2115221 PTC CIRCU T PROTECTI ON DEVI CE -2- This invention relates to
circuit protection devices conprising PTC conductive polyner elenents.
Candugti ve polyner conpositions, and devices conpris- ing them are known
or ark~described’in our copendi ng patent 5 appl i-cations. Reference may
be made for exanple to U.S. Patents Nos. 2,952,761, 2,978,665, 3,243,753,

3,351,882, 3,571,777, 3,757,086, 3,793, glG, 3,823,217, 3,861, 029, 21152

4,017,715; 4,@72,848, 4,085, 286, 4,117,812, 4,177,376, 4,177, 446,

4,188, 276, 4,237,441, 4,238,812, 4,242,573, 10 4,246, 468, 4, 250, 400,

4, 255,698, 4,272,471, 4,276,466, 4,314,230, 4,315,237, 4,317,027,

4,318, 881, 4,334,351, 4,352,083 and 4,361, 799; U.K Patent No. 1,534, 715;
J. Applied Polynmer Science 19, 813-815 (1975), Kl ason and Kubat; Pol.yner
Engi neeri.ng -and Sci ence 18, 64iggg3%ﬁgiﬂﬁééﬁéﬁéﬂﬁﬁigéizﬁégf German- OLS
Nos. 2,634,999, 2,755,077, 2,7 2,949,173 and
3, 030, 799 and European Publlshed Pat ent Applications Nos. O, 026 571,

0, 028, 142, 0, 030,479, 0,038,713, 0,038,714, 0,038, 715, 0,038, 716,
0,038,717, 0,038,718, 0,063,440, 20 0,067,679, 0,067,681 and 0, 068, 688.

The diScIosure'of each of the patents, publlcatlons and applications re-
ferred to above is incorporated herein by reference: -3
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Particul arly useful

- pratection devices.
por mal operating conditions of the circuit, but are "tripped",. i.

/5  verted into a high resistance state, when a fault condition,
gssive current or tenperature, occurs. Such devi'ces,are:described for®

“exanmple in U S

‘0,038 715 10

finclude an encl osure around the conductive polynmer el enent
i electrically insulate and/or

[
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Patents Nos. 4,237,441, 4,238,812, 4, 255 698, 4, 315, 237,

: 4,317,027, and 4,352, 083 and Eur opean Published Patent Applications hbs
and 0,063,440. It is usually necessary for such devices to

in order to .
; physi cal Iy 3roféct the el enent. The encl osure
i1s preferably spaced apart fromthe el enent, .and can al so serve as an

devi.ces conprising PTC conductive, pol.yners are circuit
Such devices have a relatively IOM/resistance under

=

oxygen barrier. 15 The essential and the desired characteristics of
a circuit protection device vary wdely fromone application to another,
dependi ng, for exanple on the peak voltage, i.e. the voltage which is

dr opped across
whi ch the 20

: Application No.
: which can arise when PTC conductive pol ymer devices are used to protect
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4,017,715, 4,072,848, 4, 085,286, 4,117, 312, 4,177,376,

4,177,446, 4,188 $276, 4,237,441, 4,238 (812, 4,242,573,
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4,246,468, 4,250,400, 4, 255,698, 4 272,471, 4,276,466,
4,314,230, 4,315,237, 4 ¢317,027, 4,318,881, 4, 334,351,
4,352,083 and 4,361, 799; U.K. Patent No. 1,534,715;

J. Applied Polymer Science 19, 813-815 (1975), Klason
and Kubat; Polymer Engineering and Science 18, 649-653
(1978) Narkis et al; German OLS Nos. 2,634,999,

. 2,755,077, 2,746,602, 2 +755,076, 2,821,799, 2, 949,173
and 3,030,799; and European Published Patent Applications
Nos. 0,026,571, 0, 028 142, 0,030,479, 0,038 (713, 0,038,714, \d‘.

20

0,038,715, 0,038, 716 0,038,717, 0,038,718, 0,063 440,
0,067,679, 0,067,681 and 0,068,688, The disclosure of

each of the patents, Publications and applications re-
- ferred to above is incorporated herein by reference. |
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-4- pTC conp05|t|ons contalnlng an ar c- controlllng addltlve e. g " al uni na
trlhydrate whi ch reduces the susceptibility -of the PTC conposition to form
car bonaceous conductive paths, and the use of an oxygen barrier around the @
PTC & ~-alenent which'is conposed of a material which does not entrap any .
decoﬁﬁ05|t|on products of the PTC material resulting from arcing and whi ch
1§ not itself deconposed or damageed by arcing of the PTC elenment. 10

One characteristic which is always desired in a circuit protection device .
i§ that the device should "fail-safe”, i.e. that when the device does fail,
ii fails in a high resistance state (|nclud|ng opening the circuit
eptlrely) In tests carried out with the b8st=-15 of the prior art

devi ces conprising a PTC conductive polyner el enment and a spaced-apart
ehclosure we found that, when a batch of |dent|cally manuf act ured devi ces
&ES tested at a peak voltage of about 240 volts or higher, the proportion

ich did not fail -Safep(artqcumﬂwvms@& ﬁaalewctea eolnawlgeﬁt_;Sb@eCéoﬁaa&eive
weis dependent on the peak vol roportlon of

e oo S ot O ERE S e Sdreuld PEt st LonodeRteos. nGuahnashFEEher
pioportion did not Haid is&h&a&hv&lgeabwvbeageanﬁe6ﬁﬁdb0|tBeEﬁbrﬁhl operatlng

imvestigations 25 t PT o] Ch ¥ne
i$ tripped, car bonac&‘%lg' %%%éQg eglggu?" gtu%egg% #gﬁggb ?hl S
dist can form & pervesrteak inke ﬁe@ﬂghame§1@@ﬁasetstetpathhahlehfaetulcendntlon'

ilure of the devige af?:éc%‘gs&%%' %Rﬂ-%?xt o?h%eﬂb%?i%rbnvsehh% 30such devices

relates to neans for ucin kel 1 hgod t pe
! ; are described for example in U s. Patents Nos. 4,237,441,

4,238,812, 4,255,698, 4,315,237, 4,317,027, and 4,352,083

and European Published Patent Applications 'Nos. 0,038,715
10 ' and 0,063,440. It is usually necessary for such devices to
P o : “include an enclosure around the conductive polymer element
: in order to electrically insulate and/or physically protect
the element. The enclosure is preferably spaced apart from
: i _ " the element, and can also serve as an oxygen barrier.

Y e mametn

ki 15 The essential and the desired characteristiés of a
' | circuit protection device vary widely from one application
' to another, depending, for exémple, on the peak voltage,
- i.e. the voltage which is dropped across the device in
[ ' . - its tripped condition, and the number of times which the
é . 20 device is expected to functioﬁ.'_European Published Patent
- aApplication No. 0,038,715 (U.S. Serial No. 141,987) discusses
problems which can arise when PTC conductive polymer devices
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_ are used to protect circuits against very rapid increases in
: "~ current, and in particular ‘the increasing difficulty of
' 125 'providing'effective“protection as the peak current and/or
- the peak voltage increase. The application points o@t that
such problems appear to result from arc formation within
the.COnductive polymer and that as the PTC element is
. repeatedly .tripped, it becomes eroded in the vicinity of
30  the hot zone so that it can ultimately be divided in half
half by the erosion. The application recommends the use of
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‘the interior surface of the enclosure itself) 5

manent | ow resi stance pathé will be fornmed by carbon- aceous dust ejected
dust froma PTC conductive polynmer elenment when it is tripped. Such neans

il ide: - -5- (1) Correlation of the size of the PTC el ement and the-. .

a of the surfaces withi.n an encl osure surroundi ng the' el enent (inclngghg“
B in"order to™
mnimze the thickness of the layer of carbonaceous dust on surfaces which
could formpart of an electrical short within the device. (2) Serection of
suitable materials for at |east 10 - 4 - Ppart of the i'nterior surface
of an enclosure surrounding the PTC el ement and/or for other. surfaces
whi ch, when coated with carbon dust, could formpart of an electrical short
wi thin the device. 15 ' (3) Means for ensuring an adequate di stance

(al ong surfaces which can beconme coated wth_ carbona-_ .ceaqus, dust)..hetween
o Dl ot ad-ndP RS Sreetr GEOTE SoRt ainthd "l SRPr o E e cda S S
cause shorting aeogindalumeidd Geildmate 20vhich reduces Sthvh susoept it Lidey

t he use of encl osgr N ids fﬁgﬁg ' ajdvely -
wi del y "'spaced fr%#ln gg%ﬁdt: %@%éb@%é s%%g%%‘%’?gc%n S, o‘%}%‘ﬁ% éegnc ‘{)"?J'ulsieé and
the use of insulRaklsicard, the use of am)oxygengniey araund dhe Ps'lFF‘ape_

for the PTC s element which is composed of a material which does not
entrap any dgcomposition products of the PTC material
resulting from arcing and which is not itself decomposed

[

or damageed_by_arcing of the PTC element. : Ej

10 _ One,chatacterisﬁic which is always desired in a
‘circuit protection device is that the device should
"fail-safe", i.e. that when the device does fail, it
fails in a high resistance state'(inciudihg-opening the
circuit_entireiy). In tests carried out with the best

15 of the prior art devices comprising a PTC conductive |
polymer element and a spaced-apart énclosure, we found
-that, when a batch of identically manufactured devices
_was tested at a peak voltage of about 240 volts or
higher, thé prbpcrtion which did not fail-safe (i.e.

