2120909 1 - ELONGATE HEATERS -2- This invention relates to elongate
electrical strip heaters. Many elongate el ectrical -heaters, e.g. for
heating pi pes, tanks and other apparatus in the chemical process 5
industry, conprise two (or nore) relatively |low resistghfe conductors which
are 'gpnnected to the power source and run the |length of the heater
plurality of heating el ements connected in parallel with each ot hez Wgtigéita
the conductors (also referred to in the art as electrodes.) 10
conventional conductive polyner strip heaters, the heating elenents are in
the formof a continuous strip of conductive polynmer in which the
conductors are enbedded. In other conventional heaters, known as zone
heaters, the heating elenents are one or nore resistive netallic 15
heating wires. In zone heaters, the heating wires are wapped around the
conductors, which are insulated except. at spaced-apart points where they
are connected to the heating wires. The heating wres contact the
conductors alternately and nake.nultiple waps around the conductors 20
bet ween the connection points. For many uses, elongate heaters are
preferably self-regulating. This is achieved, in conventional conductive
pol ynmer heaters, by using a continuous strip of conductive pol ynmer which
exhi bits PTC behavior. It has al so been proposed to nmake zone heaters 25.
sel f-regul ating by conneeting the heating wire(s) to one or both of the
conductors t hrough a connecting el enent
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conposed of a ceramic PTC materi'al. Elongate heaters’ of various kinds, and
conductive polyners for use in such heaters, are disclosed in 30 U S

Patents Nos. 2,952,761, 2,978,665, 3,243,753, 3,351,882, 3,571,777, .
3,75/ 086, 3,793,716, 3,823,217, 3,858, 144, 3,861, 029, 4,017,715, -
.4,,072, 848, 4,085,2%&% 27 -3- 4,117,312, 4,177,376, 4,177, 446, ol

4,188, 276, 4,237,4417 4,242,573, 4,246,468, 4,250, 400, 4, 255, 698,

4,271, 350, 4,272,471, 4,309,596, 4,309,597, 4,314,230, 4,315,237,

4,318, 881, 4,327,351, 4,330,704, 4,334,148, 4,334,351 and 5 4,361, 799; J.
Appl i ed Pol ynmer Science 19, 813-815 (1975), Kl ason and Kubat; Pol yner - .
Engi neering and Sci ence 18, 649-653 (1978), Narkis et al; German OLS Nos.'
2,634,999, 2,755, 07This, 14t on? rASRHRES t2 ADNGEAS bt i 799; U K

Patents No. 1, <25 , 605, 005; published European 10 Patent
Appl i cati ons N%gglgb§§%$%f%00387l4, 0038718 and 0063440; and the

applications filed corresponding to U S. Serial Nos. 300,709, 369,309,
141,988, 150, 909 anﬁa%§4e§%%gégg3éﬁéﬁﬂﬁ¥ﬂ&¥3Hﬁaﬁ%%él<§.éi“¥d¥uﬁﬁﬁé&ng

publications and applicCations referred to above jis incorporated herein by
15 reference. PEHERS 1i h#dS a7d & ARPILATUS - i Fhtem i e (REQGgSS

heaters whisch ga@RstYs,2@omprigel)ewd i(cr mrd )s acingt ifllngdlow resistance
spaced- apart, con- d%ptors whi.ch _can _be cqgﬁpq%gqﬂ%ﬁ a source. of equtrical
t i

powner and (2) STPENSTGESe RSN FRRESTFS RAYSH S ce and run
conpri ses an elthegdeagtbnodt dhlei headsirst iwiech a plurality of heating

elements connected in parallel with each other between the
conductors (also referred to in the art as electrodes.)
10° In conventional conductive polymer strip heaters, the -
heating elements are in the form of a continuous strip of o
conductive polymer in which the conductors are embedded.
In other conventional heaters, known as zone heaters, the
heating elements are one or more reSistivé metallic
15 heating wires, In zone heaters, the heating wires are
wrapped around the conductors, which are insulated except.
at spaced-apart points where they are connected to the
heating wires. The heating wires contact the conductors
alternately and make multiple wraps around the conductors
20 between the connection points. For many uses, elongate
heaters are preferably self-regulating. This is achieved,
in conventional conductive polymer heateré; by using a
continuous strip of conductive polymer which exhibits PTC
behavior. It has also been proposed to make zone heaters '
25. self-regulating by connecting the heating wire(s) to one
- or both of the conductors through a connecting element
composed of a ceramic PTC material.

Elongate heaters of various kinds, and conductive

polymers for use in such heaters, are disclosed in

30 U. S. Patents Nos. 2,952,761, 2,978,665, 3,243,753,
3,351,882, 3,571,777, 3,757,086, 3,793,716, 3,823,217,
3,858,144, 3,861,029, 4,017,715, 4,072,848, 4,085,286,



heat.i ng conponent, and (ii’) is in electrical con- tact alternately with the
first conductor.and the second conductor at corggct points which are |ongi-
tudi nal Iy spaced- apart along the length of the strip 30 and

al ong:- the. I ength of each of the conductors. Preferably the el ongate
non-getal | i c conponent conprises an elongéte conductive pol ynmer conponent.
Such heaters are distinguished from conventional conductive polymer strip

35 heaters an Y - ter S sclo
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that if an artehprbNoF il «iﬁﬂJr§Gﬁh389knéﬂﬁv@@ﬁduiﬁpvgoﬂoﬂyﬂeg5ﬁ ge 'S

the fault The disclosure of each of the patents, publications and
applications referred to above is incorporated herein by
“~ 15 reference.

This invention relates to improved elongate electrical
heaters which comprise

20 (1) first and second elongaté, spaced~-apart, con-
ductors which can be connected to a source of
electrical power and

(2) an elongate resistive heating strip which (i)
5 comprises an elongate non-metallic resistive
heating component, and (ii) is in electrical con-
~ tact alternately with the first conductor and the
second conductor at coantact points which are longi-
tudinally spaced-apart along the length of the strip
30 and along the length of each of the conductors.

Preferably the elongate non-metallic component comprises
an elongate conductive polymer component. Such heaters are
distinguished from conventional conductive polymer strip

35 heaters and conductive



. can be propagated along the whole I ength of the heater, and thus render the
whol e heater inoperative. On the other hand, if such a fault occurs in a
heater of the invention,it is difficult or inpossible for it to propagate »
- along the 25 heater, because there is no continuous interface between the
conductive pol yner conponent of the-eating strip and the conductors. |ne&
preferred enbodi nent-of the invention, the heater- 30 is a self-regulating
heat er because the h ing strip conprises a_continuous eIon ate el enent
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sequent tdamgef Exttasiga wbanhenehheemransvetsecdhnections 20n thet he bus
Wire and s Aduie iY¥e Polymer heaters, current passes through the
conductive polymer mainly or exclusively in the transverse
15 direction, whereas in the strip heaters of the invention, the
curent usually passes through the conductive polymer mainly
or exc1u51vely in the longltudznal direction. 1In con-
sequence the new heaters can have improved power output and
voltage stability. Another advantage is that if an arcing
20 fault occurs in a known conductive polymer heatefy the fault
can be propagated along the whole length of the heater, and
thus render the whole heater inoperative. On the other
hand, if such a fault occurs in a heater of the invention,it
is difficult or impossible for it to propagate along the
25 heater, because there is no continuous interface between the
conductive polymer component of the heating strip and the
conductors. | '

In a preferred embodiment: of: the invention, the heater-
30 is a self-requlating heater because the heating strip
comprises a continuous elongate element which



Preferably, the heating strip (a) has a resistance at 23C of at |east 10,
preferably at |east 100, ohnms per cmlength and a cross-sectional area of
ats | east 0.0001 cnR, 25 preferably at |east 0.001 cn2, and (b) makes

el ectrical con- tact with each conductor each tine the heating strip
crosges the conductor. Such heaters are-di-stingui shgd from known conductive
pol ynmer heaters inter alia by the requirenent for §% ced-apart contact
points on the strip, as just described, 30 and. fromself-regulating zone
heaters as dexbibies PTC behard@ent o .t s spegificatdpnal pacpprenent

resistance apg 64P§Sto S&MiWIRIPTC RMAIRIUIF A aNesaddahbe 18dHEASEENt

for electrical coptact at_each, crossin int. Inthis way a great
di sadvant agePHf 2kRIFRCL ot %gt%arsst iasb%%d&{ernmpﬁﬁéx%egggi‘?? ?6r

nul tiple w aps0dE. t ha rheed | repid rindreaseerinc arisicttapeentis pneberveder f60
obtain the ngeessplYah ei’r?érég%é e:fd Slf]eaél%ecan‘%t I%lyt Qe.f%@é‘?qgﬁnst“E%SEC’%.s

