovided a he?ting tape comprising a textile fabric
base or core tape impregnated and/or intimately coated
with a carbon-containing synthetié polymer material that
is electrically conductive.

Preferred heating tapes hereof are capable of
being energised at satisfactorily high electrical resistance
vhen driven by mains A.C. electricity and the freqguency
of oscillation causes the electrical energy to be
distributed over the whole length of the tape.

One such feature relates to the difficulty using
tape of only about 25 mm width of achieving adequate
electrical resistance if energising cornductors are
applied simply at sides of the tape as then, only the
width of the tape contributes to electrical resistance
and is too short for the primary purposes hereof.
Accordingly, it is proposed that areas of the conductive
material be used to develop the required electrical

resistance, and to do so using seiective insulation of
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conductors from conductive materiel at either, preferably
both, faces of the tape and effective selective inter-
connection of feed and return conductors relative to
such areas. Advantageously, edge—adjacent runs of
conductors, which may be tirsel, are electrically
insulated from the carbon-containing material, and
excursions of -such conductors across the tape are made
to define said areas, then with conduction through the
carbon material thereof from excursions of the feed
conductor to excursions of the return conductor, i.e.
along the length of the tape rather than across its
width and with overall electrical resistance for a
particular carbon containing material then set by the
spacings of sald excursions. Electrical supply can be
connected simply to each end of the conductorse.

Heating tapes hereof are quite simple to manufacture,
as will become clear from later description of specific
implementation, and can afford substantially uniform
electrical characteristics per unit area of the tape.
Additionally, the possibility presents itself of the
heating tapes being controlled with a substantial degree

of self-regulation/limitation arising from the fact that

the electrical resistance of the carbon containing polymer

material can be temperature-dependent, i.e. it will
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consume and convert to heat less electrical energy at
higher temperatures, and such action can be correlated to
achieving a desired temperature cf whatever is heated by
the tapes hereof,

This invention will now be further described, by
way of example only, with reference to the accompanying
Trawings, in which:

Figure 1 shows schematically production of
conductive fabric;

Figure 2 shows one form of heatirng tape and its
parts in a selective diagrammatic manner as sections
+hrough the tape;

Figure 3 shows a second form of heating tape;

Figure 4 shows a part section through the tape of
Figure 33

Figure 5 shows a third form of heating tape; and

Figure 6 is a longitudinal section through the
tape of‘Figure 5.

Referring to Figure 1, in the production of
conductive fabric, polyamide fabric 10 travels from a
main roller 12 over rollers 14, 15 to pass beneath a hopper
16 from which a coating of a mixture comprising carbon
particles in an aliphatic polymer, such as

polyacrylonitrile, is deposited onto one side of the
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fabric 10. A scraper “i8 controls the depth of mixture on
the fabric. The coated fabric then travels through an
extraction zone 19, wherein solvent,; probably water, is
drawn off by heating to facilitate drying of the coating.
The fabric then leaves the extraction zone 19 and travels
over a pair of rollers 20, 21 so that the uncoated side
thereof is uppermost. This side is then coated with a
mixture comprising carbon particles in polyacrylonitrile
from a hopper 22. A scraper 24 regulates the depth of
coating on the fabric. The fabric is then returned to the
extraction zone 19 for further removal of solvent.  After
leaving the extraction zone 19, the fabric passes through
an air cooler 26 and then is wound onto a final roller 28.
The fabric produced by this process can be used in
a variety of ways such as in making the heated tapes
described below. Thus referring to Figure 2, there is
a core layer 32 of narrow (say 25 mm) elongate (say 100
metres), textile fabric for which polyamide fabric is
suitable. Surfaces of the fabric tape 32 are then
coated with electrically conductive carbon-containing
polymer material, which may lie thereon as surface
coatings 344, 34B in mutual juncture via filled inter-

