EXTRA FI NE COPPER W RE AND PROCESS FOR PRODUCI NG THE SAME Fl ELD OFA%pPR¥%4-4
I NTI ON. The invention relates to an extra fine copper wire and a 5pgs
prqcess for producing the same. More particularly, the invention relates to
an_extra fine copper wire which is suithble particularly as a core wire of
an"extra fine epxrrl PENEECGERERAWPRECGW®S PROCESH FOBC PRPUATINGS TR SAMD
BACKGROUND OF THE | NVENTION Extra fine enanel wires wwth a dianeter of 0.02
to 0.05 nm have been used for coils and the like in stepping notors of

“wat ches, magnetic heads for nmagnetic recording, fly-back transforners for
cat hode- raytmmﬁﬁﬁhpuritycoppershavi nganoxygen 15 content of
not ore than 0 19 heLieldiclefBted Rl di0 3%ra Dl COBRRE wire Uala 35

t ough pitch copper "and oxygen ree copper, have been used In core wres of
the extrasfi BeoLsdd b briduRing RilleCs &P Elordl pat f@ifataly. tins ihvahtion

el ectrical conductivity and high thermal conductivity, and has also been
used not onl yeast&)tocor extia Einotopper wite wbichdscsuidahileparthorlanlso as
lead wires in conponents of el ectronic equi pnent. Pure gg g?tziect ed
to cold woRRiEZLTe FRAEIERR extra §iag gpamrey 813’6%%’1“}/a§5f’f’€?1% aP*RIY

t enper at ures ss a.result of recrystallization. Wen pure copper is used as
a core wire 6F%a®™5 extra fine enanel wi.re, this is one of nmjor causes
of breaking of wire at the time of wire drawing in the production process.
The softening is caused by heat of friction between the material and a die.
The sof t aned azeat IND QXM EsIemnd tension created in

Extra fine enamel wires with a diameter of 0.02 to 0.05 mm

have been used for coils and the like in stepping motors of watches,

' magnetic heads for magnetic recording, £ly-back transformers for

_ cathode-ray tubes é.nd the like. Highpurity coppers having an oxygen

15 content of not more than 0.1% (hereinafter referred to as “pure

copper”), such as tough'pitch copper and oxygen free coppér. have'
been used in core .wires of_ the extra L[ine enameled wires. |

Pure copber advantageously has high electrical condu_ctivity
and high thermal conducfivity, and has alsoc been used not only as

20 core wires of extra fine enameled wires, but also as lead wires in
components of eledtronic eguipment.

FPure copper 'subjected to cold working., -however, is
disadvantageously softened at high temperatures as a result $£
recrystallization. When pure copper is used as a core wire of an

25 extra fine enamel wire, this is one of major causes of breaking of
wire at the time of wire drawing in the production process. The
softeniﬁg is caused by heat of friction between the material and

a die. The softened material cannot withstand tension created in
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drawi ng using the die, resulting in breaking of wire. This type of breaking
ofswire is likely to occur when the degree of drawi ng (reduction in area)
is-95% or nore. Therefore, the snaller the wire dianmeter, the higher the-
frequency of breaking of wire. 5 "230ftening of the copper materi al
due to recrystallization proceeds even at roomtenperature. and, after wire
drawi ng, poses a problemof a reduction in tensile strength and el ongation
with the el apse ofd=ewing ugGagpthe die cresphting Habeedsieq °§Lfgjréct'é‘ﬂ’-3t BYREr awi ng

toafinal wire dSEI&5SAUPGI:d 1k PRI, bBed:PhAk fholthoral bl AN
el ongation with the elapse of tinme during storage thereofg.

Thi si sparti cul ar | y&deguetfibs antaken)tiscasaseabhe ghthereforec shpemaldal kkelwineygen
free copper (for exanple, purity of 5 Nor 6 I\Q Ev&n in_the case of a
tough pitch copper®¥#86tHgy epﬁ’rszl'{‘ﬁ/ PR FREISICK F| Bk, P§ “BR'tnonenon occurs
when the degreesof Wi rescdtaithpdbiléhe cSpdarGhhtedtd 80C kY Stedkydtadii-aBit room
~tenperature locally occurs in the material, and inspection of the

net al | ogr aphi ¢ st rRROCAPHE FHRL He X IBCTPREEHPT 2 etPh ot 1D TiF e FEHIIBI ¢ Rates
particul ar grains arRegeaVer 2NdatO3bs QRChnsNE1S& dnbth Qha lelbfyaCOsLwidy € I N
the production process 20 of enanmel wires |leads to the formati on of new
fine grains, whicht®s ehtree of Sfferct CAP@STITEred YhaSW VY S FUPIFfEedr® ns and
al ready existing cparsshed ¢r s ALE PGS cASed ¥ XhMifhg Thi sngPRears to
be causative of a reduction in tensile strength and el ongati on, because
copper materiallg, skrephcidendcilongation ybEh &he nejanre vforrRLAuRiggpRoARIs e,

have such a netall Q&rrggpl th%.L E&'SL&E&&Q?} s:‘%‘ﬁﬂ:ﬂ:ﬁn@ir?the case of high puritg}

copper called oxygen free copper (for example, purity of 5 N oxr §

'N). Even in the case of a tough pitch copper having a purity in
the 3 N class, this phenomenon occurs when the degree of_wire drawing
15 4is high.

The recrystallization at room temperature locally occurs in
the material, and inspection of the metallographic structure in the
recrystallized portion_ reveals 1.:ha.t particular grains are grown and
coarsgened. Anne-al:ing of this core wire in the production process

20 | of énamel wires lead; to the forniation of new fine grains, which
| creates a structure wherein newly formed fine grains and already
existing.coarsened graing are present as a mixture., This appears
t;:.be causative of a reduction in teﬁéile strength and elongation,
‘because copper materials, which do not cause scftening at room -
25 temperature, have .such a metal.lographic structure that grains are
fine and homogeneous. The higher the degree of the reduction in
area in the step of wire drawing and the higher the storage

temperature, the higher the degree of softening of the drawn copper



fine and honogeneous. The hi gher the degree of the reduction in area in the
stép of wire drawing and the higher the storage tenperature, the higher the
degree of. softening of the drawn copper 3 wires at roomtenperature.
Reduci ng the degree of the reduction in3area in the step of wire draw ng
and increasing the nunber of times of annealing conducted in a period
between a fir ¥*ef rat FeaMet¥PeaAE SR re draning 5 to a final wire dianeter

are considered as fdgl%%%mhiend%% ucip ﬁehgemce,?l&ngn %fr'e)ﬁ'ifnettﬁ& ge,ﬂﬁ, Lene of

W re draw ng and the S6 ng ring storage at roomtenperature.

