NI CHROVE ‘RESI STI VE ELEMENT AND METHOB LF MAKI NG SAME A type of re%gjﬁw\g 'sg
comon . usé invol ves | I kgﬂﬂ&ﬂ,§ rat e rg éﬁ m@Tch has been ed a
megal film The cor%, SRS e e—0+—cr r gl ass substance tQ.

whi ch .i s, added a ni um al l oy (nichrone) or nickel-chrom um -
alloyed with one or nore other el enents which is-evaporated or sputtered

onto the substh t¥Pe /Oh; ERFIFECR 4R |SOTRYY FRe, LBVOLYSS AltARsuirting
stability ar - :ag.u co-effici f_resi.st e (T in_th
oot st or SRRFINEE EEES EE"BEARR TR h et FOSPR BLmERAY SR+ | Ee EBFBods
to achi e‘(Fs@alb.@} t&fmJ&RdV@Ekfa%hQaM@f&é |§’Y§ﬁgla§ubg@'a9@ee‘1:3 Q%jﬁgﬁ'eis.
addi tion of several ‘percent of alumnumto nichrone superalloys allows a
subface @Edd (0 AsKeRERPoReOA SR (Mickfohe) M br nlidke 10dKkomDah e
provi des greater 15 protection against inpurities and corrosion.

However , allloyert mitlkicvespal moret dulgr telgmentsrehichl ish@vdpotdised been
found that relatively mnor additions of rare earth or transitional netals
i nprove ispatbamd xntom thei shbsteadie £ héd midhoome afddmnie sagest din oys.

Q her studies have suggested that 20 ~ common inpurities which mght invade
t he fil mrgsistaxsthegruseais itsm stedilbdtihArtdersvesrot Fempatatirens

fromcontri butin tqhthe stronger netallic-type bonds, across grain
boundari &&= ﬁéé%%ﬁ Resrasistapre (IR addy BRI FGSESERESK with ni chrome
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nichrome superalloys allows a surface_oxide to form which
consists mainly of A1203. This cxide scale provideé greater
15 protection against impurities and corrosion. However, the Al,0,
oxide spalls at high temperatures. It has further been found
that relatively minor a&ditions of rare eafth or transitiorzl
metals improve the oxidization resistance of the !
nichrome-aluminum superalloys. Other studies have suggested that
20 common impurities which might invade the film pull electrons away b
from metal atoms and prevent these electrons from contributing to
"the Stronger metallic~-type bonds across grain boundaries.
These studies have not translated eésily'io work with
nichrome films.as opposed to superalloys. Research connected
25 witn superalloys has not involved electrical resistors. For '
instance, é patent was issued to NASA in July 1982, involving
work to improve superalloys. In that patent, No. 4,340,425,
zirconium was added tco improve the performance of'the superalloys
with about .13% weight optimal.and a range of .06 to .20% weight

30 effective. Work by this inventor discloses that nichrome films



30 ° effective. Wrk by this inventor discloses that nichronme filns

-2- require nmuch higher percentages in order to obtain the desired
effects;-= - with | mprovenents not ed for percentages fromabout 1.0%to
6.0% with the optinmumaround 3.0% Resistor filns also differ
considerably fromsuperalloys in their basic makeup. For exanple, resistor
films have a chrom um content of 30% or higher, whereas the superall oys
usual |y have a chromiumcontent of 10 to 20% It is necessary to add 1.0%
or nore of transitional metals or rare eart® ®lements to obtain results
with nichrone film whereas additions of a fraction of a percent seem

opti mum for superallg¥s. Thg LNV gntor here has discovered that_the addltlon
of a transitionaf®8PFE, BUEH, PHORLE PRTCENtAGES iiThr cto r eRtRin
resi stance and sdebditredy aeafpcesentswﬁamneaUmmmaﬁemeuns|tlﬁﬁteahe fbbeory

has been develggggenkgﬂegh%rQHFQQ%Eﬁy Pio %hhﬁ WW?“'J¥¥Q¥@§%2g§§;%§Ht8f

the elements lis t ent hé r esi stance o
corrosi on and/ orazeundcad RSZOS %%%i%t@ndfAl@BeB&ﬁﬂwﬂ#iﬁ#@Jthﬂﬁdﬁudbévence

and stability of i@ %%?é%all@ﬂs(ﬁ tiﬁbf%eﬂﬁgié ﬁkﬁe%@ygeﬂmﬁfté¥§mggd are

al so sul fur-active. nents with a large atom c radius as co
ni ckel , which arEeRL&EPY | FiLMBL Rave t @ nicheamium g cpmtentar ©foxy03n- 8€t|ve

are al so candi daheghéec whRi@dsNghé1l3GgepditogBCasaal1 Gt RAVEI Ay cAPOmitmus,
ni chrome flln]StggnL "of 10 to 20%. It is necessary to add 1.0% or
— more of transitional metals or rare earth elements to-
-obtain results with nichrome film, whereas additions of
a fraction of a percent seem optimum for superalloys.

