COPPER VEELDI-NG SOLID WRE W TH GOCD ARC STABILTIY
BACKGROUND OF THE | NVENTION Field of the Invention:

[ 0001] The present invention relates to a copper

wel ding solid wire, nore specifically, to a copper
wel ding solid wire with good are stability. :
Description of the Related Art [0002] In general,
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factor for are welding froma view point of the
guality of a wel ded bead or nmi ntenance process due to
BAd;@%#%@ﬁfﬁgtWENﬁgimny recogni ze that the arc
ted to wire feedability.
[0003] Especially, a non-plated solid wire for wel ding
Fleldwgfsthgf V%n{ Qently released. As the nanme inplies, the
edNi re does not go through the plating
process. In result, it cones into direct contact with
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deterioration of arc stablllty, [imtation in arc
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plating. [0005] However, rmst of researches for

tability and feedabi | i ty of 1 welding
'Des‘ﬁ‘i‘ggg?f’gﬁ%%@%‘f finly focused on the surface pattern
of wre or surfacing

[0002] In general, regardless of the kind of wires, such as solid wire or flux cored
wire, arc stability is a very important factor for arc welding from a view point of the
quality of a welded bead or maintenance process due to the welding spatter, and many
recognize that the arc stability is closely related to wire ‘feedability.

[0003] Especially, a non-plated solid wire for Wélding has been recently released.
As the name implies, the non-plated wire does not go through the plating process. In
result, it comes into direct contact with the iron surface of wire and welding tip and
therefore, problems such as excessive abrasion of tip, deterioration of arc stability,
limitation in arc stability interval, etc., arise.

[0004] This is why more than 95% of MAG welding wires have copper plating.

[0005] However, most of researches for improving arc stability and feedability of




preparations, and researches on plating solution

. (bath) for copper plating were relatively low 1In
case of copper plating, batch type plating is wdely
used in many plating conpanies, and a variety of
additives are avail able at a market. [0006] However,
as in the manufacturing process of a solid wire for
wel di ng, high- speed wire dramﬁng wi th coating
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wi th copper pIatlng through wet dramnng or surface
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heat-treatnment to nmake holes on the surface through
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stability disclosed in Japanese Pat ent Laid-open NO
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precipitation. Then, the wire undergoes copper pl ating

plating, pEFIPH PR o) %ggﬁlhet[ PlFinb 68k WA ichaecgnos by Tigh speed in-

line are very difficult jobs. Because of this, most of researches have been directed to
resolve the problems of a wire with copper plating through wet drawing or surface
treatment processes which are performed after the plating process.

[0007] For example, Japanese Patent Laid-open No. 56-144892 disclosed a
technique related to a solid wire for welding with copper plating to improve feedability
hy forming layers oxidized with heat-treatment to make holes on the surface through
wet drawing, and by providing liquid lubricant to these holes.

[0008] Another method for improving arc stability disclosed in Japanese Patent
Laid-open NO. 6-218574 is coating the surface of wire with alkali metal oxide and

. performing annealing for precipitation. Then, the wire undergoes copper plating after




technique for inproving feedability and are stability
by adding K, Ca and their conpounds to the surfacing
preparation (surface treatnment agent) for coating the
surface of a final wre. [0010] Moreover, Japanese
Pat ent Lai d-open No. 6-218574 di sclosed a techni que
on conducting copper plating after citrate, hal ogen
conmpounds, phosphate are applied to the surface of a
pickdr €, and next annealing is perfornmed under nitrogen
gas atnosphere to deposit alkali netals on the
surface of the wire. [0011] After studying these
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an" optimal plating Solution conpos?tlon and its
managi ng net hod for continuous hi gh- speed copper
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adhesi on, and excellent are stability by securing good
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provi de a copper plating 3 solid wire characterized

.cel |l ent plating adhesion by using an inorganic
Ofaggﬂsﬁg%e in a copper plating solution and at the sane

time, of excellent feedability and arc stability by
cippitating an al kal i al line.earth.
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achi eve the above objects and advantages, there is
on cgr{d%\é%n(ljge gop%elg }91@81% after citrate, halogen compounds, phosphate are applied to
the surface of a wire, and next annealing is performed under nitrogen gas atmosphere to
deposit alkali metals on the surface of the wire.
[0011] After studying these techniques carefully, the inventors decided to study an
~optimal plating solution composition and ifs managing method for continuous high-
speed copper plating. As a result, we were able to manufacture a copper plating solid

wire with excellent plating adhesion, and excellent arc stability by securing good wire

feedability.

SUMMARY OF THE INVENTION

[0012] [t is, therefore, an object of the present invention to provide a copper plating




plating solid wire for MAG wel ding, in which a copper
plating layer of 0.2 - 1.0min thickness is forned on
a solid wire for MAG wel di ng conposed of 0.01 -
0.10mt % of C, 0.3 - 1L.OM%of Si, 0.7 - 2. OM % of M,
0.001 - 0.030wt % of P, 0.001 - 0.030wmt%of S, 0.01 -
0. 50m % of Cu, the remainders Fe and inevitable
inmpurities, the total content of Fe, an al kali netal
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total content of the al kall metal (Na) and the
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present invention provides a nethod for manufacturing
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conprisi ng the step of. immersing a solid W|re for I\/AG
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0.001 - 0. OSO\Nt%of S, 0.01 - 0.50Wm % of Cu, the
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30 - 4 50g/L of HZSO4 10 - 40g/L of Fe, 1.0 - | Og/L
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[8015:% Thoe bove aspects an %tﬁ%eatures of t/e
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0.01 — 0.50wt% of Cu the remainders Fe and inevitable impurities, the total content of
. Fe, an alkali metal (Na), and alkaline earth metals (Mg, Ca) in the copper plating layer
ranges from 100ppm to 1000ppm, and the total content of the alkali metal (Na) and the
alkaline earth metals (Mg, Ca) ranges from 10ppm to 500ppm at the same time.

[0014] Another aspect of the present iﬁvention provides a method for manufacturing
a copper plating solid wire for MAG welding with excellent arc stability for welding,
the method comprising the step of: immersing a solid wire for MAG welding composed
© 0f 0.01 - 0.10wt% of C, 0.3 - 1.0wt% of Si, 0.7 — 2.0wt% of Mn, 0.001 - 0.030wt% of P,
0.001 — 0.030wt% of S, 0.01 — 0.50wt% of Cu, the remainders Fe and inevitable

impurities in a copper plating solution containing 200 — 300g/L of CuSO45H,0, 30 —




t he acconpanyi ng drawi ngs, in which: [0016] FIG 1 is
a SEM m crograph of the surface of a plating |ayer
resulted from high-speed copper plating
(magni fication:!000X); [0017] FIG 2 is a graph
showi ng a rel ation between pH and stability constants
(LogKf) of an EDTA conplex; [0018] FIG 3 is a graph
showi ng rel ati ons anobng Fe concentration in a Cu
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4 is a graph show ng a reI ation between Fe

concentration of the plating solution and the

t hi ckness of a plating |layer according to the el apsed

i mrersion time; 5 [0020] FIG 5 is a SEM m crograph of
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awre taken by an opti cal m croscope (nmagnification:
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-the accompanying drawings, in which:

[0016] FIG. 1 is a SEM micrograph of the surface of a plating layer resulted from
high-speed copper plating (magnification:1000X);

[0017] FIG. 2 is a graph showing a relation between pH and stability constants
{LogKy) of an EDTA complex;

[0018] FIG. 3 is a graph showing relations among Fe concentration in a Cu plating
layer, electric resistivity and percentage clongation at fracture, in which (a) shows a
relation between Fe concentration and elongation(%) at fracture, and (b) shows a
relation between electric résistivity and elongation(%) at fracture;

[0019] FIG. 4 is a graph showing a relation between Fe concentration of the plating

solution and the thickness of a plating layer according to the elapsed immersion time;




m croscope (magnification: 200X); [0024] FIG 9 is a
SEM mi crograph of the plating |layer of a wire

(magni fication: 1000X); [0025] FIG 10 is a SEM

m crograph of the plating layer of the wire No. 1
(rmagni fication: 1000X); [0026] FIG 11 is a graph
illustrating the evaluation result of arc stability of
a wire at high current 300A; [0027] FIG 12 is a
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13 is a m crograph of the wound(taping-itself of wre)

he arative exanple wire No. 17 taken
addlﬁvesé ‘hc%téﬂn %Bmswpe (magni fication: 500X);
[0029] FIG 14 is a m crograph of the strai ght part of

t
0035 P &4, SEn ERoRegnl o Snorbiic <SR potia] coppeiped in
15 is a micrograph of the wound(taping-itself of wre)

art of the. c irative exanple wire No. 24 taken by
addlﬁﬁescgﬁ’ta Cat?ﬂncsgggope (magni fication: 500X); [0031]
FIG 16 is a mcrograph of the wound(taping-itself of

[00%:{ e)FI&ar ! 15031,c mtwrograph of the wound(taping-itself of wire) part of a wire
taken by an optical microscope (magnification: 400X);

[0023] FIG. 8 is a micrograph of the straight part of a wire taken by an optical
_microsc0pe (magnification: 200X);

[0024] FIG. 9 is a SEM micrograph of the plating layer of a wire (magnification:
1000X);

[0025] FIG. 10 is a SEM micrograph of the plating layer of the wire No. 1
(magnification: 1000X);

[0026] FIG. 11 is a graph illustrating the evaluation result of arc stability of a wire
at high current 300A,

[0027] FIG. 12 is a graph illustrating the evaluation result of arc stability of a wire
at low current 150A;

[0028] FIG. 13 is a micrograph of the wound(taping-itself of wire) part of the




conparative exanple wire No. 30 taken by an optical

m croscope (magnification: 500X); [0032] FIG 17 is a
graph illustrating arc stability of the conparative
exanple wire No. 24 at high current 300A; and [0033]
FIG 18 is a graph illustrating arc stability of the
conparative exanple wire NO 24 at |ow current 150A.
DETAI LED DESCRI PTI ON OF THE PREFERRED EI\/BODI MENTS 7
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acconpanyi ng draw ngs. [0035] The |nventors realized
Soo%ﬁat there were three objects to resolve for achieving

’gh- speed copper plating: (1) Wen a 5.5mmw re rod
under goes dravvl ng, the resulting wire of 1.4- 2.5mmin
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wet draw ng and surface treat ment even after plating;

3). Al kali netals and allne th netals should
No. LfaitRby oh PRI FerPiGoP Lafi i EnsBSafBhh "o Ger. to
resol ve the above- descrlbed obj ects, the inventors
[OOQSfI %& tl% 2% n%\(/:reorgrae reosw%sﬁrsfd(‘f‘a%gnegf-#sellﬁl of wire) part of the

comparative example wire No. 24 taken by an optical microscope (magnification:
500X);

[0031] FIG. 16 is a micrograph of the wound(taping-itself of wire) part of the
comparative example wire No. 30 taken by an optical microscope (magnification:
500X);

[0032] FIG. 17 is a graph illustrating arc stability of the comparative example wire
No. 24 at high current 300A; and

[0033] FIG. 18 is a graph illustrating arc stability of the comparative example wire

NO._ 24 at low current 150A.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS




[0037] First of all, to overcone the problemw th the
rough surface of the wire for use in the plating
process, the inventors observed the steel-naking
process and processing a 5.5nmmwire rod at billets in
a raw material manufacturer, and exam ned the "surface
before and after pickling which is perfornmed to renove
scales on the surface. Especially, the inventors had
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bl ocks in a drawi ng process having 8 the nost
beloSi | ifié:zé\nt i@{eelruence on the chasracteri stics of the
Wi rectengs acompanying FAWMESy 5 e usion that it is
very difficult to acconplish stable manufacturing and
trql the wre surfa at the_ sane .ti in.a .
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was difficult to get a perfectly snmooth surface of a
.. wire for dry.drawi ng and copper plating, and based on
h‘ghtsﬂgedr‘éﬁpﬁ?’i@%t%tween t he roughness of the surface and

the plating properties, we discovered that the plating
adhesjion properties are closely related to the bri dge
phendibNBIn 9A3-SEHBWHTS FPdryrgergpes drayangy tha Jesubbrn Bireriinl -4-
is found in a severely dented subject for plating, in
which the plating precipitation rate of a protruded
2.5magy yedigmeter §1 Hlafingpseesss hasarery R SEHaGSy  preci pitati on
rate at a concaved (or dent) portion so that edge
portions are connected to each other |ike a bridge,
I n t KZk Addlitionah prsgsssh athewlds e perfpangdo pighy ah stchedspwingeand
bottom surface and the plating |layer, and as a way of

checki ng plating adhesive strength (or
surface treatment even after plating; and