20 which failed in a low resistance state) was dependent

O

on the peak voltage. Thus a significant proportion of
the devices did not fail-safe at a peak voltage of 240
volts, and a much higher proportién did_not fail-safe
at a peak voltage of 600 volts DC. Our investigations
25 have shown that when a PTC conductive polymer element
_is tripped,'barbonaceous dust is ejected from the PTC
element and that this dust can form a'permanen; low
resistance'conductive path which results in failure of
_ the device at low resistance. The present invention
30 relates to means for redncing the likelihood that per-
manent low.resistance paths will be formed by carbon-
aceous dust ejected dust from a PTC conductive polymer
: element when it is tripped. Such means include:- |
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el ement. (5) Selection of the thermal transfer characteristics of those
parts of. the device which can becone coated with carbon dust and which lie Gg%
betWweer -6. non-insul ated parts of the device which, if electrically G
connecvé&“mould cause 'shorting around the PTC elenent These expedi ents

can of course be used’in econbination. 5 Through use of the present
invention, it is possible -to prepare circuit protection devices which

fail -safe even at peak voltages of 600 volts or higher. In one aspect, the
invention'provides a circuit protection devigce_which conprises 10 '

(1) a PTC el enent conposed of a conductive polymer conposition which

exhi bits PTC behavi or and which conprises a polyneric conponent and,:

di spersed in the polyneric conponent, a particulate conductive filler
conprisi-ng 15 bon black

electrically connected td} h? FeIAtER (fzﬂ?& \/}Pg)zgl e ﬁg gggfnﬁifﬂfngv\hl ch

encl pses and is spaced apart dndroh20 area of the surfacest withinh ahe

potential erosion zone of theg AUEgéﬂéﬁnaﬁggﬁyﬁéfwgl%ﬂepgigﬁ%ﬁ? Ylﬁ§£h826§

and is spaced apart from the ole nment
substantial ly i npervious to the interior surface of the enclosure itself)

5 in order to minimize the thickness of the
layer of carbonaceous dust on surfaces which
_ _ could form part of an electrical short within
U ' the device.
(2) Selection of suitable materials for at least
10 part of the interior surface of an enclosure
surrounding the PTC element and/o: for other
surfaces which, when coated with carbon dust,
could form part of an electrical short within
- the device. .
15 ~ (3) Means for ensuring an adequate distance (along
surfaces which can become coated with carbona-
- ceous dust) between non-insulated parts of
the device which, if electrically connected,
would cause shorting around the PTC element.
o 20 Such means include the use of enclosures
~ ' - having exit ports for the leads which are
relatively widely spaced from each other,
: _ e.g. at opposite ends of the enclosure,
% | © and the use of insulated leads.
i | 25 - (4) Selection of a suitable shape for the PTC
; ' | ' ‘element. _' |
. (5) ‘Selection of the thermal transfer characteristics
of those parts'of the device which can become
coated with carbon dust and which lie between
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25 : carbon dust; .the device conprising nmeans for reducing

4

&Y i keli hood that permanent | ow resistance paths will be fornmed by
pr jonaceous dust ejected fromthe PTC el enent when the device is converted.
iWt0 the high resistance state. -7- The "potential "erosion zone "o&sa

“ PTC el ement is, in general terns, the part of a PTC el enent which is

subj ect to erosion-when the device is tripped, and is defined herein as
that part of the PTC el enent which has the hot 5 zone at its center and
whose volune is three times the volune of the hot zone, the hot zone being
defined as that part of the PTC el enent, which, when the device has been
tripped by passing a fault current through it, has been converted into a
zone of high tenperature and 10 hi gh resistance such that 90% of the peak
voltage (i.e. the total voltage dropped over the device as a whole) is
dropped over that zone. In ope preferred enbodi nent, at |east a part of the
interior surface of the RORTHRIHEALRA RARESRE i deviire wiithworidict i ng
surfaces within the enclé&bédericaXDppasmieefed) wowwld adaue Biert ialg Whi ch
passes the carbon burn-off te%tt at (ﬁ‘/t esfse voléage of 440 volts DC, and
preferably at a test voI?E&ﬂP f Qﬁ) '%ﬂ? B5% The Carbon burn-off test is
defined in detail later in the specification. Suitable 20 i nsul ating

materials of skl dbeAANE Co Ak Conil Yoo LWEILAT M UGS iR AN
ot her high nelting fluoropolynmers including copolyners of _
tetrafl uoroethyl ene. In another preferred enbodi nent, the physical

5 Through use of the present invention, it is possible' i:j
to prepare circuit protection devices which fail-safe
even at peak voltages of 600 volts or higher.

_ In one aspect, the invention provides a circuit
protection device which comprises

;10 - (l)i a PTC element composed of a conductive polymer
composition which exhibits PTC behavior
and which comprises a polymeric component
and, dispersed in the polymeric component, a
.  particulateée conductive filler comprising
15 carbon black; | .
(2)  two electrodes which are electrically connected
_ to the PTC element; and
(3) an enclosure N _ _
. (a) which encloses and:is spaced apart from
20 . : at least the potential erosion zone of the
' PTC element, and which preferably encloses
and is spaced apart from, the whole of the
PTC element; and
(b} which is sdbstantially'impervious to
- 25 _ carbon dust; | _
' the device comprising means for reducing the likelihood
that permanent low resistance paths will be formed by
carbonaceous dust ejected from the PTC element when the

device is converted into the high resistance state.
P .
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diinmensi ons of: the device are such that the-ratio VI/A 25 Is | ess than
0.0064 cm (0.0025 inch), preferably |ess than 0.005 cm (0.002 inch), o
payticularly |ess than 0.0025 cm (0.001 inch), where V1 is the volume in (E%é&
cub}c\een$4neters (cubic inches) of the potential erosion zone of the PTC
el ément and Al i's the area in square certirmeters (square 30 I nches) of
the surfaces within the enclosure which do not carry current during nornal
operation.of the device (i.e. the area of the internal surface of the
encl osure, plus the surface area of any additional surfaces). The ratio of

the exposed = -8 SUrfrage Qiddilidine A dord 00 8402 cAbnkhe FEC in

efe; ment .to the area Al is preferably |ess than 0.08, especially Iess

0.04. In anot her ;ﬂ%@?%&%.%@a%@fpm?%ﬁw whilghs 1gf sph@ect
dev:{ ce glre Isuch Ehﬁi éftgslié@i nméoﬁ’zgagge e viRfes 1td1am(pp@a C @nd0. ﬁoaglfa@ab)a
prieferably |ess C | es

(0.006 inch), part?RHI3R r%g")"‘f i”%%( "‘né’ﬁ’)1 p‘wﬁ‘@rs’e%i}? F‘?t
the volune in &Lwnznnxﬂntrmﬁsneedtaﬁmandruﬂaa@ wmlumheiBTehmbenmnmesnﬁhel i's

the area in squar %c?lﬁ;{}ﬁé "B¥ S (kﬁﬂ-_“aio?é NGRS ol ztohxee Py % ‘é’%—ﬂeﬁ' st he

eicl osure which do carry current during nornal operat| evi ce.

Pieferably the ratthatfParfe @(rﬁd’sﬁa@%ﬁ%@@r ahigh Wé‘eInTGh@I 8f¥ircet o t he
atea Al is |ess thpds (bekn ¥ iHINE agzsls\sllr@s% tffm'co cl&,remr Q:h%@h@h' yu-.l ess

than 0.10. In the tmolgnbodlnent e inventio escri % v d
rat i os V1/ AL and A% Peg ld’f G e MR e%‘:’fg emperatu <5
e - 10 high reszstance such that 90% of the peak voltage (i.e.

~ the total voltage dropped over the device as a whole)

is dropped over that zone.

In one preferred embodiment, at least a part of
the interior surface of the enclosure and any additional
15 non~conducting surfaces within the enclosure is composed
of an insulating material which passes the carbon burn-off
test at a test voltage of 440 volts DC, and preferably at
a test voitage of 600 volts DC. The Carbon burn-off test
is defined in deta11 1ater in the specification. Suitable

] 20 insulating materials of this kind include ceramics, poly—
: ' tetrafluorocethylene and other high melting fluoropolymers
3&_} _ including copolymers of tetrafluoroethylene.