According to leiéecaemﬂdgom 196k s flg A HO RRAbe W bES tifeWEYEr anddad ing
breaking of wire cannot be prevented wthout |owering the degree 10 of

wire drawi ng l¢nductenin agpdriedietiveen af firistoel ref dimmesat iand witleidrawiecar s an
i ncrease in production cost. As explained above, in the prior art, use of

high purity cogperiinali KErafisReEen axentetidsrefi s pofectiven in aoducdneh as
tough pitch cqppey, %’?:gno?(é/é;% 4 LGCGORREL o f Qi?eoﬁBg‘E'ﬁ’&' Eﬁé hQ" s SF s LT €S
16 il ed' b | i P

of extra fine énane 'es have often creat reaking of wre rn the

step of wire Hath§hicidde A RomMéfpedadiidy, caused a reduction in
tensile strength and el ongation with the el apse of tinme during storage at

roomt enperat ure. Thecdreagicoghefcontrémt irinal katra finetoppercyidremnilnyever,
likely to occur when the degree of wire drawing is high. Al so regarding
the 20 reducttbgrbiatking of |6 retq2angt Iﬁ’eaﬁﬁfvé%?fg!!ﬁ]?ﬂ?fd’cﬁ‘f%@nﬂtt@ﬁa%@reﬁ

Wi res 10 ofwire drawing by increasing the number of times of annealing. This
incurs an increase in production cost. As explained above, in the
prio; a.rt, use of high purity 'ccppér having an oxygen content of
not mor.e than 0.1%, suchas tough pitch copper and oxygen free copper,
in copper wires for core wires of extra fine enameled wires have

15 often created .breaking of wire in the step of wire drawing, and,
after wire drawing, caused a reduction in tensile strength and
elongationwiththeelapseoftimeduringstorageatroomtemperafure.
The breaking ¢of wire at the time of wire drawing is likely to occur
when the degree of ;lire drawing is high. 2lso regarding the

20 reduction in tensile si:rength and elongation during storage of wires

after wire drawing, the higher the degree of wire drawing, the laxrger

the redx}_ction in tensile strength and elongation. The latter .is
particularly significant: in the case of high-purity, oxygen-free
cépper of 5 N or more. In the case of hi'gh degree of wire drawing,
25 however, the reduction in tensile strength and.elongation has
occurred. even in a tough pitch copper having a purity in the 3 N

class. Reducing the degree of the reduction in area at the time

of wire drawing ¢an reduce the breaking of wire at the time of wire



~after wire drawi ng, the higher the degree of wire drawi ng, the larger the
reduction in tensile strength and el ongation. The latter is particularly

significant in the case of high-purity, oxygen-free copper of 5 N.or nore.
In.the case of high degree of wire drawdng, 25 however, t'he reduction in
tensile strength and el ongati on has occurred even in a tough pitch copper

‘having a purity in RRrids Nnélthe ot RATKE 4BLnGNAHEG £€ r0dm taRPebRGREL I BN 1N
area at the tine of wire drawing can reduce the breaking-of wire at the
time-of wire dr atfh¥fgeatd hoMevesofthe AUAeof tABes PHARRARLART FoRAYFted in

temperature. |0 thisg Gasee »ORNEYQles LOGLANENGRE:E ald UBY SlyBNERLI A

conducted in a peri et ween a |rst Wre anet er wire drawing to a
final wre di anet er viiroliagetss showladadecreasebteskining an Lraressssigdogrtdorct | on
5 cost. SUWVARY OF THE I NVENTION Accordingly, it is an object of the

I nvention to provi dé°an. extra fine copper wire at |owered production cost

t hrough the preventsmu_dm:mmmimmres in the course of wire draw ng

and 10 prevention of an £ase | ' gw redhnu of tines, of
anneal i ng conducted bet \Aé"e"ﬁ’r "Igf"st‘“\?(fraé‘ %ﬁj P&t ﬁr?&"ﬁ\?tf‘@n FPRA KL S 8 a

final wire di ameter ektral BEndrcophat ke REORGSedlproxictforf icBS CMRPRIM Whd €S Of
tough pitch copper. It is_another object of the invention to prevent a
reduction 15 in teHE?Weét’sﬂnr%%ﬁfﬁké?ﬂj%P’éﬁﬁaﬁ &Re FPETP et He Y eapding 2p¢ e

during storage afo I godichelRELAl A Gnafda@E W lBelbagls g Abmst ba £ifae soOPPer
annéaling conducted between. a £irst wire diameter and wire drawing
to a final wire diameter in the productiqn process of extra fine
copper wires of tqug‘h pitch copper.

It :‘.:s_ another object of the invention to prevent a reduction

1s in {:ensile strength and elongation with the ela_pse of time ciuring

_s'torage'at room temperature after wire drawing of extra fine copperx
wires of tough pitch copper. .

It is a further object of the invention to prov.ide a process

for producing an extra fine copper wire of tough pitch copper that

' 20 c¢an prevent breaking of wire at the time of wire drawing, can avoid

an increase in thé'required number of times of annealing conducted

hetween wire drawings to lower the production cost, and can produce

an extra fine copper wire which, after wire drawing, creates no

significant lpwering in tensile strength and elongation with the

.25 elépse of time during storage at room temperature. h

Accérding to the first feature of the invention, an extra fine

copper wire has a diameter of 0.02 to 0.05 mm and comprises a tough

pitch copper having an oxygen content of more than 100 to 500 ppm,



wires of tough pitch copper. It is a further object of the invention to
provi de a process for producing an extra fine copper wire of tough pitch
copper that 20 can prevent breaking of wire at the tinme of wire draw ng,
can avoid an increase in the required n®ber of times of annealing
conducted between wite drawings to |l ower the production cost, and can
produce an ewhezein receppsr fine coppiee il tercaoratd tdtedibygan carema®adno
significant lowering in tensile strength and elongation with the 25 el apse
of time duri ﬁ@psewgge havipg dntersiger sEIAng /R 3P88 Fhana pRedeteusinedat ur e

