; e3eSYp; SV. . /t45:6; Tp; t*30 July 2002 1 Flat heating el ement and use of
flat heating elenents The invention refers to a flat heating el enent, nore
particularly a resistance-heating elenment, and uses of flat mgal

el ements. 5 Resistance-heating elenents are used in different sectors to
generate heat. As a rule, these heating el enents require high voltages in
the heating elenment in order to generate a sufficiently h ure.
These hi gh vol tages, however, can constitute safety ri sksmﬁm @) lm |y
when used to heat nedia or when in contact with the human

Mor eover, because of the materials used in them nost traditi d‘??

resi st anceheati ng el eneifia hgatingelement andarse of flatrhenting elempntsat ur es,
particularly in |long-termoperation. O her proposals of the prior art
require a conplex constitution of the resistance-heating el enent and hence
limt possibl é‘haﬁnp«lehtmt ietﬁﬂfl's toé flahbeating elsanc efoeapdrtignlalyeaentstandShdating s t he
obj ective of tE B{J gﬁéﬁal on i%?ﬁ% ovide a heating elenent wth which
a hi gh out put “F8 us§§8 NG FCHIh ¢ enper at ures can be gener at ed
even in | oggtermoperation while | ow voltages prevail in the heating

element. In addition, the heating elenent should be versatile inits

appl i cati ons é?ﬁéfsténc‘r?d}eétm&)elsman,tﬁa@ wied | differephiestors tocgenerate heat. s ilyent i on
further refergdo h@ath%agléﬁ’lleﬁts Redqfirel B M‘Wo‘ft%e@ in ek Sﬁeﬁﬂfge elefRhi B ofdeLTBNt 1S
enpl oyed. - 25 Pipes are extensi veIg instance, to conduct
fluid media. \Epeomte a@mfﬁpiep@x hlrgbrtemmqtch'ﬁheaff gh apmagﬁd@wgwsm constifife
open- ai T Pi Pi Bgredy el e BHO Bien W birslh fethdbiSwhdith cbifier Tl R in
t he pi pe soli fies cause ﬂ ow tenperatures, 0gs. 30
It is a fupt hbpdwb\ﬂ@r@@vev,ebe@ausproéthmmemlﬁlénlsedt imeth@momest tretdltpmelvte@letaacepl pe
that can be h s r Y 30
July 2002 2 Tﬁé‘;&ﬁ. v%%?@éﬂg#e sfEeie °ngng°trg§%?t8 e‘%‘é‘é‘%&%ﬁ'@‘%‘@é pcq)(r%{ TN

devi ce for nedpeatidiethersprohosals gfaélesprmr ari tpqiids aoédnepiesacenstitudion pdrthed i n

t anks nount ed rai r o] ures,

t he medi um i nre%ﬁtanfe h?\g@}(l% reélgilél&)g'n ﬁus @Sélbl ageﬁ‘%a‘g%f éhe?x%%st?ﬁ k. The
i nstal |l ati on héatingalentegt.el enents in such cars is highly demandl ng with
respect tqQ_the heating elenment as well as to the heat transfer that can
occur betW#Ben the heati ng el ement and the car. Dangerous substances
sontinmes are friadsphjdcde bfiths pedsedtdmiestion to préviderp beitingteldnmn withavhithe
heati ng el enept not l.ead to, any. ]l ocal tenperat re i ncrease., But also a
ol ure of t nBiehdunnpSorfar o5 BRY pielilneeihe 58 B Falehied B ip b

dﬁt ach (rjrent fr wﬂmtdperafcuaﬂ k;sr/]hlmmbv hﬂtag@bldfedl Lmtlﬁrlﬁaﬁng elembﬁtvamfaddlt@ﬁzﬂm? of
the medium 1{ is a r ective .of, the .present i on erefore,
to provide a kl?aﬁlﬁgpﬂﬁnﬂ 'Sﬁwl‘ggj\filvc?’éga?]t?rmrf@d‘fpgh o%aﬁq‘usﬂﬂ??h sSEt a
medi um canop beckpid taamimlspr edet ermi ned 15 tenperature, wt hout creatl ng
safety risks such as freezing, an explosion or a fire. The invention
further refers to a heat roller, particularly for its use as a copying or
foil-coating mR¢in@entiodGudther FErBY t@h BeSab piPEal Wiileh 4 RERBALOBAtIng tlei®nt is
necessary to provi de a roller which can %e heated to a certain tenperature.
Up to now sucFPA&¥Ed rol | ers have been produced with heating el ements having
resi stance wires enbedded in an insulating nmass. Another operating node of
heat rollers, for instance in copiers, is the installatjon of a hal ogen

em tter iRt hBieYRIGpxtersiscly emplopieds dor, Estanem do ieandict Hiwidimediay Iheaguchy

bei ng ei t her Y@k for instance are laid underground or as open-air piping in cold regions, the risk

exists that the medium present in the pipe solidifies because of the low temperatures,

and the pipe clogs.

30  Itis a further objective of the invention, therefore, to provide a pipe that can be heated

JARORT i
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by simple means and used in a versatile manner.



25 expensive in their manufacture or exhibiting a poor efficiency of heat
transfer. The present invention is based on the objective to provide a heat
roller of sinple design that can be operated with | ow vol t aggogas 202t he
sanme time has a high heat transfer efficiency. The heat roller should
further be versatile-in its applications.230 30 July 2002 3 The invention
is based on the realization that these objectives can be reached by a

resi stance-heating el enent in which the heating current flows in an optinum
way through a suitable resistive mass. 5 The invention is further based on
the realization that the further objectives can be reached in particular by
a pipe, a trarpdsveatiorofarttienrelates anglhatdbbatiansmiriadon gavivel foherdediat h a

resi stance- heating el enent, where the resistance-heating el ement conprises
a suitable resistive mass, the heating current flows in an optinmum way

through this me&sa such@s bart 'bflﬂcilﬁtﬂﬁdﬁbﬂtaré BaBporfddah tmhepeuabdoptdnantcass a
heat transfer that is uniform 1o across the area. According to the

i nvention, th&t onfrEags; Hblowanbient Seppsptygs, hemedium dn the fankopr fere apd Y si ng

a thin resisst 3gevbRYShadeARt BRI TH iRfallafbs bMedabAd L¥mehie &f Suek end Mi%h’l?
pol ynmer and at least two flat el ectrodes arranged on one side of the

resi stance | ayemandingywith refpect 4 the Hepting elereont @s well as tonthe heat tignsferratedan nent

according to i i . i i a intrinsically
ol et r oconductt o 1Sk B hegig LT ELANRE cufKihe ZORY SR a0 btk B
i nvention, ar ¢ransperted m subletanks ilsis ampatanhthen thabthe haatingredenientiwilbnotdepdHot hat

the current fl l.ong t he pol L ecul.es. ] ] e A

Sructur o t ekt @RBerhlif BBt Bul BLEF SR of WL REheh oleiEn® Bifiilnce

al ong t he 1pol ysrerssulBef its sletaohmertefraxh éhid tank, masti bd¢ avmidedoin oidder opren@rts,

heat is genergﬁtﬁed V\/négh cagn be transferred to an object to be heated. Here
ek 0 28° B8

the heating c 10t follow the shortest pathway between the two
el ectrodes but follows the structure of the polynmer arrangenent. Thus, the

| engt h of the_current th.is edeterm ned by the polyners,, so that even
in tg he i nst ancl,te'stﬂff“’gﬂ’él% Jef”é‘?e?%ﬁ?@%%’&’%t,‘onr é“leﬁf’?‘?r\‘?’gtf)ﬁ%vl“&nd 1P "can be

appl i ed Wi t hodbvieafss nitdiadin Wit @@ in! ks meBusicanbetkept it ASiredeeemied hi gh
currents such as maki ng, currents, qQne . nust not,Z be afraid qf a sQ burn-out.
Mor eover , 1 he I[HRRSEATIG VIR Greatingsa ’Fg%ts“‘fhrﬁstf?‘?ézmg’@tex PHER PFf¥and its
subsequent conduction al ong the pol yner structure in the resistance |ayer

| eads to a 30 July.2002 4 hom)(%eneous tenperature distribution wthin the
resi stance | ay8f invepiien girther refers oA hept roler paricelply &anyitsapse &F aG9BYIRE 19

vol tage to thegiptaehgesiRs. Because of the pol ymers enpl oyed according to
the invention, the resistance-heating 5 el enent can be operated even at

hi gh voltages, for instance line voltage. As the attainable heating power

i ncreases 794 t iy ARy sbAsChlin® REARINSHY it MO héREary foliRovies b S4IRP GAidAAA bBY

el ement according to the invention_can yield high_heating power and, hence
hi gh t enper at bpaiad togqertain; tergperatuge, p; tﬁ%ﬂtspﬂhl}ea? Frdlegs Jave Reenduseiiced, with

m ni m zed becgugRyaldnidl htglg rdsRRMEcE Wirk€ BinbRRIEA ih n RAsAMAS thadl, OAbilidh €

el ectroconductive poly to nmers or because at |east two zonées electrically
in series whi eperetinampde effieat wollersnfor énstange iy copiersp isghel installptionpfiahpiggensed
according to bRgd fYABTAIRL. Bt of iR &gsioﬂgq{a%’gﬁrdisa&%ﬁta?la BELEREQRAHGLY Ve
pol ymers used accordi ng to the invention exhibit long-Termstability. This
stability2fs exshsiveindheibmapufastiretoy exhibiting @poertesficiency ofbeay transfer~5 ar e
ductile, so that a rupture of the polyner chains and thus interruption of
the current path will not occur when the tenperature is raised. The pol yner
chai ns are unihe pedeviaverdibh ds basedemt the dbgacpies &t progide| aib¢at aolleprof simple

conventional resistance-heati el.e ment to e.contrary, r.
conductivity F%Sl%’ré%{]%l, Q‘? 8’?“% dstwéﬁc ‘,’V‘f)oéfa%%r C{(;)t’r"} the 5%113& g'gpeélhé’?%ﬁg,geh Bt a

t her mal expanshmsferwfidichcly itk Heat jolleeshould tfintirer bé vérkeilcinritsappliqatiods. and 20
hence to qverheating. This would |lead to a strong oxidation and to burn-out

of the resPstance | ayer. The intrinsically el ectroconductive pol ynmer used
according to the invention is not subject to such agi ng phenonena.




The intrinsically conductive polynmers used according to the invention
resist aging 25 even in reactive environnents such as air oxygen. Moreover,
current conduction through the resistive mass is of the el ec8ogilyQ002
conduction type. Hence even an autodestruction of the resistance | ayer by
el ectrolysis reactions caused by electri@ currents will not occur in the
resi stance-heating el enent according to the invention. In the

resi stance- heating el enent according to the invention, tine-dependent drops
in 30 heating power per unit area are very small and approxi mately zero,
even at tenperatures as high as 500 C for instance, and at heating powers
per unit area Ths itweghomés tBed WM iR fealizatiors thah tese obj8@ivésiban BOORckedhyeat o t he
use of intrinsically.electroconductiyve | yiers, t resi stance |layer as a
Whol o whi ch | St BERE AT B ek b e S OBt € 3 3RG uns
structure thatthpeghi suitable faitivéi@adéshat i s uniform across the entire layer. 5
According to the invention, contact to the resistance-heating elenent is
provi ded by two el ectrodes which preferably consist of a material of high

el ectric cendugbiinvenioR Ifudther Bdsb®BH Kk RAIIAAEN Ml @hePfurthBe objestivet 3acBe | ayer .
This type of contact arrangenent makes if possible to use the node of

operation of #¢ashedinpaticplanby § pipsrrlinspartation devics apdarheat roller nrevideddvitly t o

t he invention ,ipg j el : | ol eddrremt first
Spr eads wi t hi A R RR el b AP LRIk ik e AR coRprR Y

resi stance | aypble redissivg mass thohsating cerrant ows & amppfinpum avayythioygl 8isiwessed t o
the second coplaflifl Glefifthf RS ol NER! BldSsuabdfocl Mo kB thdeSis Alftbl 0Nl 1y
ext ended over that p%esen I'n a structure ere the resistance |l ayer is
sandw chedoObetowossthe eat wo 15 el ectrodes. Because of this flow of the
current, the thickness of the resistance | ayer can be kept small. The
heating el ement according to the invention has the further advantage of

bei ng versat i [Aecordinigtte thpphventivn,oths .objehtives| aze treaohl@l barae flpr beatidg dslemenh
contacts on one_si.de of .20 the resistance |layer. The opposit | de of the
resi stance | af¥PPY§Rg afhip éestganF?ga ero‘?on@brﬂ?%%‘%lmtugf‘sfﬁaﬁ}éle%?&%cr?ﬂ&‘f’?zlﬁﬁ Boloén be
of flat shapemebuad aiclefst @ko Flit ¢ledwdpesang&d an dhd sidé ofithplredidtiiriceNaytep at he body
to be heated. ,An idgal heat. transfer beconmes possible since the contact
area betwden £ ?%&?@Fﬁ Wh¥eating el ement and the body to be heated is
not disrupted by contact termnals. 25 In a preferred enbodinent, a flat

floating electrqde i s aryanged on.the side of t resi stapce | ayer opposite
Lo the Swo. 1 1 0 hisbnd alegiett speonings (hp dismivthdie FORHRFO I S FOURBLES e | o
call ed floati agrindi@lly electedcon@icti¢Opslg@eed to 30 the source of current. It
can have an insulation preventing electric contact wwth a source of
current. 30 July 2002 6 This floating el ectrode supports the flow of
current thooughesehiRlyriet Sthahs GcdodiiRd to the ihvEntiog e didWeim! the Resigtancs edyer

spr eads vvithiH the first el ectrot?‘g, crogﬁes t he .t hi ckness of the resistance

layer to reacheferfeeonstyuionfych thatthe shreend flows alopg thspobaes mplecules. Quing iRt ed
further wi thi thetgdlFin®! @GbiRSehe Redfing citddnk ¥s Edraubied BrOMMhE Resididtics fayeps of

t he resistance ) . i
along the polymers. Because of the electric resistance of the polymers, heat is

-

generated which can be transferred to an object to be heated. Here the heating current
25 cannot follow the shortest pathway between the two electrode's but follows the
structure of the polymer arrangement. Thus, the length of the current path is
predetermined by the polymers, so that even in the instance of small layer thicknesses,
relatively high voltages can be applied without causing a voltage breakdown. Even in
the instance of high currents such as making currents, one must not be afraid of a
30  burn-out. Moreover, the distribution of the current in the first electrode and its

subsequent conduction along the polymer structure in the resistance layer leads to a



5 layer to the other electrode that is arranged on the sane side of the
resistance layer as the first electrode. In this enbodi nent of the heating
el ement, the current flows through the thickness of the resi gpgapedoayer,
essentrally in a direction normal to its surface. Essentially two 1 o zones
develop within the resistance layer. Wthin the first zone, the current
flows essentially vertically fromthe first contacted electrode to the
floating electrode, while within the second zone, it flows essentially
vertically fromthe floating electrode to the second contacted el ectrode.
Thus, a series arrangenent of several resistances is attained by this
arrangement . Thinggabwsctempamture distrivation wathppathe iredistanot lage Priedatributionin 1 S
t he indi vi dual | tage. Thus, in this
enbodi nent of apﬁeg%%l\‘}:g% G?Jg%{e% : IH§O°1E%Q6°?§%%C ?Or%i\éé)r n the individual zones
is half of the applied vol tage Because of t he | ow vol tage pr evailing in
the resistance |l a saf ris avor ded ating.el ement
acoor ding to BREANRDLHE RO RRLE el IF MR e b SodAR R o
The heating ekkfrnt canbe tobaratealesmnlaehigslecbltagesdew etancoliidh esleagkt AcQhEs i n

i nmedi ate contact with a nediumto be Ehe t ed, nust be tOUCh&F g% the .
persons whi ch2(3Rible Beating power STQIessi © i??b?%"t‘f?é’rfol’f”iﬁgn%é(ﬁ“a&feo dedsthet ween
the contact ed sfdeahiifs eRmaf focallidMtoaHel idveRidd canefibIdt AR Reating HoOORH and)
parallel. Wth air as the insulator in this gap, the resistance w !l 25 be

det ermi ned by hense hrﬁhterapereﬁusqsaﬁe@r@ng forfhe Everionothe sursgng densitg isgpinimigeds ur f ace
resistance of EJ&G étiv%ﬂpﬁn%%gﬁérﬁ 1fREis %&&%gﬁ%@cﬁ% tﬁé‘@le&tﬁﬁoﬁ&&ﬁ% g&ge d 200

el ectrode pre era ave a con IS can e
W m-K, préfer awrsgprziseauw atn\east tWaozoaes decérimlatm prijice a'hlc aphtginygheiptringically

neutral i zed by, Etﬂdc%n&lﬂ:‘ﬁ% g@g&gﬁsggg%qwgﬁeg tg'tﬁeym{léﬁtﬁ)ﬁ' }'e%fetcir odes. An

overheating is thus possi irection o ayer thickness, but
has no negative effects because of the small |ayer thicknpess that can be
realized int r to the
mvent fon. 1 et hE RESAEALARS, poRhel ka0l o6 TR i BRESH Bl ©, 0%

even a | ocal loagpienaitalsibityl m‘hlsemﬂltprmplaeﬂdfabmm abluitysthel dgot dlagth,e potyarerd he

body t b h t e | by, t he.
r gsiyst gnc hggrterd:’jfﬁt lg’?sg’ ﬁﬁﬁta r“%mﬁ%ogqlél Igé??pgﬁgg’%ﬁﬂgﬁ%{ﬁse%?e“ggtﬁnh% ths BEEPhde are
preferably maggh efill aot@icar whdn the tnijgraturh usgialsed ambrpbmﬂadmstdwhﬁhannaawus,

the specific electyic resistance of .the ele e s than 10'i
S2~cm and pr &%y §61T°3€e§ PHRTTANES gu%fu(?ﬂ\ ggpgal flétfl?ca?ﬁ’sea%&& umi num
and copper, f fienis)t theeontrddy, widre condugtiditycid cedated| Getindaiee, it edrbal blatk | S

'actrode. i getekt, Sigha kil Bepn Sod R D Blmublor Hipd il fad |

resi st anceo I alyéice td bizerhémg SThi® woulihichd ko1 fstrony O)fldztthﬁ dn&ab ibigh-6ul rof eind

t hrough the resj stan er and, t ormadessetiall Iete
hoat 1 5 of t nESk R e e dyBmsioaft fedrasad SR S mE e goarriie it |

therefore is ﬂ;bblﬁlohqsgﬁrg e@teomagﬁ@@ﬁéﬂmh@at in a uniformway. By
sel ecting such an el ect rode mat eri al is possible in particular to

fabricate | arge resistance-heating |5 eI enents without a need for vol tage

supply to a nuRdafirifficalip Qofdkiod Polyiferd @d’éﬁtﬂcd}ﬂmpﬂtgtﬂkb ety RbificCig

Therefore, power supply lines need not be, installed along the surface
Accor di ng?t o ¢¥se lrlnxrérrt\rﬁorrmrgmrptmmlr p air copeele (MosgpYer, gTept sendygtioict ed
for through the resistive mass is of the electronic conduction type. Hence even an

autodestruction of the resistance layer by electrolysis reactions caused by electric
currents will not occur in the resistance-heating element according to the invention. In
the resistance-heating element according to the invention, time-dependent drops in

30  heating power per unit area are very small and approximately zero, even at
temperatures as high as 500 °C for instance, and at heating powers per unit area as
high as 50 kW/m? for instance.



enbodi ments in which the resistance-heating el enent covers a | arge area or
| ength, for instance areas |arger than 60 cnZ, preferably |arger than 80
cne. The limting size 20 of the resistance-heating el ement 300wle 2002ch it
becomes neani ngful to provide nultiple contact points depends, not only on
the el ectrode material selected, but also on the place of the contacts.
Thus, multiple contact points may not be required even for areas | arger

t han those menti oned above when the el ectrode is accessible in its surface
m dpoi nt and can be provided with a contact there. 25 The size of the

resi stance- heating el enent that can be operated with single contacts al so
depends on the thickness of the el ectrodes selected. According to one

enbodi nent, t |l ectrod e ing.el ectrode ickness of
50 to 180 - miug ot U So@MehiCetoRBbdIE R SbROS IR MRl IR oo oes
are al so advamthalyechish isus@badchingt th ehehieedntipti pbseeth Iymdgereous structure that
resistance-heating q#%nEn can.readi%% ﬁg transferred fromthem Moreover,
thin el ect r od B¥UFE heaine thatds ppjform acress MEPUe VP chent of the 30 July
2002 s elestrodes fromthe resistance |layer and thus an interruption of the
el ectrical contact, during, thernal exPan i on,of tge resistance | a %{ wll be
avoi ded. Accor§Pgingdo thelnv iRt PEIRC {hibe Tedisiaraheating fament & RIAYIHEC bY s

thi ckness has two ble¥RIdet iwhich pPefbraBlly cBRYi® b a HRARGAOST Hgh d8EridéMBLARIE aN®! t age,
and is preferably 0.1 to 2 mnmpre ferably 1 mm_ A snall |ayer thickness of
t he resi st ancérd ayangedph ong sidgeolh¢ sesistagee dyor TR 1YRg o4 comfasttarmagamanh ti e,
rapid heat tr g 1 | o) ungd thea : slch a

| ayer thi ckneis}{saﬁlgsg Etoﬁﬁglbggoggi‘%fgﬁimwga#g%ﬁgg{ogn?est eegﬁﬁma&gﬁ\ggﬁ%cuw
accordi ng 0o phlymersveast iageprdife torke hyertiontine putiewarly pdrantaggouniwayt Mbe

resi stance | ayer:.i rﬁhﬂf I . ] to the
i nventi on, ané&ggﬁ%ﬁé"@u %t?@' ?Ié(ﬁ't y glﬁg% ?ttgngtrrgd\%é%‘[gg\%%F%gg% t@?g%%%%%? even
when t he | ayeresistanck tayss eleng e mlmhér. str@etuten end fihaly isanotductddetoihé kexprd al
contact arran n f I - i Igﬂﬁa LI S Vi sion
of the resist%ﬁgén%%§%g£¥§tgﬁé%%%gq%$cggﬁgﬁﬂgb§tage,h%ﬁ?gﬂkgggf#?gﬁg%ly
reduces the r pskemfinby etmktioenvhets ththesiktiuanilages smdwivhed bstvetmnixe tieat | ng

el enent accordj othe inventipn are furthe nced en.the resistance
Cayer has 1. pBenfidsS A it SRRt fie et Tre TRPRRRTPY HOGutep 5%

resi stance. Thirsbdk@ptigndlD an effect of automatic regulation with respect to
the highest attainable tenperature. This effect occurs, since the flow of
20 current through the resistive mass is adjusted as a function of

It enper ath ur ﬁ' bﬁ‘ﬁ@ﬁs:ﬁin@feléd‘ﬂ@lt Riéordihg tid u_lelr @sertionnae theafether ﬁwamaghlr 6ﬁnéir_1go_eg ones
ower the higher ete rarur unt at a particular thermal equillbrium
£ has. becom VARG GSHRTCiagr e Aclsed® s BRiskd S SarbOR el Brp g Pt | pe
resistive 20TB-SEh|eCl%_ﬁsthﬁt_Qr Ri&t Thbeppssitéesideco ﬂﬁLﬂeﬁgbﬂbﬁ erahﬁéxl‘oems fite of i
automatic regulation is very inportant for the ati el enent  accordin
to the inventg Pgtkact Efirﬂb‘@lsaa?%%%ngf%‘?féiaﬁﬁléapﬁ %‘Qgr?atgaté‘?g%?,pef“b‘F“}ﬂﬁchnce, )
when the heat hjgicide Me AT Bé RehtddOAh Rdsal MB4CRANsRR bBedtnes Possiblé Gih@the
contact with a body to be heated, and hence a | ow heat transfer. Selecting

a PTC mat eri afonfast aendepresn dhepssigtancehenating dementangd the bodydo be Jeated it as a

30 result, thgisRBlddHS ORALGERNRAs.| ayer is heated to essentially the sane
tenperature. This enabl es uniform heat transfer, which can be essential for

particul aB’applications of the resistance-heating el enent. 30 July 2002 9
In a preferred embodiment, a flat floating electrode is arranged on the side of the

resistance layer opposite to the two flat electrodes.

In the spirit of the invention, an electrode is called floating when it is not connected to
30 the source of current. It can have an insulation preventing electric contact with a

source of current.



According to the invention, the resistance |ayer can be netallized on its
surfaces facing the electrodes and, if present, the floating el ectrode. By
netal | i zation, netal adheres to the surface of the resistancgolaykezooand
thus inproves the flow of current 5 between the el ectrodes or the floating
el ectrode and the resistance |ayer. Mreoyer, in this enbodi nent the heat
transfer fromthe resistance |layer to the floating el ectrode and hence to

t he body or object to be heated is also inproved. The surface can be

nmetal lized by spraying of netal. Such a netallization is possible only with
the material of the resistance |ayer that is used according to the

i nvention. A dhis flgatibg civetradd suppbitothefiawpof Earent tisbiphciae basistamtalayer. In

el ectropl ati ng,. hepce is, superfl uous, and. consi derably reduces .the

ot morur i no g 8RB0l R Bt e FABICET Pt et TSR iskRess of
preferably preiesstaie HpditBgesoh i ModtiigRlectrddROnARP bpithst@BidEgs donuatRN Or
sem netal dopi na.ﬁnlyn t hese pol gmers the 15 defect carrier is _chemcally

bound to the ithinthisrelepiade epd faplbsllowybragh therthickersp phiiedesisigcand t he
mat ri x ol culigef £F tht BthePeleatdde that RAARadd ANAL Sin @IPdBife rdsldfahIaf@RE NI,

el ectrons fromfilled bands of the polyner are transferred to the dopant.
On account of thafésiglesgodeni ¢ hol es t hus generated, the polyner takes on
sem conductor-like electrical properties. In this enbodinent, a nmetal or

sem nmetal 20 atomis incorporated into or attached to the polynmer structure
by chemi cal r&athis enbadimenioif thee heating ¢lemertty the corteat fows threnghdhethickaess\wifii ch
enabl e the fl . r p ] ruct ges
are present i ?}l%t %éls@(ggremﬁg%’ ?%Sgﬁggg&ggtar@n%@{ n%%)"laggo. H{ %u{%??%@ﬁgi Q‘%

el ect r oni docomonestdevelap iveithin tiRbreBistaner hpéry Withim thet Srstl egien ghet fierqpoflpwer was

m xed with such_an.amunt, of dopant that the ratio of .atons, o he . dopant
T e mumber BpRRB TR RoRIRE st bdierdd kB3 § S nBRTHRlodd SrflRP o7 |
and 10: 1. Wt kvithin thersa¢dnd dohe,i is flawh iesemithltyhattically &otn tk Ifloating elpatoders

nol ecul es are _doped with at | eas e atom of the dopant. The conductance
o the ol et wrondansted clcctRpe. s % Sohef armpuemenbol seversl fosfsEdoasia
tenper at ure 3attfinel By thiscitan@émERSTIHS afffect irdlick it BRSHafial R6kage PySiailimglin be

adj usted by selecting the ratio 30 Jul y, 200 The intrinsicall

el ectr oc_odéucﬁle\}e&wgwewéawgerebmhﬁapﬁfﬁm 3gen } 81 b %bogaﬂéwf oyed
as material fee fnbéntioASths WARER prévsiling th tHREnAORIAL 25366 i BAF bN theShypiedt
according to the invention, even w thout graphite addition, but according

to a further ¥oHAg8;i Besavse afithe logsyodtpgspraval theRpsigtange: [pyshaefely Hekscan n

graphi te part pglapsided WRhahS hBAnkl ddrdht GaCdrHNR ke RUnPedtion,! AR FAABMICigpvi ty Of
the conplete resjstance layer, are preferably not in nutual contact, and in
particul ar dolifRsons & ase maanifeld; The Heatingeslement can then alfube prd By dayices e

par ti cl es 2gr ewheye i6@ImddliY ik@ABifigteicBhtActivith PRALKIRIto Bb hbttéd) bEmAbeabfchtd €€l Y
nobi l e. When a graphite E_al‘tl cle is in contact with two pol ynmer nol ecul es,
the current chnhille@siFons whichapgntaonpeeche deyigeone chain to the next. The

conductivity of 1o the resistance |ayer can be further raised in this way.

On account of their free nobility in the resistance |ayer, the graphite
particl es canMsreayesnthe sarp pravided (hetwerea thy cangoted doatiodemerthas ary agditienal an

| mpr ovenent 12&#&%&%&%@% m‘éﬁa}ﬁleihﬁitﬂj‘?ﬁé B3R iﬂ%}ﬁé“%a?f‘&efrés‘?&ﬁcg%u

el ectrode. e gr. articles are preferably present in an anount of
at nost 205 vobe Yptepmiged byt the unuiuhly digteedee pia ey elegirodes and thts byt thet surfise 5

vol . %relativ of the resistance |ayer, and have a nean
° shflnbd fr h{sBluatE 15, /

di aneter of a his small anmount of graphite and the
smal | dianeter, formation of a graphite network which

The electrodes and the floating electrode preferably have a good thermal conductivity.
This can exceed 200 W/m-K, preferably 250 W/m-K. Local overheating can rapidly
30  be neutralized by this good thermal conductivity in the electrodes. An overheating is
thus possible only in the direction of layer thickness, but has no negative effects

because of the small layer thickness that can be realized in the resistance-heating



woul d | ead to current conduction through these networks can be avoi ded. It
is thus 20 guaranteed that the current essentially continues to flow by

el ectroni c conduction via the polymer nolecules, and thus thgogdwamoages
nmenti oned above can be attained. In particular, conduction need not be
along a graphite network or skeleton wherg the graphite particles nust be
in mutual contact, and which is readily destroyed under nechani cal and
thermal stress, but it rather occurs along the ductile and agi ng 25

resi stant polyner. Both el ectroconductive polynerizates such as

pol ystyrene, polyvinyl resins, polyacrylic acid derivatives and m xed

pol ymer i zat s imdu&6rdindfd (R4 BREARRONGE hirker RRNALODIRS réifhnbfBbdting
derivatives, polyfluorinated hydrocarbons, epoxy resins and 30

pol yur et hanes eaenpthatievst adeocql empenatinedhdrase prayekek e wotsidee e.go frprreths .

Pol yam des, p t enoxi r et l Il as
pol yatyrone onCEhE Pheetol e BE bl Bt RN AT DY RTHUBEL 1RAGH B il
additional l y exhibit good adhesive 30 July 2002 11 properties, which are

advant ageoys f.or th repar.atjon of.the resistance-heati.n | enent.

accor di ng t% 0 {1?{‘8 elieﬁ&%(ﬁetsiagﬁ.th QRLng slegiredecare p roe&er:%r;l%tnéaﬁ%é)f 63?%?%&*‘35%‘%&5, are
el i m nated 1; r dighucl@sriacshduet vitg. Tlﬁxst the smmmﬁm iibeisauﬁeeoi?ﬁe Elreet'rcrdleb fiay agi ng
resi stance due to reactjyity with oxygen, 5 The |sength of the po|yner

ol ecul 6. usedeVaHi BE 1T i fmyiHoPeEHYBG st dgBrd: rid B SPHEPIE pierilggare

structure of taligniRGhYARRM copPét forSinBiafidetB3Pélecthg s6@S bn WRirsInRRLEI gUsar !y
preferably at |east 4000 A. to In one enbodi nent, the resistance |ayer has

a support nat &ppranteedrthpisthe gpisent eppliedds panduetad Suthenwithinghe flafeslentrods; i€ar ner
SePPolts e NS . . | ' o
et 18 iy Sy Sonerp R o MG el

functions as a spacer, parti ween t
el ectrode. Thdlosupfthet heating rcugbnti thrangllithé aesistanaé dayer soddhys giwifoxsm endt he

resi st ance- Nkl ERMe nfind Bithe KBl lobor P8y B ki de Bl JBRORN 00

stress. 15 Moreover), a suppo one can pre y adj ust
the | ayer thi dienefore iphble hegeresitstmintcamsifealent in GCuvifanswine Bysselegtingssuch iaber s,

rock wool . CelamGh FHENLAH UM L' A0R0E o RASH Fiac ALIAREY fotfe
support material's. A squort teria resent as a tissue or nat, fo
i nstance df gleksenfsivithost a aegil foe voltage segdy tnd ouaberasfspats abing tthelgngth or he

intrinsically_electroconducti |lymer, i.e...can be jnpre d wth the
20 | nt i ot ¢ AN EF RSBt OBty By oSy Beed ol P RRAIEL el <
det er m ned by siifficel Atckdirg s ik ihvation, isdetDmultiple cdieictioditl qilie be adegal fpi Ng,
spreadi ng or kn screeﬁg rinting nethods can also be uysed. Preferably,
the suppor t meFBPRmENEsdn Jgh, e sERERee Negtiog loray Fovern e JFER AIRg Rt ol |
Wth 2s such gorihdisioct ateat largei thanG0ast] preferabyelafee tan 80 ¢nt’/Thie lihitingeiat i ng
e L e
devi ate from ulitigleséntad pbinjedeptritisCHRAE o the eldctbdaifihicAilaeROeEhut hIgs
instance 1 % 1is of parthcul ar signifi 39 cance, glstgeci ally with the small

| ayer thi ckneSB&e placsPfhe 6omiRdtty TS (HUtplR FaRATt PRIIS AY BolReReAN Ceevahe
woul d have t o fieargdsi1aiger Shbn dhdde EmtiohNiROE wWhRh WRE BlefiRIAE 36 bedssible in its

surface midpoint and can be provided with a contact there.

