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(57) A conductive polymeric tape has elongate electrodes
(6), extending along 1ts long edges, and comprises a
central longitudinal strip (8) of different resistance to the
remainder of the tape. The strip (8) extends part way only
along the tape. The tape may also, or imstead contain
discontinuities (20) preferably extending across the tape.
The purpose of the strip (8) and the discontinuities (20)
1s to control the passage of electrical current and also the
heat output of different parts of the tape.




WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT
(51) International Patent Classxf' cation > :

HOSB 3/34, B29C 65/34

(11) International Publication Number: - WO 92/ 0‘* 74 |

(43) International Publication Date: 2 April 1992 (02.04.92)

- -‘

S . A
(21) International Application Number: PCT/GB91/01587 | (74) Agent: AUCKIL.AND COOKE, Jacqueline; Raychem Li-

| mited, IPLD, Faraday Road, Dorcan, Swindon, Wilt- |

(22) International Filing Date: 17 September 1991 (17.09.91) shire SN3 SHH (GB). |
(30) Priority data: (81) Designated States: AT (European patent), AU, BE (Euro-
9020400.9 19 September 1990 (19.09.90) GB pean patent), BR, CA, CH (European patent), DE (Eu-

ropean patent), DK (European patent), ES (European
patent), FI, FR (European patent), GB (European pa-

(71) Applicant (for MG only): RAYCHEM LIMITED [GB/GB]; | tent), GR (European paterit), IT (European patent), JP,
| Rolls House, 7 Rolls Buildings, Fetter Land, London KR, LU (European patent), MG, NL (European patent),
EC4A INH (GB). ‘ NO, SE (European patent), SU*,US.

i

| (71) Applicant (for all designated States except MG US): N.V.[
RAYCHEM S.A. [BE/BE]; Diestsesteenweg 692, B-3200 | Published

| Kessel-Lo (BE). With international search report.
F

{72) Inventors: and

(75) Inventors/Apphcants (for US only) : CORDIA, Johannes,
Maria [BE/BE}; Kerkweg 26, B-3212 Pellenberg (BE).

| ROGERS, Bruce [US/US]; 2109 Rock Creek Dnive, |

Grand Prairie, TX 75050 (US).

(54) Title: ELECTRICAL HEATING TAPE

(57) Abstract

A conductive polymeric tape has elongate electrodes (6), extending along its long edges, and comprises a central longitudi-
nal strip (8) of different resistance to the remainder of the tape. The strip (8) extends part way only along the tape. The tape may
also, or instead contain discontinuities (20) preferably extending across the tape. The purpose of the strip (8) and the discontinui-
ties (20) is to control the passage of electrical current and-also the heat output of different parts of the tape. |

—— )

* See béck of page



WO 92/05674 PCT/GB91/01587

Description 2691344
Electrical Heating T

This invention relates to an article comprising a
conductive material, preferably a conductive polymeric material,
which may be used, for example, for modifying, eg. joining or
'epairing one or more substrates. In particular the invention
relates to such articles. preterably in the shape of tapes, in
which the flow of electrical current, and also the heat output of
various parts of the article are specifically controlled.

Conductive polymers are well known. ~They comprise a
polymeric component and. dispersed or otherwise distributed
therein, a particulate conductive filler, e.g. carbon black.
Conductive polymers have been widely used as electrical heaters.
The heaters may be in the form of heat-recoverable articles per
Se or may be in the form of heat-recoverable. articles so that, by
powering the heater, the articles can be caused to recover, for
example to join, to repair, or to reinforce one or more substrates
around or against which the article recovers. Recently, it has
been shown that conductive polymers which retain substantial
strength above their melting point, especially sintered polymers
such as ultra high molecular weight polyethylene (UHMWPE), are
particularly usefu! for modifying plastic pipes, and EP-A-
0157640 (MP0922 EPC) describes a heat recoverable coupler
comprising carbon black containing UHMWPE. Also WOS88/08517
and WO89/05220 (MP1180COM PCT1 and 2) describe conductive
polymeric heaters in the form of tapes preferably made from
UHMWPE. These tapes may be heat stable and can be arranged in a
number of configurations for a number of applications. For
example, as exemplified by Figure 8 of WQO80/06517, the
conductive tape may be placed over a butt joint between two
pipes and an elastomeric band used to press the tape against the -
joint. As the tape heats, with the elastomeric band pressing it
against the pipes, it fuses to the pipes and joins them.
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The tapes described in WQO88/06577 and WO89/05230
typically comprise a conductive polymeric strip with two

electrodes extending along the long edges of the tape so that
current flows across the strip.