A : In another preferred embodiment, the physical

' dimensions of the device are such that the -ratio Vy/Ay

25 is less than 0.0064 cm (0.0025 inch), preferably less than
0.005 cm (0.002 inch), particularly less than 0.0025 cm
(0.001 inch), where v, is the volume in cubic centimeters
(cubic inches) of the potential erosion zone of the PTC

earsamm’ remmieots

_ element and A, is the area in square centimeters (square
i ' 30 inches) of the surfaces within the enclosure which do
o not. carry current~during normal operation of the device
" (i.e. the afea ef the internal surface of the enclosure,
plus the surface -area of any addltlonal surfaces) " The

; ' ratio of the exposed
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We al so prefer that V2/ A2 is less than 0.02 cm (0.008 inch),
larly less than 0.018 cm (0.007 inch), where A2 is the area in- .
| cm (square inches) of the internal surface of the .enclosure. Mo kg
pre ef ably, the device of the-invention further conprises two | eads, oné
connected to each el ectrode; wherein the enclosure (a) is electrically
insulated fromthe PTC el ement, the el ecgrodes and the |eads, and (b)
conprises exit ports through mhlch the | eads pass; wherein the interieor
surface of said enclosure, in an area which lies in the shortest -

geonetrlcalsﬂ@raceehweanorhenexbbteat&al P 082BROSEHeObraBhensRLakiag -

mat eri al which S t he caroon est est volta

500 volt 5 DESPIhoniBrePRo8atd 18t PESUIFAD 7 LPRSBaB0950Bs BeBB9 ARH
(0.006 to 01@58 c¢impn PnoOthe known circuit protection devices conprising PTC
conductive polyners, connection of the electrodes to the electrical |eads

are not. insul ated and the -l eads and. the exit ports in the _enclosure; the
power supply is d8hPeptHepyPREARSTEA embedimpert, IéBGsPﬁMFéﬁabagémPHrough

lnsulath eéﬁbnEOb?St&eedé@haelﬁQEyszﬁSChhe eaehratmerv oPagagselkbg volta-

ges enp oye are gn suc t arC|n ween b g However ,

once we had 8§I|Z§g Fﬁa QOPU#E @ghPHGSSEa ésﬁéetban hg goﬁg dust

ej ected frork0t.RE TPTGch)erspechiadliolnsd &h30mﬂnééﬁscané@ gabhinehy, between

the | eads, p%h%915%§&'aegsttﬁgntbeobvélBBOQooboguetha"uﬁspeovgdlge

reduced by epln% | eads .and exi_t ts wdely TN

he volume in cubic centlmeters ‘(cubic” inches) of the PTC -

element and Aq is the area in square centlmeters (square_.
inches) of the surfaces within the enclosure which do not
carry current during normal operation of the device.:
Preferably the ratlo of the exposed surface area of the PTC
'element to the area Aq is less than 0. 2 more preferably
less than 0.16, partlcularly less_than 0.10.

In the two embodiments of the invention Just described,
the ratios Vi/A1 and Vp/Aq are a measure of the thickness of
the layer of carbonaceous dust deposited on the interior
surfaces of the device. ' '

We also prefer that Vz/s, is less than 0.02 cm (0.008
1nch), partlcularly less than 0. 018 em (0.007 inch), where |
Ao is the area in square em (square inches) of the internal
surface of the enclosure.

' More preferably, the dev1ce of the 1nventlon further
oomprlses two leads, one connected fo each electrode;
wherein the enclosure (a) is electrlcally insulated from the
PTC element, the electrodes and the leads, and (b) comprises
exit ports through which the leads pass; whereln the
1nterlor surface of said enclosure, in an area which lies in

'the'shortest geometrical path_between_the exit ports, is
composed ofdan'insulating material_which passes the caroon



separated or by insulating one (and preferably both) of -9- the | eads
over at |east a substantial proportion (and pre- ferably all) of its y
| ength.” ‘Preferred enbodi ments of the invention nake use of one or both o:f§C>'
t hege “expedi ents. -1 n looking for ways in which to keep the |eads w dely !
separated, we also found.that it was possible to make use of el ectrode
shapes and rel ative positions which had not been used in the past. Thus the
PTC el ement may be (a) conposed of a PTCf%ﬁhductive pol ymer conposition

which has a resisti- vity at 23[err]C of less than 100 ohm cm and whi ch

conprises a polynmeric conponent and, dispersed in the polynmeric com

ponent, a par‘?‘i‘%’iﬂ'%ft'% fc?ﬁ]ngdﬁﬁ% §itesd ‘g’(}ntﬁrﬁesi‘#g 6&% yeF s 2%; 3844 (b) in
the form of awisérein sad erstbiy Vo Al7 i3 dfromy |0 0d3Scalo @.A9F- daehi d0.006se
length is greg‘%eé 6{?”@@6 | ar gest cross-sectional dinension of the strip.
- 10 - Preferably; e enhclosure is spaced apart fromthe whole of the PTC
element and is in the shape of a tube with closed ends, the axis of the

tube and the axi sppfehdexdin & BNt REidte il andviddsy dopriammg PTC and
t he cl osed ends (for‘?]’l S|qr:%eX|t ports t r.oogﬁh {y\/q;l chreﬁ%s% el ectrli C%lh | eads
whi ch are confRRTETE® MBI » SS9 STortiee S lee v ENES Fentheeach of
t he el ect r odeslestr ivdhel danisn axfe snadapinsauliated iagnda thebdteadsi anidy the
exit ports in the enclosure; the power supply_is achieved by
means of electrical leads which pass through insulated exit

(L - ports are relatively close to each other, because the volta-

' ges employed are not such as to permit arcing between the
leads. - However, once we had realized that failure could
occur because carbonaceous ‘dust ejected from the PTC element
had formed a low resistance path, e.g. between_ﬁhe_leads, we
also realized that the likihood of such failure could be

" reduced by keeping the leads and exit. ports widely
separated or by insulating one (and preferably both) of



*10 pl anar end which contacts and has substantially the same cross-section
asQQe end of the PTC elenment and (ii) a side wall which contacts the side
of PTC el ement. In another preferred enbodi ment, each of the el ectrades.

/i s\gbedded in an end portion of the PTC el ement. The devi ces of the e
present invention are parti- cularly useful for protecting circuits “Wwhi Ch
are powered by power sources having relatively high 20 vol t.ages, e.g. at

| east 240 volts, at least 360 volts o9t |east 440 volts, and circuits
whi ch are powered by sources of voltage | ess 't han 240 volts, e.g. 50-140

vol ts DC, but mh ch_are suhject to f ts whi.ch resul | atively high-
peak vol ttakbee S over t't:?o adﬁthgafys %ta%toltaf‘}er rzf?p?@c‘iioq h@ni WPEIftT on pro-
vi des an Eﬂreah]r&r cllioftuitts vitengt lvonfrtesfernen embqidwen tsowfcEheavi ng a

voltage MAetide fikd AaN &4%/&'161:5_1{6(%@3 Yr R seldig 1 et 2C SOurce)

(b) an e ectrlc | oad; and aclircult protectlon devi ce
whi ch conprises (1) a PTC el enent conposed of a conductive pol yner

conposi tion vin dbskitigditer REyDeimuwimicnud Weep) thalidaiss Wi dedlyy ner i C
ngo ?gﬁlr];%egpn%o tg%‘ifle‘g/se%%q efﬁomé’(z)drorl(;ért|}/a§":3 :ligt c%%c? atﬂlbc]'ke t(°2)makte %Og) é’rc}e tr odes
whi ch ar @h@ﬂode:ashqpaﬁ)m&tr@iatW\temmie:rmmmicandxad not been '
used in the past. Thus the PTC element may be (a) composed
"of a PTC conductive polYmer composition which has a resisti-
"vity at 239C of less than 100 ohm cm and which'comprises a i;j
polymeric¢ component and, dispersed in the polymeric com-
. ponent, a particuléte conductive filler comprising carbon
. black; and (b) in the form of a strip, preferably a strip
of eylindrical eross-section whose length is greater than
the largest cross-sectional dimension of the strip. '



