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20
Backaround of the Invention

Electric resistance heating elements used in

connection with water heaters have traditionally been made

of metal and ceramic components. A typical construction

25 includes a pair of terminal pins brazed to the ends of an

Ni-Cr coil, which is then disposed axially through a U-

; shaped tubular metal sheath. The resistance coil is
insulated from the metal sheath by a powdered ceranic
material, usually magnesium oxide.

30 While such conventional heating elements have been
the workhorse for the water heater industry for decades,
there have been a number of widely-recognized
deficiencies. For example, galvanic currents occurring
between the metal sheath and any exposed metal surfaces in

35 the tank can create corrosion of the various anodic metal
components of the system. The metal sheath of the heating
element, which is typically copper or copper alloy, also
attracts lime deposits from the water, which can lead to
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premature failure of the heating elenent. Additionally, the use of brass

fittings axweogppPiyer tubing has becone I ncreasi ngI y nore s the
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Summarvy of the Invention

20 This invention provides electrical resistance heating
elements for use in connection with heating fluid mediums,
such as air and water. These elements include an element
body having a supporting surface thereon and a resistance
wire wound onto the supporting surface and connected to at

25 least a pair of terminal end portions of the element.
Disposed over the resistance wire and supporting surface
is a thermally-conductive polymeric coating which forms a
hermetic seal around the resistance wire. The thermally-
conductive polymeric coating has a thermal conductivity

30 value of at least about 0.5W/m°K.

The heating elements of this invention are designed

" to provide multiple wattage ratings from 1000 W to about
6000 W and beyond. For gas heating, these elements can
provide lower wattages of less than about 1200W. The

35 improved thermally-conductive polymer coatings of this
invention provide thermal conductivity values which permit
greatly improved heat dissipation from resistance wire.
This property enables the disclosed elements to provide
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efficient fluid heating without nelting the relatively thin polyneric

coatings. LOWONAZE™8A t hin t he range of about 60- 200 parts ®CTAOHR3166
materi al per 100 parts of resin in the polymer coating are preferred.
The lower 5 1imt is set by the amount of thermal conductivity necessary

to heat fluids, asfiffibéehtgifiuid nheatingetwithoutamelldipigovie breladaisvely

nmol di ng of these gkggerg aﬁ%én" séﬁgg%g progﬁé%g%gﬁg%?swghq& bgh%njrgg%lgo%f

nol di ng. Fi brous™rei'n nent aFsé b I Nprovi
mechani cal st rengahoug tﬁiﬁ’e'2|9@l narts efacengmic aaterial (persiogr @@Iz'tﬁg of

and defornmation dypsRg %Itml pbhz?in@%l coat BRfiSarsUpheFeridse CNBR | Ried
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i mproved t her ndl | HiRd%dudsi BebolRkerthe c@é‘l‘?"‘d’&s At Fhermpd | gondpictiv 1ty
conventional, nehacesbaayhed deaterixuids, andethei hdghakvadmitcds aetorso

er't Y’?fSLCCG“E“ B T08 prov 4L A | BhbY ek SR B gt htgsespusncs
accompanyi ng dr astagdard | pelocessingg of esm@ni as ehpodingectiom t hmlding.
I nvention, as We' 1%%0@&‘%1&?&&21&&9@ has &’fé&' Bedh h é%;%&d'ﬁ{" fain étP

whi ch: 1:, is a perspective view of a pre po yrrer
fluid heater &P tmhmh resgth tar) theo poligneriqf eoatdag pranad e

of the polyneric resiféﬁ“di-a{‘cﬁ@ixﬂj &hdFaefokmation durfl'x@ c§cl'1§:a61 fﬁlﬁfﬂ'mal

pl anar view, inclydi partial cross-sectional, and peel- Vi evvs
e pol ymeri ¢ | 1APgiRY RERLAS(ENRE SXPSELencedrin ajuated BeTiRR

pl anar, cross-sectionalIni addbtionala @nedainedtsnnef thlig¢ pbrveatioh,t hehe
polymeric fluid e | front Ianar

Portial Crose. sectmEiaved Shedriry conductive onaivienie L RERSHS are
‘the pol ymeric185 fipRldeakator ofnvestiopal, metalFishesthed selemhengsd for
partial front pl anIque 1Y Ot;alvantlti':e ‘éag'r%fsz.%nor herigfefOiledPéréd without

‘pol yneric fluid heater thi's 1 nvention;
3 substantlally interfering w:Lth liquid heating efficiency.

i A _Brief Description of the Drawings

20 The accompanying drawings illustrate preferred
embodiments of the invention, as well as other information
pertinent to the disclosure, in which:

FIG. 1: is a perspective view of a preferred
polymeric fluid heater of this invention;
25 FIG. 2: 1is a left side, plan view of the polymeric

; fluid heater of FIG. 1;
_ L FIG. 3: is a front planar view, including partial
! cross-sectional and peel-away views, of the polymeric

’ fluid heater of FIG. 1;
30 FIG. 4: is a front planar, cross~sectional view of
a preferred inner mold portion of the polymeric fluid

heater of FIG. 1;

FIG. 5: 1is a front planar, partial cross-sectional
view of a preferred termination assembly for the polymeric

35 fluid heater of FIG. 1;
FIG. 6: 1is a enlarged partial front planar view of
the end of a preferred coil for a polymeric fluid heater

of this invention; and



FIG 7: is a enlarged partial front planar view of a dual coil

enbodi mentywhegpdrgpol yneric fluid heater of this invention;
8: is a front perspective view of a preferred 5 skel etal suBSBﬂsyf’Péfﬁa of
the heating elenent of this i nvention; FIG 9: is an enlarged.

partial view of the ferred u Lt .fr rreof FIG. 8
illustrating a de& ﬂié ot sér m%ﬁig£§ﬁ8 Egggéa&olf%rr@rl (?]ﬁfhaﬁ n‘é"e‘ioof
FIG 10: is arR ednalgeeidr (ﬁ!@m¢maf0m ewrdlymeric fluddnii€ater of
. skel etal supporgnid afvention; Fl G 11: is a side plan view of the
skel etal support frame of FIG FIG 12: is a front plan
view of the full skefE¥al8is %ﬁpﬁoFF°FFaR§r§PeFftﬁvelO’1%(Pf a preferred
13: is a crdssskebétadasuppdetyifirané of thei Hpadied 'elahesbedithethis
el ement equi ppedm%lw &l; hermal |y conductive polynmer coating of this
I nventi on. Det ai | ed Description of the Invention

This inventi on pr ovi BEG. 9 ectisi eal endsrgednparhdaili wjew of ctireymt &f exwled
water heaters copd ﬁgkg&et ]_faﬁ%ﬁ he | r |
m nim zi ng gal vanlgé{é%??so‘s on ¥ tﬁ%nF\*/gt eg a%glg§¥£ﬁ ngd’%@é%ﬁ&
li me buil dup an*éh%mablznﬁeﬁeu@tlyﬁoppémrelcemtnmq,e As used herein,
the terpe "flui dixendidt! uid ERJenThreeRl YridaiidedisHe Uy P8¢ of an

gases. th reference_t he draW|n s, and particularly wt
reference to FI ?#e’inggf'ﬂﬁrﬁg legﬁér é“P?°§I’fo an&sr eferred 30 pol yneric
fluid heater 100 of FI&islltnvienta @ide plaheview pel yherskeittad +100
contains an el e%]t:é#\gagkyp G. iﬁnduct I ve, resistance heating material. This
resi stance eatrng ma?erla can be in the formof a wire, nesh,

ri bbon, or serpentFR€. 3Rapeis hRofroptapllan vidw off Hthe8Sull esleeletial
heater 100,14 CthpééthBi{-h{&g % Pk .0f of.r g Nds joined to a pair of
termnal end portions g grovi ded for generati ng resistance
heating. Coil 14 isFIG. pe¥iret| kﬁl 13y sxessrsecticonaly sidel aiew f ofm ahuid

with an 1mproved metal sheathed efement equippkl!®¥tR!al B¥&FmR119
hi gh tenperat “réoﬂaué%‘ir 'ecpn?l.tygxzalracoatlng of this. invention.

as

20 Detailed Description of the Invention
This invention provides electrical resistance heating

elements and water heaters containing these elements.
These devices are useful in minimizing galvanic corrosion
within water and oil heaters, as well as lime buildup and
25 problems of shortened element life. As used herein, the
terms "fluid" and "fluid medium" apply to both liquids and
gases.
With reference to the drawings, and particularly with
reference to FIGS. 1-3 thereof, there is shown a preferred
30 polymeric fluid heater 100 of this invention. The
polymeric fluid heater 100 contains an electrically
conductive, resistance heating material. This resistance
heating material can be in the form of a wire, mesh,
ribbon, or serpentine shape, for example. In the
35 preferred heater 100, a coil 14 having a pair of free ends
joined to a pair of terminal end portions 12 and 16 is
provided for generating resistance heating. Coil 14 is
hermetically and electrically insulated from fluid with an
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In other words, the active resistance heating material is protected from
shorting owo9sre7t8se fl uid by the polyneric coati ng. The rpergisontsics
material of this inventionis of 5 sufficient surface area, length or
cross-secti onal thickness to heat water to a tenperature of at | east

about . 120[er ﬂ.hEeg’ﬁdmLftamei'tbﬂgat héghotgnperatreepol ymisr e | maberial;
evident  from TP Yo SO IR Ukt 1§ ee SRl noaPEATRAESNTHL s

