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2096393 -1 - "Radiati.on Cross-linkin.g of PTC Conductive Pol yners" - 2-
This 94 nvention relates to the radiation cross- I'i nking of PTC conductive
pol yners. Conductive pol ynmer conpositions exgubiting PTC behavi or, and

el eCttical devices conprising them have beedddescribed in publi @9&)393
docunents and in our earlier specifications. Reference may be na
exanple;~to U S. Patents Nos. 2,952,761, 2,978, 665, 3,243,753, 3,351, 882,
3,571,777, 3,757,086, 3,793,716, 3,823,217, 3,858, 144, 3,861, 029,
4,017,715, 4,072,848, 4,085,286, 4,117,312, 4,177,376, 4,177,446,

4,188, 276, 4,237,441, 4,242,573, 4,246,468, 4,250, 400, 4, 255, 698,
4,272,471, 4,276,466 and 4, 314, 230; J. Applied Polynmer Science 19, 813-815
(1975), Klason and Kubat; Polymer Engi neering and Science 18, 649-653
(1978), Narkis et al; CGerman COLS 2,634,999, 2,746,602, 2,755,076,
2,755,077, 2,821,799 and 3, 030, 799; European Published Applications Nos.
0028142, 0030479, 0038713, 0038714, GU38715 and 0038718; pendi ng Eur opean
Appl i cations No. 81, 301, 767.0, 81, 301, 768.8 and 81, 302, 201.9; and pendi ng
U.S. Applications. Nos. 176,300, 184,647, 254,352, 272,854 and 300, 709. The
di scl osures of these patents, publications and applications are

i ncorporated herein by reference. It is known to cross-link PTC conductive
polymers by radiation, and in practice the dosages enpl oyed have

"Radiation Cross-linking-of PTC Conductive Polymers”
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been reIatlver |OM/ e.g. ,10- 20 Nrads ngher dosages have homever been
proposed for sone purpos§§ Thus OLS 2,634,999 recomends a dose of 20-45.
Mads; U K Specification No., 1,071,032 describes i rradiated ¢onposi'tions
conpr13|ng a copol yner of ethylene and a vinyl ester or an acrylate monones
and 50-400% by weight of a filler, e.g. carbon black, the radiation 37
-3- dose being about 2 to about 100 M ads, preferably about 2 to about 20

M ads, and the use of such conpositions as tapes for grading the insulation
on cables; and U S. Patent No. 3,351,882 discloses the preparation of

el ectrical devices by enbeddi ng planar el ectrodes in a PTC conductive

pol ynmer el enent, and then cross-1linking the conductive polyner by
subj-ecting the device to about 50 to 100 negarads of radiation of one or
two mllion electron volt electrons. The higher the voltage applied to an
el ectrical device conprising a PTC_ganductive polyner, the nore likely it
Is that intermttent application of the voltage will cause the device to
fail. This has been a serious problem for exanple, in the use of circuit
protection devices where the vol tage dropped over the device in the

"tripped (ie. h r.esis )..caonditi.on s than about. 200 vol ts.

[ Vol t ages gi veﬁ“| éwe&tél%&: ;'1 %s or \r/;%‘ﬁ'e R cﬁesﬁower sources.].
W have nd.\zimdhlsmwér &ra mmnw&mmw such failure can be
substantially reduced by irradiating the conductive polymer so that it is

very highly
Conductive polymer comp051t10ns exhibiting PTC
behavior, and electrical devices comprising them, have g}
been described in published documents and in our earlier
specifications. Refe:ence may be made, for example, to
U. S. Patents Nos. 2,952,761, 2,978,665, 3,243,753,
3,351,882, 3,571,777, 3,757,086, 3,793,716, 3,823,217,
3,858,144, 3,861,029, 4,017,715, 4,072,848, 4,085,286,
4,117,312, 4,177,376, 4,177,446, 4,188,276, 4,237,441,
4,242,573, 4,246,468, 4,250,400, 4,255,698, 4,272,471,
4,276,466 and 4,314,230; J. Applied Polymer Science 19,
813-815 (1975), Klason and Kubat; Polymer Engineering and
Science 18, 649-653 (1978), Narkis et al; German OLS
2,634,999, 2,746,602, 2,755,076, 2,755,077, 2,821,799
and 3,030,799; European Published Applications Nos. 0028142, -
0030479, 0038713, 0038714, 0038715 and 0038718; pending o
BEuropean Applications No. 81,301,767.0, 81,301,768.8 and
81,302,201.9; and pending U.S. Applications Nos. 176,300,
184,647, 254,352, 272,854 and 300,709. The disclosures of
these patents, publications and applications are incorporated
herein by reference.