[ .
whi ch, are connectable.to a source 10 of electrical power
to cause current to pass through the PTC elenent; and (3) an enclosure (a) .
- whi ch -encl oses and is spaced apart fromat |east the potential erosion 15,7
zone-b¥ithe PTC él enent; (b) which is substantially inpervious to carbon e~
dust; and (c) at least a part of whose interior surface is conposed of a
I nsul-ating 20 ' mat eri al which passes the carbon
burn-off test at a test voltage of V volts. The devices of the invention
general ly conprise an encl osure which encloses and i s spaced-apart from 25-
thepotential erosion zone of the PTC elegengg and it is usually conveni ent
for the enclosure to enclose and be spaced apart fromthe whole of the PTC
el ement. The enclosure nmust not of course provide a current path between
the two el ectrodes, and generally therefore, 30 consists at least in

part of insulating mit epileerap1y, ltne ChEFBalike gscggxggaegﬁéerfwﬁ

dQV|ce to include el ect- S connecte
vi th) the el ectrodé&be whodet pé I"—B&dgTﬁaS%FﬁgthﬁB hSeknt tlpers ape ofe

encl osure, so that g hgbengliepuetoeeal eras,agHei axsaaéedtaeaf&bérsmtme

o orirotee an e BlG Be RLoBRE'e1enlHE i3S HLEMTEL AT nd  she,

5 and the closed ends comprising exit ports through
which pass electrical leads which are connected to
the electrodes,

~In one preferred embodiment, each of the electrodes
is in the form of a cap having (i) a substantially
10 planar end-which contacts and has substantially the same
cross~section as one end of the PTC element and (ii) a
side wall which contacts the side of the PTC element.
In angther preferred embodiment, each of the electrodes
o ] : is embedded in an end portion of the PTC element.

The devices of the present invention are parti-
cularly useful for protecting circuits which are
powered by power sources having relatively high
T : 20 voltages, e.g. at least 240 volts, at least 360 volts
"or at least 440 volts, and circuits which are powered

by sources of voltage less than 240 volts, e.g. 50~140
volts DC, but which are subject to faults which result

LA S PR

in a relatively high peak voltage.

- 25 - Accordingly, in another aspect, the invention pro-
' vides an electrical circuit which comprises ' ’

o - (a) a power source having a voltage V which is
a at least 440 volts (DC or RMS value of an AC
source);
30 {b) an electrical load; and



" that at Ieast one of the parts of the enclosure defining an exit port is.

: conposed of insulating material and/or that one or both of the |eads. should

. begzissul ated. It is also possible for one or both of the elect- 10, rodes .
Y m part of the enclosure. Under these circunstances, it'is preter%éd
+th each part of the enclosure contiguous with an el ectrode i § made 6f

e b St s %

[V SO .

insulating material. As noted above, we have found that the nature of 15
the interior surfaces of the device can pk y an inportant part ir
determining the likelihood that a device “fail in the | ow resistance
state. In particular we have found that at Ieast a part of the surfaces

whi ch can becone coated with carbon dust fromthe PTC el enent, and 20 can
thus provide a path for a short circuit, are prefer- ably conposed of a
material which will ph8d tReCiEavbbnPEetACEiPn TaeYice cuhicheOmRT b%€S Thus
it is preferred that at |east part of the interior surface of the enclosure

shoul d be conposed of such mat e especi al | cou t hose
parts whi ¢h provide the sh&?!es? %*gt%%%%gﬁyo ™ gﬂﬁeéu??aiefoﬁ Tﬁéﬁﬁeparts-
of the device which are at a di potymet pohpositionuwhichomenibiosn PECt he
device. It is also preferred thgin g k& S40
| eads within the encl osure, at ea%t oﬁeéﬁgagﬁ%% cgﬁ%Pféé%e |ﬁgﬂﬂ@?ed W t h
a material which - 13- passesCeMROR@RboANGYrdispersedt inntherralymente
one of the exit ports in the engbmsdhente oyl gabeidel apedcdbyadepiyé of the
encl osure which is conposed of Euf a :
1ller comprising carbon black; e
(2) two electrodes which are electrlcally hd
connected to the PTC element and
which are connectable to a source
10 - - of electrical power to cause ‘current to
pass through the PTC element; and
{3) an enclosure _
(a) which encloses and is spaced apart
. from at least the potential erosion
15 zone of the PTC element;
(p) which is_substantially'impervious
" to carbon dust; and '
(c) at least a part of whose interior
surface is composed of an 1nsu1at1ng i:}

- 20 - . material which passes the carbon
burn-off test at a test voltage of,
V volts.

The devices of the inéention generally comprise
_ ~an enclosure which encloses and is spaced-apart from
25° the potential erosion . zone of the PTC;element,'and it.
‘is usually convenient for the enclosure to enclose and
be spaced apart from the whole of the PTC element. - The
enclosure must not of course provide a current path
betweéii the two electrodes, and generally thérefore,
.30 consists at least in part of insulating material.

s

o c e e e e et tmn s reem e dmimn et b g o Meeee s+ wea e ceenma e,



materi.al . The'Carbon Burn-Off Test 5 There is prepared a

“sel f-supporting rectangul ar plaque of the material, having a thickness of _
atls | east,’0. 1 c¢cm (0.04 inch) ‘and a planar upper surface 0.64 cm (0.25 inch)iji
mﬁde“_nﬁ at least~1.27 cm (0.5 inch) long. Two holes are drilled through*‘i"_
the pla at ri‘ght angles to the planar 10 upper surface, the centers o]

‘the hol es being 0.64 cm (0.25 inch) apart and 0.32 cm (0.125 inch) or nore
from each.edge "of the plaque, and the di aneter of each hol e being just

| ar ge -enough to actommodate a 20 gauge wire (dianeter 0.09 cm. A solid
copper wire of 20 gauge is pushed through 152 .each hole so that it
protrudes 0.64 cm (0.25 inch) above the planar surface. A typical test
sanpl e prepared in this way is shown in Figure 3 and conprises plaque 61
having wires .62 and 63 pushed therethrough. A circuit as shown in Figure

4tis then made, wt PRLT A W 5&-%%:3%:1' . qﬁ%q ed. i seni.es _
with a fixed resi st((s])if:E ,fgn&:ngr%)%‘ér an aqz\s/]zfr'ci abl'e evo&t g&éggg\ﬁ@(ralseﬁgpl y
67. Wth the plana¥ica} fieadshorenmeatad tarleon integraldydferagdomishthe

sgrface until no nogge VildcStddedN witth HH w865 dds ifigwhe ohgnTh&ivol t age
i$ then increased fromzero to the test voltaquat rate _of about 25 10
volts per second. ROFES| HRSENGLAIHOIGaf® | q%ﬁ@aféﬁl%‘l‘rﬁ ENCsO$E yuck

bét ween the wires a@mdeis heppteahaapant fimem tHeow ey todddeznrmdofthich@Tcar bon
black; if that happ e ' ng&$g1 0 and .car k is
agai n powder ed %nt og?_ eeég'r f'\;@{eé%g&oﬂr%ér epeat | n%toi'ﬁcgé’s[’e?tq. y ftp(%%rkte%lé:%? .
voltage 30 has bethatnek cbeadt tane Iaf ttde pants@f the jenciwisnrs dediadng
tha*t-/ltevel uln_tltl ?hﬁﬁta@*ft%ﬂtiéﬂbd@d@.ﬂpw,imﬁiwtqr@elmerrq@mﬁat/@r
z?ro ° gonp ©1€ ' Nthat one or both of the leads should be insulated.

? _ It is 'also possible for one or both of the elect-

10 rodes to form part of the enélosuré._ Under these
circumstances, it is preferred that each part of the
enclosure contiguous with an electrode is made of
insulating material.

_ As noted above, we have found that the nature of
_ 15 the interior surfaces of the devicé can play anhimportant
1 ' part in determining the likelihood that a device will
fail in the low resistance state. In particular we have
. found that at least a part of the surfaces which can
‘become coated with carbon dust from the PTC element, and
20 .'éan thus provide a path for a short circuit, are prefer-
_ ably composed of a material which will pass the "Carbon
i Burn-off Test" described below. Thus it is preferred that
' ' at' least part of the interior surface of the enclosure

e

should be composed of such a material, especially, of

25 course, those.pafts which'provide the shortest distance
| :aiong the surface) between parts of the device'which are
at a different potential dﬁfing operation'of the device.
It is alsd”preférred that, when the device comprises one

Ay D S

or two leads within the enclosure, at least one lead
30 should be insulated with a material which

. vty § 18 A /et Sonth b = et



;-14- E[équesnéﬁde.é% pfeferréd ﬁater}als rﬁll gogugﬁrgétgfrglgfg?g§rUr
B jected to the carbon burn-of tes., and . | |
\(11\22. Sgjdei n this specification as "materials which will pass the carbon

st i
. . .