(3) Alkali metals and alkaline earth metals should remain in the plating layer.
[0036] In order to resolve the above-described objects, the inventors decided to go
over each process carcfully.
[0037] First of all, to overcome the problem with the rough surface of the wire for
use in the plating process, the inventors observed the steel-making process and
processing a 5.5mm wire rod at billets in a raw material manuofacturer, and examined the
surface before and after pickling which is performed to remove scales on the surface.
- Especially, the inventors had a research for minimizing the roughness on the surface by

changing the wire drawing reduction rate of 6-12 blocks in a drawing process having




adhesiveness) in a final wire product, a taping-itself
of wre test JI'S H3504 (Methods of adhesion test for
nmetallic coatings) is carried out. Then, the bridged
portion is split and the plating is fallen off. This
fallen plating powder is accunul ated inside the
welding tip and therefore, the tip is getting clogged
and feeding |oads inside a welding cable are

d rat [ i.n f .
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in a platlng solutlon of hlgh concentration. As

lid w | di
reaclfdPE Bt Bhet ot sCustd gl PP i ShpBioring and
amount of platlng attachnment within a short perlod of
ti s hj. gh- tr.ati. |, at | ut
contigh e w8 o RSP iR S B iReB i ' ng ol ut fon

of |l ow concentration froma viewpoi nt of manufacturing
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in a nethod for overcon1ng the bridge phenonenon that
severe _on.a wire urface uri,n he . .

surfofl gha Sfieedar wa@rawgﬂg Biet lite. il e 08 theelation between
di scovered that the bridge phenonenon is closely
rel at ed the surface tension of the plating

the rgpghpes ‘hft fglﬁ Futfpes ae Peddatpe epetes é&’f‘edlsffl)t?ﬂeﬂ] thyiythe plating
is, the surface tension of the plating solution should
be lowin order to nmake the plating solution

- adhepjap Propgrtiesiane slosdy aelated to dia hrtes nbenomency As shpwhiip FAG. 1,

' short anount of tinme, and brings the plating

preci pitation reaction of the recessed portions.
the bridge phenomenon is found in a severely dented subject for plating, in which the

plating precipitation rate of a protruded edge portion is faster than the plating
precipitation rate at a concaved (or dent) portion so that edge portions are connected to
cach other like a bridge. In this case, a non-plated space is formed between the bottom

-surface and the plating layer, and as a way of checking plating adhesive strength (or

adhesiveness) in a final wire product, a taping-itself of wire test JIS H8504 (Methods of

- adhesion test for metallic coatings) is carried out. Then, the bridged portion is split and
the plating is fallen off. This fallen plating powder is accumulated inside the welding
tip and therefore, the tip is getting clogged and feeding loads inside a welding cable are

increased, deteriorating a smooth feeding performance.




At the sane tine, it could set up an optimal condition
of the plating solution conposition to delay the Cu
plating precipitation on the edge portion. [0042] FIG
1 is a SEM (Scanning Electron M croscope) m crograph
of the -bridge phenonenon occurred on the bottom
surface of the wire and the plating |layer during the
10 hi gh speed copper plating process (magnification:

0 : _
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portion and a platlng | ayer connecting edge portions
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surface treatment processes are carried out after t he
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the processing degree and the shape of the plating
| ayer before and after oce S|n we realized that .
hightcpBeqniriRm eeding solutian B ore @9ussthwd:05@efétlﬂ‘?f@a§%ﬂng
greater than a certaln val ue for snooth w re draw ng.
That is to say wer e not, to S|nply reduce the
- solutiqyy pilew @O@ﬁgmawosffrqnhé VIR fB R pring epst apf Pmductmty
the Cu precipitation on the edge portion, but to make
the plating thickness equal tqQ or greater than 0.2m
althqugh gieduidge profiemingeds taberesolicde for wel ding with
excellent arc stability w thout damages on the
ating layer in the post process. [0044] Thlrdly )
a’sén flee datsnsive ystidy e a4 npetboddidsy oveneamanenghe bridge
adhesion, to attain excellent arc stability, alkali

metal's and al kaline earth metal's shoul d remain in the
phenomenon that gets severe on a rough wire surface during the high-speed plating

[00

process, the inventors have discovered that the bridge phenomenon is closely related to
the surface tension of the plating solution and the Cu precipitation rate.

[0041] That is, the surface tension of the plating solution should be low in order to
- make the plating solution penetrate into recessed portions of the wire within a short
amount of time, and brings the plating precipitation reaction of the recessed portions.
At the same time, it could set up an optimal condition of the plating solution
composition to delay the Cu plating precipitation on the edge portion.

[0042] FIG. 1 is a SEM (Scanning Electron Microscope) micrograph of the bridge

phenomenon occurred on the bottom surface of the wire and the plating layer during the

10



plating |ayer. Japanese Patent Laid-open No. 6-218574
di scl osed a nethod for adhering sone of alkal
netallic salts to the surface of a wire and perform ng
anneal ing. Unfortunately however, when alkali netals
exi st on the surface of a wre as alkali netal 11

oxi des, substitution reaction does not occur actively
in the plating process, thereby deteriorating plating

. -adhesi on. Ther ef ! f
highSROEF B o R PO Py RS I BB RCeessed

earth nmetals (My, Ca) can remain in the Cu plating
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of Fe ions in the plating solution, and get netallic
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bel ow, alkali nmetals and al kaline earth netals on the

[OO%SLterielchgq%ﬂ%\égvﬁgé ﬁg% redm(% %{?\%tgl_g%[qg%ﬁl%?c%nt%éu}lgn%%mcesses are
Cs>Rb>K>Na>Ba>Ce> ... Ca>My>Al >Mh>Zn>Cr >Fe>Co>Cu>Au. . .

J0048]. To forma conplex selectively wth Cu,
carri mt(aﬁeﬁy}eelﬁ@r}ﬁ BIRFHS e PTRECoAd ﬁ'lemﬂaaﬁr “wiepdd b dgmaged by
an additive as showmn in FIG 2. EDTA is an organic
substance whose degree of conplex formati on dependi n?
the yylage pregrgEngard By %Qdﬁﬁg dhe procesrg degrge and dhg $hape of the
EDTA fornms a stable conplex with alkaline earth netals
and Ca ions _in an alkali range havin

platig'\g dayer befosh and aBerf prpeessings wanrdized ntdhe ifelglegﬁj 815 the plating
layer should be at least greater than a certain value for smooth wire drawing. That is to
say, we were not to simply reduce the surface tension of the plating solution and control
the Cu precipitation on the edge portion, but to make the plating thickness equal to or
greater than 0.2um in order to obtain a solid wire for welding with excellent arc stability
without damages on the plating layer in the post process.

[0044] Thirdly, although feedability may be improved by enhancing adhesion, to
attain excellent arc stability, alkali metals and alkaline earth metals should remain in the
plating layer. Japanese Patent Laid-open No. 6-218574 disclosed a method for adhering
some of alkali metallic salts to the surface of a wire and performing annealing.

Unfortunately however, when alkali metals exist on the surface of a wire as alkali metal

11




in a range having pH 4 or lower. Also, EDTA forns a
stable conplex with Fe ion in an internedi ate range
having pH 5. 12 [0049] Since the copper sulfate
plating solution is kept in a range having pH 4 or

| ower, EDTA forms the nost stable conplex with Cu ion,
i.e., Cu-EDTA conplex, but forns an unstabl e conpl ex
with Fe ion. [0050] Then, as shovvn in the reducti on

. .equa s bel ow. t.he st andard ucti ot ent i E
oxicg! bRt iion, P BOE B3 AVl b BF oby Db lrekedy
netal is lowered to 0.119V where the Cu- EDTA corrpl ex
state is |tated|ntheCurretaI That is, the
dete‘?‘é‘ﬂﬁ‘éﬁﬂ@ ‘S%%@'F’]B i ncreased hi gher than that of the Cu
ion state. Thus, a rap| d reduction occurs around the

r0048] Hiter B et B ASIEA K p R B bl o

-conpl ex with EDTA al so have t he st andard reducti on
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preC| pitated around the grain boundari es of Cu plating
at the sane tipme. Cuet+ 2e- = s) E = 0.33

platipgs Ay pasRltdherelnwereuld st anagyprya qkzelafﬁb? éweé?rﬁmw Fe
E=-0.119(V) Cat++ 2e- = Ca(s) E = -2.868(V) Mt ++
2e- = My(s) E = -2.360(

ions in the plafing solutlon and get metallic ions having greater ionization tendency

than Cu ion remained in the plating solution.

[0046] As described below, alkali metals and alkaline earth metals on the left side
have greater ionization tendency than others metals on the right side:

[0047] Cs>Rb>K>Na>Ba>Ce> ... Ca>Mg>Al>Mn>7Zn>Cr>Fe>Co>Cu>Au...
[0048] To form a complex selectively with Cu, EDTA(Ethylene Diamine Tetra
Acetic acid) was used as an additive as shown in FIG. 2. EDTA is an organic substance
whose degree of complex formation depending on pH range varies by _metallic ions.
For instance, EDTA forms a stable complex with alkaline earth metals Mg and Ca 1ons
in an alkali range having pH 7 or greater, whereas forms a stable complex with Cu ion
in a range having pH 4 or lower. Also, EDTA forms a stable complex with Fe ion in an

intermediate range having pH 5.
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Na+ + e- = Na(s) E= -2.714(V) 13 [0051] Meanwhil e,

al though Fe ion in the plating solution forns an
unstable conplex with EDTA, part of ions that forned
Fe- EDTA conpl ex are reduced and precipitated with Cu
in the plating |layer. The increase in Fe in the
plating |layer not only hardens the plating |ayer but
al so increases electric resistance, thereby causing an

[00FGF L e, B St T ol G P LS Flgehghii pH 4 or
o heay o by satti o Lhe ol atrne sorutoon 1
towdbe Pl RFofta Hisuhon S e comte B BeRohgcherdy T8 oo, but

securing plating adhesion and are stability as well

as for precipjtating the alkali netal (Na) and the
formsap yiostalle camplexiEiufgon vy, Ca) together with Cu in

the plating layer. [0053] The following will now

cribe set-up conditions for an optjmal platin .

.[oogﬁf LVIGH, 3¢ SPesen df the aedyctiom cauRtigms (BelacY, ik g tandafeduction

for limting the contents of Fe, alkali netal (Na)

and al kaline earth netals (M), Ca) in the surfﬁqe
poteptial £F") frayn §4P9YV cbrae Hic €8 irn Sinserapitatrd igloEn meptal s lowered to

sol ution] [0055] The basic conposition of the plating

sol uti on adopts the high-speed copper. plating )
-0.11nhwhetedhe CotflR TA complgxpéate Mrﬁapléate@g%a $ pproytalyg Ehat is, the

used as a main make-up solution, and to supply the

plating solution pontinuousl¥ a solution whose .
reduging pewer istineypased higher than that of the Cu ion state. Thus, a rapid reduction

occurs around the ion that formed a Cu-EDTA complex. Since alkali metals and
alkaline earth metals that hardly formed a complex with EDTA also have the standard
.reduction potential lower than Cu-EDTA, Cu is precipitated and Na, Mg and Ca are also
partially reduced and precipitated around the grain boundaries of Cu plating at the same
time.