The inventor here has discovered that the
addition of a transitional or rare earth element or
both improves corrosion resistance and stability and
prevents permeation of impurities.

The theory has been developed in the
discovery of this invention that addition of the
elements listed in this patent improve the resistance

U T of the oxide to corrosion and/or enhance Al,04 scale
and nickel-chromium-aluminum adherence and stability of
the scale. All of the elements are oxygen-active and
are also sulfur-active. Elements with a large atomic
radius as compared to nickel, which are nearly
insoluble with nickel, and which afe oxygen-active are
also candidates for improving Al,05 adherence and
stability and, thus, nichrome film stability.

It is the object of this invention to provide
a nichrome film or metal £ilm substitute with improved
electrical stability on high temperature storage or
high power operation or a combination of the two. It
is the further objective of this invention to provide



It is the object of this inventi'on to provide a nichrone filmor netal film
substitute with inproved electrical stability on high tenperature storage

or high power operation or a conbination of the two. It is the further.
obj ective of this invention to provide -2A- greater protection frggﬁ
inpurities and inhibit oxide spalling. According to the present inveh

there is provided an electrical resistor including an insulating substrate -
or core having a supporting surface and a resistance el enent on t he
supporting surface, conprising nickel, chrom um and a substance sel ected.
fromthe group consisting essentially ofyalumnum and at |east one of
transitional elenments and rare earth elenents in a corrosion inhibiting and
stabilizing amount. Al so according to the present invention there i's

provided a netdych @y "pkbidctlion! Eaid CHhpufHL £EO" ahlC! Hh Wit

8lide
I nsul ating substrate or core having a supportlng surface and a resistance
el enent on tkm?EﬂkﬁiﬂQ1ng surface, the nethod conprising adding to nicke
and chrom um a substance selected fromthe group of €lenents consisting

B oL i UM p B0k find o831 88 sibokal’ Tiednelh EDSTFLsTr
effecti ve anoprovided an electrical resistor including an insulating
: substrate or core having a supporting surface and a
resistance element on the supporting surface, -
comprising nickel, chromium and ‘'a substance selected o/
from the group consisting essentially of aluminum, and
at least one of transitional elements and rare earth

elements in a corrosion inhibiting and stabilizing
amount.

Also according to the present invention there
is provided a method of making an electrical resistor
including an insulating substrate or core having a
supporting surface and a resistance element on the
supporting surface, the method comprising adding to
nickel and chromium, a substance selected from the
group of elements consisting essgntially of aluminum,
and at least one of a transitional element and a rare
earth element in a corrosion inhibiting and electrical
stabilizing effective amount.



3. This invention describes an inproved nichrome filmor nmetal film

~Ssubstitute for use in electrical resistors or wwth other high tenperature
use and the nmethod of making the same_that results in inproved electrical
stabilfty. The_ inproved stability resdis without significantly affecting
the TCR of the resistors These'results are achieved by the addition of a

transitional eﬂh%_rga{%% ) {¥n ﬁé?éfiﬁéétQne.?ﬁgg@{reﬁoﬁﬁ:ﬁrfoiﬂénfi% B metd'E

ni ckel - chrom um a pically consists o Yo ni ckel and 70% chrom um or

70% ni ckels 1gn @%’éﬂu&ﬂm e SDRtei b er BE1 2k s etRRE orowith WHHEAM i S
frequently added to the nickel chromumin amounts sufficient to achieve a

TCR of zgfigh attirenss @sdiethé ométRodroEr inaking tihei Galmec hatsi ti on
is 33% ni ckel, 33% chrom um and 33% al uminum To the basic nickel-chrom um
al | oy, tlresulteerin dmprdved pelestricial i stabilatyr anThei dnprovedaistahi ity
rare earth element. One or a conbination of these elenents is added in the
range of resttso vi0thdut \wigrnifigantly hef fectingethea®GR BEi ¥ 3 IFRAFF D%
by wei ght. Optinmum performance is achi eved by an, addition of 3..0%b