I nsul ate the conductors except at the con- tact points. 1 preferred
cl ass of heaPefs af LeMREFIFALR | HNIDARF ilde £ 2rrPY @ofagservefpatyheast

heath i n? tSJI[‘l ri po\/\ga@f)ed Qérﬁb’élﬁht tuldi farife Qﬂnd.@?m:r,?‘ aﬁﬁdp?‘_ékéﬂg?£9nbﬁ§lﬁ,w t]p
each O e gonductors _at_eacn. appl.n | e neatl r.p VAL or
exanpl e a crggé]bslé%? ohhl 2% ecgl%g“%p‘ﬁfq’[e%oﬁeg‘ w&n&"aggggi"g?aﬁ%gytigg of
100 to 5, 000heaterpeby crhe erep ui r éhen torfarh spacedrdpartr sonhachbepoints

wr apped-r ougd gngeptsfh, Ch& MRt WU iHUIE) 12585 £28meLeNgaL8gRT S gRgUUCt i ve
pol ynmer heatlng str|€ and an_el gngate | nsu atlng el enent, ih§ onducCt ors

/ . e .
maki ng cont aBPR%i ReRteRS AT HrsghaRedy (10 Hoif WP g ¥Boi Arl7¥ndliel¥i ng 20
strip havi ngther faxanghet atlos dssatiarf isvrdlp aomprike8. @2cbatinGoas? and a

resistivity gio&égigfefeﬁéhél%é¥¥%(Qyﬂfﬁﬁts PTC behavior, whereas in
~ Patent No. 4,117,312 it is only the connecting element which
15 exhibits PTC behavier. This difference results in important
advantages, because the use of a small PTC connecting ele-
ment as described in Patent No. 4,117,312 results in very
high power densities in the connective element, with con-

st

sequent danger of damage-to the element or its connections
20 to the bus wire and the heating wire. '

Preferably, the heating strip (a) has a resistance at
23°C of at least 10, preferably at least 100, ohms per cm
length and a cross-sectional area of at least 0.0001 cm2,

25 preferably at least 0.001 cm2, and (b) makes electrical con-
tact with each conductor each time the heating strip crosses
the conductor. Such heaters are distinguished from known
conductive polymer heaters inter alia by the requirement for

_ spaced-apart contact points on the strip, as just described,

0  and from self-regqulating zone heaters as disclosed in U.S.
Patent No. 4,117,312 inter alia by the resistance and cross-
sectional



. L
preferably 1 to 100 ohmicm for heaters to be powered by | ow voltage sources
and 100 to 5,000 ohm cntfor. heaters to be powered by conventional |ine
tages. 25 In addition to the advantages al ready noted, the novel heaterss
er the considerable benefit that excellent con- ductlve pol ymer heateps
can be made from pol ynmers which can- ot be satisfactorily used in -t
“conventional heaters, in 30 particular tetrafluorethylene/perfluoroalkoxy

pol ymer s o] [ p tiscul ar.l vaIu ble. Also,
t he abse %%QO?S%Q g?ﬁ%%u%gdrre&a?/ c% ﬁé\}gnpﬂg eCtr % % €& f ace
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measur edtagt tpein®sence of the other conponents of the heater, particularly
a heating strip conprising a PTC conductive pol yner conmponent . However, the
heating strip can al so exhibit PTC behavior as a result (at |least in part)
of constructing and arranging 15 the heater so that, when the heater

i ncrwases i N tprefected ecldde d Heatperd rofp -ulmle'.rrgmi@nr compTiBles physi cal

change (- Bpc ehditdd&e 34 PETYdlk Wiadihd WY PRYE W2othdPd bair

of conductors and making contact with each of the conductors
at each wrapping point, the heating strip having for example
a cross-sectional area of 0.02 to 0.08 cm? and a resistance

15 of 100 to 5,000 ohms per cm lenqth. T™wo or three conductors
may be wrapped around a central element whxch comprises an
elongate PTC conductive polymer heatzng strip and an.
elongate insulating element, the conductors making contact
with the PTC element at each wrapping point, the heating

20 strip having for example a cross-sectional area of 0.02 to
0.6 cm2 and a resistivity at 23°C of 1 to 10,000 ohm.cm,
preferably 1 to 100 ohm.cm for heaters to be powered by low
voltage sources and 100 to 5,000 ohm.cm for heaters to be
powered by conventional line voltages.

In addition to the advantages already noted, the novel
heaters offer the considerable benefit that excellent con-
ductive polymer heaters can be made from polymers which can-
not be satiefactorily_used.in conventional heaters, in

30 particular-tetrafluorethylene/perfluoroalkoxy polymers,
whose high melting point makes. them particularly valuable.
Also, the absence of a continuous metal/conductive polymer

-~



of the heating strip and/or other conponents of the heater) which increases
its resistance. .\When (as is 20 usual Iy the case)ﬁ$£e heater conprises an
i nsul ating polymeric jacket, pressure exerted by t j acket can (but,
usually does not) influence the PTC behavior of the strip. There are a wide
varigty of relative configurations 25 of the heating strip(s) and the
conductors which will give rise to the desired spaced-apart contact points.
Generally it "will be convenient for the corl@actors to be straight and the
heating strip(s) to follow a regul ar sinuous path, or vice-versa. The path
may be 30 for exanple generally helical (including generally 32 -8-
circular and flattened circular helical) sinusoidal or Z-shaped However

it is also pOSSIbl@n&@&fbeéhréhaeegneaétaéataag lagsheghbme ebrfa£§hré01n
follow regular sin

ug at hs gh ar e dlffer &E ge or g
of opposite hand &P®fBFe8RBCEr© oPﬂlﬁﬁuFSPIo Vres PEFr§|H oﬁé ﬁﬁFﬁ“t
In one preferred cpowegaraanoaashéyhbatmagestrop thewsappedomponadta parely

of straight parallgkeggggggkgrghe é%ﬂeg?¥r$§ gﬁknkggggg the desired

di stance apart by-sT1reans separator s n-ano
configuration the heating strip is wapped around a separator strip and the
wrapped strip is then contacted by strai ght conductors I n anot her

B rai ant heat B stri peTARAPONBLoReRbRESSAFa) BREEPRERLY: SRy Ecsraelasing; ne
core may be (or cohtatérstbempubsingte heabénbestedp which exhibits PTC
behavior, particularly a heating strip comprising a
component which runs the length of the heating strip and
which exhibits PTC behav1or, when ltS resistance/temperature
At 10 characteristic is measured in the absence of the other
| components of the heater, particularly a heating strip
comprising a PTC conductive polymer component. However,
the heating strip can also exhibit PTC behavior as a
'result (at least in part) of constructing and arranging
15 - the heater so thét, when the heater increases in temperature,
the heating strip undergoes a reversible physical change
(e.g. elastic stretching due to thermal expansion of part
of the heating strip and/or other components of the
heater) which increases its resistance. When (as is
20 usually the case) the heater comprises an insulating
polymeric jacket, pfessure exerted by this jacket can (but
usually does not) influence the PTC behavior of the -
strip.

There are a wide variety of relative configurations
25 of the heating strip(s) and the conductors which will
give rise to the desired . spaced-apart contact points.
Generally it will be conveﬁieht for the conductors to
'~ be straight and the heating strip(s) to follow a
- regular sinuous path, or vice-versa. The path may be
30 for example generally helical (including generally




eg an insulated netal pipe or a pipe conposed of |nsulat|ng naterlal ~In
- anot her configuration the Gadductors are wr apped around.an insulating core
and are then contacted by -straight heating strips. It is often convenient .
for20 the wrapped el enent to have a generally helical configur- ation
such as may be obtai ned using convent+®nal w re- w apping apparatus. ;:
However ot her wrapped configurations are also possible and can be

advant ageous in ensuring that substantially all the current passing through
t he 25 heating strip does so along the axis of the strip for exanple
when t he condgft@ibafl &ndr fpaetenéOUBIrEitabeRblDgasy ri piansbhayicap be

apped so that _their axes-_ as the cros e allng.sLr ):.are
substantlally?afh??ﬁ t a %Y%gefo f l%x?i % p?%% %éﬁt ﬂﬁ égﬁﬁ tQFth t he
progres- 30 cam@mcb¢r$hen@ohUecheaSLUQMAtrhp(séngohfoiloheregulprbeung_
mainly Or EXCLisnlyes YpaeRk SR fciaL 8 diPEeEQHQU%OEﬁaSE%PO ik8nCapt act

with the heating strip he vari ous - E conflgurations, the
wr apped c%npd?n%rﬁPE%ﬁl‘F%rh%np?é ?%FI‘BV\PaC’EaPﬂt% ‘Ehf?éla‘énéf‘al ly

circul ar, ovair@égﬁpsi- @ PhthSitis V\p&bh r oundedneOpﬁefarrEar cbheiyeshe heat
transfer to strate, it iIs eate has a
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t he conductors or on a e .conductors then belng applie
the | ai dl®ut qm\fmgr%t%% tlm heat hegt $EE1Rt £8 pwrappPed dasaundnat op of the

conductors, geparator strip and the wr apped strip is then contacted by
straight conductors In another preferred configuration.
the cqnductors are wrapped around one or more straight ' :;
heating strips and one or more straight insulating cores-:

15 the core may be (or contain) the substrate to be heated-
eg an insulated metal pipe or a pipe composed of insulating
material. In another configuration. the conductors are
wrapped around an lnsulatlng core and are then. contacted
by straight heating strips. It is often convenient for

20 the wrapped element to have a generally helical configur~
ation such as méy be obtained using conventional wire-
wrapping épparatus. However. other wrapped configurations
are also possibie and can be advantagecus in ensuring
that substantially all the current passing through the.