= through careful y se ectin e proper S eITalS an I MENSi oNns.
f Wth reference protiecte fronrshexting oue jmctherfluid byl therpelymgrdc

heater 100 geneﬁélalﬁir@”pr'l‘ﬁésréﬂ@@ance'ﬂé@&fﬂlp@ftéhlé‘ iﬁ{rghﬂibhoﬁs of
assenbly 200, shown in FI G 5, I nner nold showmn in FIG and

pol ymeri ¢ 155 CSRETAPIRRt cauRtace he?sree%ubcbﬁﬁsﬁbm or RFeRRTReFEAGRAL
assembly into tlmzmimnco fHestl dzaeéxertollagtmbbra?]mrléeof la:.‘ltf mézbe_r about
expl ai ned. referred. i.nner,_.no sho | N 18, a

Si Irc1)gl e-pi ece inj 3(9[ Foﬂ'eﬁ%%% 6 &H@nt%d8°?¥’8ﬁ¥é Shi o ?@tﬁae‘f’aﬁhr?e
pol yrer . The ewimEntinl €Era0 thesi dllow discobsden,a fthige farat bes
out er nost end. :ﬁ:&gﬂ ti hayl
plurality of & d;ségsd ﬁh‘h'shl% %%grlélﬁe%ln%dt J{f}g fit i fﬁ#ﬁgf %e
i nner di anedfr sRteRbALS| agdapbedyr élmqn@;@ma-he sidewal | 25 of a storage

o S T bt L9705 st g
e enpl oyed on i NS Sy
wat e?pt i )g;ht 9:93&’“ q"heﬂp\‘b‘?ern‘%t¢¥mét°%9&n G]&WSOCPH‘E’F&&@? athree

therm stor cavi iihtdgratapReitst t b redrini ratsifo raalil;emmqulwo 3&hccl>wn 1|n ggx)c;
cross-section. _The_thermstor.gavyjt can i, nc an __.end wa

separating the tHer® oo ??‘é \éﬂq/!l dsgh N $he Bl n?StB‘P%a?nP? gyeF?c
preferably dpencdating 30e Eachlaﬁgﬁhésesmhsompopentisdeandsyheliselfh.natl

of the terma;aéémlfig B Xy g,olwe cefﬁ %‘é‘@érngég %99332, Ahsg0

contains at |east a pal cav |es
bet ween t he therﬁﬁ%‘%ﬁrc&myl&@@-t he outsi de waII of the inner nold

for receiving the confhet pre#@irrk¥ inne¥hd Bow él%k@'ﬁ'ciﬂrﬁ@ ofy,the a
term nati on assenpl

i nner nol d 300 (ﬁ)’rf?%}ﬁsp&eé’@‘r inJegtionngldgd g"rf?f%ﬁ’ﬂnentg‘F%GGegrSQ & ?ﬂ&?ed
around its @t sitemperatuter epodymer .Thes®hegr odrinercamohd t boeadaegirably

unconnect ed trerﬁb@fnﬂes 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 sidewall

25 of a storage tank, for example in a water heater tank 13.
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

30 cross-section. The thermistor 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 easy insertion of the
termination assembly 200. The preferred inner mold 300

35 also contains at least a pair of conductor cavities 31 and
35 located between the thermistor cavity and the outside
wall of the inner mold for receiving the conductor bar 18

and terminal conductor 20 of the termination assembly 200.

1)
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etc., and should be spaced sufficiently to provide a seat 5 for

el ectricalwgoggpes ati ng the helices of the preferred Ccoi lpchfusor23ies
The preferred inner nold 300 can be fabricated using i nj ection noldi ng

processes. The flowthrough cavity 11 is preferably produced wusing a
12.5 inch | omgel Grivyelf mwma aehi:uahedaccyei-md lof th@d Ry aléghmegtan

Filled in o neSHONEY 18 iisbPPRy gnashd dee fubBife ot fPuleREnFE 2

32.  The tar géthemd:l qroowlescqumssh‘eorthneadst ioe vheonmeqgied | tnenghes,
desirably 15 h?ﬂa %&é’c eéx?f mﬁh!ehéi? EBaBro%i'dréCQe%eat
ran e o about

with a target believed to be the
current | owdt IfQﬁ'tel%‘Fch?ééiLYoﬁeParﬁﬁ}ll&% hiekkres of pEhe Brefssredy,

pins 45 and 55 ggf1 142l so nol ded al ong the active el ement devel opnent
portion 20 10 betwerfn consecutiye,t hreads

h
ternination point or AfcPcFehFeR inASE; pad {)?Béﬁggf}?gﬁogagrlca%&dl ysing.
core pulls and :amjed:'dlonrmomdh.hgt procgissds, Thée Iﬁ]:lge-phrbugh cavilky used

to provide the Qer raf's%f) cP]flf rt&'dtf’c?% flg\gltng gﬁ( &Y ]:En }gonq}bq.}gor

cavities 31 25 Tand hrou apertures ring |nject|on
mol di ng. 10 hydwuhlcélél?emﬂtatﬂ Geoze tpwllbs et@ﬁﬂ'@@ﬁ eereatingn an

assenbl y 200 Wéieﬂ@ﬁ’tbﬁhi!bﬁcﬂésﬂﬁout {he18es ARl 9 1engﬁ§em&‘wé 4Gther
conprises a polyner end c 28 designed to 30 accept arﬁgal r of term nal

connections 23 ’&‘H%IdZEOOASa?hF\ﬁnfllquq in@ nzet%em?%fl A&NgcBn ke SRES3
and 24 can contpléced dppeiiesl Eeloas Sﬁearﬂia?d“yé op2accefhengtargst eamal

connector, such scre f mountd n tern el ectri.cal e he
t er m nal connecﬂ%‘fjﬁ n§§saﬁ'8r2 T @%}‘{%eg gr??ﬁﬁ%'agf Ebeﬁ% r‘? s:.rasnl);_
conduct or 2D5anllessekchant 65 inclmmdtmtd)rprdsmraﬁly lessThbam stlorinches,
conduct or bar [ g"t%l ter M Ral ct 2

W th t her m s?or ter‘renéﬁg t %A@ﬁe ot %g)r er§n£stg§ termn Bgﬁc:h 415

6 S eéhﬁé@ﬂed‘f—@ohtﬁﬁethﬁst@%rm‘éludwemallmstwﬁ%h iiqjection

designed to fitm¥ihRng eqndpwiedt.Can Pai3d oF Qﬂﬂ:ﬁé’%ﬂ Pi¥is 45 Qﬁ{d'ﬁ‘ e
FIG 4. To corrpl teth CII’CUIt a . therm stor

:
ot onal 1y, L healhs medged 2dcrig, e AOtLKe e LAMEREN A8 Ve SRR, POzt Lon

sol i d- st at e20CO10r bebwsden aconsecutive 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
flange portion can be used to provide the thermistor
cavity 39, flow-through cavity 11, conductor cavities 31

25 and 35, and flow-through apertures 57 during injection
molding.

With references to FIG. 5, the preferred termination
assembly 200 will now be discussed. The termination
assembly 200 comprises a polymer end cap 28 designed to

30 accept a pair of terminal connections 23 and 24. As shown
in FIG. 2, the terminal connections 23 and 24 can contain
threaded holes 34 and "36 for accepting a threaded
connector, such as a screw, for mounting external
electrical wires. The terminal connections 23 and 24 are

35 the end portions of terminal conductor 20 and thermistor
conductor bar 21. Thermistor conductor bar 21
electrically connects terminal connection 24 with
thermistor terminal 27. The other thermistor terminal 29

6



F

groundi ng band that is connected to an external circuit breaker, or the
i ke. It iwolssk7meed t hat the groundi ng band (not shown) peRidePRI166

| ocated proxinate to one of the term nal end portions 16 or 12 so as to
short-out during 10 nelting of the polyner. In the preferred ‘
envi ronnent, thiésmcoonelteds to thetm;smloqndhetmsthartMnWMCusr

such as the I\/bdgjesmﬁle\gg%rfg% §g£ﬂlhyc88&&89§r5£§%£ CBFG \'\L ng, £, 1gver -

t her nopr ot ect or I Mensi ons an I'S SuUl
15 loads. |t PeFpdicReh dot | e womplgte &%@mﬁo@ thermpsteyr

electrically agbivEs paetridediNd opRHondllyl,S the Phflednilitor égpaé&aebe
After the term n_assenbly 2

nol ded pol yneric o]
i nner mF;I dy360 e%i%“'eaq Hith & dhemrstate 389 r}'e’r‘%l HFyatesthsi ey F‘Sﬁ@@fe?
20 prior to w guhaugxdimg dbandioshetcdis cohmactted heoahngreyttdrnal gieeuwdt

38 of the activ t r n | n.doi ng b LUl
to provide a co?ﬁg% m‘?lgu#ﬂt‘g lfj:%e' I?’hégcgla ltegrer% %ea en %o&flgghgflf'?
and 16. This chanse (notastmreh dguls e ripcatediproginatepto nvkdofy thiee

coil 25 termnglg [hat % n%é@;aﬂg i@ be §5€sket @ R SPUCERE Tiuri%%

and therm stor con I's™al SO i nportant to proper
| ocate the &8i| medtEing ?ﬁeﬂ‘ﬁnﬁ?lﬁﬁ‘—ﬁ 300 prior to applying the

polymer coating 30.1n Ithe Qe:eferféaf%.rrmci»o@mm I&he:fnﬁ%w&yw is a

coating 30 is overrml ded. 30 errm ti 0 ic bond wth
the inner nold RECioR Htm?:ﬁmpﬁg]agﬁkg %ﬁ?gc‘%) %‘%I?% thg Meodel
i ntroduced intoWw r&ermésl soldnbyt Pertabei Ejeptedess tTPhis thkeepopbetector

f1 ow t hr ough apq.[%rgém%c@h%ﬂé%i &”Qﬂdci‘é' téhltabi% 28 ublléf’c?éuo gy

respect to FIGS re are shown si SI St
wi re enbodi ddnt sLgass ¢ heTfpdrgnmri%es a qcusitm@mﬁe hmtmlgleceqenstrubtmm

invention.  Ingfye anS'Qﬂéétﬂéﬁlﬂ?bOQbﬁ@Gé sbqud. N Fifg Gcgy‘ofzs

al i gnnent grooves
i nner nol'd 300 A%LEREFLLY Wﬁﬁpérﬁtﬁsimldeﬁl POLYROT kPR hel i ces 42 and