Wi ght - Aiheser res Ukl &L AChIRVed P therafabr4RBNPE #h tIRTSIGHANEL

optimal results include scandium. yttrjum zircopjum. . and_haf.ni Menb
of the r&ﬂ@mﬁﬂﬁl@ﬁﬂﬁRHJQMﬁQﬁFrﬁ%ﬁghée ?ﬂﬁltﬁeF#S?k&i@brFﬁ&§&éghceriuﬁ{s

B 2SO0y U} BeORULAT. SR o PILPPLWI 189! LRI EoER 4B nicker
seps {cAREIIN R L GRS AR O U ORILA, B AT
around_FQEtE?ﬂéafﬁfe(Hbdﬁgﬁfifbﬁfﬂ'Afﬁminum is frequently added to the
hickel chromium in amounts sufficient to achieve a TCR of zero.
When aluminum is added to the material, a typical composition is
33% nickel, 33% chromium, and 33% aluminum. To the basic
nickel-chromium alloy, this invention anticipates sddition of a
transitional metal and/or a rare earth element. One or a
Lcombination of these elements is added in the-range of 1.0% to
30% by weight, with_the preferred range being 3.0% to 6.0% by
weight. Optimum performance is achieved by an addition of 3.0%
by weight.

Preferred members of the transitional elements which provide
optimal results include scandium, yttrium, zirconiﬁm, and
hafﬁium._ Members of the rare earth group ﬁhigh provide optimal
perforhancé include cerium, praseodymium, neodymium, samarium,
e-iropium, gadolinium,lterbium, dysprosium, holmium, erbium, -
thulium, ytterbium, lutetium, ard thqrium.-

It is to be understood that a resistance element mey consist
of a film deposited upon the substrate or core, or may also

consist of a wire wound around the resistor, or where a foil or

strip is substituted for the film.
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i{gt or contained only nickel, chromum and alum num the second

ijcate, optinmal performance was

IS substituted for the fil'm These filns are produced by D.C.
tically-enhanced sputtering in argon. They have been deposited using
ard sputtering paraneters for nichronme filnms on ceramc cylinders. of
ype normal |y used to produce tal filmeresistors and on gl ass _ﬂ(
c substrates used to produce tthin filmnetworks or chips. The fflns
ited were typically in the range of 20 to 100 ohns per square. Al

pr ocesEhese wbilms earecpioducekdabyu s wintagres kel Iy re mhancedf i | ns.

were run on exanples reflecting the various 10. - conpositions and
esRuttening niw argene tThe¥shaNg: been deposited npinesstapdandwas
cted was a noisture test _in which two dlfferent types of resistors

mﬁﬂﬁiFQFﬁQQeP%#ém%E?r§o§P£|HFﬁBrSmﬁ|5 19\ QI CRFATHIC R HREST S off 10
e 'SR et iﬁ‘(*)%?s‘émﬁﬁ,epteﬁ AR Rt St : ity Ongae'g ﬂégbgé[g,
y el & B Y SbELEREPHSER B8 %gg\qug%mté{e A 0 SR o
S'c‘iﬁ e 'fhé)effﬁ'ﬁg a@@posféegh@es: S?g'lﬁﬁ 93 6% 5;@ v‘ﬁﬁ‘é% RSE f 96 ”@S‘C e
é ype 0

tchl d when zirconi um was 2 e sécon test
b Shnid e Bqd£FENt AYDPEStREr' proteekIngPwal Ilwxﬂléael testehad

test, 20 reS|stors of each of the three types were nade to a 1/10 wdtt
Lam;ewlwlqm estdridddd nbdhromeetilmsnot exceed 125C. One type of 25 |
i ned 1%ests wenen ramdon I“exampn.elscnefientdnﬁ%ther ~vaxrious As t he tab\l-.ds
compos;tions and the results outlined in the tables that follow.
The first test which was conducted was a moisture test in which
two different types of resistors were placed into a chamber
containing a high percentege of humidity for 10 days. Two types
of resistors were tested under this method, cne'contaihing £film
composition of pickei, chromium, and aluminum, the second group,
of resistors containing a film composition to which zirconium was
added. Twenty resistors of each type were tested to determine
the average change of resistance in percentage. As the table ),
indicates, improved performance was achieved when zirconium was
. added.