f the i tion, t fi i h J t f. 0.02 to 0.05
mm and conpr MB0Es ATACERFTSH SFRESBBES FATRS reohR) 0 i BhRIERE ShB e i han
100 to 500 p@.@hst.or}@ﬁé@éﬂ dHecEsd rﬁqo;ni P& p%?w}n{'e is constituted by an-

anneal ed copper wire having a tensile strength o ess than a predeterm ned

val ue andsfurther XERELES TSt skeoR ifraburdBLpEHe hyvekt i, &fprdlceksast
one netal selected fromtin and indium 5 © According to the second
feature of tHeripreducing,am eror diigef epPRRTOYdEE ngish axdiametpneot dpper

wire, with a di a_oter' ofmo.g to 0.05 mm cor%rl ing{la t ough gitch copper
havi ng an oxy§eh Cofiteft™5risBT & 19PeR W™ P 66%6& 9 EOPHISELTEREt ep Of
casting a toughnpid ¢hak ARRCEo SUHSIR, Neoddt1sBE SR otaSid iy Al ugASt One
nmetal 10 selected fromtin and indiumis added in an anpbunt of 5 t0 | ess
than 200 ppmpiychaicpiperbatededn, tinethwisged of chheimit na Ieas: cOPRpRItali I €.
Accor di n% to the third feature of the i-nvention, an extra fine
: 0 selected from tin and indium is added in an amount of 5 to less than
200 ppm by weight based on the weight of the extra fine copper wire.
According to the third £feature of the invention, an extra fine
enamel wire comprises: an extra fime copper wire as a core wire,
with a diameter of 0.02 to 0.05 mm, comprising a tough pitch copper
15 having an oxygen content of more than 100 td 500 ppm, said extra
fine copper wire being constituted by an annealed coppex wire having
a tensile strength of less than a predetermined value and further
.compi‘ising 5 to less than 200 ppm by weight of at least oné metal
seleqted'from ;in and indium; and an enamel c¢oating covering the
20 core wire.
The extra fine copper wire of tough pitch cépper according
to the invention or produced according to the process of the
invention has a diameter of 0.02 to 0.05 mm and is constituted by
an annealed copper wire having a temsile strength of less than 35
25 kg/mm’. The tough pitch copper constituting the extra fine copper
wire contains 5 to less than 200_ ppm by weight of tin or indium or

both tin and indium (hereinafter referred to as “additive element”).

The tough pitch copper refers to high purity copper containing about



enanel wire conprises; an extra fine copper wire as a core wire, wth a

di ameter of 0.02 to 0.05 mm conprising a tough pitch copper 15 having an
oxygen content of nore than 100 to 500 ppm said extra fine copper wire
bei.-ng constituted by an anneal ed copper Gnire having a tensile strength of

| ess than a predeterm ned value and further conprising 5 to | ess than 200
ppm by wei ght 18P ¥R 088%™ GifcoK¥ash - sTh@OXYEeR (ARtERR ShdbenbPYAR PARERan
enanel coati ng cover,i ng t he %“(P)’ 2ﬁ:rteo \rf]xiore. n:‘I'he extra fine copper wire of
tough pitch cSBBRPT dc PR o2t he™T A98nPPBn or produced according to the

process of the invegy gﬁamn diaMichibn el ndvPeg hgh 22101 ARExickygen,

constituted by an anneal ed copper wre having a tensile strength of |ess

than 35 25 Kkghan]wen adaddiaot augdugh bebclc @ppeer anivihipt ad ioxggehacatitend fi ne
copper wire contains 5 to |less than 200 ppm by weight of tin or indiumor
both tin afid iofdretnNarer Eham iS00 PPR{ cfarEd at 8° 'sRdHF ey £oc L RPRRASE) thahe

tough pitch copper refers to _high,.purity c er_caontaipnin hout 100 to
500 ppim of | ox FOBRR R ERPGRHIEERT BRTPR- | REC FORE 9 Foh SRatiiaF qiement
general |y 200 Js8.40( BPEB 1568 +33d imﬁﬁmﬁf Ge SHINTE NiyRer R4k N b AREENI TY
for oxygen, and, when added to a tough pitch copper having an oxygen _
content 5 of rddisbve elémentSddigapis 1os than Soppral €lné dbgoee b annie@aset he
softening tenperature of copper. The anobunt of the additive el ement added
is 5 to | ess timesrteoipyFepperatughtol ornen vsamdahl thrtdreaking of vdre

I n [ I han h r f.an.incr
el ement adl%ed atsthee sc?.mé © wiSrep gxrg.witngear(xjde g :ee u%tign in é:enes?ig strength and

. elongafion wi.th the elapse of time durir_xg gtorage at room temperature
aftérwiredréwinécannotbesatisfactorilyprevented. On the other
hand, when the amount of the additive element a.ddeld is not less tﬁan
200 ppm, this amount exceeds the upper limit of the amount of the

15 additive element which can form-a solid solution in the presence
of oxygen; Therefore, the effect of increasing fhe softening
temperature is saturated. FPFurther, addition of the addiﬁive
element in an amount éxceeding the ﬁpper limit unfavorably results
in the formation of aﬁ increased amount of tin oxide.

20 The additive element is addéd to tough pitch copper as a base
material at the time of. casting. In the casting, a boat type ceramic
cru_c:';ble:. may be used, or altermatively, a continuous casting
apparatus, such as SCR, may be used. In the case of continuous
casting, the effect attained by the additive element is large because

25 cooling in'the step of casting is rapid resulting in forecible

formation of solid solution of the additive element.



in softening tenperature of copper is so small that breaking of wire 10 at
theé tine of wire drawing and a reduction in tensile strength and el ongati on
Wwith the elapse of time during storage at roomtenperature afterw redraw ng
cannot besati sfactorilyprevented. ©On thdother hand, when the amount of the
additive el enent added is not |less than 200 ppm this anount exceeds the
upper Ilimt of the anmount of the 15 _additjve el enent_ which can. fo a
solid soldtion in the ngggﬂ‘éeé“g‘fn Md’@ﬁ."p“ﬁ%&éfﬁ“r’ree, detfh{e:néﬁré’@tm% on

i ncreasi ng the sof t;aRh NGel SFREIAL MFRidd PEEdLRL €d. Further, addition of
the additive elenment in an anount exceeding the upper |limt unfavorably
results in the formati ofi®f 2af ? FERRIERAFIRGSHA Fetftippship hegeeensthe heat