It is known to cross-link PTC conductive polymers
by radiation, and in practice the dosages employed have
been relatively low, e.g. 10-20 Mrads. Higher dosages
have, however, been proposed for some purposes. Thus
OLS 2,634,999 recommends a dose of 20-45 Mrads; U.K.
Specification No. 1,071,032 describes irradiated
compositions comprising a copolymer of ethylene and a
vinyl ester or an acrylate monomer and 50-400% by
weight of a filler, e.g. carbon black, the radiation
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cr.oss-}inked., In its first aspect, the invention provides a process for the
preparatlon of an electrlcal devi ce conprising (a) a cross-linked PTC
conductive pol ymér el ement which conprises a crosg-]inked crystalline

pol r and, dispersed therein, a particulate co Wctive filler, and (b)

t wo eIectrodes whi ch can be connected to a power source to cause current to
fl ow through the PTC el enent, which prqgess conpri ses cross-Iinking the
conductive pol ymer by IrradlatIng substantially the whole of the PTC

el enent to a dosage of at Ieast 50 Mads, subject to the prOVIso that if

each of t I d st I then

either (a Sgﬁbgtg%l?t Qfé fit ﬂ&#g ad’rneecénét}albs}y?%b§ ate %o a
dosage of 2Bpufealt {Q@Shﬁ%&% use _of §49htQRERQ%aﬁHQ@§e§Sa¢@P#§taI f oi
el ect rOdGSQMgfhdﬁﬁ@ sm@une@hwtidsre ¢ I tand iRls.l tpatan thaRn

cross-linke e | ndicate that t t adi ati on dose,
the great fg§% %ﬁdﬁpgbt§§%%rFE%"Pi?PQEaHﬁﬂRNa i%%%?%; cFﬁedkwlﬁﬁﬁd%Qtate) a
devi ce w eémbedding aptanax helectrddes ein Th PTG dicmduat ides polymeirher ef or e,

pr ef er abl as 0. I to Mh yet
hi gher doglaﬁ“ﬂIE ind tmﬁgoﬁﬂl\rﬁ%ﬂd@ oﬁ'ri"!ﬂ Jleast 1 OM@%@‘E blg-.(l ng

pref erreds éﬂcgh‘ﬁgstﬁ%t‘éﬁ‘ﬁl%’@%%ﬁ%ﬂﬁ et stq d90 megaxiadisaiafed and t he
desire foradbatburdopesderomneso aui Vil g Selde rees tvalft cldickiricas.. e have

.further discovered a nethod of determ ning
_ The higher the voltage applied to an electrical device

W comprising a PTC conductive polymer, the more likely it is
that intermittent application of the voltage will cause the
device to fail. This has been a serious problem, for |
example, in the use of circuit protection devices where the
voltage dropped over the device in the "tripped"” (ie. high
resistance) condition is more than about 200 volts.
[Voltages given herein are DC values or RMS values for AC
power sources.]. We have now discovered that the likelihood
of such failure can be'substantially reduced by irradiating
the conductive polymer so that it is very hxghly - )
cross-linked.

In its first aspect, the invention provides a prbcess

\_ for the preparation of an electrical device comprising
(a) a cross-linked PTC conductive polymer element which
comprises a cross-linked crystalline polymer and, dispersed
therein, a particulate conductive filler, and (b) two
electrodes which can be connected to a power source to
cause current to flow through the PTC element, which
process comprises cross-linking the conductive polymer by
irradiating substantially the whole of the PTC element to a -
dosage of at least 50 Mrads, subject to the proviso that if
each of the electrodes has a substantially planar con-
figuration, then either (a) substantially the whole of the PTC
element is irradiated to a dosage of at least 120 Mrads, or
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the |ikelihood that a device will withstand a substantial nunber of trips
at a voltage of 200 volts. dhi's method involves the use of- a scanning - -
el ectron mcroscope (SEM t.ganeasure the maxi mumrate at which the voltage
changes in the PTC el enent n-the device is in the tripped state. This
‘maxi mumrate occurs in the so-called "hot zone" of the PTC elenment. The

| ower the maxinmumrate, the greater the nunber of trips that the device
will withstand. Accordingly, the present invention provides, in a second
aspect, an electrical device which.gonprises (a) a radiation cross-I|inked
PTC conductive pol ymer el enent and (b) two el ectrodes which can be
connected to a power source to cause current to flow through the PTC

