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POLYMERI C R¥SP %/WRBE HEATI NG ELENVENT Field of the | nRmEV16928
This invention relates to electric resistance 5 heating el ements, and
nore particularly, to polyner- based resistance heating el enents for
heati ng gases and | i qui ds. : Background of the

I nvention 10 El ectric resistance heating elenents used in

connection w th water heatergpilnigRid Atk SNNCY BELPrNG ELEMBE of netal
and ceram c conponents. A-‘typica constructron 1nclTudes a pair of
term nal pins brazed'to the ends of an NN-Cr coil, which is then

di sposed 15 axipléldtidbfothié Bnbepnbidond tubul ar netal sheath. The

resi stance coil is ins d. heat : ; red
cerami c material, usuaﬁ*ﬁigab%ggﬁé%ggx?gggLeg £8 QlQthﬁFIgegﬁgﬁgg%e
conventional héatibmepeirgealemenbse, band more paptigulrbdysetbopoillymewat er

heat.er indusiry fofsged0redeeadR8e hBREEnRAKERRRBsAFBYMRRELShg gases and

wi del y-recogni zed _, , _deficiencies. For exanple, galvanic currénts
occurring bel#@ehd€he metal sheath and any exposed netal "surfaces
in the tank can create corrosion of the various anodic met al

conponents of the system The nehgglsg%%h _%% the Invention

10 Electric resistance heating elements used in
connection with water heaters have traditionally been
made of metal and ceramic components. A typical
construction includes a pair of terminal pins brazed to
the ends of an Ni-Cr coil, which is then disposed

15 axially through a U-shaped tubular metal sheath. The
resistance coil is insulated from the metal sheath by a
powdered ceramic material, usually magnesium oxide.

While such conventional heating elements have been
the workhorse for the water heater industry for

20 decades, there ha?e'béen a number of widely-recognized
deficiencies. For example, galvanic currents occurring
between the metal sheath and any exposed metal surfaces
in the tank can create corrosion of the various anodic
metal components of the system. The metal sheath of

25 ' the heating element, which is typically copper or
copper alloy, also attracts lime deposits from the
water, which can lead to premature failure of the
heating element. Additionally, the use of brass
fittings and copper tubing has become increasingly more

30 expensive as:the price of copper has increased over the
_years.. : ' _

As an alternative to metal elements, at least one
plastic sheath electric heating element has been
proposed in Cunningham, U.S. Patent No. 3,943,328. In

35 the disclosed device, conventional resistance wire and
powderéd magnesium oxide are used in conjunction with a
plastic sheath. Since this plastic sheath is non-
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25 the heating elenment, which is typically copper or copper all oy,

al so attrgglgniispe deposits fromthe wat er, which caﬁd. ,
premat ur e ?a??ure of the heati ng el enent. Additi onal y/ﬁ gkﬁge of
brass fittings and copper tubing has becone increasingly nore 30

expensi ve as the pieq 4, & MPhd Y RARRL RdN tcﬂ:eeat?d wi’ter?r%xe
plastic sheath

As an alternative to netal elenments, at”|east one | s

el ectric heati p§herefetplnpanide Pt the heptinganit iaumenkarimwikls,

Patent No. 3, 94Be32Rtel in The ik said@tbrievig alsoMue Mt igwal .

resi stance wr ag%l : owder ed -magnesi um oxi de are used ,i.n conjunction
witha o BeIdene-snORiFnAEe L S MR OUS SRIPGIE noEese | 1o
96/ 21336 5 prior art, plastic-sheath heatidCEldntEritis 3dEre not

conductive, there.is.n I i 1 Wit he.. t - I
parts of the hgzgg F%aeu%f?%t\#%ggﬁlrgtﬂl\aq{ ﬁ@i%d% hxteh"{/\nh _ 1 ?‘ﬁeth%q'g%ﬁ%fand
there i's al so neefufe serviaailifip. andhimmaamitantly orwerg innl widehns,
these 5 prigecapkednl astic-sheath heating el enents were not capabl e
of. attaining _ high wattage ratings over.a nornal useful service life,
and concomtantly, were not wdely accept ed. 10 ' '
Summary ofiéhe I nvention Summatipi ofi ehentnvantdion des polyneric

el ectric N ' '

This inventidh'provides pélymeric electric
resistance heating elemehts and water heaters
containing such elements. The preferred element
contains an electrically conductive, resistance heating (

15 material having a pair of free ends joined to a pair of
terminal end portions. The resistance heating material
is hermetically insulated within an integral layer of a
-polymeric material} The resistance material and
~ polymer layer together form the hééit'of"a novel
20 heating,elemént which provides resisténée heating
sufficient to heat a quantity of water to a temperature
of at least.about 120°F [49°C] without melting the
polymeric_layer} | o
The heating elements of this invention are most
25 suitable in the servicé of heating hot water for
commercial and reéidential use. They are designed to
produce at least aboﬁt 100-1200 W for heating a gaseous
fluid medium, and about 1000 to about 6000 watts ("W"),
and preferably about 1700-4500 W for heating a liquid
30 fluid medium. This power is created without damaging
the polymeric coating or the storage tank, of a water
heater, for éxample, even in the case where the tank is
made of plastic. Although this .invention is not
limited to any particuiar_theory, it is believed that
35 the cooling effect of the fluid medium, which can be
oil, air,.br water, maintains the polymeric layer below
its melting point, enabling it to transmit convective
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%,
resi stance heating@elenents and water heaters cont ai ni ng such
el enents. THROPPEFEPred el enent contains an el ectrical | yPEHHEWN6928e,
resi stance heating 15 naterial having a pair of free ends joined to a
pair of ternlnal e S heatin
hermetically |nsuI ed %F?ﬁln an | %€$%§§I%§%€ ? ma@erlg% ﬁé
material. The regsieltir®. material and pol ymer | ayer together formthe

heart of a novel 20 hgaty ﬁﬂe@&fver§ M@aehwafaylstu§55ﬁ§teaﬁ§ebsehkeg

sufficient to heat a uantlig t n?e ture
about 120[err]F [2of &} ?ﬁbh@onﬁliﬁng §7eCl . theopoh¥meEiragepting
The heating e|Snenéﬁo&idtﬁésaénwﬁﬂﬁlﬂﬁ poesDb5E, gﬁefeﬂabﬁyleesa then .s

servi ce of heating, hat wa al , and si dent The
are designed to % q%?%dh%ezgtcTeas?nébg€$a§ 1s8% gﬁ?ﬁr ﬁ@& in S énChe s
gaseous fIuid[nﬁﬂ4uqm]andThb@uenabDGStbhaboqatSﬂQOtmeprsvéaﬂvp

and preferably abOHéﬁ&J 4é991 n%&ingeaé1QetﬁlééﬂUéﬁor§Q wikﬁbqtned'un1

Thi s ‘power is creat Mer i c coatlng or the .
storage tank, of apmevéélng SOh@%f rma$6ra%xﬁﬁp@étrEVEanﬁmtﬁéec gatwhere -

the tank is 39 Wﬁgﬁd@étﬂhéétéﬁfléiéﬂeygbftBhé D¥RBALON TheNBblymeric
limted to any particu

t bel d t hat
effect of the fIU|ﬂ°ﬁEd$én? i%hb%aﬂhggogmlgg |IsugﬁFangFa&EYeﬁggh;Fntalns

the polymeric | ayefrbel s as toi asoidl thagopounteneaabEi hgti spbust rAosa t
convective

the element, which could 1eéd2t6 premature failure in
liquid environments. '