The additive el eMentreh Snedtdafbelfru-0utdemd defbs 1GORPEgtAFoRfchiReEniB LIl at
the time of casting. In the casting, a boat type ceram c crucible may be
used, or alternatively, a continuous casting apparatus, such as SCR, may be
used. In the case qf., b 2\ G ASak t.he nefke attained by the
additive elenent is ge - ' Ing In e step of casting is
rapid resulting in forciopkeof oprefiered ehbsidhentssof utheoningéntiibe atldi theve

el ement. BRI EF DESCRI PTI ON OF JHE DRAW NG The invention wll be

expl ai ned in nore dBPAMPF i c8R*dhtction with the appended drawi ng, wherein:

Fig. . is a graph show nguiheital aivpenshiiibiigveen cbheoheat off beRicAERls
" tenperature and_the tensile strength,for copper mat eri al s. e of preferred
%'L :.nuogs ¢asting apparatus and then wire rod

enbodi nent s of f?\e 7Y SHEPH AW T

having a diameter of 8 mm were produced. At the time of casting,

tin, indium, or both tin and indium were added to molten copper with
varied amounts to cast 12 copper materials foxr core wires.

Fox ;ompa:ispn, copper having a high purity of 6 N was cast

15 using é sméll-.size continuous casting machine to prepare.a diameter

of 8 mm wife ioé(prior art). The content of tin and indium in.the

13 copper materials was quantitatively detexmined by ICP. The

results are summarized in Table 1. Material Nos. 1 to 5 had chemical

compositiona falling within the scope of the invention, while

20 material Nos. 6§ to 13 were comparative materials having chemical

compositions outside the scope of the invention.

'I‘_a_ble 1 =

Classification Invéntion Comparative

No. 1 2 3 4 5 6 7 8
) Tin 20 |75 |3 4 100 |3 <1 |2

Content, Indium | <2 <1. 60 95 50 0 <1 2

wt.ppm Total 20 75 63 99 150 |3 4 4




explained in detail.

was 10 cast using an SCR continuous casting apparatus and then wire rod

havi ng a di anet er.

of 8 mmwere produced. At the tine of casting, tin,

indium or both tin and indiumwere add& to nolten copper with varled

~amobunts to cast 12—copper—hati-aii-ahs—or—core—wies—ragr—eofpar+soNn, copper
Ebs0iz10aNMAS [@ibarativéeISi NQ. a° smal -si ze conti huous

havi ng a hi gh pur
casting machine t
content of tin an
determ ned by ICP
‘to 5 had chem ca

while 20 materia
conposi tions outs

prepare a diaffetef o] 8 mimwré rof(prior art) The
9.ndiumin thel33 r¥ope¥t npt%er| st s .quantitatively

The resq,lgs a'ﬁosmqqzednobn If\b e 1. Material Nos.
conposit.uua e g wrthiptetscope of the inyention,

cdi@snt,6 (traafhd yexy e mrrmoatuve etial s having|chem cal
de the dcope of the inventjon. Tablé¢ 1 : Cassification

| nvention WE.PPR | ToReinpadif | A3 hEA0 13000 (<1 1 2 3
5 6 7 8 Tin 20 75 3 4 100 <1l 2 Content,
| ndium <1 <1 60 .95 50 0 <1 2 W . ppm Tot al 20 75

63 99. 150 3
9 10 11 12
Indium <1 - 280

10

1s

20

4 The gxygen CPREeSF{dfcBRY Bire rods Bnpeasared endigound
gobe in Eﬁie Jdrde of 200 E%Qoo fom.  7hE wir M navinly {BIURELy

of 8 mm were subjected to cold wire drawing to a diameter of 2.6
mm, once annealed, subjected to cold wire drawing to a diameter of
0.9 mm, annealed, and then §ubjected to cold wire drawing to a
diametef of 0.04 mm. The extra fine wires thus-obtained were then
stored for up to 50 days, and then annealeﬁ to prepare core wires
for enamel_wirés.

Copper materials according to the invention (Nos. 1 to 5} and
coppermaterialNos.s.lo.gl,andlz(ccmparativecoppernmteridls)
did not cause breaking of wire at all in the course of wire drawing.
on the other hand, cppp’er material Nos. 6, 7, 8, and 13 (comparative

copper materials) having a low additive element content caused

' breaking of wire due to softening.

EXAMPLES _ -~
The effect of the invention will be explained in more detail

with reference to the following examples.

Example 1 i -

At a stage where the wire rods having a diameter of 8 mm for

copper material Nos. 1 to 13 shown in Table 1 had been subject to

1

Tough pitch copper containing 200 to 400 ppm of oxygen -

4



W . ppm Tot al 220 283 240 3000 <1 The oxygen content of the wre
rods was measured and found to be in the range of 200 to 400 ppm The wire
rods having a dianmeter of 8 mmwere subjected to cold wire drawing to a
diameter of 2.6 5 nm once anneal ed, s®jected to cold wire drawing to a
dianeter of 0.9 mm anneal ed, and then subjected to cold wire drawing to a
di anet er of 0.04 v wiiredraxigotod ¢dlameferef 2.14me. She wings yerkhartitextest or ed
for up to 50 days, and en._anneal r S € I

wires. 10 ok 0 IR By SOUE HREP B AN BRI
and copper mat er i adnel\lﬁ)s Sor lthe Heht-aredtd? w@ceﬂrpahatneuei-l@oppmngmatW| al s)

did not cause breakin re at..all iIn urse_Qqf W ng. On the
- other hand, coppét® Frh‘tggrﬁ"efw Vo s%e Cpster 2 gnd 565(5 ra(%aaora |ve copper

materials) having a | agaddistd dagedccsmming cud ewa:musaadbéﬁe&rc e:akheng of wire
due to softening. EXAMPLES The effegct of .the inventi e_explained in
nore detail with TERERRREE™GEIE |$Mhﬁgte§§’gﬁpﬂt§§n9tﬂt . A Were the

Wire rods having @pge@fBt&iained. HTada0k. CHPPEY. WPE £(d4080) M&esénttsOthLS shown
in Table 1 had been . subject to cold wire drawing to a dianeter of 2.6

mm the wires werteensbkastrereibed thp ag dap 14Tpwm FPPQPraatteéhﬁér%F’Eﬁ“’éaF‘FFet he
range of 120 to 4DEFerp] tudh &%?e&ts ERL L8106 ekt Bt 2Eh Y LfSarddne

tensile strength was neasure atensile tester at a stress rate of 20
- m n. 10 - materials (heat treatment temperature 400C). Regarding the

half-softening temperature defined as such a heat treatment
temperature that the tensile strength is a value ([0, (20C) +0
» (480C)1/2) which is just intermediate between as-wire-drawn
material (0,(201:}).and the fully annealed material (0, (400C)),
15 the copper material No. 2 according to the invention is 20T above
the conventional copper material No. 6. The results of evaluation
of wire materials in terms of the above half- softening temperature

are summarzzed in Table 2.