258 heating strip does so along the axis of the strip  for —
example when the conductors are wrapped around the heating \J/
strip(s) they can be wrapped so that their axes. as they
cross the heating strip(s).- are substantially at right
angles to the axis of the heating strip. with the progres- |

30 sion of the conductors down the length of the strip being
mainly or exclusively achieved while the conductors are’
not in contact with the heating strip. In the various



further conductors can be placed on top of the original ones, thus

sandwi ching the heating strip in the mddle 15 of -a_two part conductor.
The novel heaters generally contain two el ongate codddict ors which are
a1ternate|y contacted by the heating strip. However, there can be three or
nor€ conductors which are sequentially contacted by the heating strip, 20
pro@fded that the conductors are suitably=-8ennected to one or nore suitable
power sources. Wien three or nore conductors are present, they can be
arranged so that different. power outputs can be obtained by connecting
different pairs of conductors to a single phase or two 25 phase power

source. Wen thraeapgaduebﬁﬁgafatmbasent-.néherappadbeompoaagedcaa €bat the

heater is-suitable for tion to phase The
conductors are usﬁﬁﬁwylﬁa23$ﬁ8r ?opéggh g lsTﬁgnEEWEEgtggggg}g oval or
preferably of netaéctagguiangw&tbrrgundadedownees. bBor3Ghe belsr hgaterial s
of low resistivitygaede used suBlerabaneic i1s18rrah bbeeapUHCEAREALENe
contact points wi thoURe heat

ing strip can i1 nfluence_the electrica
characteristi8s ohegherj bast BoRBaPRoWAACHi A& SéﬁﬁﬁéﬁéVerFéaBEPéﬁr with

conveni ent and gi ygugaed e8gHkks-. but conductors of other cross-sections 5
(for exanple flat nmetal strips) can al so be used. The conductors can be
contacted by the heating strip directly or through an internediate
conductive conponent far isxaipbepbssibdrdiiorotsecarabéngogtydpwitrhbe | ayer

of conduct i ve mat 9uiial 54g9. o | SHEaRhSLEY bt ZTCi8RAdYEL gckdsioRol yIer

conp03|t|on- bef oi & el'ng co cte heating strip.
head, in a regular 51nuous pattern, either on top of

10 the conductors or on a support, with the conductors
" ‘then being applied to the laid-out heating strip. If
o . the heating strip is laid out on top of the conductors,
further conductors can be placed on top of the original
ones, thus sandwiching the heating strip in the middle

15 of a two part conductor.

The novel heaters-generally contain two elongate
conductors which are alternately contacted by the heating
strip. However, there can be three or more conductors

_ which are sequentially contacted by the heating strip,

20 provided that the conductors are suitably connected to one
or more suitable power sources. When three or more
conductors are present, they can be arranged so that
different power outputs can be obtained by connecting

~ _ different pairs of conductors to a single phase or two
25 phase power source. When three conductors are present
' they can be arranged so that the heater is 'suitable for
connection to. a three phase power source. The conductors
are usually parallel to each other. The conductors are
preferably of metal, eg. single or stranded wires, but
30 other materials of low resistivity can be used. The shape



The conductors nust rengg spaced apart from each other. and for .this _
reason the novel heater -greferably conprise at |east one separator strip
which |ies between 15 the conductors. The separator strip is preferably ,
one “which will remain substantially unchanged during preparation ahd use of
the heater. except for thermal expansion and contraction due to tenperatye
changes such thermal expansion and cohfraction can be significant 20 in

i nfluenci ng PTC behavi or- especially when the separator strip conprises a
metal insert. particularly when the insert is a conductor which generates
heat by |2R heating during use of the heater. as further described bel ow
The separatorofitthe wbh8uososl by baeecbheastnpoints genar shecaehikgugati on
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heaters the sipachionsstrRpunflevirecaphgurhousaree rhisesondnvenientr endeach

30  other sogihatgodlePebierEONEHE B6RAAEEoENBECHEHLOcRORSMBECEQUREE 2l |
the current passing betwe he conductors passes through heating strip

en_t 'S t t he
or strips? (Bor.-example fhaf BeRal fEFLBE) | F2RaRLE8NERs1HSBLsenlh8I Iy of
electrically toadhotong cahebéatontiavewdr byt BRephepeihgesteipt HeérBealers

eason (i noc bt Fal8R ol Phep@iedt8Es d5h R EOR HERRERSHE, “B0E ol o
el ectrical coedampbesthehcondpatarsrcanrbp caatednpiktbeacleyeri ofl |y
conductive mMighaatti6d mABLRAL a15UEE0URIEdwPY rbBE YLV RY 2TC conductive
10 polymer composition. before being contacted by the heating
strip.

The conductors must remain spaéed apart from each o’
other. and for this reason the novel heaters preferably
comprise at least one separator strip which lies between

15 the conductors. The separator strip is preferably
one which will remain substantially unchanged during
preparation and use of the heater. except for thermal
expansion and contraction due to temperature changes:
such thermal ekpansion and contraction can be significant
20 in influencing PTC behavior. especially when the separator
strip comptises a metal insert. particularly when the
insert is é conductor which generates heat by IZR
heating during use of the heater. as further described
- below. The separator strip will usually have: the same
25 . general configuration as the conductors. eg. if they are
straight. the-separator is straight. and if they are
wrapped . the separaﬁor is wrapped with them.

In one class of heaters the separator strip
-electrically insulates the conductors from each
30 other so that. when the conductors are connected to a
power source. all the current passing between the .
conductors passes through the heating strip or strips.



material. The insulating material is generally gtgolynerlc materi al ,
preferably one containing a thermally conductiv naterial. In another
cl ass of heaters. the separator strip is conposed of electrically resistive
mat erj-al and .thus provides an additional source of heat when the conductors
are capnected to a power source. In this qg ss 15 of heaters. the heater
preferably conprises a second resistive heating strip which is conposed of
a conductive polymer conposition ana which is in continuous-electrical
contact with the conductors. The resistance and resistance/ tenperature
characteristics of such a-separator strip can 20 be correlated with those
of the heating strf{chrasseparater ﬁ%@&@%ﬁ?%l?’ésﬁﬁ%nt%llfmmﬁer

di scussed bel ow. Iéﬂé@l@iﬂnﬁ@m;ﬁrﬁnéd‘@é@x l&at@é@éiy %@emt'ﬂﬂ@l&opertles
i nterface between t?e conductors and 1 ?éihélve ;ggarator §}r|p an

| east a substantiaPt pHOPHFEFOH Df 2 e W‘?‘é e d%hr the
separator strip V\Nheﬂm]socondtmtnansy/eram dfmecthrm rél'dm:rco(rsﬂmde)rmsxan

al so be mainta ned, Qﬁ§£ tqriﬁ!.
whi ch al so pr ?f/l des an [ nséulecg{ g ] acke aro ‘ﬁz ﬁéopagl%gﬁae rical
heating strip or sendctorhk qfe&kﬁpmqmrsw@mﬂ@ tn;omprztsaa glaghnifcal ly

tube which has beeébriﬁ@d&xﬂé’%h@éﬁﬁp SeAided]l COMMGUNTdBY Nthdu Al  °
strip wapped around th -12- ﬂ addition to, the conductaors which are .

contacted by the H@%.??&F trifhe tins ng, BakeLi rF?xﬂﬂQﬁ??%*ﬁeﬁnp4iﬁq?rlc
addi ti onal el ongatmatexiaict qyse fdr abil irane nadtdiating a thermally conductive

10 material.
In another class of heaters. the separator strip
b is composed of electrically resistive material and
thus provides an additional source of heat when the -
conductors are connected to a power source. In this class
15 of heaters. the heater preferably comprises a second
" resistive heating strip which is composed of a conductive
polymer composition and which is in continuous electrical
contact with the conductors. The resistance and resistance/
temperature characteristics of such a separator strip can
20 be correlated with those of the heating strip or strips to
produce desired results. as further discussed below. In
~such heaters there will usually be a continuous interface
between the conductors and the conductive separator strip
and at least a substantial proportion of the current which
25 passes through the separator strip will do so in a
' transverse direction. .