The second type of test performed on three different types
of resistors was a load-life test. In this test, 20 resistorelof
each of the three types were made to a 1/10 watt size and |
subjected to 1/8 watt power to not exceed 125°C. One type of
resistor contained only hickel, chromium, and aluminum; the
second contained 1% zirconium; and the third contained 3%
zirconium. As the tables indicate, optimal perférmance'was

achieved with the addition of zirconinm, and the best berformance

" was achieved with a higher amount of zirconium added.
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Finally,

hi gh t enfpechnamiunGo&lyminiwn reand shscohiumvmddehup tihec ddilmmoomposddeihn,
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Appr ox.

34 COr ;ilk”gF%%%"té'on*m the seconévg{'m!l?%gggﬁlmi cg%&’“(’:?"“' alugpinum and
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yon, 5 ~and the resistors were exposed to heat for 250 hours.
pLOr Confrd NdBk st BOPEoRfiBHNbag' a2 NEGH MR & Ulfisuze
performgnce. In the second group nickel, _ _ _

were added tdext g fWhiBh ehé ambientnfemperatarel sartGundTny ¢he ¥ ghBrs
After eXposure to 2017 hours of high 10 tenperature, it can be seen that
a bal anqe bmisvdarcrdased ure alits €1 cobhuther Hi réedgrivapbaestedr hdiokelce.

with the addition of zirconiuh1 and the best performance was
with a higher anount of zirconium added. 30 The | ast test
was a high tenperature exposure test in which the anbient

ted nickel, chromum alum®m and zirconium made up the film

chromum alum num and zi'rconi um

three different types of resistors were exposed to 500 hours of

oaigh dhe e siatians vere rexpesed tadheatcaruRP OnboursddeThe Hesist

i_nproovement s shown by ghis i nventi on.. MO STURE
th¢ higher amount of’z fF@P?uWIEDSVedzbﬁFtﬁEthod 106)
e. of sist. in.%34 N

MEORE

nﬁbsi I'on
aluminum and zirconium. After exposure to 2017 hours of high

temperature, it can be seen that a balance between aluminum and
zirconium provided the best performance. Finally, three
different types of resistors were exposed to 500 hours of high
temperature. Good performance was observed when zirconium was
added, better perfcrmance was observed when ytterbium was added;
and the best performance was achieved when cerium and zirconium,

were added. These tests demonstrate the improvements shown by

this invention.

| MOISTURE TESTING (MIL-R-55182
({Ref. MIL-STD~202, Method 106

Apprex. Film Composition* Aver.. Change of Resist. in %
34 NI 34 Cr 31 Al 1l 2r -.002
34 NI 34 cr 332l . +.510

LOAD LIFE (l12fZ°C, 1/8 WATT)
{(1/10 Watt Size)

Approx. Film Composition* Aver. Change of Resist. in %
34 Ni 34 Cr 31 Al 1l 2r .012
34 NI 34 cr 29A1 3 2r .005
34 Ni. 34 Ccr 32 Al . .104

o3




34 34 Cr 31 A 1 Zr .012 34 N 34 C 29 A
37 .005 34 N. 34 C 32 Al

. 104 30 1 H GH TEMPERATURE EXPOSURE [err] Ayer}
Chamge of Approx. Film Conpositi Ti me Resi st angéfin
%34 N 34 C 30.5 A 1.5 Zr 250 . 246 34 N " 31
r |29.0 Al 3.0 Zr . 2 42 N 42 Cr

3.0 A 3.0 zr HIG IURE EXPOSU Pi3s%0) %" so A b
Zr 2017 947 34 N 34 O 27.5 Ahyel. SCQE 0.
322 ?T box34FDim SOmdolitibr* Zro THRE Resista Zél%‘?

: i . Wr'cerrra'g'es re
est {{mes #dNbasad QIB SROLBeRINg 1.5 g confi @@t i on. 10 15 20,2330 -7
CLA|IM34.Ni 34 Cr 29.0cldctd.@nlzr resist250 including apggnsul atin
SubfHtrate or <core having a supporting
5 42 Ni 42 Cr 13.0 Al 3.0 2r 2017 . 747

42 Ni 42 Cr 8.0 Al 8.0 2r 2017 . 947

34 Ni 34 Ccr 27.5 A1l 1.5 Ce 3 2r 500 .022

34 Ni 34 cxr 29.0 Al 3.0 2r 500 .079

34 Ni. 34 Ccr 29.0 A1 3.0 Yb 500 ~.036

*All percentages are estimated based on sputtering target
* configuration. N
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surface and a resistance el enment on the supporting surface, conprising
ni‘ckel , chrom um and a substance selected fromthe group consisting
essenti:al Iy of alum num and at |east one of transitional elenments and rare
earth ®&lenments in a corrosion inhibiting and stabilizing anmount. 2.