Table 2

Classification Invention Comparative
No. 1 a2 I3 | s |6 |7 |s
Content,: |Tin 20 |75 {3 |4 100 {3 <1 |2
wt.ppm Indium <1 <1 |80 95 50 <1 |4 2

Half-softening

temp.C 190 | 158 {196 | 200 200 180 |[180 }180

Classification Comparative

No. 2 10 11 12 13




5 Fig. 1 is a diagramshow ng the relationship between the heat
tréatnent tenperature ([err]C) and the tensile strength (kg/mijerr]) for
the copper material NOs. 2 and 6. In Fig. 1, O[err] (20[err]C) represents
the tensile strength of the as-wire-dral® cepper materials (tenperature
20[err]C), O[err], (400[err]C) represents the tensile strength of fully
‘anneal ed 10 nmaterfials (ngat treat ngnt genpgratufe 490 [err[C).

Regar di ng t he hal ficerffepbni it enp@2hdr o | ABF | 389 4&1guch a heat t1feat nment

tenperature that f nsi € e enr 20[ err +err
(400[err] Q) 1/ 2) iy j bl B e e )t'egial](
material |([enqr] (400[errjCQ)), 15

[err] (20[err] C)) |antk-tberehind v 2
the copper materi gl No.c2 accordi o&'?o& &ptlggB S 20[err]C bove t he
LS e —Ne— L6

conventi onal coppe fesut-ts—of toatTomof-—wre
materials in terns of the above half sof t eni ng terrperature are summari zed
in Table 2. Table 2 Cassification | nventi

Conpar at ive No. For all the coppey matezg.al Nog. 1 toéf according toGthe in’,'entiog
Content, Tin. Z4e haz.5 sof@ening 4 emperaturkOWas 30 to $4C arbviél cHARMNf the | ndi um
<1 <1 60 95 2 Half-softening tenp.[err]C

190 198 196 200 conmemre@orammatfstﬂomséffr?,raﬁeomper rebtRiat AcFve No.
9 10 11 152 7 arilt.*.gs ha.v}LQg low additive element content, the half- soften:.ng

temperature was the same as that of the conventional copper material
No. 6. For the copper material Nos. 9, 10, and 11 having an additive
element content exceeding 200 ppm, the half- softening temperat:ure
was not above tha\: of the copper material Nos. 4 and § (?00°C) . The
10 copper material No. 12 having an extremely high tin content had a
remaz"ka.bly' increased. half-softening temperature. The increased .
half-segtening temperature, when the copper material is used as an
annealed copper core wire for enamel wires and the like, renders
the annealing difficult. On the other hand, the half-softening
15 temperature of the high purity copper No. 13 was low and 133%C.
For the heat'-treate&, c¢old drawn wires, the electrical

conductivity was measuraed. The resulte are summarized in Table 3.

Table 3 =

Classification Invention Comparative
Na. 41 2 3 4 5 ] 7 8
Content, Tin 20 75 ] 3 4 100 {3 <1 2
wt.ppm Indiuvm | <1 <1 60 95 50 <1 4 2




Cont ent , Tin 220 3 70 3000 <1 wt.ppm I ndium <1 280 170
<1’ <l Hal f-softening tenp.[err]C 200 200 200 350 133
For all the copper material Nos. 1 to 5 according to the invention, the
hal.f - sof t eni ng tenperature was 10 to 201®rr] C above that of the

conventi onal [copper nmateri al . 8. Fof thg coppdr maferi gl S. 7 and 8
havi ng | ow ad@enfvetigligent conterft, the hgl f-sofltening ténperjatur¢ was the

-same as that {of the conventi onal cogppe' matjeri al |No. B. -For the copper
mat eri al Nos. *a?‘cqq and 11 h _én_a?iﬁh tli%8a ol Alent %% ol bedi ng
200 ppm the | f-softening teg'gﬁrat re_was not above| that of the ¢opper
mat eri al Nos.%iﬁfa\%ﬂﬁ%[er:,w .ar#.%‘felo eeppgr—rat erial No. 12{having

an extrenely {egh tin content {gad |aq eppf kghlay i ngreased hal f-soft ¢ning

t enper at ure. [The TTcrepsed aff=sgftemmg—tenpergture, when the copper
material is ysedtestan| pitneal ¢d2ecdmer | zor 4 awiobe |kar enanel wires and the
| i ke, renderd the annepling diffficult.}On tlhe other hjand, the
hal f - sof t eni N@t1BPR enpbiedivwme |82 tIR800| T gufdi t v |dpper No. 13 was |l ow and
133[err]C.  Fqr_the heat-treat¢d, cold gdrawm wireg, the electrical
conductivity WEBINEHYHEd.  The redsults ard summgrized in Table 3. |Table 3
Cassificatiqgacg Invention {g7 |98 |97 |85 CAARpagrpti ve No.
1 2 3 Z 5 6 7 8—Cotternt T Ay, 5 3 4
100 3 <l 2 wt.ppm I ndium <1 <l 60 95 50 <1 4 2

As is apparent from Tablé 3, among the coppeﬁr material Nos.

1 to 11, there is substantially no difference in electzical

conducﬁivity. The copper material No. 12 having a high tin content

5 had remarkably lowered electrical conductivity. Asdescribed above,

the copper material No. 12 had a remarkably increased softening

temperature. The reason for this is that oxvgen contained in the

molten coppez;.'- wé.s entirely reacted with tin to form tin oxide and

tin"lllo.t converted to the tin oxide was dissolved as a solid solution

10 in copper. -E‘urthe_r, t.:he fomation of the solid solntion of tin
resulted in remarkably lowered electrical conductivity.