‘bur f test". It is particularly preferred to use naterial s- whi ch, wien.
i

] - not only pass,the test-but alsg
: - ed to the carbon burn off test, no
ffggulte?; a current in the test circuit which is below 0.005 anp at the eqd

S - - t he carbon
: ability of a particulaf mmgerial to pass _ _
igLr;nggeféétTgf voltaggs above 240 volts |smﬁefﬁndePLeoBO&2? ggﬁﬁcgo{gage.
' i test, to a |esser extent on whether t _ ' i
gggPL?yig Lgm;?esource (voltages given in this SpeC|f|catlonlﬁgeeRNaeVﬁgsgsl
B U 0 S e L 6 Y L
i that pol yt rog . ; i
bont de Nermbur 4) Chel VY B At paciochs s« soul e dafirow by o
[ wher eas pol y (meERA® @& lther phedesursPeictl a5 Brddgeltbl) s P

; " " ma ’ cetal resins ("Delrin”

* bonates ("Lexan" mhtadq yark), aceta ; o
i connercigl gl ass, borosilicate gl ass, epoxy r?ﬁgnfés?ndlnSUIatinQ terials
{ phenol i c-resin-i npregnat ed paper do not pass :

{ whi ch have previ Ehel gabben B&Qﬂ-b@pr@stVide'aguLffié Sorsgér02|éggnt in a
merior surface of an‘ercrosire ¥Er S*BIC comductive pofyrer o ornt 0
i f;;fﬁ'EEpgiigftéﬁg coBbenei baaprgbased aheeeraBLgpbAL Snf okl t D8 AL RON |
burn-of f test atpBay@btagerRb ﬁé9é¥?£i§ gé%ing a thickness of at least ;,)
: 0.1 cm (0.04 inch) and a planar-upper surface 0.64 cm (0.25
inch) wide and .at least 1.27 cm (0.5 inch) long. Two holes
are drilled through the plaque at right angles to the planar
10 upper surface, the centers of the holes being 0.64 cm (0.25
' inch) apart and 0.32 cm (0.125 inch) or more from each edge
of thé'plaque, and the diameter of each hole being just
large ehough to accommodate a 20 gauge wire (diameter 0.09
cm). A solid copper wire of 20 gauge is pushed through _
15 each hole so that it protrudes 0.64 cm (0.25 inch) above the 
planar surface. & typical_test”Sa@ple prepared in this way
is shown in Figure 3 ang comprises plaqueiGi having wires 62

pELx vy

and 63 pushed therethrough. A circuit as shown in Figure 4.
- is then made, with the copper wires 62 and 63 connected in's .
_ 20 series with a fixed resistor 65, an ammeter 66 and a variable
! _ | voltage power Supply 67._ With thé_planar surface horizontal,
carbon black is dusted onto the surface until no more will
.stéy on, as shown by 64 in Eiguré 4. The voltage ishthen
_ increased from zero to the test voltage at a rate of about
; ' 25 10 volts pef second. Sbmétimés, as the voltage is'incfeased;
an_afc is struck between the wires above the planar surfacé¢
'blowing off some of the carbon black} if that happens, the'_ _
voltage is reduced to zero and carbon blacﬁ is again powdered
onto the surface befgre repeating the test. After the voltage g
30 has been ihcreaéed_to the test VOltade, it is maintained at
'that level until a stable conditibn is réached( befbre'beiﬁg

reduced to zero to complete the test.
. '/ .

2 Wabidn * s e e




-15- In order to ensure that the device will fail in the high resistance
state, the test voltage used in the carbon burn-off.test should be at Iea
ass hi.gh- &S the voltage dropped over the device in the fault condition.

have QQLLL *ed out the t'est using Raven 8000 as the carbon bl ack, but we

bel i eve at the results-are not dependent on the carbon bl ack used. The
enclosures used in the present invention prefgerably insulate and physically
protect the PTC element; in addition they al so prevent carbonaceous dust
evol ved from the PTC el ement from bei ng deposited on adjacent articles
(especially electri aauldqueaa:tmaﬁe aft iprefe rwtdidc matiegiita 13e windesotabuynghasged

by such depositjo (]al todher heaJ Qrbg)(f%%% qusSte yeS c%\f-%lo\ﬁe%ufrro é‘tfh%eghé gad,

el enent,” ‘gaseoud econposr ['on products are genera evo
time. If not r eSuch drpt et yanss deferdihes é%ﬁd’éﬁsrsrpébllflmaéhopr éSsur es

Wi thin thf encl %ﬂvﬁlmw&d’}‘glvﬁﬂﬂ a%S{)[lefeerc:a%dnh%turhh%f?nQIeQQ“'re i8] fls
pervious to gases whic e generated within | ansf er
characteri sti cP® ’t"H‘blacfg\? cpg”%\fe nest té’er’r’ri’realmla);eé'slarlﬁpéf&‘rl&ﬁt' d8ePh&YRat ure
of the inter naljemrécacte:s tdre] dardian drurass-o fithdiers tgf hedt oadyt paski kae kekood
of Iow resista e&rrees@lq: be, sl Qﬂirfr’e%ac” n t}(ﬁ% hage E‘I‘z"@qltth@zhxg}ﬂ hgat

sinking a part evi ce which mr carbon dus

l'i kel i hood of ab%]rﬂff to-@%gﬁ“fmrﬁfeéﬁ%ﬁ%’gwft e ¢&son dust can be

increased. Conversely, if the part S very wel | insulated, the likeli-.

hoedﬁof-a‘short 'S rfﬁhnm%lllty of a p=rtlcular material to pass the carbon

./ | . burn-off test at voltages above 240 volts is dependent

on the test voltage employed in the test, to a lesser
extent'on whether the power source is a DC or AC power
source (voltages given in this specifieation are RMS values

~ for AC power sources). Inltests using a 600 volt DC test
voltage, we have found that polytetrafluoroethylene
("Teflon", Trade Mark sold by E.I. du Pont de Nemours) and
various ceramics pass the carbon burn-off test, whereas poly
(methyl methacrylate) ("Plexiglas",Trade Mark), polycar-
bonates . ("Lexan",Trade Mark), acetal resins ("Delrin",Trade
Mark), commercial glass, borosilicate glass, epoxy resins,
and phenolic-resin-impregnated paper do not pase the test.
Insulating materials which have-previously been used to pro-

(.

vide at least a part of the interior surface of an eaclosure
fof a'PTC conductive polymer element in a circuit protection
device are epoxy reSLns (E.G. Hysol Trade Mark, epoxy'resin'
EE 0149) and conventional glass; these materlals fail the
carbon burneoff test at a voltage of 440 volts DC.



16 - The circuit protection devices of the invention usually have a
resi stance of .1 ess than 1000 ohns, often | ess than 100 ohns, partlcularly

Ieé‘ﬁ han 50 ohms. The PTC el enents of the invention are preferably 5- .
6ow§§Led of a conductive pol yner conposition which has a'resistivity- ar

of T'ess than 100 ohmcm particularly |less than 50 ohmcni especially .
than 10 ohmcm Suitable conpositions are disclosed in the docunents

i ncorporat.ed by reference herein; preferdf~y they 10 conprise‘an
arc-controlling additive, e.g. a hydrated nmetal oxide. The PTC el enent can

be in the formof_. a strip whose |le reater than.its .l arge
cross-secti onal &qnﬂﬂﬁtfj %iﬁ?%ﬁﬁ%ﬁ% ﬁ% eyt ﬁ& 5%9lcdﬂv2hlent way,
15 for exem}zlte rigys irsctlachicrey s tateg citdiel y;etsy: volldiagg aisedndnt ltheelcartboades,

or by cut tingych S e ds3ndbuf1ic0 e JEe! as%Xtarsu‘ijﬁggls y' ltheWQ%'itgi' eng such

an el enent, trodes are preferab | ectri connecte
opposi te encﬁs"ocpfpetdh@"éatf'r ithe ‘F’I‘Féléleed-tnr&c!’@s feaddr &Plnﬁlééﬁf’act Wleh@aF”FC 20

e: ement di rwﬂrﬁze_?_lﬂotﬁﬂgh@ telsecwsllo@ Immnmooteﬁst %%t cltalarbougmaaQL herf _
el ement, aqnduct.j, v ement e enent n be o
general | y c%“\tnd'le gaﬂcl etha%ult%%gﬁeﬁél & AES- 8°Fc&|e§|en§|68§s ge% fon can
al so be use@ard@mﬁkﬂaﬂM'WSEMe PTC el enent includes neans 25 ~ for inducing
the formation of the hot zone away fromthe el ectrodes, as disclosed in the

docunents incorporated by reference herein. 17
The enclosures used in the present 1nvent10n preferably

1nsulate and phy51oally protect the PTC element; in addition ;uJ
' they also prevent carbonaceous dust evolved from the PTC '

element from being depooited on adjacent articles

(especially electrically active articles which might be

undesiraoly changed by such depoSition) ' When ecarbonaceous

dust is evolVed.from the PTC element, gaseous decomp031tlon

products are generally evolved at the same time. If not
-released, ‘such gases can create under51rab;y high pressures

within the enciosure, accordingly it is preferred that the

enclosure is pervious to gases which are generated w1th1n

it. '

Wh11e the thermal transfer characterlstlcs of the
device are not generally as 1mportant as the naturs of the 1_)
internal surfaces and their areas, their effect on the lzke-
lihood of low resistance failure can be sign1f1cant We
have found that by heat sinking a part of the dev1ce which
is coated with carbon dust, the likelihood of a short being
formed through that carbon dust can be increased.
Conversely, if the part is very well insulated, the likeli-.
hood of a short is reduced.