43 into a coil form Afténeke ttermindel 6 hsygmsi 0 iad lidﬁﬁar.anfdldi%o
oo e W ke SO AL B0 S ShoUBL 1] R BHALEE Cinptnes
i nj ecti on mAedpriongte wimdihg thei dibscloséd G601 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 12 and 16. This can be
assured by brazing, soldering or ‘spot welding the coil

25 terminal end portions 12 and 16 to the terminal conductor
20 and thermistor conductor bar 18. It is also important
to properly locate the coil 14 over the inner mold 300
prior to applying the polymer coatirig 30. In the .
preferred embodiment, the polymer coating 30 is overmolded

30 to form a thermoplastic polymeric bond with the inner mold
300. As with the inner mold 300, core pulls can be
introduced into the mold during the molding process to
keep the flow-through apertures 57 and flow-through cavity
11 open.

35 With respect to FIGS. 6 and 7, there are shown single
and double resistance wire embodiments for the polymeric
resistance heating elements of this invention. In the
single wire embodiment shown in FIG. 6, the alignment
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Simlarly, a dual resistance wire configuration can be provided. In

this enbodygBghrset he first pair of 10 helices 42 and 43 of gd¥eyddrhsiss
resi stance wire are separated fromthe next consecutive pair of helices

46 and 47 in the sane resistance wire by a secondary coil helix

termnus 54 w apRS, @& 038 0of EREONHNBMed A 0P Uddd to Wap @l I£HSsH2
and 53 of a second resi stance wre, which 15 are _electgically connected to

the secondary cBTenhBRir hayingi hrliges 42 (and vﬁunﬂn‘éf’o dPhe iGR¥R-
mol d 300 next sin®et heheel Ipﬁéféﬁr&ﬂd 4dmbod {hentextiradjuies ngapaifolded

al i gnment groov, gh, st he d o o] erpat

pairs of heli ce’geﬂ)&%'a%% \XA”'I’re' #ﬁ %A uﬁ%ergl% défh\g?‘et h%gjﬁé‘el [ %esﬁéc]%hx be
wound in groﬁupsten{'mims 44 bs mppedebycégldgnqeatl;haregngt RADe4Bi r Pinrdsn
| rregul ar NYEo, ‘A(F‘E AP CEn fectesh ﬁem%a laq%gawé}?' 'the

conductive coi l s rema n |n t ed from one” anot her i nner ol d,
or sone other |RueH:PR&AE08i al, such as 25 separ ate pI astic coatings,

etc. The pl s&hma&aryt,s Dfauidll Sresyesanes, wite o’&ﬁ‘xﬂlhjhratlon can

pol ymeric coati taI upp t frarg?]%o an
preferably i nclﬁge terrp ?‘meng'v\,hr}b \ﬁqqsr{'gopaggf o?hn
significanti¢ ohemkbtesatanl Lamki3m3recbmmtueerrﬁé.rstturEes:.staneleoutnre are

120-180[err] F Fgarggbld frem tEﬁBe{aé& r?ﬁnggcﬁtiﬁ% §§9.r6§9[ﬁ ﬁ.}I.EFﬁ 46 and

Ther nopl astic po ure gr ea
200[err]F, and 47 ipr &h@r@@n;e g:reae;etanqanwme | 2 sefendany okt ehed;sx

desirable, alt heumlaerst eunwesbﬁ.@dcax%%é fae@,@.-%@ﬁ b’i@: 35, pohwae&a%ﬁ:

al so be useful far pur os Preferred hermopl astic naterial | can

include:  fl uoPScQFB‘&ﬁ?s rﬁﬂ?a‘ﬁl °§uPpﬁ8ﬁ"€§‘d registangegeire, which
bi smal ei m des, are [t Heéh BIV d@amnzs&wd hﬁbetﬂlﬁf keéedrdarpolagiite iy eig

8 hi d I th t

copol yners !tE I es 2us R Oné%leag‘le wo ﬂi’é\‘frﬁ’ &t ?‘H(?&%r 1%%&& gﬁ&%e"t
whi ch woul d be tocdtenhel icessydsh emribl #Zatinorishe next| addodmiyigripkesr of
certain epoxiesg H%%%@ﬂé%-&i%déf'zliﬁ%& Eﬁﬁ“&ﬁaf%&if'a&&éﬁﬂf Ssh ws

("LCPs") can al so | Npro tenperature properties.
In the preferredléeaaating @aiwss ‘Pﬁve‘h?lbﬁes 9§I yphaehy| Witegul phi dés

("PPS") s post upeErsticy Rafitithe h@litks 8aRVBESHOLRAPEHAGHEAPECHE! €R0
| ow cost and ea5| er
r more helices for each resistance wire, or in irregular
numbers, and winding shapes as desired, so long as their
conductive coils remain insulated from one another by the
inner mold, or some other insulating material, such as
25 separate plastic coatings, etc.

The plastic parts of this invention, such as the
polymeric coating 30, skeletal support frame 70 and inner
mold 300, preferably include a "high temperature" polymer
which will not deform significantly or melt at fluid

30 medium temperatures of about 120-180°F* and coil
temperatures of about 450-650°F. Thermoplastic polymers
having a melting temperature greater than 200°F, and
preferably greater than the coil temperature, are most
desirable, although certain ceramics and thermosetting

35 polymers could also be useful for this purpose. Preferred
thermoplastic material can include: fluorocarbons,
polyaryl-sulphones, polyimides, bismaleimides,
polypathalamides, polyetheretherketones, polyphenylene

8



10 processability, especially during injection nolding. The

pol yners ofwaobs/g778mventi on can contain up to about 5-60 WpdeiisdILs166

' reinforcenent. Fiber reinforcing t her nopl astics and thernostats -
dramatically increase the strength. For exanple, short glass fibers at
about 30 15 wt.%uhbphidgshoospolpethee stswlphidnes, engander imixturgkastang

by a factor of agﬁgg rs Fgfefeéﬁggeflgﬁggﬁmgsla% Lgise chop&%ﬁ%ass such

as E-glass or S oron amd 29 o
and car bon flbelgmf-’-ﬁél H@lﬁf@ Woyla desidacenkable goaphulca apﬁlmtms

desirabl e fibersjhaghude Beabimierissd RAUBHAWEY! 1esbeng> B ¥ &L €ang
(PBT) and polgph %I ene benzobl soxpzol e PBO) fibers and 2% strain .

car bon/ gr aphi thafFene Liquadsarysh %lﬂﬂr%e 8" Inigan ks ke
ot her addi ti vempiloyeldrrmow|mﬁdiﬁrn"galhmﬂwpdrayuﬁadpwpérﬁﬁaé gl ease

roperties. Thermal cqpdugtivi [ the addjtion pf
get gl oxi des, nitri degEJI cg?lgong%égg%%}'gg‘ gﬁi’B &E?n(tne gnzﬁ’t’(ﬁ ntien,
referred to as "Delmnylea@dls:til}_ﬂu@e ARPS'bW tsmestr dmsansahﬂfe Qeadsmus o1

graphite. Suchradds! isietatlin Reunigh Ajﬁlééﬂ 180036y L g 38as ex
fibers. Good exanples  _.inclu oX| ona
nitrides of 1Pn, PEPHGSSE@&H@*—YWG 4 dur%mcinaﬁcttp.pmmgﬁding .

zi rconi um  boron, sil imeen, pdlfme#m of t@iémhm@r&&d"fﬁgasﬁ' WBnehin"GR to
gl ass ceram c mat I % ed s ca. 35 Loadi,ngs I n tﬂ

pol ymer matri x fSE % ?e Q%e‘(tﬁh §lber E‘Sl’r&fé’?q?@‘%erl Eibex; aeinferabng
within a r?nggHothermowmstte it ;ﬂtﬂi mfhmﬁc(r)sttsawéo ?ﬁgmglgi&auQ_ﬁﬁQad}.@éé& Ofhe
esin " ' r

5 natEreRER, © REE) Shiik ol " Hhont | RARE AiRRRA | GE, about 30
al t hough condBct Wke %addicadidg  hagstas tm;lailél bstsengtth ofowdrginedeing
of metals such ?1&%%'1@sesﬁy5taeefacto alggm QHH?JFdC\'Rﬁ@r OrPlgéfé?reﬁﬂerea%h

concentrations o carb rapnite, cou

over ol ded, or cb&?&b‘d% PRed, aé‘lsecFH‘:é‘aPPyErﬁéﬁseﬂa}’ S-gAserrheron,
layer. If an el eatramdd, ysaendues i Keveddi Goveor 4, eﬁﬁh@‘ﬁ%e Cahl NetbdR

Qo s, 200 ") Fpeks Tont Biding chdghy Lanaild BO3H0vE ARARRIBS.  Qiker
not used in échdSsmahi@ arfﬂverabudldenudeof Hedlertreated polyphenylene
benzobisthiazole (PBT) and polyphenylene benzobisoxozole

(PBO) fibers and 2% strain carbon/graphite fibers.
These polymers can be mixed with various other
additives for improving thermal conduétivity and mold-

25 release properties. Thermal conductivity can be improved
with the addition of metal oxides, nitrides, carbonates or
carbides (hereinafter sometimes referred to as "ceramic
additives"), and low concentrations of carbon or graphite.
Such additives can be in the form of powder, flake or

30 fibers. Good examples include oxides, carbides,
carbonates, and nitrides of tin, zinc, cooper, molybdenun,
calcium, titanium, zirconium, boron, silicon, yttriunm,
aluminum or magnesium, or, mica, glass ceramic materials
or fused silica.