el enrent, said device, when subjected to SEM scanni ng (as hereinafter

defined),,.show n maxi rum di fference_in vol t age between two points - 5-
separ at ed By % %ﬁ?%frﬁc’ i sm?%irhg ftcl’f]’ghn %%a%b?%) S WIFR RS than 4.0
volts, predanced td dstte tPEQ Slénent taftearit hasirbegen essoshahikeéivol t s,
especially less than 1.0 volt, subject to the -proviso that if each of the

el ectrodes has.a substantially planar configura- tion, the maxi mum
di fference i s QuEeXRRLMERES t indigate khat e highehgthe s used herein to

denot e t head 0dd Y% b4 PoeKlr greatdie devimanbér i BPeet gskt 0 see whether the
PTC el enent has an exppsed cl ean: surface. which *s ' scanni.ng in

table f
an SEM anth viM CIPIVEES IRASCER the ©F HRRSHREITe ] 2 HFBLTe Wbt buch

withstand without failure. The radiation dose is,
thetefo:e, preférably at leasg 60 Mrads, particularly -
at least 80 Mrads, with yet higher dosages, e.g. at o/
least 120 Mrads or at'least 160 Mrads, béing preferfed
when satisfactory PTC_Characteristics'are'méintained
and the desire for improved performance outweighs the
cost of :adiat;bn. i ' '

‘We have furthef discovered a method of determining

the likelihood that a device will withstand a substantial
number of trips at a voltage of 200_volts; 'This method
involves the use of a scanning electron microscopé_(SEM)
to measure. the maximum rate at which the voltage changes
in the PTC element when the device is in the tripped
state;_ This maximum rate occurs in the éo-called "hot T
zone" of the PTC element. The lqwer the maximum'rate,
the greater the number of trips that the device will
withstand. Accérdingly, the present invention providés,
in a second aspect, an electrical device which
comprises. (a) a radiation cross-linked PTC conductive
polymer element and (b) two electrodes which can be
connected to a.power source to cause current to flow.
through the PTC element, said device, when subjected to
SEM scanning (as hereinafﬁer defined), showing a

- maximum difference in voltage between two points

-



surface, then’ one {'s'created "keeping the alferation of the device to a

fi ni ,um The devi ce (or a portion of it if t .device is too large, e.g. if
it is an el ongate heater) is then mounted i n9?scanning el ectron n croscope
so ‘wHat thé el'ectron beam can be traversed fromone el ectrode to the ot her
and directed obliquely at the clean exposed surface. A slowly increasing
current is passed through the device, using a DC power source of 200 volts,
until the device has been "tripped and the whole of the potential dropped
across it. The electron beamis then traversed across the surface and,
using vol tage contrast techniques known to those skilled in the art, there
I s obtained a photom crograph in which.the trace is a neasure of the

bri ght ness (and hence the potential) o? the surface between the el ectrodes;
such a photom crograph is often known as a |line scan. A diagrammti c

represent at'QQng:a@e&yB%Ci‘b abe&aﬁscmg&ﬁpbslfeééomaﬁnm%&é 't will

be seen that trace has nunerous smal gea s and | eys_and Tt is
bel i eved t hat-8mhes@SHr ERaRednli FPyter ERE# Eablyyl ?%SSEF¥%c% 9nperfect|ons
A single "besbltspep tBldﬁBH@lyhlésshthantDEOtVOEEs(télep@éDXBIy| ine in

Fi 1 h "best

i oen s the mh %?m%%‘é?f Fafc088e PrbuBTReE B L BR AP T BB e "LE Kdeh 051y 10
mcrons is defetheneaecvwedesehesenceubstnn@eathephameramo@temmrmﬂe "whi ch
has a substapgpgl | ¥h$|ﬁgﬁimﬁﬁeaﬁfkeféﬁéécgs@ﬂgs§a¥hgﬂ § gopssantially

planar conflgurafl mean an el ectro

o

\#} The term “SEM_scanning" is used herein to denote
) the following procedure. The device is inspected to

see whether the PTC element has an exposed clean
surface which is suitable for scanning in an SEM and
which lies between the electrodes. If there is no such
surface, then one is created, kéeping the alteration of
the device to a minimum. The device (or a portion of
it if the device is too large, e.g. if it is an elongate
heater) is then mounted in a scanning electron microscope
so that the electron beaﬁ-csn be traversed from one

- electrode to the other and directed obliquely at the

{ clean exposed surface. A slowly increasing current is
passed through the device, using'a DC power source of