25
The size of the resistance-heating element that can be operated with single contacts
also depends on the thickness of the electrodes selected. According to one embodi-
ment, the electrodes and the floating electrodes have a thickness of 50 to 150 pm,
preferably 75 to 100 pm each. These small layer thicknesses are also advantageous in
30 that the heat produced by the resistance-heating element can readily be transferred

from them. Moreover, thin electrodes are more flexible, so that a detachment of the



el ectrode and floating el ectrode. Fluctuations in |layer thickness across
the | ayer 30 July 2002 12 surface can also influence the tenperature
generated, and |lead to a nonuniformtenperature distribution3oTag 200pport
material has the further effect that the current cannot flow al ong the 5
shortest path between the electrodes and ¢ he floating el ectrode but is
deflected or split up at the f Iler material. Thus an optinmumutilization
of the energy supplied is achieved. The object of the invention is
explained in the followng with the aid of the io acconpying draw ngs. It
is shown: in figure 1 a partial sectional view of one enbodi nent of the
heating el emeRiecthoied Goni Hesidtthek i5ek E&Y@ﬂﬂﬁé Qz{'mté flblng ﬁle?elégtrﬁﬁh@dﬁ?dtcl ¢
| ateral view of an enbodi ment with several oatlﬁ el ectro figure 3
a di agr ammat i dudnetheimal pxpansion ofthe rq&@tﬂé«b@pymigwll he &Wl@dbodl ment 20 according
to figure 2, The heating elenent 1 has a thin resistance layer 2 and two
flat el ectrodes 3 and 4 arranged side by side at a distance from each ot her
and covering égsendingdb Itly: iaiehtioﬁ thheesis@séesibyen cethinajte thickPassthae a dppadintie si de

f th I whi ch
covers t he’r ol ekt Senepaf ob (R ENRORRP LGRS i tehl (AT Bt MEces o
and 4 as wel | fasblby mrheAmlltieyemelﬁcimmeﬂehcefeeleﬁan@deﬁar offessrthé hd!vaﬁtage‘bf odes 3

curront w11 FiARlpe 8sFaLaEie ik P BRH AR anf SRR b BT

resi stance | ayRkveder, @xhedldyad thicknessds dhllyarkdibls viithr mSlst@c¢-heanagireie@£eﬁt f aci ng
the floating el ecfrode 5, is, conducted f rther \Md'i\ thjS el ectr.ode,
flows through®9PEingts e Hyertiana(a onebang, ﬁ@“féff“éei"f‘é}’ eFR§sRCHR¥TiRd from

there. Depgndpp@etefnihbie lﬁ'o'ﬂ{ea‘ﬁ&lyﬁ{efsaﬂ%”ﬁébbrcﬁﬁg b et ripd@sios, and dn bhe 30
July 2002 13 current may also flow in the opposite direction., In the
enbodi ment r eﬁlﬂfég@mbéhmgttﬁ @quﬁ%tu‘rOét@%Weﬁ@pmewee vehep thslagerhigkeessesiase f or med
by an air gapgmhif éﬂ & dthef hafl, BRARGr® k&{frc%umgeﬁleﬂm tKWe&Qtaﬂ&she%uﬁ in
resi stance | ayer 2. one Side of the resistance 2,
el ectrodes 3 glgmment mgnmmbda/gﬂ@mféhwemm@ﬂammt@@@es P b?ﬂehgo@lged’t’hl@mes 5
are provided. e &{;‘hgq con tROHsA floating elec trodes 5 are at
di stances from eac and o set r ative to the floating el ectrodes 5
arranged df the opp05|te si de of the resistance layer 2. In this
arrangenent, gjg ag%ft %ofr‘pcﬂé résfsparide: Fa% 4 énté;cé‘d}ﬁmﬁ th! AWSn{dAOH U t he
resi stance | ayer an | oat1 ng e direction indicated
by arrows in fixthedenlinngl when fthe msstaum l«'ﬁqt his| owosities testparatwe | cagificiedt ser ves
as a series aprRBAGTRIcOhc AIDCTHAl c6)q8 Wbl FebGH SIANRE Foptflic R es 1t
e i ndividua

possi bl e to attai’n h|g power I'n
respect to the hlghest attamable temperature. This effect occurs, since the flow of

20  current through the resistive mass is adjusted as a function of temperature because of
the PTC of the resistance layer. The current becomes lower the higher the
temperature, until at a particular thermal equilibrium it has become immeasurably
small. A local overheating and melting of the resistive mass can therefore be
prevented reliably. This effect of automatic regulation is very important for the

25  heating element according to the invention, since a local temperature rise may occur,
for instance, when the heating element according to the invention has insufficient

contact with a body to be heated, and hence a low heat transfer.

Selecting a PTC material for the resistance layer also implies, therefore, that as a
30 result, the entire resistance layer is heated to essentially the same temperature. This
enables uniform heat transfer, which can be essential for particular applications of the

resistance-heating element.



sectors or zones of the resistance |layer a | ow voltage prevails. Here, both
the resistance residing in the thickness of the resistance |ayer 2 and the
surface resistance 15 in the gaps between the floating el ect 3odas Z00Qr
floating electrode 5 and the electrode 3 or 4 is utilized. The |arge

di stance in space between the contacted g ectrodes noreover offers the
advant age that an i mmedi ate contact between them can be avoided. 20 Figure
3 shows a diagrammatic sketch which will be used to explain the

el ectrot echni cal dinensions of an enbodi nent of the resistance-heating

el ement according to the invention. Starting fromthe heating power per
unit area of the full resistance heating elenent which is desired in a
particul ar case, one first determ nes the nunber of heating zones required
across the wi dicrordingt taethe davestiom cthe fesistanag laier sambe mpasaHlizadeorp Bs supfaces

bet ween the ovek V. [ t aCt r and

t he uni que, ng§%§L%$6%%P§%%E%g1?jggggégﬁ?%éa?%ggﬁg&%h ?J? ﬁ@%ﬁgﬁ%ggg' zones
whi ch al ways adlerartoahgedfaca of ¢hd esistaidedayee ragd hhusfimployehdetfiavgof cmeent s

desi gnat ed _as th Ldih. Z of, the .individual ,zaones . itself s calcul ated
Crentne T o bilvebt s eucitfds of bng' f HegftotGng 3108 ot MirERpE

\t/)m' dth of L hef lftﬂiatemh@camieﬂgthelhgaf&fhhsk?lﬁbm thseesibltalnye &Q)g}ZtthHe Aoitingi éftéoaﬁa@d

et ween t he oati ng el ectrodes .or ating, el ectrode and the_el ectyode on
one 1 de of 1 AT PEERat dboagtioeh g S hrate i et SFEFe oG
(rnrn) n = nuReNiRE by erdyidpalf Mear i igh ZOoRRMIIAlG &L Bodsible Bhlyewith Ghdi €

wi dth of the individual electrodes aor floating el ectrodes which are

arranged i n amasriabef e Eistnes fyes thet it asedr accordingelo; Ue dRE@LPTyAroogthh be
found fronyt heepiRafbn sWH, ?&niglswl&t&s nftdl didttrofiadied NMeBe isPalpsERbud Bl

el ectrodes arranged on one side of the resistance layer. i5 The heating
power Nz of afonskigrapixtrgduces Biganasmfachising gestsst ance- heati ng el enent can be
found from Nz = Uz.lc = Uzz.L = Uza,S. Z/P.D 20 where U = the nmaxi num
permtted electric zone voltage applied to the partial resistance because
of the el ect r Thalintringeallat sleptrocendaetiveonmlymersis sreferably rypdychd by doping of a

carront i oRO i, TSk 6¢%a @l REhioR BbpEg e 605 Alvhdth 1R
resi stancds, defdacteguigr is chenhieallydtoghd mjﬁﬁ@@?yn(%)ch@b and gerdrates # defeetohbrict ance
of the intri nﬁb}ﬁﬁ‘é la%n?soﬁgf‘]ﬁltei %?ui&%&%&fle rf&ﬁi §ts%rl:%ﬁeci @Hzﬁée-&‘@sfer complex.
During doping, electrons from filled bands of the polymer are transferred to the
dopant. On account of the electronic holes thus generated, the polymer takes on
semiconductor-like electrical properties. In this embodiment, a metal or semimetal
20  atom is incorporated into or attached to the polymer structure by chemical reaction in
such a way that free charges are generated which enable the flow of current along the
polymer structure. The free charges are present in the form of free electrons or holes.

In this way an electronic conductor arises.

25  Preferably, for its doping the polymer was mixed with such an amount of dopant that
the ratio of atoms of the dopant to the number of polymer molecules is at least 1:1,
preferably between 2:1 and 10:1. With this ratio it is achieved that essentially all
polymer molecules are doped with at least one atom of the dopant. The conductance
of the polymers and hence that of the resistance layer as well as the temperature

30 coefficient of resistance of the resistance layer can be adjusted by selecting the ratio.



p = specific resistance of the polymer layer (S2~cm S = length of the

el ectrode of the resistance-heating elenment (mm) 35 Z = width of the

i ndi vidual heating zones (mm D = thickness of the resistancgolgye00fmm 4o
Both the electrodes and the floating electrode in the heating el enent
according to the invention can for instange consist of netal foil or netal
sheet. Moreover, the 30 July 2002 15 el ectroconductive |ayer can be
coated with black plastic on the side facing away fromthe resistance

|l ayer. Wth this additional |ayer, the heating el enment according to the

i nvention can assune the function of a black body and generate a

penetration efrhegitrigdicdlifelécadbaidueiveqRMNaha@tRed aotding REthe QR¥entién 8hEHENt
according to the invention, a multitude of el ectrodes, can be provided on

one side of tR&Ploye] o6 meterialafpsthe igasfanseolprdi Wgths Frsistsase-brpting clameles

separat ed frog@asi Rf MEinRYtidd) S ititint AR RtioNSHit sbrAE o 2Eer and
functioning as electrode pairs to which a voltage can be applied, one can

achi eve a heatihedimgnipthergsistaecehlgyarimay edditipnally sestian gyaphiie particles.i hea¢ so
within thessc pnyentd on .t il t ' j he
el ectr odessvvi ? ﬁﬁgﬁé ic%llgﬁclogt?ﬁ%ﬁ{gg 1!ronat gré%gﬁﬁ?lkitti?gt}ggébﬁﬁfté%a%éﬁfegﬁa%gi elt?\r/]\‘)ééen t he
el ectrodes. Cpreferatly ontin mitehleontact sndindpaptiquldr clalnet formsaregibwlat orcskeletah be

used as the inpsulati S terial. t e | t oul d be
oresent at tnartep B ot erlchiang o R SR T e RS ieR RGBT e
heat ed, one cam flealy mebite. Wienrngzaphita paticleay mrcootact with fwoomtlymer méleatlespde

w th pol yeste PTFE, polyim and .other foils. The u of these. 20
convent i onal Fh'r?scl'}frg?Eti %8 J‘Hé? &aiqg‘? graphi %?ngn% phagi to KF%P%%EUE%CO&E‘I%W*%P{
becones passi tegedidtarich taybeéedn badfuthe Matsd iRdeowal. 06 decounhef thely fieé imabilipecause
the floating el ectrode i

free of contact term nals and hence a snoot h
surface. The _FEQSEﬂﬁ’?ée F%?eﬁe(%wmgpylgegf . ﬁod}l‘éveltﬂ.%%ﬁﬁ c%‘?%s%l%’ﬁf
resistive mat gid BHify aMohtandimptdvehRhesttitseBREttwith @Bk elbddes bEWith HRAREnAS €
present in the formof |ayers. This enbodi nent has the advantage that by

suitabl e sel etlest®Meof the naterials in the resistance | ayer, the side of
the resistance |layer fromwhich heat is to be transferred to the body to be

heat ed, can have higher tenperatures, while it is not_ necessary ;that 30
di f f er ent lheat Phgraphits prtidenats nsefprably niespnicrfn Asauat of #rmesh 2P ¥ak%. and n

heating Wi I espadifihdydhebehitn iln! BYEE PSS dt Hfost $9613% Mlafre!t6 MR totall Wiiemé 8f

achi eved when the specific electric resistance of the polyner enployed is
sel ected so athetresistancedayps dnddiave Bemeagydipmetermef atsmost 0.1 pm. With this small
amount of graphite and the small diameter, formation of a graphite network which
would lead to current conduction through these networks can be avoided. It is thus
20  guaranteed that the current essentially continues to flow by electranic conduction via
" the polymer molecules, and thus the advantages mentioned above can be attained. In
particular, conduction need not be along a graphite network or skeleton where the
graphite particles must be in mutual contact, and which is readily destroyed under

mechanical and thermal stress, but it rather occurs along the ductile and aging-

25  resistant polymer.

Both electroconductive polymerizates such as polystyrene, polyvinyl resins,
polyacrylic acid derivatives and mixed polymerizates of these, and electroconductive
polyamides and their derivatives, polyfluorinated hydrocarbons, epoxy resins and
30  polyurethanes can be used as intrinsically electroconductive polymers. Polyamides,
polymethyl methacrylates, epoxides, polyurethanes as well as polystyrene or their
mixtures can preferably be used. Polyamides additionally exhibit good adhesive



30 July 2002 16 adj acent to the electrodes, in a direction to the side
facing the body or obj ect to be heated. Because of the resistance |ayer
and contact arrangenent enployed, the resistance 5 heating ehemgpt2002
according to the invention can be operated, both with | ow voltages of for
instance 24 V arid with very high voltages of for instance 240, 400 and up
to 1000 V. Wth the resistance-heating el enent according to the invention,
heati ng powers per to unit area in excess of 10 kWne and preferably in
excess of 30 kWnR2 can be achieved. Wth the heating el ement, heating
powers of up to 60 kWnR can be achi eved. Such a heating power of up to 60
kWn2 can_evepropértias; hiieivie iraMaliVanfagesuse for t e GlrgRABSoRT oft 1he rfeSistaddeata@ng ayer
of 1 mm The tinme-dependent drop inh heating power can be snaller than 0.01
% per year whegmantaseqrdigg te thepinpentionsSemmpolnmerssioy spes pelyacetylengy are
temperature ! Bihing@d b MENARYTEhMol e el HShaIGEnBP My AnetRIBRL. | S
limted by the thermal properties of the polymer selected, but can be

hi gher than 24 torepstvitypowitho®®en.C. The pol yner should in particul ar be so
selected that even at the tenperatures to be achieved, conduction continues
to be electronic. 20 The heating el ement can have the nost diverse shapes
when usi ng t hthe kepthtdribe pbdlsmer mbleatles ssednpliey widhiaceide danggs, tdepending on

i nvention. Thg resistance-heatin | ement . can. haye_t.he e, of ..t with a
ength | ger CEHIRT PHOHHE o\ e PeSTRE ot st PlRl uBR 307 B GiribiRE, { oo
over the full plefspabishatatast 4000tlape and in the direction of the width of the
25 resistance-heating elenent are arranged side by side. Square shapes are
al so possible with the heating el enent according to the invention. The

resi ;sfj anc]gze henl_tdna@nﬁ;b&m% tncam_silfst@ﬁcei lﬂflidralﬁﬁe sipporronatdriatl This §uh)fpori: ﬂﬁteﬁiel or
outside of a pipe. re the unilateral, ntact arrapngengnt, o € heating
element is a &ig‘i‘i @E}‘ﬁéf’*“ BBV PR Jrate ?%‘t’éﬁ%@gfns’d’? SqnchthFcﬂ?li)f“PFé’ on

resi st ance- hegbiofiter Bh@BMundtdnt BE alPader,! PRV BHeenSHE RlcBBodts Rhdehe | S NOt
hi ndered by cgontact ternminals. The electrical_ insulation 30 July 2002 17

between the beaingFlesirofeatheysuprart rterial sinsiddition- sais Aeme rigity of dhey| so
simplified byrekib@ndeathtif offtheClo Bt Mis AN 61 ab18! BCLLRC aleMmidal BtrtBY € -
Wthin the scope of the Tnvention, the intrinsically electroconductive

pol ymer ckh aMeoserpEhempng aaurportimaieriah pus cagnecisehhaliuss thelayps dhigngses i t
has a negati vér thenRigtaRlchfer CORES dphtrf o188 fidr€ ¢dk! vool, &3taRdi Kabh asiiiidm t he
tenperature coefficient can becone positive above a particul ar tenperature,
e.g., 80 C. Tifanaty et hiastioshanerveersoiuppeTt matarialit Posuppert meaderisb aresgnt #SHeat abl e
pipe, where AehdifiGhad Gorfthdifhol ¢ EAR! BbcDah b iRNESEARPE nla8Ansislind f !
directly or via an interlayer, wth a tHin resistance [ayer contaihing an

i ntrinsical | ythe| iatrinsisalgn cilestrocandpdsivenpelyman di.shere en impregeatade withu tlieace of

t he resi stanc ) : ! i . C .

Fosi ot anct | gy ly BboBBRhuch bl HhERMHE BT ARER T Ey e
ot her. 15 | n thivkngss pé thecgrish ofi gt Methdde sichvasrsciaping, streadingsorstrannescieay-er

contains an i fn'iih?ﬁleﬁ%ldLXanea{l&%eru%ggndumi ve pol ymer. These pol ymers which,
according to ‘the rnvention, are

Preferably, the support material is a flat porous, electrically insulating material. With
25  such a material it can in addition be prevented that the heating current flows through

the support material rather than through the polymer structure.

The possibility of producing layers which across their surface deviate from the desired
layer thickness with minimum tolerances, for instance 1 %, is of particular signifi-
30  cance, especially with the small layer thicknesses used according to the invention,
since otherwise one would have to be afraid of a direct contact between contacted

electrode and floating electrode. Fluctuations in layer thickness across the layer



used in the resistance | ayer have a constitution such that the current

fl ows al ong the polyner nolecules. OnMng to the polynmer structure, the
heating current is conducted through the resistance |ayer al 3hguly2002

pol yners. Because of the electric resistance of 20 the polymers, heat is
generated which can be transferred to theinner pipe to be heated. Here the
heating current cannot follow the shortest pathway between the two

‘el ectrodes but follows the structure of the polynmer arrangenent. Thus, the
|l ength of the current path is predeterm ned by the polyners, so that even
in the instance of small |ayer thicknesses, relatively high voltages can be
appl i ed w t hogtrfeUghngsa irfluck tha demperamikd guitratéd/ amdi Bad Be d AGHuaiTesn of

hi gh currents such as pmaking currents, one must not be afraid of a

burn- out. Nor FUREFAUIEFISITRWIOR bution of the current in the first el ectrode
and its subsequent conduction along the polymer structure in the resistance
| ayer | eads to a honpbgeneous tenperature distribution within the resistance

| ayer. This dil&esupreri satesinl Bassthe dwrgher sffeotythats the cuspns) sanngy Ny vlage e t he
el ectrodes. 3 iyﬁﬁ% ' I yent i on,
t he pi pe cgn g}é(ﬁ%% rat e%mee%/ngﬁe gltg étﬁ‘{agﬁa‘fgﬁfgg%@g e?cgggéﬁl{?gsn%egleftigﬁg %%li?t age.
As the attainabla thedillengnaterpd Thusyarp optimug Wilizetion ot theaswesgyniseppliehds squar e
of operating %&h&% e, the resistance-heating el enment according to the

i nvention can yiéld high heating power and hence hi gh tenperatures.
According to the invention, the current density is mnimzed because a
relatively lo curren at.n i r.OV| l. t | ec Ut icv,

pol ynmers or bgfgguos °C totfltg Jtv EOIE)% zegﬁ@glegllgc ?ifgg ‘%‘Ei%{tggﬁggdg&%i@%
contain the i mtdompyingatrdwingd. ect r oconducti ve pol yner used according to the
invention are created. Mreover, the el ectroconductive polynmers used
according to the invention exhibit long-termstability. This stability is
expl ai ned abowds ghlolviby t he fact that the polyners 1 o are ductile, so that
a rupture of the polyner chains and thus interruption of the current path
wi |l not occur when the tenperature is raised. The pol yner chains are
unharmed evenigfgsafe | ePPakRN sEBORBAEWIST brielGhbtimeit. off theCREAYAE et

resi stance-heating el epents, to the contrary, where conductivity is
created, flor PHOrHMER theipventioBon bl ack skel etons, such a thermal expansion
woul d ead to interruption of the current path and 15 hence to overheating.
This would lead to a strong oxidation and tq burn-out of the resistance

| ayer. The i nitfigap ¢ aiseiemafic kateralodergotan spbogimentwith seveepl Soenerlergodss: t he
invention is not subject to such agi ng phenonmena. The intrinsically
conductive polyners used according to the invention resist aging .20 even in
reactive envi ifodigeret 3 & fdsgrammatic s eh theygenssydaveloping, Bnan Hhedingndn
through the reshalihy® fifesz used according to the invention is of the

el ectroni c conduction type. Hence even an autodestruction of the resistance
| ayer by electrolysis reactions caused by electric currents will not occur
in the resistaye %éilﬁmgtélé}gen‘?'ﬁ{li’é Q&hﬁ%&gt%%Qa%eg 2R WVER lRBodds's 4

resi stance-heati ng eFenent according to the invention, tine-dependent
drops i n heat amgngedwide byside ahp distaneaframsaciestheramd [chvesing eagsptiady athefdhy zero,
even at tenpe r i 1 j . I wer s
per unit ar ea;egéﬁﬁ?gﬁ%{sbgg@%@ﬁgg% (l)(g qulgetﬂgﬂgté@g?ﬁfegQﬁglﬁgﬁ?gggqé%@ggﬁ ity or
agi ng resizst aaranged whichpmwers thel rasistancgdayer geandtee full mrdaafernpaddey tBe elrctemlesli ng t o
t he i nvention, since heat abl i are, use or iRstance. under or in
ot her places AdHd rﬂeaﬁdY q?@as}é/ ctgg ggigfe ,eeggth?sﬁa??ec{r?ieﬁugﬁfn EeATohe g%sggeg,ym
undesi r abl e i arergrbughtfinconfattewith a3durbelof cafted Bt shown), the current will first

spread within electrode 3, then flows through the resistance layer 2, essentially in a

direction normal to its surface facing the floating electrode 5, is conducted further
30 within this electrode, flows through the resistance layer 2 to the electrode 4 and is

drained from there. Depending on the contact arrangement at electrodes 3 and 4, the



Due to the use of intrinsically el ectroconductive polyners, the resistance
| ayer as a whole which is used according to the invention presents a
honbgeneous structure that permts a heating that is uniforn3adulg2002he
entire layer. 5 According to the invention, contact to the pipe is provided
by two el ectrodes which preferably consigi of a material. of high electric
conductivity and are arranged on one side of the resistance |layer. This
type of contact arrangenent nakes it possible to use the node of operation
of the intrinsically conductive polyners used according to the |10 invention
in a particularly advantageous way. The applied current first spreads

within the fitgtenhfRGtalRdBow ihaR phoieahrebiR. Ihihelndodiniht tdpfeséRSd, Hheance
| ayer al ong the polyner structure, and finally is conducted to the second

contact ed el e¥isplgten befwesnesicoiradesdand 4 fosmed Pamail g8Paddi ti onal |y ext ended
over that present in a structure where the resistance |ayer is sandw ched
between the two el ectrodes. Because of this flow of the 15 current, the

t hi ckness of ¥higwred; sthapting elayent it ehowsewhielp hasshitin resipigaclaper ddoerfi ng t o
the inventg Onsi@ﬁéf ttlfkeretsfé{ahébgfag%gzgt%\aﬁﬂ% ggc%pct?éﬁ Wanteh $2el1Cs s@vér&lsigter-

appl i cations. el ectro contacts on one side of the
resi st ance | ayediateTiasing alcelsodesdyaré ponidethebledirndes piapk4 andl theeflonéing sleceadi | y
accessible fo i.ng. .20 conngctions.., T i i .t i st ance
e o o EROE S BB R Py PRRTRIASo R E Bt o
hence can be arfargkdbn tHeappositéRids of thatresiatiarica tager e Tihissaranghiniede ttheagupdenic at i on

of the resistance layer tq the i,n i pe. i deal heat trans to the

i nner pi pe beﬁ%’z’@g Bd gﬁ“ﬂﬁ%s S i%@efﬁ?ggc@’ﬁqlﬁ@{}h%f%sgt%? a@'@ﬁ f ﬁléJ Hoating

resi st ancee heeleésti@ecbeifiané dixediohlifdicaiedby pirpes i tHeedrbwiag eWithsthisodur@hisr upt ed
by contact tegmnals, 25 Wth this structure accordin atqwhp i.nyention,

e

pi pes are eas{oVolHEBIANCe ST (2SS PHB CHFF BRASPHER °f € 9%Li%¢t ance
I ﬁyerI and t][lereeils@]géers,oeba&h ﬁiglds_siif po&isI rt@gttmtﬂagﬁ b@wér_nskrlﬁlle! Y @e, individeady at
the place of manufacture and incorporated into the pipeljne on the spot in
this finishedSe&iost &r z8pes 08ahe) gsista 032380 3 R"’%\WE?&?OB‘%% ¢ Figfe ol Hpe
according to fgigtahstiRaHINGMn tHethRkikisP 6f 18 Pestantdafér! PardIthdReif cOfesitani®d er i al
having a hi gh, electric conductivity between the, Inner glge and

§

h
resi st ancés | aipdhe gapsiysiweeen e flopting ielegterdes g oy fleating glecy @“‘Eﬂ’ééﬁ‘i‘teiﬁf?. I'n

the spirit of3tdes iNVERIIOThe AlgB! AAIIRUR dpficeC Bétivesh tHeORINtREIIEIrolils | S NOt
connected to the source of current. It can have an insulation preventing
el ectric contBereoygrt pffers She adwantagecihiat amimmpdiate eqnéast jbgtyvesn dbem g@B Bupport s
the flow of cyfigat through the resistance layer. In lo this enbodi nent the
current spreads wthin the first el ectrode, crosses the thickness of the
resi stance layer to reach the floating el ectrode on the opposite side, is

conduct edyf urete Mehdlda It oRarfrhn 86 EIQAS Wit Wili 1R3! de¥d b Q¥ainth he
; 2 1NR! he¥d 6 QWfaih the ¥eRrb
t hi ckness of t%g‘r_er egflst a_ﬁce éayer tot ewotﬂe_r1 el ect r_ode)e@ﬁlat ng?ound on
the side of technicsddisnensions ¢Eanembfodimentoftharesistanee-haating¢leraent Beeording tor | ayer
can be insul t | I LL The bisd! it it gfet hE
interl ayer, \?jl‘?ls gﬁ$ﬁ§1§£%lo$§réll§lg\r}fg e@k e\?mﬁﬁaﬁx%%ﬁ%’a@esr, caa%é‘occl?}r fg\nﬁ trﬁs’x‘stﬁxce
heating element which is desired in a particular case, one first determines the number
of heating zones required across the width of the resistance-heating element from the
25 ratio between the overall voltage to be applied to the contacted electrodes and the
unique, maximum partial voltage applied to the individual partial zones which always
are arranged in series. The length of the heating zone is designated as S, the width Z

of the individual zones itself is calculated with the following formula:
30 Z=[B-nA/2-2K]Jn

where
B = total width of the flat heating element (mm)



known foils consisting of polyimde, polyester and silicone rubber. In this
enbodi nent of the heatable pipe, the current flows through the thickness of
the resistance layer, essentially in a direction normal to it jsWwicee.
Essentially two zones 20 develop within the resistance |ayer. Wthin the
first zone, the current flows essentially,vertically fromthe first
contacted el ectrode to the floating electrode, while within the second
zone, it flows essentially vertically fromthe floating electrode to the
second contacted el ectrode. Thus, a series arrangenent of several
resistances is attained by this arrangenent. This effect inplies that the
partial voltage prevailing in the 25 individual zones is snaller than the
applied vol tage. Thus, gii cfemeﬁvéﬁbtﬂg'ﬂ?ﬁﬁkt SecthddBs o YRR Breliiifle ! {9
prevailing in the I ndjyl an%ﬂé‘ﬁﬁ%bﬁhgﬁita{ﬁel?}?gﬁﬁy Ied voltage. Because
yer,

of the low voltage prevailing in the resistanc safety risks can be

reliably avoi ded wth J } to the invention, and possible
applicati oﬁs thusvwa% ewﬁr&a?ﬁff%lfg)&t&%ﬁ%{s@trﬁﬁé pi pe according to the itlvention
can be enpl oyed in_wet %o areas. of mok st ground or. find applications where
peopl e nust touch Pﬁé‘uﬂ? 659 m 1§f51uﬁlthe t“%@gesﬁra% dBVE t he gap provided
bet ween the contacted el ectrodes acts as an additional resistance arranged
in parallel. Wth.,ajr the.insulatoy in this gap, .the resistance wll be
det er ni ned®by wl‘ﬁbﬁﬁﬁe ineEgHE Bl ﬁ@r_é]r’@t&gr%a%@dswhw (E° BY2R8AE Bur f ace
resistance of alidiBatioRonSdiBCRIrfady/ & the fdsRtaliSapdi@en bé fdne Fohafk Yuhaf@ges t han
the thickness 5 of the resistance | ayer, for instance twice the thickness

of the resi st &MeeVidiipeand the, distanes. Ay brtrgeenthe) clepigrder aanesy ol wesidsd the
preferably hay®istme®Rgert her mal conductivity. This can exceed 200 W m-K,
preferably 250 Wm-K. " Local overheating can rapidly be neutralized by this
good thermal conductivity in the electrodes. An overheating is 1 o thus
possi bl e gl yThonidug %bﬁv@ﬁﬁ% 8P arP{ndlvadal z&n@'o‘flﬁfbex%ﬁstaﬁ&lheﬁtﬁ% 6maRYa! by e

ef fects because of tﬁe smal T layer thickness that can be realized in the

pi pe accordi nfuwdfione i nvention. It is a further advantage of the pipe that
even a |l ocal tenperature increase provoked $ominside, e.g., fromthe inner
pi pe to be heated, can be bal anced in an ideal way by the

resi st ance- hede gy Jeleter: = GASH/@P i ncrease in tenperature can 15 occur
for instance in pipes only partly filled, since in zones that are filled
with air, less heat is transferred fromthe pipe to the air. The heatable
pi pe has the Whereher advantage that the resistance | ayer arranged on the

i nner pipe can w tlst ahe neaxémuhi ppimitted edleatdc wohd oultaggi apiplied rto ghe tpartial | ocal
tenperature 20 ri se. rAsistandeHeesust o€ tieelbaricat ahsubtioe realcibwnesistarice) af d

pi pe, particul arly ortke teaistinesbkatigg hyerdequited th arciatietiualbapphddtipn (Whis i s the
direction of current flowin the resistance |ayer of the resistance-heating
el ement. 3mch a streserrstit] Whithéeschsr 6f thoterles attatigentft isrvongta én il pakiai St ance
in places where presstfigtances,anéequtito tiomtdl aiiryent QAY €Si st anceheating el enent s
where the current would flow in a direction normal to the 25 conpressive
load. In a furtherL enpesititRBhdiantdof ieainaiistaly Rendwea@ Polset eosishace
invention, the resistiagpges) ayer is arranged directly on the inner pipe,

whi ch conga sts of an el ectroconductive material. 30 In this enbodi nent, the

flow of current fgpmsﬁ’ébﬁiceﬂeﬁ&‘éﬂ&%?ﬂ{e%olﬁﬁer'i‘ﬁ%f (td'ém irected via the

resistive mass and the inner pipe. In view of the low voltages prevailing
in the 30 July 260Q¥engm of the electrode of the resistance-heating element (mm)

35 Z = width of the individual heating zones (mm)

D = thickness of the resistance layer (mm)

40  Both the electrodes and the floating electrode in the heating element according to the

invention can for instance consist of metal foil or metal sheet. Moreover, the



22 resistance | ayer of the pipe according to the invention, the inner pipe
whi ch here functions as a floating el ectrode can be adduced wi thout safety
risks as a current conductor. In this enbodi nent, the heat g@nqhguamncan at
the sane ti'me readily be transferred to the nedrunrpresent in the pipe. In
this version, the inner pipe can be 5 covered with the resistance |ayer
over its entire peri phery, and the el ectrodes can cover this |ayer
essentially conpletely. However, the gap between the el ectrodes that nust
be provided for electrical reasons is present as well in this enbodi nent.
According to a further enbodi nent, the resistance |ayer and the el ectrodes
arranged 10 o rerebﬂﬂmnma;yieé 1@& @ﬁcbelceatea {witd iblvak bmsmmMe gide Ecirdl avegtian, and

t he el ectrodes are arr he resi stance I i stances from each
other in the dieearams AT étherlrscfeﬂrler Jger. thehiagnge @we&r aqeARgRdhe udi nal

ext ensi on of Emnﬁeﬁdaﬁta@daﬁe th@R @bt al IRk Do 8F bR Srateth ﬁéﬁét?a%bﬂ efmgrh of
pi pe can be heated while the current supply is needed only in a single

poi nt of each thefradipfiongeaergiedct rodes. In a preferred enbodl ment, the

resi stancesl ayer covers only part of the periphery of 20 the inner pi pe and
extends longitudinally in an axial direction. Preferably, the |l ength of the
resi stance | ajfethededting elementdarsordimngriegho inyentia, e maultitvfle of elegtiqules cambe hi s
enbodi nent e e ion
where the.  esPayidn e SN Rl 1LVE. PEFpO G Rl oL firddBP) 01, |
i nner pipe. | sepfai‘needcmﬂ eRGh ahe@ymmlmmhaMgedmmt tp eqph dnlmrraﬂg figetehihdher mal
conductivity, t@e at _transf. rred from bh i stance .. ay i gmdr sttr but ed
over the full *p&EPTPREPSF D Y’Pr‘é PRGIECSED 3%“ n¥ °é‘ﬁﬁ°‘H% IE‘%

present inot héepegtingteterhdne zéndltly zexé.ent . Thi s structure thus provi des good
heating of the mediumwhile requiring little engineering effort. However,
this enbodinent is only possible when the heatable pipe has a structure 30
according to Ithie dlgov@ithinothe soBpey of mehinaerﬁiohuﬁtmﬂ&ent&keﬁsulatiopoﬂﬁirdah&hé 0

achi eve hi gh power uni,t rea whi di, n ny d e to the

resi stance | aglﬁ t“ﬁlﬁg?”ﬁa anti aﬁ’ﬂﬁ?’%ﬁgmﬁ flé'ﬁﬂglfy%ﬁing%eﬁhl fﬁ%?“ﬁ%‘er t he
influence of Cerfdhtidml HESHIRCAR SdtGdulAE YWADRER caliVe @Y 36 fthe TiBlating
resistance_layer preferably covers a part of the periphery which, mhen t he
pi pe 5 had’beBterighd, is situated on the lower side of the pipe. This

guarantees that even in a pipe not conpletely filled, the mediumto be
heated is in contact with this partial zone and thus is heated reliably and

rapidly. In tHedgi EntéhfﬁcﬂodYUH@g‘f shouikbs preesnt pothe spHpeecnfhe bepting elgment he

interlayer pr ﬁlfaﬁisaﬁl:i&ig]tﬁe %@H‘? kS be Qlfeat@d ”&Ieeéﬁalhmma{ehth@ éﬂﬁ&dc@'l%re?'o?%é e
resistance of |ess than 10'4 S2~cm prefera | ess than 10-s S2~em

Sui t abl e mat eflpating e&cho@g Wr"ﬁlrm}ﬁeé?ﬁ’el P Epmlylmlé‘? andhathernfolls. Hgjuse jof these

particul apg si aﬂrvéﬂtfoﬁangsdmlntghﬁataia@semfafo@gr sfhy Qfom shié}fas! 2 Y61 BEdobs &me rule,

pi pes are used to buil €lines. It wll 'be advantageous when t

el ectrical relsithe beating Gieﬂlenteﬂce¢rét§llgﬁ@d@9n‘f°§twlbwca®ﬂe 9ating gleptrederis &efr i ne

consi sting Ofoﬂoﬂﬁétt%lﬁﬁg%ﬁh%?h% Aol Eftd on, the resistance |ayer and
ong.

the el ectrodes are very

The resistance layer can have a structure in which different resistive materials with

25  different specific electric resistances are present in the form of layers.