~
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The electrodes used in thls |nvent|on can be of any SU|tabIe conflguratlon
I ncl udi ng the novel config- urations previously noted as well as the kn _
planar -and col ummar el ectrodes; planar electrodes can cover all or 5 CE%%5\
of the£Mess-section of the PTC el ement. In the circuits of the invent

the slUpply voltage is at.least 240 volts, e.g. at |least 360 volts or at

| east 440 volts. The invention also |ncludes circuits in which the supply
voltdge is less than 240 volts, 10 e.g. 50-140 volts DC, but the expected
fault condition willl result in a peak voltage across the device of at |east
240 volts. Referring nowto Figure 1 of the drawing, this illustrates in
cross-section a circuit protection 15 -devéce-of the invention which
conprises a cylindrical PTC elenment 1 having a hole 11 drilled through it
to induce formation of the hot zone in the center of the element. Fitted
to the ends of PTC elenent 1 are cap electrodes 2. having | eads 3 secured

thereto. [Insulating 2he 91§§61é1 Feétioﬁdd%féeékﬁflﬂwslgvm&{e

tthenmsel ves fitted within I nd r avi ng an external
covering of insul 48pa4l YabéVQBa F@FéﬁF?ﬂ@enﬁﬁ/¥%sﬁl Qkﬁhm%hd%ét%ﬂ

circuit of the inveski @nafONPOi ShAg, apaﬁwéusaumeld@é ERaR50 Shmit
protection device 102 and an electrical |load 103 in series therewith. The

i'nvention is illustrated by the follow ng Exanpl e. - 18-
The PTC elements of the invention are preferably.

o 5 composed of a conductive polymer composition which has
: kwj o a resistivity at 23°C of less than 100 ohm.cm, particularly
| léss than 50 ohm.cm, especially less than 10 ohm.cm. '
Suitable compositions are disclosed in the documents
incorporated by reference herein; preferably they
10 -comptise an arc-controlling additive, e.g. a hydrated
metal oxide. . ‘

The PTC element can be in the form of a strip
whose length is greater than its largest cross-sectional
dimension,-the element can be fogmed in any convenient way,
_:15 for example by molding, especially by molding around the
electroaes, or by cutting a éhort length from a melt-
: _ extruded strip. When using such an element, the electrodes
N _' are preferably electrically connected to opposite ends
' of the strip. The electrodes generally contact the PTC
20 element'directly but can be_electrically connected to
it'through another element, e.g. a 2TC conductive -
polymer élement. The PTC element can be of ‘generally
oylindrical shape, but strips of non-circular cross-section
can also be used. Preferably the PTC element includes means
: . 25 for inducing the formation of the hot‘zone away from
é ' the electrodes, ‘as disclosed in the documents incorporated
' ' by reference herein. o

—



EXAMPLE A. CIrCUIt protection device as illustrated in Flgure 1 was prepared
as follows. A granul ated conductive polymer conposition was pre- pared by - -
th' :\ocedure given in the Exanpl e of European Published Application Ne. N
{88} 715 (U. S. Serial No. 141,987). It contained, by vol une;” about-54:7%

of gh den- sity pol yethyl ene, about 26.9% of carbon- bl ack (Furn§XwN7

Trade Mark), about 16.5% of alumina trihydrate and about 1.9% of

anti oxi dant. The granul ated conposition was melt- extruded as a rtod of
diameter 0.33 cm (0.128 inch). The rod was cut into PTC el efrents 0.88-cm-
(0.345 inch) long and a hole 0.064 cm (0,025 inch) in dianmeter was drilled
radially through the center of each element. Each elenent was irra- diated
to about 40 nrad and then anneal ed. The el ectrode caps, having 22 AWG
(diameter 0.07 cn) |eads secured thereto -and being - 0.32 cm (0.125 inch) in
internal dianeter and 0.25 ¢m (0.1 inch) deep, were press-fitted and

crinped over the end8€ofleRérpfesec)s F“ théspirvertirnt caRdbenet

el ectrodes weranplaqedabuéhcanalgukaadbncahnemaathOﬁnélﬁbaglacaﬁfab-

cylinder (0. 045 18n20 g6 HoubR0holba S CLeFH 0oL BnETk0odR pIBRaE! 2RE)

and pol yester/ I'c adhesive g%Wwrapped"arouft
Polytetrafluorceﬂhyneﬂeeéﬁetcaégs mpﬂnnggneiaptzedﬁﬁﬁna0|egven ahdneand

having an gut ep drapRt @heObrBs6456Bt 18n2a¢i BAR, per g1bmbhed over the |eads
and press-tTitt 3 into the cylindrical shell, which was then crinped around

them The device as descri bed above was found to fail safe when tested at a
peak voltage of 600Iviokhe Afrcuits of the 1nvent10n, the supply voltage th

is at least 240 volts, e.g. at least 360 volts or at
least 440 volts. The lnventlon_also includes circuits
in which the supply voltage is less than 240 volts,
10 e.g. 50-140 volts DC, but the expected fault condition
| will,resﬁlt7in.a peak voltage across theldevice of at
least 240 volts. |

-

Referring now to Figure'l of the drawing, this
_ illustrates in cross-sect1on a circuit protectlon
15 dev1ce of the invention which comprlses a cylindrical
' PTC element 1 hav1ng a hole 11 drilled through it to
induce - formatlon of the hot zone in the center of the .
element. Fitted to the ends of PTC element 1 are cap 1_)'
electrodes 2 hav1ng leads 3 secured thereto. - Insulating o
20 dlsqs 41 are fitted over the leads 3 and are themselves
| fitted within a cylindrical metal tube 42 having an
lexternal covering of ihsulating tape 43.

'Referring now to Figure 2,.this_sho§s;e circuit
R of the invention comprising'a power'source 101, a
25 circuit protection deviee 102 and an electrical load
103 in series therewith., |

- The invéntion is illustrated by the following
Example.

«_



-19- Cainms 1. Acircuit protection device which conprises (1) a PTC
el ement conposed of a conductive pol yner conposition which exhibits PTC
bghavi-ar-and. whi ch conprises a polyneric conponent and, dispersed in the

pol4Reri ¢ cénponent, a particul ate conductive filler conprising carbop

bIacE?‘fﬂ?* two el ectrodes which are electrically connected to the P

el ement ‘and whi ch are connectable to a sourﬁf of electrical power to Cause
T

currént to pass through the PTC el enent; ah 3) an enclosure (a) whi ch
encl oses- and is spaced apart fromat |east the potential erosion zone of

the PTC elenent; and (b) which is SLﬁEﬁ gfgly'inpervious to.carbon
dust; the device conprising neans for re&ggiﬁg~the i ke- |ihood that

per manent | ow resistance paths will be forned by carbonaceous dust ejected

fromthe PTC el enenj whepuihepsiovdC0idd dOMEd tad intisdma dd g Maguriance
state. 2. Acircuit protectiop device conprising a PTC conductive pol yner
el ement from Wi nPREPHFACRDULCIHRHSi s emitted on tripping and an

encl osure surroundi ng and spaced apart from at |east a potential erosion

zone of the el enent ' & t t t J ) erior, surface
of the enclosure anfy %{‘]g?‘g?g%$2¢°'{sﬁ?%cveés \ chnge,arf vﬁ?gjr? ocgc}g:tle \?\n{atsh pé'}r bon
dust, .coul d foparedrbyothenpeoerdyre 81iesbrin ihehifranpddaf farapeiafy an

i nsul ating nategh el skbd Chp PRESESidMaNEArP AR 15 off. S e Heratala NSt Vol t age

of 440 volts E¥i1,987). It contained, by volume, about 5u;7z of high den-
sity polyethyléne, about 26.9% of carbon black (Furnex N765,
Trade Mark), about 16.5% of alumina trihydrate and about
1.9% of antioxidant. The granulated composition was melt-
extruded as a rod of diameter 0.33 em (0.128 inch). The rod
was cut into PTC elements 0.88 cm (0.345 inch) long and a
hole 0.064 cm (0.025 inch) in diameter was drilled radially

. through the center of each element. Each element was irra-
diated to about 40 mrad and then annealed. The electrode

- caps, having 22 AWG (diameter 0.07'cm) leads secured thereto
and being 0.32 cm (0.125 inch) in internal diameter and 0.25
cm (0.1 inch) deep, were press-fitted and crimped over the

ends of the PTC element. '

U

_ The PTC element and the electrodes were placed within a
eylindrical shell comprising a metal cylinder (0.64 cm, 0.25
inch, inner diameter and 1.9 em,0.75 inch, long) and '
polyester/acrylic adhesive tape wrapped around the metal
eylinder. Polytetrafluoroethylene end caps, with central 22
" AWG holes in them and having an outer diameter of 0.64 cm,
'0.25 inch, were fitted over the leads and press-fitted into
‘the cylindrical shell, which was then crimped around them.