\ 200 volts, until the device has been'"tripped" and the
whole of the potential dropped across it. The electron
beam is then traversed across the surface and, using
voltage contrast techniques known to those skilled in
‘the art, there is obtained a photomicrograph in which
the trace is a measure of the brightness (and hence the
potential) of the surface between the electrodes; such
a photomicrograph is often known as a line scan.
A diagrammatic representation of a typical photomicrograph
'is shown in Pigure 1. It will be seen that the trace
has numercus small peaks and valleys and it is believed
that these are due maznly or exclusxvely to surface
imperfections. A single “best line" is drawn through
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whose shape and position in the device are such that sub- sﬂantfaLIy-gIl

the current enters (or |eaves) the electrode substantially at right angles
to the substantially planar ﬁgrfaCe. The present invention is-particularly
useful for circuit protectioh devices, but is also applicable to heaters,\~/
particularly | amnar heaters. |In one class of devices, each of the

.. electrodes has a columar shape. Such a device is shown in isonetric view

in Figure 2, in which wire electrodes. 2 are enbedded in PTC conductive
pol yner elenent 1 having a hole throuSﬁ its centre portion. In a second
cl ass of devices, usually circuit protection devices, (A) the PTC el enent

Is in the oL Qfa3eSYthE w@BQeﬁugﬁhen&habkgupLaﬂﬁrinasﬁhéﬁlt&nds, the
|l ength of the strip being greater than the largest cross-sectional
di nensi on oBveRasst PPS; SBALL(BpriakdAnss fRE EFewtFBé2s"PeSFn the formof a

cap having @ithe®,sghst aakiabhydplfgeaeneadinhir6bt agat betse andt was

substantially_ .the sane _crosgsssection ne_e of the PTC el enent and (ii)
a side wall P F&ﬁ-éSﬁPﬁéFgﬁtﬁg gpdgiS?gPﬁe?ﬁTQgg Eﬁ%ﬁ?@- -7- Such a
device is shown in cross-section in Figure 3, in which cap el ectrodes 2

contact either eqgeqf re¥bir@dcecal BIGeCRBAUCHI ¥6 RR! ¥TBELRbEEEAGnIcRaving a
hol e 11 thorugh ‘
. has a substantially planar overall surface and having
a substantially_planar configuration", we mean an electrode
whose shape and position in the device are such that sub-
stantially all the current ehters (or leaves) the electrode ':J
gubstantially,at right angles to the substantially planar -

surface.

_ Thenpresent invention is_particularly useful for
circuit\protection devices, bup is also appliéable
to héatérs,,particularly laminar heaters. In one class
. of devices, each of the electrodes has a columnar
shape. Such a device is shown in isometric view in.
Figure 2, in which wire electrodes 2 are embedded in
PTC_cbnductive polymer element 1 having a hole through
its centre pértion.

In a second class of devices, usually circuit \;)
protection devices, '

(2) ;ﬁhe.PTC element 1s in the form of a strip with
.éub;tantially planar paraliel ends, thelléngth
of the strip being greater than the largest
éréss-sectibﬂal dimension of the Strip} and
(B) _éaéh of the electrodes is in the fdfm of
.:g1cép having (i) a Sub;tantially pianér end
which éontécts and has substantially the same
cross-section as one end of thé_PTc'elemeht
and (i1) a side wall which contacts the side
of the PTC element. | |



its centre portion. Ln a third class of devices, usually heaters,

- - —

PTC_eIenent is l.an har; and (B) the el ectrodes are displaced fromeach

oth

S0 that current f1 ow between themis al ong one of the large

dine sions of the element. In a fourth class of devices, each of the

el ectrodes has a substantially planar configuration.

el ectrodes can be used, but netal foil electrodes are priferred.
foil electrodes are applled to the PTC el ement before it is irrad
there. is a danger that gases evolved during irradiation will be t
is preferred, therefore, that nmetal foil electrodes be applied after the
radi ation cross-linking step. Thus_a preferred process conprises the (1)
irradiating a | anm nar PTC conduct Vg pol yner el enent in the absence of

el ect r odes;
foil electrodes under conditions of heat and pressure, and
cooling the PTC el ement and the nmetal foil electrodes while continuing to

net al

Meghed pl anar

I f netal
i at ed,
r apped.

(3)

press th&uchogediawice is-ghoRfiCinondoesisecpdbunénsFigutebie f8r use in
s o MVERLAN c3pe edLBeraaed b cbiEaBR! E1LALE"EnAPBE! €71 1085, Lefor enoed

above.

Thelr reSistivit I'S pre er-

eg. |essPgﬁaﬁopggcgﬁﬁpcpplymer element hav1ng a hole 11 thorugh

)

its centre portion. . o
In a third class of devices, usually'heaters,

(A) the PTC element is laminar; and

(B) the electrodes are displaéed from each other
so that current flow between them is along
one of the large dimensions of the element.