The conductors can also be maintained in desired
positions by means of insulating material which also
provides an insulating jacket around the conductors and

30 heating strip or strips. The jacket can for example

' be in the form of a tube which has been drawn down
-around a pair of conductors having a heater strip
wrapped around them. ' '



fromthe other electrical conponents and which can be 5 used to connect
-the heater in the nove!bway disclosed in U S. applicati.on Seri-al No.

369, 309 and optidnally to provide an auxiliary source of "heat. One or
nmore of such conductors can be enbedded in an i nsul ati ng separ at or strlgN
10 ~ The novel heaters contain at |east one heating strip which &

contacts the elongate conductors. In nmany cases, use of a single heating
strip gives excellent results. Howevet2=two or nore heating strips can be
used, in which case the heating strips are 15 usual |y, but not )
necessarily, parallel to each other along the length of the heater; the
heating strips are preferably the sane, but can be different; for exanple,
one of the heatingistad@stian be PAE wbh@uoterfewhjichAndranebheacead be ZTC

PTC with i ff t
of the same poRer B oer 08 BEBer 5PR.0Bat hEREEFS" RN SdnBRihtandr e S
relatively IoMPp@te@d¥thhgh ﬁbﬂb@ﬁtefcﬁnﬂﬁgtﬁéﬁ uhnphlengthysgnagyda
plurality of gféﬁl éﬁ% Beaéfnmé&&péaw aeﬂssnahta sﬁhauh!ehycahgbepl tch;

use of a plur strips, results I'n | ower vol tage stress on the

heating s r|pusqﬂet%tF?%“%FtsFF?pEeQFSraFPaﬁBEanBeFhHPYsﬂ 8848868 cont act

poi nts on eacinconslucippl acet spacsdropar ol r 069630 ahlebptlibndesiyr €d, one o

EIrFEQGSL“ZS'at'%ﬂéﬁtaﬁnaaégfféagagaﬁfﬁé”%5?&58%‘adjéesnﬁrmﬁ§%§ 8t ho

heat i ng str|psmchs¢¢n@ectors ¢3n be embedded in an insulating separator
strip.

10 ' The novel heaters contain at least one heating -
strip which contacts the elongate conductors. - o’
In many cases, use of a single heatiﬁg strip gives
excellent results. However, two or more heating strips
can be used, in which case the heating-stripg are
15 usually, but not necessarily, parallel to each other
along the length of the heater; the heating sStrips are
preferably the same, but can be different; for example,
one of the heating sttips can be PTC with one Ts and
another can be 2TC or PTC wiph a different Ts' Por a
20 particular heating strip, heaters of the same power
output can be obtained by a single strip wrapped at a
relatively low pitch (a high number of turns per unit .
length) or by a plurality of parallel heating strips =
wrapped at a relatively high pitch; use of a plurality of ~
25 strips results in a lower voltage stress on the heating
strip.

The strip or strips are arranged so that successive
contact points on each conductor are spaced apart from
each other. If desired, one or ¢ore insulating

30 members can be wrapped with one or more heating strips
so as to maintain desired spacing between adjacent
wraps of the heating strip or: strips.



The heating strip can have any configuratiﬁg which results in the desired
alternate contact of the heating strip wt ghe conductors. However
excessive bending of “the heater strip often has an adverse effect on its. 5
el ectrical and/or physical properties. Consequently it is preferred that
theSQ;ating stripis in a configuration such that nost, and preferably
substantially all, of the parts of the heating strip which are electrically
active (i.e. which make a useful contribul'gp to the heat output 10 of

the heater) are not excessively bent, eq. have a radius of curvature at al
points in the substantial current path which is at least 3 tines,

preferably at least 5 tinmes, especially at least 10 tines its dianeter. The
heating. strip preferably c rises conductive 15 pol r conponent,

whi ch runs the |ength oINS HEFHERRY MEEER | GAD RS hRPY ORI TSI ¥ 197 i ich
chiefly described bysukferimcehé¢ desited sitepnatdvemeract tof sthe leatiwter -
SLood Lhat Lhe | Ve Ol 0F ISl gl OF BESALLY CERLIVE SUdddind Ue
exanpl e a heating stri I ch conprises conductiVe ceram c materraf,
e.g. desposited ontke negater |skpip oftemkadiamnedveryze ref et emtity. strip
can consi st esgentd pdétrdal ShdBe §K¥E&6&1\@k6§E¥EE%§JC"Cod&eé&e&@gg it is
conprise (a) a first conpopent which runs the |ength of the heaiin

strip and (b) a seEﬂ%éF%%ﬁgo % W TS (3kFt r@ﬁhl%fat?&Pfkﬁﬂé%ﬁﬁ%Qrip
and whi ch i s conposweh ofhat anositictand poeposablynsubbdtdmasdl by pell, off tihee

Trret component  catTes &rhoii ATy nd drEfTONEh SE dIFORKERP dop Ve
conductive pol yner{kadpothichmake @|usefykatontribution it the heat kRt
of glass or ofdier £€r@Wd Cheater) are not excessively bent, eg. have a radius
of curvature at all points in the substantial current

path which is at least 3 times, preferably at least 5
times, especially at least 10 times its diameter.

i\&'

The heating strip preferably comprises a conductive
15 polymer component which runs the length of the heating
strip, and the invention will be chiefly described by
reference to such a strip. However, it is to be under-
stood that the invention includes any kind of resistive
heating strip, for example a heating strip which comprises
20 conductive ceramic material, e.g. desposited on single
filament or multifilament yarn. '

The heating strip can consist essentially of a
single conductive composition, or it can compgise (a)
a first component which runs the length of the heating
25 strip and (b) a second component which runs the length of
the heating strip and which is composed of a conductive
composition, at least a .part of the second component lying
between the first componeht‘and-the conductors. The first
component can be electrically conducting, eg. be composed
30 of a conductive polymer composition, or electrically
insulating, eg: be composed of glass or other ceramic



-14- material or natural or synthetic polyneric naterlal The first and
second conponents are preferably distinct fromeach. ot her, eg.-a first
conponent which provides thé core and a second conponent in the formof a .

j acket which 5% “surrounds the core. However, the second conponent can__
al so be distributed in a first conponent which is preferably an electrlcay
insul ator, eg.a glass filament yarn wiidch . - has been passed through

aliquid conduct i ve conposition eg. a solvent-based conposition. Wen the
first and 10 second conponents are both conposed of a conductive pol ymer
conposition, the first conponent is preferably conposed of a conductive
pol yner conpomhté@ﬁaththnexhkhutar Bidtheltd\d o lwimeriax switeriialy The

‘tenperature b t S u 5
an Bl tornati vErRAS gpas Bl SopBRREIte & p Ry QB Brad
PTC behavi or reesnl puthgrf'rsm-u@e férsk propeRnthghdoh Provides ddstdart the

heater so thatanwhensb%nheebﬁ.rpoln%rte%e%nlen foraP @ty ckdte Wi h of the
conductive polymer cqnponent oOf eath%gnéﬁ{lp 20 i s caused to change

by an anpgnt &MFFEMBAE fhemcPre- norﬁﬁwqy D FPPERE £41 on.
For exanpl e t hgsbeaecdicttrioutied Nncandictsy ToMponeTrPMLaAiaN ﬁrpnieferably

conprising a nate I_al haV|n coeffi t e

t he heating st 6 Sgﬁ &Sﬁﬁrl % raia%%r%, on%o?ln S%Séﬁaél{(%o of ha"ch

mat eri al havi hgsableiegh passed ¢ihaougdf atﬁaquﬂdesqnﬁunuyve|qomnne;umgn for

exanpl e, a heegl ng bl_;jkT,%anm@e%' %@oé %wduemewem YiRFg € RPnent can
e IS

be caused to Ri bi t ehavi or I s useful because it nmakes it

possi bl e 100 uSecPNd CORPORENFS ARey ROth: SaRrasedhRE F condugtyive | s

desirabl e, egpoflgmeRaicompeisat iRfny,SittRl FieRe/domondrt iis Prefurasly

| mpor tant that ag%s%%r%&Chl%%dyhéglve polymer composztlon which exhibits~

PTC behavior with a switching temperature below the \e

switching temperature of the second component.

15 : An alternative way of providing the desired PTC
behavior (or of modifying PTC behavior resulting from _
use of a PTC heating strip) is to construct the heater so
that when the heater increases in temperature, the length
of the conductive polymer component of the heating strip

20 is caused to change by an amount different from its normal
- thermal expansion or contraction. For example the heater
can contain conductors or a separator strip comprising a

" material having a high coefficient of thermal expansion,
or the heating strip can comprise a first component

25 . composed of a material having a high coefficient of
thermal expansion. In this way, for example, a heating
strip comprising a 2TC conductive polymer component can be
‘caused to exhibit PTC behavior. This is useful because it

s~

makes it possible to use ZTC conductive polymer compositions
30 if this is desirable, eg. for particular physical properties.