We have found that for some applications it is desirable for
there to be non-uniform current flow, and hence non-uniform
heating of such a tape. Thus, for example, where a conductive
polymeric tape is wrapped around a butt joint it is desirable to
prevent overheating in the butt area This may be caused by the
presence of a gap, which may be Uup to 1 cm, between the two
pipe ends to be joined. We have found that overheating can be

avoided by reducing the resistance of the part of the tape
overlapping the butt area.

Thus, the present invention provides an article comprising:

1)  a conductive element in form of a tape comprising a

first part having a different electrical resistance from that
of another part of the tape; and |

1) at least two elongate electrodes extending along the
tapes, and in electrical contact with the conductive

element, which can be connected 1o source of power to
cause electrical current to flow across the tape;:

wherein the said first part of the conductive tape is in the
shape of a strip extending part way only along the length of tape,
between the electrodes, and Separated from the electrodes by
conductive material of different electrical resistance.

The different resistance values may be achieved, for

example, by using materials of different resistivity, or by
varying the thickness, or both. Where materials of different

resistivity are used, these may be, for example, conductive
polymeric materials of different resistivity, or completely
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different materials, e.g. a coating of a metal, e.g a metal spray,

such as a flame sprayed metal, or an additional conductive braid.
Where the thickness is varied. this may be done, for example by
adding additional layers in certain regions.

Preferably the part of lower resistance is iIn the shape of
the strip extending part way along the length of the tape between
the electrodes, and separated from the electrodes by conductive
material of higher resistance. Thus the lower resistance central
strip is heated to a lesser amount than the higher resistance
borders. However, where the conductive tape is wrapped around a
butt joint to join elongate substrates the free (outer) end of the
tape must bond to the underlying wrapped layer of tape. Thus it
Is desirable that the lower resistance strip of the tape does not
extend completely to the end of the tape. Thus preferably the

strip of lower resistance material extends only part way along
the length of the conductive tape.

In one design, the article according to the invention
additionally comprises a non conductive substrate on which the
conductive polymeric material and the electrodes are mounted. In
a preferred embodiment of the invention the electrodes extend,
uninterrupted, along at least a first length of the non conductive
substrate. The conductive polymeric element, however, extends
along the said first length of the non-conductive substrate but
contains an electrical discontinuity. The discontinuity is
preferably in the form of a slit extending in a direction across
the conductive element, that is preterably substantially
perpendicular to the electrodes The discontinuity means that
there is no electrical current flow across the discontinuity. Thus

the discontinuity can control the direction of current flow in the
conductive polymeric element.

Let us consider, for example, the specific tape construction
described above, having a strip of lower resistance conductive

material extending along part only of the length of the conductive
tape. With that construction, because conductive material of
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conductive material. This causes a hot zone where the electrical
current flow is concentrated, and a cool zone in the region from
which the electrical current flow is diverted. This construction

disadvantageous, for example, for a tape to be used wrapped
around a butt joint between two plastic pipes. The inclusion of

an electrical discontinuity, eg a slit, extending across the tape at
the end of the region of conductive material of lower resistance,

prevents distortion of the current tlow, and hence avoids the hot
and cold spots.

Thus, the use of the electrical discontinuities can be used
to prevent preferential current Paths through regions of lower

resistance, or to prevent straying of electrical current generally,
even in articles with no lower resistance region. Thus the use of

electrical discontinuities in a conductive element per se is novel,
and forms part of the present invention.

Thus, another aspect of the invention provides an article
comprising

» da non conductive substrate.

1)  a conductive element mounted on the non conductive
substrate, and containing at least one electrical

discontinuity extending at least part way across the
element; and

i) at least two elongate ‘electrodes mounted on and

extending along the non-conductive substrate in
electrical contact with the conductive element.
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element are in the form of a tape, and the at least one electrical

discontinuity, which is preferably in the form of a slit, extends
across the tape.