In a fourth class of devices, each of the electrodes
has a substantially planar configuration. Meshed
planar electrodes can be used, but metal foil electrodes -
are preferred. If metal foil electrodes are applied to
the PTC element before it is 1rradlated, there is a
danger that gases evolved during irradiation will be
trapped. It is preferred, therefore, that metal foil
electrodes be applled after the radiation cross-llnklng
step. Thus a preferred process comprises the

(1) irradiating a laminar PTC conductive polymer
element in the absence of electrodes;

(2) contacting the cross-linked PTC element from
step (1) with metal foil electrodes under
conditions of heat and pressure, and

(3) cooling the PTC element and the metal foil

' electrodes while continuing to press them
together.

9250 ohmcm

(AN the

It

(2) contacting the cross-linked PTC el enent fromstep (1) with
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partlcularly | ess than 500 ohmcm with values |ess than 50 ohn1cn1be|ng
preferred for circuit protection devices. The pol yneric conponent should ke
one whig# is cross-1inked and not significantly degraded by radiation. "The
polymeric conponent is preferably free of thernosetting pol yners and oft@m)
consi sts essentially of one or nore-crystalline polyners. Suitable polyners
I ncl ude- pol yol efins, eg. polyethylene, and copol yners of at |east one
olefin and at |east one olefinicilly unsaturated nononer containing a polar
group. The conductive filler is preferably carbon black. The conposition
may al so contain a non-conductive 1871 er, eg. alumina trihydrate. The
conposition can, but preferably does not, contain a radiation cross-Iinking
aid.. The presence of a cross-linking ai d can substan- tially reduce the
radi ati on dose required to produce a particul ar degree of cross-Iinking,

but its resi due®Tremadct ilvas miymma s idfabdet fmr elsectim ddlischar ac-

teristics.; m cgretlzﬁ rbc%rg \(f ed’@éhlarﬁe%?’%.' geﬂjtgfect ed by
a melt- shap|ng mel t- extrusion or I ng. e invention
is il Iustrr@tf@ifw ea Q-ow%%xa?ﬁﬁiétlv’-@ FXAPIE Ih@refR%ti ents and
amounts ' (e ofedd WA NIST oTﬂchﬁn}JEéngMSE ereae 730 tdm Far Tl €.
part1cular1y less than 500 ohm. cm, with values 1ess_
than 50 chm.cm being preferred for cl:cult protection
devices. The polymeric component should be one which
is cross-linked and not sigﬁificantly'degraded by
radiation. The polymeric component is preferably free
of thermosettlng polymers and often cons1sts essentlally
of one or more crystalllne polymers. Sultable_polymers
.1nc1ude polyolef;ns, eg. polyethylene, and oopolymers
of at Ieast one olefin and at least one olefinically
unsaturated monomexr containing a polar group._ The
conductive flller is preferably carbon black. The
composition ‘may also contaln a non-conductive flller,
eg. alumina trxhydrate. The compos1tlon can, but
preferably does not, contaxn a radiation cross-linking
aid. The presence of a cross-llnklng aid can substan-
tially reduce ‘the radzatzon dose requlred to produce a
partlcular degree of cross-linking, but its residue o
generally has an adverse effect on electrical charecé
teristics. ' .

Shaping ofﬂthe conduotive_polymer will generally
be effected by_a_melt-shaping technique, eg. by melt-
extrusion or molding. '

__The“invention is iliustrated by Ehe following
Example ' '



TABLE Masterbatch - | Final Mx w% vgl,_._,% g w %

vol %*Car bon bl ack . " 1440 46. 8 32.0 1141.54933. 7 - 26.7 (Statex Q@
PQIKg}hy¥ene 1584 51.5 66. 0 1256.2 37.1 55.2 (Marl ex 6003)
Filtef ‘ : 948.3 28.0 16.5 (Hydral 705)
JAnt i oxi dant 52.5 1.7 2.0 41.5 1.2 1.6 Notes:

Statex G available from Col unbi an Chem cals, has a density of 1.8 g/cc, a
surface area (S) of 35 m/g, and an average particle size (D) of 60
mllimcrons. Marlex 6003 is a high density polyethylene with a nelt index
of 0.3 which is available from PhilT4ps Petroleum Hydral 705 is al um na
trihydrate available from Al um num Co. of Anerica. The antioxidant used was
an oligoner of 4,4-thio bis (3-nmethyl-6-5-butyl phenol) with an average
degree of polynerization of 3-4, as described in U S. Patent Nunber
3,986,981. *Trade Mark -10- ABEMMELE/i ng the polymer at [err] and the
carbon black at 1500C for 16 hours in a vacuum oven, the '

. The ingredients and amounts fhereof given in
the Table below were used in the Example.