This embodiment has the advantage that by suitable selection of the materials in the
resistance layer, the side of the resistance layer from which heat is to be transferred to
the body to be heated, can have higher temperatures, while it is not necessary that
30  different heating currents are separately conducted, for instance with heating wires, in
individual layers of the resistance layer. This is achieved when the specific electric

resistance of the polymer employed is selected so as to increase from the layer that is



such an el ectrode material one can avoid a voltage drop across the

el ectrode surface which would | ead to an overall decrease in power.
Moreover, the conductivity guarantees a rapid distribution of3otjas meprent
wi thin the el ectrode, which permts a rapid and uniform heating-up of
essentially the entire resistance |ayer aad thus the 20 | ength of the pipe
while it is not necessary to apply voltage to the el ectrodes in several
points along their length or width. It may then not be necessary to arrange
power supply lines along the pipe. Such pipes can have a length of up to 1
m According to the invention, such an arrangenent with nultiple contact
poi nts is onl wdmednetd e dlertreddypi ardireionhetle difefapingahé Bodyosgebject Thbe
limting | ength apove which a multiple 2s contact arrangenent will be
meani ngf ul de H&E, both on the el ectrode material selected and on the

pl ace of the contacts. Thus) nultiple contact points nmay be unnecessary
even for lengths nore inportant than those nentioned above when the

el ectrodes ar Sc5¥Ee 8§iths rosisianeenByer adosamtachprrangement) @ppjeyed, Hedresistaniet act

can be proyi degatil eldiftht RRbfing t3 PheliffertioR 85 bXpetdd&l, BARVilNBY Vol &f
operated with single contacts al so depends on the thickness of the

el ectrodes self@rcingtgnee R4c¥r andnyith geryritske vplagesrehfor insfance|240: #YHerd apdo 30
July 2002 24 tpgy{nterlayer each have a thickness in the range of 50 to 150
p,rn, preferably 75 to 100 ~t m each. These small |ayer thicknesses are also
advant ageous in that the heat produced by the resistance-heating el ement

can readily bgy: st f | ; 0: . Di . r. thin
el ectrodes ar 33/’1%1{0?% i sfqgeté(llia Theeglt?@o&?ﬁglt %ggdé!élﬁ gg‘% rtrﬁgnltnt\’%ﬁmp hg&gngﬁé‘g&r&g}g@s from
t he resi stiancenit ayer inaedtesshol 18k W/t eanduprtfeablyo in thaese b S0rkWah® conbact
during thermal .expansi.qQn.of. the resistance |ayer widl be _avqided. |

pi pel i nes of 6?}8%‘{%31 3?1‘8{ H‘,e léeaﬁﬂ%t eﬁ'fegg’ (?beﬁﬁ%f’ X‘ﬁ?rf a#g%g%éarﬁ%lg\}efa%ge
necessary. W athiéved. Sicha hratirgy shiweg of @p tohe® kWinendah @ven teoavhicesd withiadayies
readily providged. Th o el ectroodes , are | y.prqvided with contact

Form nal o £ offichness (G redstanty BYeEoe i o The uht-Aependip Herdn B0RIE Fomsrs, o
power |ine extaiish shghlled tha0.0h e, pirFearartn @GBNRER1II 1240 Ve caltidabushoaplied.
intervals to the voltage source can be provided along the pipeline. This

makes it dgssi ble to operate | ong pipes according to the invention. 15
Ac?:or di nlg_ to tl"hﬁtehip‘éﬁﬂiri: maé cdnftR gbﬁs'i'eﬂtvﬁﬂﬂge feaslfghcé-ﬁeatihg Blembiits liitekBess has
alower limt that nprely de s on t reakdo pltage, .and is
preferably 0. the er?‘a-ii’ﬁ"p%Tl%?%?f ?)P?/lyTe"rﬁFie"I@ds |°@ma§@e%ﬁ%%%%§%%un he
resi stance | ayerso@fdcerend B&gﬁﬂy%ﬂéﬁ@%of)arﬁaﬁm b&Goaseideddt tHAE e Rt tthée,
rapid heat transfer and high heating power per unit area. However, such a

| ayer thi ckne?é“ﬂegat‘BFﬁ'i?bﬁ@%&‘?‘ﬁf‘e"‘\ﬂf‘&‘ﬁ”f‘ﬁ@“ﬁ‘%?‘i°r’i’§iei"ﬁFP’9°'con 20 ductive

pol ymer amngl contact arrangenent used. On one hand, the current path within

the resistance | ayer is predeterm ned by the polymers used according to the
i nvention, andbehiftipg clement @n bayq the F&S’ﬁ‘g};‘t’%sepﬁhé?ﬁér\‘fhe%‘ﬁ?&&k‘ BHEHE LT even

when the | ayegat Richipifes %éco%diﬁ% & invehtlor, e RlsliGihcdlfdiing lifrehdandlafd 2!

contact arrangenent pérmts subdivision of the resistance |ayer Into zones
wi th T ower  vofheabene ofttepswitailenash larey (o, the daéth svherwstheieletrodos e o wn.
The advant age ' ' | j . rb:Ber anced
when the r oot SERh ckldfia BB ARCIALAIE S GPE el INTAL A00BH B e iR o3P CL
its el ectefc resistaptealrating Fleingn ave disariged aide by fsislst Sqfarashapesedre alse pgssitde | on
wi th respect i 0h [ erature. Overheating of the
pi pe and and %vg%c :Ehc?ﬁh{% eﬁgr@%ng%%)c%ﬁdgg%{aoﬁggﬁwgﬁ@hi S overheating can be

avoi ded by this effect. This effect occurs, since the flow of current

thr ough the 1 g5l SN TS nd SeAdh 48 RS 18R SIS oo WIHRS! BLAKGE oPeCaUS

a pipe. Here the unilateral contact arrangement of the heating element is a particular
30 advantage, since heat transfer from the resistance-heating element to the body to be

heated, such as a pipe, is not hindered by contact terminals. The electrical insulation



30 July 2002 25 of the resistance |ayer. The current becones |ower the

hi gher the tenperature, until at a particular thermal equilibriumit has
become i mreasurably snall. A local overheating and nelting of3otjg z0R2i stive
mass can therefore be prevented reliably. This effect is of parti'cul ar
significance in the present invention. |fi7for instance the pipe is 5 only
half filled with a liquid nmedium heat is nore readily withdrawn fromthis
region of the pipe than fromthe region of the pipe where the pipe is
air-filled. A con ventional resistance-heating elenent would heat up and
per haps nelt because of deficient heat withdrawal . In the heatabl e pipe
according to bteeemthehodyto, bethwatsdamluhc registagceaheatinipel etognt il scedimplifieddfy
automatic reg % r}goto Sel Ctlﬂg a PTC terlal for the resistance |ayer

al so inplies, I%twtpﬂ S & elF%EOﬁ?’? Y%Kt i re resistance layer is
heated to essentl aI ly the sane tenper ature Thi s enabl es, uni f or m heat

transfer, be essential for particuylar a |cat|on of the pipe,
for instance &)ﬂ é?o—p_sCQ eln\FotipR dhentngic li’rﬁ]/"éffp g"nfiH?tHGQH PRECHI B¥. 15

According 50 bHgelbdERS 0 ov&ﬂ"@m[eeﬁh%é 8N efpbRNREs ©Rds quegmvaltlexhgé‘r&uw its
surfaces facing the electrodes and the interlayer. By netallization, netal

adheres to t heoefligienicef slectiiferepigtanes; Jiwpe thay@mpaﬁqu Wﬁ%fﬁplﬁ’ﬁﬁré@e SO f | ow
of current begm%b&e%ﬁéﬂé}q%p&m&h@gfg@@| ng el ectrode and the

resi stance |layer. Moreover, in this embodi ment the heat 20 transfer from
t he resistance layer to the floati ng el ectrode and hence to the inner pipe

metar. such o peraty SRR e RS FRRAER Ry AChRbE e ihefd a1 10 ©F

resi st anceo | apipe ig ératedi an mseUSIé@ etoleakt ngpa;rb dtrbrélyl mrweman umrlapcrcwihlaythin

e 2 Ol bl BB AR, DR SBAERARRLAL el 5553 o

; nt (r) : n?‘r:3 ?al I yﬂeloawrsuﬁ‘mdlfdhw m1spmbeyhtecr dtdeast mogﬂatdlgchpdasd‘lziﬁd:jﬁdgge; dimg: n?re ?fs
thg d)éf ect ca %Fléeaqucﬁ gyerﬁglr%a é’?ll’arITF ﬁrrrl%lgféattahdgﬁénc? ﬁonpeagﬁgl n-and gengr a%/es a
defect. The dop| ng atons and the matri x nol ecul e form a so-called

Cho. pol ymiy - aPeltf PR ep ity Bobe AR rebhaiiedat cobAme oo ‘nflebtln: o
hol es t hus geﬁedt&bacﬂucﬁ#epmginyﬂﬂrhekeaﬁayma@ witeH, aocutdiag a6 thd kﬁeﬁiaﬁc;tafei cal

propertles a netal .or, s 26 atom
PP ncor por at Bt th M TERSEE HRHE A RYOE ETSUP Rk 1ottt pisrent B Al s
][leact| ?n in Sptﬂﬁner mauclﬂébat)urm@fb B8 oY aer ﬁi‘lﬁttﬁﬁﬂlﬁfﬁﬁa&ﬁh ummhlsesaﬁ&koeedt he

ow 0 curre t he mer structure e fr Cc es are sent
in the form o hgh«%qegé@p%glgsy%raic}p& g polymers  Becayss,e 3?? ‘“Q?Célg ’feﬁﬁfaﬂc%%fﬁduct or
arises. 5afPr e&lepallghwrs hét isl defierdRP iwhithtch b Rhnsieled Withe MinkSpipyio te Hebed. an
anount of dopant that the ratio of ato of the dopant tqQ the nunber of
pol ymer nol ecﬁ?‘@sthies hegting é:éEEantlcﬁm%f‘élﬂ‘g‘f shostest @athway %eﬁ’?‘ﬂﬁnl e1tWow t h
this ratio itelégirodsdhit 6o d b sBasteRlorhd fxolﬁhér dhYydRnt. nmugcmé @e‘ﬁg&.r@f doped

with at | east one atom of the dopant. The conductance 10 of the pol yrrers

and hence t hathe sntrenfepagheis predatermiinedy by ths pofanars, £ thaicevew i dhealngtance of
coefficient ofmfiPpl&l dlkRedls, Hstivehs h&ha\fb@t@ ds AR rbecﬁ:?hp(? “ﬁﬁlbﬁiséaﬁgn 351
selecting the rati10. The 1ntrinsical el ec rocond Ive polyner

accor di ng2% o Yakiegs brv@lmOWQnEmnn&ele&mceyémghgumsaudaas magking Weﬂtf,'s(iﬂ@t ance
llayer in the i td4.Qn, even
w t hout gr aphﬁ&% nggg{‘ﬁf%%%?ghgﬂl a@éo Bv&ftgégﬁ tﬁatl ?fglﬁ%mgfdrtrewn?{% ﬁr%

resi stance | aglmtroriaymhusjsuhsmuantl qpnd:untmmalmng ieggholyraer semetiesl in $he fEhistsnce
particles ca te onduc t he. lete resi.stance

| ayer, are pplef %‘1 38nOP&8?1gelﬂ§?u% ) l%rﬁ c?ﬁtﬂ%}ﬁtéonl ﬂm&g}n{?’fzgﬁ?% Gd®Et form
a reticular drhlsklelnbhﬁdm aisemmécﬁatelyra&e@ppmgmlt@@rtbmdaa:trad@. not solidly
bound into the polyner structure but 20 are freely nobile. Wen a graphite
particle % in contact with two pol ymer nol ecul es,

Because of the polymers employed according to the invention, the pipe can be

_)

operated even at high voltages, for instance line voltage. As the attainable heating



the current can junp via the graphite fromone chain to the next. The
conductivity of the resistance |ayer can be further raised in this way. On
account of their free mobility in the resistance layer, the goapRiie2
particles can also nove to the surface of this |layer and bring about an

i nprovenent of its contact with the el ectgodes or the interlayer or 25 with
the inner pipe. The graphite particles are preferably present in an anount
of at nmost 20 vol.% and particularly preferably in an anount of at nost 5
vol.%relative to the total volune of the resistance |ayer, and have a nmean
di anmeter of at nost 0.1 pm Wth this small 30 anobunt of graphite and the
smal | di amet er owEanEi%EéeQ'%vlﬂlf the s&ﬁa@@@f $&r£ﬁfg%§§g V‘/EHeCr@leQn ¢ qlleiztﬁ%delén? gur rent
conducti on throug t hese networks can "be avoi 5 hus ar ant eed
that the curr @peordisg tmthe ivieptiqroraniyialé Bigh bedtingwolypr mdelmncqing}mtemmmms on via
30 July 2002 a i oned
above can be z%;f t g]{aﬁlggg lﬂ?’eqm%lgt% ?ﬁ &@m&@ng# {Hﬁlﬁ}%lg%@gecg . ggg?vré? nloﬁg

gr aphi t e net weoniernd ma&hebmvuied\akwg&et éientxgma;dhctiwe manmdm:bxelsecmss fat b&tlmo mut ual

contact, and adll 0 upder ani cal “and .t her mal
stress, buf i \t%rrleét °3@ ul}'g ig 3’2‘&%% %Hh@f’ "?tgnsé aezlficﬁﬁcq?gvcélé'is é’f’&ﬁler

pol ymer. Bothueécbabbaszdmgnﬁlﬂmhmeﬁtlmwmmea.at es such as pol ystyrene,

pol yvi nyl resins, polyacrylic acid derivatives and m xed pol yneri zat es of
t hese, and el ectroconductive polyam des and their derivatives,

pol yf I uori nat egbrBy@r, 08 eRRitScond RNy ;fo@smeﬁ@ u@emdaole@rdmgl ﬁbUﬂthlﬂﬂaﬂﬁ&x Gﬂﬁblbe used
as intrinsically el ectroconduct i ye poly pol yne

r net hacr yl at edongdge stakility. HB}Sﬂﬂbéttha%ﬁ@la&?d\ﬁéPYe kbspt%nefgqtybaéme Rﬂlym% r

m xtures ggn laf&fu%ﬁ@bwth&ed PR oftRl Y& ﬁh&e&aﬁg%& thﬁ@ﬁhérm gabtht @R
adhesi ve properties, which are advant ageous for pr od uctl on of the pipe
according to PAE Wifl\eheqeanwhen ﬁheéemwgmﬁa%ralﬁeti&f@smb}mﬂmb%m yavakprmpd | nner
pipe or to theydLat! 3Yfhted Seferstur OhYdIRAiSn. TR conVkiBRACRRINALRLUhENES,
are elimnated fromuses according to the invention because of their Iow
agi ng resi st aglemedigeiotie eansrery, whesg oaMu«vtlmg@rﬁateﬁh@r instaget by featbpe blagk y mer
nol ecul es use e al

structure of t égéf)lgsf iur(r:er tl?%ﬁal’\é %nsﬁ é}ﬁg(?{ﬁ%rﬂlg?&g(é%ﬂgﬁ‘?papt&?gn? arly
20 preferdbl yhatcelte@s'crhqﬂam@ Ahis IWpUbhbaérmwirmpmd@m mdstodwamed dfdher has
a support mat e rr| er
material for ?{?g?alhﬁ Hyﬁil c%gﬁynclgﬂgt J|>t€éém% cﬁﬂ% , ~on ﬁ%g %?é}r)i%gﬁtgn
functions as mvspmnespoq@abjtectdubmhlaguigemmnahe el ectrodes and the 25
interlayer or the electroconductive inner pipe. The support material in
addition confers sone rigidity on the resistance-heating el enent, so that
this will be dbe¢ dntrinsicadlyi condwnivh polymeers vsedeasordivgrte dhe invendfiranresisi sging
support mgperial, f df‘ea&ﬁ)é ViGhm&l sagl H:? tag @géfyﬁfgrewérc 5&?&? Bhdiell§n

resi stance | ayer. ass spheres, glass , ceram cs such as
bari um tit anathzough mears:sxsm nass :usﬂdveccaﬂhwpcpcthet invehtioni a of the sleptomrd 30
mat eri al present e of ss fi can
mer sed | nt o @ty Hs fon 3R spipaimp i A ticheRpradiedir b Rtunite °
pol ymer, i . e. reactiohs heusedmy@gan&tcedxm&nﬁs twillh@t bedur imthie aedidtahcehedting elsargtict | ve
pol ynmer. The | ayey thic ness .hen 30 July 2002 28 determ.ned by the

t hi ckness of f“‘r‘r’é ‘{',)‘? © Ryentigh Hbdlée §?ﬂﬁarﬁ§¥‘§?f’rn§pf’]ﬁ’6°ms b@@@d‘? the

25  invention, time-dependent drops in heating power per unit area are very small and

approximately zero, even at temperatures as high as 500 °C for instance, and at

heating powers per unit area as high as 50 kW/m? for instance.

This long-term stability or aging resistance is of particular significance for the pipe
30 according to the invention, since heatable pipes are used for instance underground or
in other places not readily accessible, so that frequent repairs are undesirable if not

impossible.



or known screen-printing nethods can al so be used. Preferably, the support
material is a flat porous, electrically insulating material. Wth 5 such a
material it can in addition be prevented that the heating cunpggly 2obews

t hrough the support material rather than through the polyner structure. The
possibility of producing | ayers which acppss their surface deviate fromthe
desired | ayer thickness with mninumtol €rances, for instance 1 % is of
particular signi 10 ficance, especially with the small |ayer thicknesses
used according to the invention, since otherwi se one would have to be
afraid of a direct contact between contacted el ectrode and fl oating

el ectrode. Fluctuations in layer thickness across the |ayer surface can

al so influence the tenperature generated, and lead to a nonuniform

t enper at ur e dDs¢ to thetuserf imﬁns'rtrélysa]qmocdndnatve rpobylmdnash& tesisfancd lager asfd ect

t hat the curreﬁt El"g at fl.ow adonq gye shortest path between th? {ectrodes
and the fl oat VA 19 B A5ETding o e el Fsen ﬁ‘l"“t?ﬁe‘b%c’“? fimmcturs tha

material . Thugersiits @beatifgthattid dnifoah iabrdssahe tdize RYar gy supplied is achieved.
20 The ftuther object of the invention is explained in the following with

the aid of’the acconpanying drawings. It is shown: 25 in figure 4 a

sectional Vi ewcrdiag t& AV HEOH, &Bta@t @l tH@F@@QQﬁﬁlvﬂEd b9 tivb IdcHYRR tWiich
wi t hout thermal _insulatjon_|ayer, ure a sectional view of an

embodi ment of Praferableconsish e Fterial ?fh@gh ﬂe@ﬁf FoMuatyity; and ap\Erangsd PheRs ati on
layer. 30 Jﬂhyo#ﬁg;’es?s%nwl EOHER téhel TR oR8A AR SonkhPRalA iCRRsbRYS ued an

i nner pipe 11 and a resi s?ance | ayer 12 arranged on it ﬁll%mch covers the
i nner pi pe 11thé\qu°|0tf operation ef the intpnsally copiiciyeralymers ysednacgerding4o kg ch are

flat and gje Bﬁfoﬁﬁﬁg gnceﬂl}aﬂg a%%\ggwleyayafhee%p?ﬁ&{ &uﬁf’cht'ﬁﬁ e%h?%hi‘r@ are

arranged on t ere5|s a current 1s ap roma 5
source of curﬂlerﬁlrst(eholr0®hdmm):r$srstﬂtﬁa:hi9km8 pbﬂiesesmcqhyenaimgltbmpolﬁmmn t he

one el ectrode {u%tu}% 84 q{xllaﬁ{r] % éoglﬁ&f%&&g)g@g lrsg%oﬁﬁ c%gta&gd Eﬁ@tﬂ#&gn%ﬁetgfope, tidel

this enbodlnen e | nner consi st's
el ect r oconductursest patheisi add;ltloﬁlaléy cutendgtt ove thanplugmecinw stivicture hweheralthe of t he

nner B pe. T B Llous i DO SRR IR LS IERAIE Lo Beckied DRSO

el ectrode 14." e resistance I's heating
current tes andlrmat;therthmkriassofﬁesesh&mtelayachﬂnbekapnanalpi pe 11 to the interior
of the pipe. In Figure 5, a resistance-heating elenent 12, 13, 14, 15, 16
is applied to part of the periphery of the inner pipe 11. This el enent has
an el ect r oconThecpipe accorbied tolthe frventivgy Hak ehei fortiesr apvaneagd df bdihg sersatilein itS i s

flat and covere esi.stance | ayer n eS|de1 faci ng. away from
Lha i oner ot pplicalibes, T kBRE s, By Sl oo indnae sidt it REBAE 11 ore
arranged at dagirsThinfaes a\omy ﬁmhh@mhafplpeémdd&acenbeea"dﬁg acmssﬂﬂe formmakdny act

}[Mhte? rr;[alhel gﬁ: i ensh %e op site s1HEo} the res1sta11cer'fr§§\1yerq}'l:wD ing &ie inner 1();10\/ rérefe(ilore s @

free of contact terminals, and hence can be of flat shape. This flat surface permits a
direct application of the resistance layer to the inner pipe. An ideal heat transfer to the
inner pipe becomes possible since the contact area between the resistance-heating
element and the inner pipe to be heated is not disrupted by contact terminals.

25
With this structure according to the invention, pipes are easy to heat. The inner pipe
can be provided with the resistance layer and the electrodes, and if required with the
interlayer, already at the place of manufacture and incorporated into the pipeline on
the spot in this finished state.

30



| ayer 17. Around this thermal insulation layer 17, an insulating shell 18
is arranged which encl oses, both the thermal insulation |layer 17 and the ~
resi stance-heating 2o elenment 12, 13, 14, 15) 16. The pipe fg@ieR00as
power supply installations 19. The power supply installations 19 are
connected with supply lines 19a running Qd?ral lel to the axis of the inner
pi pe 11 through the insulating shell 18. “These supply lines 19a extend over
the entire length of the pipe and at the end of the pipe can be connected
to a source of current (not shown) or linked with the supply lines 19a of
the followng 25 pipe. Materials which will enhance the heat transfer can
be provided b I i . he el ectrocondyctive | ayer | ~s
facing the inﬁ{e%%ﬂ%&e&@iﬁtmﬁﬁ&@bﬁ%@ﬁl@@ %‘3%@8 ? eﬂgl %ﬁﬁe;h a2 8h ut%r qx'ﬁrg

past es, pads wiatidof hmarrhl havingrachigh élagricadrelutibility twivwden ditcinheriplier andahe .
However, in this enblodi ment the resistance-heating elenment 12, 13, 14, 15,
16 can al so b&SWAf '8t 0 the curvature of the inner pipe 11, 30 which
guarantees an i medi ate heat transfer. 30 July 2002 30 In the enbodi ments
shown, electrgdes 13, 14 extend in the longitudinal direction of the pipe
and peri pher aFFip the dntgrlayes geryes jag dloplings plgeiiodes Iy gheagpadt of thei Hvertiensetbpe of
the inventiongbhaiie§l ealchdtiRind Whan§t il hofb&neQe Pl MB Y680 B Eltfent. 8F bat ance

| ayer 12 that_ they extend peripherally but are arranged side by side in an
axi al direct i baye an ingnlaon preveniing lelectricicantagtyith axgupsgohFyreant.t o t he pi pe axi s,
several pieces of pipe each having the structure according to the invention
can be arranged in series while the power supplies of the individual

r esi st ance- heZhis flpating alectrasde shipparis the fewpifewersntzthrough thengsigtanee laxeralt el .
The suppl y, | i : I . r i ance
wth varer bRl LR SIS R BRI ool Bthacs W b Bl B e
pur pose to avthededimtaice layss tsrelgh thadlioatingosiedtrode onlithreeqpipsite sidwys donduateche

[ [ ' . th by .t h [ ' I
or oo nant 1y et R R EBRBIeo R MRy es Ppel B8 RS IR O Rne T on

| ayer can conhye&ttoahe otigticltirady thatie rfbwaldsomiie dide afithetregstancetiayee favdigessary,
of a.reflecting layer,. It iS possible, too, .to .y the the l.. insul ation
| ayer all aro ‘%ﬁ' @qrgtlbq If)‘Be'\ﬁ’ie I“éterﬁ?yér panheipsiatad ﬁg'@é%e HOVREPY {’ggm'tshjgﬁq‘ | at

el ect r odess anisiilitton of eel myetlaydl evhivhr BNt chrowitdd with cotacNeat bebunatitlgr oove
of the ther insyl.ation.layer thaf fgces the..nner pipe. Here the thernal
insul ation | a S eaneisting P%@f@@fﬁé’é‘gﬂ{‘%ﬂ%ﬁ?m ng part of the

i nner pipe's periphery that is not covered by the resistance |ayer or

interl ayer. rrangi.ng the resistance-heating elepent wthin the thernal

i nsul ation | ?}/‘é ,Seﬁlgg‘a'“%%?f&’é? heg ’fl}ﬁ%‘“F%P%WSéﬁguﬁlhﬁgeiﬁHﬂﬁws it over
the remai ni norepistahcedhydr @ sdn@ibilphied dirdcfior horgnaf tcaitd &eflce. Hagenasiboion®ats shown

in figures 4 and 5 can additionall rovi ded with cl anpi ng devi.ces.

ont | ool 35 GelD afilin A ceetAe s, T e cete Uik S b SeBiaR of ¢ he
heat abl e pi pegerticy Soaithe dirsticofitaéta® tlRE RS te MABLS béardde PRNIRY withi heg
rings or, in the enbodi nent shown in f,l@ﬁure 5, they can al so be arranged

directly on tfseonsigose. i Hlowa ceseptiallyhvertically fiognthe finating sigeteads e the sepopd hi s

latter case thftdRdidroddThAs, LRRE dbrafdeneRPER dev@iefesistaAdeh i€ bkaMiddyby N t he
case of |arge pipes, inflatable or foamable chanbers can be provided on the

side of the rtusi awangemente Fhin gifestoimplies ftheti g pardgl voltage mypvpilingoin ghe f r om

the i nner i PRdividi&l £onddRi sRANEERAE G aBPREAIE .qhﬁQ@ﬁElﬁé‘Emﬁéc{%ﬂPAtrlﬂﬂWessure

and hence a good heat transfer fromthe resistance-heating el enent to the
i nner pi pe. Invention the voltage prevailing in the individual zones is half of the applied voltage.

Because of the low voltage prevailing in the resistance layer, safety risks can be
reliably avoided with the pipe according to the invention, and possible applications
thus are manifold. Thus, the pipe according to the invention can be employed in wet

30  areas or moist ground or find applications where people must touch the pipe.



A resistance-heating el enent such as shown in figure 2 can al so be used. In
the pipe 5 according to the invention, this resistance-heating elenent is
used in such a way that the side of the resistance-heating eBguggt200n which
the contacted el ectrodes are arranged faces away fromthe inner pipe.
Preferably, the electrodes and the floatjng el ectrodes are arranged in such
a way that they are at a distance fromeach other on the periphery of the
pi pe and extend in an axial direction. This gives rise to the 10 formation
of several peripheral zones, with a voltage prevailing in each zone that is
| ower than the voltage applied. The electrical dinensions are established

according to m?eo%@%agiﬁ?ﬁ&%!ed ﬁﬁ%&bﬂé &Ffeict@é SREkGHE GefiBls %P@hitﬁgh

rel ati ons when such a r stance- heating el enment is used. 15

heat abl e pi peresisieorecirragsedointpaeslipl Pt aines, the insulatomiarthisigpp theresisionesi will f or
i nstance of ngl ﬁlstex%ip&i %ztthg e Rdob O AL lelec %de@%xﬁ%[:?%@%?su@o%
resi stance-heating el enment can conprise an I nterlayer between the Tnner
pi pe and t he reeistastcarfdbe teaigtancodlager. Thendistended$ preferdbdylargdr dlganrthe flickness

conductivity is.selected for.the inner pipe..However, it is also within the
scope_of the PERERERls Sy ot b G WieePAd kB Y regllantslele™F o stich 20
an i nner pipe which only conprises the electrodes and the resistance |ayer.
In this enbodijrent the heatipg .current is conducted fromthe one el ectrode
Lo the ot her ERGReoAE 0 s Ao HerEe SraT B S ohoof APEGIBRSHTE ayer

i.e., throughthib@abRetd ISP MIMGL| prefeRBlyY IS8 W/ntiKl, I.0641 dverteatii! Jhn'rﬁ%iﬁl%as' bl e
with the pipe accordi n?nyto the invention since the structure of the

pol ymers sec ubeaseutralifed dychisigpod thegeal sondushivityf inghe elBctrades; fghovemheatiegisst i ve
d hClent. . LoN.ad i ] i thi 0.t f th
Mass an E(hustlhgsy fﬂt)'{;sgﬂ% Iaglgl lgllhtﬁgtdug&%ﬂp&{ 1'a§)é? thicknesS Bl gﬂ& Yo J%%atﬁﬁéog?ec@ e

invention to I nes ich are connécted via thRe power supply
i nst al | at i onsbecaust of thel spwallr loyke shicknessthatr s ibs reatized incthe pipg aetardipgtio the t he

out er sur { acepoludbhen S AL Aa308d be 2 BpEAN S £DRL IhBLERIL nER,RnC

particularly plastics can Serve as 1nsu I eces e electrodes
cont act ed wi tprovaked droim insid80e.g. lfipm2ihe 2n18P pipkdo be heatedy| can fbe balaucadeintansuppl y

to the heating. gl ot oo fRfavd dof 2Sinend e, 1Y AL A SelnbEALASH2Y! N0
any desired IengtvFl or’ By  perfanen glued” contact termnal's using Known
systens fuor tdveurcfonimsiah¢edn pipes only partly dilled, sivice lin zonthhatsaye filedowith hie, lessvent i on

to use a material for. the. resistance |ayer that has a negative tenperature
coefficient ea@*&@?ﬁf?%e%r%og?&ef%e 9ﬁ}fﬂ\l}gry smal | making current is required
when the tenperature coefficient of electric 1 o resistance is negative.
R A e R e
accordi ng t o ihfee piptvantwithstahid veshiligicsrebdea withbat\pivihi tise foeiped] adriperatinze
tenmperature coeffiicient of the electric resistance becones sitive.. 1 s
The el sitandtel Agd TR RBTERE HIEE AR Py R PARENRIY S0P db e

][nat eri ?I |S W tundekigiduad g8 direqi@tralially. @hesGs tHedlite@iondf 3t @f flotvein fieassifthnden t he
orm of | ayer

C

S. . .

layer of the resistance-heating element. Such a stress will therefore not lead to an
increase in resistance in places where pressure is exerted, contrary to resistance-
heating elements where the current would flow in a direction normal to the

25  compressive load.