15 In a more detailed embodiment of this invention,-
an electrical resistance heating element for use in
heating a fluid medium is provided. The heating
element contains a helical coil of a folded resistance
wire having a pair of free end portions. The helical

20 coil is hermetically encapsulated in a high temperature
polymer. The element exhibits a tubular form having an
open end and a closed end. The closed end comprises a
threaded flange connector and at least a pair of
conductors connected to the free ends of the resistance

25 wire and extending from the threaded flange connector
out of the element_for connecting to a source of
electric power. The heating element further includes a
high temperature cut-off device which is capable of _
discontinuing electrical energy flowing.through the

30 element upon overheating, melting of the polymer, or

' the occurrence of an electrical short.

A Brieg Descrxgtzon of the Drawings
The accompany;ng draw1ngs illustrate preferred
35 embodiments of the invention, as well as other
information pertinent'to the disclosure, in which:
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-heat fro I stance heating material wthout mel ting.

To effecﬁ(\slgﬁlﬁ%;at water to useful tenperatures of PAFHINOS16928
120[err]-180[err]F [49[err]-82[err]C], the polyneric coating 5 shoul d be
as thin as possible, eferably_| S l.-nches (1.27 cm, and
ideally | ess than abggé'.i’i%ghgs§%§sbggﬁ}¥§4véﬁr.°fTﬁi§:g%§EFgg t he ,
coating to provpadymeric fluddnbeptereqf shdenénvensdonical shorts without
providing so mich mggcasatosdenr agee! Galel NB1RAY 1 ehOorC ALY AR 1 c
efficiency of the el enpent. T?eF&olynerlc - coating should bé uniform

and. subst ant i al F¥ubgpBpater o Beeldo as to avoid the occurrence of hot
lspot Sdal ong s 't hEIell.eaent iswai Clroneuwaha&ldvgew% 'egauuaenb?bhﬁtaailn_
iquid environngnts, _15 . _ . Lp.a e ajled e L rent thi,s
i nventi on, CIQRSsPECFIPRA P gigg%%cggﬁéayﬁﬁgsel8ﬁehggf8Pgﬁyngﬁ
heating a fluidfhnﬁduheaseprpﬁi566: Ikhe heating ° el enent contains a
helical coil of_a_forggq 65 $528Ceront pl¥hh®, N@¥LBE-8eRRibnal (48§ end
portions.. The helical 20  corl i's hernetically encagsulatea In a-high -
t enperat ure of BoPyRERTTeHe 1BREReRPLEXRPEFLCN O UBARAPCLYMAERSYI Ng an

open end and a glges@dheaterTBE Flgsed;end conprises a- t hreaded fl ange-

connector and at IeagéGa_ air,of - n cogductors Cﬁ?ﬂ cted to the free
ends of the resistante®: 25 . &Pr& SRGRE(PARARRG PRORLEReFRPEAded fl ange

connect or seatiohalhviewenfna pyefevrnadctenginataonoassembily for

el ectric power. | e eat eLfl udes a- hi gh
t enperature cutF%??pgggﬁéggﬁhFgﬂgﬁsh%ggggréfo?géf s' di sconti nui ng
el ectrical energy flB#@ng6thréBgh ERéardsd partheht fupek Blenazaviny,

mel ting of jishe ppl YABren@lof a preferred coil for a polymeric fluid
. heater of this invention; and . R
FIG. 7:3'is'a enlarged partial frént'planar view
of a dual coil eﬁbddiment for a pélymeric fluid heater
of this invéntiqn; o '
20 o
Detailed Description of the Invention
This invention provides electrical resistance
heating elements and water heaters'containing these
elements. These devices axe useful in minimizing
25 galvanic corxosion'withih water and oil heaters, as
well os lime buildup and problems of shortened element
life. As used herein, the terms "fluid" and "fluid
medium" apply to both liquids"and'éaSes,
With reference to the drawings, and particularly
30 with reference to FIGS. 1-3 thereof, there is shown a
preferred polymeric fluid heater'ioo of this invention.
The polymeric fluid heater 100 cpntains an electrically
conductive, resistance heating material. This
resistance heating material-can'bé in the form of a
35 wire, mesh,.ribbon, or serpentine75hape; for example.
In the preferred heater 100, a cbil'i4'having a pair of
free ends joined to a pair of terminal end portions 12
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t he occurreg&ebof an electrical short. A Bri ef
Descri pti on "ol %3 awi ngs The acconpanyi ng dr aMiGI§es95/16928
iltustrate preferred 35 enbodi nents of the invention, as well as other

[n;otnation 3@;;%%&%&&%0i%h%?@#%ﬁéﬁ“f&% ééhé@gé¥ﬁé resistance heating.
PCT/ US95/ 16928  Coil 14 is hermetfcildyy nd sieaatixicas v Hrswl pred cfrem
pogyner:c fluid h?&hﬁ@.@ﬁdﬂ“éﬁ|ﬂﬁﬁ§§ﬁé¥¥ﬁayift$f a h1 (Eeﬁ§efétﬁkéeft
side, plan view o e yi eat e

Fl gl s T oo etk FRRe Ak it e prds. the 3eEitR et | onal
and peel - anay Blewasustaﬂue[hdqpmng<mater1aII1scpfmtaenedﬂffbmasngrtlng
FIG 4. is a fro pl; R t pr rred inner
nol d portion of th%gltp %“Q-_he Cfrl % f|el}%; °l§ ocf %?at?{xl& fhe

FIG -5: is a fromeqysm@ce wﬁqrﬁalcrqfssthH mvw@mm of espbfigient
preferred term natéﬂ'fa%%s%'ﬁéay filiingth or thodlya@iond] i beséss o6 F' G