It is of course important that any stretching of the

heating strip should be below its elastic limit, and for

this reason the heating strip may-comprise'a first

component which is composed of an elastomeric material.



heating strip should be betowits elastic |imt, and for this reason the
heating strip may conprlse a first conponent mhlch conposed of an

el astomeric material . 39 -15- As briefly noted ééiv t he novel heaters
can centain a separator strip which provides a second resistive heating
strlbf whi ch is conposed of a second conductive polynmer conposition and
which is in continuous 5 el ectrical codtSact with the conductors. The
second conductive pol ymer conposition can exhibit PTC behavior, with a
switching tenperature which is above or bel ow the swi tching tenperature.
[err] of a PTC conductive polyner in the wapped heating strip.
Alternatively the secomﬂs mzeﬁiqndmdiéd/ehmﬁqrmfhe:omm the@t exan cani bi t

ZTC behavi or at t res rJt]r(:%]Q«hcia%x %—.@U:{ﬁesa CWILNy pat h

bet ween t he condu rs ose SIS ance he I'esi st ance
of the current pattesdisfigea hedting stadm nghdiah g sueerpasedhoft & sesoad

[err] and (b) is |QMFudtiare. tgiaﬁy%ér cro&@o%tlaa% Qnd hﬁu@hr rL%ntmp%bmtqln@%s

the first heatlng trip at _.an el evated nper at ur e, pro ction of
conductive poly %ﬁ§§% FFE@ Wigg QE J@ﬁtl&ﬁ °%h be

effected in any cmwﬂmcarﬂve/\@plmr lwpmwslbﬁ.)drf lﬂrorexh\am:.cthpm behaklipr20
preferred, or by RASYy g s%:ﬁ%%ﬁ#%%m%&%%%e Jlm%ﬁ' qs(ea% v%o'o\{:e%tel%%s%%)e

conductive pol ymer conpostti of, y - Codlig of Solventer e
Wien produci ng t hewithdhing, tegiperatungsi 8y, ife 0PI MWMVG mslyaner

inportant effect an @ hadddd e idRL €D .0f Mt iRalidelyThne Eocondse
of hi gher draw down ratiaos generalky | Nncregses the
10 conductive’ polymer composition can exhibit 2ZTC behavior at
temperatures below T “and can prov1de a current path
_ between the conductors whose resistance (a) is higher than
e the resistance of the current path along the first heating
strip when the heater is at 23°C and (b) is lower than the
15 ~ resistance of the current path along the first heating

strip at an elevated temperature.

Thé produétion of‘conductive polymer heating strips
for use in the present invention can be effected in any
convenient way. eg. by melt-extrusion, which is usually

20 preferred, or by passing a substrate through a liquid (egq.
solvent-based) conductive polymer composition, followed by
cooling or solvent-removal. When producing the strip by
melt-extrusion, the draw-down ratio has an important
effect on the electrical properties of the heater. Thus

25 use of higher draw-down ratios generally_increases the
resistance uniformity of the strip but reduces the extent
of any PTC effect. The optimum draw-down ratio depends on
the particular conductive polymer composition.

The thickness of the conductive polymer in the
30 heating strip is preferably 0.025 to 0.2 cm, e.g. 0.06
to 0.14 cm. The strip can be of round or other cross-
section; for example the heater strip can be in the form
of a flat tape.



resistance uniformty of the strip but reduces the extent of any PTC
effect. The optinum draw down ratio depends on the particul ar conductive
pol yrer conpqﬁition. The thickness of the conductive polyrer in the 30
heating strip is preferably . 0.025 to 0.2 cm e.g. 0.06 to 0.14 cm “The
strip can be of round or other cross-.ggction; for exanple the heater stnij
can be in the formof a flat tape. -16- The conductive polynmer heating
strips can optionally be cross-linked, eq. by irradiation. either before or
after they are assenbled into heaters. A very wide variety of conductive

based on pol yol ef i iERE coohPubFed BbLIREP, BeBE 4 CbeFtBET cEa  BPREShAL 20°
f | uer opol yner sbancressisi bnked, e8.wey| invadis’tiens eithes befaveeowvf these.

Sui tabl e condugiiyfr PRAYNRES 2&8eMbBPel0SREs! RehPBrRUDI i cations referenced
10 above. The resistivity of such conductive polyners at 23"Cis usually

1- 100. 000, preferably 100 to 5.000. particularly 200 to 3.000, ohmcm The
Cﬁnduct ijve pol ymer zavebg Wideovariéryt o€ benaﬁzic’ﬁ:vbepcmyueed ﬁanmaan Ithat
t he conduc}ive_pol yner di not _exhLbii PTE he ' 1 n.tk or ma
tenperature ra %@éo+n05€$§§?aﬁ£%$ ?ﬁgi%%atg?g(?géﬁsiﬁcgﬂﬂPﬁglkﬁﬁP ehavi or).
The novel heatkasedrenppeirelkefinsndecpolymepsi af okefhnat and pokap (or
strips) aroun ct ir e , LL&m@RLENt gikni t

conduct ors thghééﬁh ges#?egi%?§€%%¥%ﬁ§rgr%ﬁee?¥ﬁ§#6?ﬁ?gﬁ ﬁguggg%fag
separat or striPteFuBRRcPhi SO MWSACER| AF 5hﬁ#€‘he§??ﬁ§b§ngBP pgkave

polymers are disclosed in the publications referenced

10 above. The resistivity of such conductive polymers at
23°C is usually 1-100.000, preferably 100 toiS.OOO.
particularly 200 to 3.000, ohm.cm. The conductive ﬁolymerC;
can be PTC or ZTC, the term ZITC being used to mean

_ that the conductive polymer does not exhibit PTC behavior

15 in the normal temperature range of operation of the
heater (i.e. including NTC behavior).

The novei heaters are preferably made by wrapping'
‘the heating strip (or strips) around the conductors,
or vice versa, while maintaining the conductors the
20 - desired distance apart, either through use of a separator
strip or otherwise. When using'a PTC héating strip, care
should be taken to make use of a wrapping tension which
_provides a suitable compromise between the desire to -
_bring the heating strip into good contact with the con- -
25 ductors and the desire to avoid stretching the sttip, ‘
which usually causes undesirable changes in its resistance
and/or resistance/temperature characteristics. It is

.preferred to coat the junctions between the conductors and

the heating strip with a low resistivity (preferably less
30  than 1 ohm.dm) composition, e.g. a'conductive polymer

composition (eg. a solvent-based composition which is



shoul d be taken to nmake use of a wapping tension which provides a suitable
conprom se between the. desire to bring the h aﬁing strip into good contact
wigh the con- 25 ductors and the desire to ‘avoid stretching the strip,

whi ch. usual 'y causes undesirabl e.changes in its resistance and/ or
resiQ}ance/tenperature characteristics. It is preferred to coat the
junet1ons between the conductors and the ®Eating strip with a | ow
resistivity (preferably [ ess 30 than 1 ohmcn) conposition, e.g. a
conductive polynmer conposition (eg. a solvent-based conposition which is
-17- allowed to dry after it has been applied), so as to reduce contact

resistance. Such g1I&Wéd "o C@Py adEOehelp has cbSeH CapppledyPséanis atdy all
the current passes q@%¥ thrqgghtthe substantla%1¥hstra|%ht iortlonf 5 of
the heating strip. ST97e SHOTLFGE LECTHREATChoweVRr? #oCRREIRE THAL3TFR
coating does not ex¢kbpdtangmsubsttimdt asublssimbnial ly abe tieat cugrestti p
beyond the junctio | | ' C t | (Leads e '
| engt h of the heat nsaség% Flf}%lg’g’lk%r(%ggwl %r%@%%%ﬁgiééiég%tl ngsl%gﬁ %{ﬁﬂgﬂes
applied to thed corthicthedierting EnR- netabrisshegld bhe f falken s phaye YRT or
vapor deposition ofc dem@ifd - t kA eEndEiREEnyNEGHs Cadt bextisrdl iRy ' Sebie€antial
contact resistance,jncl ude $reéﬁea%éng.the cond ctorgdbe%ore thei are
contacted by the tT4 p; an t n yner

d by the REHETHECS('HR pERaNF Hehid ?"e’é’f?u%e&%" R LR TV EC PR
adj acent the condusimces thierreducasatize afifebeive atiseattgene ddeindpl kength
heater can be heat I | I ng fﬁ?ﬁ f Yo QVELd
the conductors. A (ggr%;ecu %@%@%%}%' ofS e %Feegéﬂﬁc%%g%ﬁ% oén) cd 4s'%an

be applied to the contact points by other methods, eg. by

flame~-spraying or vapor deposition of a metal.