As described in the column of “PREFERRED EMBODIMENTS OF THE

: INVEN’I’ION, # after the copper materials was subjeated to cold wire

.drawing to a diameter of 0.04 mm, the materials were then stored

is a.t- room tamperature for 50 days: In this c¢case, before and after

the storage, the mechanical properties (temsile strength and

elongation) were measured. These materials were further annealed,

followed by preparation of enamel wires (1UEW0.04). For the enamel

wires, the mechanical properties were measured. For the copper



Conduct ivity, 9 ACS 98 98 98 98 97 98 98 98

d assification Conpar ati ve No. 9 10 11 12
13 Cont ent, Tin 220 3 70 3000 <l wt. ppm I ndium <1 280
176 <1 _ <1 Conductivity, 9% ACS 12 97 98 . 97 85

100 As is appafflarihi Ofdslal,€ 33, 28808 0abdlxadQPPES £BE Sinvaht S ank ft@ell,
there is substantially no di'fference in electrical conductivity. The copper

mat eri al No. I1ébnpavatiyenchppfy tavexiadtNox. 5, Thaend aﬁarﬂabkgsdlc!:\ﬁeﬁtacthe

~electrical conductivit As descri bed above, the co material No. 12
‘had a remar kaHP%Psi“ﬁE‘F%‘ngé?f Thet BRFRAPICAIpBY SReFEE S TR 9‘§a§5ﬁ°?30ir“9t 8 is

that oxygen COfhaiadefed dn! BbulPh! Glh ORL HeshPs A LS nbabifiileld U Lhe! 1N 1O
formtin oxide and tin not converted to the tin oxide was di ssolved as a
sol i d sol uts onmedhani8aX @pppértiebUidteds andidda ibhgrdmt satnadfizeans@hbrk $0I Uti ON
.of tinresulted in remarkably | owered el ectrical conductivity. As described
in the colum of PREFERRED EMBODI MENTS OF THE | NVENTION, " after the

copper material g wag subjected to cold e drawing to a dianmeter of 0.04
rm t he oy St et Es HorbBa eealing LMD L0 B BT C0 e

this case, be{._.ggsesﬁ@_ga@gotner the storag ,Imlyg;ﬁiggchan! cgl I&Bﬁi’eﬁratc':.@é (ten5| e

strengt h and[etonmgatTon) Were TTeasSured]— TNeSE Natgrarswere {ur the

anneal ed, fol toyst hyteriaparati on of epmsord |wd.as [(NbUEVWDNG4S . [ N&OT [ 13
enamel wires[ the nechani ¢al properties were| neasured. kor the coppgr

| Lead - Immediate
at break, after 180.3 |79.2 |[s80.1 [78.2 [78.3 |70.4
g production

After storage

for 50 days 77.5 |76.9 |77.5 |65.2 |63.3 [40.5

Immediate
Elongation, after 2.5 2.6 2.4 2.5 2.4 2.4
% production

After storage

for 50 days 2.4 2.5 2.3 1.0 0.9 0.7




12 material Nos. 2, 3, and 5 according to the invention and the conparative
copper material Non. 6, 7, and 13, the results of the neasurenent of the
mechani cal properties bef or e anneal ing are sunmarized in Table 4, and the
results of the neasurenent of the 5 ndéhanical properties after annealing
are summarized in Table 5, Table 4: Re ults before a Peallng Cl assification

| nvent | on Table 5: Aﬁ + g eled w MA 2
Nior o° Nglawﬂ%ahayo 13 Lo?d Taventicn L”“‘ES'Lat e clpalL ERbe

ro. 47 ro. o V. 4
production Afl{.g| f%a%@?igi?r 50 days No.57 No.3760 .5 Thbs |6R.7 [#313
40.5 ImrediatTcg |€7garlun af ter = 2B ~ O Z. a Z. 5 |

2.4 2.4 predugti on Aftermsdaaeage flor 50 |[days 2.4 2.5 2.3 1.0
0.9 0.7 13 Table 5:} Results aftjer anngealing (enangel ed wires)

at break, aftex 3.0 [38.2 |39.0 |38.5 [38.2 35.3
g production
After

storage for|38.5 38.2 39.0 35.1 35.0 30.0

50 days
Immediate
Elongation, after _ 25.0 |24.2 }25.3 (23.2 [22.1 [22.3
& | production
After

storage £for|24.3 24.2 25.2 15.1 16.0 |[10.3 ~

150 dags

As is aﬁparent from Table 4, for the copper material Nos. 2,

3, and 5 according to the invention which had been subjected to cold

5 wire drawlng, the tensile strength and the: elongatzon were hardly

lowered after storage for 50 days. On the other hand, for the

comparative copper material Nos. 6, 7, and 13, the tensile strength

and the e:_longation were significantly lowered after storage for 50
déi(s. )

10 As is apparent from Table 5, for the copper material Nos. 2,

3, and 5 according to the invention, annealing of the extra fimne

wires after storage for 50 days caused only a slight lowering in

tensile strength and elongation attributable to the storage. On



Cl assification I nvention conpar ati ve Copper materi al
NO"2 No.3 No.5 No.6 No.7 No.1l3 Load | mredi ate at break,

after 39.0 38.2 '39.0 38.5 38.2 35.3 production After
stqrage for 38.5 38.2 39.0 35.1 B4.0 30.0 50 days | medi ate

El ongati on, after 25. 0 24.2 ,25.3 23.2 22. 2.

product i on A?R%Ptgfﬁrhéﬁa' fog thy cqmpazatiye coppey marl%‘.'jf%' &‘ﬁi'. %’ _72‘0.a§d50
days As is appalgilaifih@BelHl &eita #i%e 411G @'stXBL 64 kBk sHOByaZaudeadnd 5
accordi ng tgﬂ?’heﬁ%avelngi on \Ah%‘c%ahalglrebeenssu ] esct edgto cold gs v?/iurg

drawi ng, theatenmiltecait QegePinddhd tenek 08 0idenEeeins odbytlamaredraf t er
storage for 50 days. On the other hand, for the conparative copper

mat eri al NosanrésalingasdcdfpaxteldewiinShé cepsibagitireanth ahd Weoalrrdadioner e
significantly_I| owered gfter storage for 50 daxs. 1Q, As | s apparent
from Tabl® 5°%f £8f Raterishh ¥pich hafbaen\gpneaded domediately - a bt ey fRe ¥d¥€he

I nventi on, a&f‘fvfi'n' 1g oF the extra fine wires after storage for 50 days
caused only a sli %t lowering in tensile strength and el ongati on

attributable to therstwd a@PpeFmaterial Nos. 2, 3, and 5 according to the
invent;.ion, the metallographic¢ structure comprised £ine grains after
cold wire drawing, after storage for 50 days, and after annealing
10 of theextrafinewire. On the other hand, for the comparative copper
matexrial Nos. 6§, 7, and 13, the metallographié structure comprised

a mixture of coarse grains with fine grains.