A nmet hod of making an electrical resistor including an insulating substrate
or -core having a supporting surface and a resistance elenent on the
supporting surface, the nmethod conprising adgding to nickel and chromum a
subst ance sel ected fromthe group of eleneht§ Tonsisting essentially of
alum num and at |east one of a transitional elenent and a rare earth
element in a corrosion inhibiting and el ecky stabilizing effective
amount . 3. A resistor as claine aiml, in which the amount
of nickel is 30%to 70% by weight, the anpunt of chromumis 30%to 70% by

wei ght and thes amount of al ymi rugﬁé é%@t()f&@%thtME|ggakuﬁlné 3§@pby A

resistor as clained in claim 3, he anmpunt of nic
wei ght, the anbusel %FiﬁaroﬁFbFn‘FQtSS%’Sy wOTght havdnghe anotPPAFtER&INT num

is 33% by wei gfirflce and a résirﬁtbﬁdeOfeI@dféﬁﬂ %nr eﬁhét Oéu?ﬁoﬁiﬁl gred in
claim2, in mhlch t he annuntipg nlckgg ﬁ 30% to 7 melg t he anmount
of chroni um i sS9B58¢8s 76AMRFisingg nigkef, t a,rSubstANGe, | s

0.0%to 35% bgelected from the group consisting essentially of

| aluminum, and at least one of transitional elements and

N rare earth elements in a corrosion inhibiting and
stabilizing amount.

2. A method of making an electrical resistor
including an insulating substrate or core having a
supporting surface and a resistance element on the
supporting surface, the method comprising adding to
nickel and chromium, a substance selected from the
grdup of elements consisting essentially of aluminum,
and at least one of a transitional element and a rare
earth element in a corrosion inhibiting and electrical
stabilizing effective amount.

3. A resistor as claimed in claim 1, in which
the amount of nickel is 307 to 70% by weight, the
amount of chromium is 30% to 70% by weight and the
‘amount of aluminum is 0.0% to 35% by weight.

4, A resistor as claimed in claim 3, in which
the amount of nickel is 337 by weight, the amount of -.
chromium is 33% by weight and the amount of aluminum is
33% by weight.

5. A method of making a resistor as claimed
in claim 2, in which the amount of nickel is 30% to 707%
by weight, the amount of chromium is 30% to 707 by

‘R O 6 P



wei ght. 6. A met hod of making a resistor as claimed in claim5 in
whi ch the amount of nickel is 33% by wei ght, the anmount of chromumis 33% *
by wei ght and the anmount of aluminumis 33% by weight. 7. \
resistor as claimed in claim1, in which the transitional elenent orére
earth elenent or mixture thereof is in the amount of 1.0%to 30% by wei ght.

8. Aresistor as clained in claim7, in which the transitional :
elenent or rare earth elenment or m xter® €£hereof is in the anbunt of 3.0%
to 6.0% by weight. 9. A nmet hod of making a resistor as clained in

claim2, in which the transitional elenent or rare earth el enment or m xture
t her eof iweight hendnothe amoungyafy abymiyumeiight0.0%. to 35% . by A met hod of
maki ng Elﬁéf% ¢or as claimed in claim9, in which the transitional elenent
or rare earth elenment or mxture thereof is in the anount of 3.0%to 6.0%
by wei ght. 11. A resistor as claimed in claim1, in which the

transitiopal element iA methodedff rmaking ar eesistoretsd sclabmedti ng of

scandi um, vtthi I Lconi n af ni u -9- 1 s "+ A resistor
as clained i ﬁ'rlgllig']l n%ltlg'l n%%‘ghqpﬁe %?L@tea?fh rglcjel%?e]_ht 1fs 353& e‘EYéd fromthe
group of weight, the amount of chromium is 33% by weight and the

amount of aluminum is 337 by weight.

7. A resistor as claimed in claim 1, in which &;)
the transitional element or rare earth element or

mixture thereof is in the amount of 1.0% to 30% by

weight.

8. A resistor as claimed in claim 7, in which

the transitional element or rare earth element or

mixture thereof is in the amount of 3.0% to 6.0%7 by

weight. ' '

9. A method of making a resistor as claimed

in claim 2, in which the transitional element or rare

earth element or mixture thereof is in the amount of )

1.0% to 30% by weight. _ N\,

10. A method of making a resistor as claimed
in claim 9, in which the transitional element or rare
earth element or mixture thereof is in the amouﬁt of
3.0%2 to 6.0% by weight.