St Other methods which can be used to reduce contact
resistance include pre~heating the conductors before
they are contacted by the heating strip, and heat-treating
15 conductive polymer adjacent the conductogs after the
heater has been assembled, The whole heater can be heated
or localized heating can be effected eg. by powering the
conductors.

A particular advantage of the present invention
20 is that heaters having different electrical characteristics
'~ ‘can be easily produced from a single heating strip:. Por

example, a range of very different heaters, eg. of different

power outputs, can easily be produced merely by changing
- the pitch used to wrap the heating strip or the conductors,
25 and/or by using two or more heating stripsy and/or by
changing the distance between the conductors. The pitch
of the heating strip is preferably 0.20 to 2.5 cm and the
distance between the conductors is prefefably 0.5 to 1.5
cm. These different variables can be maintained sub-
30 stantially constant or one or more of them can be varied
periodicaliy td produce a heater having segments of
different power outputs. Purther, if desired, the pitch



20 I's that heaters having different electrical characterrstrcs can be

easi |y produced f gnta single heating strip. For exanple a ranhge of very

of different power outputs, can easily be produced
nmerely by changrng the pitch used to wap the heating strip or the
conductors, 25 and/ or by using two grghore heating strips, and/or by

di fferent heater

changi ng the di stance between the conductors.” The Pitch of the heating
strip is preferably 0.20 to 2.5 cm and the distance between the conductors
is preferably 0.5 to 1.5 cm These different variables can be naintained
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the mpwer Soungeussenbling the
t he presence of vords |s preferably avoi ded, and a

pol ysi | oxane grease _or_Q r the n C used to fill.any
voi ds. Referring ngtﬁ %@ g%rclg ﬁ%’naﬁgjeplpﬁesa%rbc of :
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simlar com ponents. Thus nunerals 1, 2, 1A and 2A denote heatrng strips;

11 denotes a first rEdusiiy/ qdw|vaTRihG EROMER;, Of

gur es note t sane or

denotes a second conducti ve pol onponent - o g atrn tri
denotes an in aé}( Q{% cross-pseéltlona rIP).ews g hea gf epz.nvent].on

10

and Pigures 19-22 are cross-sectional views of heating

strips suitable for use in the invention. The reference ‘w/

numerals in the Figures denote the same or similar com-
ponents. Thus numerals 1, 2, 1A and 2A denote heating

. etrips; 11 denotes a_fi:st conductive polymer component of

15

20

25

30

a heating strip; 12 denotes a second conductive polymer
component of a heating'strip: 13 denotes an insulating
component of a heating strip; 14 denotes a multifilament
yarn composed of an insulating material; 3, 4, 5 and 5a
denote round wire conductors; 6 denotes a separator strip
which maintains the conductors in a desired configuration;
and 61 denotes a metal conductor embedded in an insulating
separator strip; 7 denotes an outer insulating jacket; and
9 denotes a low resistivity condhctive material at the
junctions of the heating strip and the conductors.
Referring now to Eigutes 1-4, a single heating
strip 1 is wrapped helically around conductors 3 and 4
and separator strip 6. Electricel contact between the
heating strip and the conductors is enhanced by means of
low resistivity material 9 which forms a fillet between
the strip and the conductor at the contact points. The

.

e conductors

.

esat-tueaatam strip, 12

S .
o/



conponent of a heating strip; 14 denotes a nultifilanent yarn conposed of
an insulating material; 3, 4, 5 and SA denote pgound wire conductors; 6
demotes a separator strip 20 which fai ntai ns tthe conductors in a desired
confi-guration; and 61 denotes a netal conductor enbedded in an insulating
sepaxator strip; 7 denotes an outer insulating jacket; and 9 denotes a | ow
resistivity conductive material at the fuBetions of the heating strip and
t he conductors. 25 Referring now to Figures 1-4, a single heating
strip 1 is wapped helically around conductors 3 and 4 and separator strip
6. Electrical contact between the heating strip and the conductors is
enhanced by neanssepakavotesteipvimby 68hsikél of pbloletoeMEnsuiiating
between 30 the st rﬁaafd hhe-cong ctor at _the contach ointa. The

-19- separator stWF%e 8+ cbREFUFeof ) noPEnEPPRY FAEURPPRAT nEPRERGFOT embedded
(Figure-2), or comprpedtymenitalinsobdtiihgrmetrbedddd(Figpoeydiyiori ocsnsast ngf
material (Figure 3) ASLS C b o] OQPOSI Li I gure
4). Figures 5 5 gaﬁagéug?gééek??g?%flgg ?§EL¥§8ﬁei¥?ggﬁ gpéxcg%?gfégtg
there are twoShea@Rfgbs@rppyeryafimplarrtguf é99rsfohsandhdaesrenhi thats

suitable for use Ehé?eaaﬁepBﬁéehEQE@ﬁgSQHEEESaDdaﬁﬁiQb CPﬂ@ﬁféeﬁ éH&@@ a
conductors 3, 4 a I nsul ating stri

d 5 separated by a geperally triangul ar
6 and 10 havi ngh8ahes: PRESE 18 pbeLhABbBcHOR! BERAVLRRNR STRBASE HPOFeT
Fi gures 1-7 theresoareepahgimehichi osmprilseg thtuet candbectbrsul odingdsdt be
heating strip, th o] n a LO | h a
Figure 1 except t gﬁg?gggéeé§n%tg%%%?afgyaEE%%é?%%g# §§§?§?£?ﬁé ?%gggg?i%%d
15 jacket TO0serbawgngoanheatina steipohdvreppedi arounddbiemed In each of

Figures 1-7 there is a polymeric insulating jacket 7 which
surrounds the heating strip, the-qonductors and the
- separator. Figure 8 is the same as Figure 1 except that
it does not contain a separator strip, the insulating
15 jacket 7 serving to maintain the conductors in the desired
configuration. Figure 9 is similar to Figure 1 except
that the heater strip %s wrapped around the separator and
the conductors are then brought into contact with the
heating strip. Figures 10 and 11 show a heater in which
200 heating strips 1, 2, 1A and 2A are spaced around an
insulating separator strip 6 and conductors 3 and 4 are
wrapped helically around the separator strip and the
héating strips.

L - Figure 12 shows a heater in which a heating strip

25 1 is wrapped helically around four conductors 3, 4, 5
and 5A which are supported by a metal pipe 61 which is
surrounded by insulating material 6. Figures 13 and 14
show a heater in which conductors 3 and 4 are wrapped
helically around a core compriéing an insulating strip 6

30 sandwiched between heating strips 1 and 2. Figures 15 and
16 show a heater which is the same as that shown in
Figures 13 and 14 except that the conductors are wrapped



configuration. Figiire 9 is sinilar to Figure 1 except that the heater
strip is wapped around the separator and the conductors. are then brought
into contact with the heating strip. Figures 10 and 11 show a heater in
which 20 heating strips 1, 2, 1A and 2A are spaced around an insul ating.
~separator strip 6 and conductors 3 and 4 are wapped helically around thgy

separator strip and the heating stH}gy Figure 12 shows a heater in which a
heating strip 25 1 is wapped helical around four conductors 3, 4, 5 and
5A which are supported by a netal pipe 61 which is surrounded by insul ating
material 6. Figures 13 and 14 show a heater in which conductors 3 and 4 are
wr apped helically around a core conprising an insulating strip 6 30

sandwi ched betifleéh dreanHPuratinn Soiddhat theyFeess shgdedt S & RSt er
whi gh is the Jarna géwtrfdwmh n riglds gurﬁﬁgtﬂﬁeﬁm la(hd?)QBﬁFEhdvhhaé Hd¥ter ]
conductors are _w app -20- in.aZ-configuraiion so, that_ fhey c S the
heating stri psml Wiﬁtﬁ’?”z aathel'%t 9 a%tgq]t?s.cl I'—’ng %’gé 10%“5%0“183 s?ﬁ)%%ohiﬁer I n
whi ch ‘a heat i matdt dp tbp ©f giahddwmbhors I sidukoi dal path on top of
conductors 3 and 4" 5 Figures 19, 20, 21 and 22 show cross-sections

of different heating strips which can be used in the invention. Figure 19
shows a strip whi cFiHLesiliy 2hweldl a0 At FIST FHARRS \RE pol yner.

Fi gure 20 shows £F eddnt) hditdhe YHAIPES whitH teaixtdaldaghd oie thve of a 10
ZTC conducti ve polyner and..a nel t.-extruded o t.e.r%lvgz.er 11 of a PTC
h

conducti ve pol e 10 .y FEBE S HASHPE 13 7 Yt ad$hs? TR ati ng
core 13 and amedlt~extmuddse of a PTC conductive polymer. Figure 20

shows a strip which contains a melt-extruded core 12 of a

10 2TC conductive polymer and a melt-extruded outer layer 11
of a PTC conductive polymer. Figure 21 shows a strip QJ
which contains an insulating core 13 and a melt-extruded
outer layer 11 of a PTC conductive polymer. Figure 22
shows a multifilament glass yarn which has been coated, at

15 least on its surface, with a conductive polymer composition,
e.g. by passing the yatn throuéh a water or solvent-based
composition followed by drying.