35 Loadings in the polymer matrix for these thermally
conducting materials are preferably within a range of
about 60 and 200 parts of additive to 100 parts of resin
("PPH"), and more preferably about 80~180 PPH. These

9



rei nfforcenent or netal or nmetal oxide additives have been known to

I npai r Myygiogereyer ations. Any of the polyneric el ement spefuédisi66
i nvention can be nmade with any 15 conbination of these materials, or

sel ective ones of these polymers can be used with or without addi tives
for various ,gRaklived td¥e iqumedta piydepsadienecdit idl BAd-d6Rahetivee

el enent . This i nventjiopon sggégl_cal |y cor}taerrgl at es lt htatbmany 29
conbi nati ons 8 tHOUER RSt ve VRS FCR # eﬁe%@ ibers-an

t her mal | y- congotidetre ffildlesss, | nofarmetalper sachagess wistainlegs espeefed in
pol ymeric co sitdQns t [ |1 abl : igfém*’f L Y] | ues
for heating g%é‘r%ngﬂ%f gogg’ﬁé’iér ggugﬁ%a%%ag%‘?a %hggw esl des&"ﬂ){"¥ bt

rei nf or cemdnt saxhibre5 or hegmalphi teondueendd f ke erysedhe 3fl asthereafter
conposi tions yermo d*%‘ﬁ'e | JY U490 £ AR 8 SO e Te st flohh §asRsaddiklaves,

I npact nodifiers, an r no- oxi dative stabil,izers which

. . not _qnl
enhance the p®FlMANte HYPFast I phr edegharicallxk (ARARFRiVes EdSF-t)P(-W@
heat i n_gt el errelrits téwgsl_@ygr@b laédrlégm»l?@t ble givleti b mmssd bically ing_u’[hte'
conpositions listed in Table 0 (A [ epar conpoundi ng
pol ypheny! ene Wit f$HS P h""f"ﬁ‘éenE SOPER Y %é%bféé? u%r?ﬁgﬁfoxi de,
magnesi umidxi de, ar@it is dmpoprednd adsovever, tbatr dihey alowvet Rddditives

Il -k i t P th i | 0 O d
o afive Bgeaboabd divdle ! NESRATLE | RYSr iRl ALEbEOT (Hh°

to produce ASIN fest specinens frere tested accordi
procedures to yginfercenentepsimetalrengratal oxifdexadditivesnhave Nestur al

nmodul us, and NA&RHgded ZPRbair moldin? operations. Any of #8e polymeric
i npact data shown in Table 1. Thernal conductivity \%(ues were simlarly

obt ai ned. elemept{y s of oy iR ihat IRYRPELABar SAV e & afAde 1 WiGh, any
t hermal casBluconbisation! ofv tiede nwedrialy, voit delwetiveg dcneslcihitese

When material from Exanmple .8 which .had the. | s J.her .
conductivity, %:gy'l“ﬁfgc ?%,P %\}}esr?fglwc?g:} or g’r*tt(;‘ °Sl{ %ﬁnﬁé‘tcig’?eesn?(?% JARARE
wat er heati ng parbenefothis tinventiomtdepending kdngthedepdenssgdcor dhe ed
for wall tt%%%ﬂgﬁggs under .030 inches. However, wall thicknesses 10
greater than . I nches wi |l enabl e such higher | oadings. This is

evi dence that the tTRip| é-%‘ﬂ@ku?ﬂ?%ﬁ-ﬁﬁgtlﬁ, confs&m&meﬁstbﬁ& MATRE t

strength, z6e a&MBifatiohtf b¥aPcEfmeribyréfenpisidso e e AL AT feafialy C
addi tives, bUtthermally-conductive fillers in various .percentages will
be employed in polymeric compositions to provide desirable
thermal conductivity values for heating elements of
various wattage ratings. Besides reinforcements and
25 thermally conductive fillers, the plastic compositions of
this invention can also contain mold-release additives,
inmpact modifiers, and thérmo-oxidative stabilizers which
not only enhance the performance of plastic parts and
extend the life of the heating element, but alsc aid. in
30 the molding process.

The compositions 1listed in Table 1 below were
prepared by compounding polyphenylene sulfide with the
stated amounts of aluminum oxide, magnesium oxide, and
chopped glass fiber, according to methods well-known in

35 the art. Pellets of these materials were injection molded
to produce ASTM test specimens which were tested according
to ASTM procedures to provide the tensile strength,
flexural strength, flexural modulus, and notched-izod

10



variations in el enent design and resins can be used to 15 overcone the
ef fects ofwhoiggh7seadi ngs. I deal |y the tensile strengetusdriiigs
pol ymeric coating shoul d be at | east about 7,000 psi and preferably °
about 7,500- 10, 000 psi provided that satisfactory thermnal '
conductivity i Smpacit daisl showihdr Mableall .noThermadt cabduptriatitng values

t enper at ures swéi Qfmfi?_*%gﬂ’f}@gg?'tegﬂ)o Kpsi , and preferably greater

t han 1000 Kpsi . the materials fromTable 1, it was
found that those nmatkfi WRS d@uns pehatngheo comparatigeafixamplg jebadnost

suitabl e for Walfi-RentisiebeIPity DE6aLER 25 Bt te aasy hal ARy Of

structural and thernal conductlvi{y_properties. g@ ;:qgurse, ceramn
e

c
| oadi ngs of ° eLlERRRtRe. 2fthesbmateriddnd i FXaER r¥agch had the
conductivity ashiglwsh s mml 'agn ecuhaheuti]yiilttyqr geaian.xvﬁléd_ﬂtion el r:iedd
oper at i ons. T r conductiyity. of the resul ting coatin ou
bg at | east abo%fet%.g Sﬁﬁ%‘fr? é to éfro ré}b?yggg‘&%t Libea,tgpﬁ{ &Elﬂr%,n%an
i deal |y great erthimninvention, cnciing]&nd breakagd heseurpegosiar oreslhre
presented by ey pbich¥aEBECunder 3890l Thohis"?Y nBlrelldl | Ui trliEIEIged ©
the PReShod abl e

one skilled in 3 art, be clear that theéer'e are innuner

conbi nati oRP d@reaterdcthan IR uinghes wil} enableisyrh highemflnadings.

fibers in resingmidi £58 edidente RRaAPHHE Z8thsilet AnACEhiAU (AP ehdth [ he
device of this invention.

ch, A1
conbi nati ons cRfF dWEhLI E&e%ﬁqﬁ%ﬁ%rﬁ‘iﬁ@?@ }FeprENersedy infLuenrpdn
nitride and chappedtiyeasadddtdibnvesf fpowdeerdpceranid f aibitived) iwstie,

a PPS resin and ALLeiLELeTY] - olnenbQecdth CLORPEL I A5 CAIILE VEka Bt
15 overcome the effects of high loadings. )

Ideally the tensile strength of the polymeric coating
should be at least about 7,000 psi and preferably about
7,500-10,000 psi provided that satisfactory thermal
conductivity is maintained. The flexural modulus at

20 operating temperatures should be at least about 500 Kpsi,
and preferably greater than 1000 Kpsi.

Finally, of all the materials from Table 1, it was
found that those materials corresponding to Examples 6 and
7 were most suitable for water heating elements because

25 they had the best balance of structural and thermal
conductivity properties. Of course, ceramic locadings of
about 60-200 PPH are meant to increase thermal
conductivity as much as possible without interfering with
molding operations. The thermal conductivity of the

30 resulting coating should be at least about 0.5 W/mK,
preferably about 0.7 W/m°K, and ideally greater than about
1 W/mK.

These compositions are presented by way of example,
and not by way of limitation. However, to one skilled in

35 the art, it should be clear that there are innumerable
combinations of various conductive fillers with
reinforcing fibers in resins which can also be optimized
to perform suitably in the device of this invention. Such