11. A resistor as claimed in claim 1, in which
the transitional element is selected from the group of
metals consisting of scandium, yttrium, zirconium and
hafnium.

AR A



el enents consisting of |anthanum cerium praseodym um neodym um

samarium europi um gadolinium terbium dysprosium hol m um er bi um
thulium  ytterbium lutetiumand thorium 13. A met hod of making
a resistgr as claimed in.claim2, in which the transitional element is
selected from the group of netals consisting of scandium yttrium

zi rrconium and hafnium 14. A nethod of making a resistor as
claimed in claim2, in which the rare earth,nmetal elenents are sel ected
fromthe group of el enent s consi sting of Tafthanum cerium praseodym um
neodym um samarium europium gadolinium terbium dyspr05|un1 hol m um

er bi um thu|lff] ytterblunh LH&EEEﬁg]ﬁQd%iQfﬁé#nlnl la?m 1 éh{éﬁistor
as clained 1Tn claim11l, ransrtiona 2|rcon|un1|s
added i n anpubhe smare 0%1!'6‘1 cebemeptdisgigelexted from thA r@gu,a Rf as

claimed in Chibiiehnbs cbﬂsﬂ@tiﬂgtbf léﬁﬂﬁbﬁﬁﬂ”aéefiﬁﬁenériééﬁd?hiﬁ&'5 added
in the anobunt of Yo by in

claim 12, |n“ﬁﬂ§¥ﬂgpﬂe rﬁP@gE;PFh eFBﬁ@B?“@erl&ﬁg?ifﬂfgﬁentt?ﬁ ¥®s anount
of 2.0% by wedgbprosfum, holmivmjesiedbdungs chaldua, i nytterbida, in

whi ch the rar el umis present in the anDunt of 1.0%to
4. 0% by meigh??égg&ﬁmlﬁﬁaegbogfﬁh A net hod of making a resistor as

cl ai med
13. . A method of'making a resistor as claimed
— in claim 2, in which the transitional element is
selected from the group of metals consisting of
scandium, yttrium, zirconiﬁm, and hafnium.
14. ' A method of making a resistor as claimed
in claim 2, in which the rare earth metal elements are
selected from the group of elements consisting of
lanthanum, cerium, praseodymiﬁm, neodymium, samarium,
europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, lutetium and thorium. |
15. A resistor as claimed in claim 11, in
U which the transitional element zirconium is added in

amounts of 1.0% to 6.0% by weight.

16. A resistor as claimed in claim 15, in
which the transitional element zirconium is added in
the amount of 3.0% by weight. '

17. A resistor as claimed in claim 12, in
which the rare earth element cerium is present in the
amount of 2.07 by weight.

18. A resistor as claimed in claim 17, in
which the rare earth element cerium is present in the
amount of 1.07% to 4.0% by weight.

* c L M H *



in claim 13, in which the “transitional elenent zirconium is added:-.

in amounts of 1.0%to 6.0% by wei ght. 20. A nethod of making a *
resistor as clainmed in claim 19, in which the transitional elenment
zirconiumis added in the anpbunt of 3.0% by wei ght. 21. A'negﬁod

of making a resistor as clained in claim14, in which the rare earth”

el ement ceriumis added in the anobunts of 1.0%to 4.0% by wei ght. 22.

A nethod of making a resistor as clarn®@ #n claim 21, in which the rare
earth element ceriumis added in the amount of 2.0% by weight. 23.

An el ectrical resistor as clained in claim1l, and constructed and arranged
substant18kly as her eAnmeshod mfi making a resisgoretamdcbaimedi ng an

Sl ect_rlbcgh r@1aSuOr B3, C| $hTEGHLBHC! AHB 2, tPdWs DGR AD! | @Lbiedt herein
escrt ezirconium is added in amounts of 1.07 to 6.0%7 by

weight.

L

20. A method of ﬁéking a resistor as claimed
in claim 19, in which the transitional element
zirconium is added in the amount of 3.07 by weight.

21. A method of making a resistor as claimed -
in claim 14, in which the rare earth element cerium is
added in the amounts of 1.0% to 4.0% by weight.
22. A method of making a resistor as claimed
in claim 21, in which the rare earth element cerium is
added in the amount of 2.0% by weight.
23. An electrical resistor as claimed in claim
1, and constructed and arranged substantially as herein
described. '
24, A method of making an electrical resistor W,
as claimed in claim 2, and substantially as herein
described.

\
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