stices of the fabric core tape 30,
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The cured electrically conductive ccatings 344, 34B
nave aktached thereto at edge-adjacent positions parallel
lengthwise strips of insulating tape material 3%6A, 36B,
such as of pve or silicore rubber, say by ultrasonic
welding., Those insulating strips 364, 363 are shoun to
iayerg 34A, 34B §t oppesite sides of the tape 32 so as to
rely on conduction/resistance through the thickness of the
tape 32, Electrical conductprs 384, 38B, which it is
preferred be of tinsel, are then laid along the
insulating strips 364, 36B with side extensions 40A, 403
=% intervals corresponding to twice the intended lengths
¥ the electrically conducting areas to be defined, the
sxtensions 404, 40B to each side being shown staggered
into a symmetrical intercalation pattern for such

efinition, conveniently relative to area lengths of

(e

zbout 40 centimetres. As shown, such comb-like
conductor formations 284, #0A and 38B, 40B are readily
formed from flexible tinsel conductors that are taken
ouf across the width of the tape and back at the
aforesaid intervals,

The purpose of the conductor extensions/loops 404,
40B in their comb-like relation to feed and return
conductors 38A, 38B along each edge of the overall tipe,
normally for live and neutral of mains electrical supply,
is to utilise regions of the conductive material of the

+ape between those extensions 404, 40E for primary
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electrical conductionvalong the lengths of the areas of
those regions in order to give the required power
dissipation/heat generation for the overall tape so as
to get about 10-12 watts per metre, as would apply for
resistances of 5000 ohms and currents of 0.04 amps at
220 volts.

To get intimate electrical connection of the
conductors 40A, 40B into the carbon-containing material
of layers 34A, 4B they are covered with the same liquid
carbon polymer material 424, 42B and cured. That may
be done with further strips 444, 44B of insulating
tape previously applied over the side conductors 384,
%8B i.e. above their carrier strips 364, 36B. If
desired, for any reason such as aiding location of
the looped extensions 40A, 40B, they may actually be
laid on insulating strips first lald across the width
of the tape 32 at appropriate intervals.

Afterwards, the whoie of the tape is encased in
insulating material, whether between further wider
strips of insulation tape or by extrusibn, see 46 in
the drawing.

It will be appreciated that the aforesaid provision
of comb-like conrnductors for feed and return may be done
relative to the same surface coating of the tape,

i.e, to a tape coated only to one side (34A or 34B), or

separately for each major surface of the textile tape
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32 in which case the textile core substrate tape 32
need not provide a unifo;m average mutual juncture of
the coatings 344, 34E, indeed any such Jjuncture of the
coatings 344, 34B.

Finally, relative to the drawing, reference is
made to end conne€ctors 484, 48B for the feed and
return conductor 384, 28B. Such end connectors may be
made at each end of the tape 30 so that lengths
thereof can, if desired, be connected in series.

Some advantageous features of heating tapes hereof
have been mentioned above, and we now turn to further
exﬁlanation of the advantages of having carbon as the
electrically conductive element. Its uniform
presence not only aids achievement of uaiform, if
required temperature-sensitive, electrical
characteristics but also uniform thermal characteristics
and the capability to absorb energy. lMoreover, any
tendency for creating static that arose previously
using metal conductors is removed.

In an alternative construction as shown in Figures
3 and 4, a heating tape 50 having a similar core
layer 52, i.e. impregnated with carbon-containing
polymer material, has a different arrangement of its
electrical conductors, see 58A, 58B., Thus, the

conductor on one side, see 58A, crosses from
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side to side of the tape at suitably spaced intervals
along its length in order to provide excursions, see 604,
across the width of the tape 50. The conductor 584

thus runs alternately along opposite edges of the tape

for distances corresponding to said intervals. At

-such edge—adjécent runs, the conductor is electrically

insulated from the core layer 52, whether by tape as
aforesaid or by suitable L-or channel-section conductor
carriers of insulation material, or both. The conductor
58B (see dashed fragments) is indicated on the

other side of the tape in staggered relation to the
conductor 584, Suitable insulation material for the
conductor carriers can be extruded plastics

or rubber nmaterial, for example silicone rubber or
aromatic polyamide textile. Only alternate lengths
of such conductér carriers are specially shown as

S6A, 56A' at opposite edges of the tape 50, but it

" will be understood that same can each be of the full

length of the tape 50 with suitable notching of inner
sides of channel-section carriers or with the upstand
of L-section carriers outermost, otherwise using tape
or equivalent to prevent through-conduction between
the conductors 584, 58B at cormers to theilr excursions
60A, 60B.