L ~ heat water to a ‘temperature of at least about 120°F
10 without melting the polymeric layer. As will be
' evident from the below discussion, this can be
accomplished through carefully selecting the proper -
materials and their dimensions.
With reference to FIG. 3 in particular, the
15 preferred polymeric fluid heater 100 generally
comprises.three integral parts: a termination assembly
- 200, éhown in FIG. 5, a inner mold 300, shown in FIG. .
4, and a polymer coating 30. Each of these
subcomponents, and thei: final assembly into the
20 polymeric fluid heater 100 will now be further
explained. |
The preferred inner mold 300, shown in FIG. 4, is
a single-piece injection molded component made from a
high temperature polymer. The inner mold 300 desirably
25 includes a flange 32 at its outermost end. Adjacent to
the flange 32 is a collar portion having a plurality of
threads 22. The threads 22 are designed to fit within
the inner diameter of a mounting aperture through the
side wall of a storage tank, for example in a water
30 heater tank. An O-ring (not shown) can be employed on
the inside surface of the flange 32 to provide a surer
water-tight seal. The preferred inner mold 300 also
includes a thermistor cavity 39 located within its
preferred circular cross- section. The thermistor
35 cavity 39 can include an end wall 33 for separating the
| _thermistor 25 from fluid. The thermistor cavity 39 is
preferably open through the flange 32 so as to provide



FIG 6: is a enlarged.partial front planar view 15 of the end of a

preferreqwﬁgkk

FIG 7: 1s a en

:égr a polyneric fluid heater of this invention; a
arged partial front planar view - of aPQHUPISUEeIs

enbodi ment for a polyneric fluid heater of this invention. 20
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20

seat for electrlcally separatlng(gﬁ e. %gg§8of the

preferred coil 14.

The preferred inner mold 300 can be fabricated
using injection moldlng processes. The flow-through
cavity 11 is preferabl? produced using a 12.5 inches '
[31.75 cm] long hydraulically activated core pull,
thereby creating an element which 1s about 13-18 inches
(33.02-45.72 cm] in length The 1nner mold 300 can be
filled in a_metal mold using a ring gate placed
opposite from the flange 32. The taréet wall thickness

for the active element portion 10 is desirably less

25

than .5 inches [1.27 cm], and preferably less than .1
inches [.254 cm], with a target range of about .04-.06
inches [.1-.15 cm], which is belleved to be the current
lower limit for 1n3eot10n molding equlpment. A pair of
hooks. or piﬁs 45 and-SS are also molded along the

. active element development portion_lo between

30

consecutive threads or trenches to'provide a

termination point or anchor for the helices of one or
more coils. Side core pulls and an ‘end core pull

through the flarige portion ‘can be used to provide the

 thermistor cavity 39, flow- through cavity 11, conductor

35

cavities 31 and 35, and flow-through apertures 57
during injection molding. ' o

'With reference to FIG. 5, the preferred
termlnatlon assembly 200 will now be dlscussed The
termination assembly 200 comprlses a polymer end cap 28

WO



and 16 is pgaéhggg?%or generating resistance heating. Coil 14 is

her meti cal | ctrically insulated from fluid wit hPeHUPHIEYBal
layer of a high tenperature polymeric material. In other words, the
active 5 resistawfgheatt&oaseésti al ph§rp69t getRdnbiopbaiactibas 23

out in the fluid b he polynerjc coatl resi stance material of
this invention is %ﬁés%%Pch%n?h g??ac@ afFbg, tFﬁﬂbPﬁ& fonnections

cross-sectional tmxkaeds24 ocan conteah threaded hollespdratnde36f fatr | east

about w20lerrlt  Afeestifioul CELLLAOA! BEAROLYER! ' GubdYSE o By 22

evident fromthe be u55|on
careful |y sel ebti mowkeing operernal ehactrignd Hhﬁeﬁhelﬁhélﬁéﬁ@#@ﬁé

Wth reference to Eéﬁaeéti@n@aﬁﬁ'ﬁﬂaaé4 hbe théSenar pbets edsP ey B risui d
heater 100 generallg aes t hree |nteg g gart a tern1nat|on
assenbl y 20031§W6ﬁﬁ°¥n2%|€9 sEhermiREPT 5PRINEE° sREFN 2*n FI G

4, and a pol yner cohéimgsSOr &anéluotorhkae 21 ele&uh&&aﬂ&yeﬁbané&m¢ their
uraheossemPly | M Qetiitnal 2BonfiBL¥IBY Sa WL BRALALL1ED Wbkl B8

further exp Ia| erre I NNer
FIG 4, is 10 aTlse ngthepi ebermipteri §ﬁrmn§éd2@onr§on@nnem@sl fticom a
hi gh tenperature POLYPRYstdPechAARELER! saéoaed%u&ﬁblﬂé ded2 griglc!tes

flange 32 at its outernost end. Adjacent the flangé 32 is a callar
portion having a pViFaipt§opgductor CPP{I’-EXd§52?1°FHetthﬁr é&&’?rZ?oé'rté%Qfgned
to fit within Fighesi nnes dbﬁmbeé eheacmuhtogaamﬁ@wlgtw @ghidg he

O1ing (ot shown) PEARLBRRempPBYEAOBRLY: the KECERGSEoToRR SO0 &F the
flange 32 to pSovi dephasedewith a tharmDStaghtasswl;thaameeﬂEKX@dﬂmenaly
mol d 300 al so a grounding band that is connected to an external
circuit breaker,_of the like. It is believed that the
- grounding band (not shown) could be located proximate
to one of the terminal end portions 16 or 12 so as to
20 . short-out during melting of the polymer.
In the preferred environment, thermistor 25 is a
snap-action thermostat/thermoprotector such as the
Model W Series sold by Portage Electric. This
thermoprotector has compact dimensions and is suitable
25 for 120/240 VAC loads. It comprises a éonductive-bi-
metallic construction with an electrically active case.
End cap 28 is preferably a separate molded polymeric
part. '
After the termination assembly 200 and inner mold
30 300 are fabricated, they are preferably assembled
together prior to windihg the disclosed coil 14 over
the alignment grooves 38 of the active element portion
10. In doing so, one must be careful to provide a
completed circuit with ‘the coil terminal end portions
35 12 and 16. This can be assured by brazing, soldering
or spot welding the coil términal end portions 12 and
16 to the terminal conductor 20 and thermistor



- mol d 300 al so contal ns at

I ncludes a.therm stor cavity 39 located within its preferred circul ar
Cross- sqgidsRizgINe therm stor 35 cavity 39 can includ Il 33
ST Ee A

for separating the therm stor 25 fromfluid. The t cavity
39 is ~ preferably open through the flange 32 so as to provide
5 WO 96/ 2&B8%Mictor bar 18. It is also important to RgHoRSHEY 16928

easy i nser ti on pladdq e aqlrnatwrb@ééeeﬁ&yl&@% dbfa 300 pPigkersed inner

east -a palr uctor cavities 31 and
35 | ocated betaRRdying the po Sﬁ%‘?’?n%‘t‘%t?’-%v??y a:FIEI FIH% Brefenredal | of the

inner 5 nol @nfwdlrnféiﬁi vuﬂgetﬁzﬂﬁwwﬁnb@rw&@ndvéﬂekﬂﬁhded to
conduct or 20 of the t n1nat|oqaﬁsse 200. inper nold