Preferably the conductive element comprises a conductive
polymeric element.

The use of lower resistance areas, and/or the use of

electrical discontinuities can also be used to tailor deliberately
hotter or colder zones in a conductive element.

One or a number of electrical discontinuities may be used to
control current flow. For example multiple parallel slits may

extend across the conductive element, preterably a tape, to
minimize current straying.

The or each electrical discontinuity may extend the whole
Or part way across the element. Where the element comprises a

tape, the discontinuity preferably extends perpendicular to the
tape length but may extend at an angle to the tape. Similarly,

where the element is another shape, comprising substantially

parallel electrodes, the discontinuity preferably extends

substantially perpendicular to the electrodes, but may extend at
an angle to the electrodes.

Where an electrical discontinuity is present, particularly
where it extends the whole way across the conductive element
between the electrodes, it effectively produces two distinct
heating zones, powered by the electrodes. If the distance
between the electrodes in each zone is the same, but only one
zone contains a so-called "cold zone" e a region of lower
resistance, where less heat is generated, then this means that
the watt density in the two zones is different. This means that
the higher resistance zone (ie. the one without a cold zone) takes
longer to activate to a desired temperature (eg to weld to itself)
than the other lower resistance zone. This means that the other
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regions of lower resistance are included in both distinct heating
zones, thereby balancing the heat output of the two zones. These
additional low resistance regions are positioned where they will
not affect the desired heating or bonding characteristics. For
example in the case of g tape with a strip of low resistance
conductive material extending only part way along the length of
the conductive tape, and a discontinuity in the form of a slit
extending across the tape towards the end of the low resistance

material extend along the remaining length of the tape, on the
other side of the discontinuity Preferably they are positioned
adjacent the electrodes so that the main body of the end region is
heated. Preferably the total width of the two additional low
resistance strips is the same as the width of the single central
strip on the first side of the discontinuity. This means that the

As stated above the conductive element may comprise a
number of materials. In one embodiment, the conductive element
preferably comprises a conductive polymeric material. In this
case, it preferably comprises polyethylene, particularly ultra-
high molecular weight polyethylene (UHMWPE) together with a
particulate conductive filler, especially carbon black. In general
the composition preferably consists essentially of

(a) a matrix consisting essentially of organic polymer
particles which have been sintered together so that

the particles have coalesced without completely
loosing their identity, and

(b) a particulate filler, preferably carbon black, which is
dispersed in said matrix but which is present

substantially only at or near the boundaries of the
coalesced particles.
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Suitable formulations are found in Eufopean application 157,640
and 720,117, the disclosures of which are incorporated herein by
reterence. Although UHMWPE is preferred, other polymers that

may be sintered include polytetrafluoroethylene, polyphenyilene
sulphide, and polyimides.

The conductive polymers particularly suitable for use in
particular embodiments of this invention generally have a low
electrical resistivity, generally below 1000 ohm-cm, particularly
below 100 ohm-cm, especially below 10 ohm-cm, for example, in
the range of about 0.5 to 10 ohm-cm. I the conductive polymer is
to be electrically powered, the desired resistivity depends upon
the power source, which may be for example DC up to about 48
volts or AC of up to about 120 or 240 volts. Sintering produces

than for a meit-blended product. Thus the preferred sintered
compositions for use in this invention contain less than 9%,

preferably less than 7%, particularly 2-6%, by volume of carbon
black or other conductive filler. Particularly preferred carbon
blacks are those sold by Akzo Chemie under the tradename Ketjen
black EC and by Degussa under the tradename Printex XE-2. The

~ low levels of carbon black help to maintain the desired physical
properties of the polymer such as tlexibility, gcod elongation,
high tensile strength, good notch and Impact resistance, and good

chemical resistance. The conductive polymer may optionally be
cross-linked.