The use of such zig-zag or meandering patterns for
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corductors 524, 588 can afford advantages in
fabrication techniques.

The use of extruded carriers 56A etc. can assist
in avoiding any appearance of bumps over the conductors
58A, 58B in the finished product, i.e. if cormer side
or sides upstand by the thickness of the conductor,
for which braided tinsei is preferred. Thus, final
covering of the finished tape can then be via plastics
extrusion then ovérlying the conductor carriers,
conveniently using the same plastics material.

As before, the excurisons 604, 60B are secured
in intimate electrical conrnection with the carbon-
containing polymer of the core layer 52 by application
thereover of the same carbon-containing polymer, i.e.
before the final extruded cover is applied.

It is found that braided tinsel conductors can
afford satisfactory electrical conduction over up to
100 metres of the tape 50, and that excursion spacings
of 2 metres for each of the conductors 584, 58B with a
1 metre cffset or stagger; i.e. setting up consecutive
1 metre long resistance regions of the tape 50, are
satisfactory fcr achieving 11 to 12 watts per metre
energy release as heat from A.C. mains electric supplies.
Then, the effective resistances of such 1 metre by
25 centimetre regions should be about 1200 ohms for a

125-volt supply and about 4500 ohms for a 240-volt

supply.
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Any lepgths and widths of the base fabric itself
of any suitable tyve can, of course, be used,

Turning to Figures 5 and 6, instead of strip like
excursioﬁs of side conductors as shown in Figures 2 to 4,
transverse grooves 70 ean be formed in tape 72 (similar to
the tapes 10 «and 50) in fo which a mixture 74 of
metal powder and polymer can be fixed with clip like
connections 75 between the mixture 74 and the side

conductors 76.
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Te A conductive material comprising carbon/graphite
particleé dispersed within and held together by a body
of aliphatic and/or aromatic polymer.

2 A.materiai as cléghed in claim 1, wherein the
polymer is a water based p;lymer.

3. A material as claimed in claim 1 or 2,

wherein the polymer is polyacrylonitrile.

4, A material as claimed in c¢laim 1 or 2, wherein
the polymer is a polyurethane.

5. A material as claimed in any one of claims 1 to
4, wherein the carbon/graphite particles are present
in an amount of from 12 to 55% of solid polymer by weight.
6. A material as claimed in any one of claims 1 to 5,
further comprising a flame retarding additive.

7e A material as claimed in claim &, wherein the
flame retarding additive is present in an amount of
from 20 to 40% of solid polymer by weight.

8. A material as claimed in claim 6 or 7, wherein
the flame retarding additive is decabromodiphenyl
oxide or antimony trioxide.

Q. A conductive fabric comprising a fabric coated

on one or both sides with a conductive material as

claimed in any one of claims 1 to 8.
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10. A fabric as claimed in claim 9 which is

1. A fabric as claimed in claim 9 or 10 based on
polyamide.

12. A heating tape made from fabric as claimed in
claim 9, 10 or 1.

13. A heaéing tape as claimed in claim ‘12 having
energising conductors at sides of the tape.

14. A heating tape as Elaimed in claim 13, wherein
areas of the conductive material are used to

develop required electrical resistance.

15. A heating tape as claimed in claim 14, wherein

the conductors are selectively insulated from the
conductive material at either or both faces of the
tape and effective selective interconnection of
feed and return conductors relative to such areas are
provided.

16. A heating tape as claimed in claim 15, wherein
edge adjacent runs of conductors are electrically
insulated from the conductive material and
excursions of such corductors across the tape are
made to define said areas.

17. A heating tape as claimed in claim 16, wherein
said excursicns are actually metal powder dispersed

in polymer and held in grooves of the tape.
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18. . A heating tape as claimed in claim 17, wherein

the metal powuer is copper powder.
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