Cu** + 2e- = Cu(s) E? = 0.339(V)

Cu (Ethylene diamine)*" + e- = Cu(s) + 2 Ethylene diamine E° =-0.119(V)

Ca® + 2e- = Ca(s) ' : E° = -2.868(V)
Mg™* + 2e- = Mg(s) - E" =-2.360(V)
Na' + e- = Na(s) | E'= 2.714(V)
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14 is 1.5-2 tinmes higher than the concentration of the
basi ¢ conposition was used as a replenishing

sol ution. [0056] The tenperature of the plating

sol ution was set between 30C and 50C. To keep this
tenperature range, an indirect heating by steamor a
directing heating by an electric heater may be
utilized. The following table 1 shows the basic

0o BRI itekile oibuth. R PR s e Blefip s, B, b2 Unstable

Conposi tion range 200-300g/L 30-50g/L 30-50C

comiER 3 EP bosa oriersed siel S Bi Rafblsrcire fedyess and

controlling the Cu precipitation because it has an

e ER T 8 e H3rEh  SRL Gt S

plating |ayer (copper plating layer in this case) and
controlling a reaction of Cu precipitation at the sane
hard i3 RNR Syer bt iy ineiages; Blocio ienisteace ghgreb, capang an

plating layer, it decreases the electric conductivity
f Cu and cayses an unstable arc during wel ding.

unst opunge Wkl seen in FIG 3, the increase in the
Fe content in the plating layer tends to harden the

lating | ayer and substantially |ower the fracture . .
[00£2]oné[319;e§q{eaqlp§ igyentors could manufacture a copper plating solid wire with

éxcellent arc stability based on good plating adhesion by setting the plating solution to
‘be able to optimally manage the Fe concentration for securing plating adhesion and arc
stability as well as for precipitating the alkali metal (Na) and the alkaline earth metals
(Mg, Ca) together with Cu in the plating layer.

[0053] The following will now describe set-up conditions for an optimal plating
solution, roles of individual additives, and reasons for limiting the contents of Fe, alkali
| metal (Na) and alkaline earth metals (Mg, Ca) in the surface layer.

[0054] [General conditions for plating solution]

[0055] The basic composition of the plating solution adopts the high-speed copper
plating condition, that is, copper sulfate (CuSO4¢5H,0) was used as a main make-up

solution, and to supply the plating solution continuously a solution whose concentration

14




15 the sane tine increases the electric resistivity of
the Cu plating layer to resultantly |ower the
el ectric conductivity thereof. In other words,
although it is better to have less anmount of Fe in
the plating |layer froma viewpoint of the electric
conductivity. However, if the anount of Fe is | ow,
the plating layer is not hardened and feedi ng
. ,Lesi.stance of, the solid wi.re f l.di ng i s..increased.
is 1155 b8 Wigho® o s aneniog o the Wi Bmp R g aRed as o
shoul d be managed carefully. [0060] Moreover, as shown
Table. 2] and FIG 4, as Fe ions existing in the

in. [
“ﬂﬂTW%&qgﬁfmﬁﬂ tion increase, the adhesion anpbunt of
plating drops noticeably. [0061] If the concentration

Fe.ions is less than 10g/L, the precipitatdon r
(00861 e kS OE Marrtyis BAHUcAEl BECHh N GrRErE. To
gets severe during the plating precipitation process.
In .addition, if the concentration of Fe igns. is. |
keepgihisategiperatiifh rargg pn indjgee} beating by steanp 8 8 cirepting ligpting by an
plating tank at hi gh speed, the m nimum pl ating
t hi ckness, 0.2m required for the post process such as
electrighogisr mayRG wWiizsd- dberfallewing table fethovis the bade pempesition of
acquired. If the plating is thinner than 0.2m the
bottom surface |ayer is exposed by the post process
the cappertshifatepdaingsoldioer se i nfl uence on the rust
resi stance and the current-carrying stability
éconductivity). Also, it controls the precipitation
[0057] CUTablg liincr eases the content of Fe remaining in the
plating layer. 16

Item CuSQ4e5H,O H,S0, Temperature

Composition range 200-300g/L 30-50g/L 30-50°C

(Concentration of Fe ions in plating solution: 10-40g/L)

[0058] The Feion is an optimal element for controlling the Cu precipitation because
it has an almost same ion radius and similar properties as Cu, and has a role of
increasing the hardness of the plating layer (copper plating layer in this case) and
controlling a reaction of Cu precipitation at the same time. However, if there are too
much Fe ions in the plating layer, it decreases the electric conductivity of Cu and causes
an unstable arc during welding.

[0059] As can be seen in FIG. 3, the increase in the Fe content in the plating layer

tends to harden the plating layer and substantially lower the fracture elongation and at
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Therefore, the concentration of Fe ions in the plating
solution is preferably in a range of 10-40g/L. [0062]
As for replenishing Fe ions, one of industrially used
(FeESA7H20), FeCl2, and Fe(OH)2 nay be added, or Fe
nmet al powder may be dissolved in sulfuric acid and
added | ater. However, since the anions conbined wth
Fe ions increase viscosity of the plating solution

e 5SS B GBI ATyt P RE Rl Bt

it later. In case of add| ng iron chloride (FeCl2), its

towd T ectti® piieloh it trcef 1 SOt R IR S bedet o8 Bhve tess

Meanwhi [ e, iron hydrOX|de Fe(CPDZ is not reconmended
eith si nge . reacts.with sul fur id.in
amoftef s ol PUHTBAA ofibPs ApREVPBObSF (e inductivity.

Concentration of Fe ions in plating solution,

|rmer|ont|rre | aye hicknss )
HOWFY?FP& gsamoygt, of %q 318% dbs aifﬂmgl %yert¥ %e@@?efﬁa%d fepding
20 30 40 50 60 70 se00320230200170.150.13
0.11 .03 2 0.26 ]
resisgange 08 tfﬂsoglddslre §§ &nsos e)nce@sed eEhfé ig 7vh<y tge contgnt of Fe in
0.32 0.21 0.10 4sec 1.02 0.84 0.80 0.72 0.68 0.54

0.41 0.32 0.20 17
the plating layer should be managed carefully.

[0060] Morcover, as shown in [Table 2] and FIG. 4, as Fe ions existing in the
plating solution increase, the adhesion amount of plating drops noticeably.

[0061] If the concentration of Fe ions is less than 10g/L, the precipitation rate of Cu
increases sharply, but the bridge phenomenon gets severe during the plating
precipitation process. In addition, if the concentration of Fe ions is greater than 40g/L,
while the wire passes through a plating tank at high speed, the minimum plating
thickness, 0.2um, required for the post process such as the wet drawing or surface
treatment process is not acquired. If the plating is thinner than 0.2um, the bottom
surface layer is exposed by the post process and this has an adverse influence on the rust
- resistance and the current-carrying stability (conductivity). Also, it controls the

precipitation of Cu and increases the content of Fe remaining in the plating layer.
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5sec 1.28 1.13 1.01 0.93 0.85 0.65 0.56 0.42 0.31

[ Concentration of alkali elenent (Na) in plating
solution: 0.1-1.Qg/L] [0064] The al kali metal sodium
(Na) is a netal of high ionization tendency and
therefore, it is easily ionized by welding current
during wel ding and accel erates wel ding perfornance.
Especially, it increases the droplet transfer rate and

ri but es t decr.e tte
Therg iR e bRt igh Qe A R TG RS B s pholoRBh haghtie of
than 0.1 g/L, mhlch is extrenely lowin the plating
104b ¥er Na cannot increase the droplet transfer rate
Bl wel ding. On the other hand, if the concentration
of Na in the plating solution is greater than 1. g/ L,

l°°§’3 T %)nqugéﬁg gdéﬁ‘sf R eot&rrgi?‘ﬁ }SPé {H@? ﬁ%‘oﬁat‘écba

by the anDUnt of anions and the anount of hb' ions is

and g‘F 231%%%61% I*r eégtlg S&\}vgll%dg[g? %%J [hggtﬂgé m s I?I%rlc acid and

concentration of hb ions in the plating solution is
tween 0.1 g/L and 1.Qg/L. 06 ] As for the

addeﬁﬁ%trt o eratngs the AwORS ccrebm WigFeNgnRonpeegs, viscosity of the
Na2C2O4, NaCl, Na2S2O4, NaHSO4, NaZCCB and
KNaC4HA40. 4H20, or a m xture thereof can be used

platipg gq;ptétprhglq @ptqsqg)r@t@ ey fash tepsionet e[l.@gtgvyﬂty is to dissolve Fe metal
[Cbncentratlon of alkallne earth netal Ca in plating
solution: 0.1-1.09/L] LSOGS] Al kal i ne earth netal

powdad| igi wHpiCarid m @%st latee edse| aft adding irpe chlogide (FeCly), its
transfer

amount is limited by the regulated range that is set based on the concentration of
chloride ion. Meanwhile, iron hydroxide Fe{OH), is not recommended either since it
reacts with sulfuric acid in the plating solution and lowers pH.

[0063] [Table 2]

Concentration of Fe ions in plating solution, immersion time, change in

plating layer thickness (thickness: pm, concentration: g/L, time: sec)

0 5 10 20 30 40 50 60 70

Isec | 0.32 0.23 0.20 0.17 0.15 0.13 0.11 0.09 0.03

2sec 0.51 1045 0.40 0.37 0.32 0.26 0.23 0.11 0.06

3sec 0.80 0.69 0.60 0.57 0.52 0.38 0.32 0.21 0.10

4sec 1.02 0.84 0.80 0.72 0.68 0.54 0.41 0.32 0.20
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phenonmenon during wel di ng, pronotes wel ding transfer
by | ow ionization energy, increases the short circuit
frequency of arc during welding, and reduces spatter.
In the plating solution, calciumand Fe ions contro
the precipitation of Cu. Calciumis also partially
preci pitated between copper netal nol ecul es and

1L N~y Ao fi nonocc { ~ A ae tnoacc) af thao Nl At 1 e
Sseci afdP8 [ Ddad) | f-Uhe | otcenPritt i of-dy CR-90 f|fe?2 | 031
plating solution is lless than 0 1g/l  which.is

relatively lowin the plating [ayer, it cannot
[Conseriratiop o elkel chameens (M in iplajing eplutipe Gi-hde/Lihand, if

the concentration of Ca in the plating solution is

reater than 1.Qg/L, simlar to the effect of Fe

[0036]13 , Thehadkglr awitgdi sodiunp {Nrhisea ofctaduof kigh danigatidretendenty and

the plating layer of 0.2min thickness cannot be

obtained. In effect, if the amount of Ca remaining in
therefore, it i easilngpnizeddry wddingenoeantabiringiverdding end egickirites wylding

of the plating layer is increased, thereby

deteriorating arc stability. Thus, a preferable range
perfafnahbe Especeadlyy dit inoreasds tBa droplethzansfdramiengnds odnitibaies it the

in a range between 0.1 g/L and 1.0g/L. [0070] As for

the addition of the alkaline earth netal Ca, one of
decréasepfigraiter. conpounds i ncl udi ng CaSO4, CaCl2, and

Ca(OH)2, or a mxture thereof can be used according

to the concentration of Ca (0.1-1.0g/L) in the plating
[0065] utlf ti’.cornf@fidd bf Newm denilstiig sotutioh ialdsathian®. ggl tahich is

nmetal My in plating solution: 1.0-10g/L] [0072]

Al kaline earth netal My is highly reactive, and
extreBly Mo Uh eBie tdatdROkiyei, 294 ic@fhot increase the droplet transfer rate for

welding. On the other hand, if the concentration of Na in the plating solution is greater
than 1.0g/L, which is too much in the plating layer, an unstable arc is resulted. Also, the
plating precipitation rate by the amount of anions and the amount of Na’ ions is
decreased and this resultantly disturbs high-speed plating. Thus, a preferable range of
the concentration of Na ions in the plating solution is between 0.1g/L and 1.0g/L.