‘The device as described above was found to fail safe
when tested at a peak voltage of 600 volts AC. '



thereby reducing the Iikelihood that permanent | | paths w il be

formed by said dust. - 20- A devi ce accordi ng
to claim2 wherein said insulating material u‘ﬁ“ﬂ bur n- of f- f.est
“at gzhest vol tage of 600 volts DC. 4. A devmg claim2 or 3

whert said insu- lating material is ytetranUdToétherne *5. Awdevfée

ng to claim2 or- 3 wherein sald' Isu- lating material is a..ceramc
or | uoropol ymer. 6. A circuit protection device conpr|3|ng a PTC
conductive polyner el ement from whi crekgi®bhnaceous dust is emtted on -
tripping and an encl osure surrounding and spaced apart fromat |least a

potential fJ 0Sj 0piZOREL Ofrd tee 0l sired¥ vidd sl a1 . codpriise £TC el ement and the
area of surfaces mﬁthih t he encl osure being correlated such that the ratio

V1/Al is less ere s the volyne in cubic
i nches (cubic. {:{rjrg) o = %fg‘c‘{'l ﬁo Q&?%en@ z%e oﬁoﬁdcﬁ}% oq‘r#ﬁ? and Al is
the area in square |¢W¥Mr@M)eﬁflhi@sﬂﬁﬁmmqmlaﬂq e | osur e

which do not carry cidggiisédird nsb Q‘Héﬁ‘!c R g At Q;nd et dfpdried sl d
correl ation reducing the | i kel i hoo thatrﬁgrnanent ow resi st ance paths

will be forned by sailf RRIMEF 1 RARAL Lo & RaTF 1 AtE R I¥& said
ratio is less than Of{0Per nedmpr g artbn Ylabks ce according to claim7

et ot ) onedd ed 08udh Wi hd PR o ARESE oo
surface area of the e kG flement and which are connectable to a
source of electrlcal power to cause current to _ i_J
pass through the PTC element; and '
" (3) an enclosure o
(a). which encloses and is spaced apart from at
least the potential erosion zone of the PTC:
element; and |
{b) which is substantlally 1mperv1ous to carbon
_ dust;
the device comprising means for reducing the like-
lihood that permanent low resistance paths will be
formed by carbonaceous dust ejected from the PTC
element when the device is convérted into the high
resistance state. o '
2. A éircuit protectioh,device comprising a_PTC'conductive S'J.
polymer element from which carbonaceous dust is emitted dn
"tripping and an enclosure surrounding énd spaced apart from.
at least a potential erosion zone of the element, the
material for at least part of the interior surface of the
enclosure and/or for other surfaées-which, when coated with
carbon dust, could form part of an electrical short within
‘the device, being an insulating material which passes the
carbon burn-off test at a test voltage of 440 volts DC,
theﬁeby reducing the likelihood that permanent low resistance
paths wiil be formed by said dust.



o

sion zone of the PTC elenent to the area Al is Iess t han O. 08 10. A device
according to claim9 wherein said area ratio |s 11. A
ciycuit-.protection device conprising a PTC con lmﬂlmﬂmumlmu ement fro
whlgh\garbonaceous dust is emtted om0~ -21 trippding afld én bnclosure .
surfounding the ‘el e rand s ced ! rt | & of, t he -

si ze -of the Pgllc 4 'ﬁ’tc nadcci%pqai 081% saulrmf ?e?ﬂge%ﬁ]l r?atHEe enc g'tépé bei ng
correl ated sueatemial tpasses |f<he\/zxaa<1bqrs Yurye-afifate@to@d antestovoltesp

where V2:is the god we i mabi ¢ i nches (cubic cns) of the PTC el enent and
Al is the area in square inches (square cns) of the surfaces within the

encl osure whi¢ch d ot carr current_ dur.li or mal eration_of the device,
said correlatfon %Ep ‘{’IZ@ ’JP‘I’O(’J"(}'atr}%’a'[é B&r 3 r‘?@ﬁé'ﬁtml SH Pedf8¥ance
pat hs wil | belébirrrmdndi;ersa]d idugtalyte t ra filaviroe thydengi.ng to claim 11
wherein the ratio V2/Al is less than 0.003 inch (0.008 cm. 13. A device
according to | ai M dely Qe Ja?cé’éi’rf‘ch‘%idq @130 @ \6%’ %ng'e?eh%S%atlaa@nquos

i nch (0.02cn)” Wher e | area in square | uare cns) of the
i nternal surflReif 4¥%§Q%ﬂﬂ(iﬁn43°9ﬂfml &5V@c2'§€€8 qi-¥8fo claim 13
wherein A2 is equal to Al and the ratio V2/A2 is |less than 0.007 inch
(0.018 cm. 1. A dei/rimtamﬂﬁmam dewi cene oafp rdisdings al PTCo cbadukitd he

further COHDrﬂéi?%é %%Qﬁi rgﬁzégig %§g5h eh%%%rqs gﬁmt@@ﬁrghn t he

encl osure (a) al 1y |nsu ated From ¥
electrodes E”ﬁr;pggqg%gnp ghenadosure surrounding and spaced apart from

\,/ at least a potential erosion zone of the element, the size
| of the PTC element and the area of surfaces within the
. enclosure being correlated such that the ratio Vi/A{ is less

than 0.0025 inch (0.0064 cm) where Vi is ﬁhe;volume in cubic
inches (cubic cms) of a potential erosion zone of the PTC
element and Aq is the area in square inches (square cms) of
the surfaces within'the enclosure which do not carry current
during normal operation of the device, said correlation
reducing the likelihood that permanent low resistance paths
will be formed by said dust. |

7. A device according to claim 6 wherein said ratio is less
than 0.002 inch (.005 cm). '

K,/ | 8. A device according to claim 7 wherein said ratio is less

9. A de#ice'accordihg to any one of elaims 6 to 8 wherein
the ratio of the exposed surface area of the potential ero-
sion zone of the PTC element to the area Ay is less than
0.08'

10,'A device according to claim 9 wherein said area ratio is
less than 0.04.

11. A cirquit.protection device comprising a PTC conductive
polymer element from which carbonaceous dust is emitted on



conprises exit ports through which the |eads i nterior
surface of said enclosure, in an area which I”nﬂimmmﬁ ﬂ _
geonétrlcal pat h between the exit ports i s conpese uIatlng°

mat; | which passes the carbon burm2#f test.using a test voltagée of 6

| i d / 0Q7; 4 nch (0.
;/g 0.018 cﬁfgp%ﬁéeé@diﬁeeg%%%gﬁyg %ﬂ‘éa?\ %E%Otk?&?%aél rrsrptlloafo Eg \/\/§1ere| n
~the ratio 3Pa¢ad 2RPDEeHramrTRREe a?ga“’éﬁ Qf:@“% cthgehize P Hd@wrea AL is

! esls thatnhﬂrc? eilémeﬁcdﬁdcen@cmééil@g élﬁkaﬁé@ésmvlﬁtmrﬁi@ ﬁms&r@ rgt o
is |ess evi ce acgor di m r said area
ratio is I@%ﬁn h%%rf)e %?qusu% izt Gi)rr('ﬁg%‘f O‘{g}ﬁt\,,%% ]E:onprl salrhng a PTC
conduct i vel p?P§ninchi (@402 iﬂ?ﬁ%kﬂ?%n 2| Ehelhte rYQhimgthi Eh e HontdRS dust
is em tted(@ﬂbiélmﬂgoﬁnﬁh@anlCéD@mmet sand oy di e carsaciat spadre from

| h f C
o deust o pelept gl ete=lan 08l 1A ey LS A PR, 1,
pl anar parebieh @ndngbrednrs, cetrenterduming ndrmak roqﬁttnaﬂlﬁgl gr%attm‘:r t han
the largesge¢{0ss- §£pal@@ﬁ+eﬂamk§lfah@éiweu§é rmeﬂ%&d Sd0petes of the

device being in el ectrical contact wth {he e 4|ons of the elenent

t hereby r RAREMY 19 TeXEFTIRRRY RFHRS :H'anté?]t R et AYthhs will be
formed by said dust. 20. A device accordlng to cIa|n119 wherein each of the
el ectrodesi2s Andénicé caceadfding apo hedd ing {1 Jwhersaidrsttre tdtald Wplspar end

whi ch contfugtf d}h%? (?L@ﬁaméﬁléd 561@ SRYTE cross-section as one end of
an -
-

t he PTC elenen

13. A device according to clalm 11 or 12 whereln the rat1o
Vo/Ap - is less than 0.008 inch (0.02cm) where Ay is the area
-in square inches (square cms) of the interﬁal surface of the
enclosure. N '

14, A device according to claim 13 wherein'Ag is equal to A
and the ratio Vp/A> 1is less than 0.007 inch (0.018 cm).