X TABLE
. Masterbatch Final Mix
N : - 3 wtd vol% g wtg vol%
Carbon bjack 1440 46.8 32.0 1141.5 33.7 26.7
(Statex @) *
Polyethyjene 1584  51.5 66.0 1256.2 37.1 55.2
(Marlex 6003) : .
Filler . = | 948.3 28.0 16.5
(Hydral 705) - ' :
Antioxidant 52.5 1.7 2.0 41.5 1.2 1.6
) 13
Notes:

Statex' G, available from Columbian Chemicals, has a
dsnsity of 1.8 g/ce, a surface area (S) of 35
m“/g, and an average particle size (D) of 60
\_ millimicrons.

Marlex 6003 is a high density polyethylene with
a melt index of 0.3 which is available from
Phillips Petroleunm. : : '

Hydral 705 is alumina trihydrate available from
Aluminum Co. of America.

The antioxidant used was an oligomer of U,4-thio
'bis (3-methyl-6-5-butyl phenol) with an
average degree of polymerization of 3-4, as
described in U.S. Patent Number 3,986,981.

- #Trade Mark



ingredients for the masterbatch were dry bl ended and then m-xed for 12
q%gs i n a Banbury m xer turning at high gear. The nlxture was dunped, -
cooI and granul ated. The final mx was prepared by dry blendlng 948. 3 g.
of Hydral 705 with 2439.2 g. of.the masterbatch, and then m xing the dry°\~) :
blend for 7 mnutes in a Banbury m Xer turning at high gear. The m xture
was dunped, cool ed, granul ated, and then dried at 700C and 1 torr for 16
hours. Using a cross-head die, the granulated final mx was nelt extruded
as a strip 1 cm wide and 0.25 cm thick, around three wires. Two of the
wires were pre- heated 20 AWG (0.-096- cm di ameter) 19/32 stranded
ni ckel - pl ated copper wires whose centers were 0.76 cm apart, and the third
wire, a24 AWG (0.064 cm dianeter) solid nickel-plated copper wire, was
centered between tmft@fn@ryixmg ﬂ?mtp’odryme]r @t 7|0ffr(g amsY eehmitcdobaom t he

extruded ro t C osition was
removed fb?'(?rﬁ aba(;:u?'r% df’q{tanre% é Cainrhd *%ea%n% tﬁ%ﬁcent er 24 AWG wire
was renpviagredigntsg femhdihe Mﬁ"ﬁqrd)étﬂﬂ’ibu(ﬁfet Wy dihenddd andknent. The

product s YR nfisala tdgratied td:ﬁufﬁéé OGETh Harltiiry ﬁqu.re@%ﬂﬂtﬁgesa@nd then in
air at [eryr for 60 m nutes, and were the |rra qples wer e
i rradi at dtt 3 IWRErgeSTHE WFEHHERIS R AU aMaFednp| es,

when subjmed efinal SEM mrprregpam by @nyd Hleddasrﬁg 69483)5 rgumal f f erence in
vol tage n 7td’§) t2s43'%e|c?1nega &t %elqna(g C %é}{ t t?ex? about 4.0,
ég%respec

and about i vel hese sanpl es wer'e en Seal ed inside a
met al camixgirtch ﬁlep@%rhimn@rf@@nhénm%tme@n Banburihdicté®e el ement and
the can. yyrning at high gear. The mixture was dumped, cooled, . \_)
granulated, and then dried at 70°C and 1 torr for 16
- hours.

- Usihg'a cross~head die, the granulated;final
mix was melt extruded as a strip 1 cm. wide and 0.25 cm.
thick, around three wires. Two of the wires were pre-
heated 20 AWG (0.095 cm. diameter) 19/32 stranded .
nickel-plated copper wires whose centers were 0, 76 Cm.
apart, and the third wire, a 24 AWG (0.064 cm. diameter)
so0lid nickel-plated copper wire, was centered between
the other two. Portions 1 cm. long were cut from the
extruded product and from each portion the polymeric
composition was removed from about half the length, and \o/
the whole of the center 24 AWG wire was removed,

leaving a holé ruhning-throth the polymeric element.
The products were heat treated in nitrogen at 150°C for
30 minutes and then in air at 110°C for 60 minutes,

and were then 1rrad1ated. Samples were 1rradlated to
dosages of 20 Mrads, 80 Mrads or 160 Mrads. These
samples, when sub]ected to ‘SEM scannlng, were found to
have a maximum difference in voltage between two points
separated by 10 microns of about 5.2, about 4.0 and
about 2.0 respectively. Sore of these samples were

then sealed inside a metal can, with a polypropylene
envelope between the conductive element and the can.