00
contai ns a°se erlcd?%%@églﬁg EP?pb@%ﬁ a?%ﬁ%d its
out si de ci rcura‘cm enabfs with t%e:sme}r covkd 32@.91, beorérpatits ocannbennect ed

trenches, Q?ﬁr
‘seat ‘for electrlé:qﬁﬁﬁgfi aratlng ?ﬁiﬂﬁ | ces éeﬂéialﬁg ﬁfa%erregoc0|l
14. - Wit hrghgh rﬁ??F%%KP%a§7b%nﬁaﬁi?ﬁaﬁbﬁough usi ng .

i.nj ection nol d:‘d?&n%’ q_clescgfé:n The fl owt hr.ough 15 cavity 11 is preferably

produced 4511 @ Len ih8Sace mo AR e oAbl o USSR oLt vt o
single and double res1stance w1re embodlments for the
polymerlc resistance heating elements of this
1nvent10n In the 51ngle wire embodiment shown in FIG.
6, the allgnment grooves 38 of the inner mold 300 are

15 used to wrap a flrst wire pair having helices 42 and 43
into a coil form. Since the preferred embodlment
~ includes a folded resistance'wire,'the end portion of
the. fold or: hellx termlnus 44 is capped by folding it
around pin 45. Pin 45 ideally is part of, and
20 injection melded along with, the inner mold 300.
Similarly, a dual resistance wire configuration
can be provided. In this embodiment, the first pair of
helices 42 and 43 of the first resistance wire are
separated from the next consecutive pair of helices 46
25 and 47 in the same resistance wire by a secondary coil
helix terminus 54'wrepped around a second pin 55. A
second pair of helices 52 and 53 of a second resistance
wire, which are electrically connected to the secondary
coil helix terminus 54, are then wound around the inner
30 mold 300 next to the helices 46 and 47 in the next
adjoining pair of alignment grooves. Although the dual
coil assembly shows alternating pairs of helices for
each wire, it is understood that the helices can be
wound in groups'of two or more helices for each
35 re51stance ‘Wire, or in 1rregular numbers, and winding
shapes as desired, so long as their conductive coils
remain 1nsu1ated from one another by the inner mold, or

‘



[33.02-45.75¥§nbzln | ength. The inner nold 300 can be filled in a
met al nol d 133%ing gate placed 20 opposite fromthe f | BAHESBA628The
target wall thickness for the active elenment portion 10 is desirably

less  than . 5dpchesnd: 2ﬂsﬁmtlﬁ@dm9£@£§aﬁblyueES§stsaﬁarate
inches [.254 cn], wth a tar range_of about . inches [.1-.15

cnl, which is behE&EﬁFr% %%g?h%gﬁur?ﬁﬁt 25 Iomer I|n1t for injection
nDIdlng equi pment. A pehe plastic papbhsobrthissidbeanilobSpaeéeahbdynol ded

al ong the 2chhdF 8L oeRh RV ELABEROL DO hTAr DBRIBR i 11, not.

consecutive threads or hes |on poi nt
anchor for the5hel¢%é@rmfSbgnlﬁlca891Yn9remébtl§t fougd @Gﬂéumulls and an

“end core pull . te&ﬁég&gﬁrggeoﬁlgﬁggtpgﬁbLngegn[bgouggdcgo prOV|de t he
therm stor cavity 39, fIOMFthrough cavi yhll cond uci vities 31
and 35, and flow tFRSHRAPAREFLGr BOIEReTs” havipngi fa mphFARg| ﬁmﬁﬁF&FH§? 35

Wth reference_to §}éhtér thanprebeFr ¢d3°C] artemoshatieshrablienblayl tPdigh | |
now be discussed:  If€ain cerhRiBE"3hiOBnaRREHREY iAEOpERIREIEC BB LAY

end cap 28
PCT/ US95/ 169280  be usefulgfied tbiscpuppoaepai Prefervedi hherpopdestiions 23

and 24. As shown i e al d 24 can
cont ai n .t hr eaded h@?gégézganﬁﬁ 1h@iﬁB€ £20826EL288ns, pol%%r@ﬁ

sulphones, polylmldes, polyetheretherketones,
polyphenylene sulphides, polyether sulphones, and
mlxtures and copolymers of these thermoplastics.

15 Thermosettlng polymers which would be acceptable for
~such appllcatlons include certain epoxies, phenolics,
and .silicones. Liquid- crystal polymers can .also be
employed for improving high temperature chemical
processing.

20 .- In the preferred embodiment of this invention,
polyphenylene sulphide ("PPS") is most desirable
because of its. elevated temperature service, low cost
and easier_processability, especially during injection
molding.'

25 The_polymers of this invention can contain up to
about 5?4Q_wt.% percent fiber reinforcement, such as
graphite, glass or polyamide fiber. These polymers can
be_mixedfwith various additives for improving thermal
conducti#ity and mold-release properties. Thermal

30 conductivity can be improved with the addition of
carboh, graphite and.metal powder or flakes. It is
important however that such additives are not used in
-excess, s1nce an overabundance of any conductive
- material may impair the 1nsulatlon and corrosion-

35, reszstance_effects of the preferred polymer coatings.
Any of ﬁhe:polymeric elements of this invention can be
. made with any combination of these materials, or



accepting a threaded connector, such as a screw, for 5 nmounti ng external

el ectri cajyoWshessg The term nal connections 23 and 24_are the end
portions o? term nal .conductor 20 and therm stor eonﬁ%yp
Ther m st or conductor bar 21 electrically connects t erm nal connectlon '

24 Wi th thern sieledeive nehel@70f thé@seThelgpmbes tharbestusedt einhnak 29 is

conneoted L0 . orttabEr Ahalorvanie! 98 blel Bablol endEoh ghgd:{8al

wi t hi n conduct of [ ower
conpl ete the cudemﬁmdlugt%@rﬁhstendzssesfor thepedemgnl. Optionally, the

thermstor 25 can beTheléeéfgtéﬁéé mataraanhagaBSEatcoﬁdﬁetleiéeakgcz@o or
nerely a groundi g $and % connectg %9 g gxterna

circuit bredkerSubFerheip kgeneratg ERFedBdthRaflppe heaterg, gfnkhi§ band
(not shown) coulmvéetionapedferaklypatentains aOreBﬁlsﬁ&nchemEEam whlicind
portions 16 O 48 S0ed8rl8a11008RALEE UL JULLNELTE! LLBgoeLaLhe, RO YTer .