In a further embodiment of the heatable pipe according to the invention, the resistance
layer is arranged directly on the inner pipe, which consists of an electroconductive
material.

30
In this embodiment, the flow of current from one electrode to the next is directed via

the resistive mass and the inner pipe. In view of the low voltages prevailing in the



Thi s enbodi nent has the advantage that by suitable selection of the
materials in the resistance |layer, the side of the resistance |ayer from
which heat is to be transferred to 2o the body to be heated, 3g3ayhase

hi gher tenperatures, while it is not necessary that different heating
currents are separately conducted, for ipstance with heating wires, in

i ndi vidual |ayers of the resistance layer. This is achieved when the
specific electric resistance of the polynmer enployed is selected so as to
increase fromthe layer that is adjacent to the electrodes, in a direction
to the side facing the pipe to be heated. 25 Because of the resistance

| ayer and con toi 0l raing: he tlavention
can be operat {éegfé{ag%{ [??’\jm&gm@ \ vo%ct9 g(glggstcf) %flg{r’&’?ﬁg’f%ﬁé%{eg%lﬂ\?qg% f?vl\)i:m%h very
hi gh vol t agesfugttignsrasi .1 fpatingeelect@de 4@ baradduged tvwithboDenfegy risks vy ahcurtaet pi pe
according to ihventi.on. . heat i r ni i xce of 10
o - and pr et by S dmpd R, SR el Rt B & AF S0ud, nGERTS 2

heati ng el enmetransfdmedtto rig: mpediemspredentuin the pipe. IihivPveesion, lite iandri pipeechn tsuch a
heati ng power of 3 uly 2002 33 up tq 60, kWnR. can eyen he achieved with
R Tayer Ly okiedoit e fsSirare hve Pl ds Srrebanednaty Ht B8R  or op
in heating poyser ﬂﬁ’eﬂla?éi‘ eswaﬁm_?rco&ﬂmelﬁ. dwdfeRalic ypeetWira Theel¥ddotadRatof 240
V is continuously applied. 5 The_ tenperature tha&,c n be achieved with the
pipe is limi t@asti/bv Provadadren Fleatrigh Erasqnp iRt S lﬁﬁa%%f?b @ted, but can
be higher than 240 C and up to 500 C. The pipe according to the invention
can be a piece of pipe of any desired | ength. Such pieces of pipe can

optional |y beApsorking tap tfprther embadimspty die 1s8isiancsilavsr gad theelsciodssiargnesdr 10

Wi th conventi gnghis 1Bk ﬁ%‘eﬁhafah%umxﬁﬁy Rth &€ 8xihi0 dfrQ¥iBh, 2ar ‘BRI &18&rodbd afeS thus
possible to only heat those segnents” of the pipeline where a particular

t enper at ur e narsAngek o ghe, refistandenlayearit distancesr fin epch efheriiy the disecting of thee cost s
of a pipeline iﬁcﬁ&f&@nc%pti m zed when using this selective heating. Pipes
according to ¥he i nvention can be made in | engths of 10 cm and al so of up
to2m 15 1t is also possible to provide just part of the |length of a pipe
with the structure according to the invention. Further, one or several

resi stance-heating el enents can be arranged within the thermal insulation

| ayer of the Jn pewanfcthe dongitudinalt &rderisivneott the mesistdnes dayen and steeelektiodesa ar adi al

'n & pori pher GragendF bbafen Fals L RRs B8 il SR e iR e cves

of an insul atpant df @yabraf the teatdbattiodespr ot ect i ng vol t age can be generated at
the inner pipe which will prevent corrosion of the pipe when direct current
is applied to the electrodes of the heating 2s el enment and the inner pipe
is made of anned pefeted @ndodinent tiategisiande lafdrecoperp enlygrartadfthe peaiphtryusft ur ed

in such a way,that the inner pipe.;s.foroed by .a.conventional .pipe and that
this pi peXl s e HSTIEE 4n0 Xiends Rugudinglly fan, e ditegtion Reererglly B Wi o
shel | s conpr i sftke RsisRAdeThyD afd bleatddegcadtesponds to thitef irlpipeshel | s are

In this embodiment, heat can be transferred to the pipe within a definite region where
the resistance layer or, if present, the interlayer is applied to the inner pipe. In the case
25  of pipes with an inner pipe having good thermal conductivity, the heat transferred
from the resistance layer is distributed over the full periphery of the inner pipe and
thus can heat the medium present in the pipe to the full extent. This structure thus
provides good heating of the medium while requiring little engineering effort.
However, this embodiment is only possible when the heatable pipe has a structure
30  according to the invention. Only such a structure makes it possible to achieve high

power per unit area while avoiding any damage to the resistance layer during



30 preferably nade of insulating material such as glass fibers or plastic

f oam 30 July 2002 34 Using a pipe according to the invention, pipelines
for instance can be laid even in regions where one nust be afo &ilg 2002 a
freezing of pipes. The further obj ective of the invention is reached by a
heat abl e transportation device s for nmedja conprising a container receiving
the nmedium where the container on its outer surface is covered at least in
part, either directly or via an interlayer, with a thin resistance |ayer
containing an intrinsically el ectroconductive polynmer and where at | east
two flat el ectrodes which cover the resistance |ayer at least in part are
arranged at aolab@seldi Ut tA6E (0 RfleRd of REc R BbstabEd ABPaOkatblE air

resi stance layer. to Wth the transportation device according to the

i nvention, the&XYgemtai ner can be heated sinply and reliably. In the
transportation device according to the invention, the resistance |ayer
contains an 15 intrinsically el ectroconductive polynmer. These pol yners

whi ch, accor dmgretistabdeelayerveeferably, coxem ausetdofi the plriphegswhichneher thy @ipchave a

constitutipon such t .the current. flo ng. t he .pol r | ecul.es. Owm ng
Co the. pol § e 2P At icHtieiie o Bk lower 1ok SRR Firt: iR Guatintes dhA SUghinche

resi stance | apipé natlcomgletdie fined, yeah&diuBesadisatedfis intenRbesil thes gagsdl sé@nce of
t he pol ymars,£ i ated which can be transferred to the 20

eat |i eney. :
container to st E?F?e‘ﬂé{‘%’hf?@rﬁgg& ng current cannot follow the shortest
pat hway between the two el ectrodes but follows the structure of the polyner
arrangenent. Thus, the length of the current path is predeterm ned by the
pol yners, so Mkt pigeaccordingnte thedavenden. dhe elgetrades agd the infeglpyrs quelgrably
relatively, hi : : AN b d AL : Si I .
br eakdown?/o Ev%ﬁm?t(r)\h{ %gﬁ?tﬁgfﬁavnvgg ag? %!%hel%éggﬁg@gc%pggﬁﬁﬂé&i In(igj;‘gg%cm’
currents, oneprafesblynof lekethah 187 d-ah. Suikblenmatetials kter domenim andheopgers fori but i on
of the current ti n the fi rtst el ct.ro.ge and jts.subse uertlt condutcti g‘g al ong
the pol ymer sPFeyTEs S PIREICRIEE Figpilifance im (e PIRCELEAITNG 19, JisaHon. A&
t enper at ur ed duky lﬁ)iplesl ]Tcaird)msewi tb Ih:iu_ﬂd tphﬁlifxégs lisiviinbe ad\&ﬁlageouihglﬁendhg fgteiébidﬁli on f
arises immediately after ying voltage to the el egtrodes., ecause o
t he pol yners r@ﬁfﬂl%ﬁ?e%‘t g’@cgg‘g{oﬂﬁs ?Soyot“hes VEnticR £ Pingling consisting (ofi PR devi ce
can be opgr atfeor@ingio &e iV @lion,ahé AgiBGncd 1ayerians ikl tbiddary Gdrly 2@, Wit t he
30 July 2002 35 attai nabl e heating power 1ncreases with the square of
operating vol3ushyan eleptrode pyeualione Cop pypid A yoliaes fLoR, prats; the elgeirdesvHfaCor di ng

to the inventyigeh twoulf BRVE Bh PVeldfladdchilsdd MPodeRNHoREBRGE thY Bbhductivity
tenperatures. According to the invention, the current density is mnimzed

because a rel@prapiees araMg disrbusion of dhecyrienp Fathingg elgelade, uchspermits a

el ect r oconduGhpi¥ &inB Un¥BRA heinghRCtSSerihlly @RSintikd\ResHRNES lagbefdd thiakdey | N
series which contain the intrinsically electrocaonductive polyner use

d
accor di ng?% o length phthe pivegyhils its aptaigeessary i rnpdy eltass todbe plectiadst Brigtetli ve

pol yners usedg,offis Qlofls lriﬂe_ilt RnkfhCor WMBDTL BRY QE&!- Réttbet %ﬁéé@ﬂ?ﬁb%@ pokbi ty.
e po

This stability i s explalined above all by the fact at yners are

ductile, so tsHpplydines;glong thegipe: Fuchopipesasp haves st vpHad mrdersding On of

the current g ﬂw\éfatjicln, 0¢n ?fg‘réinlgg%lgxgt&é@?{&é& E bt ?)?in& irsadn%?gelecﬂl&ﬁinpo' ymer

chains are unharnmed even a T perature fluctuation. |
convent i onal emboilimentrcwhéredhd pige éd omgert $he Smitingolength abavs which anmplbipleat i on

devices, joO t H&Eiv' 51 Mol ance,
by carbo nztsbl ac?Etagﬁé%%@g%gl}tm@Elg %e;‘ﬁ%&e mall deég%d;shg P@n%\/\oﬁ?ﬁt SQF%%(% ngeﬁ&

i nt errupti on selectefheand umr éwrt plpet bf hrededngartse Thos,omeltipleatintagt pdimtss mapied | ead
to a strong Qxidation and.to burn-out of t resistan I he

i ntrinsicall y“ngfcee?:stafyo?:‘f)eﬁafﬁfz?ﬁng{gs &)qrflrlr% mhagggla%ﬁoosg di er?glg?ega%ﬁ%{e’e iw-ri];\c/’%rq%&l on is
not subj ect tetecrudds argacegssibieinahemidpoitdof their length, and a contact can be provided

at that point.

30
The length of the pipe that can be operated with single contacts also depends on the
thickness of the electrodes selected. According to one embodiment, the electrodes and



The intrinsically conductive polynmers used according to the invention
resi st aging even in reactive environnments such as air oxygen. Thus, even
an autodestruction of the resistance |layer by electrolysis regaghly@us2caused
by electric currents will not occur in the transportation device according
to the invention. In the resistance-heatigg 25 el enent according to the

i nvention, tine-dependent drops in heatiﬁg power per unit area are very
smal | and approxi mately zero, even at tenperatures as high as 500 C for

i nstance, and at heating powers per unit area as high as 50 kWrn2 for
instance. Due to the use of intrinsically electroconductive palyners, the
resi stance | ayer. as a 30 ol e ich.ig used rgiong to the invention
presents a hoft dgtﬁrj@ﬁ’é ei‘lﬁ%&"t f fheckngssin F?‘Hgfé’?g&ﬁ’_eggtoi"ﬁ@ Rt ﬁlia_glysﬁdﬂi b rm
across the enjid éachayY®ise smaflQaybil idicidbhes 3R AL afvehtageoh® it RRL tHAVRRL proD,
contact to the transportation device is provided by two el ectrodes which
pref erably cof8sedbydhe eesistanes-heating plemegjtran readily be trensfiatedtfiom thy intedayer e
arranged on ogeugiye, YorldiRr fifl H:ROEE dSte AdMIS, JUBR LdotEARLACH

arr angement nakesp§% p3§§?%Pe to ugé t he nnd%.o dpera?fb%ao tﬂ€§ the

i ntrinsicafl yelecinaigs fiiomethp absjstance layse andbthus ew indérniptivw of the dlevirenal tantack n a
particul arly eous . e l ] e ent fLrst spreads within the
first electro é%ﬂ?ﬁ%%ﬁ@gg>WQéngﬂ%cF%ﬁg ﬁ%@%éolﬁﬁﬁgw%%%?stance | ayer al ong

t he polyner structure, and finally is conducted to the second contacted

el ectrode. Therefore, the rrent path.is additionally extended over that
bresent in a Bt Plgutr S dete 5 BRI frelf e Re R Lo bR en t he
t}’]\D el ect r odeWithl theBsip& useordihg tthithe fidveitiaf, Holveverl i€y realife ptdvidein&hs of

t he resistance | ayer can, be Kk small. ' The transgportation_ deyice

accor di ng 100 FREHIORY B ERIHPIRLGE] Hab Poptest S eE G BHodse g BPSEE? | ¢ i n
its applicati gagily 10Rss#eCTRIE poRerlify Ontbriath Mvoﬁ@tlﬁ%%@ﬁﬁcﬁc&ﬁieaﬁfg thé side
of the resistance |ayer. This is the side facl ng awa romthe _container,

and hence r eaBiPPipdstaleintrleiortse vakage 1gUEs AERS PrBM@F"Y #1988 Hisguriling Thide of
the resistancgakay osEiBE'tQQpéer%l&%’Hi s6borllifig {d B iREnifRNt act termnals, and
hence can be of flat shape. Such a flat surface permts a direct
application of the resistance layer to the container. An ideal heat

transfer BecoBs,MASH HeSnveniGe éﬁé‘ﬁesiﬁt?g%eq er & ffh, %Mﬁ&l@sstﬂéﬁsarlﬁféﬁgﬁf‘ce 20

| ayer and the contafner is not disrup y contact termnals. In
enbodi ment of thehmegadntdepensss e der bieplgdopm voltage.ngnshis pigferatly 9.k dmt2ammer has

an interlayer i i 1 p thd "AVAY
bet ween t he c%ﬂr%?eg%%frl ng?lgﬁ Esﬁéh?éeys? ngz{%mﬁllgsesaqu?/%{ésﬁg&%h%&ioﬁ?%r g%%h@ ?ves as
fl oating el ecof endblinga short heat-hp tisys, rapid ldat trivesférrand ighoreatingpees pier vajk i s

called floati &ga.vﬁg\pc\je} éu%h rhofagﬁtg@{ﬂ%ﬁés%qs to?ﬂgépgsvsmﬁa?ﬁm tﬁé ixﬁHﬁgi(f%'ﬂ 'cohz can

have an insul ation preventi ng c cont a source o urrent. 30
Thi s fl oag® ngdustize polyter suthbgmtact atrirgefmenpused. Qruomedmnd the currgnt phth within st ance

| ayer. In thi [ ] _ L 1N [ I8t . r ode,

crosses the tﬁfgggsgaglg oa;%ﬂt%g?erdg{séh{s@gégz H{e}?; gﬁne\t% ﬁ{éggﬁ?%%%tof 'ﬁ%ﬁ%’ﬁ%h

el ect rode on tidecamppo siufficiepilyidong o prevenicraddge bBRkdawny eROOIVIBE the layer
thicknesses are small. On the other hand, the unilateral contact arrangement permits

subdivision of the resistance layer into zones with lower voltage, which additionally
25  reduces the risk of breakdown.

The advantages of the pipe according to the invention are further enhanced when the
resistance layer has a positive temperature coefficient (PTC) of its electric resistance.
This leads to an effect of automatic regulation with respect to the highest attainable
30 temperature. Overheating of the pipe and and reactions in the pipe caused by this
overheating can be avoided by this effect. This effect occurs, since the flow of current

through the resistive mass is adjusted as a function of temperature because of the PTC



further within this electrode, and finally flows through the thickness of
the resistance layer to the other electrode that is arranged on the side of
the resistance |ayer facing away fromthe container. The intejmKeroogan be
insulated fromthe container by foils. The insulation of the interlayer,
which is not provided with contacts, can,pccur with 5 known foils

consi sting of polyimde, polyester and siTicone rubber. In this enbodi nent
of the heatable transportation device, the current flows through the

t hi ckness of the resistance |ayer, essentially in a direction normal to its
surface. Essentially two zones develop within the resistance layer. Wthin

the first zon :d i i first
cont act od_ o et HEqGifhef HybF the ib? bERRER I G AL LEemlorn UG |
zone, it flows restsaturithdringl eerlirpat ityhak rheoomd énfabasatablygsredle cA rlede ova- t he
second cont acted. el ect rgde. us) .a. series arrangenent of several .

resi stances i gle%nlgaatnﬁéﬁqu% P Ep‘f %?%gﬁd’é%ﬁ?{’ ﬂﬁeﬁﬁr}‘gree f%rSYeIﬁt%pﬁeﬁ%bgy'tm’f t he
parlti aIOI vo: tagffeqar%suﬁlbdr@imlri;tgn%]ﬁwndﬁiﬂéd phagent i&?aﬁfi;oni K fonisiagde thﬁpfpeti?e
applied vol tage in .thjis odi ment of the jpyention the voltage
prevai | i ng’i o S i"Hithed 1%41@5511@ braf 1 mogre ot pphdann fom tii_&é?glﬁécause
of the | ow volf @aepiBt e bMOthk Redibi€ of ¥R PihaARrd MéShipe PhBlMIed] Ak@ncan be
reliably avoided wth the transportation device according to the invention,

and possi bl e ¥ppionelatesisigoeringing elementhoulddheatrig andaprshans tael drcases pEe
according to_ybecibdd Wed WiilrawAl 14 ﬁfé%e%lﬁ?giﬁ@ abl2fdlng b RO RvER | Mb%nélﬂxégm' ch

peopl e nmust 20 touch the container. e transport of nedia, the device
accordi ng to fiyevoidad by themffestof antomateiregwlatiote at nospheri ¢ condi tions. Thus,
the devicgycan conme in contact with water, particularly in the rain or
snow. However, a safety risk will not arise by this contact because of the
extremel y | owSelettingge PPCematietialnfyr ithe tebistanceslayeraalsreinpdieer thofefaréethateasi € e
according 10 Gl BY Stk Whistdrloe 1yePRYRER So BAGRYSho s ARGLANS. [fifl devi ce
25 according to the rnvention w & conventtona power source such as a
battery. Thi senablas@aiforryheudtraiséat, which ban beadsbantialdfor particulart applidatiohsnoftthe

|atter instance the. device according to the inventjon c even be power ed
by the 1 ek BogdptPGIe R PR et medde shered RS benge P
sinplificasion. 30 Moreover, the gap provided between the contacted

el ectrodes act,s as. a di.ti onal resistance arranged in.parallel. Wth air
o he | meut atEroting in A6 ipysSih, ohe ResPlanit Fy & b O Sttt b sippte o

mut ual di st an€eingfthd électidecindaniettedlager! By tneblidation, shstdladkeres t3Ghelsilrfisc2002 38
resi st ance of %&e re§i st‘ance Ig}/er.. The gi ﬁt ance i s Bref er bly Ia(%ger t han
t he t hi ckness®bfieresistanaglaxerand thys improvesthe flow of qurrent pofiween the gleptrode fbss of
L he resi st Sncﬁlelmy'&mg elI%t@deh@@ﬂﬁ@ebgma%ﬁathyeth&bmf, gmgxigbn\e;vﬁddimiﬁ ﬂwlw‘]ger agl y
ave a good ther conductivity. iS can exce rn~ refera
250 W mg K20 Loff?%}srfr%\f’é’i‘m trFﬁlﬁﬁaneaéyPra‘BitE? aO%E‘g r?geﬁ??‘gﬁ qégﬁnwotthq ’é‘ng‘dBBP y
t her mal cond ugdt b/ hé_al/cdi 9 alsb%@%@@&.rmeﬁnfa&“cﬁvl% Reallized b'y %pl_ta?ﬂlg dIqsgalbl e
only in the direction_of |ayer thickness, but has no negative effects

because of t heuSrmetaliggtion isosstvle Suly wih theapatesial o€ Hhe rrpigfancy lpyfs that is
transport ati ofsed 9bdifing to the invention. A costly metallization step, for instance by metal

electroplating, hence is superfluous and considerably reduces the manufacturing costs.
25

The intrinsically electroconductive polymer is preferably produced by doping of a

polymer. The doping can be a metal or semimetal doping. In these polymers the

defect carrier is chemically bound to the polymer chain and generates a defect. The

doping atoms and the matrix molecule form a so-called charge-transfer complex.
30 During doping, electrons from filled bands of the polymer are transferred to the

dopant. On account of the electronic holes thus generated, the polymer takes on

semiconductor-like electrical properties. In this embodiment, a metal or semimetal



according to the invention. It is a further advantage of the transportation
device that 1o even a local tenperature increase provoked from outside,
e.g., fromthe environment by solar irradiation, can be bal agggsybooan

i deal way by the resistance-heating el enent. Such a tenperature rlse can

al so occur fromthe inside, for instanceyth containers only partly
filled, since heat transfer fromthe container to the air is lower in the
air-filled zones. 15 The heatabl e transportati on device has the further
advant age that the resistance |ayer arranged on the contai ner can w thstand
even high stresses without giving rise to a |local tenperature rise. As a

rule, the mechaiis lcoffofRSSinRCdr BciRd t@th@?afyﬁief‘ﬁfuchﬁe 15 51%;1@9 réafbrRin! V-
This is the direction of current flowin thé resistance | ayer of the 20

resi st ance- he8tchagvay) thadrre chaggeyarg sencratedswiieh prableshe flow of gerent algae ths an
increase in rgsisbedcButd TRk %@%héi‘?%ra?e Pesenbilthe fo?m‘%?f‘?fe% SfctrGRYr hdle¥, L O
resi stance-heating el enents where tThe current woul low in a direction
normal to thelndbisprayasielestrprig gondupionarisgs.t her errbodl rrent of the heatable
transportation device according to the 2s invention, the resistance |ayer
is arranged directly on the container, which consists of an

el ect r oconducPiefezabiy tfer itedapirgthe bols'menijmrxedlw,lthtshdl 41 muowmt of dopastnthatf r om
one el ectrode,tq the ext dj vi a .t he sistiv d t

cont ai ner -1 it Falg S AEHE of Big 4ol 45 B AT PoighBt mPReBER A fpe e

| ayer of the preferdbhobét@icer0Q: 1dend t@1 avmhrtﬁlsngtm @t s haehievadethial eaaenttahy all
cont ai ner whic herefu ctio floating el ectrode ca dduced

o hout  saf ot SPREREoIEHES a Apediv D it 7 2 GRS ao AhEHENCRNE  heat
gener at edjganofathe tﬂa@rﬁaﬁana hefer B@ddf the resiandtll3ye? @9 FveB%ashibe ttérapehiarer ed to
t he nedi um presgfn in_the cont In this yersjion, the contal ner can be
covered with $a781oEE pEresistapce %f?leﬁrew@rce il4yer eabe pdiused Pbp geying Hisdatine

el ectrodes can cover this layer essentially conpletely. However, the gap
bet ween the el ectrodes _that nust be provided for electrjcal reasons is

present as wellte inginsically glegtefopdystive gotxev@bflmdrpgcqrema tp {he aentionseaibeent |
the resi stancg,hagydr asa'ﬁgat%rﬁ? 161 Qi Eé&ﬁ?a?lcé‘rlei}%mﬁ%@ Nedifthrde HBURE SRKMERT
longi tudinally in an axial direction, and the el ectrodes are arran ed on
t he resi stancascordingrto dhe mwmt@nc@@nw@nuwmtetaﬁfbhom hut gpsondingctota WHhaf t he
ci rcunference,, V, t f
resi st ance- heatlfo(r%brh%t’edrlrlg\rg/%&s m{cQ??J ﬁﬁﬁy aggllrug%iu f&gﬁ@gﬁg&g&l& &Eﬁes Shese
el ectrodes arpirticléseean ponddlane to tthe cotrdllefrﬂrlﬁ/yef thej ¢onppletp gssistisice lﬂxrsr,rmneel y
heat a partl Nt ai. : Whi y
needed at on %)%lltﬁ &*tqggg{guatl P gntﬁ& bR Igwélgi«rg}o%(grsl& §&%w 0* glge?%
enbodi ment , tstwctues The mﬁplaltdv awples;@mexos sdidly bpmdtintofthe miylpelr stph@lrtybutf t he
cont ai ner, oa“dax%%@lg B8 E&Qg&g@k&’ drﬁ%tlé‘{}, i Sbiithet Wn'h%% e?@ﬁie%{lr% ly, the
Ahd el ectyodes

length of the resrstance a er corresp ond of’ the
cont ai ner. the current can jump via the graphite from one cham to the next The conductmty of

the resistance layer can be further raised in this way. On account of their free mobility
in the resistance layer, the graphite particles can also move to the surface of this layer
and bring about an improvement of its contact with the electrodes or the interlayer or

25  with the inner pipe.

The graphite particles are preferably present in an amount of at most 20 vol.%, and
particularly preferably in an amount of at most 5 vol.% relative to the total volume of
the resistance layer, and have a mean diameter of at most 0.1 pm. With this small
30 amount of graphite and the small diameter, formation of a graphite network which
would lead to cutrent conduction through these networks can be avoided. It is thus

guaranteed that the current essentially continues to flow by electronic conduction via



20 In this enbodi nent, heat can be transferred to the container within a
definite region where the heating el enent fornmed by the resistance | ayer
and the el ectrodes and, if present, the interlayer is appliedgt@yboe
container.*In transportation devices where the container has a good t her mal
conductivity, the heat generated by the 1mesi stanceheating elenent is
distributed over the full periphery of the container and thus can 25 heat
the nmedium present in the container to the full extent. This structure thus
provi des good heating of the nmediumwhile requiring little engineering
effort. However, this enbodinent is only possible with a structure of the
heat abl e t r antpepolyaici moledeles, aad &ﬁﬁ@]ﬁdﬁlidvgnt‘agbsﬁﬂmtiblﬁbd&tbbi/@é’an Handttdinsdicdh a
structure nmakes, i p055|ble to,achjeve high power t area while

avoi di ng any Rfaﬁlfa%é tdpeiionaped g0t be along o Egrhite FVV%B R3S @ﬂaadvaf@&ewgt. on
and under t hegp Oﬁlﬁde%ﬂfc@es%usft%%'rﬂlﬁuﬁ%ﬁ@a@tnﬁﬁ@wﬁlbﬁhs fi‘@ad‘ﬂ@tcﬁ!itrd%d @hferoxygen.
30 July 2002 40 The resistance |ayer preferably covers part of the

peri phery whi®erhpricalj andathermal rstresie buberather s alage %@ﬁﬁﬂﬁeﬂﬂdm this is
mount ed. Thi s.gyaaphacs that even in a container not conpletely filled,
the nmediumto be heated is in contact wwth this partial zone and thus is
heated reliably and rapidly. 5 In the transportation device according to
the inventio h n | gye of a
matorial i ¢ (P40 o BeE FEARATE, lnbiier "hith A PholBlft 2 B I elhe

pref erabl y ofpdwsylic laaud defiv8ive¥ ahmix8d ipb biolea zatest afithese sanaredectibenmidnetive and

copper, for ipnstan arfi.c S n|f|c nce in the.
Craheport at | g NGt thRic g DTRha dbeshBOGR bt Fine gmd
cont ai ners fqrol:,turamﬁmambe @seddssvintrasicaldy alectrdconductivey polymernBoly&nides i n

such a transpo Ge the r, SISt 9 -heat| ng,el e i s very. |long,
U T b e bimaiyd dnebads iRty ot Sk PORRE 1A Ao iz O

Wth such an mixaeés ode prafdratily e oded. Palyamides dtddhtmﬁllya@&uldf epodabisiet he

el ectrode surface, whi vvoulg | ead to a over al.l ease in power.

h
Nbr eover, t hdTRSHifSCY ’xPPt“SVe #8vag1RgPONS 8’63 eProdiigtion EI rRIBR, AFOPARg to the

current W t hijRvdnfien, @iRe tHio BRilitweY HplibioRitd ﬁle%ﬂeﬂﬁipg of Bfth Mté:RdyeR. lR8AETI Ng- up
of essentially the ‘entire resistance | ayer and thus the length of the

cont ai ner whibolymers,; fr ppstange pelyaggtyleqes, aispslimipaed dipm pgest 4’?@0@}%0%@8% in
several poi NtigveplioNBechiidiof el RgME rMistinBe did to TENEtIVIRERIINOtygeR necessary to
arrange power supply lines along %he contai ner. Such containers can have a
length of up to 20 1 m According to the invention, such an arrangenent

with mul tipl ergqey fﬁfé #&ﬁnér%n&@étﬂes%ﬁk@@&r% wlﬂm?WMaHEé%t aeﬁeﬁ&g ohhe

container is very [imting |length above which a nul'tiplé contact
arrangenent \he twgénqlrﬁtatmtwgfolmthed@m@mrs butbléprpf@rnblyr@éle@ﬁteif)@rf*@éé)am@rly al

sel ect ed gnd ofLBG aPie@&QO@(ﬁf&t he contacts. Thus, nultiple contact points
may be unnecgssary even for lengths nore inportant than those mentioned 25
above when the el ectrodes are accessible in the mdpoint of their |ength,

and a contacty, i t f

transportati onggg\e/@goe&%igﬁgt ﬂlggﬁg%anwg% % (ril1 W ﬁ?@%ﬁg e%gﬁ?@aﬁ mat nal
depends on t leg anhhekthemissende as lvarriet materialdfos theanteivsieally candustivié p@ymor one

enbodi nent ct odes and the | nt e h hay ckpess of
50 to 150 pm%ﬁ)ep}r)tt(gl erang Ef%fl?ns Pob %ac gac mgéﬁ%i’gtg%gna cél%g%s thi ¢ A nesses
are al so 2advamtdagyeoosthe alettha:bnddu@vdnmaer pipeo The agppbry ntakeeial msdéﬂtxamcmfbrayer can
readily be tr angfnegrl&%,dorli rtl?en}etsggnée@ﬁe%{irllf %Fegne}n? sg r1Eat this will be able to resist

mechanical stress. Moreover, when using a support material one can precisely adjust

the layer thickness of the resistance layer. Glass spheres, glass fibers, rock wool,
ceramics such as barium titanate or plastics can serve as support materials. A support
30  material present as a tissue or mat, for instance of glass fibers, can be immersed into a
mass consisting of the intrinsically electroconductive polymer, i.e., can be impreg-

nated with the intrinsically electroconductive polymer. The layer thickness then is



30 July 2002 41 container. Mreover, thin electrodes are nore flexible, so
that a detachnment of the el ectrodes fromthe resistance | ayer and thus an
interruption of the electrical contact during thernal expansg@mmﬁbog@e
resistance layer will be avoided. 5 In containers of great length, a
mul ti pl e contact arrangenent may yet be mecessary. Wth the transportation
devi ce according to the invention, however, this is readily provided. The
el ectrodes are only provided with contact termnals fromthe outside, so
that these are readily accessible. Thus, a power |ine extending along the
cont ai ner and connecting the electrodes at intervals to the voltage source
can be provi diztbrinived dy bk thivkhedsEithe diid 6r MBK MRethotls pichSds BE@ping, HR@bREe
transportation, devices according to the invention having any desirable

| ength. AccordifRY"R ETeHPRiRE Methpds canplsqbedised ance 1 ayer is thin. Its

thi ckness has a lower limt that nerely depends on the breakdown voltage,
and is preferably 0.1 to 2 nm 15 preferably 1 nm_A small |ayer thickness
of the resi stiapERblYathersupparemateriplds aflphneraps clsptrispllibingHefing maeral. Witht - up
tinme, rapisd hgeH a hiafaf flcaRifadditth BSREVREdMOMBLe REHing AirfenBISRs tHEMBYET .
such a layer thickness is only possible wth the intrinsically conductive
pol ymer and dbntuppert maefesiabrathenthan Seenghche privmerstructurehe current path within
the resistance layer is predeterm ned by the polymers used according to the
20 invention, and can be sufficiently long to prevent voltage breakdown,
even when t héThegypssibilityi ofpresiusing layexs vaneh dcrosgxheiriverfaeldeviatedioh theldesired

unil ateral c act. arran nt. of t resi -h P I mts
subdi vi si on gﬁk%ﬁgdﬁggﬁg%%ﬁ@gmwg&gpﬂﬁﬁy%%{ﬁiﬁg&ﬁe F%%é?qﬁg?ﬁgg@%sﬁﬁfch
addi t i onalol y ficentec espetibkly miithikthe tmbli éeyledthieknesRes tkhé acwbvding togths infentitig
transportation device. according:to the inventian gre further enhanced when
the ol st andler ayisrviseong il b G 1B ARNER b ahedPrlelbitvioprnBREET <

el ectric resietdcaode and Hloatihge attstréde. Fbuctiatiend irplayat) tldckalessC acreguthatlagsy Wi t h
respect to the highest. attainable tenperature. Wth ig effect, .