11
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combinations could include high temperature LCP or PEEK
resin with boron nitride and chopped glass additives, for
example, or if cost is an issue, a PPS resin and Al,0,, or
MgO, and chopped glass additives.
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[err] . , Wth the use of the foregoing polyneric materials of
this invawo98nr8at is possible to coat the netal sheath of pcT/usomyseéi onal
el ectric resistance heating elenments to avoid many of the probl ens i
previ ously experiegced with such 5 elenents. Such sheaths have been known
to include copper o ardld BalnheBsS Steeld © Additionally, this

i nvention envi sigons {usi My non- Bofr dsi ons rési stant materials for the
sheath, such as caigbon |steel.  For 2céYrosion-resi stant materials, the
coating shoul d be el atfively thinner than 10 for non-corrosion resistant
materials, and this shqguld require coatings of at |east about 10 mls
and hi gher thermal condygtivi,ty walyes., An inproved version of a
conventional electpic reest stagc® hkeat imgel ement 201, is shown in FIG
13. This 15 elenme@® 201 has a regi gt ance hedting wire disposed axially

t hrough a U shaped & ubul ar netal sheath 220 with powdered ceramc
materi al 230 betwe&n the wire 210 and the netal sheath 220. The sheath
220 is then coated withf a highly thermal |y conductive polyneric coating
240 of this 20 inv&€ntion to prevent gal vanic currents occurring between
the netal sheath aﬂ’n‘d any exposed gnedic metak conpanents of the system
The excel lent thermal conductivity of sthe ; - polyferic materials,
particularly with e ditives @« gi-scl osed hereg, permts the heating
elenents to attain 25 the high wattage ratings necessary to heat wat er

efficiently to tenperatures in excess of 120[err] w thout melting the
coati ng. The ppl yneric~ceatd ng cah e app ed to the netal
sheat h, containi ngg, for| exafpl ey Go&a&, bfalSs, sta nless 30 steel, or
carbon steel, eithé by|injectionem ding Brby o di p coating the netal
sheath in a fluidi#d bed of pelY etj zed or powderi zed pol ymer, such as
t he PPS, PEEK, LCD, | etc. The resistanG material used to
conduct el ectrical 85 current and generate heat inf§ he fluid heaters of
this i nvention %refperabl ygcgngainsg a rgsigstancgnmetal which is
el ectrical |l y?condu@ivel and heat T &Sitst ang. ;A pop B ar metal is N-Cr
alloy alt hough certfai n copper, sté&ely ahd 59
M
g °
™ e
° 3
— I ¢ ¥ O O O o I~ -Q;
o7} oM O O n m
E W M m . o
o - - ~ Q O [
Ly " oA e
2] o o
: E
bt M
~ < 1 1 o o o o ©
o7 $ 1 1 O O © <+ m 0
E © I .
[ - - o »n
e - Y-} o
2] ~ ]
5 &
: g
E 12 ] t 1N O O © ©w < -
[J]
5 E 'Y R8T N H
g X cwe e °
LO I -~ ﬂ
g
- = a s 5
o= 2 & q N
sE 0 80 %
N 3 f 0
o & D B 3 & D E
9T ML E A -~ v o
T A~ g ¢ 3 =] S
-~ ¥ QO M T ~ Jd T ol
X O 4 4 WOV 0 g D
o 0 LV W E o N O har
E Q w n H U ~ o
E 3 - - N £ o
=B R TR T o &
48wuw 8 Hda3E
! . . o
Epefgidgsds o
4 =2 U B M~ 22 B .
13

SUBSTITUTE SHEET (RULE 26)



14 stainl ess-steel alloys could be suitable. It is further

envi si onegvd dgafrrgponduct i ve pol ynmers, contai ning graphite, pcfEesdanide’

netal powders or fibers, for exanple, used as a substitute for netallic

resistance material, so long as 5 they are capable of generating '

sufficient resistawith theeakengftthéefbrégoiiag, polymersicratatterialdef

remai ni ng dugto refe Xﬂﬁg

heat er 100 caﬁhﬁg %hﬁ ﬁ%ﬁﬁfagﬁu#% u%%%ﬁlgﬁgééééﬁﬁdu % éf éﬂ%ﬁ{h ?f

As an al t er nacpnventionalpedectrig rﬁﬁestamr:e Beating elemestsm@rﬂvm a

skel et al Supgga%‘]yf [GFTE AR ﬁmxmemg %reﬁ}ﬁ%sﬁy aRghpR riidh RENwd RPNl ARt ed
1tTo

to provide a nal benefits. en a_solid |nner nmol d 300, such as a

t ube, wAs BABPEPES i n SUShe Bhegihf haviey BSSH ANy £9 FRioinge @ePRSY | | ng
of the nold saf|! i &2 ieNGEd eGihe] § 0 heM@itlonadeyl gna:rrwuurnmttium

Il thick f, I h
Up to 14°T noneBviiens uatrl o corronidl e siins e P lecrpi s
pr obl em ssheaﬁu,chnmhabbycaanMedtadmdw\Ebr suchqa;qp1£§sistzmt20
d id
o or 2 o PRSI L AT " B Cend ALk Che' L) I RINR ik endi 02
result, ekBesfo¥e BEBUAGEresion rm‘-@s%ﬁmt ma@eréqm&.e@m% thdsershonld

the mol d, and ﬁhulre tbssemggc fbﬂorses llré&éb'iuéﬁéu%th’f%ﬂléo a@iwrhugﬁe
In order to n1n|n1 the incidepce of _such problens, this invention

contenpl ates &% sﬁ&ﬂ@ﬂ%ﬁlghﬁﬁoYF PREme 70 having a plurality of
openi ngs and a suppmt imprael vexsionetaf niang crdm'ream:tmaheaeiegtmce

15 ! o SRR S P! S A 19, Ly o

t ubul ar Space Iong udi na Spl i nés™ 69
runni ng tié emliementerafihheis aheesiakance heating wixepl cﬂmposedaamabln
together by a ‘ﬁ§E ddith et £h | I nggg 1
the |l ength of 1? t g; Iq kée}i;h Qﬂiﬁrglar ese %%Hggiﬁgr%gté ePel

preferably | e@l’c’% natgpdal 8305 hﬁﬁ?fﬁﬁﬂ tHRe KWiERd 2H19r anst ckhe aBetadpout
0. 025- 0. ﬁf&tlﬂcﬁlﬁﬁ.t hirRkK. sﬁaatﬁpbw@eisfs%l’ﬁrﬁ doeted &biﬁhaboui ghly

0.125 inches de_at he to .desirahpl are tapered to polpted
heat transferW$T yThgggd?F §v82 bR &oa ating = 240 oePOthis
15 20 1nvent10n to prevent galvanic currents occurring between

the metal sheath and any exposed anodic metal components
of the system. The excellent thermal conductivity of the
polymeric materials, particularly with the additives
disclosed herein, permits the heating elements to attain
25 the high wattage ratings necessary to heat water
efficiently to temperatures in excess of 120° without
melting the coating.
The polymeric coating can be applied to the metal
sheath, containing, for example, cooper, brass, stainless
30 steel, or carbon steel, either by injection molding or by
dip coating the metal sheath in a fluidized bed of
pelletized or powderized polymer, such as the PPS, PEEK,
LCD, etc.
The resistance material used to conduct electrical
35 current and generate heat in the fluid heaters of this
invention preferably contains a resistance metal which is
electrically conductive, and heat resistant. A popular
metal is Ni-Cr alloy although certain copper, steel and
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r M ¢ e e e v e s R T

extend at |east about 0.125 inches beyond the inner di aneter of the
final el enowDoskym® the pol yneric coating 64 has been appl|RGRIUSIIRILI66as

much as 0. 250 inches, to ef fect maxi mum heat conduction into fluids,
such as water. 5 The outer radical surface of +the splines 69
plr_eferablty }nclhuéeagjrasa@e-f steed ammoyscensumabe mdmalmea el igafurther
al i gnment of the r t h
this invention d&g‘é’% 6§€‘?‘1 Ae%t g? S 62 %21 e}%ln%a?ﬁéﬁggﬁe
skel etal support clarbhan g metabmthwﬂengf 92 €hhe’é§rf§€ﬁ|%%%’apg§'pﬁﬁf‘ oftSt fte
ring supports €;¥tﬁ‘ﬂé 1 3vval Qﬂ&ﬁ&ﬂli@'ﬁ’é@isﬁaﬁ@ét hage®4algr do oOvong as
plurality of theses aces. Simlarly, the he

f, nsfer . 5)
be provided of tHheilit A%k %W%plq%egeﬁgri 198 §“%glﬁ}8P§e %§§6égg$%e
pol yrrerl c coati n&hé&knng A_dﬁlﬁéaaalflm1dg hi such naentwatter enviBiensemaining

providing a pluralit ul ar t h
depr essi ons al onge}‘h‘é Fﬁﬁ@g 'b%?‘é#’ §§1r1°§ce {’Jﬁgﬂz{'*ea eat i %&uld
el ements. Such heeatéransb erasalso dse mmma@uummusongatheiseapenﬁn@%ive

renoval of heat frg&ég% faces into liquids. They can be provided in a
nunber of ways, rnclhddi ng injection nolding theminto,the surface of
t he pol yid i ¢ coat Asgapsadternatiye ta thenprefexasd dnngy mpld 300 of

mechani cal Iy wor kiggst %@ﬁ@iéﬂr wurépeestal bﬁ@ﬂ&&llf@aﬁé aloe,ne@nswnf 1n

this invention. preferred enbodi S nvent|

skel etal support F¥Gffe ?OaF‘F}CPuHé§ ke thﬁﬁf“&%gga&'ggl ﬁ’° pr° %

0”? OLeLhFelr'lgl gnlbﬁﬁggﬁﬁsﬂ gﬁm@dé%aesshd mlmelu:r imoescil hmaa; nsushca_sag tube,

ST lerara " Saugs cetedived: oty Sef S moadiay oftrpt 830y, , i e

: MO, for i rrprD5| nfilldmmnl oforthet mold/ . sphetinesi mc;urred @Né’- ske| hegter

- support frame cang @gﬁ#a%g;ﬁ]%ﬁﬁ%g rn 1ckﬁ%§§¢'sn8foﬂﬁ Déw e @ Af25

ralumna silicate, raplte Zrgerr],

i Si[err]N err] e erand e:g,:gptlgp e p}mgt gte up,to 3.4 inches. The

;the”mp' astic or Eh@r%ﬂi*é&a&@bﬂ% Vibo Dfmés @iligcer ppesentehaa tpgroblen

| P ! ght Lg?ﬁgg?gg{ ?g:ﬂg%g&jﬁp y 1nc(?l.u%eedu aﬁgltlve\g tQuER%&Qﬂé%% fhber

: 20 and ceramic powder, aluminum oxide (Al,0;) and magnesium
oxide (Mg0), which caused the molten polymer to be
extremely viscous. As a result, excessive amounts of
pressure were required to properly £ill the mold, and at
times, such pressure caused the mold to open.