EXAMPLES

The invention is illustrated in the following Examples,

20 which are summarized in the Table below. In each Example, .
the: ingredients and parts by'ﬁeight'thereof listed.in the ‘w/
‘Table were dry-blended, melt-extruded through a twin screw
extruder and chopped into péllets. The pellets were
. melt-extruded through a.Brabender extruder fitted with a
25 die of the diameter shown in the Table, and the extrudate

was drawn down to the extent necessary to give a PTC

heating strip of the diameter shown. 1In Example 6, the

conductive polymer was extruded around a glass fiber

yarn which had a diameter of 0.042 cm, and which had



outer layer 11 of a PTC conductive polynmer. Figure 22 shows a nultifil ament

gl ass yarn which has been coated, at 15 | east on its surface, with a
canductive pol ymer conposition, e.g. by passingghe yarn through a water or
sol vent -'based conposition foll owed by drying. MPLES The invention is

illystrated in the follow ng Exanples, 20  which are summarized in the
Tabl e below. I n each Exanple, the ingredignts and parts by weight thereof
listed in the Table were dry-bl ended, nelt-extruded through a twin screw
extruder and chopped into pellets. The pellets were nelt-extruded through a
Brabender extruder fitted with a 25 die of the diameter shown in the
Tabl e, and the extrudate s drawn_down,to. the extent. necessary to give a
PTC heating strip BREYIRUSFRREEN SORORE YHEArPr PRt CF (ePLlRinn (79 dried.
pol ymer was extr udiie aieatihg gtabs vaderhgmrwrapped decumd oi goeterobf
0.042 cm and whi ol Sagh -cosfdy BIEILUINGREESEOBE Sthdi {1 & HARDI Ot
emul si on and dri ed. e heating s was then w apped around a pair o ‘
ni ckel - coat ed copp&¥am@iriuki oFlke o¢°@£ﬁé¢%¢§% wheRwnf L 75t eapr@ With p graphite

conductors wer® fidmilS0sd eshaVthlen dF 28] ter® Exomplsi On widl ddreduckdedl.
I n Exanple 6, the conductors were first coajed mnéh ? | ayer. 0.034_cmt hi ck
of the same conpost&Font HShaSOed THrh t hel MR hiud ﬁg"gtwlp‘.’kﬁﬁe ST

of the strip was atompesiptich shonams wsedxBopl ese IPEC dnsatfing strippe SThe p

was wound. In Exangl 'nc#n e 1he | pv?ggdaétél;ﬁ,\%s?%\?%tﬁ LI é;i‘?:ﬁ@iés

1, the.conductors were naf ntai ned 0. cm apart ey were bein
wrapped. In the othtd #Qndit &3, singletstpinawasrepwed. In Example 5, two

10 equispaced strips were wound. In Example 1, the. conductors
were maintained 0.63 cm apart while they were being
K“/ wrapped. In the other Examples, the strip was wrapped
around the conductors and a separator strip. The dimen-
sions and materials of the separator strip are shown in
15 the Table, and it is to be noted that in Examples 3-6, the
separator contained an aluminum strip of the dimensions
shown, encapsulated with the polymeric separator materials.
The separator strips had concave ends into which the
conductors fitted. In Examples 2-6, the junctions between
20 the conductors and the heating strip were coated with
graphite emulsion and then dried. Finally, a polymeric
jacket, of the material and thickness shown in the Table,
was applied by melt-extrusion around the heater. In
Examples 2-4, the first jacket layer was a mixture of PFA
_ \_ 25 polymer and 5% by weight of glass fibers; the second layer
(not indicated in the Table) was a tin-coated copper braid
(12 end, 34 2aWG); the final layer was composed of ETFE.
In Example 6, the jécket was a mixture of FEP polymer and
10% by weight of glass fibers. The various ingredients
30 used in the Table and referred to above are further
identified below. The ETFE polymer was an ethylene/
tetrafluorocethylene copolymer sold by du Pont under the



around the conductors and a separator strip. The dinmen:- sions and materials
of the separator strip are shown in 15 the Table, and-it is to be noted
that in Exanples 37§ the separator contained an al umi num strip of the 2
di mensi ons shown, éncapsulated with the polyneric separator materials. The
separator strips had concave ends i nt©Which the conductors fitted. In i
Exanpl es 2-6, the junctions between 20 the conductors and the heating

strip we p e i drled Finally, a
pO|yﬂErlg§?§§ é?gew?égﬁgiﬁ'?iéfalmghﬁ gﬁgﬁé (ﬁﬂ]ﬁrlthe Tabl e, was
appl i ed bgtmfluexoeuhybmg/mnﬂlmmaﬂdmw cdpolﬁf)mmlmazw dtuhe first
jacket |pyge ihged ehétuffa@fnﬁﬁé Tt Lo ! pFES t ol gl ass

fibers; the sec gno i ndi ated in the Ta ; t|n coated

copper bRaF@t¥ igl’éﬂﬁp kyqraPToRIy e%sc%ﬁ%’@é'd SLAEPYE. I n
Exanpd e u Pbet| asdet the araﬂe(tmanae ofefAidh P EBRTEI0 0and Th¥oZiynenei ght  of

gl ass flggiée Jy$hxgéégg§%5ng&%#i§§%§i5¥h$ égﬁ%;Adqtdg%'Tgble and referred

to above are fur ntifre mer- was an et hyl ene/
t et r af | UePRELRGXENN3 Qs yaerarken Q&aQKJGR#ﬂIQhkRH ndme Cabot22- trade nane

Tef zlel * QQiQan'*’ hec P2\ P@!{H”@&rﬁ@& BLd@t ) af'!-ﬂ@r l@%g%rsfﬂg#m‘w%%kox%'
copol yne nt_u nane e pol yner -
was a te %ﬁ%$%%t%@$én%?ﬂ£ﬁ§?*%o&% g%ﬁ? r sol d by du Pont

under the trade name Teflon* FEP 100. The zinc OXIde was Kadox 515

avail able from Gul f and Western. Continex* N330 is a carbon black avail abl e
from Cabot. Vul can* XC-72 is a carbon bl ack. The graphite enul sion was

.El ectrodag 502, available from Acheson Col | ids.
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47 -23- TABLE Exanple No.- 1 2 3 4
5 6 PTC Conduct i ve Pol ymer ElI FE pol yner 66. 6
-6 - - PFA pol yner 47 - 88. 2
87.Q. “.88. 5 88.2 - FEP pol - -
- - - 88. 00- Cont I "5( N330 13.0
- Vﬁrcan XC- 72 11.8 13.0 “11.S 11.8
8.94 Zinc xide 20. 0. - ‘ - - -
3.00 Process A d 0.4 TABLE - - -
0.06 Die D aneter (cm 0.10 =——0.18 0.13 0.18
0.18 . 0.22 Strip D aneter (an) 0. 05 0.11 0.12
0.11 1klNo. * Pitch (ap) 3 1.27,4 0.32 6
0.3y |mklemo. Y 5. 63 Conductors AWG si ze 18
6 PT¢ onductivelBolymer 16 22 dianeter (nmm 0.91
4. 67 1.85 1. 85 1. 47 0.74 separation (an) 0. 63
0.58 0.E28E polymédr 07 66.56 -0. 76 coated - - Yes -
-NO N&FA polymer No Nb 88.2 Yes Stplrator8&tSrip 88.2 -
No YEE® polymer Yes Yes = Yes = Yes width (cm 88.00
- 0.%@tinex N33076 367 =0.76 _ = 0.76._Thickness (an) ~ =
- 0.Wican XC-§2 19 0.719 Legd19 13.0 0 141pB gl add-§509 8.94
- YesZinc Oxide _ 2.0. - - EI ‘PE/ glass™ 3.00
. _Process Am}/es ye-d Ves - 0.06
- . = - Yes dth
- Die Diameter (qp) 57 0’38 0.8 57 0.13g 57A¢T#’Icknesé {ch) .0.22
4 0, 4 0.04 ket *
None Pomﬁ%%g?g .O%'% 0% 0.12 dagket  o.11
\_/ Pitch (am) 1.27 0.32 0.32 0.32 1.27 0.63
Conductors
MG size 18 6 14 14 16 2
diameter (mm) 0.91 4.67 1.85 1.85 1.47 0.74
separation (am) 0.63 0.58 0.76 1.07 0.76 0.76
coated Yes -No No No No . Yes
Separator Strip No Yes Yes Yes Yes Yes
width (cm) - 0.58 0.76 1.07 0.76 0.76
PFA/glass (5%) - Yes - - - -
ETFE/glass - - Yes Yes Yes -
HFP ' - - - - Yes
Al width (am) - - 0.57 0.86 0.57 0.57
thickness (am) - 0.04 0.04 .04 0.04
\_ Jacket None
Folyethylene (cm) 0.05 - - - -
PFA/glass (cm) - 0.06 0.06 0.06 - -
ETFE (am) - 0.09 0.09 0.09 - -
FEP/glass (cm) - - - : - 0.063



PFA/ gl ass (an) 0. 06 0.06  *0.06 .
i (cm - 0. 09 0. 09 Q.09 . -

- F | ass (‘an) f 3 - - -
0. 063 -24- CLAI M5 1. An el ongate eIectrrtaf‘ﬁééfé?*ﬁﬁrzﬁ—zanprises (1)

first and second el ongate, spaced-apart, cond ) wne connected;
to a source of electrical power and 5 ( ﬂ‘g‘mmnnm esi stive .