The preferred polymers are those which maintain a
relatively high viscosity above their softening or melting point:
l.e. those polymers which, at a temperature 50°C above its
softening point, have a melt flow index of less that 0.3g/10 min.,
particularly less than 0.1g/10 min., especially less than 0.05
9/10 min at a loading of 3 kg, and a melt flow index less than
3.00/10 min., particularly less than 1.0g/10 min., especially less
than 0.19/10 min. at a loading of 15 kg. UNMWPE, which has a
molecular weight preferably greater than 1.5 million, particularly

-----
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greater than 3.0 million, and frequently as high as 4 to about 6
million, is a most preferred polymer in this invention, although

very high molecular weight polyethylene (VHMWPE), which has a

molecular weight of about 150,000 or 600,000 to 1.5 million may
also be used after melt-blending.

The conductive polymers useful in the present invention
preterably exhibit ZTC properties; i.e., in the temperature range
of operation, e.q. 23-250°C, the resistivity changes by a factor of
less than 5, preferably less then 2 especially less than 1.

The conductive polymeric materials having the above quoted

Preferred resistivity values are particularly suitable for use as
couplings for polymeric pipes.

The thickness of the article, eg the tape, may be

substantially uniform or, eg at its thickest point is may be 1.5 to
3 times, its thickness at its thinnest point.

powered or otherwise heated, the conductive polymer preferably
can achieve a bond-line temperature of a least 135°C, preferably
150°C more preferably at least 200°C, especiaily at least 250°C.
The desired temperature is preferably attained under normai

ambient conditions in less than 30 minutes, preferably less than
15 minutes, particularly less than 5 minutes, especially 0.5 to 3

short installation times and minimal damage to the conductive
polymer, the substrates or surrounding material.

The article according to the Invention may be used for
joining substrates. In one preferred embodiment the article is
used as an internal gasket on the inner surfaces of and/or

between overlapping component parts of a tubular or wraparound

coupler, as described for example in PCT publication no
WO089/12545 (MP1180 PCT3).
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(1) one or more tube-forming components which are not
heat-recoverable and which are composed of an

electrically insulating polymeric. composition; and

(2) one or more gaskets secured to the inner surface(s) of
the tube-forming component(s) and comprising

(a) at least one laminar heating element which is
composed of a conductive polymer, and

(b) at least two electrodes which can be connected

to a source of electrical power and which, when
SO connected, cause current to pass through the

heating elements) substantially parallel to the
surface thereof, |

said tube-forming component(s) and gasket(s) being such that
they can be assembled and/or deformed into a tubuilar coupler

which, when around or in a pipe, can be brought into intimate

contact with the pipe by circumferential forces applied to the
coupler. |

In another embodiment, the article of the invention
comprises a coupler which comprises

(1) at least one first member which
(@) is not heat-recoverable,

(b) is composed of an electrically insulating
polymeric composition,

(c) has Chamfered edges, and

-----
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(d) comprises one or more gaskets secured to the
inner surface of the first member and
comprising

(1) at least one first laminar heating element

which is composed of a conductive
polymer, and

(ii) at least two electrodes which can be

connected to a source of electrical power
and which, when so connected, cause

current to pass through the first heating
element substantially parallel to the
surface thereof: and

(2) at least one second member which

(&) is not heat-recoverable,

(b) is composed of an electrically insulating
polymeric composition,

(¢) has chamfered edges, and

(d) comprises one or more gaskets secured to the

Inner surface and the chamfered edges of the
second member and comprising

(1) at least one second laminar heating

element which is composed of a conductive
polymer; and

(ii) at least two electrodes which can be

‘connected to a source of eisctrical power
and which, when so connected, cause

current to pass through the second heating
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element substantially parallel to the
surtace thereof:

said first and second members being such that they can be
assembled into a tubular coupler wherein (1) the chamfered edges
of the first and second members can slide relative to each other
to reduce the diameter of the coupler and (2) the second heating
element extends beyond the outer surface of the first and second
members and, when connected to a source of electrical power,
causes the first and second members to be secured to one another,

Where the article is used in applications where the ends of
the article, eg tape, are overlapping there may be overheating in
the overlap ares. For example where the tape is used as a lining
In a coupler with tapered overlapped ends as described in
WO89/12545 (MP1180 PCT3) the underlap area may overheat at
its tip. Such overheating in this or other applications may be
avoided by removed controlled sections of the article to lower
the watt density in that region. For example, for an article in the

form of a tape, strips of conductive material extending part way
along the tape may be removed.