[0066] As for the addition of alkali metal Na, one of NayCqH4Og, NayCyQO4, NaCl,

. NayS;04, NaHSOQ,, Na,CO3, and KNaC4H40-4H>0, or a mixture thereof can be used

according to Na conversion value.

| [0067] [Concentration of alkaline earth metal Ca in plating solution: 0.1-1.0g/L]
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and arc stability. Al though My, together with Fe ions,
controls the precipitation reaction of Cu to a
certain extent, its main role is to inprove arc
stability by remaining in the plating |ayer. [0073]
1f the concentration of My in the plating solution is
less than 1.Qg/L, which is very small in the plating
| ayer, it cannot contribute to are stability. Ch the

[008H) (AR ctsmeaF FIRR Ro)AmPNGS FOab PR e

ions, di sturbs the precipitation of Cu, and it rrakes

d|ff|cutto ohtai n the Iatln | ayer. of 0.2m
phenomenp (during Weldkge Seomete t%%dfggn%a% Uit oy HOPA%E‘F%I} SRETEY-

time. [0074] Thus, a preferable concentration of My in

the plating. salytion ranges, bet
increages the sherh Fra%btur?@wpﬁvé OMFOBIRRE %ﬁ%ﬁgv%n%@hu?e@@vst er.pdn the
for the addition of the al kaline earth met al Ng, one
' norganlc compounds |nclud|n %g
plaﬁng seltionpealciumngdyics png ere) thy H’i?%tﬁltﬁt’@n et e%lmelalnfs also
be used. [0076] [Concentration of C in plating
solution; 1.0-5.0g/L] 20 [0077] Chloride _ion in the
partipllyt piggipitatedt |b6th69d GeRRsTy st s majeqfesy padp|ingreaggs fineness
solution and lowers the surface tension thereof.
Al so, ives luster to the plating layer. In
(compapieess) Of&ﬁ@laimgdm{ ation of G in the plating
solution ranges from1.0Og/L to 5.09/L. [0078] If the
concentration of chloride ions in the plating solution
[0069] | d§ thetdvapenttafigh f Ca in the plating solution is less than 0.1g/L, which is

relatively low in the plating layer, it cannot contribute to arc stability. On the other
hand, if the concentration of Ca in the plating solution is greater than 1.0g/L, similar to
the effect of Fe ions, the precipifation rate of Cu is controlled and the plating layer of
0.2um in thickness cannot be obtained. In effect, if the amount of Ca remaining in the
plating layer is increased, electric resistivity of the plating layer is increased, thereby
deteriorating arc stability. Thus, a preferable range of the concentration of Ca in the
plating solution is in a range between 0.1g/L and 1.0g/L.

[0070] As for the addition of the alkaline earth metal Ca, one of inorganic
compounds including CaSQ,, CaCly, and Ca(OH),, or a mixture thereof can be used

according to the concentration of Ca (0.1-1.0g/L) in the plating solution.
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the effect of surface tension is weakened and the
conpactness of plating is deteriorated, whereby
brilliance is sonmewhat |ost. On the other hand, if the
concentration of chloride ions in the plating
solution is greater than 5.0g/L, surface tension of
the plating solution is weakened while the brilliance
i s enhanced. However, a very small anount of Cl ions

il n n.the re surfac en after I ng h
toof L™ FhbtkadRumiotallinenbn fe Vg hudabldid) a9
plating grows rusty on a final wire product. [0079]
S, referabl e concentrati on of iopns in the., .
oof2hy alis s oRerLgas T inedive sof sondhies yfpifidization
[0080] As for the addition of O ion, one of Nad,
and (GioRebig ) Albshah M e Jopdhan i, Pdeit SOpol3 (F b Biition
t hereof can be used according to the concentration of
A ions in the plating solution.  Here, the, . . ..
reachQanlenl fne CEATB exient its maain Folg iy tesigroyeparp stabiity, by gengaining
of 1.0-5.0g/L as 21 aforenentioned, in consideration
. of the concentrations of alkali nmetal, alkaline earth
in theplafing Iays8 Fe ions that also exist in the plating
sol ution. [0081] [Concentration of EDTA in plating
solution: 0.01-0.1g/L] [0082] EDTA is an _additive, .
[00TB) cHE Hiecroneensragipn of Pig &t theplasingagokion ipdesa thagnOg/L, which
al kaline earth netals and reduces surface tension of

~ the plating solution. [0083] If the concentration of
is vesmmall im the plaginglayey iswhoet wntribsite ssc stabitito,. On graotherthand,

if the concentration of Mg in the plating solution is greater than 10g/L, Mg, together
~ with Fe ions, disturbs the precipitation of Cu, and it makes difficult to obtain the plating
layer of 0.2um or greater in thickness for the same amount of immersion time.

[0074] Thus, a preferable concentration of Mg in the plating solufion ranges
between 1.0g/L and 10g/L, according to the Mg conversion value.

[0075] As for the addition of the alkaline earth metal Mg, one of inorganic
compounds including MgSO,, MgCly, MgSO4-7H,0, and MgCly6H,O or a mixture
thereof can be used.

[0076] [Concentration of Cl in plating solution: 1.0-5.0g/L]
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cannot effectively reduce surface tension on the
bottom surface of wires in the plating solution, and
the rate of Cu-EDTA formation during the substitution
reaction is lowered. As a result of this, the
reduction reaction of the alkali netal (Na) and the

al kaline earth netals (Mj, Ca) are not accel erated.
[0084] On the other hand, if the concentration of EDTA

| utj.on i.s reater .than 0.1g/L, . the. .
0078 ; tubrids topihe s Hlokie selfiofF SRE, vitgisRy PR i Biution
precipitation rate of Cu i's increased sharply, which
in turn |l owers the ess of ating..,ln. .
and It tinsirce e OGenE| ArGaf meg#@%efaﬁutbﬁtpla(%rléyer- In
than necessary) of alkali nmetal (Na) and alkaline
ear netal s, ( remain. in the Ia i_n
gencra) ti\eﬁgwagﬁ&glwfa%n tg g LA TARESS gﬂr SoeL.
~deteriorated. 22 [0085] Thus, a preferable
concentration of EDTA.in_the platinpg sol ution ranges
[00%R] W& hecropagiation af gilardq iong m@ep g splytonjsdessiflan 1.0¢/L,
i nvention, EDTA nay be added exclu5|vely, or EDTA
salts containing Ca can be used al so
the effgehofcmsiace tepaon eweahen@ﬁ altéathe ramppctnggs of Rkting lsb%eteﬂorated
determ ned carefully in consideration of EDTA. If a
desi rabl e concentration of EDTA is not obtained, nore
whereby hrilliangeliscsgmiendialestd & the otheydend, if the songepraien of chloride
additive] [0088] An additive throughout the

specification refers collectively to
ions in the plating solution is greater than 5.0g/L, surface tension of the plating solution

is weakened while the brilliance is enhanced. However, a very small amount of Cl ions
remaining on the wire surface even after going through the rinsing and neutralization
processes after plating grows rusty on a final wire product.

[0079] Thus, a preferable concentration of Cl ions in the plating solution ranges
between 1.0g/L and 5.0¢g/L.

[dOSO] As for the addition of Cl ion, one of NaCl, Epicliorohydrin (C;HsOCl), 1-
Chloro-2,3-epoxypropane, NaOCl, MgCl, CaCl,, CuCl, CuCl,, FeCly, or a mixture
thereof can be used according to the concentration of Cl ions in the plating solution.

Here, the concentration of Cl ions is adjusted to be in a range of 1.0-5.0g/L as
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EDTA+Fe+Mg+Ca+Na. [0089] Al though additives can be
added individually, this is not easy to nanage from a
vi ewpoi nt of the plating solution nmanagenent.
Therefore, in the present invention, an additive was
prepared in formof a mxture in consideration of the
concentrations of additives and their contents. FIG 5
is a SEM mi crograph of organic conmpound powder

oGRS SRR 0 SR BB 8

powder in pellet obtained fromadditives contained in
itive is prepared separately,

h ] Xt ) .th d
memﬁst a%rﬁlxreﬂce)éﬂ’gét%@%a\s@og%‘?tdgt}%qfl‘tﬁﬁﬁ"h’ct’ﬁ’é" addi tive or nanage

the concentration of the additive during the make-up

toogﬁCi[gaﬂ%érSﬁ@?ﬁﬁtﬂgpg b RLALIfig, LAY on. [0090]

hi gh- speed copper plating, the inventors set the

ditions for an optinal copper platjng solution as
(00831 FIVER fsranr agiisves Whigh kB BhTeaREeIoR ejéﬁﬁ}@fl metal and
plating solid wire with excellent feedability and are
stability. [0091] [Table 3] .Plating. solutjiaqgn
alkalinggaphinstep 2pdrrdreqssuefacgighuen akths platisgsglutipiem
Pl ati ng Content of Alkali + Thickness of Plating

solution elements in plating alkaline earth Cu plating .
[0083h e df ths concentration of EDTA in the plating solution is less than 0.0Ig/(i, it

cannot effectively reduce surface tension on the bottom surface of wires in the plating
solution, and the rate of Cu-EDTA formation during the substitution reaction is lowered.
As a result of this, the reduction reaction of the alkali metal (Na) and the alkaline earth
metals (Mg, Ca) are not accelerated.

[0084] On the other hand, if the concentration of EDTA in the plating solution is
greater than 0.1g/L, the ratio of Cu-EDTA is increased and therefore, the precipitation
rate of Cu is increased sharply, which in turn lowers the compactness of plating. In
“addition, it causes a relatively large amount (more than necessary) of alkali metal (Na)
and alkaline earth metals (Mg, Ca) to remain in the plating layer. In consequence, arc

stability during welding is deteriorated.
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conposition | ayer (ppm netal (ppm |ayer (um range
(g/L) Fe+Mg+Ca+Na Mg+Ca+Na CuS04 5H20 200- 300 100-1000

10-500 0.2-1.0 excellent H2SO4 30-50 Fe 10-40 My
1.0-10 Na 0.1-1.0 Ca 0.1-1.0 d 1.0-5.0 EDTA
0.01-0.1 24 [0092] If copper plating is conducted
under the conditions suggested in the above Table 3,
it becones possible to provide a copper plating solid

(0088} SCE EEH 1S PR BATSLSn S0 S 350 BYFRN Rles
plating | ayer has a thickness of 0.2-1.0m 2) Content

betwcéfé&%iaﬁqgﬁ%f HBoBBSmwaﬁbaéi n%oln? ent of alkali

metal and al kaline earth netals in the Cu plating
[OOégY erFor the ;r%?é:lll\:lam\;é%ngg OPE]BPA may be added exclusively, or EDTA salts
containing Ca, Na or Mg can be used also. In such case, the content of Ca, Na or Mg
should be determined carefully in consideration of EDTA. If a desirable concentration
of EDTA is not obtained, more EDTA is added independently.
[0087] [Addition of additive]
[0088] An additive throughout the specification refers collectively to
EDTA+Fet+Mg+Ca+Na.
[0089] Although additives can be added individually, this is not easy to manage
from a viewpoint of the plating solution management. Therefore, in the present
| invention, an additive was prepared in form of a mixture in consideration of the
concentrations of additives and their contents. FIG. 5 is a SEM micrograph of organic
qompound powder obtained from additives contained in the mixture, and FIG. 6 is a

SEM micrograph of inorganic compound powder in pellet obtained from additives

contained in the mixture. When the additive is prepared separately, it becomes easier to
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[0093] [Chem cal conponents of wire] [0094] The

chem cal conponent of the copper plating solid wire
for welding is preferably a steel wire defined in JIS
Z3312 whi ch defines the conposition of the steel

wire. The following will now describe the reasons for
adding its conponents and Ilimting the conposition.
[0095] [Content of C. 0.01-0.10wt% [0096] Carbon is

ntial ele n for achieyj,n oxi di.zatj on _and
inpuf fhe GRAFE 57 mafaCTER spafy 360 SY I %adiRE BHER ERgBRT pun
Iess t han 0. Olvvt% |t cannot fully influence on
I zat.i.on ength On the other hand, if the
and’if’B ﬁ‘tﬂ ﬁﬂbea?l% {:ﬂneater than 25 0.10w %
hi gh tenperature crack is easily formed in the wel ded

Thus r.abl e conten f. carbgn is i a
l°°§§ﬁgén BB e g R e b byt e SheedeRer it gy the
Si: OBlONt% [0098] Si is an addltlve used as a

deoxi dj zer wel ded t al r, if the ) _
mVeRlgE S@h&he&Pn%FwP% oF 88 §Ptimahcey em!f%g 12 SLBO S HERRSHd g Table
not fully carried out and therefore a pit or a

blomho be fornmed in he wel ded
mPiﬁBedy AfCOPREr E]é'ﬂtlérﬁf’ id dﬁrlres.Wlﬁ's ﬁe@%tefeefi%ﬁty and arc
1 O/vt% toughness of the welded netal is deteriorated.