25 In order to minimize the incidence of such problems,
this invention contemplates using a skeletal support frame
70 having a plurality of openings and a support surface
for retaining resistance heating wire 66. In a preferred
embodiment, the skeletal support frame 70 includes a

30 tubular member having about 6-8 spaced longitudinal
splines 69 running the entire length of the frame 70. The
splines 69 are held together by a series of ring supports
60 longitudinally spaced over the length of the tube-like
member. These ring supports 60 are preferably less than

35 about 0.05 inches thick, and more preferably about 0.025-
0.030 inches thick. The splines 69 are preferably about
0.125 inches wide at the top and desirably are tapered to
a pointed heat transfer fin 62. - These fins 62 should
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skel etal support frame 70 it should have a heat deflection tenperature

greater thwooskrsyenperature of the nolten pol ymer used %Mﬂnﬁ%
coating 30. The skel etal support frame 70 is placed in wre
wi ndi ng machine and the preferred resistance heating wre 66 is fol ded

and wound in Getehg held C@-.'ea%‘Enf hgYLRL | 9?125 a{l‘?&ﬂgst W?ee%gﬂ elile Sg&?@.ﬁ]

frame 70 in the, preferred pport surface rooves

fully wound 93 %?5|°§Ji}b%rﬁllfahn%l%en§ PﬁEFé‘aH’Gr PSIJ-M-‘H%GPF\\@HU
i nj ecti on nol dsanHakhdsedrs @yplﬂﬁhde%ﬁulhagn%ﬁhtag 0. z@oafsﬁéﬁés, to

I t f d enb t,
onl o5 sal | T PeR Rl miat oficelen frto S, SR psaer
contact flurd, the Thereputeder Ila‘thd:aal skshefakcesuppbr tthe ansplines c®&®er ed
with 15 the Qﬁgrﬁﬁi Nif81 8 i'Bgvbgsbﬂ‘ic?er ggﬂugﬂc%ﬁmdéa%%an aub e

tubularlnshae Thi's xose tlonls
per cent of thé‘%l:-}?ééea]a*m“%? t%% erre%mqtanmentlng wire
The open crosseggctional areas, constituting the 20 plurality of openings

of the skeletal sup ermt_easier filling and greater
coverage of the Rigéf’ggﬁngglﬁe&ﬁvr?dp TWon deseyibee kBed a,tegr,qns\ﬁmx] e
m'mr;i 31 Zi n?m hefimsi 62nas deiplparst avg lthie &{J%Eetai nsuppgﬁt?ﬁ%gh&d 70, t
enmbodi ment s, r se a € abau ergen
and desirably gr egféir:h%h%w%ﬂ T sﬁg&#e 2% f %ﬁ‘rﬁ?"ﬁmfﬁ sé’@%" %&5
area of the skg@eﬂi:l the gxﬁmqldep@rmommq hebatdnigené pl yorer fxom. ror e
readily f|§1\tzﬁéwﬁ?téf‘€ﬂ§é@&%’& £4G0E 7051%?15%“&(@%%%&%&»:

wire 66. 30 ernati ve eetaf support ~fra

illustrated i nf"é‘%s 21gam,be providad qmithe GRbeids) of the, spdines &%

200 al so i1&| usles aspl toal pligree beycHWi tille NapotPhiepss 263aR3WgNJ eupaced
grooves 260 foid 1§83§ dati.ng a wragggd resi stanceg heati ng w.re (not 35
shown). The I'0ngi dirigna $pli 268MUFRCAPE e S HRRY PT f’&&épﬁer A t h

space ring suppburalisy. ofThHg ramckalr r ong geomestipipeal by 2§Bapédl bdeps ‘awgon
\M:g\?: ;eges' gn §eptrBEsions A YAG {NeOfi CorP05udad 2sNUPRa282 o TS
P provided heating elements. Such heat transfer surfaces
20 are known to facilitate the removal of heat from surfaces
into liquids. They can be provided in a number of ways,
including injection molding them into the surface of the
polymeric coating 64 or fins 62, etching, sandblasting, or
mechanically working the exterior surfaces of the heating
25 elements of this invention.

In a preferred embodiment of this invention, the
skeletal support frame 70 includes thermoplastic resin,
which can be one of the "high temperature" polymers
described herein, such as polyphenylene sulphide ("PPS"),

30 with a small amount of glass fibers for structural
support, and optionally ceramic powder, such as Al1l,0, or
MgO, for improving thermal conductivity. Alternatively,
the skeletal support frame can be a fused ceramic member,
including one or more of alumina silicate, Al1,0,, Mgo,

35 graphite, 12ro,, Ssi)N,, Y0, Ssic, Sio,, etc., or a
thermoplastic or thermosetting polymer which is different
than the "high temperature" polymers suggested to be used
with the coating 30. If a thermoplastic is used for the
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I ncreased structural support over the skeletal support frame 70, while
not subst amoi98¥289i nterfering with the preferred injecti @CwIoseirage

oper at i ons. Al ternatively, the polyneric coatings of this 5

i nvention can be applied by dipping the disclosed skel et al suppor t :
frames 70 or 208keletal suppord cxamel?0 fLorshoukdanpie, ailneatfdatiiezédolned

of pelletized o ni.zed a . chea C he
resi stance vvlg"r'egl %\gh}(;%lﬁ"é:eeb egﬁ?)ﬁﬁg¥gﬁt{hoa'f ﬁgﬂ% Ige%%‘? %résél}b%éjor Plfn gtﬂg%r ?ggg ,e TnlO
and ener gi zed t podiyaren: yred .to mel@pthesceabhogedO-a tenperature of at

I east about 500[ err] prhiogk &) 88a YCRRATBAE £r@hé 0ol Gidli ppaBadt Ngn skekakd
support frane into the fluidi zed béd of pelleti zed,$o mer. Th
T'.%‘Xﬁa he

. . & .
fluidized be@ Wipding@ashine,@nithe Aref@rird fest gtiog ygre
pol ymcsir and lthesmeawdfb@aéatm wbﬁrlﬂdsanasa tmalhhh\llimi@bhfigﬁkhwirﬁry
provi de a pol yneric. _coatjng entife arqun t he, resistance atin
wre and sufi‘ﬁ:toém‘faﬁ’ff aﬁ’%‘?ﬂn%‘?%%f&é’%m E?fﬂ%o?to fi“%m& e ?ﬁg%err
resulting el emsnippaxin surfdcele iae. rspacedefyoovesi 6820 Ther fulllye womnd

have a subst ant iﬁéﬁwasm’l’%@ FEER8” 70 i e%ie%egjft eggagggtﬁqu%e

it is assunmed  t] . the resistance heating wre shou
her neti cal | 0 ndnisckion mpldmand $hebntigtovermoldefyrvich onterefodhe

that the skghdFdrse@Roiyhe I8 PESihCEbShaANA8 B82thRE YnverdbPe 3%
pre- heated, rather than enerégl zi.ng_ i he resistance he

tin ) wre, to
generat e suffi ci¥Mt BRERCHRA mRRogineRt nARhE2 smalgeﬂ%%l%t‘%f itthe heat
surface. This prar@ssfenn fdnso62 Nelemddins eppssedl] wali gedthet hemiiag tthe

provi de a nore ifo ting. r_.Jmodi fj cation Q. .t he process
will be 30 vmthilﬂé‘%’;‘@%ﬂ‘i’fo %Lﬁgi'ee]n‘?%%ﬁli}’f?&d‘”{‘{eﬁ eoj;?.t 1s coveredryith
standard ratlitng e ttheldedfcestd ool bobhi thel indide ahdavutsidle thifs it is

i nvention used 'ﬁfﬂ@f&fnﬂm Hape! S TG glnjzgose@n °ﬁ%{‘%£h5%wﬂl§§ less

3 i'S
|l ength and wire ameter” of the con ting Coils e varl

provi de mul tipl eEhmn akows1f rpereent oft thapsurtageoaveaapd ther skedietal

bet ween about 17HgpMbpadrs#amad Yo .For gas heating, |ower wat t ages of
about 100-1200 Wcan he used. Dual, and even triple wattage capacities
can be provided by e pgyiq@en cross-sectional areas, con %.tut ng the

20 plurality of openings of the skeletal support frame 70,
pernit easier filling and greater coverage of the
resistance heating wire 66 by the molded resin, while
minimizing the incidence of bubbles and hot spots. 1In
preferred embodiments, the open areas should comprise at

25 least about 10 percent and desirably greater than 20
percent of the entire tubular surface area of the skeletal
support frame 70, so that molten polymer can more readily
flow around the support frame 70 and resistance heating
wire 66.