Where it is desirable gradually to change the watt density
In various parts of the article this may be achieved by either
adding material (ie. thicker conductive parts) or by removing
conductive material. Where removal of material is used, the
geometry of the part removed can be selected to achieve the
desired gradation of watt density. For example slits with ends
tapering to a point at either end can be used.

As well as for joining, articles according to the invention
can be used for environmental protection. For example,

protection of cables and pipes may be achieved by the wrapping of
a sheet of material around a substrate. i.e. by the use of a "wrap-

around” sleeve, and forming an effective low profile seal between
the edges of the wrap-around sleeve Dy use of a conductive

polymer sealing strip according to the invention. The conductive
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between them.

Embodiments of the present invention will now be

described, by way of example, with reference to the
accompanying drawings wherein.

Figure 1 is a plan view showing an article according to the
present invention:

Figure 11

IS a plan view showing another article according
to the invention. |

R |
...........
..................
...............
'
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Figure 12 is a plan view of another embodiment of the
invention; and

Figure 13 is an enlarged view of part of the article of
Figure 12.

Referring now to the drawings, Figures 1 and 2 show a
conductive polymeric tape 2 mounted on a non-conductive
substrate 4. Two elongate electrodes 6 extend along the long
edges of the tape and can be connected to a source of electrical
power to cause electrical current to flow across the width of the
tape. A central strip 8 of lower resistance extends part way
along the length of the tape 2. This is bounded by conductive
regions of higher resistance 10 on sither side of the lower
resistance strip 8, and at one end 12 of the strip. The lower
resistance strip 8 and the higher resistance regions 10  comprise
the same conductive material, but the material is thicker in the
region 8 than in the regions 10 to provide the difference in
resistance. This increased thickness is preferably achieved by
adding one or more additional layers of material in the region 8.
For simplicity, the layers are not shown separately in the Figure.
When the electrodes are connected to a source of electrical power

less heat is generated through the strip of the lower resistance -
material than in the remainder of the conductive material.

Figure 3 shows the tape of figures 1 and 2 wrapped around
to form a butt joint between two plastic pipes 14. The strip of

lower resistance material 8 lies adjacent the butt region where
otherwise there could be overheating. The end of the tape 12 does
not include a low resistance portion, so it is well heated and can
bond to the underlying wrapped tape to complete the joint.

Figure 4 shows the lines of preterential electrical current
flow at the ends of the tape of Figures 1 and 2. At the end 12 of
-the strip, instead of taking the shortest electrical path (i.e.

directly across the strip), the electrical current preferably
follows the path of lowest resistance, and therefore is diverted

1] YT
,,,,,,,,,,,
. . 4
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to the end™ot the central strip 8 of lower resistance This results

In a hot zone 16 and cold zone 18 at the end of the lower
resistance strip 8.

Figures 5 and 6 are plan and longitudinal sectional vViews
through another article accoraing to the invention. The article is
similar to the article of Figures 1 and 2 but includes a siit 20,
extending across the strip at the end of the lower resistance
region 8. This represents an electrical discontinuity. Therefore
electrical current flowing between the electrodes at the end 12
of the strip is not diverted as was shown with reference to
Figure 4 for the article of Figures 1 and 2, but flows directly

across the strip, substantially perpendicular to the length of the
strip. |

Figures 7 and 8 are plan and longitudinal sections through
another article according to the invention. The article is similar

to that of Figures 5 and 6 but includes two transverse slits 22,
which each extend only part way across the strip.

Figure 9 illustrates a modification to the embodiment of
Figures 5 and 6. In this case, two strips 8' of low resistance
extend adjacent each electrode 8§ respectively, on the opposite
side of the slit 20 from the first central strip 8 of lower
resistance. The total width of strips 8' is approximately the
same as that of strip 8. The purpose of the additional strips 8' is
to balance the heat output on either side of slit 20. The lower
resistance strips 8' may be formed in the same way as strip 8.