over heat i ng (§Frfi‘cl’?e°aélo?1]§%i‘ﬂ@'f°nﬁ?1&her i"é"tpfef%‘ﬁg geperpid: E%?eﬁﬁ 8r2 POREETYy ¢ hi s
over heati ng g@fpdauR\ddtdRdionThi s effect 30 occurs, since the flow of
current through the resistive mass is adjusted as a function of tenperature
because df the PTC of the resistance |ayer. The current becones |ower the

hi gher the tqrmeshg;sdﬁ fhatdtfal hhs fe MR St tal tHeNQirfERt cARbI HbRTdI6HE ik has
becone 30 Juu¥ 002 42 immeasurably sma | ocal, overheating arjd
&

[]1. A g i
mel ting of t§Borfeskpadh betwepmthe elegiiodes andths floating eleciiods batds deffectedioy splithi s i s
particul arly yhnROhE aMfer | MatbiR. THES R loptiMagN WiRAtion fof fRE ehélgl anpSlicddhB
container is only half filled with a lNquid nmedium then heat In this
regi on of t h&ckig¥edai ner is nore readily dissipated than in the region where
air is 5q.gresent in the container. On account of a |lack of heat
di ssi pation, a conventional resistance-heating el ement would heat up and

m ght melt. (Thedwthesohieabolethe dirteationeis explagediim ghet Gllpwime withoheiaithof the t he
contrary, thi j: LS:Ao0i ded by the effect of automatic regulation. io
Sel ecting a 5%€Hﬁ%%%$?g#ﬁ?@%'the resi stance | ayer also inplies, therefore,
that as a result, the entire resistance layer is heated to essentially the
sane tenperagur o, is enables uniform heat transfer, which can be
essential for paf%léular applications of the container, for instance when
transport26ng heat-sensitive nedia in the container. 15 According to the

i nvention, the.resistance laver n talliz on.i I, cing

t he electrodgéﬁQWﬁlfﬁgmﬁﬁPQr1§§é&%n§§ﬁﬁgﬁgﬁ+?gﬁﬁﬂgﬁfmﬁéiﬁﬁgg%ﬁggég% o the
surface of t kdthoethatmbisultyekhyandhdt hus | nproves the flow of current

bet ween the el ectrodes or the floating el ectrode and the resistance |ayer.
Moreover, in this enbodi nent the heat transfer fromthe resistance |layer to
the floati ngigkigelervalectivtlalnges dftaf enibBdit afmgg;eia@c&aingltsmd fipeoad. The
surface can be netalljzed by spraying of netal. Such a rnetall ization is
possi bl e 38nl Withthermaehinsyaied BYs of the resistance layer that is used
according to the invention. A costly netallization step, for instance by
netal electroplating, hence is superfluous and consi derably reduces the
manuf acturing costs. 25 The intrinsically el ectroconductive polyner is
pref erably produced by doping of a polyner. The doping can be a netal or
sem netal doping. In these polymers the defect carrier is chemcally bound
to the polynmer chain and generates a defect. The doping atons and the
matrix nol ecule forma so-called charge-transfer conplex. During doping,

el ectrons fromfilled bands of the polyner are transferred to the




30 dopant. On account of the electronic holes thus generated, the polyner
takes on sem conductor-like electrical properties. In this enbodinent, a
netal or seminetal atomis incorporated into or attached to 3dﬁﬁ11ﬁgd)omer
structure by chem cal reaction in 30 July 2002 43 such a way that free
charges are generated which enable the flow of current along the polyner
structure. The free charges are present In the formof free electrons or
holes. In this way an electronic conductor arises. 5 Preferably, for its
dopi ng the polynmer was m xed with such an anount of dopant that the ratio
of atonms of the dopant to the nunber of polynmer nolecules is at least 1:1,
preferably bqhwﬁgﬁfb #ind h@é}ﬁ'bléglp?e 10\dohdisth BE & fnﬂEﬂ o é 11 %Jﬂ S resisted B
essentially all polymer nol ecul es are doped st one atom of the
dopant. The d@nwtasgeher lbWquiquUGISyth@rIEnean@méh@@elt iaentge nenpherssTweance
ayer as wel l@foddld sLEMRELAN Fo hh SARK LELERN Bl EEALRLENFEn bkl

resi stance | ayer can be a ust y selecting the ratio. e 1ntrinsically
el ect roconduanauwodeyrmaug@cbnabcmmian@ Iayﬁrtlﬁewhﬂvenmrtemnimph@efrmpl oyed
as materi al h tanc t [ - heat i nt
accordi ngasto ? §£|1§(\>/“§§§‘{ @0?&8\%’3>1Wtﬁfﬁfec Jggrgé%ﬁl?'t iztfg%ﬁofnoﬁg ﬁgfﬁ%@cqgr di ng
to a further lB&hmnglomemmtanceﬂaw Estosthanmer pigy éf. Iﬂnlgasanhﬁbdmmntatﬁe)dmmnt ain

graphite partlcl artl an con rlbutet thec nduc |ty of
Phe” Compl bt ¢ Ml IGiaffaE capars of pESaiBRaRBNYF Mkt S SRR ShitEE Sna 1
particul ar dGmﬂ@& tHeGld1) &f the irinetihipt lQran& Iﬂabvetﬂaiougt thd Gédiktahce Tdyer 02 apihet e
particles are not solidly bound, into th mer structure but are freely

mobi | e. \When S&cod slsRirede 14a The eqtise Teélsﬁaﬂcecl&‘ﬁr aﬁé‘ s Rgated vp iy this heative cHBPcul es,

20 the cufl enhd 62 trdndfEP thid &aih@ﬂ&r@%bip@ 1fi k@ iReMBricrivRiHe gige. t he next. The
conductivity of the resistance |layer can be further raised in this way. On

account of their free nobility in the resistance |ayer, the graphite

particles Carinﬁ@?e W?esfs&n&é]ﬁeaﬁi’}%taﬁﬁﬁntoﬁ tihi §4,113Y €6 1@%119& tdgarBBOmE an

i mprovenent of contact with e el ectrodes or interl ayer or with the

cont ai ner. 2Pernpheryyphthniinnsr pine i cThis elgmentdias pa elepirgcopductize laypml Sfacigount  of
at nost 20 vqj, n{?ler?:ﬂ&i 1Ha‘rlaﬂs<idé1 fié % ﬂ% Exfcﬁéo%@ﬂe& by 3 188t AR URtr B orffhe BRST S

vol .%relative to ume o resi Sstance |l ayer, and have a nean

di anet er 16f dacingyaydrom ghe innge pipet i @néhnanemstamdmer a2, tgmamtrpéesdﬁdmé he
smal | di amet qy,q.f QEA8LA 8N BistafcIFHRMMabiofEL ‘M&E{s Pl ﬁgx M@Uéoﬁtdctfﬁﬂht 0
?1 h tV\DI’ﬁS can e avo 8 t us

current conduction E?ﬁrou ese ne st
guar ant eed t rliaatrcsﬂslanmhaatmg clemsntntheahnqt pipnt § isueyered byl athetnyal ahsatationni ¢

ducti d
conduct on, vyl 17 Rkl 13556 hagB gk Bt IRy pPRLASR S TRAIRTES
be along a gmédidhi treloves, Wtk the thdrmbkinsnlatiberleyer ' gndihe rasispace-hedtiog nust

be in nut,) al 1128 i i e Y. haniz¢al and
t her mal s;dr esegé%hﬁfi i ?‘gtﬁgrlg(%%eu?léggﬁ'g{ﬁéh&é&‘%ﬂgﬁﬁlg% laggﬂ%ngyrqggl?st ant
polymer. 5 prhexedugpny rmntalh:tiunst 19vare potnented iwitht sapply dinks $%a qunm;ag tpynaﬂeleo

pol yvinyl re ns acr lic i d derivatives tes of
t hese, and el o‘gfothé Vlé’e[}gﬁbﬁ?ﬂglbgke lﬁﬂﬁat{nﬁésﬁ%?(ljgrﬁfﬁ?F gy meszlg
pol yf | uori nabﬂdnchw& teantifengtle POkY pipe ahd gt theénd of the pipe can be connected to

a source of current (not shown) or linked with the supply lines 19a of the following

25 pipe. Materials which will enhance the heat transfer can be provided between the
inner pipe 11 and the electroconductive layer 1% facing the inner pipe 11. These
materials can be thermally conducting pastes, pads with thermally conducting
material, silicone rubber, etc. However, in this embodiment the resistance-heating
element 12, 13, 14, 15, 16 can also be adapted to the curvature of the inner pipe 11,

30  which guarantees an immediate heat transfer.



pol yur et hanes can be used as intrinsically el ectroconductive pol yners.

Pol yam des, to pol ynethyl nethacryl ates, epoxides, polyurethanes as well as
pol ystyrene or their mxtures can preferably be used. Polyanggsly 2002

addi tional ty exhibit good adhesive properties, which are advantageous for
the production of the transportation devige according to the invention,
since this facilitates application to the container or interlayer. Sone

pol ynmers, for instance pol yacetyl enes, are elimnated fromuses 15
according to the invention because of their | ow aging resistance due to
reactivity with oxygen. The length of the polymer nol ecul es used varies

wi thin wde rangRembidaRnene MowAlelbddRdby Be 18R%teRd i He YsfiRlinhN@rlRbyY BEr .  but
is preferably at |east 500 and particularly 20 preferably at [east 4000 A

I n one embodi Hshipe aleperipherallvprearmprged sidedy sides ligpalse withtrethe sbopeTifithe
support materi L | .er ]

intrinsicall yh{?]grrl]t uct ‘{‘}\e/eééagg ﬁ(r\%ggnégjn%t%ﬁgg%%é bﬁgﬁg&f’ i?%g?]ag%ﬁogzn@gggeya
spacer, parti exttwd peyiphernlipbut atdherappeictdedyessleandn axiel difsctiont er | ayer or
contai ner. . The support material in addition confers sone rigidity on the

resi stance-heating elenment, so that this will he able to resist nechani cal
stress. Mr eoWth thetsepply dinag nansigpxealie]l tvathe pipel axi) eeveral pixces bf pipy eaclj ust

the layer thicknesg of the resistance lLayer. 4 ass spheres | ass fj bers,
rock wool ,  cePatiis et 8D e ARl P e areel Bjerde Ml fbe
support ma]E er ip@dva. s}uﬁ%ﬁdﬁnﬁuhé ir[mgv‘zi&gﬁail aésiqwrngagéwingsaemem dfi the !.p@epﬁiedéa?rc 1;] or

i nstance of glass fibers, c e imersed into mass .consi sting of_ the
intrinsicalIya%ﬁﬁﬁéﬂ%fﬁﬁgﬂcﬁ‘QéuﬂﬁxyﬂﬁﬂFePV%@?“@ﬁﬁmﬁdeﬁﬁﬁéﬁn SdPEh the
i ntrinsicahlyidlafsd WRIOWEHE by Ve RSlIMIBsheliThe | ayer thickness then is

determ ned by the 30 July 2002 45 thickness of the grid or rnat. Methods
such as scraping, spreading or known screenprinting nethods can al so be

used. Preferablymelhg V@%‘ﬁ&%‘@aﬁaﬁt}ﬁg @ purosd té lafdid MRAOMSses BY Gadiftionih! &

insulating materi al . a material it can in addition be prevented

that the heat fisggtion aweytiron Hgsinngs tprynd; deeck ths ept songrated; by the Fesigancehan
through the pRLYRET cishih Ghrbddbyindily ROBR Brdcliby oFf mPriRCHRE. ‘TRY Hctmahi Ch
across their _surl _ceeééev?ﬁart eoq?l?om_tﬁeégeg#rcel_dﬂl ayer i %Cfﬁlﬁess W tﬁmﬁ?ni mim
tol eranceds f sulation lperecan cogsistof pisulating materials and dn eddatinng wWhareckecessgipeci al | y
with the smal . thi cknesses used according to the invention, since
ot herw se oneb%%ﬁgétﬁlg\?;é}%ko be afraid of a direct contact between contacted
el ectrode and the interlayer or container. Fluctuations in |layer thickness

he | | i nfl . : d, d
fead To a nontnl POFHE 8505 Bl B hBmal BRARI Byd RS Eep MR, (00
t he further efebistahce lapdr astveelicasrtheflst ddevimdds ahtl dive iatedayer tabearsdnged withinpat h
bet t i rod d i nt [ | pe . ' flected
opl it up 2 ¢ IEPITEEARE of 15 bR oRtopdhyeh AP P S it led B RS C1 o
suppl i ed is athhimeal énkula?ion Tdyer preaeaigpheat atnsher admgs the ramainingipagt dfdhé mmer

invention is exglain d in the follown vm't.l'{ the aid .\%[ t he geeonmpan i ng
drawi ngs. |t PROSREeryHat i Sy apyprd BY Shedenistpms et Pl sy St B AU ent of
?_ devi ce accomdinagstfmbepﬁbatiﬁgfﬁ\ewm@%vigﬁﬁ Iﬂcwthe?hﬂr igi&il_atidmslﬂyezt, igg,pdl aoyiect hi n
igure 7 a sectional, .view o n.e oql nent a gevi ce accordadin to.the

{ nvent i on 3o GFYRCIatis aven st theBaG BiRE Y% B, TR FBT e PRE i

thermal i psul glar@feed YRS émbodients Enowdil Zightes 4nanllisoiah@ditiondIB enR6vitse Vi ew

of the enbodi nent. of a device according to the
with clamping devices. Op%ionally, thege clamping devices can be mounted externally

on each of the heatable pipes represented, for instance with adhesive tape or locking
rings or, in the embodiment shown in figure 5, they can also be arranged directly on
the outer surface of the resistance-heating element. In this latter case the devices can
30  consist of foam rubber. Particularly in the case of large pipes, inflatable or foamable

chambers can be provided on the side of the resistance-heating element facing away



i nvention shown in figure 7. In figure 6 the device 20 consists of a
tubul ar container 21 and a resistance |ayer 22 s arranged on this contai ner
whi ch over the entire periphery covers the container 21. TwoelhdgRo@des 24
and 24 which are flat and are separated from each other by an electrical
insul ation 26 are arranged on the resistgcﬁe | ayer 22. When current is
applied froma source of current (not sh ) to electrodes 23, 24 it wll
flow fromthe one el ectrode 23 through the resistance |ayer 22 to the
container 21. In this enbodi 1o went the container 21 preferably consists
of an el ectroconductive material. The current is conducted al ong the wall
of contai ner na fl ows rqugh. t he .resi stance | ayer .22 .to the second

el ectrode 24, FORERCRpT B, ThY Siiol PSR s R0 rorleBl P o b Piemie AR | ng
current and cloncs 4 gos] et tdnsfer o the/ tedisndet tadatiey eletierit @ thBénnenpipe.i or of the
container. 15 In figure 7 a resistance-heating elenent is applied to part
of the periphery of a tubular container 21. This el enment has an

el ect r oconduchir¥gsthrdY-Beatdz didadndSudhle sEOMA 81 fiilre 2Lan 116 Be sdaen B8 pipe 1 at
and covered with a resjstance |ayer 22 on the side facin y fromthe

. . ! : [ g awa
cont ai ner 21. 2¢giJing| te éhe Geiopsthigrgsistancaheatine, el isatsed sk e h#tom each
20 other on tfie dRSHEURMSistaVeheating efdftht bh SvHiGH HRN cdHlotddNelSRAIHAC hre t D
the resistance heating elenment, the container 21 is covered by a thernal
i nsul ati on | agreangel7facanawaystiomithe gngheipe. Preferghlye Festleatiedescand the flpatinge

thermal insul ati i : ' 3, 24,
o5 o i 5 ar rarfes B Shated RGNEvES B HRTGRe NSPULGRTHATELD iy ob
further cont aheagperphory of W pipei andt exttandtincansaxidl . difphigorp Fiés gigesp ey top the

i nstal |l atjons re C It v |d PANV]” rallel to
t he axis % t%@%ﬁ%ﬁ%&%@rﬁ%ﬁ%ﬁl %Tg# %ﬁ%uagkélpgép}%g’%&ﬁg# %aﬁhs%ﬁ%{)@ag . These
suppl y |ines 129er that thedotiagerapplied. §ht eleetrica rigrménsivins pieeesiablishbdbdcaglingtel | 28
and at its e can _he connected.to sSQur rent . (.not resent ed) or
ke vi ¢ h (e ChesrpSRANEEiaha e aPHIER Pl Gl R enBR} iR SHREH, |

resi st ance- hagtistapedicatirgdleraeid id used.mal i nsul ati on | ayer 27 30 arranged on
the container 21. Between the container 21 and the el ectroconductive |ayer
25 facing the container 21, materials which will inprove the heat transfer
Cﬁn beI lor ovi dadhe Hdatbie Igpmadalerdﬁﬁgetbzoomé ihyerﬁ'ﬁﬁ,dheliﬂn&g:i]?ﬁﬁdnﬁﬁmsiﬂg‘gﬁinm ded
thermal Iy conductin 4] 4 terial,, silicone ruhber, an

ot hera. | nt HtSesd plasinand phelcpady of niResbadie, Hie BB Jemédly o5
26 can al so hanadaptiesat ntbieCvstwaédI iR iffer G AdMhe rédslstanobilgler Ghad ant ees
an i medi ate heat transfer. 5.1n &g _errbodi nents shown, the_el ectrodes 23,
24 extend i n Pea grithoptelpsitieel srpductiyibhisseleptad frdhe inse pipg Hoeyer, it is

peri pheral |y adoSwitin @2086peSdfdRe MYerftiofl@o ploide S rédistdtice-hbitdg eleieat fof siche
invention, too, to arrange el ectrodes 23, 24 in such a wa n the .

resi stanc® | #penepips, phichienly somprsesithe ¢laeirqdes Apsigipioq dprebinghist he
contai ner 21 snddidat I AOERE cutrdf RYcohHEled RoANtha ondleldirb@cid @R ol The
supply lines running parallel to the container axis make it possible to
arrange severeéqcm%gh@!lgb]dhgHéiilﬁtl;vewmaﬁﬁ &f rthe 1spistancs- hyes ify &I‘Q%Bniheand a

thermal i nsuledctB8ddaNese aﬂoﬂrnﬁé?f ’hﬁ§c&fbn£] ith | GodsfHIEG th AIRDiRY Jc@&ﬂi%gté?ﬁlegﬁ‘ger

supplies of the individu resi stance- ng el enents in para
suppl y |i nes inyentipn sinee thecstaiglraof thd petygesery Becures suiticieotly Wrghoweent: flowor
i nst ance t i | 2k des ik i - ing elenent is
pr ef er abl %yart&gﬁglgg‘lévrm&%ﬁgg anlegHIdr%ls% gi“ﬁiﬁcgéﬁé hga{eﬁf\%dﬁ&got&éh a way that it
adj oins the container frombelow This position of the heating el ement has
t he advant ag hat. .heat can Ly, fer fr t Lhg. 20
el emont —eventt Foipit SRt ssPRC ! f e g B EfngeafR A8 cotfitbd e
the power supply installations to the electrodes of the resistance-heating element on

it

the outer surface of the insulating shell.
30
Conventional dielectrics and particularly plastics can serve as insulating pieces

between the electrodes contacted with current.



In figure 8, the container 21 is surrounded by an insulating shell 28 over
the largest part of its length. The resistance-heating el enent 22, 23, 24,
25, 26 as well as the supply lines 29a and the power supply 3m§m§Qh@@|ons
29 axe arranged within the 2s insulating shell 28. The resistance-heating
el ement extends over |arge part of the leggth of insulating shell 28 and
termnates within the insulating shell 28. The supply lines 29a protrude at
the end of the insulating shell and can be connected to a source of current
{not represented). The fastening devices with which the transportation

devi ce according to the invention can be arranged on a railroad car or
truck are shown 30 schematically in figure 8. These fastening devices
preferably are_arranged in such a way that neither the insulating shell nor

t he resi st anceThetorminglsdpremsrant Fuppbiisobe deating abenant gtsi previded asnesdedathyn t he
cont ai ner rest

resi st ance- hea?llslﬂgte&e P%#Jgﬁl%ﬁg aﬂﬂggsn%{l n |hg0ur rb %nﬂme}{%fgﬁg%é&ﬁ@é&ﬁ mfnre\llst he

t ransport at i onusitegirownaysemsifon thetcontdetionsnvent i on, the resi stance-heating
element is pused in such a way that the side of the resistance-heating

el ement on which the 5 contacted el ectrodes are arranged is facing in a

di recti on awayltfis also 'Wlithlmlﬁafsaipﬂeifthd/heéntioﬁitmgsﬁwmteaiat 67ithd resisanieRydrng

el ement, the e rical nsi ons ar ned. n accordance with the
di agr amat i c s‘b@t&@ﬁaf‘s‘e@ﬂ&e? %’P&?Pﬁﬂ‘?’ﬁ@ﬁﬁ*%&fcsﬁﬂ‘%i ons. In the device
according to the invention, thls resi stance-heating elenent is used in such
a way that the side of the resistance-heati ng{hgl ement on i.ch the 10

el ect rodes ar eP3FPaspdlgmaking gurend isxravired henitheteaparaties spethigipntiof glegliice of a
cylindricalg C%&l%ﬂﬁﬁs négﬁ & ﬁﬁ@ﬁfa&ﬁ@%ﬁl’i&eélktﬂ%'liﬁr SdnShreOre basEsdiicilier abl y

arranged in such at they extend in the direction of the container

axis and are phft %HMCPW m%ﬂerfot instapeeri0aiGr dlpe resighinermass peadeascoydingi n
whi ch vol t agesto%ef}ﬁ%ﬂtﬁn 1BUrts 36 Shdt Qe al&nf,é? npl 'téﬁxgyera\ﬁﬁ}la B Rttt NUS

formed periphera The thermal 1 nsulation ayer purpose to
avoi d heat |ostbesle@fywmmiaawbmomnsapsmweect| on away fromthe cont ai ner and
direct the heat generated by the resistance heating el ement predom nantly
in the direction of the inner pipe. The thernmal insulation |ayer can
consi st of 15 nsTHearsistgnaselayerican daemal strurtuxeldn wihish, differenteresistivesateyals athof a

reflecting | aycﬁﬁﬁe%thsgkaﬁfaéﬁhp e@ ta&lge%’aret Qste\x}é" | e o?l 8E't ai ner is

surrounded by I'nsu |on I"a e re I Stance | ayer as
well as the flat electrodes and the |nterlayer are arranged within a

| ongi t udi nal oove tio r .fhat faces.t.he
container. In ?f%'Bﬁ‘in%?ﬂ& ’gigé‘fta i é’ﬂ%‘ﬂ#@?‘iﬂgg :féhetﬂgt%% ﬁ‘ﬁ
across a s pec i r'ésimtaxtce (ayer) tt«d”ﬂdeaoﬂtherelme(ahwigyee iemevahich hean d toibe |tnagsﬂam to

cont ai ner. ape t hea es .acro s th enai n| n of the
cont ai ner %Qr e ‘%"r E?/Ciy {TEIEF i&'{;‘?étdh h@vﬁggg g r‘i‘?’&‘feé e‘3§? itys pet %{)qﬁ"é t he
Cont act bt vean {hr Lacer - and h’“"mﬁ?;"?m‘e‘“ f“*?‘:“?“”‘“é"’mg T egi on
i s guarant eed.! ‘gﬁ’gﬁaal &e aqga AT sSHE 3(9 ed ¥, e‘Hé\? sggg J@F@"t he
cont ai ner has rasigaRe ofhﬁ@%ﬁhn&@ﬂtﬁ!@hdi@d‘e}éeteﬂ& Bs foliB&rease Frohiihe edyer thafie heat

adjacent to the electrodes, in a direction to the side facing the pipe to be heated.

25
Because of the resistance layer and contact arrangement employed, the pipe.according
to the invention can be operated, both with low voltages of for instance 24 V and with
very high voltages of for instance 240, 400 and up to 1000 V.

30  With the pipe according to the invention, heating powers per unit area in excess of 10
kW/m? and preferably in excess of 30 kW/m? can be achieved. With the heating
clement, heating powers of up to 60 kW/m? can be achieved. Such a heating power of



generated by the resistance-heating elenent is distributed over the entire
surface area 30 July 2002 49 of the container wall and can thus
additional ly heat the medium present in the container. Wth 3y s¢oaicture
one thus achi eves, on one hand a heating of the nmedium by infrared

radi ation comng fromthe resistance-heatjyng el enent, and on the other hand
a direct heating by the resistance-heating el enent and the container wall.
5 The enbodi nents shown can additionally be provided with clanping devices.
Optionally, these clanping devices can be nounted externally on each of the
devices according to the invention that are represented, for instance with
adhesi ve tape ,gh HG o dd ! ’fﬂw : s g ST QRS 7
and 8, they cgg t%lkgg“{@ {:zf.)d ﬂ?ﬁé’ﬁ%ﬁ*ﬁb‘%ﬁ‘@@t y Oﬂh?’lﬁ%%séﬂ?@éﬁi@%gfr aeclgﬁgf) ist he

r esi st ance- hedtmmgThs téme-dependent divipgn heating powersoan b emalidey ithan . W peoysst st of

f oam r ubber. L cul { atab or f.oamabl e chanbers can be provi ded
on the side oﬁeﬁg%f&#é’?gﬁ%g{#&tul“ﬁ%g&gllaéjpr%?\(? facing away fromthe

cont ai ner. The cl anpi ng devi ces guarantee a constant cl anping pressure and
hence a goqd at, transfer. fromthe resistance-heating el nt to th

cont ai ner . 215%?4?‘3??6’11{3 that, Fap fift aftieved; %TLCS]B"UIPE’F lsl-&%?fgg? tﬁ’f’ ‘g%m’a | so
have other shappestics 6f the PolyRRER1dcRE] Bt @t BE highd? thdn@40eg af@upoDdCNg to the
i nvention, the container can consist for instance of 20 netal or plastic,
and preferably of polycarbonate. The resistance-heating el enent can

conprise an i mhepipa¥sdordifd WARH ifvBRtidAh Bk A Plec@BEpibO6f fr§HeSitaAN&itlh. Ru6 When
a material wthout electrical conductivity is selected for the container.

However, it i Bieges<d pipercan aptianally be firkedwithfarthes pinet pesarding to thninyentign or

resi st anc gy heqithNGnAnBBRI! ndt Heatdhie higd OB ¥ Reh MipelheORt i tRQPBLIE S t he
el ectrodes and the resi st’a?lceefaye .I'I?GII% this enbdc,_)\gilbrrer?t the Z?héati ng
current is contlydeatdthesecegments oftheqlipaline gdheret iopartiailasiterapergflizsanusd e sethr ough
the resistive . LS r. . .tk .

el ectr oconductﬁ{p\%'zs’%aﬁg{e ﬁn@rﬁ?h?%“:vélhéﬁt}%rﬁg '?ﬂ%é;P ﬂé Pga Plg?@{e&ﬁglﬂs\nﬁﬁtﬁrﬁz%w&% ce
accordi ng to u$ieg this/ ealdctivs hedting ePipbeacsondingttartles infertion cpoby meds irslsugthe s
sufficiently | urrent.flow through the resistive nass and thus a

suf ficient hegf{(g%%gﬂ% F%%f.“pstﬁ\ymgo July 2002 50 It is within the scope of
t he inventison to lay the supply lines which are connected via the power

supply instal Lations to.the el ectrodes of.the resistance-heatin pent on
the outer sur#taléeasé’fp?sﬁl(?iel ﬁ’smo di[eﬂas aéﬁof)f h’gelf%ﬁﬁ/eo?ﬁ Bﬁglw@? gee%ur% ¢S and
particul arly picaslingte thamvemtioneFarther,roaloakéveryl pisistanee-heting elemeine cal Bt r odes
contacted with current. The termin for c ent supply to the heating

el enent are p%ﬁﬂgﬁ‘im{%“ &'@3@@3{11 Wgﬂaﬁ%&gfre‘#%fa prﬁsacgg:f\‘}%ﬁgfo ?“‘H&’?%d
Iﬁngt h or by phessrae B}‘ctbly(} i | umﬂliarl] @maaiﬁt di&cbtibﬁ.rfaf]lcrs theOresistarvg-Heminpelayaitens f or
t he connections. It is so within the scope of .the inventi tq _uyse, a
material PBr EHeDF EERREnTee BeyRhorel AR, 1k JAstPet B SPiSER dppgiipdinal
coefficient ofrogl@&fahmstiRabslagaice. 15 A very small neking current is

requi red when the tenperature coefficient of electric resistance is
negative. The material of the resistance |ayer can noreover be so sel ected
that at a par Qi Gitogic préBiRigVotae caPbe bétaldiCA tBOinker piPE whithiwilll prevedBS S
used according to the invention reverts so that above this tenperature the

t enper at ure ceRETosiog;afithe Bipe twhen dirset gurrent isgppled tocthe sleptirdss 96 tierhegidng 7o

25  element and the inner pipe is made of an electroconductive material.

The pipe can also be structured in such a way that the inner pipe is formed by a
conventional pipe and that this pipe is surrounded by two half-shells where at least
one of the half-shells comprises a resistance-heating element. The half-shells are

30  preferably made of insulating material such as glass fibers or plastic foam.



The resistance | ayer can have a structure in which different resistive
materials with different specific electric resistances are present in the
formof |ayers. This enbodi nent has the advantage that by swotmB 2002
selection of the materials in the 25 resistance |ayer, the side of the

resi stance | ayer fromwhich heat is to beytransferred to the contai ner can
have hi gher tenperatures, while it is not necessary that different heating
currents are separately conducted, for instance with heating wires, in

i ndi vidual |ayers of the resistance layer. This is achieved when the
specific electric resistance of the polynmer enployed is selected so as to

i ncrease fromuydgg bg:‘{@' aceH@ing! 1§ tROirAEMtRRE Pipefirds HOCinSlafde (d8RS1aid Bve in
direction to the side facing the container to be heated. 30 July 2002 51
Because of thaepigas heeere musybe afigid ofbieeging odpirghgenent enpl oyed, the
transportation device according to the invention can be operated, both with
| ow vol tages of fox instance 24 V and with very high voltages of for

i nstance 240, Tedudhet objectice afXBe inyentin\Vig ré¢achddebyt 2 heatghde transporiatibavdevise
according to t ipvention. heat) er _wnit ar i cess of 10
oz ang i er 0wt OkinBing AX8hae: RAUFLS el oBws o fiER" Sndk

cont ai ner, heatutangunfess covefed aplehsd irbphrk ¥ithien direatly do &iamhintevleger, Wiik b tldn
heati ng power of. up to 60 kWnR2 can even. b chieved with a |ayer thickness
of the rosi st RIS Ry Gpntainie, anrrinsically’ Hecliotondtetg pOFTR AELFRAS Hower
can be snal | erneakPiwioiid elRctbokedwhith cy @R theibidlande Vg kit AQ@isiGh pdd @re\artafiged at
continuously applied. The terrperathure thz}I CO%E‘} be ,achi eved with the
transport ati orf PHACE &ropseach gtherop the oytersuptpes abthe ISFFAEIEE of the pol yner
sel ected, fput can be higher than 240 C and up to 500 C. 15 It is also
possible to provide just part of the | ength of the container with the

i nsul ating shéVith fhertransnostationdevice decording, todhe ivaptionn thecatairgr canheheated on
llayer. Furthergmdepgndiipgyon the particul ar application, the size of the
resi stance- heating el enent can be selected so that one or several

resi stance- heating el ements can be arranged within the thermal 20
insulation | a : : : l.al s i : D dina
radi al or axi gﬁmgi%agﬁo?%%%cg% é&#gg%ltg‘{lgg%{go etgﬁesnls efiﬁ%%’? Ent%ﬁé%}%?or

i nstance b arnttingeadlyi elecirogendurtiveopelymerdi These gelymetss whichaacdonding de i the

| ayer. The devyi.ce,. . r [ C ”\}‘]@ﬁ ' pi pe
is formed by gﬁ@gucgg%{/egk%?éﬁ%é&%@g#n@ eraﬂr%a’é;dhégtn&!t 'S %ugﬁtsﬂlljértﬁgeu%%gbgi by two
hal f shells wiflows aktng thagtolymer méletiies. IQwihg dt1dhd polymepsiraedarea the heating
resi st ance- heat ing.el T | | | r ref enabl o)

i nsul ating mat% é{rrl e csougﬁcqé%ﬂ%&%ggﬁ 5 {%%ggce&?‘yegla%ggit%e ? %%G%Tﬁg%ﬁ?ﬁ{fh%?

obj ective of thketricesstariconf itte pobandrs cheltyis gedveated whichean be tqansfeiretijtoghe ol | er

30 shell d at _,l.east .one fl| resi st ance- heatin l.enent ar € n the
Pnner - sur Pce Cope e, ealon e R oaRRE SpER hlid RulE Bk BT BERRE
consi sts of abetweasthd twn Elecitodes Bt fhilibys T &nishire of the polymer arrangement.