In the preferreldS onmnen Cti
thernDstat/thermmmmbaECmGtabutﬁ H&- €Heall°Y awbbeughlsertesnsgbnpby Por t age

Electric. This geeey éH&VEPQiﬂiéﬁéoétEéi 39m89§tCSumanﬁeogaleaﬁlés Sﬁttab'e
25 for 120/ 240 VAC | oads. es. a condyctive bi-

constructi @9 wi i %Hrﬁh%ﬁt??gaﬁt ng t Fpatcgepductive, Eﬁayﬂﬁﬁszs |s
preferably a sepsenesenifydgdaphiyeprtarbon orpmetal powders orAffiberkhe

term nation assgnbl y 200, and, i nper I - 30,300 are fabricated, they are

preferably asseﬁ%?e%xample’tgas hgfn%rggPsgétﬁgﬁd?ﬂﬁ Fﬁgaa?§8Iosed coil 14
over the nésgahancegmabeesaBB eb ihagaasitheylanenCapebﬂeonf 10.
In doing so, eﬂ%ﬁ%tPﬁgcéﬁf%gcléﬁtprgsi €afice eat99§pgstﬁga2'rcu't W th

the coil tern1n ortions |s cah be assured by {
brazi ng, sdisderfhgids, su@h §50WaﬁEFd|nEhFhEGBBFplpgrﬁiﬁﬁFréﬁélport|ons 12

and _ conductors of the preferred polymerlc ‘fluid heater 100
can also be manufactured u31ng these conductlve
materials. '

The standard rating of the preferred'polymeric

20 fluid heaters of this invention used in heating water
is 240 V and 4500 W, although the length and wire
diameter of the conducting coils 14 can be varied to
provide multiple ratings from 1000 W to about 6000 W,
and preferably between about 1700 W and 4500 W. For

25 gas heating,'lower wattages of about 100-1200 W can be
used. Dual, and even trlple wattage capac1t1es can be
provided by employlng multiple c01ls or resistance
materials terminating at different portlons along the

- . active element portion 10.

30 From the foregoing, it can be realized that this
invention provides improved fluid heating elements for
use in all types of-fluid heating devices, .including
water heaters and oil space heaters. The preferred
devices of this invention are mostly polymeric, so as

35 to minimize expense, and to substantially reduce
galvanic action within fluid storage tanks. In certain
embodiments of this invention, the polymeric fluid

- 10 -~



16 to the terminal conductor 20 and thernistor

-7 - NP 88794336 RETUBXLFRE928
conductor bar 18. It is also inportant to properly | ocate the coil 14
over the inner nol r p 0, r I'n
the preferred ﬁg%ﬁ?%#ﬁééﬁ gg %S%% gﬁeéaﬁgﬁnébfog &¥gﬁove g?ﬁ?ﬁged to

5 forma thernDpIa%%¢%a$ﬁl9%%$l%°b®ﬁdtQA%ﬁO%ﬁethﬁné?eﬁEFEn of mggpl imy-

wi th the inner nolgeBfedCObLrsids gaﬂoggther i ntroduced into the nold
during the nolding pro

to t he fI thro ertures 57 _and
f | owt hr ough ' caV|t§f§3r%%%ﬁvel¥0 “Pness Breh™ MF?5§ g ?u%g %FéEE%E shd 7,
there are showms be éeaggneéndodbebueedesepaaatelmﬁae thbodi pwnt stbragehe
Pol ymer i ¢ [ eS! St ancenDERhLE: 5! SRR EafbobBly prore! BHANMEQR: gabBsl Be

singl e wre enmbodi hen |gnnent rooves
the inner mol d 300Ehwéd. 15In,seght anverBodimenrsy hhecfpairthEougd Kevicds

42 and 43 int9yac-6Q18 herwbldSanes the poemebeed Qﬁﬁkdbﬁl‘e@'ftorage
i ncludes a fol ded resjstanc

ol 1 ter i fius 44 PSStRppaRSbEnPoharhgne cofl 1 BaRaa ke sentaited,s’
ideally is panio ofwithiln £Be wajl@cbEohhapvtdrl alkobgsint bndt kaergieredntcd

300. SIMLRE! Y sRufdaby T §3LSEANERe W LAKCY, bARGALT O%he heating
devices of this invention could also be used in food
warmers, curler heaters, hair dryers, curling irons,
irons for clothes, and recreational heaters used in

15 spas and pools.
This invention is also applicable to flow-through
heaters in which a fluid medium is passed through a
polymeric tube containing one or more of the windings
~ or resistance materials of this invention. As the
20 fluid medium passes through the inner diameter of such
" . a tube, resistance heat is generated through the tube’s
inner diameter polymeric wall to heat the gas or
liquid. Flow-through heaters are useful in hair dryers
and in "on-demand" heaters often used for heating
25 water. ' |
Although various embodiments have been
illustrated, this is for the purpose of describing and
not limiting the invention. Various modifications,
which will become épparent to one skilled in the art,
30 or within the scope of this invention described in the
attached claims.

- 11 -



can be provided. In this e OHMSEhﬁﬂﬁUhESBEENtIDaiF of helices 42 and
43 of th (;Mé[t’ Je3| stance wijre arﬁEPLACEBepa:ﬁLed fromthe next .

consecut Nue ST of helices r—the sanme r e BN re by a
secondary coil helix term nus 54 w apped around a second pin 55. A
second pair ofwhgti ¢8scP3imae $&:0f a second resistance W re, which
are electrically connectegd,to_the S¢ condar . coil helix term nus 54,

are then wound arouhd thg PRAEF193E eWSPg éBBpﬁéiﬁn?o the helices 46 and 47

in the next adj oi ni ag péectuﬁcaﬁlynuendugtéveeses&btbnnghhbheldgal
coil assenbly t t I LS helei f h re, it is.
under st ood- tha§Q€%% %%I?gg? thlgg a pQEr Sk @?ée Qﬁds jO%ﬁgﬁ Wl ®nor e
hel i ces o eapair3gt ﬁé§méﬂaﬁcén@|P@rtépnﬁn[iﬁregéﬂarchaWBéﬁGrlaﬁd wi ndi ng

shapes as deSIiﬁdthée bama %és&Bebhcéoﬁéaﬁﬁgéfmﬁeékial is renain insul ated
from one anot her

nne
PCT/u595/16928herm a%é 89h8h30ﬁ§&F§}}XglﬁﬁPéFFﬁé witbhags separate
pl astic coatingstegtral layer of a hbédpHasheemppliastdt pbilgmemdienti on

ferably . de~a+" hi.gh t " Il not 5 -
ggsore;r?mémflcan%?iLE ?36 ggQP|§E§§§€§HE§ hBQLXH?rmﬂg%a?uﬁgs oPoabout -
120- 180F P4D[epr?VSQF99rP€Ftlng thr¢ﬁshn§pndsppéypgryneigynav|ng a nelting

tenmperature suffﬂ&@éﬁ%rtbhﬁaaEOQthﬂ§heﬁb]§]dé§§r€ESEeH Ek&%ﬁE% al t hough
certain ceramcs and t ernDsettlng BP nmers coul be useful for
S

this pur pose. witapRE, Be Lt ABE SR eric materla

2. The heatlng element of c1a1m 1, wherein said

layer comprlses a core for supportlng said resistance

15 heating material.

3. The heatlng element of clalm 1, wherein said
resistance heating material comprises at least one
helical coil. ' | . .

4. The heating element of claim 1, wherein said

20 layer'of polymeric material comprises an injection-
molded polymeric layer. ' :

5. . The heating element of claim 2, wherein said
core contalns at least one flow-through hole for
receiving and passing fluid therethrough.