Thus, a preferable content of Si is in a range
stabilit ween 0. 3wt % and 1. Om % [0099] [Content of Nh:
0.7-2.0Mm %
[0091] [Table 3]

Plating solution composition conditions and effects thereof

Item Plating Content of Alkali + Thickness of Plating
solution elements in plating | alkaline earth Cu plating adhesion
composition layer (ppm) metal (ppm) layer (gm)
range (g/L) Fet+Mg+CatNa Mg+CatNa
CuS0,5HO 200-300 100-1000 10-5G0 0.2-1.0 excellent
H,80, 30-50
Fe 10-40
Mg 1.0-10
Na 0.1-1.0
Ca 0.1-1.0
Ci 1.0-5.0
EDTA 0.01-0.1
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[00100] M1 is an additive used for achieving

deoxi di zation and strength of the welded netal. If
the content of WMh is less than 0.7wt% the netal is
not strong enough after deoxidization. On the other
hand, if the content of WM is greater than 2.Om % a
| ow-tenperature crack may easily be fornmed in the

wel ded nmetal. Thus, a preferable content of Mnis in

10082 5 18Gamisr ovien <podem) wiser hesoreidiuishasc B dhhs Sbove

for facilitating droplet transfer of a wire end for
wel di ng. Howevey, if the content of P is_|ess than
Table.%oaaﬁ%neﬁ R9Seiplecietprpidn g copaFy platia solid %rwﬁwﬁéneets the
ot her hand, if the content of P is greater than
. 0.030mt % a high-tenperature  crack may easily be
objegts phillg mresepiiaveptionas wetlagall of thesfollgwhiggopdiliong cont ent
of Pis in a range between O OO w % and 0. 030w %
[00103] [Content of S: 0.001-0.030wt% [00104] Similar
to P,DSCuglatingdayeshes athicknesreadt0-3-d:0%ci | i tati ng
droplet transfer of a wre end for welding. However,
if the content of Sis less than 0.001w% its effect
i s 7ot Content ef minroclanenthin thetHew plating lasier: Ktdgratdiae100-
of Sis greater than 0.030wt % a high- tenperature
crack may easily be forned in the wel ded netal. Thus,
a prefetéMipprgendent of Sis in a range between
0. 001wt % and 0. 030wt % [00105] [Content of Cu:
0. 01-0. 50wt %4
3) Content of alkali metal and alkaline earth metals in the Cu plating layer:

Mg+Ca+Na=10-500ppm

- [0093] [Chemical components of wire]

[0094] The chemical component of the copper plating solid wire for welding is
preferably a steel wire defined in JIS Z3312 which defines the composition of the steel
wire., The following will now describe the reasons for adding its components and
limiting the composition.

.[0095] [Content of C: 0.01-0.10wt%)]

[0096] Carbon is an essential element for achieving deoxidization and strength of
welded metal. If the content of carbon is less than 0.01wt%, it cannot fully influence on

deoxidization and strength. On the other hand, if the content of carbon is greater than
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[00106] Cu is an elenent that nmakes the wire
conductive and provides strength to the welded netal.
However, if the content of Cu is less than 0.01wt% it
is not possible to get sufficient conductivity and
strength. On the other hand, if the-content of Cuis
greater than 0.50wt % a high-tenperature crack may
easily be fornmed in the welded netal. Thus, a

referabl e content of .Cu i.s i.n_a .range bhe en a .t %
* 0.1055% 3 SulafuerRue ot 1 ariBnetaiech i, SEl Re e
plating | ayer on the surface of the wire or be
enpl oyed inside the steel, wire, i rder .t.a ipprove
prefrige UL G Ry ToP d Hess et O aRaosBRY T o
the plating | ayer on the surface of the wire by
1-0, 50w % . 10 Remai nder: Fe and inevitable
[Oogzgur[l P@‘é‘}oﬁ%&)ggﬁg‘%"r‘#éln table inmpurities include N,

My, Ca, V, Se, Co, Zn, Sn, Te, Sr, Y, W Pb, etc. To
achi eve the gbjects of the present invention, the )
loo%ﬂt etitls gn agdditine yped 4 d¢ ?fr‘rtqféﬁe Ked amesal |1§%‘§e‘teﬁalﬁ the

0.05m % and a total content thereof should be |ess
than 0.50w % If the content of each inpurity is
contefptedd iSb s kepsathan OFOwi Y% degxidisatio; 1p pet/fully cagradapit gpdthegefore a
or crack sensitivity is increased. Thus, a preferable
~content of each inpurity is |less than 0.05w % and
pit or adblowhpie maySefennedinithe weldef maetalo[On herpdier hged. if thegontent
Content of Ni: 0.01-1.Oam% [00111] N is an additive
used for inproving | owtenperature toughness of the

of Sivsl grsatenthanl 1. OMBaetonghndss of Hee wolded mactaf isNetdriprated s Thus, a
than 0.01wt % the |owtenperature

preferable content of Si is in a range between 0.3wt% and 1.0wt%.

[0099] [Content of Mn: 0.7-2.0wt%]

[00100] Mn is an additive used for achieving deoxidization and strength of the

welded metal. If the content of Mn is less than 0.7wt%, the metal is not strong enough

after deoxidization. On the other hand, if the content of Mn is greater than 2.0wt%, a

low-temperature crack may easily be formed in the welded metal. Thus, a preferable

~.content of Mn is in a range between 0.7wt% and 2.0wt%.

[00101] [Content of P: 0.001-0.030wt%]

[00102] P is an essential element for facilitating droplet transfer of a wire end for

welding. However, if the content of P is less than 0.001wt%, its effect is not sufficient.
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toughness is not nuch inproved. On the other hand, if
the content of Ni is greater than 1.Om% a

hi gh-tenperature crack may easily be forned in the
wel ded netal, and plating adhesion may be
deteriorated during plating. Thus, a preferable
content of Nl is in a range between 0.01lwt % and

1. O/vt% 28 [00112] [ Content of Cr: 0.01-0.50wm %

13], Cr i s, effecti f.or Vi he str.e h of
138 Htbicomiep ebBr S areatls fin DDA, grinel hgperature
Iess t han 0. Olvvt% |ts effect is not satisfactory. 01

t he ot her nd, content_of Cr |s reater t

cracler@m%)fyl& @)ﬁ@a@ Pb‘ilile Memﬁté (Biisna prforaBlelcgniepbef F 15 in a
pl ating adhe3| on is deteriorated during the plati ng
process remaining Cr deteriorates electric

fang@@ﬁtél‘[?élﬂ p@pt[‘j?’t%fan@ ﬁéBBWM’l ng | ayer. Thus, a preferable

content of C is 1in a range between O A w % and
0. 50w % [00112}] ({iContent of Mo: 0.01-0.50wt % [00115]
[001Q3] J Centeatef 0. 98 r0.038%t4di ng | ow t enper at ur e

t oughness and strength of the welded netal. However,

I f the content of Mo is less than 0.01wt% its effect
[001Q4]dtimilahid BuS .is @n essratiah plementafed fagikitating deametetmnséy of a
M is greater than 0.50m % a high- tenperature crack
~may easily be formed in the wel ded netal, plating _
wiregntlder walding. dewevdroif shecordentioi§ isHesspghan 0.001 prlocéssffect is
and remaining Me deteriorates electric conductivity
of the plating layer. Thus, a preferable content of M
not suffidienta Qratigetixethaedrif the content of S is greater than 0.030wt%, a high-

temperature crack may easily be formed in the welded metal. Thus, a preferable content
of S is in arange between 0.001wt% and 0.030wt%.

[00105] [Content of Cu: 0.01-0.50wt%)]

[00106] Cuis an element that makes the wire conductive and provides strength to the
welded metal. However, if the content of Cu is less than 0.01wt%, it is n.ot possible to
| get sufficient conductivity and strength. On the other hand, if the content of Cu is
greater than 0.50wt%, a high-temperature crack may easily be formed in the welded

‘metal. Thus, a preferable content of Cu is in a range between 0.01wt% and 0.50wt%.
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O dw%and 0.50wt % [00116] [Content of Al:
0.001-0.50wt 9% 29 [00117] Al is effective for

deoxi di zati on of the wel ded netal and wel di ng bead
formati on. However, if the content of Al is |less than
0. 001wt % the deoxidization reaction is not strong
enough and therefore, it becones inpossible to adjust
the configuration of a welding bead. On the other

COTT ORI M Y R

wel ded netal, plating adhesion is deteriorated during

cuplayEd frite B8 FRAL TR ) PB9er R QOBFAE E PR VCHARARS gire, Cu

preferable content of Al is in a range between

S e T SR

the wel ded netal and reduces wel ding spatter. |If
red, Ti, can b added alone, |f the content of Ti
[ooﬂﬁgi ZRemaind é"sgetaﬁ YIRS HPBYIHGE  effect of spatter
reduction is not satisfact ory and the deoxidi zation

reaction i s not stron enough, On the ot her hand,

[001G8] dasitshic igmuficsinglide N, M@r%t‘fe et Har D SToREoRT g W, po,

hi gh- tenperature crack nay easily be fornmed in the
wel ded netal . Thus, a preferable content of Ti_and Zr

ete. | doj arhipveathgeotieataved rthe . mesent Javention. BeweantertoefL o of the
[ Mot hod of adhesion test for plating | ayer]

impurities should be less than 0.05wt%, and a total content thereof should be less than
0.50wt%. If the content of each impurity is greater than 0.05wt%, arc stability is
deteriorated or crack sensitivity is increased. Thus, a preferable content of each
impurity is less than 0.05wt% and less than 0.50wt% in total.

[00110] [Other additives, Content of Ni: 0.01-1.0wt%]

[00111] Ni is an additive used for improving low-temperature toughness of the
welded metal. However, if the content of Ni is less than 0.01wt%, the low-temperature
toughness is not much improved. On the other hand, if the content of Ni is greater than
_.1.0wt%, a high-temperature crack may easily be formed in the welded metal, and
plating adhesion may be deteriorated during plating. Thus, a preferable content of Ni is

in a range between 0.01wt% and 1.0wt%.
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30 [001211 The nost typical nmethod of adhesion test
anong other plating qualities is JIS H3504 (Methods
of adhesion test for netallic coatings). The easiest
way is a taping- itself of wire test. In detail, when
a wre is wund several tinmes around a hand reel axis
or the wire itself, one is to observe using an optica
m croscope whether the plating |ayer formed on the

o0 {2} A5 Enth b G MR SuihESi Ve ot Bngth of the wire

is, the less the crack or peeling off of the plating

10088 G e R BEFR Fighd st roveres i

[Quantitative determ nation of mcroelenments in

v B4t B 215 RT3 LRSS IELDSY, B R

solution of the plating Iayer was prepared by

dISSO|VI .25g9 of [ nto.300 of ni a.
if the RepieHyor G 15 BFbpiks @aﬁ?fé?@%? dopeaian ofibedvaiditineihis loyered
flask up to 1000m . [00125] [Sanple pretreatment for
analysis of microelepents in platj | ayer 00126
plat%oa@{wgsg bt datefiordedreiriag theo @at%mpwsm?m{ rfealam]mg Cr
250m beaker containing CCl4 or et hyI al cohol
(CH3CH2OH). The m xture was then in a trasoni )
deteniprales clectrigroapugisitty of M Mating/layero fThP&ta Ef@?@é@ﬁ%%f?m?rs L Cris
10 mnutes and as a result, feeding oil and anti

. corrosive oil attached to the surface of the wire were
in a wogp betwery 0,08 wikeerttd 0AF0MEY0. 31

[00114] [Content of Mo: 0.01-0.50wt%)

[00115] Mo is effective for improving low-temperature toughness and strength of the
welded metal. However, if the content of Mo is less than 0.01wt%, its effect is not
- obvious. On the other hand, if the content of Mo is greater than 0.50wt%, a high-
temperature crack may easily be formed in the welded metal, plating adhesion is
deteriorated during the plating process, and remaining Mo deteriorates electric
conductivity of the plating layer. Thus, a preferable content of Mo is in a range between
0.01wt% and 0.50wt%.