 Example 2

. Copper wires according to the invention or produced acdording
15 to the process of the invention may bg uvged also as .hard copper wires.
For example, the copper wires may be brought to so0lid wires oxr
stranded wires followed Sy covering with an insulator to pieﬁar‘e
cables. Inthis case, the insulator is extruded onto the core wires
at a temperature of 100 to 300C. Therefore, the core wires are
20 instantaneously heated to high temperatures. For this reason, the

core wires were evaluated for the softening in the step of extrusion
of the insulator in the production of aerial distribution lines.
The resuits 6f the measurement of the mechanical properties (tensile
strength and elongation) before and after covering of conductors
25 (7/-¢'2.0) for aerial distribution lipnes with an insulator are

summarized in Table 6,



14 t he ot her

hand,

for the conparative copper

mat eri al

Nos.

6, 7, and 13,

anrieal ing of the extra fine wires after storage for 50 days caused a
lowering in tensile strength and el ongation after annealing as

signi ficant

conpared with the tensile strength and t%he el ongation 5

of the materials

~which had been anneal ed i mediately after the wre drawi ng. For the copper

material Nos.Taple3b and 5 accordi ng to the invention th r aphi ¢
structure cgnpri s fine graing aft r cold wire Hrawng: er storage for
_ : . 19
50 days, ancggfﬁﬁigﬁﬁrtgp'“" 1 pT8Y qut RE extra—ii é Nparit ;“ +-he—o1 her
hand, for the, gg?%ﬁér\iﬁlcopp“ﬁo{ﬂ Phd 2 WS 20 nJ:ua%.Jz% &%e |
netallograph tHtetgre—conpri-sed—arnmrxtufe ot toarsergrar g vt fi ne
grains. Coph&enteh€s according|to thp inveption pr propuced pccordjng 15
to the procdss of thelinventioh nmay pe usefl al sojas hafd copper w fes. For
exanpl e, thegeozopper wires may besbropght tp2solif3wireszor sp2andefl wires
foll owed by |covering wth an ipsulatpr to preparg cablps. Injthis pase, the
i nsul ator i 9 ad@itived|onto thelcore Wres fat a tenperature of 100 fo
-300[err] C. Therefore, thg core 'res g e 20__ins ntanagusly Peatej to high
t enper at ur es}. 5+ *BEPTt hi| SPPEIR he tB8le w?®s wefe evhfuatefi*for fhe
sof t eni ng ir1d4g§ ShRP. of extrusion of the {nsulator injthe pfoduct}on of
aeri al di st ripotrom HmmesTTreTresut s of —themegsorenemt—of TtHeTechani cal
properties (jtensile sfpepgkd apd el ophgatioph) befpre anfl aftef covefing of
conductors 25 (7/[efr]2.0) for aerfal. distribution ||nes wth an
i nsul at or ar|drengateari zedverimphee.F |45.7 [47.0 [45.8 |45.9 |46.0
'strength, | After
kg /mm’ covering |46.0 [46.0 |46.8 {41.1 [41.5 |41.0
As is apparent from Table 6, upon exposure to heat in the step of
extrusion of the insulator, the copper materials (Nés. 24, 25, and
5 26) outside the scope of the invention was softened and caused a
lowering in temsile strength, whereas the copper materials (Nos.
21, 22, and 23) aceording to the invention were not softened. Thus,
the process for producing copper wires according to the invention
are also applicable to the process for producing hé:d copper wires
10 cbvered with an insulator.
As desc;}beﬁ above, the extra fine copper wire according to the
invention has a diameter of 0.02 to 0.05 mm and comprises a tough
pitch copper having an oxygen content of more than 100 te 500 ppm,
wherein the extra fine copper wire further comprises 5 to less than
15 200 ppm By weight of at least one metal selected from tin and indium.

By virtue of this constitution, coarse grains do not occur in the



15 Table 6 Classification | nventi on Conpar ati ve Copper

materi al No. 21 No. 22 No. 23 No. 24 No. 25 No. 26 Content of Tin
65 4 20 3 2 2 additive el enent, | ndium <1 80
30, <1 2 1 mass ppm Before Tensile covering 46.3 45.7

47.0 45.8 4Be®elUErepkic eRTNdLUrAfincEhkgpunAe of cokdbyire Aavife 0stoxage0

46. 8 41.1 41.5 41.0 As is apparent from Table n ex osu t 0 heat
in the step oRfEs®yirg SrAvRgy RBdaRa8RLITS bfg}\%‘&&ﬁﬁg%”%ﬁ?’é‘h a geﬁ\%?e'm

Coner i n ka8, ab R WRe0L dd'S e MLEI] 108 YRR S8 JsAYSed @

|l owering in ténsile stren ereas e copper nmter

and 23) accor@hmeigmimeem&rﬁémm&m ﬁtﬁﬁx&dtﬁd ofThiifas éEnps1aREgS f or
produci ng copper wi res according to the invention are also applicable to
" the process foén gheodovreg dfacdldotirer dvaving £0r the orEEOS® (OF aneverilngt or .
As descri bed above, the extra fine cﬂgper W re accordi ngﬁto t.he |nvent|on

has a di anet efR8fPRFHsIRY PLHVETE ARG RENCS) FAR| Lo SUED RFRYFIL; L HACEHR88 Wavi ng
an oxygen Contpggéuc(gs.ogoéosé ha{h&%@rﬁ OthSeOQxB.pamEzne copper wire according to

the invention is free from a deterioration in mechanical properties,
such as tensile strength and elongation, of core wires attributable

10 to étorage after wire drawing or annealing of the extra fine wire.
The process for producing an extra fine copper wire, with a

diameter of 0.02 to 0.05 mm, comprising a tough pitch copper having

an 6xygen.-content of more than 100 to 500 ppm accoxrding to the
invéntiqn comprises the step of casting a toughpitch copper, wherein,

15 in the step of casting the ﬁough piteh copper, at léast cne metal
sele.cted from tin and indium is added in an amount of 5 to less than

200 ppm by weight based on the weight of the exﬁra f:i;ne copper wire.