Thus, the length of the current path is predetermined by the polymers, so that even in

the instance of small layer thicknesses, relatively high voltages can be applied without
causing a voltage breakdown. Even in the instance of high currents such as making
25 currents, one must not be afraid of a burn-out. Moreover, -the distribution of the -
current in the first electrode and its subsequent conduction along the polymer
structure in the resistance layer leads to a homogeneous temperature distribution
within the resistance layer. This distribution arises immediately after applying voltage
to the electrodes.
30
Because of the polymers employed according to the invention, the transportation

device can be operated even at high voltages, for instance line voltage. As the



el ectrodes and a thin resistance |layer containing an intrinsically

el ectroconductive polyner. In the roller according to the invention, the
resi stance layer contains an intrinsically 5 electroconductiygenaghyoer .
These pol yners which, according to the invention, are used in the
resistance |ayer have a constitution suchsthat the current flows along the
pol ymer nol ecules. OMng to the polyner structure, the heating current is
conducted through the resistance |ayer along the polyners. Because of the
el ectric resistance of the polymers, heat is generated which can be
transferred to the roller shell to be to heated. Here the heating current
cannot fol | ow gk . : ] | ows
Che. Struct ur 6 ‘St e nsp pore Biftleed SRARRN (halt JrMRamhalaesy Bkt one
path is predetvdtnthacichnsyortatien gevigeraecording te iteet inwensionta achievé highakeatingf
smal | | ayer thi r ivel ' V.ol . .pe ' wi_t hout
causing a voIE§g§£§§§§§%§mnggﬁgéﬁn¥ﬁaé%gaF%géggggldgﬂﬁgbﬁﬁﬁﬁﬁﬁgﬁg%w%%ch as
maki ng curr entis, minieizdd badsise not rebutivellr king odrremt bpatin-iouprovided edvsy ,thé he

di stributigon of the current.in the first el ectrode I ts subsequent
Conduct | on oal SiEGHTRBSHIE RabtEr dideareS b B a%ies e tP SRR (o &
honbgeneous t epmeinathel igrifdisdlly détiiotdhduttivai polfnie used hbalivpeto Y Gfivention S
distribution arises 20 i medi ately after applying voltage to the

el ectrodes. BEEI&¥edf the pol ymers enpl oyed according to the invention,
the roller can be operated even at high voltages, for instance |ine

voltage. As the attainable heating power increases wth the square of
oper ating vol tegeovesHae iplegtroganipetive pobmress Mepdt ascomimeAg the, insisnti exubit yvi el d

hi gh heat | 139 SRk Adb RN A%is heleh SBRIAIH uB5ve AOSPRHIERS Wi eiBLmbrent | o1,

the current density I's m'nimze relatively long current path is
provi ded al ongredvetile} secthatoomntecef thepgpnembeins anbihabipterruptioneof the current

ong-tor m st 8B v do P THEPR REGREA T el M RUBRF LOMEES A, |y

the pol yners aven afiet irbmeatedotenipatature r fiptuation.ofin tdoaventibyakeresigtandedeatimgl t hus

i nterruption t t 1 J u e e 1S
rai sed. The paleeaF EHLIoF Bbahlt albintadiue i s AOERAAEEIRERALILG
repeat ed tisnpés atated; fot nstanee, bpcarbbm btagk wkeletpwsn afichr 2 thiemnad espankion twoudd

el ements used,for heat r.oll {0 g { M | S
created, for iler?gf[%lr?ceé},up 1§’/n gf;{h%(’gtr:]rr%qtya(}g aiégg%x%? (Ii)&/n%‘:e\f%gé%' gﬂ{lﬁ«gbﬁ:%&a es%?épdansi on
woul d | ead t o sfrerige roxidatiow namaf t6 hburaout eoft tixathsistadehfagee The ow@insieally ng.
This would le to a,strong 5 oxidation and t.o burn:ou f e r.esi.stance
Fayer - The i nerrieeauRtyS Bluderiies Asotimas tuRymthn St BRfIbRRE  no
invention is phénofidhg.ect to such agi ng phenonena. The intrinsically
conductive polynmers used according to the invention resist aging even in
reactive éRvironments such as air oxygen. Thus, even an autodestruction of
| 0 the resi st Ih¢ enttinyiilly 3on@bdivt fpolyyifrss udedasetor@ing 16 ahis Bfeltionelesiett dging
currents will not, occur in . the heat roller accordi ngvto the Jjinventi op. The
ti me- dependentValriBpeaciiie FRAFMENISRER 2F otyEep- TiusaS R FnApfestrction.o

resistance | agRlresidtfhcy ¥y¥r by Blebtroliis RRMOAX bA4BEEDYeléRidourRMB8WiBlot occur
tenperatures as high as S00 C for instance, and at heating powers per unit

area as hi gh #shsotraporatiop, dovies: apsedng-to fhg py@oRf Iy s 158istapge-heating .

i ntrinsicakly cRinRf dc0GAMIUS thy SivERIA B -dehdiert QR bp3 iR MERirgeer PECEHIFI Ng O
the invention has an overal |l honpbgeneous structure permtting a uniform
heat i ng acr ossree laze any small jang epprogimaiyy gwb.ceven atytempetanmes asdighang §00 °C

quar ant ces. on b RS HEE by Rk SRl S8l ol 0 RO RUATR, L, DT

that this elenment is readily applied to the inner surface of a roller, on

t he other hangd heat, i s nerat.ed upiformy over.a large area. Jn _operation,
the resi st ancgﬁgi? #br?gusgl% EHE S'?ag]yp %cttrggqt}g\éctggé?o#g?er%t@%gﬁﬁs@.g?e Lay P8 when
it is prowgpdedhols vHich is Mbed acdsrdiigrtd drdnwentibhpresents aioniigeddous stheture that

resi stance- heating el erre% w th_ elect ré%%onducﬁi ve pol ymer can noreover
serve as "bl aPROEEapeatingihat ispafprn aarossibe entygiayer on of al| wavel engths. The
wavel ength of the emtted radiation shifts nore and nore toward the
infrared as the tenperature 30 decreases. The infrared radi ati ons of the
roller can act upon the goods to be heated




when the roller is nade of a material that transmts these radiations, such
as gl ass or 30 July 2002 54 plastic. In the resistance |ayer itself, high
tenperatures are not required because of the effect of penet30atulyP002l N one
enbodi ment’, the resistance |ayer is arranged between the el ectrodes which
are 5 connected to a source of current amgg cover the resistance | ayer at

|l east in part. In this enbodinent the roller shell itself may for instance
serve as one of the electrodes. The resistance layer is then applied in
predeterm ned thickness, directly to the inner surface of the roller. A
counterel ectrode will then be arranged on the side of the resistance |ayer

that is faci ngAedseding tothetiieention, | Bhtasi 18l the trifipoti@rohi dedics 4§ pRWideamplthved 10
to the el ectrgeje and to the raoller shell servi n%ias an_el ectrode Iovvs

through t he red¢dfcsevhigh prefesablynpansist pia mategalofinish dlegiriqonaductivaty;jaad are
structure guaraphs&orfor3ARM oli’ﬁﬁtresmtilfc@[h?ffne Thisdeld® cHRRE SrrineRent 1eALEH
because the roller shell is in direct contact wth the resistance |ayer. 15
However, in t Hiossibletiedistrihetmede 9fsopsration }965@ iptriasicailyt capduetive polymesrs vegdf ace
of the roll tro o] C|ng
away from tfe r o‘ﬁdin{g% ﬁnvlglgt?oglo]%}ea?gad’hal@w A resT égpg% ?hé g‘?pléQ'%g”%

el ectrode is tﬁrehsmcadarvgﬂm dna ﬁnspeleétrddla; then esissdsathe ¢hitlagsy of tHe rresiftiree

heat i ng curre t he two r des e roller uface
can rowai n vol el bOFe: shfbatrt o SR 36 SR80 I efond ordiden 50
appl i cati ons wieteda 'Idiefe@@'b the Binaert pbﬂatlmedﬁtleyree&hdercbweenhaapfbsémﬁn a

i nstance t he u er of evi ce can, occur furt

o went |t NG e (e reFptaoe gt oo SRS e e Vs ARt o
from each gt heBecaibetdfighis fld® o¥fthd A@rehE Shstheokaess Ioayterreéxaamdegamm b¢ veptt he
roller 2s shell. According to the invention, the roller is contacted by two

el ectrodes ar rs!mbled on one side of the resistance layer. Tn this contact
arrangenment the operating node of the intrinsically conductive pol yners
used according to the invention can _be exploited 30 particularly

advant ageous| yrheTtrmspgsiatipe dovige peqerding fo thesipwention lwritﬂfw Aurthee aflvqnéﬂge of
el ectrode, t h%infg' RSl iANg aﬁ;gﬁaﬂ%sy e gﬁe&&&ﬂé& lAFeeprlﬁ&F%ﬂltcBﬁta&Q lonlpess of

t he resistance yer, essent irection normal to the surface, and

finally ist5 3lenfte rpggancedayen éﬁdﬁ@’&stdé fagieg aveaydrRm Esrmonieiney aad Bence ode.

The current paffy; ?{QUéesbfﬁleafgp hltakiﬂg%loﬁti/ecﬁeﬁse e Qpﬂo@ft@glhé’ of iR Itegiﬁ’tEnderlaﬁr

structure where the resistance |ayer | s sandw ched between the

el ectrodes. Bdecingihe gpntainerds fee elaentapieminalsand henek aaslee offflat H@P? esslph gance

Layer canbe Keply Bk LMY ik TBbhcass 191, SARGHLTRA ©'ad Diigl!
tron h ther a e

according to the Inve vant ag at the el ectrodes
are provi ded vdeashheasritaasfes bepomss gossitle siofe thsecontasi areahelavebm e resistancs-

20 layer and the container is not disrupted by contact terminals.

(=T

In an embodiment of the container according to the invention, this container has an
interlayer made of a material having a high electric conductivity between the
container and the resistance layer.

25
The interlayer serves as floating electrode here. In the spirit of the invention, an
electrode is called floating when it is not connected to the source of current. It can

have an insulation preventing electric contact with a source of current.

30  This floating electrode supports the flow of current through the resistance layer. In
this embodiment the current spreads within the first electrode, crosses the thickness of

the resistance layer to reach the floating electrode on the opposite side, is conducted



side faces away fromthe roller shell and hence is readily accessible for
provi ding contact term nals. The opposite side of the resistance |ayer
which faces the roller shell 1o is free of contact term nal s3g mng2doence can
be of flat shape. Such a flat surface permts a direct application of the
resistance |ayer to the roller shell. An j.deal heat transfer to the roller
shell of up to 98 % becones possible since the contact area between the
resi stance-heating |l ayer and the body to be heated is not disrupted by
contact termnals. In addition, a uniformheat transfer can reliably occur
fromthe resistance 1s heating elenment to the roller shell and thus to the

goods to be heghf t i ]ggﬁ ?ﬁﬁp f,rom
t he el ectrodes, an |%W§elgé%%edgnd(ﬁﬁ§%§ ﬁg\%’g&r a ﬁvt\}l |£S%%£F‘%crt§grl@%m
conductivity dayﬂrb@ﬂprqthﬁrcbwtrb@ theteis atrmeged @githe side of Ihaymstemad latyhlefacmgl er
shel | . Thrsrn I ve oatin we it.ls 20
al'so within the gcéle&ég{hgf & "ef a@@ﬁflte%ﬂ'e\r/\,ﬁ%ﬁb lﬁs%?‘fcg Modar ?’t{lértw forls.

resi stance | ayHre mmlzampldfehb iketrlapdr] which id e prmldtedrwxsthedﬂtacts%mebmt withal

i nsul ati on of t he interlayer esrsta ce layer,. fromthe roller shell can
al's0 be rod | ARVBYOLS apRE el RelYIRigR. ROREFSTATH Sicpi DS | 1 ¢ i s

enbodi nent of the heat roller, the current flows through the thickness of
t he resistance | ayer, essentrall in a direction nornal to its surface.

Essential |y tvig Bissabodismest ef)thmlteﬁtawettrresnoeétl@t%ﬁree fhg cuprent AlQws thrqugh £ r st
zone, the cur rgdihiddneWsorais Fétistaﬂté tﬁy&eetsb&ﬁtrwnf riRtidiendrhBlo HOREAEL. ed

electrode to the floating el ectrode, thin the second zone, It flows
essential |y vdfssengially ywe gones idgeclon W&bﬁnﬁbe éﬁsﬁtﬁlﬁwlﬁﬂt Fithie theefirshzprg othe

contacted g e%&@xﬂ%ov@"é@entﬁll??ﬁﬂh@aﬁ ﬁ&xﬁﬂﬂ@ﬁﬁ%oﬂ&tﬁo‘?&@é de rt@%éh?éﬁﬁgs i's
attained by this arrangement I mplies that e partia | t age
prevailing in eﬂmoﬂmdwlvlquathmzme@cv@ Zonel IlfeﬂOWhaﬁﬁemiﬂil}atht‘@éU fromt tige.
Thus, in this 6 Y, n e
brovai 1ing i niRaR iiEiflacth, e Seoond Bortiiy SRR Thily BIA ut ekl (892,
of the | ow volsbmy:d resigtaried isragfained b éhis asangemmteTmayﬁcct irgpitestthat rthespastlatan
reliably be avo ded w t.h t.ne he | er accord to the invent

Vor eover . the LS hrblottthef i iidof R RSN RS A bl Vel el g
addi ti onal 151 eslusbmho@nmntréfnljmmvenuopameatdltege prevdilingain theaiadiviiaal zoned @thalf | n
this a,thersistne i |1 be det ned anc oft

bl oot Sodes andtamAPDO Toltfee, Peans et o oinBly epulis tlbeFithdRf T ' The
]9' stance is prseﬁe@rﬁﬂdshwahﬁaegeliabwtaﬂ}mddewitmh tltekﬁmslmmﬁoﬁ kiewdsaasdcetdaig:h fbl thetyer,OI
or instance tw ce the thickpess of, t resistan 0 e ectrodes
bt the. 11 oat ileatem Crv gpisSK R plagiops Miatreas TaRa sk iaan s

Thi s can exceeagcordifig W fife fnvepti@i @hahhsyalsdHe dééd’rhll(apphmahs R Elepdopkongsan

rapidly be neutralized by this ood t her copductivity in the el ectrodes.
An over hea®i n ‘Icgﬂten‘i?él dphed W‘W? ?‘ﬁ%ﬂ&ﬁ eXip apTRrgRs foe veRtiqdf es s

but has no neegsdsw t@iﬂ&ﬁh&splén@@@ﬁﬂﬁﬁlsoﬁ'hw&éd@ide daaweﬁuetlhldéhﬁetswh hat
can be realized in the heat roller according to the invention. ﬁ)@rs a

further advanta{fE eartiqyalhig-the raip jop snqw, Fowryen asafesp ek wahpt arise b% hificr ease
provoked fromeemhdivdSaus€ofthe ekl %'Ww goRds pt&amﬁg ttearae@blst&ﬁe 1438r Hpthanced
in an ideal way by the resistance-heating elenent. Such a tenperature rise
can al so be pdevie aerordingnte e inventips, If tﬁrpqsﬁbteaﬁ@éﬁwrerﬁo é?ﬁefa@c@ﬁtﬂeﬁlﬁion of
heat occuryg i terial
can be pr 023. dga&?ﬁgggbﬁghﬂev%{l% \%ha%rﬁyeﬁeat%ﬂr#elgééﬁk i%‘tas the urt her
advant age t hatreatdﬂ)emoesﬁeé paﬂwerailhayecar@r traeky &uithe &attehmsmmelthﬁ d@imlabcqréng

W t hstand eve sses (0] ving r re
rise. As a rull?emegﬂle M %n%ﬁr T ts%tﬁrjotewsegedab ghe im tlliatt%rr’Jbﬁﬁ"ZArh }ﬁg}gg{%g
directed 25 r additibday design smphkifidaien.di r ecti on of current flowin the

resi stance | ayer of the resistanceheating elenent. Such a stress wll
therefore not lead to an increase in resistance in places where pressure is
exerted, aont Mur¥ovef) theghs t)adw&dhﬁmeﬁgh@ bonimddSelvdinies AdI€ as uii additionwoul d
flowin a direction nornal t he conpressive |oad. 30 According to. the

i nvention, el éQ,StSFf’@%@TW@IP Eﬁfﬂl%dﬁtthé’éaﬁglet%%ﬂaé‘?rdeﬂﬁﬁ gapntheresistaes idld | ayer
facing away f§ I S % I

peri phery and ca@ﬁ{e@n%g£fgler lﬁﬁdglﬁl g%f}gfégrfrﬁeéc?lregtynwgwaﬁ@%& o4 %%SWE%ETM S
arrangenment is advantageous, since in a heat roller which |s inrotary
notion when in service, a current supply can occur fromthe two roller
ends. 5 According to a further enbodi nent of the invention, the resistance
| ayer can have a

p.

,-;




structure in which layers of different resistive materials with different
specific electric resistances are present. In this enbodi nent the side of
the resistance layer facing the interior of the roller can copwiypionf a
material having a low resistance. On top of this layer, further 1ayers of
mat eri al s having specific resistances inggeasing fromone |layer 1o to the
next are applied. In this arrangenent, the side facing the roller shell has
t he hi ghest specific resistance of the resistance |ayer, so that this
surface heats up nore strongly, since here the |argest voltage drop occurs.
In the roller according to the invention, the electrodes and the interlayer

preferably 15 .St . ] it eclLf] | I.C L eststance of
esst han 10" i*80HieEof Be PfBicB AR e dbnfief RiftbCite} baf ol picRhas

mat eri al s ar e ofitherresistince layen fgrdnstarice twicethit siickaess lofitlse redstadcefi@set.i cul ar
inmportance in the roller according to the invention. Heat rollers which are
used for instance as copying roller or foil coating roller nmust heat up

qui ckly, and heiéeleatrodbs hid fie TRARE dcioge SréREablyIRive a@Bbd ferhABakductivit h an
el ectrode 20 material havi ngwsuch a specific resistance, a voltage drop

across t he Ssurféceangmceadc208] Wan Ko preferplly R S0MIVIyK| bagsl overhenting epm rapidly
performance dr : t jac 0. i f: can be
Vol ded. The Comsabficb®yl BEPELT il WadEb Ay il B BEH03S A% Rl B3 T
within the el dousrpsiblevdrily fin ther dirgctiom of dgyier thickmiedso bt hasand megatiye effects
essentially a f r.esi I f of .t.he
roller while :Ibfl“ ca:ﬁge %ﬁﬁgﬁﬂrl}yégg%gcﬁg%%?%%ngég;ggﬁdgma%%ﬁ?‘lggga 2 &;%l%rger of
poi nts al ong taberdieged thednventioti. it 3fa fukthereddeatagechefshe Trhwespbraion devicatlat and
the tenpergture generated across the roll surface further, depend on the
i ckneoe B - eRe ERERERRBREREeb proRked Fa S s st ol b RERPE o 56
el ectrodes andyt sutari iftadiatién) edanhise/ Balandelli inkare $deal vay gy tengwispbhcdheating 150
p,m preferably 75 to 100 pm each.. These snmall .l ayer .thjicknesses areg al so

P vt ageous R SIrha (BB dtitscud By SR A8 B b (y Briare Wi 1y
transferred frcomaimbe ohgﬁﬁﬁ-ﬂlyaﬁﬂéd, bificd Bt trardfor Jrohny thé Qaztatn@r foothé eir iS foelet -
Moreover, thin electrodes are nore flexible;' so that a detachnment of the
el ectrodes fr dhfbepi-flisdzesesnce | ayer and thus an interruption of the

el ectricaljscontact during thermal expansion of the resistance |ayer will be
avoi ded. 5 According to the inventjon, the resistance Iaﬁér i,s thin. Its
thi ckness has e IhB‘K%fle prrpspertatiogdeopiss bas the dyther advsntage that, JRUBIMECIHIE age,
and is preferahyped-oh the conti¥fir dah FiflsRl ¥vén Righ shedBPiithdd pfing BkStongss of
the resistance | ayer offers the advantage of enabling a short heat-up tine,
rapi d heat tr30p8t ésmpsraiomiTiss. A rHg hevieeohpuipal fices Avieg oHBVEOPRINT dYich a
layer thi Ckne%&e‘géd pRlaYy PPRiS 'iPEx% difebtion! S¥ecundh hEW ik Rhd MsibtaRccCRPEUSH thy ©

pol ynmer used, and can b‘g frirther 1 nproved by the kind of contact

arr angenmer®® ugesistancyrhentiag redameent. t fush cqystresh wilh dhasefafer hotnleadhto prednoseasnde | ayer
is predeterm r @&% I nwent: i can
be sufficient F@%@%@gm&gg@gﬁtﬁﬁﬁ '? gsggﬁg?%gk 0 %ltg\g/]igtﬁh é\%hvlge%ﬁ%%éele?gd;gr

t hi cknesses amherithé ¢urre@hwould flowhiep direstion nptvesl tnibe sompressivedpadact

arrangenment of the resistance-heating 1s el enment permts subdivision of the
resi stance |ayer into zones of |ower voltage, which additionally reduces
the risk of bimakfiother efhedimdutant dye beatdble Hranspotthtéon dexdenr deoyding to Ithe

{ompor ot urs. CHBPRIGH Doy ARRF Tyt Bl k) FER colifls BlueRRbELC

an effect of antlec@icosducdgematetisn Wi th respect to the hi ghest attainable

In this embodiment, the flow of current from one electrode to the next is directed via
the resistive mass and the container. In view of the low voltages prevailing in the
30 resistance layer of the transportation device according to the invention, the container
which here functions as a floating electrode can be adduced without safety risks as a

current conductor. In this embodiment, the heat generated can at the same time readily



tenperature. Wth this effect, |ocal overheating of the roller shell can be
prevented. This effect occurs, since the flow of current through the
resistive mass is adjusted as a function of tenperature becasmippoghe PTC
of the resistance |ayer. The current becones | ower the higher the
tenperature, until at a particular thermg, equilibriumit 2s has becone

i measurably small. A |ocal overheating and nelting of the resistive nass
can therefore be prevented reliably. This effect is of particular
inportance in the present invention. Selecting a PTC material for the

resi stance layer also inplies, therefore, that as a 30 result, the entire
resi stance | ay ] t LAl ﬁl?e?ﬁ:ttﬁm% I IPA&

enabl es uni forﬁrﬁrﬁ%‘%%‘ep%?gﬁéee@?cﬁ%ﬁfﬂgiée?alhx%ée&g%sen‘t| a fo?%dgrtl%l car

appl i cati ons ofantbeecoversd withl the 2BRn&EDlayey|dver ifs eitine periphtryy mdsthe iclecsades spot s

ubst rat o oi ritd oot g sy SRRl BinPisbt BalrBie: Yig thp boeen B dRods "¢

i nvention, thethatasissbamoeided e clecioalreasomstinpleseneat well intthis smbbdiment. 5 f aci ng
the el ectrodes and the interlayer. By nmetallization, nmetal adheres to the
surface of the resistance | ayer and thus inproves the flow of current

bet ween the el £&dbok fo O furthBe ethb&fhbmiOthe kr@fstnesl Riyanghdt the elebipddes aﬁﬁ%eli ayer.
Moreover, in this enbodinent the heat transfer fromthe resistance |layer to
the floating ey dryer snignd dongitudipaliyydn ap| gl dingelion, jand fhe slecirpdesva@s. The
surface can bearﬁiﬁ%éﬁ' bl BRYedMarRR 1A} BOdindER Bl cath GfheR ifBlealilectidh bZ@EI ON 1S
possible only wth the material of the resistance |ayer that is used
according to tdEUWfVESEi on. A costly netal lization step, for instance by
nmetal el ecjgoplating, hence is superfluous and considerably reduces the

manuf acturing costs. The intrinsically el ectroconductive polyner is .
preferably prddwisrdobthe dmgithdindfextgnsion plthg rsistancenkeating elagenidomiast by thet al or
sem netal dopi I ier ds.chem |y bound
o the. pol ynorasalcd 14055 B8 oldSRides uhf R Hibach i lenbi IR CREbIc Ko

mat ri x nol eculmertlyheata sotiaddr reglorcdiithe eontaizenslle rowepiupply iDoniymgedtdpit ng,

el ectrons fromfi ImJ Fdf ba]gdf ohgtgec‘{)oﬁleyner are transferred to the dopant.
On account of PREYE B¥FHRH tge RS Us generated, the polyner takes on 20
sem conductsor-|i ke electrical properties. In this enbodinent, a netal or
sem netal atomis incorporat.ed into or attached to the polynmer .sitructure by
chent car  eact rprPiteh BRb&UREY: Hedesiimits LR Ryt e Pl RE b

enabl e the fl ake entaint andéxtadds dehgitbdinglly iy ok hxislidinection: Prefebitdy fihelengthaf ges
are present in the formof free electrons or, hole [n t.his way an
electronic co f‘BtF‘ncrf;PW?é?.“{ %?@Fﬁ%':é’frﬁmw,“f’g?at Pf@eﬁ?fﬁ?’ﬂﬂ" t he pol ymer was
m xed with such an anmount of dopant that the ratio of atons of the dopant
to the nunber _of_ .pol r nolecules is at least 1:1, preferahly.between 2:1
and 10: 1. R A0 dp SmbaTTghy hest Sk o ravpled o Ruocuinel AR 498006 HEn

ol ecul es ar e viRReHe Mehthgodieth @ Torptidebydthe fesiitantd Riystof@iNnthe elEbRodee REYGFance
30 of the polyners and hence_ that of the resistance |ayer as well as the

tenperature c@&seitciheirteryer isappliehtodhe ponfairer, IBSransnora "_’”r %Yé"res _(‘Yzilﬁretfée
adj ust ed by S%bﬁtﬁﬁlbxnlﬁaé Bepdodth@mal cdftiudtivity, HROBeh Geldditel My {HRSreSigtahcs-

el ectroconductive polymer used according to the invention can be enpl oyed

as material fdeatingeeleraentds distributedyaver the il @eriplioneef tecopigingg and thus ean

| nventi on. e Hatinb At ARNE Gn A bbifler BUine A6 UAINOTH® frulrife! Bk
embodi ment, the resistance layer may additionally contain graphite
particles. Theswigsargdodl beatingnofcthet mediumewhile trequnitng: dittteu enginderipg ogfforthe
conpl ete resi | .ayer . J . o) t; in
parti cul ar doﬁloﬁb%?%r%ysamrng?ﬂi@u a?ﬁf %&Eﬁk}éﬁ%ﬁ%lﬁg\ %r(s: ure? %g&grhgégﬁﬁ?e
particl es ar e trandpostatidnd dgvideo acvdrding ¢o thecinvedtione Onbt sucht aistrudiue malesfit eel y

nmobi | e. Wen a graphite panicle is in contact th two polyger nmol ecul es,
the current c&ﬂgﬁﬂﬁgﬁO lag‘f%blgbr@&ﬁrtp&rf"?‘grﬁr%gw ?1&?’?}&%5 e to7ifg
conduct i visoy @dsistdiBe IeydrShaihigCettaiied GRS aha drde ey ikfRief@ of teddiive Way.
On account of their free nobility in the resistance |ayer, the graphite
particl es canSeistagcoppiieh SOWUBIOTRIOXYEA. of this | ayer and bring about an

i nprovenent of its contact wwth the electrodes or interlayer or with the
roller shell. The graphite particles are preferably present in an anount of
at nost 20 vol.% and 15 particularly preferably in an anount of at nost 5
vol.%relative to the total volune of the resistance |ayer, and have a nean
di aneter of at nost 0.1 pm Wth this small anount o~ graphite and the
smal | diameter, formation of a graphite network which would | ead to current
conduction through these networks can be avoided. It is thus guaranteed
that the current essentially continues to flow by el ectronic conduction via

~ 2 1 o .




particul ar, conduction need not be along a graphite network or skel eton
where the graphite particles nust be in nmutual contact, and which is

readi |y destroyed under nechanical and thermal stress, but i30 Jul P82 occurs
al ong the «ductile and agi ngresi stant polynmer. 25 Both el ectroconductive

pol ynmeri zates such as pol ystyrene, polyvinyl resins, polyacrylic acid
derivatives and m xed pol yneri zates of tﬁgse, and el ectroconductive

pol yam des and their derivatives, polyfluorinated hydrocarbons, epoxy
resins and pol yuret hanes can be used as intrinsically el ectroconductive

pol ymers. Pol yam des, 30 pol yrnethyl nethacryl ates, epoxides, pol yurethanes

as well as polystyrene or theiLr mxtures ca ref.erabl y. be used. Po] yam des
additionally e ir%sl's?mﬁ‘&gage RS b@é"ﬁf“&&é’?ﬁ?@é‘% RWP%W %@géﬁﬁiﬁggé@&{% f or

t he producti orowdr sifkeof el @mtantee WHdh NBisti® niduated. Bhis Bubintd€0tabdvannment i on,
since this facilitates app]i gyg%i on to the raller shell or inter]layer. Some
pol ymers, for PHansiRat coaplpiebictilladethe smedypmstode hepted fsdn contagtvathahis pagist di ng
to the inventizghe RRAGRKSShéted BRIbly AfdWaiiglyNg resi stance due to reactivity

wi th oxygen. 5 The | ength of the polynmer nol ecul es used varies within w de
ranges, depending on the type and structure of the polyner, but is
preferably at t A : r VANEY | In one
Ebodi mont , t hn Foarapanaiy BBkt R Ahy B1EL Hhialith e SRbaA I The

mat eri al 10 onntefeyehpreferatdn cowsisy of asmagenial ivath arapesifica¢ledtin resistangenot lessi cal |y

conducti ve pol n.the other .hand it. fsuRcti@n S_a spacer .

Tt oul ar Do (it BEerBRlIG or 180 S 10 IS SRR PR SR Wi | e
support nat er iadd cdpper det ihdtaide CTHIE BloF pMtioHlar dighifldahye @thd Bhsportation device

resi st ance- heat i ”c&@é' e so that this will, be able to r.esist. nechani cal

rlt J
stress. Su@h Z°ordnglo thenyepfion. Manyfacturpd coptainers for ranspqriation, dacet i es
such as | ocki'hgle bieR@E; 106€ Firce i Suck hddRspoRstidheRYicE the@bs2itaidé-h4ting BRndeqd | er
shel | . Moreover, when using a support miteri al one C@Q pr(fci sely adjust the
| ayer thi cknedSVeY 1qngettrelline advpriageaysetc haye S@%“%%’h@’i‘ oW Gleglic TPHIFEICE: [ ock
wool , ceram csyigHelham &ediod8niatdrRD 8E cAY avRid 8 WoRSzeCRbp FQOWChS TIRHOROT t
materials. A support nmaterial present as a tissue or nmat, for instance of

gl ass fibers, si&se pluchinend legd toanpovaraligeereassis pawvernMompvernhe conduchdgtycal | y

el ectroconqucisiientdQ PR EEriblitich of ﬁ@%uﬁ@ntivwﬁfiﬁﬁ{éaélé‘&ro%,tmémﬁemﬁts a -
intrinsically electroconductive polynmer. The layer thickness then is

det er i ned by rapitk anch peikmeisheating-tp of geseatiadly thaentirpesisianse dayen audsthae thepi ng,
spreadi ng or KhoWNSHL E&Reiﬂ?{r'wﬁﬂefwisfﬂﬁ ch]@gsﬁacag*)ﬁ}ro?cﬁ édﬁ%ecgc elobtfass g V-

the support matérial 1s a flat porous, ating materi al.
Wth 2s such seviersl epintd alpng their lengtin dovidtionlt eaygheny bett keoneckrgarytth dirmaeget i ng
current flows (o) t Ler r t ol yrmer
structure. Thgs‘;k))%rsgg?@ly Ilﬁ%@a}g@ le?%c um%é' ?lacgec?é %ﬁc gg{r’%ég e‘?it}?psgr face
devi at e f12om e Abseidimgto|thy mventionctuck g8 ampngemeit with rnitiplecgoataceppintt by
instance 1 % _j it Lonfi . | al smal |

| ayer thi cknegiél ssg%gtgg%éﬁgé%%ﬁ%g@ e%%é f?\@@%ﬁ 1(s)n, &?:&rl]% e’ﬂ%tlﬁ%l&ly\% g%&%)hne

woul d have t oalmee aflich aimoitiple abintagtcdrrangerhent twild bt weaningfohdependsdbath esttheode and

floating el ecliqd. ittt 48k Snd Bn bR fihod ¥ & UEREe@ 108 Smbitlifle contact

points may be unnecessary even for lengths more important than those mentioned

25  above when the electrodes are accessible in the midpoint of their length, and a contact -

can be provided at that point.