[00116] [Content of Al: 0.001-0.50wt%]
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the wire is conpletely washed, it was put into a dry
oven of 105C for 10 mnutes until the surface of the
wire is conpletely dried. Then, the wire was placed in
a desiccator and cooled to roomtenperature. [00127]
This cooled wire was weighed (W) to four decinmal

poi nts using a balance, and placed in a 250m beaker.
Then, 25m of the plating peeling solution was poured

oo} T 28 AR RERE GAdARoBRr of ta® Tdef Fl i Wading bead

continued at roomtenperature for 20 m nutes. [00128]

20 mnutes |later, the plating peelin | ut,i S . .
oGl ed Rl e eaRERt of RSt A A ie Sk feSkidization
_ washed under flow ng clean water. The wre was

i.mrersed in ethyl algohol .(CH3 and drjed in.a
reactign, Tt,7h SHP"E HEIEL a0 of ﬁﬁ%?eét.ct%%%_f’%ﬁs, imgossigles to pdwgy the

in a desiccator and cooled to roomtenperature. The

cooled wire was . wei ghed again (W and t he )
configuration i develdingehead « 8 tg? plher ﬁ@}dgﬁﬁthP vpytentRf Alhg greater than

second weight (W2) was set as the weight of plating.

[00129] The plating peeling_ solution in_the beaker m%s,
0.50pbkpe  diEhriemperatyr £8ack gnay, casily boylermed i thegvelded metabgplating

out in a heat bath with sand of 200-300C until the

amount of the solution is reduced to 5ml. Then, jt |
adhegign 1% seteriovated Gringothenplaing nreeass.( #NCEymaiAme) M defariorates.

hydrochloric acid (HCl) and heated on a hot plate for

1 mnute to dissolve soluble 32 congonents t herein

electrisgonductivity ofidke plobieyen Tlovnt peafpreblgtogntent ghAl il ingsrange
di sh and

between 0.001wt% and 0.50wt%.

[00118] [Content of Ti+Zr: 0.001-0.30wt%]

[00119] Ti and Zr aid deoxidization of the welded metal and reduces welding spatter.
If desired, Ti can be added alone. If the content of Ti and Zr is less than 0.001w1%, the
effect of spatter reduction is not satisfactory and the deoxidization reaction is not strong
enpugh. On the other hand, if the content of Ti and Zr is greater than 0.30wt%, a high-
temperature crack may easily be formed in the welded metal. Thus, a preferable content

of Ti and Zr is in a range between 0.001wt% and 0.30wt%.

[00120] [Method of adhesion test for plating layer]
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the inner wall of the beaker were cleansed with
distilled water, while the m xture was put into a
100m flask and distilled water was poured therein up
to 100m to be used as the sanple for analysis.
[00130] [Blank test] [00131] Blank test is done for
nmeasuring and correcting the anounts of Fe, M), Ca
and Na existing in the plating peeling solution. The

00 B3R) SRS PO SRR AR e AR s

distilled water was poured up to the standard l'ine of

Hes e thos oF gnesinieh fos tr i RpropP D ol RS, Wep 3 3dgping:

Measurement of a sanple for analysis was done by

IZI n | RIS Advant.age device manufact re
itsclp i < darie “EgnpHRY Ao e saER! TR A e reel axis
Coupl ed Pl asma Atom ¢ Em ssion Spectroneter) [ 00134]

[ Met had of drawi ng cali bration Qurve for |ICP
or ﬂ??e‘asre RN [S0ig1 HsIngaft BPUAl GRICEQRFRRS Whethercibe plating
nmeasur enent was drawn based on the standard substance
addi tion method. To formthe same matrix with a npl.e.
layer formpe a8 the svgtace efthe wirs is siaskecson negled bh The R RRASH ¢ q}@ﬁéatmg
above-descri bed sanple pretreatnent were put into
100m flasks, respectively, and Ca, Na, I\/%l and Fe .
adhesyvg rsttgngh o] tb@ vs@wgswgweleﬁo@pé'@ack or peeling off of the plating layer

occurs. This is important because it is directly related to wire feedability.

[00122] [Quantitative determination of microelements in plating layer]

[00123] [Preparation method of peeling solution of plating layer]

[00124] The peeling solution of the plating layer was prepared by dissolving 25g of
CCI3COOH into 300ml of ammonia (NH4OH) in a flask and pouring distilled water in
the flask up to 1000ml.

[00125] [Sample pretreatment for analysis of microelements in plating layer]
[00126] About 25g of a wire was cut to 2-5¢cm and put in a 250ml beaker containing
CClj or ethyl alcohol (CH3;CH>OH). The mixture was then put in an ultrasonic washer,
which performs removal of fat (grease), for 10 minutes and as a result, feeding oil and

anti corrosive oil attached to the surface of the wire were completely removed. After
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thereto by blank, 0.5ppm |ppm and 1Cppm
respectively, to prepare the standard solutions for
drawi ng the calibration curve. [00136] The conditions
for the nmeasurenent equi pnment are described in Table 4
bel ow. An average of five nmeasurenments was sel ected,
and rel ative standard deviation (RSD) of individual

el enents was set below 2% [00137] [Table 4]

the SRR Ay S B oV PERT Ly S aAT T pith B8 B

(W flow flow Peristaltic Spray Nebulizer Torch

i L/.m PU h t ubj . , 750..40
the syrigee b HICS B SRS AR CReaEire §os TR5eg0 ¢ dgicencr
100rpm Cycl on Concentric Quartz [00138] [Method for

nmeasuring thickness of Cu plating |ayer] [00139] The
andqqq?e@gﬂégfgngqmgqq@uﬁ- ating layer was neasured by using

CT-2, the destructive electrolytic plating thickness
measuri n evi ce, manuyf act d by Elec Fine .

[00122] \ish edcyyire was gveiglied &g)st@rfg%‘}lecﬁ'gﬁ‘lrfﬁ’“%tﬁémng a balance,
destructive plating | ayer thickness 34 neasuring

device is because it is gossible to dou?le check
and plageduigra 2r0nalphqaken Then, 25ml of the plating peeling solution was poured

~into the beaker. After covering the beaker with a glass dish like watch cover, the
reaction was continued at room temperature for 20 minutes.

[OO 128] 20 minutes later, the plating peeling solution was poured into a different
‘beaker, and the wire was washed under flowing clean water. The wire was immersed in
ethyl alcohol (CH3CH,OH) and dried in a dry oven of 105°C for 10 minutes. Later, it
was placed in a desiccator and cooled to room temperature. The cooled wire was
weighed again (W2), and the difference between the first weight (W1) and the second
weight (W2) was set as the weight of plating.

[00129] The plating peeling solution in the beaker was covered with a glass dish and
volatilized and dried out in a heat bath with sand of 200-300°C until the amount of the
solution is reduced to Sml. Then, it was mixed with 5mi of nitric acid (HNO3) and 1ml

of hydrochloric acid (HCI) and heated on a hot plate for 1 minute to dissolve soluble -
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m croscope whether or not the plating |ayer is
renoved. [00140] Besides the above neasuring device,
there are non-destructive thickness neasuring

devi ces, such as, X-ray plating thickness neasurenent,
R-ray plating thickness neasurenent, eddy current
system and electronic plating thickness neasuring
devi ce. These devices can al so be used for

comfr Rt BTN cHIFSK e 2t PRG! o 1R  FHBrRS) “Ues dish and

innersing t he platlng Iayer in a reagent that reacts

the ey Sf G HeRercre it Vich ARHEE wafpre Whil HiCipintore was

measuri ng deV|ce conti nuously senses an electric

put i3t ok g B s v PR EEe Wirla HOEL R P used s

potenti al dlfference generated when the plating |ayer
S electr?lyzed into the plating thickness neasurenent

the sample fghapal¥fispl ays the result. [00143] [ Conversion of
Cu plating thickness by gravinetric determ nation]
L§014 LIVMen the plating thickness is nmeasured w thout

[00130}gBtankdeste, the above- described plating peeling
solution is used. In detail, a gravinetric difference
before and 35 after removing the plating |ayer

[0013 4] dlendgtesioistdene Sorampasyringpad competingdse am}m@sqf@ Mg, Ca
Equation 1 bel ow. [00145] [Equation 1]

and Na existing in the plating pecling solution. The above-described sample

pretreatment was used, except that the wire was not put into the 100ml flask where

distilled water was poured up to the standard line of the 100ml flask to get a blank

_smmph.

[00132] [Quantitative determination of microelements]

[00133] Measurement of a sample for analysis was done by utilizing an IRIS

Advantage device manufactured by Thermo Elemental Company as ICP-AES

(Inductively Coupled Plasma Atomic Emission Spectrometer).

[00134] [Method of drawing calibration curve for ICP measurement]

[00135] The calibration curve for ICP measurement was drawn based on the standard

substance addition method. To form the same matrix with a sample for measuring, four
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Thi ckness of Cu (m _ {(WL-W2)/4*W2}*D*(Specific
gravity of Fe [Specific gravity of Cu)*1000 (Here, W
is the weight (g) of a wire before its plating is
peel ed off, W2 is the weight (g) of a wire after its
plating is peeled off, Dis a wire dianeter (m), -
specific gravity of Fe is 7.86g/enB, and specific
gravity of Cuis 8. 9sg/crr8 [00146] [ Exanpl €] [00147]

s BB 38 bl 1 DS T S baGr e o i
ingredients is shovvn in Table 5. For the analysis, two
ods ,of at di ane t he

1005 ikt SbeiiiaRe APd Chgyb MBS siraind R s gpored

p| ckling, Bonderite, and Borax coat| ng, and drawn from

mmito 2, 5mMmin diane Then, th
therei B3RP RTe dBPB) 1 o Oy SRBRHLY Y- e Birerpepg standard
pickled with the sulfuric acid in the electrolytic
sol n con |t| on. .[00148] [Table 5] Analysis result
SOlu%anth WHIE 186 FHIHAINCHBYe Wi re 36 Wre Chenmi caI
corrponents of W|re (W% No. CSi Mn PS Cu N|
r1006085150001400120(1ﬂ8 eé ,945
[00 b3§]L Bleo%ldvlcm@zﬁor shey mypgsugerggnt; eqgypmeny 1are ipgTable 4
0.02 0.03 0.01 0.012 0.19

below. An average of five measurements was selected, and relative standard deviation
(RSD) of individual elements was set below 2%.