457 - 11 The resultlng circuit protection .devices were tested to determ ne
hom/nany test cycles they would Wi t hst and mhen tested in a circuit
con§L§t1ng essentially of a 240 volt AC power Bply, a switch, a fixed *:
resistor and the device. The devices had a resittance of 20-30 -ohns at
230C and the fixed resistor had a resistance of 33 ohns, so that when the
power--supply was first switched on, the initial current in the circuit was
4-5 anps. Each test cycle consisted of closing the switch, thus tripping

t he device, and after .a period of about 10 seconds, opening the switch and
allowing the device to cool for 1 mnute before the next test cycle. The
resi stance of the device at [err]~Mas neasured initially and after every
fifth cycle. The Table bel ow shows the nunber of cycles needed to increase
the resistance to 1-1/2 tines its orlglnal value. Device irradiated to

Resi stance increased to a dose of 1-1/2 tinmes after 20 M ads
40- 45 cydhes r@@uliticyg circuit protectioh0dlvieyel werabQelkadsto

ggv?g Cy@é%%rmlnel%owlmanyAﬁg C%@%lég'éh %B%Rér%ﬁkﬁgtgﬁaa“ el ectrica
when tested in a circuit consxstlng essentially of a .

240 volt AC-powgr supply, a switch, a fixed.resistor
and the,device._ The devices had a resistance of 20-30

-ohms at 23°C and the fixed resistor had a resistance

of 33 ohms, so that when the power supply was first
switched on, the initial current in the circuit was

4-5 amps. Each test cycle'cénsisted.of closing the
switch, thus tripping the device, and after a period of
about 10 seconds, opening the switch and allowing the
device to cool for 1 minute before the next test cycle.
The resistance of the device at 23°C was measured
initially and after every fifth cycle. The Table below
shows the number of cycles needed to increase the
resistance to 1-1/2 times its original value.

Device irradiated to Resistance increased to
a dose of ' 1-1/2 times after

20 Mrads 40-45 cycles
80 Mrads : 80-85 cycles -
160 Mrads = 90-95 cycles



conprising (a) a cross-linked PTC conductive polyner el ement whi ch _
conprises a cross-Iinked crystalllne pol ymer and, dispersed therein, a .*
part&culate conductive filler and (b) two el ectrodes which can :be connect ed,
to a power source to cause current to flow through the PTC elenent mhldh

process conprises cross-linking the conductive

substantially the whole of the PTC el erig® to a east 50
M ads, subject to the proviso that if each of th m H
substantlally pl anar configuration, then either the whol e

of the el enent usC14tF=d|ated to a dosage of at |east 120 Ntads or (b)
the el ectro- des are netal f0|I el ectrodes which are secured to the PTC

el enent affer it has been_cross-|inked. 2. process .accor.di toclaim
1, wherei nteach® PEPFRSL &% spl'r't%l=§“’“?ﬁ)tr’Lfﬁzha‘ﬁf peg'%lﬁ?ﬂst e 1y the
V\:hO| e of tdempdizidental a scrossdlinticedl tRTGQ ahshgt iofe giollymeest el@edtads.

s. A pr%ﬁ%éh%&@éf’ié@sté’ &@ééuﬁry)g@m%%éﬁﬂ%%‘bly%\&t st 80

M ads. 4 s according to ¢C erein ( t'he PTC €l enent is
in the for@r#%?e’és%‘i rERex@im. s%tb%‘%’é"l"l’éq‘hﬁﬁﬁ wendnctigte fidilamand (¢ | engt h
of the stripobeléetHodsd 6hhidiRncdhebé aé@ﬁﬁéct‘éd)&ﬁ: éqsawetnadouidd@rw on of

Subst ant | oPRhs SFEF S oo, FLR¥ A0SR Sl B LOLB, ey M)

cross-sectcumpassemecsmsbtﬁlnkmnqﬂtheﬂanﬁRCQWRB(pogymgnnhkanmﬂadnﬂhhﬂw

contacts thenstdge Ph1iperhd WESEETHE  tROPTC element to a dosage of at
least 50 Mrads, subject to the proviso that "if -each of the
-electrodes has a substantially planar configuration, then
either (a) substantially the whole of the element is irra-
diated to a dosage of at least 120 Mrads, or (b) the electro-
des are metal foil electrodes which are secured to the PTC

element after it has been cross-linked.

2. A process according to claim 1, wherein each. of the
electrodes has columnar shape and substantially the whole of
the PTC element is irradiated to a dosage of at least 60
Mrads.