The length of the transportation device that can be operated with single contacts also
depends on the thickness of the electrodes selected. According to one embodiment,
30 the electrodes and the interlayer each have a thickness of 50 to 150 pm, preferably 75
to 100 um each. These small layer thicknesses are also advantageous in that the heat

produced by the resistance layer can readily be transferred from the interlayer to the



30 July 2002 62 | ayer surface can also influence the tenperature generated,
and lead to a nonuniformtenperature distribution. The support material has
the further effect that the current cannot flow along the s shaiyeeo2 path
between the el ectrodes and the floating electrode but is deflected or split
up at the filler material. Thus an optinupmutilization of the energy
supplied is achieved. The roller according to the invention is explained in
the following with the aid of the 1lo acconpanying drawings. It is shown: in
figure 9 an enbodi nent of the heat roller according to the invention having
a 15 resistance | ayer sandw ched between the electrodes; in figure 10 a
00} uch nal  SEEtAR. DordybHin ook Bles AL AL AENE SfRad DR, W

el ectrodes arranged s et Shone side resi stance layer. 20 In
figure 9, a heeltctrodkd ﬁfom:-me resistincentayevheed eéhitshen mtmeptlcmmffth@ elecihcatlhenuactl | er
shell 31 is co ere flat e trade 3 resi nce layer 32 is
arranged on th q%%%?@%@%na"rﬁﬁ%a%‘s 2 ?yteﬁ‘é'ﬁnéqa&’tsdf‘g'de 34 on the side
faci ng away fron1the electrode 33. Inthe interior of the roller, a thernal
i nsul ating materi al | arra ed mh{ch conpletel fills thg interior of

the heat rolle H“r%i’Eﬁ i fgatt ]i"r?n%‘f“t’@iee‘iﬂnfaﬁﬁ@r@ﬁ meny 13y I¢ ARERSIATYrent

represented, tWghahethhgRdRstiocnSdévide é’céoxaﬁ@ 16 Qhé @fetbnl RoRewdUihiCisGbadiiy! I €Nt
(not shown). The current flow ng through the resi stance Iayer 32 heats this

| ayer and t husPrreded The elgctredss pigpnbt Pfﬂﬂéedr With eqntachisppingls from the putside, so
represents an @ahpdie MRNeadify aﬁc@c%sﬂﬁaﬁ‘hﬁsoﬁ ia@\{/er:iﬁe RECRiAY Nond BecBRainBVAL | ON.

30 In this enbodi nent the resistance | ayer IS arran aédlrectly on the
rol | er shel | ypnamng@mlsaetrms @éyﬁwalalw yhecm’rpg@s@lrsye ga}n bewpravided: fondes 33

and 34 on | \E};ﬁ;ﬁlej‘ aﬂgp thakesH p‘!)kgﬂ}ie Qferfia rtfitf Madviles %9:{21‘&?{1 ﬁhﬂ’by

The el ectrodes 4 are electrrcalTy sepa ate rom eac

i nsul ati on 36.inGmter haviogaly dsisdbdelengtbs such as air or plastic can be used

as material for the 5 insulation 36. Electrode 34 can be connected with the
source of current (not shown) on the left-hand side of the copying roller,

el ectrode 33 c@tohﬁngtorthemventionntlthesistdnghlayhaiadﬁsiIttethickmass hissa lewboh'i'nite nt,

t he heati ng c r.ent [y fromtrhh Lr.st el trod .33t %1 oII sheII
10 which prefé %%b‘i“ffe Aerentls, %5 8%1“8?“& gof &8 é’r"ég% oPLe;
conduct or, 15ancpréfemblybiomin. fA amlt hger thicksdss shiht Iresistmw glyext dffers the |aﬂtranv@e Mass

33 to the other. el.ectrode 34 or vice v, I f.th st two electrodes
are arranged o¥ & Bﬂgmﬁao%mg PR ?Iégvlfélela %qa%fgrr Iéhea g power per unit

area. However, such a layer thickness is only possible with the intrinsically

conductive polymer and contact arrangement used. On one hand, the current path
within the resistance layer is predetermined by the polymers used according to the
20 invention, and can be sufficiently long to prevent voltage breakdown, even when the
layer thicknesses are small. On the other hand, the unilateral contact arrangement of
the resistance-heating element permits subdivision of the resistance layer into zones of

lower voltage, which additionally reduces the risk of breakdown.

25 The advantages of the transportation device according-to the invention are further
enhanced when the resistance layer has a positive temperature coefficient (PTC) of its
electric resistance. This leads to an effect of automatic regulation with respect to the
highest attainable temperature. With this effect, overheating of the container and
reactions in the container caused by this overheating can be avoided. This effect

30 occurs, since the flow of current through the resistive mass is adjusted as a function of
temperature because of the PTC of the resistance layer. The current becomes lower

the higher the temperature, until at a particular thermal equilibrium it has become



15 interlayer consisting of a material with high conductivity is provided
on the opposite side, the heating current will flow fromone el ectrode
through the resistance layer to the interlayer, fiuther thrggghiyt2oog | ayer,
and then through the resistance |ayer to the other el ectrode. However, on

account of the resistive material, it vvild# al so be possible to work w thout
an interlayer, even where the roller shelf consists of a nonconducting 20
material. In this case the heating current flows through the resistance

| ayer, where because of the polynmer structure the entire resistive nmass
heats up. Finally, even the roller shell can consist of conducting nmateri al

and serve to gonduct .the current), The current applied. to the el ectrodes
Chen' 11 ovs. £ r STRGrbE Srallca Bt S BB B, BF alel e ot e

t hL oug hI the r Ohdrﬁbreﬂi&f;ilréveﬁ&ﬂ deliahngn'ghih isopagticulaily impﬁﬂtzmt inthe prescht in?)ef(ﬁjthﬁ. 25 ]
ot her electro ILn all these enbodj t ere the, current i ed to the
resistive mas gffo,r Gistagfkths icquaineryis 09@5{%&@@;@?"@%&1 {l‘i%mieﬂ‘u?‘hg‘eﬂz‘ﬁ"één thds
reduced to halégibhaf thel EdmtdiNep-i§ inflRél réadily Mbsipate® Rhah in3e re@bn JHede #APGL 64
The di stance provi ded between the el ectrodes acts as an additional

resi stance 5i n PEaFHIiRehe cqpteiReraiQn geeonm of| 4 gk of dieatadissinaign,y & sonvientipnel i s
det er m ned by diudl-REARE SIBRRIRRIIC I B SR HAME A th 1HRURafille Dfaitiéf f a0

resistance. 5 1t Is also possible to use a resistance-heating elenent as in
figure 2. Thi gc¢oeding tamthedhentivmgodhe penitary, shig snelfinignis tafeiderb by theogffest of
according to the i i in such a way that the side of the

resi st ance- he%’?@#ﬁgéﬁg%ﬁ&'on whi ch the contacted el ectrodes are arranged
is facing away fromthe roller shell. The electrical dinensions are

determ ned acgQrdin he, di rg{hmati al sketch 3 an i d
mat hemat i glgl %gfe?t&gg? ?@%%@ﬁﬁg’ﬁ ¥ IéleSlrsge fstafic §%g§fa}}e§fgﬁ§rl%% n ﬁiaég Ysed.
Known i nsul at ireznlt,i the tehtérefregistuet 1@t scisdared, to padeytialiydbe sanek iperatifr@i Tids can be

provi ded between.the.resjstance-heatjn enent. and t.he raller. sh ifoit
P test re- 1 o RIS SR b BREar “hih Mh; ST bty e Bliofn s
supply to theceitgiér fot ritanse whentrahegbriiig vaciankidibe mediy ikkthewontaiaet act - maki ng
technologies in the case of flat heating elenents or via slip rings or
beari ngs serving as electrical contact term nals. Depending on the

parti cul arisapplctéiaing s, theBivhtidr) i th rédfstahbe elysr 6@NbE aletdlliet BICRs bafaesed as
el ectrodes. It is also within the scope_of the invention to clanp the

resi stance 2otsEgithselegiradspand thy mtsrigyen By megajlization, mopta! gdheres tp the sugfaeq

Locki ng ri ngs ok 6ddistAbe flySiini ANRMBIoYeSRE VIBWRT cirdiE bEtREESthE BRctiddes bNSt ance
be used as a cl anping device. Thernoplastics in the formof foils or

heat - conduct i H fipatiegeleetEndeigad fregesivense bendforess i s erabrdiment e hrg!

el ement and t kgndf@!ftoRl the PQistantc1a9Erd6 thel MbatinPE1BtRAE BRd R84 tol thABkhkBher et Ween
t he resistance-heating el enment and the roller shell. 25
20 also improved. The surface can be metallized by spraying of metal. Such a metall-

ization is possible only with the material of the resistance layer that is used according
to the invention. A costly metallization step, for instance by metal electroplating,

hence is superfluous and considerably reduces the manufacturing costs.

25 The intrinsically electroconductive polymer is preferably produced by doping of a
polymer. The doping can be a metal or semimetal doping. In these polymers the
defect carrier is chemically bound to the polymer chain and generates a defect. The
doping atoms and the matrix molecule form a so-called charge-transfer complex.
During doping, electrons from filled bands of the polymer are transferred to the

30 dopant. On account of the electronic holes thus generated, the polymer takes on
semiconductor-like electrical properties. In this embodiment, a metal or semimetal

atom is incorporated into or attached to the polymer structure by chemical reaction in



In the roller according to the invention, several resistance-heating

el ements which are spaced apart and distributed over the I ength of the
roller can be provided inside the roller. It is also within 3hlgpdedt of
the invention, however, to provide inside the roller one continuous

resi stance | ayer to which several electroggs are applied in the formof 30
segnents. These segnents extend over the full inner periphery of the roller
shell that is covered by the resistance |ayer, and can readily be
introduced into the roller. They thus permt a rapid assenbly. It is

nor eover possible to achieve heating of individual 30 July 2002 65

regi ons of the i.di i C i e

i nvention a nur?%éeﬂrig Y g%stegéér)ég%gseggrgtg??lérgggagﬁég{]ér%yd@g élgﬁros c\%ﬁ?@ﬁio%lgtetge
alternatively pobhpier etthiotire [Tz freeehirgesTdre peesailt acthe datasef fk@alechors arlmibdsy
extend over th BHII)peri$her. aﬂglﬁre.sgaced apart in an axial direction
For instance, %ﬁ?g?Hﬂ‘mPQéWB COF %% roller can 5 be heated extra when
the heat roller is used as a foil coating roller. This additional heat
supply can proque @aqpifornttenper?ture di stribution over the region in
contact with t REEaRldsior ¥s gepipgtie @alymsr agmixed driheiuch ap amenmsof densipthahe
margins is bal #c@do BY afohR oTdEY ddpahtah RERIEY of bOlyMkE IolkchlB@isSAaRR: £ff, t he

invention, it is also possible to select a resistive mass that has a
negative tenpePEEHRRY dsereendband 4p:1e Mty tiscrafie df it aphicaed fhet serentially all
enbodi ment,  VeqLyRIMHSRCHIRY afeUop &I it # Radt 88 H8m dffthd BGpahe Ths bb¥ficliRes
according to the'invention, the tenperature coefficient” of electric

resi stance can ob&topalypersiand\heneehhateofatheaesisibneetiayep @ avall es thedemperstuzence 80
C 15 1Int [ Ls . ' ' i al..which,

if nec essa:1 3 ggﬁﬁélgﬁpq?g?s&%%%tbg{eﬁg&?énep relpggrn ﬂ&& ﬁﬁﬁg& Pg??lg%g%ﬂgté&h

provi ded on the side of the el ectrodes facing away fromthe resistance

| ayer. This thermal .insul atin terial,prevents radi ation _of heat, from
the 1 esi ot ance S RGcay SlihPedtiigiive onRier S6 fosfrali@loithe Mlefiion'68 os
hence an accumaiployed aofmétenddl fonshaleedidtance dhyeerin tBe casistencethebting elesiest ance
| ayer and contact _arr enment..enpl oyed, the.roller. according to the
vent fon can BeoriE BEE TR Ry ticy! 5nfid sulfiaf SHEhoRthe B A fBher, 40
wi th very hbghembbdimems thaf refistinceriayeantyy dddiliondlGO0contadh graphice Adi€led/. These Wt h
the roller according to the invention,, heatin ower er .unit area in
excess of 10 KEFHEERSE sPRTRRGHS bt AoupeRel Bf diosmted Tesittie Buf atoa.
Wth the heat pefdrably nbeiatmintgalRenaétsad intparticalab Qo KYY 06Fm aetidigar e Rkeastald.
Such a heating power of uggﬁo GO,FVVnQ canlg%%n be aﬁgieved with a |ayer

t hi ckness of t FEue; Thegienhite pgrticles prenof splidly, beynd iptorfthe pelymat sHcEs B i n
heating power @Rfrdely fiéBilel Wheh A @bapBitdparfiold & ineRAct WABIWS poBiniad afl@hled 40 V
is continuously applied., 30 July %30%#66 The tenperat ur th%%Fcan be
achi eved wiPh HeSUFERt can jymp vie the Gaphily famon P ther ¥k e Sondyetiyifeof

pol yner sel ect gfd resiitdnce ByelGinibe Glreier £aiad irPthid way2Of abdduhOofaklir free thbilityeat

roller according to the invention js particularly adapted to be used as a 5
copyi ng rol | er ithe pristapeolayerntie eppiitnarticles cap glsg mayp to s stntang of g5 Byer or
the sealing of ofiPd:RipiaBbt alitaProv&hént of SRR With HR eldBoddd b HtdrRYer d?%;ﬂ&”er S

whi ch are conductive through nmetal or sem netal atons attached to the

pol yners can bthegeetgingm particul ar as the 10 el ectroconductive polymer in
the resistagpnce layers of the resistance-heating el ement, the heatable pipe
and the heat roller. The polyners preferably have a specific resistance to
current flow i fih¢ pephitenppsticlés arelpreferalaly tpadsers dn i tamoswnifcad mubst 2& vel, %) andcan

be. obt i nod byPaterH @R Shafioin e L BR L {bLo BT 1 HE T ol &

sol utions are {hs radégiie ifyepCdniave dinsqal diandi&, oflud Inyo¥e 0.1Sh UWithnthissmall
polymers in such an anmount that approximately one netal or sem netal atom
i s present per3pepn) Qb eraphite and the small dipmetas, formagon, of 8 grephitg ngtyvosk Whichyjged

ina small 3EXCRRI 104 nOondEHof tBhelAihefBnediéikt ChrlTBE atbidetd B tﬁtger mal

deconposition. After that the ions forned or still present are washed out
whi | e graphi t eguaranteed tloat the cuotentcessentiplly eansioussde flowihy eleirotictandyrsion via

the polymer molecules, and thus the advantages mentioned above can be attained. In

o




20 di spersion solution or granulated material. The el ectroconductive

pol ynmers used according to the invention are preferably free of netal ions.
The maxi mum content of free ions is 1 w.%related to the tgpghlymweg of the
resi stance layer. The ions are either washed out as described above, or a
suitabl e 2s reducing agent is added. The reducing agent is added in a ratio
such that the ions can be conpletely reddted. The | ow proportion of ions
and preferably absence of ions in the el ectroconductive polynmers used
according to the invention leads to a long-termstability of the resistance
| ayer subject to electric currents. It was reveal ed that polyners which
contain a higher, percentage of jo have a | ow,agi ng.resistance when 30
subj et to el BETFREH RPHEAPR Aot RPecHERd f SFPEIS BN Poffe o Batihes e

spont aneous degdphid€ pindidle® imish1Be i€ Hiubial BEftadt 2AN whidln & RLEB! dRGeFHdUGIdEY €

pol ymer used according to the invention, to the contrary, is i

agi ng- r esi st amtechivical dad dhermal; siresy, Peinit dathete Ascuzs: plong they dyetile aed 3ging- 2002
67 under prol enaed: s4yMment flow. Reducing agents for the above process of
preparing an el ectroconductive polymer used according to the invention are
those which either will not formions because they are thernally deconposed

during processi.ng, Ay dr azine. | C Cﬁm&} 'y, & t he
pol ymer itsel #Ongeéﬁclﬁggoﬁ?nﬁl d’g’ﬁb{crgl,zat%r oér{ygfr1 e%sucdlE g aégi'lghtl)sOISu h l<'§1gss}nlg
hypophosphi t e polyhaylc anid dsriatisesoandmaized paymenizatts of thess, end elaciidcyndnasveed out .

Preferred netals_or, sem net.als.are sil .ar senj ickel . _graphite or

nol ybdenum I\/B?lgf‘mlélf s %%IIEW%¥ éiFm(’:agﬁf)smP r?&’? u%l?aé%de@(%?c&%oﬁé Ar?gf(glrgsgnrs é“edm nmet al
wi t hout di st upbliyagthaaesctandre weed dis dhtsindiyallyslekrpcdndectivalpoljamenPobjamides, ar e
particularly preferred. JArsenic hydride or nickel cgrbonyl have been found
Lo be par P cuPaymstoyt giefipoiTaies, entndessialvinetiates g orl i PULSCHENS SEAE s o
accordi ng to udiftutcB\Vant preferabin be Qised. Bdlpdntidesb additichplly @ghibly gvddi ddgesive t he
pol ymer a prem x prepar.ed according tq one of, the following formylations in
an anount of EmP_B‘%E% ‘%_P‘?h/oa’(er VARIAGPUS gort fhe prRfughing, ?f?thm%étati‘?n NS parts
by wei ght of gccdiBRENS RS ifentibhl OdifddY SO CRIINAE: RAYMERI {odthel Sortaisd! bdS i n
water), 1 part by weight of wetting agent, 28 parts by weight of 10 %

si | ver nitrat BX&BYeR iSome Bolpaetss fagyingancgrrolpreetieassk g eigaingled (fpopaisesnt  of
amoni a, 39 padchidikbytoWé fEntfdh Heddub®br kit aa;ﬁﬂé're@i@t&.ﬁo% da¥ to\Rh@Vity 9ith
graphite, 11 parts by weight of hydrazine hydrate. 20 Exanple 2: 1380 parts
by wei ght of @X¥®819% acrylic resin dispersion in water, 1 part by wei ght of
wetting agent, 32 parts by weight of 10 % silver nitrate solution, 10 parts
by wei ght of chalk, 12 parts by weight of anmmonia, 6 parts by weight of

car bon bl ack, Tha Bngrafsthe polyaiey molesleg negdhiaries withingwide sanges, fepegring om
hydrazi ne. by i@l & R B e pRRARIEH Soplkrit) Bk SOC R furkholt .
1000 parts by we ggt’ of sftﬁpérenee non’eﬁﬁ, %Oora\gg}}rts agy wel ghlli' of B
anmphol yt i &0 sopysfet %1,63524({5)9%-5 by wei ght of sodi um pyrophosphate, 2 parts
by wei ght of potassium

In one embodiment, the resistance layer has a support material. This support material
on one hand can serve as carrier material for the intrinsically conductive polymer, on
the other hand it functions as a spacer, particularly between the electrodes and the
25 interlayer or container. The support material in addition confers some rigidity on the
resistance-heating element, so that this will be able to resist mechanical stress.
Moreover, when using a support material one can precisely adjust the layer thickness
of the resistance layer. Glass spheres, glass fibers, rock wool, ceramics such as barium
titanate or plastics can serve as support materials. A support material present as a
30 tissue or mat, for instance of glass fibers, can be immersed into a mass consisting of
the intrinsically electroconductive polymer, ie., can be impregnated with the

intrinsically electroconductive polymer. The layer thickness then is determined by the



persul fate, 60 parts by weight of nickel sulfate, 60 parts by weight of 30
sodi um hypophosphite, 30 parts by weight of adipic acid, 240 parts by

wei ght of graphite. 30 July 2002 68 Clains 1. Flat heating3elay2002(1 ),
consisting“of a thin resistance |ayer (2) containing an el ectraconduotive
polymer and at |east two fiat electrodes (3~4) arranged on one side of the
resi stance layer (2) at a distance fromeach other, wherein the polyner has
an Intrinsic electric conductivity caused by a content of netal or

sem netal atom dopant . 2. Heating elenment according to claim1, wherein a
flat floating electrode (5) (s arranged on the side of the resistance |ayer

2) that i d 3,4 t | t
gczzord?ngl tSoO(I? al m§3‘3}%‘; Egﬁipi[\g}aLlﬁe (ngt?sﬁ%l%rjgss&?@{% e%:&onrgs? I ps §%ﬁ§'?gpi al

wi th a specifi prigimpahethadsrcas alsé benesedof | ess than 10'i ~2~cm preferably of
| ess than 10'6 ~-cm 4. Heating elenent aocdrding to claim2, wherein the
el ectrodes (3,4,5) have a thickness in the range of 60 to 150 wn 5.

HEati ng el enenPrefaatly,ché ugpert Ghaddridl % a ﬂd‘tgﬂ’oﬁjul aléfcauﬁllfﬁ{sﬁmﬁ@mét%nﬂ, Witthave a
t hi ckness in the range of 78 to 100 Heatin ement according to

claim 1, wheref¥eheamaterialjitean in @dditign pe . PrAEeniod (il thi heaing pugen] fows Mrpieh 7,
Heating el eTTEn%he%ﬁﬁﬁéﬁ%ﬂ%a’l?atﬁér%ﬁ‘tﬁouﬁﬂ"ﬁ%?bl@m%ﬁﬁm”c%é stance | ayer has a

t hi ckness of about"'1 mm 8. Heating elenent according to claiml, wherein
the resistance |ayer (2) has a positive tenperature coefficient of electric

. . | |
\r/\ﬁzlr th ﬁnfﬁe di 2?%131 Eﬁbﬁfv\épr@@ucﬁglaﬁct ro %@Bsﬁgﬁéﬁgﬁ%@%ﬂ?ﬁ%e@h@?ﬁ%éss of
the resi stancelayery éricki@ys With .misigaum n@lmremanfcr ainstanagi Ado.t @s (ﬂfapmlq‘}lar

wher ei n { G, r aygeRELICCR LAY Al oS APRAN ARGLGNE MUAPRLAlPR) YIP

nol ecules i's a ating e ntaccording to C
Nher el n t he r ainventiva} sieenotherwiee afe whdd diwuahotbeaaﬁhld bfa miredierontaft lpmk/gemer

nol ecul es is bet acc r di to clatm
T horetn & nectera il apd Yoo yetfover SERIGe HENEMon® 3F Tt Pt
partiol es. 13 acrédeahé Blgexehﬁfmdﬂbarﬁﬂwhﬂhu&g:ettbe Ghperant? g«:nwmaeland idad tgraaphi t e
particles are presgnt jn an a of at nost 20 percent by vol une,
referred to th °"[“B’& {?lepﬁ’ﬁﬁu% BB i st ance | ayer, and have an average
di anmeter oisat nost 0.1 wn 14 . Heating el ement according to claim12

, Wwherein the graphite parti Ies ar res n anount of .at st .5

percent by vol JIFFES“PfB rt fit © icéél?aﬂltﬁegc‘frbenﬁlcw flow %‘%ﬁg}en t he
oontent of fremortesﬁ@adarbefvmn E&%lé%&aﬂ&%nh eedhtedlyefbr mﬁtplpb Hels@RAéctéorvei ght
referred to the total g;?t of | . the resi stance_ ] ayer Heat i ng. el enent

according to cSPhfHp@tt the, Sateriah, Jhys py ppfimp lglé‘rzetwe%ftﬁmﬁr oherghelis
consi sting of Raleyam de acrylic resin, epoxldes and pol yurethanes. 17 .
Heati ng el 2eomant accordinci to claim1l ( wherein the resistance | ayer (2)

The transportation device according to the invention is explained in the following

with the aid of the accompanying drawings.

It is shown:
25
in figure 6 a sectional view of an embodiment of a device according to the invention

without thermal insulation layer;

in figure 7 a sectional view of an embodiment of a device according to the invention

30  with a resistance-heating element incorporated into the thermal insulation layer;



conprises a support material. 1 g . Heating el enent according to claim 17
., Wherein the support material Is a flat porous, electrically Insulating
mat eri al . 30 July 2002 70 19 . Heating el ement according 130 Jalyaoml,
wherein the resistance |layer (12,22,32) conprises nore than one | ayer, each
of said | ayers being conposed of di fferqu resistive materials with
different specific electrio reststances. 2 0 . Heating el enent according to
claimt, wherein the rsistance layer ( 9 2,22,32) is applied to the surface
of a hollow structure having an axis and selected fromthe group consisting
of a pipe ( 10), a container (2 ~ ) end a heat roller shell (30) , 21.
Heating el eneny fRafeo8 di E&sﬁ&tﬁé W %f@he eMBSSRER Na | dBVRE |8ddRding td Ghee; , 35)
conposed of a material having a high electrical conductivity is arranged
bet ween the héMesliprsshowainfigitadd t he resistance layer (12.22,32). 2~2 .
Heating el enent aacording to claim?21, wherein the resi stance | ayer
(12,22,32) is netallized at its surfaces facing the el ectrodes (13, 14,

23. 24; 33, 34) Imfigure locthe dedcd &Q'eons(slseqfwu&ﬂ)m cadtainer 2Hend amepistdnsentayer 22

socor di ng to ¢l ai

2. .32
arranged dire Wegr?ntthlg cgﬂﬁfngﬁgvh%ﬁh ?Vﬁ%ﬁ‘rs?oﬁr’llg\rflﬁ g‘fpﬁlu%’t é“@ %%t%%‘gﬁsélsts of
a material haUTwogelectlodgh24 had 4 iwhictand flut laid taye. sepdrated Hieomt ieay etha@n®nin

according to c m.19 . wherein the r SIS ance |la and the

o oot rodas. ( 18ieHEY gl P8 A AHECR (on o GRS P it T RSP PHFSEl iy

dlh recltlon ag h;b}ﬂxe?éﬁbﬁi%aMéead?i‘@uﬁénﬂndllsmﬁvrf)l@)algafocﬁﬁ %ZB, Z@Qm/ﬂllﬂnﬁffr()ﬁlsthé a?d9
t he el eotrodee are arran nthe re er

2, 22) ina pem rittode 12y ‘%‘ﬁ&&%ﬁ‘edﬁ§i§t%“°Fé‘fy§f gﬁf&ﬁaeﬁon@nsrf Tedes ; ﬁ’é‘ enent
according 1H0 fled MelcchtainerOf %Pef&%‘l&aédﬁﬁ&ts(cﬁ‘laﬁ elebtdsdon@icti¢® rﬂiutersdl Ngher power
supply installation (29) extending in axial direction qutside the container

(21 ) over it Suresnt jsreonfugief along theyealhef conisinse 2&andvilews dupwshghe registance
el ectrodes (2 exzﬁlto'tﬁle &&gﬁ@asémh 4 SRt Rt rgﬁétgﬁc% lay%r@Zts h'aet@a h,agy alienment

aocardtng to ofaim1 erein the resistance |ayer

el ectrodes (3Beating wpﬁngwcﬁhtrﬁmf@x@n@at FifgPentaingad | &0 ﬂw @W@I ofiitheect i on
on 30 July dnetl the inner surface of a heat roller shell (31 ) and the
el ectrodes (33, 5‘ are arranged on the resistance layer (32) in a

peri pheralltfy spaced apart relationship. 2 7 . Heating elenment according to

claim2 6 , I nged
on the side g@%ﬁg@zég:@% r?(%glg?ﬁnfe%%Eﬁ apgl(lxze?iﬁté pggmgim%}%rﬁlsal a:?t#g{él%ua
surface at a cintdimar@d. Thiselesohhastanelectroconductive layer 25 facing the container 21.

This layer 25 is flat and covered with a resistance layer 22 on the side facing away

from the container 21. Two electrodes 23 and 24 are arranged at a distance from each
20  other on the resistance layer 22. Over the region not in contact with the resistance-
heating element, the container 21 is covered by a thermal insulation layer 27. An
insulating shell 28 which surrounds, both the thermal insulation layer 27 and the
resistance-heating element 22, 23, 24, 25, 26 is arranged around the thermal insulation
layer 27. The device further contains power supply installations 29. The power supply
25  installations 29 are connected with supply lines 29a which run parallel to the axis of
the tubular container 21 through the insulating shell 28. These supply lines 29a extend
over the entire length of the insulating shell 28 and at its end can be connected to a
source of current (not represented) or linked with the supply lines 29a of a further
insulating shell 28 with resistance-heating element and thermal insulation layer 27
30 arranged on the container 21. Between the container 21 and the electroconductive
layer 25 facing the container 21, materials which will improve the heat transfer can be

provided. These can be thermally conducting pastes, pads with thermally conducting



2 8 . Heating elenment according to claim2 6., wherein the el ectrodes
(33,34) essentially extend over the entire periphery and are arranged in an
axially spaced apart relationship. .AHL. AL . A 99. A9. A AL. AL 34(Lik280Y

DA(L2. A(LF. A(& A(&L. AL. ALI . A" AL. ALE. ALI . A;9 . A(9. A . A(9. A9. A92. A; L2. A" . AL
.A(LY .A9. AL E. A3L. A92 . A L. A L.A39. A3L. Aj; . A39. AL_. A3& A9. A& A(9. AF9 . AL. A
L. Al & A 9E . A39 . Au& AYL. AN9. AYhL. AFL. A L. A 9r. AL. A L. A9. Al L. AuL. A 9Y
.A9. Al h9. AF{9. AY{ .A( .ALLAr.AAs( F T Xz
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gg%gzhzshz%g@v\%&]}fé%g 5@@%&@%&]%@@] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca! e22

;=i ====" > >?@ @ xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca
J cal cal cal gal gafcal sakical cahsal Bl sahealend 52k eah AV MERk ok BERUEERRE oo
MoMWVBOOOC; X s bf tile &t dh& @)l Gadl padisirtlia hfrdriadialdalyGadeC Rlicwithia tkadeepd #a] cal ca
] ca] ca] ca] ca] ca].ca] ca] ca] ca] ca] ca] ca] ca%ca! OPQ RRRAESSThTTUUWNMWMAXXYYYQYYO
72777 [ [ L\ \ } Sherineention 49¢ 49 ampasg etesiredss 2d) ¢hincirh a ey de sysistepealaset] ca] caj
ca] ca] ca] ca] coj anl arl caladlie ﬁlzjﬂr&ﬁ&rﬂadi%h&abt\ fhk Kontained21 afPARARARRMC>CCCCC

dvdddggAhNh(hh} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca}lé&?}tﬁ]i%@]a@ér%%hé iem] ca] ca] ca] cal h8iii Aj kk5I11;
mminnn9ogg<pppppphqqq! rrr3s?s’ s} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] ca] ca]rca] cal ca] ca] ca] ca] ca] ca] ca] ca].ca] ca] ca] ca] ca] ca] ca! sisAtttuR
uuuuvvv[ wwww The supply lines running parallel to'the container axis make it possible to arrange

EyyyCzP : ~ L Qs :
o) CaT oa) cal cages) st 80 i) £ RRRREAMGRN SRR BT MERTREGuER T °
ZT} xsni d_Z] calayer] wadeded on]thaosthiver and] ardnga thenpewidrcnippligsced] the)indiyidadica) ca] ¢

: . I > i
cal cal cal cal i Rap Rk AEALRE Hiniekrhe FRY 1 e’fa%& {040 Bled) O3] CF)
I Xb Qc, 2%B\Wr\dentact with water for instance by the insulating shell.
}Cisni d_Z] ca] ca] ca] gavflcav]vzg] (?;1] (f;?ca]yca] cal ca]gca] ca] cal ca] ca] ca] ca] ca] ca] ca]
cal calca]ca]calca]calca]lcalcalcal! _mhiJ _p&!'u
/ '} xsni d_Z] ca] Tlad reaikinadeclsdating ekinent] is grefedably] amhgeal withioathe ajsolaliogbledi] ina] ca] ca
.cal. L YSh . " .

b ACEH 3wt BB B M A G o oM o DSlpt Thiey ROgfom of P APHIREC o] ca)
ia] cia] cia] c?] ci'aélaiémi'aﬂaefhca]i%lil}rs(ga] t%la] hja} @jﬂ G?{aﬂﬁ[ﬁeimggﬁﬂé{]ﬁax?h?hirea%ma} ca} ca

ca] ca] calcalgalca]calcal]calcalc a a]l calcal ca] ca] ca] ca] ca] ca]ca] ca] ca

Q: !é; ?tg,ﬂvg ?0 container w 0%1 ﬁﬁldctoas extent.

]_P?r%)g?l(gﬁi diZ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]c
alcalcalcalcalc ca&ctggcgrl‘c_a&]c@pa cal ) 1%n*- +58} xsni d%é% cal] cg] cal] ca] ca] ca]
ca] ca] ca] ca] ]@‘f"c | CaFeRE I’ E‘ﬁ%dé‘é?lféf & shetlAR Qyee Hheclaisest] ca] cal
caj cal. gkv yidePdf its length. The resistance-heating element 22, 23, 24, 25, 26 as well as the
zCN} xsni d_Z] ca] ca] ¢ca] ca] ca] ca] ca] ca] ca] ca] ca) ca] cazigca] ca] cal cal ca] cal ca] ca]
ca] ca] ca] ca] caipely] kagp #dc thecpgveat! W_FQ‘(’JEHQ?HS are arranged within the

25  insulating shell 28. The resistance-heating element extends over large part of the
length of insulating shell 28 and terminates within the insulating shell 28. The supply

lines 29a protrude at the end of the insulating shell and can be connected to a source

of current (not represented). The fastening devices with which the transportation
device according to the invention can be arranged on a railroad car or truck are shown
30  schematically in figure 8. These fastening devices preferably are arranged in such a
way that neither the insulating shell nor the resistance-heating element is exposed to

compressive stresses when the container rests on the fastening devices.
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20 metal or plastic, and preferably of polycarbonate. The resistance-heating element can
comprise an interlayer between the container and the resistance layer when a material
without electrical conductivity is selected for the container. However, it is also within
the scope of the invention to provide a resistance-heating element for such a container
which only comprises the electrodes and the resistance layer. In this embodiment the

25  heating current is conducted from the one electrode to the other electrode through the
resistive mass of the resistance layer, i.e., through the electroconductive polymer. This
current path is feasible with the device according to the invention since the structure
of the polymers secures sufficiently large current flow through the resistive mass and
thus a sufficient heat production.

30
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10  using known systems for the connections.