- heating strip which (i) conprises an el ongate n-aetal M cSredistive -
heati ng conmponent, and (ii) is in electrical contact alternately with the

first conductor and the second 1Qg4- conductor at contact
‘points which are longitudinally spaced apart along the |l ength of the strip
and along the | ength of each of the conductors. 2. A heater according to

claim 1l which exhibits PTC behacrguzmshen the conductors are connected to a
source of electrical power to cause heating of said resistive heating

- strip. 3. A heater according to claim1l or 2 wherein the elongate

non- nmelal | i Ancedpogene ied ectmioadd hefaterc abdipdt icompydlseser. 4. A heater
according to claim 3 wherein the conductive polynmer conponent has been

produced by nelt-extrusi on and exhi bits_PTC behavi or.
(1) first and second elongate, spaced-apart,

conductors which can be connected to a source
of electrical power and

5 (2) an eiongate resistive heating strip which

(i) comprises an elongate non-metallic resistive - K,J
heating component, and

(ii) is in electrical contact alternately
with the first conductor and the second
10 conductor at contact points which are
longitudinally spaced apart along .
the length of the strip and along the
length of each of the conductors.

2. A heater according to claim 1 which exhibits

PTC behavior when the conductors are connected to a

source of electrical power to cause heating of said

resistive heating strip. _ NS

‘3. A heater according to claim 1 or 2 wherein the
elongate non-metallic component is composed of a
conductive polymer.

- 4, A hgater according to claim 3'wherein the conductive
polymer component has been produced by melt-extrhsion
and exhibits PTC behavior.



-25- 5. A heater according to claim3 or 4 wherein the conductive pol yner
conponent has -a resistivity at 23C of 100 to 5,000 ohmcm 6. A heater
according-to any one of the preceding clains waerein the heating strip is

wr apped around the conductors. 7. A heater a C%rdLﬂg_Lgiﬂiqujl¥@$%gln
t hg_non- netallic heating conponent has a resistance at [err] o

10 ohns per cmlength and a cross-sectional area of ﬂ,’m

A heater actording to claim7 wherein the non-netall ' m m”gﬁi‘m’i nt
has a resistance at [err] of at |east_j)0 ohns per cm*l efAgth an

cross-sectional area of at |east 0.001 cnR. 9. A heater according to any
one of clains 6 to 8 wherein the heating strip consists essentially of a

conductive polger.a %au%dweﬁwrﬁe@rﬂb Ndl 4i9n BYoroNE wHerdidi ehed t0 8
wherein the heati rip ri ses an elongate el ement of an electrically
i nsul ati ng rrat"?rrf‘{;‘?c "%r?‘?ﬁsi’q'g Sk (RIRERE Yy 8T ShARTS ¥ ity 2? r?{)onent
11. A heater actdd@ritw 3,dEhyhmenmof clains 6 to 10 mhereln t he conductors
are 0.5 to 1.5 cmapart and at | east one heating strip is wapped around

the conductors at a pitch of 0.20 to 2.5.cm -26- 12. A heater
according to any one of clainms 6 to 11 which further conprises a separator

strip which ligs bei whaitdhadtditiP o aly WHE b URY igreiced 91 d1Gasy

wherein the heating strip is wrapped around the conductors.

7. A heater according to claim 6 wherein the non-
metallic heating component has a resistance at 23°C of

— at least 10 ohms per cm length and a cross-sectional
area of at least 0.0001 cmz.

8. A heater according to claim 7 wherein the non—métallic
heating component has a resistance at 23°C of at least 100
ohms per cm length and a cross-sectional area of at

least 0.001 cmz.

9. A heater according to any one of claims 6 to 8
wherein the heating strip consists essentially of a
conductive polymer.

10. A heater according .to any one of claims 6 to 8

wherein the heating strip comprises an elongate element

of an electrically insulating material which is surrounded
by a conductive polymer'component..

11. A heater according to any one of claims 6 to 10
wherein the conductors are 0.5 to 1.5 cm apart and at
least one heating strip is wrapped around the conductors
at a pitch of 0.20 to 2.5 cm.



insul ating material so that, when the conductors are 5., connected to a

power source, al
the heating strinp.
strip nprises at

13. A heater according to clal he separ at or
_ | east one metal conductor s ﬁ&ﬂlﬂl | ating :
materivaf. 14. A heater according to any one of whi ch furthsw’

the current passing betweenthe—eenductors passes through

conprises a second resistive heating strip mhich IS conposed of a

conduct i ve pol yner
conductors. 15. A
strip conprises a

conposition and which is in electrical contact with the
heat er according to i m14 wherein the first heating
first conductive pol ymer conposition which exhibits PTC

behavior with a switching tenperature Ts and the second heating strip

conprises 5 eco co duct COMPOSLL i exhihitg PTC -
behavior with i %ﬁ%¥ ﬁ?%ﬂ s%%s?ggt$g 8€d$¢%£$%n§ §0n1Ts 16.
A heater accorckhmphcf&ithem]ﬂbN@E#%#ﬁ %h%eﬁa¥ét°ﬁe§$Fh§ weich EbfPrises a

first conducti vig, Rl B n & OFRAPh &L OFs V\Qz&& hwiex&h btéﬁpPIEebeéﬁat@flwam hya
swi tching tenperature Ts and the second eatlng E# é % g conposed
FTEBRAVFBF-QFS

of a conducti velBsiaeinE ApeRFiabrsxHIar i ¥y

t 8hPer at'ur es

bel ow Ts amgl (|¢anﬁ§@u@dk§oaacymweﬁts@@fbebe&m&eﬂhéheurnedhcpassxmgose

A ong the i rsiEREHRehGERe HNREROPR cPRERE; EHEOUGH, The REaFHRGPELFERL)

t han the resistance of the current path along.the first heating strip at an

el evated tenperatu

13.

re. 5

A heater according to claim 12 wherein the separator

strip comprises at least one metal conductor surrounded

by insulating material.

14.

A heater according to any one of claims 8 to 1l which

further comprises a second resistive heating strip which
is composed of a conductive polymer composition and which
is in electrical contact with the conductors.

15.

A heater according to Claim 14 wherein the first

heating strip comprises a first conductive polymer
composition which exhibits PTC behavior with a switching
temperature Ts and the second heating strip comprises

5 a second conductive polymer composition which

exhibits PTC behavior with a switching temperatursg.
substantially different from Ts.

16.

A heater according to Claim 14 wherein the first

heating strip comprises a first conductive polymer
composition which exhibits PTC behavior with a switching
temperature Ts and the second heating strip (i) is.

5 composed of a conductive pdlymér composition exhibiting
zTC.behavior at temperatures below Ts and (ii) provides
a current path between the conductors ﬁhgse resistance

&/

¥



17. A heater according.to any one of clains 1 {o 5 wherein-the conductors

are w apped around the heating strip and an iddul ating strip.- 10 18. A
heater according to any one of the preceding cl ai m;mamw" m,m” m
coating of a ZTC conductive pol ymer com position overy ﬁ nts
bet ween t he conductors and the heating=2ffip. 15 19. A heater 5ccérdrng to

Claim 18 wherein said coating has a resistivity at 23C of less than 1

ohm cm . .
(a) is higher than the resistance of the current path along

the first heating strip when the heater is at 23°C and (b)
is lower than the resistance of the current path along the
first heating strip at an elevated temperature.

17. A heater according to any one of claims 1 to 5 wherein
the conductors are wrapped around the heating strip and an
insulating strip.

10 18. A heater according to any one of the preceding claims
wherein there is a coating of a ZTC conductive polymer com-
position over the contact points between the conductors and

the heating strip.

15 19. A heater according to Claim 18 wherein said coating has a
resistivity at 23°C of less than 1 ohm.cm.

———— e S ———————r =