30 An alternative skeletal support frame 200 is
illustrated in FIGS. 10-12. The alternative skeletal
support frame 200 also includes a plurality of
longitudinal splines 268 having spaced grooves 260 for
accommodating a wrapped resistance heating wire (not

35 shown). The longitudinal splines 268 are preferably held
together with space ring supports 266. The spaced ring
supports 266 include a "wagon wheel" design having a
plurality of spokes 264 and a hub 262. This provides
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multiple coils or resistance materials term nating at different portions

al ong t he vagbgasel ement portion 10. From t he for egaicigysorksgan be
realized that this i nvention provides inproved fluid heating elenents -
for use 5 in all types of fluid heating devices, including water '

heaters and oi hnéﬁéﬁgeﬂe%ﬁﬁctﬂ'flﬁlprs@fﬁdﬁg BoukCamef skelbitiad | SYSPbL-an

tl I bst
Feduce gal vani ET208 0 WHALR MY PAPSEBRESB T idnter FRrTER; aripn chd
enbodi nent s of ptrefelriried iimjdtiion hébdpngyoperatfilomsd heaters can be used

I n conjunction w ialy! I%eq:lr% oic s{__ﬁ[eag?,t J¥ 1slpc ascBQtﬁi‘@ ft heni

creation of netal io0n- Yosion a natlvely
t hese pol ynéri GnMemtd-%&la@r becappbiéed bYdia’sPBh@ﬁ Fbebél%bﬁsgépﬁkaléF?las

]E Ihel & own ST Or &% t Cﬁg&%ége'?d 0?%' rﬁf.dld aﬂtﬁﬁus}ﬂrét Wb%trﬁ"ﬁafét llgﬁ59509r
ui n such an enpodi e flow through cavity cou
mol ded in the MR %%nﬁ??“&f’&?&&e hed ot EgalF%'é' d R RPH eEbF’FdM

coul d be cont aipeagmedt hisudlheasvabPsof Thesuch ha@irduedze,swmanﬂzeﬂetenée?
to heat aflwd Ve 283, he 20 an evigces o
this invention" gﬂﬂu&%% B'énﬂsgﬁ}é? o%‘%?ﬁ%l su%%??t?"qﬁeﬂné?g?ehai r
dryers, cuild n@nd oesergiesd ftw crefltes, hemd reckfafR$hals empiestest s ased
in spas and po H%%gg o I

fl owt hrough ZQ%é)etreartsuﬁ% V\gl é% (3’ ul dggregléu% I'S p%@?ggﬁ?rﬁ%ugﬁnerated
pol yneri c tube IR fenAipPRing he skelptadi nannpersr frameesinianthe

mat erial s of tmlsﬁdwéalsed ofAﬁetlfl%tfldédj polyHBgi, Umpias sepuidf 2eahpkhe
i nner di aneter of. such a fube resi st ance. heat erated throygh the

en
tube' s inner 30PKhhmReRRH! RS HALE! CQRERSY: PREVESE obhei qBedleFiigd
t hrough heater polymersef ahdi nthei r hfatsds ardsistanee wirdenogsl” @sat €obs

oren veed o ABMUARIRLEY. paeppmrys BN SO SofRE I 3a00YE

limiting the 3%ntimelyi oaroundari the nock$istances, heatihgw lwirtecoamd
appar ent fa?n%%ééﬁélam&h%ﬁ&na OfpY tskéué‘esls%&ft frai\%ésci glhf%he

resulting element can include a relatively solid

20 structure, or have a substantial number of open cross-

sectional areas, although it is assumed that the

resistance heating wire should be hermetically insulated

from fluid contact. It is further understood that the

skeletal support frame and resistarice heating wire can be

25 pre-heated, rather than energizing the resistance heating

wire, to generate sufficient heat for fusing the polymer

pellets onto its surface. This process can alsc include

post-fluidized bed heating to provide a more uniform
coating. Other modifications to the process will be -

30 within the skill of current polymer technology.

The standard rating of the preferred polymeric 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

35 ratings from 1000 W to about 6000 W, and preferably

between about 1700 W and 4500 W. For gas heating, lower

wattages of about 100-1200 W can be used. Dual, and even

triple wattage capacities can be provided by employing
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1. An electrical resistance heating el enent for use I n connection with
heat i ng avolsakwrsgedi um conpri sing: (a) an el arermussrndysehavi ng
a supporting surface 5 thereon; (b) a resistance wre -
wound onto said supporting surface and connected to at |east a pair- of
ternminal end pentltiplef cHils ebenenesistance materials (w@rminating at

ther mal | y- condyatd e 00k YBBELS o2k AGG! nd] OYEhesE! BoresicH ance

wire and said supp I ng sur hermeti cal Iy encapsurati ng and
electrically i nsUFEeRnFhey foregpingncelty Fans oy ¥8ad iged gthak; fhis

pol ymeri c coat '1%&961’6h5pﬁ8v§dégeiﬂﬁ:&le&%ﬂwdlrv&trl@?-elem@heﬁtfmﬁaiéej
| e

d d The h f_cl
whorein 5916 ThordioNet PR Inid FeREINRI SCONGIA BT LVALE SR

| east about 0. hedtéesrakd oil space’ihea‘l&urmeat'mng prefienredf delvdiaes? of
wherein said I t pl Si

20 a nelting pmg ér eamct""qq'f]1 AP%O %%M&'eign S%S‘Iélg %8 ﬂlr{?ﬂﬁ’u@
el ement of cl aiexBenseseiandaitp Summaﬂzomﬁmgc%omlmlé faQi'e’kon

reinforcement. yithin £1yia TQE QE' RArKL N nOfcdddl R 4ei&ﬁ3fi§.h'&n%%‘ bf

fiber reinforcenent conprises boron, graphite, 25 aram d or carbon
fibers. 10 thjs 1W§nﬁé8ﬁr n'@hél Eﬁmeﬁilccfh}‘milhﬁﬂﬁiaﬁﬁnc§§| he used in

ﬁer?m c afldl ti Y@ox?@ﬁ}ibti%? \?hlmﬁ rd qsbmxéldﬁc Oété‘ﬁabedeankt so as th avidid
eatl ng el enen (0] clalm rrc_coa n [,1,.SEeS a
o g o e ERBSsaTion B ekal donrrePaid  GhtreR o ALt

parts of the pol mgnrmtsateil.pplt;tmse cpcbymendc fluid heakersihzan be

heating. el ement qgl; ghlg" ZoWhEL ekl dopar RAUNLES FRBLENGYR | diSrA4L"

nol ded. eatl ng enment erein sard
resi stance ¥%recoptadmsiretel ymnd&pmlomséu gtoirenand heat gasesner  fluid.

coating during i‘n”&h&'hnﬂno&ﬁﬁéﬁiﬁgnt the flovl-othfbﬁ@heéabgéirei1‘%%8@1&55@9

(a) a tank for containihg wate
a heating el enehif QPPac‘H'édqlﬁ 5% |ofra shpRK o Forage pPasinn@nd e ¢
resi stance heathegtiticacoilp 4 icvuld Beheodtitizfimed witllin athe wall dfathag

el ement tank or basin and energized to heat a fluid or gas in the
20 tank or basin. The 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 spas and pools.
This invention is also applicable to flow-through
25 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 fluid
medium passes through the inner diameter of such a tube,
resistance heat is generated through the tube’s inner
30 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 water.
Although various embodiments have been illustrated,
this is for the purpose of describing and not limiting the
35 invention. Various modifications, which will become
apparent to one skilled in the art, or within the scope of
this in the attached claims.
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conprising; 5 a su

resi st ancewgmgr9rssound onto said simﬁi‘ I““Iﬂr"ﬁim“l connecpcwsmms I east
a pair of term nal end portions;

thermal | y- conducti ve polyneric 10 coatlng dlsposed over sald resi stance

Wi re and a najwe clapﬁftlon said support frame for hernetically

| at d t | ating,said ' f d
Flud, sai d pol ymer e coby {#?ﬁ??éa- o818 8a e ReRE R RARRERror Ues

non- el ectri caliny condectu.ag wddiht iheatiing farfubdi deddua,t lcemmtising:
conductivity val ue of at r{f%?gs%% elefPRt blay ﬁgxﬁﬁ%& Kupporting surfade-

The water heater of clai erein said ric-coating” conprises a
fibrous add®tithereen; i nprovi ng nechanical strength and said

thermal |y 20 conductive,p) non-gl egkgligdlance wﬁgct{,&and a@iitld Vesaid
conprising a ceram c,additive_ contai a bj de or .oxid
12. A net hod o‘FuHBHEF&PPuﬁ"rﬁf%?PePQBt ﬁ%&ﬂ etdd g?l ?ttanlg efteR2 30 of
heating a fl ui termofpldi end)portions of said elempntpr @anidli ng a support
frame; b) Lndin I esi ce he w.re on

sai d support frane; (<) a "tHern gl? % %q-'n%'e E%ip’%&ﬁy c%n%ﬁ’é??ve
non- electdnsabsp%mt sadd pmmtamer wizied ardi saddcesWeporeingng

wire and a SUbéﬁﬁ?Eb@' th&f’m@h&%‘ qgj%ﬂsulatiﬁénﬁndt qelééeﬁéawl y

i nsul at e and er netica enca said wire from said

sai d thermal | yinsu a&}mﬂijcﬁﬁ%ﬁ ;ﬁﬁ%/#\%?‘PECEoéﬂrrﬁ; EEOMnFaid hddpdd, saia

conductivity ?olﬁb&qwbo&&ﬂr@aﬁo@ﬂé iy & ‘Mi&ﬁidilﬂr—@&nductlve , nén-
The nethod

cl ai ei sai step (c) conprises
i nj ecti on nol df ['lr&ctrlcaljly °°n‘£“‘i€1n?h8eﬁﬁnﬁ8d g‘fem 13 wherein said
thermal |y tBnducti ve.pol yites heatiimgy cebpments cabonuaﬁﬁr 1 wherein said