It is also within the scope of the invention to use a material for the resistance layer

that has a negative temperature coefficient of electric resistance.

15 A very small making current is required when the temperature coefficient of electric
resistance is negative. The material of the resistance layer can moreover be so selected
that at a particular temperature, for instance 80 °C, the resistive mass used according
to the invention reverts so that above this temperature the temperature coefficient of
the electric resistance becomes positive.

20
The resistance layer can have a structure in which different resistive materials with

different specific electric resistances are present in the form of layers.

This embodiment has the advantage that by suitable selection of the materials in the
25  resistance layer, the side of the resistance layer from which heat is to be transferred to
the container can have higher temperatures, while it is not necessary that different
heating currents are separately conducted, for instance with heating wires, in
individual layers of the resistance layer. This is achieved when the specific electric
resistance of the polymer employed is selected so as to increase from the layer that is

30  adjacent to the electrodes, in a direction to the side facing the container to be heated.
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It is also possible to provide just part of the length of the container with the insulating
shell with resistance-heating element and thermal insulation layer. Further, depending
on the particular application, the size of the resistance-heating element can be selected
so that one or several resistance-heating elements can be arranged within the thermal
20  insulation layer. In the casé of a tubular container, these can extend in a radial or axial
direction. Here the resistance-heating elements can for instance be arranged in several

longitudinal grooves of an insulation layer.

The device can also be structured in such a way that the inner pipe is formed by a
25  conventional container and that this is surrounded by two half-shells where at least
one of the half-shells comprises a resistance-heating element. The half-shells are

preferably made of insulating material such as glass fibers or plastic foam.

The further objective of the invention is reached by a heat roller comprising a roller
30  shell and at least one flat resistance-heating element arranged on the inner surface of

the roller shell, while the resistance-heating element consists of at least two flat
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the polymers heat is generated which can be transferred to the roller shell to be

10  heated. Here the heating current cannot follow the shortest pathway between the two

electrodes but follows the structure of the polymer arrangement. Thus, the length of

the current path is predetermined by the polymers, so that even in the instance of

small layer thicknesses, relatively high voltages can be applied without causing a

voltage breakdown. Even in the instance of high currents such as making currents, one

15  must not be afraid of a burn-out.

Moreover, the distribution of the current in the first electrode and its subsequent

conduction along the polymer structure in the resistance layer leads to a homogeneous

temperature distribution within the resistance layer. This distribution arises
20 immediately after applying voltage to the electrodes.

Because of the polymers employed according to the invention, the roller can be
operated even at high voltages, for instance line voltage. As the attainable heating
power increases with the square of operating voltage, the heat roller according to the
25  invention can yield high heating power and hence high temperatures. According to the
invention, the current density is minimized because a relatively long current path is

provided along the electroconductive polymers.

Moreover, the electroconductive polymers used according to the invention exhibit
30 long-term stability. This stability is explained above all by the fact that the polymers
are ductile, so that a rupture of the polymer chains and thus interruption of the current

path will not occur when the temperature is raised. The polymer chains are unharmed
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eve% in reactlve environments such as air oxygen. Thus, even an autodestruction of
10  the resistance layer by electrolysis reactions caused by electric currents will not occur
in the heat roller according to the invention. The time-dependent drops in heating
power per unit area achieved in the resistance layer are very small and approximately
zero, even at temperatures as high as 500 °C for instance, and at heating powers per
unit area as high as 50 kW/m? for instance.
15
In view of the use of intrinsically electroconductive polymers, the resistance layer
according to the invention has an overall homogeneous structure permitting a uniform

heating across the entire layer.

20 By selecting an intrinsically electroconductive polymer as the material of the
resistance layer, one guarantees on one hand sufficient flexibility of the heating
element, so that this element is readily applied to the inner surface of a roller, on the
other hand heat is generated uniformly over a large area. In operation, the resistance-
heating element is protected against mechanical stress when it is provided on the inner

25  surface of the roller shell.

The resistance-heating element with electroconductive polymer can moreover serve as
"black body". This body can emit radiation of all wavelengths. The wavelength of the
emitted radiation shifts more and more toward the infrared as the temperature
30  decreases. The infrared radiations of the roller can act upon the goods to be heated

when the roller is made of a material that transmits these radiations, such as glass or
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surface of the roller. A counterelectrode will then be arranged on the side of the
resistance layer that is facing away from the roller shell. The heating current applied

10 to the electrode and to the roller shell serving as an electrode flows through the

resistive mass, essentially across its thickness. This structure guarantees a good heat "
transfer to the goods to be heated, because the roller shell is in direct contact with the

resistance layer.

15  However, in this embodiment it is also possible that on the inner surface of the roller
shell a flat electrode is arranged which on its side facing away from the roller shell is
covered with a resistance layer. The other electrode is then arranged on top of this
resistance layer. Here the heating current flows between the two electrodes, and the
roller surface can remain voltage-free. This embodiment is advantageous primarily in

20  applications where a direct contact between the heat roller and for instance the user of

the device can occur.

According to a further embodiment, the at least two flat electrodes are arranged at a
distance from each other on the side of the resistance layer facing away from the roller

25  shell.

According to the invention, the roller is contacted by two electrodes arranged on one
side of the resistance layer. In this contact arrangement the operating mode of the
intrinsically conductive polymers used according to the invention can be exploited
30  particularly advantageously. The applied current first spreads within the first
electrode, then flows along the polymer structure through the thickness of the
resistance layer, essentially in a direction normal to the surface, and finally is



10b 10b

10b7F10%& ()-" 6! 10%& ()-4F10%& ()- 1F10%& ()-z!. ! 10%8b3b& ()-z0O _aBVK@
10g! & 1099& ()-z!F 1099T& ()-f109d& ()-| 30 July 2002

1099&' ()-9109@& ()-f#109%T& ()-[ $a?VK@

10g! ' #L' L1 109%w& () - z¥%B109d&' () -! 9! 10%ld& () - g109%& () -

10967& () - g9& 10967& ()-(~ q dEVK@ 10g!! #3GI0%& () - 1GLOW& () - .

1090& () -s-3109& ()-+3109%& ()- *310%& ()-q | " #0xnbC 10g! ! y#L109%& () -
10T 10T 10T9109%0& () -, 83109%F& ()-6109%0& ()-5S10%& () - 03~dENbC

10g! 1 109%&' ()- 10%&' ()-L10%& ()-1 109%& ()-z 109%& ()-y1l0%& ()-T -dEnbC

THIENE AR V. R THARCRL e Er e

igi{ei)(()/ q)&- ?)9' ig‘y&gg/r)de& ?9#1%%04301913101!1 316/§l:hlkoﬁﬁfo &'v&§h):re theoroesistance la}éer is Csan((i)wicléed I
"()- " (),-Ls & ()-3/ 109 ()-. -109& ()- .- HC 1 L

10%& ()-s 10‘%‘&“’?3“— %he gﬁ%(?g’&tr?‘;%s' %@%’:‘8? -W%W&%‘p%ti‘t theg t}g@mess of the

resistance layer can be kept particularly small.

This embodiment of the roller according to the invention has the further advantage
that the electrodes are provided with contacts on one side of the resistance layer. This
side faces away from the roller shell and hence is readily accessible for providing
contact terminals. The opposite side of the resistance layer which faces the roller shell
10 is free of contact terminals, and hence can be of flat shape. Such a flat surface permits
a direct application of the resistance layer to the roller shell. An ideal heat transfer to
the roller shell of up to 98 % becomes possible since the contact area between the
resistance-heating layer and the body to be heated is not disrupted by contact
terminals. In addition, a uniform heat transfer can reliably occur from the resistance-

15  heating element to the roller shell and thus to the goods to be heated.

On the side of the resistance layer facing away from the electrodes, an interlayer made
of a material with high electric conductivity can be provided between the resistance
layer and the roller shell. This interlayer serves as a floating electrode. However, it is
20  also within the scope of the invention when in this embodiment the resistance layer is
applied directly to the roller shell. An electrical insulation of the interlayer or
resistance layer from the roller shell can also be realized by simple means, for

instance a foil.

25  In this embodiment of the heat roller, the current flows through the thickness of the
resistance layer, essentially in a direction normal to its surface. Essentially two zones
develop within the resistance layer. Within the first zone, the current flows essentially
vertically from the first contacted electrode to the floating electrode, while within the
second zone, it flows essentially vertically from the floating electrode to the second

30 contacted electrode. Thus, a series arrangement of several resistances is attained by
this arrangement. This effect implies that the partial voltage prevailing in the

individual zones is smaller than the applied voltage. Thus, in this embodiment of the
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Because of the low voltage prevailing in the resistance layer, safety risks can reliably

be avoided with the heat roller according to the invention.

Moreover, the gap provided between the contacted electrodes acts as an additional
resistance arranged in parallel. With air as the insulator in this gap, the resistance will
be determined by the mutual distance of the electrodes and thus by the surface
resistance of the resistance layer. The distance is preferably larger than the thickness

of the resistance layer, for instance twice the thickness of the resistance layer.

The electrodes and the floating electrode preferably have a good thermal conductivity.
This can exceed 200 W/m-K, preferably 250 W/m-K. Local overheating can rapidly
be neutralized by this good thermal conductivity in the electrodes. An overheating is
thus possible only in the direction of layer thickness, but has no negative effects
because of the small layer thickness that can be realized in the heat roller according to
the invention. It is a further advantage of the heat roller that even a local temperature
increase provoked from outside, e.g., from the goods to be heated, can be balanced in
an ideal way by the resistance-heating element. Such a temperature rise can also be
produced from the inside, for instance when an accumulation of heat occurs in the

roller. For this reason a thermal insulating material can be provided inside the roller.

The heatable heat roller has the further advantage that the resistance layer arranged on
the roller shell can withstand even high stresses without giving rise to a local
temperature rise. As a rule, the mechanical stress acting on the roller shell is directed
radially. This is the direction of current flow in the resistance layer of the resistance-
heating element. Such a stress will therefore not lead to an increase in resistance in
places where pressure is exerted, contrary to resistance-heating elements where the

current would flow in a direction normal to the compressive load.

According to the invention, electrodes which are applied to the side of the resistance
layer facing away from the roller shell can essentially extend over the full periphery

and can be spaced in an axial direction.
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resistances are present In this embodunent the side of the res1stance layer facing the
interior of the roller can consist of a material having a low resistance. On top of this
layer, further layers of materials having specific resistances increasing from one layer
to the next are applied. In this arrangement, the side facing the roller shell has the
highest specific resistance of the resistance layer, so that this surface heats up more

strongly, since here the largest voltage drop occurs.

In the roller according to the invention, the electrodes and the interlayer preferably
consist of a material with a specific electric resistance of less than 10* Qeom,
preferably of less than 10 Q-cm. Suitable materials are aluminum or copper, for
instance. This is of particular importance in the roller according to the invention. Heat
rollers which are used for instance as copying roller or foil coating roller must heat up
quickly, and have a uniform temperature over their entire length. With an electrode
material having such a specific resistance, a voltage drop across the surface of the
electrode which would lead to an overall performance drop and to temperatures which
differ across the surface can be avoided. The conductivity also guarantees a rapid
spread of the current within the electrode, which permits a rapid, uniform heating-up
of essentially all of the resistance layer and hence of the length of the roller while it is
not necessary that voltage is applied at a number of points along the length or width of
the electrodes.

The heat-up rate and the temperature generated across the roller surface further
depend on the thickness of the electrodes selected. According to one embodiment, the
electrodes and the interlayer have a thickness in the range of 50 to 150 pm, preferably
75 to 100 pum each. These small layer thicknesses are also advantageous in that the

heat produced by the resistance layer is readily transferred from the interlayer to the
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5  According to the invention, the resistance layer is thin. Its thickness has a lower limit
that merely depends on the breakdown voltage, and is preferably 0.1 to 2 mm,
preferably 1 mm. A small layer thickness of the resistance layer offers the advantage
of enabling a short heat-up time, rapid heat transfer and high heating power per unit
area. However, such a layer thickness is only possible with the intrinsically

10 conductive polymer used, and can be further improved by the kind of contact
arrangement used. On one hand, the current path within the resistance layer is
predetermined by the polymers used according to the invention, and can be
sufficiently long to prevent voltage breakdown, even when the layer thicknesses are
small. On the other hand, the unilateral contact arrangement of the resistance-heating

15  element permits subdivision of the resistance layer into zones of lower voltage, which

additionally reduces the risk of breakdown.

The advantages of the roller according to the invention are further enhanced when the
resistance layer has a positive temperature coefficient (PTC) of its electric resistance.
20 This leads to an effect of automatic regulation with respect to the highest attainable
temperature. With this effect, local overheating of the roller shell can be prevented.
This effect occurs, since the flow of current through the resistive mass is adjusted as a
function of temperature because of the PTC of the resistance layer. The current
becomes lower the higher the temperature, until at a particular thermal equilibrium it
25 has become immeasurably small. A local overheating and melting of the resistive
mass can therefore be prevented reliably. This effect is of particular importance in the

present invention.

Selecting a PTC material for the resistance layer also implies, therefore, that as a
30 result, the entire resistance layer is heated to essentially the same temperature. This

enables uniform heat transfer, which can be essential for particular applications of the
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According to the invention, the resistance layer can be metallized on its surfaces
facing the electrodes and the interlayer. By metallization, metal adheres to the surface
of the resistance layer and thus improves the flow of current between the electrodes or
the floating electrode and the resistance layer. Moreover, in this embodiment the heat
transfer from the resistance layer to the floating electrode and hence to the roller shell
is also improved. The surface can be metallized by spraying of metal. Such a metall-
ization is possible only with the material of the resistance layer that is used according
to the invention. A costly metallization step, for instance by metal electroplating,

hence is superfluous and considerably reduces the manufacturing costs.

The intrinsically electroconductive polymer is preferably produced by doping of a
polymer. The doping can be a metal or semimetal doping. In these polymers the
defect carrier is chemically bound to the polymer chain and generates a defect. The
doping atoms and the matrix molecule form a so-called charge-transfer complex.
During doping, electrons from filled bands of the polymer are transferred to the
dopant. On account of the electronic holes thus generated, the polymer takes on
semiconductor-like electrical properties. In this embodiment, a metal or semimetal
atom is incorporated into or attached to the polymer structure by chemical reaction in
such a way that free charges are generated which enable the flow of current along the
polymer structure. The free charges are present in the form of free electrons or holes.

In this way an electronic conductor arises.

Preferably, for its doping the polymer was mixed with such an amount of dopant that
the ratio of atoms of the dopant to the number of polymer molecules is at least 1:1,
preferably between 2:1 and 10:1. With this ratio it is achieved that essentially all
polymer molecules are doped with at least one atom of the dopant. The conductance
of the polymers and hence that of the resistance layer as well as the temperature

coefficient of resistance of the resistance layer can be adjusted by selecting the ratio.
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layer may additionally contain graphite particles. These particles can contribute to the

5  conductivity of the complete resistance layer, are preferably not in mutual contact,

and in particular do not form a reticular or skeletal structure. The graphite particles are

not solidly bound into the polymer structure but are freely mobile. When a graphite

particle is in contact with two polymer molecules, the current can jump via the

graphite from one chain to the next. The conductivity of the resistance layer can be

10 further raised in this way. On account of their free mobility in the resistance layer, the

graphite particles can also move to the surface of this layer and bring about an

improvement of its contact with the electrodes or interlayer or with the roller shell.

The graphite particles are preferably present in an amount of at most 20 vol.%, and
15 particularly preferably in an amount of at most 5 vol.% relative to the total volume of
the resistance layer, and have a mean diameter of at most 0.1 um. With this small
amount of graphite and the small diameter, formation of a graphite network which
would lead to current conduction through these networks can be avoided. It is thus
guaranteed that the current essentially continues to flow by electronic conduction via
20  the polymer molecules, and thus the advantages mentioned above can be attained. In
particular, conduction need not be along a graphite network or skeleton where the
graphite particles must be in mutual contact, and which is readily destroyed under
mechanical and thermal stress, but it rather occurs along the ductile and aging-
resistant polymer.
25
Both electroconductive polymerizates such as polystyrene, polyviny! resins,
polyacrylic acid derivatives and mixed polymerizates of these, and electroconductive
polyamides and their derivatives, polyfluorinated hydrocarbons, epoxy resins and
polyurethanes can be used as intrinsically electroconductive polymers. Polyamides,
30 polymethyl methacrylates, epoxides, polyurethanes as well as polystyrene or their
mixtures can preferably be used. Polyamides additionally exhibit good adhesive
properties, which are advantageous for the production of the roller according to the
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invention, since this facilitates application to the roller shell or interlayer. Some
polymers, for instance polyacetylenes, are eliminated from uses according to the

invention because of their low aging resistance due to reactivity with oxygen.

5  The length of the polymer molecules used varies within wide ranges, depending on
the type and structure of the polymer, but is preferably at least 500 and particularly
preferably at least 4000 A.

In one embodiment, the resistance layer has a support material. This support material
10  on one hand can serve as carrier material for the intrinsically conductive polymer, on
the other hand it functions as a spacer, particularly between the electrodes and the
interlayer or roller shell. The support material in addition confers some rigidity on the
resistance-heating element, so that this will be able to resist mechanical stress. Such a
stress can for instance be generated by clamping devices such as locking rings used to
15  clamp the heating element to the roller shell. Moreover, when using a support material
one can precisely adjust the layer thickness of the resistance layer. Glass spheres,
glass fibers, rock wool, ceramics such as barium titanate or plastics can serve as
support materials. A support material present as a tissue or mat, for instance of glass
fibers, can be immersed into a mass consisting of the intrinsically electroconductive
20 polymer, i.e., can be impregnated with the intrinsically electroconductive polymer.
The layer thickness then is determined by the thickness of the grid or mat. Methods

such as scraping, spreading or known screen-printing methods can also be used.

Preferably, the support material is a flat porous, electrically insulating material. With
25  such a material it can in addition be prevented that the heating current flows through

the support material rather than through the polymer structure.

The possibility of producing layers which across their surface deviate from the desired
layer thickness with minimum tolerances, for instance 1%, is of particular
30 significance, especially with the small layer thicknesses used according to the
invention, since otherwise one would have to be afraid of a direct contact between

contacted electrode and floating electrode. Fluctuations in layer thickness across the
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5  shortest path between the electrodes and the floating electrode but is deflected or split
up at the filler material. Thus an optimum utilization of the energy supplied is

achieved.

The roller according to the invention is explained in the following with the aid of the

10 accompanying drawings.
It is shown:

in figure 9 an embodiment of the heat roller according to the invention having a

15  resistance layer sandwiched between the electrodes;

in figure 10 a longitudinal section of a heat roller according to the invention with two

electrodes arranged side by side on one side of the resistance layer.

20 In figure 9, a heat roller 3Q is shown where the inner surface of the roller shell 31 is
covered by a flat electrode 33. The resistance layer 32 is arranged on this electrode 33
and has a further electrode 34 on the side facing away from the electrode 33. In the
interior of the roller, a thermal insulating material 37 is arranged which completely
fills the interior of the heat roller and adjoins the inner electrode 34. In the

25  embodiment represented, the electrodes 33 and 34 are connected to a source of current
(not shown). The current flowing through the resistance layer 32 heats this layer and
thus leads to a heating of the roller shell 31.

Figure 10 represents an embodiment of the heat roller 30 according to the invention.
30 In this embodiment the resistance layer 32 is arranged directly on the roller shell 31

and is covered essentially completely by two electrodes 33 and 34 on its side facing
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embodiment, the heating current flows from the first electrode 33 to the roller shell,

10 which preferably consists of a material which is a good electric conductor, and then

back from the roller shell through the resistive mass 33 to the other electrode 34 or

vice versa.

If the at least two electrodes are arranged on one side of the resistance layer and an
15 interlayer consisting of a material with high conductivity is provided on the opposite
side, the heating current will flow from one electrode through the resistance layer to
the interlayer, further through this layer, and then through the resistance layer to the
other electrode. However, on account of the resistive material, it will also be possible
to work without an interlayer, eveﬁ where the roller shell consists of a nonconducting
20 material. In this case the heating current flows through the resistance layer, where
because of the polymer structure the entire resistive mass heats up. Finally, even the
roller shell can consist of conducting material and serve to conduct the current. The
current applied to the electrodes then flows from one electrode through the resistive
mass, flows further through the roller shell, and then through the resistive mass to the

25  other electrode.

In all these embodiments where the current is fed to the resistive mass from one side,
the voltage prevailing in the zones is reduced to half that with two-sided current

supply.
30
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5 It is also possible to use a resistance-heating element as in figure 2. This resistance-
heating element is used in the heat roller according to the invention in such a way that
the side of the resistance-heating element on which the contacted electrodes are
arranged is facing away from the roller shell. The electrical dimensions are
determined according to the diagrammatical sketch 3 and associated mathematical

10  relations when such a resistance-heating element is used.

Known insulation in the form of polyester, polyimide and other foils can be provided
between the resistance-heating element and the roller shell if it is desired to keep the
surface of the heat roller voltage-free. Power supply to the electrodes is provided
15  preferably by known contact-making technologies in the case of flat heating elements

or via slip rings or bearings serving as electrical contact terminals.

Depending on the particular application, metal foils or sheets can for instance be used
as electrodes. It is also within the scope of the invention to clamp the resistance-

20 heating element by clamping devices to the roller shell. Locking rings which can
simultaneously serve as electrodes can for instance be used as a clamping device.
Thermoplastics in the form of foils or heat-conducting pastes can be provided betwen
the resistance-heating element and the roller shell in order to improve the heat transfer
between the resistance-heating element and the roller shell.

25
In the roller according to the invention, several resistance-heating elements which are
spaced apart and distributed over the length of the roller can be provided inside the
roller. It is also within the spirit of the invention, however, to provide inside the roller
one continuous resistance layer to which several electrodes are applied in the form of

30 segments. These segments extend over the full inner periphery of the roller shell that
is covered by the resistance layer, and can readily be introduced into the roller. They

thus permit a rapid assembly. It is moreover possible to achieve heating of individual
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regions of the roller by providing in the heat roller according to the invention a
number of electrodes acting as electrode pairs which are alternatively supplied with
cutrent. These electrodes, too, preferably extend over the full periphery and are
spaced apart in an axial direction. For instance, the marginal regions of the roller can
5  be heated extra when the heat roller is used as a foil coating roller, This additional
heat supply can provide a uniform temperature distribution over the region in contact
with the goods to be heated, since a temperature drop along the margins is balanced

by the additional heating.

10  Within the scope of the invention, it is also possible to select a resistive mass that has
a negative temperature coefficient of electric resistance, In such an embodiment, very
low making currents are needed. In the resistive mass according to the invention, the
temperature coefficient of electric resistance can become positive above a certain
temperature, for instance 80 °C.

15
In the interior of the roller, a thermal insulating material which, if necessary, can
completely fill the interior of the roller can be provided on the side of the electrodes
facing away from the resistance layer. This thermal insulating material prevents a
radiation of heat from the resistance-heating element toward the interior of the roller

20  and hence an accumulation of heat inside the roller.

Because of the resistance layer and contact arrangement employed, the roller
according to the invention can be operated, both with low voltages of for instance 24
V and with very high voltages of for instance 240, 400 and up to 1000 V.,
25
With the roller according to the invention, heating powers per unit area in excess of
10 kW/m? and preferably in excess of 30 kW/m? can be achieved. With the heat roller,
heating powers of up to 60 kW/m? can be achieved. Such a heating power of up to 60
kW/m?® can even be achieved with a layer thickness of the resistance layer of 1 mm.
30  The time-dependent drop in heating power can be smaller than 0.01 % per year when

a voltage of 240 V is continuously applied.
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dESH= properties of the polymer selected, but can be higher than 240 °C and up to 500 °C.

The heat roller according to the invention is particularly adapted to be used as a
5  copying roller in photocopying equipment or as a foil coating roller for the sealing of

materials with foils.

According to the invention, polymers which are conductive through metal or
semimetal atoms attached to the polymers can be used in particular as the
10  electroconductive polymer in the resistance layers of the resistance-heating element,
the heatable pipe and the heat roller. The polymers preferably have a specific
resistance to current flow in the range of values attained with semiconductors. It can
have values up to 10 and preferably at most 10° Q.cm. Such polymers can be
obtained by a process where metal or semimetal compounds or their solutions are
15  added to polymer dispersions, polymer solutions or polymers in such an amount that
approximately one metal or semimetal atom is present per polymer molecule. To this
mixture a reducing agent is added in a small excess, or metal or semimetal atoms are
formed by known thermal decomposition. After that the ions formed or still present
are washed out while graphite or carbon black can, if necessary, be added to the

20  dispersion solution or granulated material.

The electroconductive polymers used according to the invention are preferably free of
metal ions. The maximum content of free ions is 1 wt.% related to the total mass of
the resistance layer. The ions are either washed out as described above, or a suitable
25  reducing agent is added. The reducing agent is added in a ratio such that the ions can
be completely reduced. The low proportion of ions and preferably absence of ions in
the electroconductive polymers used according to the invention leads to a long-term
stability of the resistance layer subject to electric currents. It was revealed that
polymers which contain a higher percentage of ions have a low aging resistance when
30  subject to electric currents, since electrolysis reactions lead to spontaneous destruction
of the resistance layer. The electroconductive polymer used according to the

invention, to the contrary, is aging-resistant because of its low ion concentration, even
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hydrazine, or which chemically react with the polymer itself, such as formaldehyde,
5  or reducing agents such as hypophosphite, where an excess or reaction products are
readily washed out. Preferred metals or semimetals are silver, arsenic, nickel, graphite
or molybdenum. Metal or semimetal compounds which yield the metal or semimetal
without disturbing reaction products by purely thermal decomposition are particularly
preferred. Arsenic hydride or nickel carbonyl have been found to be particularly
10 advantageous. The electroconductive polymers used according to the invention can
for instance be prepared by adding to the polymer a premix prepared according to one

of the following formulations in an amount of 1 to 10 wt.% (referred to the polymer).

Example 1: 1470 parts by weight of a dispersion of fluorohydrocarbon polymer (55
15 % solids in water), 1 part by weight of wetting agent, 28 parts by weight
of 10 % silver nitrate solution, 6 parts by weight of chalk, 8 parts by
weight of ammonia, 20 parts by weight of carbon black, 214 parts by
weight of graphite, 11 parts by weight of hydrazine hydrate.

20 Example 2: 1380 parts by weight of a 60 % acrylic resin dispersion in water, 1 part
by weight of wetting agent, 32 parts by weight of 10 % silver nitrate
solution, 10 parts by weight of chalk, 12 parts by weight of ammonia, 6
parts by weight of carbon black, 310 parts by weight of graphite, 14
parts by weight of hydrazine hydrate.

25
Example 3: 2200 parts by weight of distilled water, 1000 parts by weight of styrene
(monomer), 600 parts by weight of ampholytic soap (15 %), 2 parts by
weight of sodium pyrophosphate, 2 parts by weight of potassium
persulfate, 60 parts by weight of nickel sulfate, 60 parts by weight of
30 sodium hypophosphite, 30 parts by weight of adipic acid, 240 parts by

weight of graphite.
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electrodes (3,4).

3. Heasting element according to claim 2, wherein the electrodes (3,4,5) consist of
a material with a specific electric reslstance of less than 10 Q-cm, preferably

of less than 10°% Q-cm.

4. Heating element ascording to claim 2, wherein the electrodes (3,4,5) have a

thickness in the range of b0 to 160 pm.

5. Heating element according to clalm 4, wherein the electrodes (3,4,5) have a
thickness in the ranga of 76 to 100 pm,

6. Heating element according to claim 1, whereln the resistance layer has a

thickness of 0.1 to 2 mm.

7. Heating element according to claim 6, whereln the resistance layer has a
thickness of about 1 mm.

8. Heating element according to claim 1, whereln the resistance layer (2) has a

positive temperature coefficient of electric resistance,



1" !s&R10% u& ()-!'\ 1109% ()- 10% u& ()-f# 10% u& ()- 10\ 10\

10\: " 10% & ()-nPQMORHRRaB @1 ~ !gl0% u& ()-L@0% u& ()-L10% u& ()-"

10% u& ()- L10% u& ()- '\9!'10%u& ()-zRRSSSTFUW'? @1 " v, 10(qu,9§411§,)209§('
10%uué& () -

&$310% u&' ()-! N1 10% u{u& ()-2910% u& ()-L10% u& ()- FUU7TVKWWWNWMYNC 1 °
10-u 10-u

10-uY: F10% u& ()-y8"10% q& () - G610% u&'G(% -2F10% u& ()-y110% u& () - W WsW WV
XXaBYNC 1 ~ Z10% & ()-!'\Fs! 109%<(<(& ()-s10% & () -

@O0% & ()- 10% & ()-#s10% & () - XX8YSYaBYNC 1 °

L0 () 1) kil A0 ) R M o O

"Headi ng 53] c" elétarstieads aBowt twikieash figckhdhs of tHdemrdishgnoddawsr (2Keadi ng 93] c" A
"Default Paragraph Font'l:CLV*@ns{1lg_GN' R).2 <EuM/W
j ksC /1 ?24@Biy] {A ' /!19\ AFyLTSVZ\ 2" bdf hj | nprtvxz| ~<#e2@ h" s9~ / N* 8D t M?WP

I st @V\BYHB‘{WM%{A':&;EE:&}\&& éio?c‘grd*iqﬁ i d1airm ardih ShEFAIC Bt weRAHI6MSNf the
mbopq sRuv yz|~t]nmblZz 1 ' EQ hT o%8. z 0

#T% '), . " 23/ 563leragBand-thamansenofiolwper-melpsuled |is 21 apt bd2>RnP5wW65PSc 1DCx 8e
A WBC | r #NY@ C* - 1 23Z5n8x; <#?A1C DCG KMVIONPRFUVKSY

| " #$9&' () *+, -./0123456789: ;

<=>? @\BCDERCHI JHdahiNGre@REan\askyz{ing o clain dief gvhierddh ithe paticsibeiwery st¢ths 6T nmes
!\Ie;vs;;g‘rr? )n *Ail aI %Bgrglgﬁélg;\%g &e@u%be%%f@é@*gpn% ecu Q‘E % between 2:1 and 10:1.
<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

| " #$9R () *+, -./.0123456789: ; , .

o @EChERGH JREIREHIESARRIING 0 oAl de MR A ERRRERSR AN i

L HSUR () *+, - /&aﬂ%ﬂﬁmm\?hite partjoles.

<=>7?@ABCDEFGHI JKLMNOPQRST Z[\]"_ abcdef ghij kl mopqgr st uvwxyz{| } ~
13, Heating element according to claim 12.,wherein the graphite particles are
present in an amount of at mast 20 percent by volume, referred to the total

volume of the resistance layer, and have an average diameter of at most 0.1

pm.

14. Heating element according to claim 12 ,whereln the graphlte particles are

prasent in an amount of at most 5 percent by volume,

15. Heating element according to claim 1, wherein the content of free fons In the
resistanca layer is at most 1 percent by welght referred to the total welght of
the resistance layer.

16. Heating element according to ¢laim 1, wherein the polymer Is selected from
the group consisting of polyamide, acrylic resin, epoxides and polyurethanes.

17. Heating element according to claim 1, wherein the resistance layer (2)

comprises a support material.

18, Heating element according to claim 17, wherein the support materlal Is a flat

porous, electrically Insulating material.
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Heating element according to claim 1, wherein the resistance layer (12,22,32)
comprises more than one layer, each of sald layers being composed of different

resistive materials with different specific electric resistances.

Heating element according to claim 1, wherein the resistance layer (12,22,32)
is applied to the surface of a hollow structure having an axis and selected from

the group consisting of a pipe (10), a container (21) and a heat roller shell (30).

Heating element according to claim 20, wherein an interlayer (15,25,35)
composed of a material having a high electrical conductivity Is arranged

between the hollow structure and the reslstance layer (12,22,32).

Heating element according to clalm 21, wherein the resistance layer
(12,22,32) is metallized at Its surfaces facing the electrodes (13,14;23,24;
33,34) and the interlayer (15,25,35).

Heating element according to clalm 20, wherein the resistance layer (12,22,
32) Is arranged directly on the surface of the hollow structure which conslsts

of a material having a high eleotric conductivity.

Heating element according to claim 19, wherein tha resistance layer (12,22)
and the eleotrodes (13,14:23,24) arranged on it extend longitudinally in axial
direction on the outer surface of a pipe (10) or of a container (21) and the
electrodes (13,14;23,24) are arranged on the resistance layer (12,22) in a
peripherally spaced apart relationship.

Heating element according to claim 24, on an contalner (21), further
comprising a power supply installation (29) extending in axial direction outside
the container (21) over its entire length and being connected with each of the-

electrades (23, 24) in at least two contact points.

Heating element according ta olaim 19, whereln the resistance layer (32) and
the electrodes (33,34) arranged on it extend longitudinally in axial direction oh
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the inner surface of a heat roller shell (31) and the elsctrodes (33,34) are
arranged on the resistance layer (32) in a peripherally spaced apart relationship.

Heating element according to claim 26 , whereln the at least two flat electrodes
(33,34} are arranged on the side of the resistance layer (32) facing away from

said inner surface at a distance from sach other.

Heating element according to claim 26, whereln the electrodes (33,34)
essentially extend over the entire periphery and are arranged in an axlally

spaced apart relationship.