[00137] [Table 4]

Measurement conditions of ICP equipment

Element Plasma Coolant Auxiliary Sample introduction system/Torches

W) | flow flow Peristaltic Spray Nebulizer Torch

(L/min} (L/min) PUMP chamber

tubing
Mg, Ca, Na 750 40 1.0 1060mpm Cyclon Concentric Quartz
Fe 1150 40 1.0 100rpm Cyclon | Concentric Quartz

[00138] [Method for measuring thickness of Cu plating layer]
[00139] The thickness of the plating layer was measured by using CT-2, the
destructive electrolytic plating thickness measuring device, manufactured by Elec Fine

Instruments Co., Ltd. The reason for using the destructive plating layer thickness
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3 0.07 0.52 1.12 0.015 0.014 0.22 0.01 0.02 0.01 0.004
0.002 4 0.09 0.65 1.95 0.015 0.010 0.16 0.01 0.03
0.45 0.004 0.005 5 0.05 0.86 1.50 0.018 0.009 0.19
0.02 0.04 0.01 - 6 0.07 0.90 1.90 0.019 0.012 0.23
0.01 0.04 - 0.004 0.17 7 0.06 0.53 1.15 0.014 0. 007
0.15 0.01 0.03 0.01 0.085 0.11 Ex. 8 0.08 0.92 1.92
O 015 0. 007 O. 18 O 02 0.02 O. 01 0.005 0.19 9 0.05

measid oty db betaeotolyy P 18 Jaitfe ek Jafilp Jar botical

0.086 0.17 11 0.09 0.90 1.98 0 017 0.010 0.29 0.02

. 0.030 OOO 0. 2 0..04 0.92 1.45 0.012 0.011
micrgicppe afhs%ebordw @%ﬂiawgé‘a%erds EF(S%OVG%?, 0.06 0.79 1.55
0.018 0.015 0. 26 O 01 0.02 0.01 0.008 0.11 14 0.05

.95 0,014 0.013 0.24,0.02 0.02 0.01 = - 15 0,1
[ooﬁz}éﬁ B%:S%@ dh‘%)fBOYF FiEasyingedeyies ‘?rﬁzarﬁ.la?f*éﬁsgﬁgtaf.el%m]fmss
16 0.06 0.85 1.50 0.014 0.012 0.18 0.01 0.04 0.01
0.003.0.004 17 0.0Q5 O. 8? 1.52 .0.012 0.006 0.25_0.02
meagyring @eviqesp suelp %5, Poray Plaing; thckness measpremerl, oBway plating
0.22 0.01 0.02 0.01 0.004 o 002 19 0.09 0.65 1.95
0.015 0.010 O. 13 0.01 0.03 0.45.0.004 q 005.. 20 0.05
thlck@ewgasg@n@ng fg Yoyt eys«_[@;n,(pnéf q;:tr@gl @!pg_thlc ess measuring

device. These devices can also be used for measurement.

[00141] [Principle of electrolytic plating thickness measuring device]

[00142] After immersing the plating layer in a reagent that reacts on Cu, a current is
applied thereto to melt the plating layer. The electrolytic plating thickness measuring
device continuously senses an electric potential difference between the plating layer and
fhe bottom layer of wire, and converts the electric potential difference generated when
the plating layer .is electrolyzed into the plating thickness measurement unit and
displays the result.

[00143] [Conversion of Cu plating thickness by gravimetric determination]

[00144] When the plating thickness is measured without using a device, the above-

described plating peeling solution is used. In detail, a gravimetric difference before and
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21 0.07 0.90 1.90 0.019 0.012 0.23 0.01 0.04 - 0.004
0.17 22 0.06 0.53 1.15 0.014 0.007 0.15 0.01 0.03
0.01 0.085 0.11 Ce. 23 0.08 0.92 1.92 0.015 0. 007
0.18 0.02 0.02 0.01 0.005 0.19 24 0.05 0.64 1.98
0.013 0.012 0.20 0.02 0.04 0.38 0.007 0.19 25 0.04
0.50 1.11 0.007 0.007 0.28 0.01 0.02 0.01 0.086 0.17
26 0.09 0.90 1.98 0.017 0.010 0.29 0.02 0.03 0.35

27 04.0.92 1. 0 011 0.01, .
after ViRt Blabos yenimco ety hoits Diging GRS hiskaess (G using
0.26 0.01 0.02 0.01 0.008 0.11 29 0.05 0.45 0.95
0. ]1137"8)013 0.24 0.02 0.02 0.01 - - 30 0.11 0.52 1.20
Equagiog %15 0.16 0.01 0.02 0.01 0.02 0.16 Ex.:
Exanpl e, Ce.: Conparative exanple [00149] [ Perform ng
ating] 37 [00150] To manufacture a wire for the
loogﬁﬁﬂﬁﬁua’t"ﬁé]w re was i mersed for 1.5-2.5 seconds in
a plating tub under the conditions for the plating

sol uti on conposition ested in the Table 3, and
vent ERG0%h 0 G4 (Bt IOV LMV B Dii(Seecilies spainof Fe

to 1.2mmusing a lubricant. [00151] The conparative

exanpl e was manuf actured by the sane nethod in a make-
/Specific gravity of Cu)*1000

(Here, W1 is the weight (g) of a wire before its plating is peeled off, W2 is the weight
(g) of a wire after its plating is peeled off, D is a wire diameter {mm), specific gravity of
Fe is 7.86g/cm’, and specific gravity of Cuis 8.93 g/cm3 .

[00 146] [Example]

[00147] A wire used in the present invention is a wire of JIS Z3312, and the analysis
résult of its main ingredients is shown in Table 5. For the analysis, two rods of at least
5.5mm in diameter having the chemical components suggested in Table 5 went through
pickling, Bonderite, and Borax coating, and drawn from 1.5mm to 2.5mm in diameter.
Then, the wires went through NaOH electrolytic degreasing line and were pickled with
the sulfuric acid in the electrolytic solution condition.

[00148] [Table 5]

Analysis result of chemical components of wire
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up plating solution in the out of ranges of the
conditions for the plating solution conposition.
[00152] [Plating adhesive strength test] [00153] The
pl ati ng adhesive strength (or adhesiveness) in a final
wi re product was checked by a taping-itself of wire
test JI'S H8504 (l\/bt hods of adhesion test for netallic

garle of peeling of f Chenicsllcatipogent] ODEREIWIAY ¢
TR L o o T 2 N = A NI 2
desktri|o®b i N0.8he | TAHO d BOMer@0HmnOf8ct Oridd |dB045hpWATi n0.003 | 0.004
[20 2 s s 3151 iy | asbarmiec [0 o Pbour ooz [0
ar i aldi07 n| 852 hi| dH2cyra:- @it | &PER| 023spddili vidl92  Ld8ér | 0.004 | 0.002
{ hey wel glbg19] 68541 98NS (Fgfs Nedid o abll@.di bed.eyv | 038 | 0.004 | 0.005
IIC VWIS W1 T© 1101 T oNedu oSopuuU TTIIes [thl SCCIUTTU UDBIT T1
an_Ar el Wohi | B8O ng 1Pst| kBRI OB 19en £.02 1 h04 hel or |- -
| ovg curg ent | goga WOchd.@wa Sber togBr ¢laidl arees the  |0.004 ! 0.17
G [ s 0k Q.97 pOdA- fo "oz, ba.o1 | 0.08s {o.11
Ex ] r t t | ']. g tHI e r
‘ Nhls:_h, i@os Db.obul argot rlangfser 0.66T1 098, ;[@02 001 | 0.005 | 0.19
AT T P kifoe,\% ol P b AR Fa s, 0007 [0.19
pf 18 wed.04 ngo.sour nant .| o0y 0.0€7 | owscueEnt | @okal 081 | 0.086 | 0.17
' %R0 2PRSE" 1% hao"élnig 0.0Y6 $B3b 8%.02 {0.03 [035 |0.008 | 0.20
12 004 |092 |1.45 |0.012 |0.011|0.17 |00l |0.04 |001 |0.003]0.005
13 006 [079 |1.55 |0.018]0.015|026 |0.01 |0.02 {0.01 |0.008}0.11
14 005 |045 {095 |0.014]0.013|024 |0.02 {002 001 |- -
15 |o11 [0.52 {120 |0.016]0.015/0.16 |0.01 {002 |0.01 |0.02 |0.16
16 006 (085 |1.50 [0.014]0.0120.18 |0.01 |0.04 |0.01 |0.003 |0.004
17 |0.05 |0.88 |1.52 |0.012|0.006{0.25 |0.02 [0.03 |0.01 |0.012]0.19
18 1007 [052 |1.12 |0.015]0.014 {022 |0.01 |0.02 |0.01 |0.004 |0.002
19 009 [0.65 |1.95 |0.015]0.010[0.16 |0.01 |0.03 |045 |0.004 |0.005
20 |0.05 |0.86 |1.50 |0.018|0.009 |0.19 |0.02 |0.04 |0.01 |- -
21 007 090 |1.90 [0.019]0.012}023 001 |004 |- 0.004 | 0.17
22 |0.06 |053 |1.15 |0.014]0.007 {0.15 {0.01 |0.03 |0.01 |0.085]0.11
Ce 723 o008 |092 192 | 0015|0007 [018 |002 |0.02 |0.01 |0.005 019
24 |0.05 |0.64 |1.98 |0.013 0012|020 |0.02 |004 |038 |0.007]0.19
25 004 050 |1.11 |0.007|0.007 028 [0.01 [0.02 |0.01 |0.086]0.17
26 009 090 |1.98 |0.017]0.010|029 [0.02 |0.03 035 |0.008]0.20
27 004 092 |1.45 |0.012 0011|017 |0.0f |0.04 |0.01 |0.003|0.005
28 1006 |0.79 |1.55 |0.018 |0.015|026 |0.01 {0.02 |0.01 |0.008]0.11
290 1005 |045 |0.95 |0.014 |0.013]024 |0.02 {002 |001 |- -
30 |0.11 052 |1.20 |0.016|0.015]0.16 |0.01 |002 [001 [0.02 [0.16
Ex.: Example, : Ce.: Comparative example

[00149] [Performing Cu plating]
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generati on was obtai ned when the instantaneous short
circuit rate is less than 5% From the high-current
area, a fine bead appearance having m ni nrum spatter
generation was obtai ned when the standard devi ation
of the welding current is Iless than 10.- An origina
test piece used for welding was prepared by grinding
SS400 25t material and conpletely renmoving scal es

00156 Tabl e .6 noni t or.i
(00 BBl S aph 20 LTEE e plt A5G RS W g for 1525
Wl di ng Wl di ng Shi el di ng Gas fI ow Vel di ng Tor ch
seconds: Epe JHeSnoR 332 5288695 26111 HAEIN-LSh AsHioon
[00157] [Table 7] Arc stablllty test standards 39 Item
Monj t ori ng Arc st oppage .Low cuLrent

Suggﬁtﬁqw%c@P riéhle Rewt et thrpygll 3 Gpsing upsoldjen gy was drawn fo

I nstant aneous SD of welding short circuit current

rate* 0 180 None Less than 5% Less than 10 Good
1.2mm using a lubricant.

[00151] The comparative example was manufactured by the same method in a make-
up plating solution in the out of ranges of the conditions for the plating solution
composition.

[00152] [Plating adhesive strength test]

[00153] The plating adhesive strength (or adhesiveness) in a final wire product was
checked by a taping-itself of wire test JIS H8504 (Methods of adhesion test for metallic
coatings) using an optimal microscope (400-500X) to a measure of peeling off the
plating.

[00154] [Arc stability test]

[00155] As for a method for testing arc stability of a wire during welding, the wires
described in the Table 5 were manufactured as shown in Table 10, and a continuous
automatic welding was performed thereon for 180 seconds in a low-current area and in a

high-current area, respectively, under the welding conditions defined in Table 6 below.
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A 180 Once and | ess 5-10% 10-50 Fair
nore Greater than Greater than Poor 10% 50
I nst ant aneous short circuit rate (% = instantaneous
short circuit frequency /total short circuit
frequency * 100 [00158] [Wre feedability test]
[00159] Wre feedability indicates whether a solid
wireis fed froma welding tip at a constant speed.
I f feedability is Wi res are not snnothky. )

The Hjpss) wers mpaﬁ?rﬁﬂe‘fo@ﬁnan?ﬁgpe& pepondl ISfT &N @K BOTRripg ystem
arc Iength is longer and thus, the arc becones

abl e or stops . instantly. And, a

WAMAO vr2 Pe e b B 1%01%%@%3@1% iSe’ Sé% csrﬁ%tafﬂay the arc
supplied w thout arc stoppage even al though the shape
of a welding cable has W 1 turn and 2 turns. In the

stabififse wiap ttester, @h an ghstansenronh sBers GirsHidi Al wilcapwhile rigethe éﬂgh~
a 5m wel ding cable under the wel ding condltlons
described in Table 8. And, a welding wire

curren prsagthiethis of sl trangfpr seeiipnyhe e lltltwéN&Sééftted based on the
standards suggested in Table 9, under 40 the shapes
of W 1 turn and 2 turns of welding cable with

test stomdiirdy swggested imdiable, 7 belowpOvith thedstandand deviatier-96@nwelding
respectively. [00160] [Table 8] Wre feedability test
wel di ng condi tions

current. From the low-current area, a fine bead appearance having low-spatter

X 180 Twi ce or

generation was obtained when the instantaneous short circuit rate is less than 5%. From

the high-current area, a fine bead appearance having minimum-spatter generation was

obtained when the standard deviation of the welding current is less than 10. An original

test piece used for welding was prepared by grinding SS400 25t material and

completely removing scales thereon.