3. A process according to claim 2 wherein the dosage is
at least 80 Mrads.

4. A proeess according to claim 1 wherein :
(A) the PTC element is in the form of a strip:with
_substéntially planar parallel ends, the length of
the strip being greater than the largest cross-
sectional dimension of the strip;

(B) each of the electrodes is in the form of a cap
haviﬁg (i) a substantially planar end which con-
tacts 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; and



-13 (C) substantlally t he whole of the PTC el enent ., irradiated to a
désade. of .at | east. 60 Mads. 5. A process accordlngét claim4, wherein

the dgsage is at least 80 Mads. 6. A process acC?;S%DST%ETELQLHLL_Mberejn
(A e PTC elenment is lamnar; (B) the el ectrodes rsplaced from each
ot her so that current fIOM/betmeen themis along one “““:

di nensi ons of the elenent; and (C substant lally thN“M ﬁ “m

elenent is irra- diated to a dosage of at éast 60 M priocéss
according to claim6 wherein the dosage is at |east 80 Mads. 8. A process

according to any one of, the precedin |_ai wher.ei n I

whol e of the PTC elenen“érs $ﬁ9§£a4ﬁé§i;¥t#3% Wﬁﬁ&ﬁb@fsgg g&éa?h %fﬁgwiﬁds
9. A process according to clixradiatiest din as dostaget iofl lag fleasth6DeMoadshe
PTC elenent is irradiated to a dosage of at |least 160 Mads. 10. A process
according to claim1l substantially as herein- before described. 11. A
process accor d ng A PERGEThAMORHAD IR &l draivberfier & drsapecis

conducti ve pol y¥elefsenBmtMELId) i ses a conductive pol ymer having a
resistivity at 23C Il ess than 50 ohm cm 48 :
s 6. A process according to claim 1 wherein
(A) the PTC element is laminar;
(B) the electrodes are displaced from each other so
that current flow between them is along one of the
A large dimensions of the element; and
(C) substantially the whole of the PTC element is irra-
diated to a dosage of at least 60 Mrads.

7. A process according to claim 6 wherein the dosage is
at least 80 Mrads. ' '

8. A process according to any one of the preceding claims
wherein substantially the whole of the PTC element is irra-
diated to a dosage of at least-:120 Mrads. ‘

9. A process according to claim 8 wherein substantially the
: whole of the PTC element is irradiated to a dosage of at
e least 160 Mrads.

10. A process according to claim 1 substantially as herein-
before described.

11. A process according to any one of the preceding claims
wherein the PTC conductive polymer element comprises a
conductive polymer having a resistivity at 23°C less than 50
ohm.cm.



-14- 120 A process  according to any one of the preceding clains, - mherefﬁ.:,
the ptrepared device is aicircuit protection device. 13. A pTeqess”achrding
to cl4eBm 12, wherein the circuit protection devi S | ess .t han
50 ohns. 14. A device prepared by a process as clained in e of cl di'we
1 to 13.. 15. An electrical circuit conprising: L““mmww&ﬂﬂce (i) an
electrical load, and (iii) a circuit-pgotectio ng (a); a
cross- |inked PTC conductive pol ymer el enent whi ¢h conprises-a cross-|inked
crystal line polynmer, and dispersed therein, a particulate conductive
filler, and (b) two.electrodes which can be connected to a power source to
cause curgnt ol g LLQWC! BEAUgRoHh EBCaRT CoflbCBENne ! BPebld £y DI ARECL T ON
device having ™ &R made y a_process whi ch conprises cross-1inking the
conduct i vehggeinethsy prepagrdt AAYigabis aft FAFFYLltherokeseion dewiqac
element to a dosage of at |east 50 Mads, said circuit operating under
conditiong_such that the devi.ce can be_exppsed to a,fault conditjion in
Which i1 L3-cBnRECPERS: SHOBANER EBLPLRLB Lo0 YATESLR chrerSEREH 900 vol ts.

protection device has resistance less than 50 ohms.

14. A device prepared by a process as élaimed in any one of
claims 1 to 13. | |

15. An electric§1 circuit cdmprising: _ J
(1) a power source
(ii) an electrical load, and

(iii) a circuit protection device comprising (a) a cross-
linked PTC conductive polymer element which comprises
a cross-linked crystalline polymer, and dispersed
therein, a particulate conductive filler, and (b) two
electrodes which can be connected to a power'source
.to cause current to flow throughout the PTC element,
the circuit protection device having been made by a
process which comprises cross-linking the coﬁductive
polymer by irradiating substantially the whole of the
PTC element to a dosage of at least 50 Mrads, said
circuit operating under conditions such that the
device can be exposed to a fault condition in which
it is qonnected-to a power soﬁrce of voltage greater
than 200 volts. |