By virtue of this constitution, coarse grains do not occur in the
metallographic structuré in the course of cold wire drawing, storage

29 aftér wire drawing, and annealing of the extra finewire. Therefore,
cold wire drawing causes no softening-derived breaking of wire.
This e11m1nates the need to increase the number of times of anneal:.ng

in. the cdurse of cold wire drawing for purposes of preventing the
breaking of wire and hence can in turn prevent an increase in

25 production cost. Furth’er, the extra fine copper wire accord.ing to
the invention is £ree from a deterioration in mechanical properties,
such as tensile strength and elongation, attributable to storage

after wire drawing or annealing of the extra fine wire.



wherein the extra fine copper wire further conprises 5 to less than 15 200
‘ppm by wei ght of at |east one nmetal selected fromtin-and indium By virtue
of this constitution, coarse grains do not occur in the 16

metal | ographi ¢ structure in the course b7 cold wire drawi ng, storage after
wire draw ng, and Thenéavénigonf haddeent desddidvednin sletalbevifloperti@lihzn 1 e
drawi ng causes_no softening-derived breaking of wire. This elimnates the
need to incr EaEeranse FRIPBEEeFed pRRadigensan et 1y will pe pedenatoed Watcol d

wire draw ng_for_t.he purpos f_preventing the_breaking of wire and hence
can in turn ﬁ?ﬁ%’?ﬁménaﬁ“ﬁé'}"gégéc%f‘ﬁfoa%%eoﬁ%ESETe.aA(I‘—’Elg{‘ﬁért\,ﬁet AE°R%tYa fine
copper Wi re 8f60iiadibh d1SekMYEMH 9 the [ffedbblm et erioration in
mechani cal properties, such as tensile strength and el ongation, of core
wires attgibutable 10 to storage after wire drawi ng or annealing of the
extra fine wre. The process for producing an extra fine copper wire, with
a dianeter of 0.02 to 0.05 mm conprising a tough pitch copper having an
oxygen content of nore than 100 to 500 ppm according to the invention
conpri ses the step of casting a tough pitch copper, wherein, 15 in the
step of casting the tough pitch copper, at |east one netal selected from
tin and indiumis added in an anmount of 5 to |less than 200 ppm by wei ght
based on the weight of the extra fine copper wire. By virtue of this
constitution, coarse grains do not occur in the netallographic structure in
the course of cold wire drawing, storage 20 after wre draw ng, and
annealing of the extra fine wire. Therefore, '



cold wire drawi ng causes no softening-derived breaking of wire. This
elrm nates the need to i ncrease the nunber of ti ﬁEi/QL_@_D_&&LLﬂg——i—ﬂ th

and hence can in turn prevent Cgpd: zgrtegiehiani ﬁser*mHm\“‘Mumm‘L gur

deterioration 1 n nmechanical -properties, such as tehside 'st r"enéth and

the extra f

course of cold wire drawi ng for purposes of preventing the breaking of wire

el ongati on,

attributable to storage after wire drawi ng. or anneal i ng of

~extra fine wire. 17 The invention has been described in detail wth
particul ar ref er erceab @xgrefiimecchbppeirodirsnwith budianetair|d£ Beddirdet t500d

that variations and nodifications can be effected within the scope of the
i nvention as™etCPBrEpitgatioush SRR SIPPPENGYIng anOXYESR SANTATE AE % F her

wire, with a_dianeter,of 02 to Q 05 .m ri.sing.a.t i G
“having an?ox;t/:ggﬁmééﬁt g‘%t sg? ﬁ%’?'e ‘%‘e’ﬁ%gq’fgg tgt%OgJﬁ%?n ¢ er:gi‘?lﬁ%ai
fine copper WehStifutedsyiddita@dedVedRoppaLalind SOPRGY aVkbls NV isRGerigdiensi |l e

strength of

| ess than a predeterm ned value and further conprises 5 to

e

t her

t he

per
extra

| ess

than 200 ppmeifylews ghén of padddteapinahgalve ands thxitiegdedmmprhsiesns dadlessli um
10

10

15

20

25

2.

The extra fine copper wire according to claim1, wherein
than 200 ppm by weight of at least one metal selected from tin and

indium.

2. The extra fine copper wire according to claim 1, wherein
the predetermined value is 35 kg/mm’.

3. A process for producing an extra fine copper wire, with
a diameter of 0.02 te 0.05 mm, comprising a tough pitch copper having
an oxygen content of more than 100 to 500 ppm, said précess comprisi_ng
the step of casting_ a tough pitch copper, wherein, in the step of
casting, at least one metal selected from tin and indium i# added
in an amount of 5 to I1ess ﬁhan 200 ppm by weight based on the weight
of the extra fine copper wire.

4. The process 'aéco:-ding to c¢laim 3, wherein the step of
cagting is carried out using a continuous casting appératus, such
a5 SCR. |

5. An extra fine enameled wire comprising: 'an extra fine copper
wire as & core wire, with a diameter of 0.02 to 0.05 mm, comprisi;ié
a tough pitch copper having an oxygeén content oFf more than 100 to
500 ppm, sald extra fine copper wire being constituted by an annealed
copper wire having a tensile strength of less than a predetermined
value and further comprising 5 to less than 200 ppm by weight of

at least onemetal selected from tin and indium; and an enamel coating



the predeterm ned value is 35 kg/mierr]. 3. A process—or _producing an
extYa fine copper wire, with a dianeter of 0.02 to O mm conprising a
tough pitch copper having an oxygencontent of nore _tm mmun”) '
sai«process conprising 15 the step of t8sting a tou A m’,’r
wherein, in the step of casting, at |east one netal selected frofhtrn and
indiumis added in @RefdMBUMHe Qbrdwise.| €SS than 200 ppm by wei ght based on
the weight of the extra fine copper wire. 4. The process-according to claim
3, wherein the step of 20 TRef&tFhiineenaaetedvingaccording ta ot Bnyberein
casting apparatus, SUhScefuedvafill 8Xtsaf /e enameledui re comprising:
‘an extra fine copper wre as a core wre, wth a dianeter of 0.02 to 0.05
nm conprising a tough pitch copper having an oxygen content of nore than
100 to 25 500 ppm said extra fine copper wire being constituted by an
anneal ed copper wire having a tensile strength of |ess than a predeterm ned
.val ue and further conprising 5 to | ess than 200 ppm by wei ght of at |east
one netal selected fromtin and indium and an enanel coating covering
the core wire. 6. The extra fine enaneled wire according to claim§5,
wherein the predeterm ned value is 35 kg/mferr].