Figure 10 illustrates a further modification to the whole of
Figure 9. In this case a second slit 20' is included towards the
other end of the tape from the first slit 20 , SO that the tape is
offectively split into three distinct heating zones. Conductive
material has been removed in strips 26 extending part way across
the tape in the new third zone. The purpose of this is to reduce
the watt density in that zone. This may be desirable if that part
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of the tape is to be overlapped eg adjacent a thin part to be
coupled.

Figure 11 is a plan view through another article according
to the invention including multiple slits 24, extending paralle! to
each other, across the width of the tape, to prevent straying of

electrical current. This is useful even in the absence of a lower
resistance area 8. The slits effectively define separate heating
zones in the tape. The tape may be designed so adjacent zones

have different resistances to give different heating effects. The

slits prevent straying of current to the lower resistance areas in
this case.

Figure 12 is another embodiment according to the invention
In which strips 26' of conductive material, extending across the
tape have been removed. This alters the watt density and resulis
in hotter zones 28 and cooler zones ‘30. This illustrates the way
the removal of conductive material can be used (instead of, or in

addition to, the addition of conductive material) to requlate the
electrical current flow and watt density.

Figure 13 is an enlarged view showing the removed portions
26' of conductive material and the surrounding region of the tape.

The portions 26 are in the form of strips with ends tapered to a
point. This results in regions of higher watt density 32,
transitional watt density 34 and lower watt density 36.

It will be appreciated that the actual layout and shape of
strips 26' is merely one example of the way the watt density can
be changed. Given the general principle the man skilled in the art

could adapt the design for other desired current density
variations.
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CLAIMS:

An article comprising:

1) a conductive element i1n form of a tape

comprising a first part having a different electrical

_

resistance from that of another part of the tape; and

11) at least two elongate electrodes extending
along the tapes, and in electrical contact with the conductive

element, which can be connected to source of power to cause

electrical current to flow across the tape;

wherein the said first part of the
conductive tape is in the shape of a strip extending part way

only along the length of tape, between the electrodes, and

1}

separated from the electrodes by conductive material o:

different electrical resistance.

W

2. An article according to claim 1, wherein the saild
first part of the conductive element has a lower resistance

than the said another part of the tape.

3. An article according to claim 1 or 2 additionally
comprising a non-conductive substrate on which the tape or

element, and the electrodes are mounted.

4, An article according to claim 3 whereln the
electrodes extend along at least a first length of the non-
conductive substrate, but wherein there is an electrical

discontinuity in the conductive tape or element 1in the part of

the tape or element mounted on said first length of the non-

conductilive substrate.

5. An article comprising:

1) a non-conductive substrate;

Wit ek e ey e A s pan iAol e ADITROy B YL Y S went sfer M) pepecte 00 "te . ERALLEL - N - "‘*'W”h"m-lbhﬂ -‘wm.u.,.‘“‘"!umnﬁ»“' Lv 8 sttt »
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11) a conductive element mounted on the non-
conductive substrate, and containing at least one electrical

discontinulty extending at least part way across the element;

and

5 111) at least two elongate electrodes mounted on
and extending along the non-conductive substrate in electrical

contact with the conductive element.

0. An article according to claim 3, 4 or 5, wherein the
electrical discontinuity 1s a slit in the conductive tape or

10 element which extends in a direction across the tape or

element, preferably substantially perpendicular to the

electrodes.

7. An article according to claim 6, wherein the slit

extends part way or completely across the conductive tape or

15 element.

8 . An article according to claim 4, 5, 6 or 7, wherein
there are two or more electrical discontinuities 1n the

conductive tape or element.

9. An article according to any one of claims 1 to 8,

20 wherein at least part of the conductive element comprises

conductive polymeric material.

10. An article according to any one of claims 1 to 9,

whereln the conductive element comprises sintered UHMWPE.

11. An article according to any one of claims 1 to 10,

25 whereln the parts of different electrical resistance comprise

the same material, but a lower resistance region is thicker

than a higher resistance region.

12. A methoc of forming a butt joint between two elongate

substrates comprising wrapping an article according to any one
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of claims 1 to 11 around the substrates and powering the
electrodes to pass electrical current through and hence to heat

the conductive element.

FETHERSTONHAUGH & CO.
PATENT AGENTS
OTTAWA, CANADA
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