25 6. The heating element of claim 1, whereln said
heatlng element is attached to a wall of a tank for
heating liquid in said tank.

7. The heating element of claim 1, further
containing a high tempefature eutFoff'deVice.

30 _ 8. The heating element of'claim 1, wherein said

- heating element 'is attached to a water heater tank for
heating the water in said tank. | _

9.. The heating element of claim 1, wherein the

.layer of polymeric material comprises at least a

35 portion of a wall of a fluid storage container.

10.. The heating element of claim 1, wherein said
heating element produces from about 1,000 watts to

_—
: : - 12 -
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néterial Cafvd ke quorocarbonsilﬁokyewgdr-F<5L_.sulphon des,
pol yet her et her ket ones, - pol yph %gnﬁesmlcph;fydes ] ol yet Eé?mg%%hgn

and m xtures and copolyners of Se—rherrepkastl cs. 15
Thermoset ting pol yy taaq_leq‘_{lqi medludnﬁ.l%fl e

appl i cations |nclugﬁ{certaln epOX|es phenal
Li qui d- cryst al poﬁﬁﬂ@%?&ﬁﬂ?QﬂQﬁ)ﬂﬁa1eaSt %ﬁﬂﬂﬁn&&ﬁ?ﬁw[ﬁﬁﬁﬁbV|ng hi gh
tﬁbnpgrature fcheLn cal 11, PIHRCoR it elﬁeﬁnerllt of|éﬂié12@dlm (efvg%és:%im the
enbodi ment of this ,nventio ol yphenyl ene sul phide (" ") 1S nost
desirabl e éﬂéﬁ?&p 4%39(ﬁ§aﬂ§£ﬁg%enperature service, |ow cost
and easi er prosessabl | iat2y., eﬂmmeﬂﬂ:;ngjwlerganmjcﬂ:tdmm 1, whmi-e:hmgsaid 25
T ROyl O f M M U A8 bAOAI A i Oerom o ot
orce

percent fiber rein ass or <?yam
fiber. These pol yrierd T aratts to dweah @awﬁqws/awwaddu ti ves for

i mprovi ng t her mal 1XONAY INddtimh e Yihdht &b £a8Ea iih OPErtwl?éreln the
Thermal = 30 ‘conductivity can be inproved with the addition of :
carbon, graphite HRFIRUZH™ rtdrE¥fakes. It is i nportant however

t hat such addibi ves arasqot Tl&ed'xéaﬂ:lng elenaetsSof séwim an, owvigspdimdenee of

e L e ey 1 Pt re]f er ed&*ﬂﬁ%ée}fﬁ' %y'gtéﬁfcﬁﬁgs%ﬁéé%ﬁi%g%ut

resi stance effects coa
pol ymeric el ement s. @ InﬂhﬁS1ﬂuﬁﬂlqmﬂ dah eout 0.5 niriches t bl a2y emhbi nati on

of these materials, or 15 The heating element of claim I, %vherein the
thermoplastic polymeric material coﬁprises a resin
15 selected from polyaryl-sulfone, polyimide,
polyetherether-ketones, polyphenylene sulphides,
silicone, polyethersulphones, liquid crystal polymer
~and mixtures and copolymers thereof.

16. The heating element of claim 1, wherein the

20 layer of polymeric material contains additives to
improve the thermal conductivity of said layer of
polymeric material.

17. The heating element of claim 1, wherein the
layer of polymeric material contains additives from

25 about 5% to about 40% by weight of said polymeric layer
to provide reinforcement therefor.

18. The heating element of claim 1, wherein said
heating element comprises a tube having open and closed
ends, said closed end having a threaded flange

30 connector. '

19. The heating element of claim 1, wherein said
polymeric material is molded over said electrically
conductlve res1stance heatlng materlal

20. A water heater contalnlng the heating element

35 of claim 1.

I
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sel ecti ve WR&421386 t hese pol yners can be used with or

additives for various parts of this invention dependi ng on the
end-use for the el enent. " The resistance material used to conduct
el ectrical 5 current and generate heal/4in the fluid heaters of this

i nvention preferably contains a resistance netal which i's

el ectrically conductive, and heat resistant. A popul-a ptal i SoNi-Cr
al l oy al though certai n copper, steel and stainleg ‘\\Pys coul d
be suitable. It 10 is further envisioned that condutt

contai ning graphite, carbon or netal powders or fibers, anpl e,
used as a substitute for netallic resi stance r&te RS

t hey are capabl e of generating sufficient rean -\ heat
15 fluids, such as water. The remaining electrica CON 3\WOf " t he
preferred polyneric fluid heater 100 can a %5\:=nufac rred4si ng

t hese- conductive - materi al s. The shardashati ng of /t he
preferred polymeric 20 fluid heaters of this/ w\ ‘w‘%- hgat i ng
NI

wat er is 240 V and 4500 W al t hough the :Q?‘ 5“ﬁ:2;,f

di aneter of the conducting coils 14 can be v,ri-b\:ssgﬁi' provEde nul tiple
ratings from 1000 Wto about 6000 W and :\X:s\ssm-v.w ¢n about

1700 Wand 4500 W For 25 gas heating,” | gwer ?\ :;:f~;==a;. t 100-1200 W

can be used. Dual, and even triple vyattage ?%?ﬁ 4-es—cAn be

provi ded by enploying nultiple coils or rgsistance mat éri al s
termnating at different portions along fthe S
! °|.
™~

FIG.



hetive el enent ort ion 10. 30 Fromthe foregoing; it alized
that this WO9%/2133qyenti on provi des inproved fluid heating eréﬁ@ﬁ% 1652§r

use in all types of fluid heating devices, including wat er heaters
and oil space heaters. The preferred devices of this invention are
nostly polyneric, so as 35 to mnimze 2d9<pense ang. t gjb antially
reduce gal vanic action within fluid storage ks | tain
enbodi ments of this invention, the polyneric Qm
- 10 - WD 96/ 21336 o) \ PCT/ US95/ 16928
heaters can be used in conjunction with ol wreN ¢ storage tank so
as to avoid the creation of netal ion- - reglated pbs{|on  al &éether.
Al ternatively, these polyneric fluid heaters MNONRR to be
used separately as their own storage co TO[ §I eously
store and heat gases or fluid. In such i
fl owthrough cavity - 11 could be nolded in ank Qr
storage. basin, and the heating coi I&‘l DE | Cont _
withinthe wall of the tank or basin and enerqgi t afluid or
gas in the tank or bamu The heating devi f &hi vention could
al so be used in food war mers, curler teare o cay | i ng -
i rons, irons for E‘thes and recr eat Ponal ters in ™
0
N N 2
AJ 3