21 polmerl?é)%%{ﬁg qfxaé ge{,_ﬁ%aeid @f&l&{%} 1&: '\qdéf‘g p?g t 3¢ 0f

sai d imil2
wherein said least abouypd+areWi/BKsoati ng conprises a thernoplastic resin,

a 5 ceram G powug{e ﬁ@@tﬁh@opéﬂeﬂbﬁis o beA%im 2 wherein saia
16. The net hod of claim15 wherein said
polymeric coating comprises a thermoplastic resin having
20 a melting point greater than 200°F.
4. The heating element of claim 3 wherein said
polymeric coating comprises a fiber reinforcement.
5. The heating element of claim 4 wherein said
fiber reinforcement comprises glass, boron, graphite,
25 aramid or carbon fibers.
' 6. The heating element of claim 1 wherein said
ceramic additive comprises a nitride, oxide or carbide.
7. The heating element of claim 6 wherein said
- polymeric coating comprises a loading of about 60-200
30 parts of said ceramic additive per hundred parts of the
polymer in said polymeric coating.
8. The heating element of claim 7 wherein said
polymeric coating is injection molded.
9. The heating element of claim 1, wherein said
35 resistance wire is completely encapsulated within said
polymeric coating during a molding operation.
10. A water heater comprising:
(a) a tank for containing water;
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t her nopl asti ¢ resin conprises PPE“‘BHME“ Hu
conduct i WE9832183e is greater th r] K. PCT/US97/23166

17. The nethod of claim 15 Wherein said 10 thernoplastic
resin conprises an LCP. The method of _claim
12 wherein said (b) %pb@ﬁi@%t%’gﬁ%é?tc&ﬁﬁ%d dEppithgvadidof

[) ez i stl SnceA lsaltd tarlnbeﬁét r?rwmﬁaa?e;eb@ﬁ@&eéélétaﬁael ﬁbatinbL:tlodIaZ ed
e n el ectrjca stance neatl ca e
bei ng di sposed Rty 3&/\&‘? YR Ak ﬁ'%ﬁ'&uggn& said heagﬁngoﬁ‘ﬁs Ens.

w th heating addnprhstmigpm conpri si ng: (a) a
pol ymeric sypport frane; (b) a resistance

heati ng w réléohavi ng a a S“BE"“ ]frfa &e ends joined to a pair of
term nal end 20 portaonesisthncecHizterweundaonhg GRA8 KUPPPIdnt o
and Moﬁhédcgﬁnééltq_n%“wrétfiéﬁt ¥Pair of terminal end
(c) a non-el ectrically conduct’ ve, pol ymeric coating

cont ai ni ng an PVEEIPREF| 9niinsul ating, t hermal | y- conducti ve

ce_rgm c additive fo;I | mprovi ngat fts;emany—caﬁaubgenr@alpomadﬂ_ ; L&l \Gdat iref
sai coating, ,sai oat i ed _over. said resistance
wre and a ]ggrt‘?bﬁp‘a?eéa?ﬁer said reSlsgﬁBﬁSr ?’9} rg%edeaf &gj%eﬁ’rﬂﬁimﬁ I%f'
encapsul ati ng saild support framectfonaﬂiqrmeisin:allrlg encdapswbatingcand re
fromsaid s y IxC | hgyai t gl
30 conducti vi tej'\e/%FﬁéEé?! igt J1eas %{é‘%t g‘é&? \ﬁﬁfg%*rz?ﬁce WY fon @%1'@
20. The heati ngEtnédent saidc| pelynerjigerepating includingj @ c&hermally

addi tive conpriggaaaBteyede ﬁBnabll'@dﬁﬂ‘dﬁlly conductlnaﬁg B@%‘l‘ﬁi}ve for

21. The heating el errgnt of c¢claim?20 where 35 sai d pol yne
coating furtherPESHBRAELS acﬁaﬁmlgpgggmctlva.ty value Bgr §t least about
22. An electri caLsrwngKance heat i ng el ement for use in

- connection wi th heat| I ui d
22 Compri g The'" 4al8! Blater gr laim 1o herein mpid

supporting spoixmemh:ere:@a,tmg comprises a (fibzonesi sdatideve r for
wound onto saidj QP:?BF&R?& s %éﬂfxﬁi‘ﬁﬁla”dsgf’&ﬂ&&hed dflgat éfféE ;’ch@n{aﬁy

term nal end porttons Q enent
t her nal | y- cdfduepnguctivengn- noneﬁééﬁtif-'é-&allﬂlbondmf}d}@tb‘(ﬁyrrerﬁ@’éb’ef{qﬁ ng

di sposed over comprising a ceramic additive containing a nitride,
carbide or oxide.
12. A method of manufacturing an electrical
resistance element for heating a fluid, comprising:
25 (a) providing a support frame;
(b) winding a resistance heating wire onto said
support frame;
(c) applying a thermally-conductive polymer
over said resistance heating wire and a substantial
30 portion of said support frame to electrically insulate and
hermetically encapsulate said wire from said fluid, said
thermally-conductive polymeric coating having a thermal
conductivity value of at least about 0.5 W/mK.
13. The method of claim 12 wherein said applying
35 step (c) comprises injection molding.
14. The method of claim 13 wherein said thermally
conductive polymer coating comprises about 60-200 parts of
a ceramic additive per hundred parts of said polymer.

21
This Sheet Has Been Replaced

B




said resistance wire and a sub ' ' of said 10 supporting
surface Wwarosieyrsseti cal |y encapF“ﬂﬁ "m; Ig““ Iﬂ | ectrical | ypcwsisha2ileg said
resi stance wire fromsaid flwlde Sal v pel ymeric coating conprising a -
thermal | y- conductive, non-electrically conducting ceramc additive

for achieving a thdbmal Thendeethedt pfvaladmwflt wheredim sabdupodyBeric

Wnferr] K thrgdgking domp@lise® a thermoplasti®dredir @CteramieSpslases
heati ng el enent foE1 use i n coppection with heating a fluid medi um
conprising: @and chopped glasg  FiBergtecirical resistance wire;

(b) a ceram c natendieal Dhe oundbittlgpdind & eleTaimcal 49 | neheeeing ssadd

W re; c) a netal she casiRg sald ¢ 1 C

material aRd gpgggn rolpclaaiséleasi KR vﬁgr@g?l%g aﬁbE, th Said (E?egmal
thermal |y con¢enduetiptityneralue iscgueatgrditdypesabaver0saWAmifet al sheath
for hermetically 23-encagsyl atjdehgqd ebect réfé#‘y i pgul af;hBgesal d BRLA
sheath fromsaid fluid, sald polynmeric coating having a t her mal
conductivity &hexmaRlastipkesbnscopprdpepkan LCP. 24. An electric

rez! stance heating ﬁS.grfﬁl‘ﬁefﬁéthod use i:maciann@:f:t{v?awi}hh $e8d | Appayfing d
medi um c ri sing: . , . a) ap.electrical resistance wire;
(b) o cer 30 c Shetor (S) campoingeginnind safacranintanendpating vire
Wire; and said sypport netramesHiaioh acflasidizedi beder an c

mat eri al and el ectrjgal 1.5t e W re: . .

thermally conduct iiyge’ p%ﬁ?;s?r%r&c}clcg\i E%aﬁl?ér%rgﬁ?%g‘o%aet&%grle%rbé %Pa le
sheath for heafetbeingy dispaseshptbraughg aarvadlesf iaathpki o ausag igai d

met al sheddh{d i Si WithUhdatidgd P HDUTH ifedPdh ! neoﬁﬁmaici{a'?@g
23 a thermall ¥ conductive, . non-electrically conducti ng
ceram ¢ add® tive. a) a polymPeXige HURRPEY FEAPCHf claim 24 wherein

said polyneric coating hgs)a ahpesiktanseubeating vwlre mivindgta lgadst ofbout
0.5 Wrierr] K'free ends joined to a pair of terminal end portions, said
resistance heating wire wound onto and supported by said
support frame; and
20 - (c) a polymeric coating containing an
electrically insulating, thermally-conductive ceranic
additive for improving the thermal conductivity of said
coating, said coating disposed over said resistance wire
and a portion of said support frame for hermetically
25 encapsulating and electrically insulating said resistance
wire from said fluid, said polymeric coating having a
thermal conductivity value of at least about 0.5 W/m°K.
20. The heating element of claim 19 wherein said
ceramic additive comprises an oxide of aluminum or
30 magnesium.
21. The heating element of claim 20 wherein said
polymeric coating further comprises chopped glass fibers.
22. An electrical resistance heating elenment for use
in connection with heating a fluid medium, comprising:
35 (a) an element body having a supporting surface
thereon;
() a resistance wire wound onto said
supporting surface and connected to at least a pair of
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terminal end portions of said element; and
(c) a thermally-conductive polymeric coating
disposed over said resistance wire and a substantial
portion of said supporting surface for hermetically
encapsulating and electrically insulating said resistance
wire from said fluid, said polymeric coating comprising a
thermally-conductive, non-electrically conducting ceramic
additive for achieving a thermal conductivity value of at
least about 0.5 W/m°K through said coating.
23. An electric resistance heating element for use
in connection with heating a fluid medium, comprising:
(a) an electrical resistance wire; _
(b) a ceramic material surrounding and
electrically insulating said wire;
(c) a metal sheath encasing said ceramic
material and electrical resistance wire; and
(d) a thermally conductive polymeric coating
disposed over said metal sheath for hermetically
encapsulating and electrically insulating said metal
sheath from said fluid, said polymeric coating having a
thermal conductivity of at least about 0.5 W/mK.
24. An electric resistance heating element for use
in connection with heating a fluid medium, comprising:
(a) an electrical resistance wire;
(b) a ceramic material surrounding and
electrically insulating said wire;
(c) a metal sheath encasing said ceramic
material and electrical resistance wire; and
_ (d) a thermally conductive polymeric coating
disposed over said metal sheath for hermeticaily
encapsulating and electrically insulating said metal
sheath from said fluid, said polymeric coating comprising
a thermally-conductive, non-electrically conducting
ceramic additive.
25. The heating element of élaim 24 wherein said

polymeric coating has a thermal conductivity value of at
least about 0.5 W/mK.
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