15. A device according to any one of claims 11 to 14 which
further comprises two leads, one connected to each electro-
de; wherein the enclosure (a) is electrically insulated from
the PTC element, the electrodes and the leads, and (b)
comprises exit ports through which the leads pass; wherein L
the interior surface of said enclosure, in an area which A
lies in the shortest geometrical path between the exit
ports, is comppsed'of an insulating material which passes
the carbon burn-off test using a test voltage of 600 volts
DC; and wherein said ratio Vo/44 is from O. 0025 to 0.007
inch (0.006 to 0.018 cm).

16. A device accordlng to any one of claims 11 to 15 wherein
the ratio of the exposed surface area of the PTC element to
the area A1 is less than 0.2.

'17 A dev1ce accordlng to clalm 16 whereln sa1d area ratlo
is less than 0.16. '



-
side wal | which contacts.the side of the PTC elenent
accor di ng to claim 19 wherein the el ectrodes ﬁlﬂlmmﬂam”ﬂmm end
partions‘of the PTC elenent. 22. A device acc of clai
19 fouzi mhereln ‘the elenent is cylindrica®=in shape A devi ce
accordlng to n | 0,22 e t o o} na
i's spaced. apaﬁ?yfgogfghggwﬁ ? % tg Pt ?#ehghtagﬁggfﬁ §¥{§h%P§ aﬁ%é% a
tube With- cloéédléﬁésthﬁﬁeoaips of the tube and the axis of the PTC el ement
bei ng substantially the same. 24. A circuit protection device conprising a
PTC conduct i ve9polayaﬁﬁ-cui1m0pbbtaeoteﬁt aeaieéeeaﬂprismgv@i BC Ces HPuaE£eals
dust is emtted.on &Eg gg agd an ?ncIOfure gugroun gggthe el erent and
spaced apart PP&%PFﬁec PEEoPTPRECLEReRT SRERE HEOF ¥ ORI MY
el ectrial | eadsis&ndsckadttedesnt brippthgt aedl aadsnaleseoansereeund ing |audls
passing througRaceqd- é?ar%XTPoBOEESléQSEhQ 6§€é9§yéf eﬁés1@@55?&§waﬁtﬁ$e

| eads being electric I nsul at ed over east substanti al portjon, of
its length fr&kCERBEexf pﬁpﬁp?hPSUQHemﬁFEhe4?m%%SsE%1?%w@H%E that ettects ode
to which it i 3nceneecbesl, ofahdserip POthSsapdtasttsl Dei ppandr mﬂmned as

. o al h
car - bonaceous aLberE48hRacRbs o hEnRE, SFLERESHEh By FRE RS RS
electrically dengestedrasar-dechiisprathdimengian cufidthides PTiD plamkrledtra-eby
reduci ng the dbbkék'BHQddEUQEepSé1nEaPE”£1é8MkiCf13$@ﬁ€§bpaibéhVﬂﬁé difd

formed by said dust. 2 A device according to aim24 wherein at |east
oné of the el BOTLilLRP PgaagelglPﬁgﬁFatEBeﬁ%BY eefueing i the yL ikl ihood that

(% permanent low resistance paths will be formed by said dust.

20. A device according to claim 19 wherein each of the
‘electrodes is in the form of a cap having (i) a substan-
tially planar end which contacts and has substantially the |
same cross-section as one end of the PIC element and (ii) a
"side wall which contacts. the side of the PTC element.

21, A device according to claim 19 wherein'the'electrodes
are embedded in the end portions of the PTC element.

22. A device according to any one of claims 19 to 21 whereln
the element is cy11ndrica1 in shape. '

N\ 23. A device according to any one of claims 19 to 22 wherein
the enclosure encloses and is spaced apart from the whole of
the PTC element and is in the shape of a tube with closed
ends, the axis of the tube and the axis of the PTC element
being substantially the same.

24, A circuit protection device comprising a PTC conductive
polymer circuit protection element from which carbonaceous
dust is emitted on tripping and an enclosure surrounding the
- element and spaced apart from the whole of the element, the
device also comprising electrial leads and electrodes to
which the leads are connected, the leads passing through



| whol e of its length between the exit port through which it passes and the !

comtyng a 1 conductive patyrer o rourt JARIDAMEEEULRNNE < or, whioh
_ €arb ceous ?ust is emtted on trippirRg3and &n &nctostr & surroundlngha

rom a o] z e
her mal LT &t POERs, 8, SheophoLeRheh S ORERPL BRE AL HAS, SREUE berdgy
becone coaedeécurikatdybdnavéstbedday¥eraatl hhasgh a|eubetaeéhahonorhscmated :

parts of "t | c f e c e ul g saysesshorting
_around thegngﬁélgggggh ?gﬁﬁ t§ECGkit ?b?! gepﬁﬁ%%hg%éwﬁshreﬁgcegs f

per manent F@Wﬁ?8§|§P&neéeﬁéfﬁ9ebEPn§hFSPnéE by carpeghed, 9% AFE?FCUlt
prot ecti onpdeeiscandcteadsnyetingckai poiditbdned asytofensaresad- sﬁquSteA

Teference. tadkadons ArhE: SuFEREPE khithledn PELRAS oOGHEE MuEERLasRl O
29. an elecpnacebueldeetu hatweenonpnr-éngulajed papbaeofsbiuecdendeeng a

vol tage V yhieh g eiebea%aiﬁ? &ehhéeébh woaﬂdeeseéél §Rbrt 0Ag: @Pguna - 24-

(c) a circui ectl eV|c ses

Comosed ot EARaCERoBLnobhRERSEORPAHBLNE! BRSwit theLERPEF: EnSlCPBERavi o
and whi ch maﬁentseswareehgnnnce panpenemilabd fdrapeér bedsahdt despol yneric
conmponent, a particul ate conductive filler conprising carbon bl ack;

25. A device according to claim 24 wherein at least one of

the electrical leads is insulated over substantially the c 5
whole of its length between the exit port through which it \uf
passes and the electrode to which it is connected. -

26. A circuit protection device comprising a PTC conductive
polymer circuit protection element from which carbonaceous

dust is emitted on tripping and an enclosure Surrounding and
spaced apart from at least a potential erosion zone of the
element, the thermal transfer characteristics of those parts

of the device which can'become coated with carbonaceous dust

and which lie between non-insulated parts of the device

‘which, if electrically connected, would cause shorting

around the PTC element, being such that the likleihood is

reduced of permanent low resistance ‘paths being formed- by o
said dust. - o - \/

27. A circuit protection device according to claim 1 and to
. any .of claims 2-26.

28. A device according to claim 1 substantially as herein-
before described with reference to and as illustrated in
Figure 1_of_the accompenying drawings;

29. an electrical eircuit which comprises |
(a)_ a’ power source havxng a voltage v which is at
least 440 volts
(b)- an electrical load; and



(2)'two el ectrodes which are electrically con- ne TC e
and which are connectable to the source of el ectriﬂi{ lmﬁ ﬂ l ﬂﬂs@
cur pent ‘o pass through the PTC el ement; apgh(3) s ak “wht'ch

encl oses and is spaced apart from at | east the potential erosion zéne of
the PTC el enent; (b)) - ahcchcustspbsta@ti@mlqeihmerwhrnm damprardEm (usts

D ) ng et o “uBeERCCkLUBEAE ABAREARE g1a AR SLEP AN Cle il
vol tage of V volts. p031tion whlch exhiblts PTC behavior and which
comprises a polymeric component and, dispersed in
the polymeric component, a part;culate conductive
filler comprising carbon black;
(2) two electrodes which are electrically con-
nected to'the PTC element and which are connectable
to the source of electrical power to cause current
to pass through the PTC element; and
(3) an enclosure

. _ (a) which encloses and is spaced apart from

\,} : at least the potential erosion zone of
the PTC element;

(b) which is substantially impervious to
carbon dust; and _

(e) at least a part of whose interior sur-
face is composed of an insulating
material which passes the carbon burn-
off test at a test voltage of V volts.