30
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15 spas and pools. This invention is al so app

fl owt hr oMfh96/21336 heaters in which a fluid mediumis passé’g:q.m?(sgiéﬁs

pol ymeric tube containing one or nore of the w ndings resi stance

materials of this invention. As the 20 fluid ﬁEdIUﬁ]paSSES t hrough the

inner di aneter of such a tube, resB# ance heat is generated through

the tube's i nner dianmeter polyneric wall to heat the gas or

|l iquid. FlowtRB8ough heaters are useful in hair dryers and in

"on-demand"” hegters often used for heating 25 water. Al t hough

vari ous enbodi -nts have been illustrated, this is for the purpose

of describing_g not! |l judtin he i nvention. Various nodifications,

which will be?ii; ApPEe 6 skﬁgled in the art, 30 or within the
,.\ r

i

scope of this N |on degc i n Phe attached cl ai ns.
PCT/ US95/ 1692 BN N— e

imed is: 1. A heating el enent
for heating a f§§l; conpri di

an electrically conductive
resi stance Qe s§ mat er i g@aV|ng a pair of free ends joined to a
pair -~ of er NN end pa

AN S [12, 16], characterized in that sai-d
resrstance heati np\yat eri al 3 hernetlcally and
o :
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el ectri cal I‘x
which is in
heating material providing heating
sufficient to heat the
sai d pol yneric materi al

wherein said 15 polyneric nmateri al

heati ng el enent of- claim 1, wherein said

conprises at |east one helical

insulated within a self-supporting polyneric

OR3P with the fluid to be 10 heated, said r cRFEPSIFHE928

t hrough s
2. Athe he

conprises a
res
coil.

of claim1, wherein said 20 polyneric nmateri al
Thé4heat i ndZel enent of claim 2, wherein

i njection-nol ded core. 5.
said core contai ns at

passing the fluid therethrough.

1, wherein said 25 heating el enent

heat i ng the fluid in said tank
claim2, wherein said pol ymer i
grooves di sposed t hereon. 30

wherein said resi stance heati

di sposed in said alignnment grooves,
claim1l1, wherein said pol ymer i

of a side 35 wall of a fluid cont ai

| east one

ugh
The

45' " 4

gedey i

to a wall

. material [30]

aid polyneric nmateri al

fluid to a desired tenperature wi'thout nelting

ating elenment of claiml,

core. 3. The

i stance heating nmaterial
4. The heating el enent

conprises an

hol e for receiving and
heati ng el enent of claim
of a tank for
The heating el enent of

7y ar in shape with alignnment
‘fipati ng el enent of claim?7,

cpnpri ses
=] The heating el enent of

a helical coi

yiapri ses at

| east a portion
12

FIG. 7




PéT/ US95/ 16928 \‘M n : e.I. enent of clgim (ST i,d

heating ‘el ement prgmmmm ﬁ 3 1|Pgo wat t s Lo ?bggl[)fmggoge%/tsfﬁ]s 2 8
) the fluid t least - abou Oln I

poat ° e’ Leﬂlm n]acl ai ?nslo, wher ei n the’PEWS%Bl‘!UE 1996

5 11. The heating : : .
wat er . 12. The heating elenent of claim11, wherein said heat i ng
el enent produces h fe out .100 to about 1,200 watts to heat a
gaseous fluid. 10 et E%%ilgmgdhéﬁti ng -el ement of claim2, wherein the
heating elenent is capable of being disposed through a wall - of a tanléI
for use in connection with hgatéf@ind e dnlnt B¢ Mmeatis Lif1da and
sai d polyneric core conprises an i}mt?ar tuEuFare?tl:Jr'lz? en&upor}tg?%ﬁgﬂ'g\}Pﬁg

an end opening therein, a 1SaEa\ﬁ]t‘§F*ch:ﬁﬂ5'_s]é’d FPBRPAELYS meshskaAnFenbeating
opening and a 5 hategddls¢tendhanvdngoat pailr 8pdfree ends joine82t8 a pair

i st heatin Lal ks [ .GAl il dnd onto_sajd pol ric
Core o oxtend i niory erninar shd'Gofons (14, 18P hafhge etk ih That
a polyneric 20 co8fiflg resistpnsed heatingi maksnisdll desi | hermeticalli®. and

The heating el enenelebtehiahiny iwdaiakadal R8thin ROLKABLE €5 hg! i
t hi ckness from about , 0.0Q4_inc eé 10 cnjnto about Spga%néhgsp ?‘ ric

cnj. 15. WRRETABilRPlel 6F dinaiGAntaciheyith the fHuid to be
polymeric natk0si aheatedpr satd resistance ?ﬁ%ﬁg?\l?ei{doﬁ@sl providing heating
oy ont o S5 5SR8hY A4 por RIS IR B otent, 50 pant e
polymers and mixfdndd &£od acogesineds temperature without melting said
polymeric material. .
2. The heating element of claim 1 , Wherein said
15 polymeric material comprises a core. _ |

3. The heating element of claim 1, wherein said
‘resistance heating material comprises at least one helical
coil.

4. The heating element of claim 1, wherein said

20 polymeric material comprises an' injection-molded core. _

5. The heating element of claim 2, wherein said core
contains at least one flow-through hole for receiving and
passing the fluid therethrough.

6. The heating element of claim 1, wherein said

25 heating element is attached to a wall of a tank for heating
the fluid in said tank.

7. The heating element of claim 2, wherein said
polymeric core is ‘tubular in shape with alignment grooves
disposed thereon. | '

30 8. The heating element. of claim 7, wherein said
resistance heating material comprises a helical coil
disposed in said alignment grooves. .

. 9. The heating element of claim 1, wherein said
polymeric material comprises at least a portion of a side

35 wall of a fluid container.
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thereof. 30 The heating el enment of claim 1 t‘}é 16 928

Bttt vi ?Tﬁ?lﬂlllﬁﬂllllﬂﬂﬂlllﬂﬂl&é?faf" '”p”’v“i‘? The EWMS B.JML 1996

of claim1, wheréin®thé Yol*'ymeric material cont ai ns additives from
about 5%to - 13 -

PCT/ US95/ 16928 ahgut 40% We&‘@ir%“ e%ﬁﬂhd dP! YTELMC lmt“é?é #‘ Said

provi de rei nforcenment therefo The heatin | enen

1, wherein said heﬁé‘&?ﬁngﬂ@“\@(ﬁntpmﬁﬁﬂq%e@%tﬂb@%aﬁﬁ 0 opaktan&oc abaut
5 ends, said closgdoentraltrei k9 hehlr eRdefllii@nge £ eMgEdature of at h%ast

The heating el emen . Glai, , rein said pol yneric rrateri al

conpri ses pol ypheny oglrtl:e&s?%l ? 2539% |l iquid crystal polyne

20. A water hedter contldi-ni et heedbing nglementntohf Clelmclieq,m wherein the
21. The heating el@igy if waltdiyn 13, wherein said ° polyneric coating and
sai d pelymeric core compri se a commmo t her nopl astic,material haying

nel ting point greater thfen T 2b9f1=%¥‘? elegenyy 0% efains 1, whggelnnﬁald
heating el ement ofhedtiing elémentcpoludes heat from about 100 to about 1,200

watts to heat a gaseous fluid.

10 13. The heating element of claim 2,' wherein the
heating element is capable of being disposed through a wall
of a tank for use in connection with heating the fluid such
as air or water and said polymeric core comprises an inner
tubular first end portion having an end opening therein, a

15 cavity disposed proximally from said end openlng and a
flanged second end portion; and

said resistance heating material is a hellcal
coil wound onto said polymeric core to extend into the
fluid along said tubular first end portion and a polymeric

20 coating is disposed over said helical coil.

14. The heating element of claim 1, wherein the
polymeric material has a thickness from about 0.04 inches
[0.10 cm] to about 0.5 inches [1.27 cm].

15. The heating element of claim 1, wherein the

25 polymeric material comprises a resin selected from
polyaryl-sulphones, polyimides, polyetheretherketones,
polyphenylene sulphides, silicones, polyether sulphones,
liquid-crystal polymers and mixtures and copolymers
thereof.

30 16. The heating element of claim 1, wherein the
pdlYmerid material contains additives to improve the
thermal conductivity of said polymeric material. .

. 17. The heating element of claim 1, wherein the
polymeric material contains additives from about 5% to

- 13 -
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pa_rt ion of said m ' Um i's ol ded.onto said %‘;MScalgéj)i/;ié 928
A ck . of 0.5 h 1.2
(ks of no ENWMIHMMANELME: .o °" ircnes o7 cAipen) 9% 2001 1006

conprises a thickness of |ess than about 0.1 inches [0.254 cn.
24. The heating el enent of claim13, wherein said pol ynmeric core

i ncl udes gl ass, 9598@£t209rb20t¥?§£éeo%iQSid polymeric ZRatér 181 €EchB2bSide
conprising: 25 a tan r containing water; and : a

heating el ement aFEhBRReBECEREREGRNSreEPY: of sai d tank for providing
el ectric resistance heasingThe ada¥ingonelemersf bdlfe clion Lp Sdhekréibmksaid

said heating ele r .Sl . ctri y aduct j ve resks ce
heati-ng materi al ngggtggggﬁléhgg thecacfm%r%glgse% dJ po'?ifléoﬁgg? q%atdé)re%mhgﬁa cHbeta
ener gi zed, 5 an@indspoBaidr cioaednend chaving |3 threaded Hflange rcennector.

resistance heating matggi al pRAA HWtARY 2eienbdt? 23 EMRLRT 1, widfein said
electrically insulati ngli sald resistance, heat rial  fromsaid

in te

vater, said pol ynBPL¥DE ﬁemae:%&aéri%?m@slsec%naﬂgphan&r@%f syifjsdeify 2

structure with saldgud¢d skrgseal polymer. - 14 - _

T US95/ 16925, by 90 1B PAERE Shof e 5, 1o, ne Sl o
10 claim 1. '

"~ 21. The heating element of claim 13, wherein said
polymeric coating and said polymeric core comprise a common
thermoplastic material having a melting point greater than
200° F [93.3°C)].

15 22. The heating element of claim 14, wherein a
portion of said polymeric coating is molded onto said
helical coil in a thickness of no greater than about 0.5
inches (1.27 cm].

23. The heating element of claim 16, wherein the

20 polymeric coating portion comprises a thickness of less
than about 0.1 inches {0.254 cm].

24. The heating element of claim 13, wherein said
polymeric core includes glass, graphite or polyamide fiber.

25. A water heater comprising:

- 25 a tank for containing water; and

a heating element attached through a wall of said
tank for providing electric resistance heating to a portion
of the water in said tank-, said heating element comprising
an electrically conductive resistance heating material

30 capable of héating said portion of water when energized,

and a poiymeric hermetic material in contact with said
resistance heating material and in contact with said water
, and electrically insulating said resistance ﬁeating
material from said water, said polymeric hermetic material
35 comprising a self supporting structure with said resistance
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heati ng el ement conp
cl osed end conpri sing a threaded flange 10 connector. 28. The
wat er heater of claim27, wherein said t hreaded fl anged connector
conprises a ponn@Patlng maberia¥ne apg ereHagtevely c| kransferripger dient

sai d pol yner i ggereiatiddiby SQHAI+6€5stafice Hetdtiy fatefRhletolsaid water
t her nopl asti c pol
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31. A nethod of résitdreatcaedddmarg a flui d medi um conprising: 20

(a) providingsan el ectyg Ca'*rtfé%ééék“‘%f‘ea&f‘é%t id3g clalnla'z%”e%ecr@{[r?'é%
el ectrically conducti ve, re5| stance heati ng materi al capabl e of heati ng

said f)uid medi umSARRY1ses @ RAYPMRFE. and a polyneric material
integrally encapsulzau ngriead watlelr SHpateti NGf S@ld imeSR St anekebedhi Nga 28
material to enabl | stance heati.n terj,al o . xtend _into. and
be substantially gtbér%ﬁ‘r%e%i%égggl & °f"§%iiagsm3 ?e‘%??eunﬁgavmg gpen am{'(%}osed
i mer sing sai d heaendsy, el skt chosedh end comprising: tankchwraded o £hange
fluid nmedium pghergbyneddsh- 30 fluid mediumcomes in direct contact wth

sai d polyneric rraterl al to maintain said polynmeric material belowits.
mel ting point while abs®8bi rERdeMatRIhchgatsr 9L hadm 27pcsWherpin said

heating nmaterial whedadés PEfgédEohREdEsr compriisedda pI1IGm.yNeric
material . 29. The water heater of claim 25, wherein said
polymeric material comprises an injection molded
15 thermoplastic polymer. )
30. The water heater of claim 25, wherein said
polymeric material comprises pblyphenylene sulfide.
31. A method of resistance heating a fluid medium,
comprising:

20 (a) providing an electrical resistance heating
element containing an electrically conductive resistance
heating material capable of heating said fluid medium when
energized, and a polymeric material integrally
encapsulating and self-supporting said resistance heating

25 material to enable said resistance heating material to
extend into and be substantially surrounded by said fluid
medium;

(b) immersing said heating element through a
wall of a tank and into said fluid medium, whereby said

30 fluid medium comes in direct contact with said polymeric
material to maintain said polymeric material below its
meltlng po:mt while absorbing heat generated by said

, resistance heating material which has been transferred
through said polymeric material.
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V\,he’rel n said pol yrrer:Nm‘\“\ E@\ i nj ection nol ded.
et hod of claim 32

nt has an open end‘PEN% %I”J”_ 1995

said fluid medium said ff UId 5 nmedi um absorbing heat fromsald polyneric

material on both an inside and an outside portion ofsaid el enent.
32. The method of claim 31, wherein said polymerlc

material is injection molded.

33. The method of claim 32, wherein said element has
an open end for receiving said fluid medium, said fluid
medium absorbing heat from said polymeric material on both
an inside and an outside portion of ;said element.
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