[00156] [Table 6]

Welding monitoring conditions for arc stability test

Wire Polarity | Welding | Welding | Shielding | Gasflow | Welding | Torch
diameter current voltage gas speed height(CTWD)
1.2mm DC-EP 150/300A | 25/32V CG0,;100% | 20L/min | 40CPM 15-20mm

[00157] [Table 7]

Arc stability test standards

39




Vel di ng Wl di ng Shielding gas Gas flow Welding tine
Length of current voltage cable 300A 34V C02100%
20L/mn - 5m [00161] [Table 9] Wre feedability test
standards Item No. Wel ding cable conditions Results

1 turn 2 turns O Possible Possible Possible Good A
Possi bl e Possi bl e Inpossible Fair X Possible

W

Inmneel hle Inmneol hl e Poor r001521 Anponha-the tes

e yyhtlay %’fonﬂ%la%s. B SoRRtn ] EREErEEn | HIBES el di n‘&ﬂ?l@
possiblle for at least 50 seco nder ctijv
wel di ng ca I(e%condi tions, andw@f&z‘p gsi b?aﬁ? ns t hat
an arc|stoppage has occurr €Ul EsScamdTaRPT weBmerids
under |[respective wel ding ¢abl e condijti ons. [0Q163]
[ Tabl e[10] Wre Pl ating Tot akhoflckalt ** Nawredontlent of
m croelement in ¢ontent Welding property platijng
l ayer (ppm 41 rate*
0] 180 None Less than 5% Less than 10 Good
A 180 Once and less 5-10% 10-50 Fair
X 180 Twice or more Greater than Greater than Poor

10% 50

*: Instantaneous short circuit rate (%) = instantaneous short circuit frequency
/ total short circuit frequency * 100
[00158] [Wire feedability test]
[00159] Wire feedability indicates whether a solid wire is fed from a welding tip at a
- constant speed. If feedability is poor, wires are not smoothly supplied from the welding
tip. In this case, welding arc length is longer and thus, the arc becomes unstable or
stops instantly. And, a wire with excellent feedability means that wires are smoothly
supplied without arc stoppage even although the shape of a welding cable has W, 1 turn
and 2 turns. In the present invention, continuous welding was performed on a 5Sm

welding cable under the welding conditions described in Table 8. And, a welding wire

went through the feedability test based on the test standards suggested in Table 9, under
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- 0.55 525 365 0 0 4 Bal.

the gh

r=159pqn aurdismeter dy399mpgrespectiveiyy 14 Bal .

| ayer al kaline tests thicknes * (ppm earth neta
Feedabi Arc Cu Fe Na Ca My s (um (ppm lity
stability 1 Bal. 92 210 20 10 0.75 332 240 A0 2

Bal. 90 120 80 2 0.65 292 202 A 0O 3 Bal. 160 280 80 5
250 320 70 8 0.46 648 398 0 A
5 Bal. 320 250 90 1 0.42 661 341 0 0 6 Bal. 340 120
100 1 0.31 561 221 0 0 E 7 Bal. 410 240 105 12 0.28
767 357 0 O x 8 Bal. 460 120 130 5 0.39 715 255 0_0
apey of §Yo 17erm@ngd ) taws gafy welghng) cable 1witlpgondigeps s ragius,
12 0.34 692 132 0 0 11 Bal. 630 130 50 7 0.28 817 187
0 0 12 Bal. 670 120 30 50 0,24 870 200 0 O 13 Bal.

930 25 2 7

0.21 964 34 0 A 15 Bal. 800 20 10 1 0.23 831 31 0 A

[00160] [Table 8]

Wire feedability test welding conditions

Welding Welding Shielding gas Gas flow Welding time Length of
current voltage cable
300A 34V C0,100% 201./min - S5m
[00161] [Table 9]
Wire feedability test standards
Item No. Welding cable conditions Results
W 1 turn 2 turns
0O Possible Possible Possible Good
A Possible Possible Impossible Fair
X Possible Impossible Impossible Poor

[00162] Among the test standards, ‘possible’ means that continuous welding is
possible for at least 50 seconds under respective welding cable conditions, and
‘impossible’ means that an arc stoppage has occurred less than 50 seconds under

respective welding cable conditions.

[00163] [Table 10]

Total | Alkali**

contient

Wire
No.

Plating

Content of microelement in Welding property
plating layer (ppm)

41




16 Ba

54 1.52 31 21 X X 18 Bal.
| . 250 320 120 150 0.24 840 590 0 X 20 Bal.

19 Ba

. 41 320 410 50 0.32 821 780 A X 17 Bal.
20 50 10 10 1.21 90 70 X A

250 90 0 0.18 1120 340 A X 21 Bal.

10 1

78

2

0

920 120 100 1 0.17

1141 221 0 X C 22 Bal. 1120°25 10 2 0.19 1157 37 A X
e 23 Bal. 2500 290 80 25 0.12 2895 39|5 ”:,,25 Zf} ?gl »
015 34 148 A X 26 Bal. 640730 160 420 (uinta10] =
680 4({X 27 Bal. 670 450 140 {250 0.1B 1510 B840 0 X P8
Bal . 1300 800 280 410 Q. 12 27dbhickmso A@ ) %a%ﬁ'metélo :
360 260 120 0.40 78Q 740{ A X | 30 Bal 0”5 0. 45| Feedabi | Arc
357 711 CuX| Feeglald I i Cy armlg?rsdms)t abjlity teé})m)%ynbo Lity stability
0: Good, A] Faif, X| Poof * :i FetMg+Cat+Na *[*
MyTCathgh. $292 OPBR4]| biescg AT gRsor| exanplel 249 A O
2 Bal. | 90 | 120 | 80 2 0.65 292 202 JAN Q
3 Bal. | 160 | 280 | 80 5 0.55 525 365 O O
4 Bal. | 250 [ 320 | 70 | 8 0.46 648 398 O JAN
5 Bal. | 320 | 250 | 90 1 0.42 661 341 @) O
6 Bal. | 340 | 120 | 100 | 1 0.31 561 221 O Q
E 7 Bal. { 410 | 240 | 105 | 12 0.28 767 357 O O
X 8 Bal. | 460 | 120 | 130 | 5 0.39 715 255 O O
9 Bal. | 510 | 70 | 30 2 0.34 612 102 O @
10 Bal. | 560 | 50 | 70 | 12 0.34 692 132 O O
11 Bal. | 630 | 130 | 50 7 0.28 817 187 @, O
12 Bal. | 670 | 120 | 30 | S0 0.24 870 200 O O
13 Bal. | 720 | 120 | 21 | 26 0.22 887 167 O O
14 Bal. | 930 | 25 2 7 0.21 964 34 O A
15 Bal. | 800 | 20 | 10 1 0.23 831 31 O A
16 Bal. | 41 | 320|410 50 0.32 821 780 £\ X
17 Bal. | 10 12 5 4 1.52 31 21 X X
18 Bal. | 20 | 50 | 10 | 10 1.21 90 70 X JAN
19 Bal. | 250 | 320 | 120 | 150 0.24 840 590 A X
20 Bal. | 780 | 250 | 90 0 0.18 1120 340 A X
21 Bal. | 920 | 120 | 100 | 1 0.17 1141 221 A X
C| 22 Bal. [ 1120 | 25 | 10 2 0.19 1157 37 A X
e| 23 Bal. | 2500 | 290 | 80 | 25 0.12 2895 395 A X
24 Bal. | 3500 | 70 | 30 0 0.09 3600 100 A X
25 Bal. [ 1200 | 50 | 56 | 42 0.15 1348 148 A X
26 Bal. | 630 | 130 | 130 | 420 0.19 1310 680 JAN X
27 Bal. | 670 | 450 | 140 | 250 0.18 1510 840 A X
28 Bal. | 1300 | 800 | 280 | 410 0.12 2790 1490 A X
29 Bal. | 40 | 360 | 260 | 120 0.40 780 740 A X
30 Bal. | 350 | 5 2 0 0.45 357 7 A X

Feedability and arc stability test symbol: O: Good, A: Fair, X: Poor

* : FetMg+CatNa

*% : Mg+Cat+Na
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[00165] As shown in the exanple in the Table 10 of the
present invention, the copper plating wire
denonstrat ed excellent feedability and arc stability
when the thickness of the plating |layer was in a
range of 0.2-1.0m the total content of alkali netal
(Na) including Fe and alkaline earth netals (My, Ca)
in the plating |layer was in a range of 100-1000ppm
he total content of alkali nmetal (Na) and
loohﬁﬂhl[ﬂ@@@ﬂpﬂﬁfﬁﬁnwgl (My, Ca) except for Fe in the
plating |layer was in a range of 10-500ppm [00166] In
addi ti on, when the product wire went through the
[00165] rs shoalin teg ewml,ﬂ ineie Tablnd OwA sheotssesny dryemong fre copper
optical mcroscope as in FIG 7, the wire of this
exanpl e showed excellent plating adhesiveness w thout
plating Witerdpmyfnstrated eppedientpefabylity and] ase stahiliby whep dhe thickness of
~straight surface of the product wire was observed by
an optical mcroscope as in FIG 8, the surface
- the @atpeslayer wasdn aplangs nf) 012al.8pmg thentotal pdoatend] of atkalioneiph §Na)
not observed. This proves that the surface was
sufficiently protected by the 0.2-1.0mthick plating
includingeFe afidotkelife gavth metabn(MieCayringhe phating dayeofvas he a range of
pl ating | ayer was seen through a SEM the bridge
phenonenon was not observed in nost of the wires as in
100-F0@pphh, aiv strenfotal epntestsofi atkalihmetek G aad wilkadindlestth metalsl(Mg,
2, if the total content of the alkali netal (Na) 43
i ncluding Fe and al kaline earth netals (My, Ca) in the
Ca) @lcapti ogFé ayide plaingésgr tMaain 4 fxage bfil @-508pmpgest ed i n the
present invention, one can check through the SEM t hat
the plaiting ‘
[00166] In addition, when the product wire went through the taping-itself of wire test

and was observed by an optical microscope as in FIG. 7, the wire of this example
showed excellent plating adhesiveness without falling off the plating layer. Also, when
the straight surface of the product wire was observed by an optical microscope as in FIG.
- 8, the surface exposure under plating layer or non-plated portion was not observed.
This proves that the surface was sufficiently protected by the 0.2-1.0pm thick plating
layer.

[00167] And, when the cross section of the plating layer was seen through a SEM,
 the bridge phenomenon was not observed in most of the wires as in FIG. 9. Meanwhile,

“as in the example wire Nos. 1 and 2, if the total content of the alkali metal (Na)
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| ayer is thick and the bridge phenonenon may occur in
a small portion (indicated by an arrow) as shown in
FIG 10. [00168] However, this does not necessarily
i nfluence the plating adhesi veness and feedability.
As long as the content of the alkali netal (Na) and
the alkaline earth netals (Mj, Ca) is appropriate,
excellent arc stability can be obtained. [00169] Al so,
: 1nchf?ﬁ Bl 20 dlldihe hrth Rferd gﬁg oéa)tlﬁ the @ﬁ@ﬁgphgeﬁ’@?esg ?r?&'iﬁﬂe limit
g an arc nonitorin I'ce under T | 'ow current
150A and the high current 300A, respectively. The
t [ kb -
sugeb 34 if B bles O o SRR HeRgf R SEM Yoo 30 haiting
current and high current areas. [00170] FIG 11 is a

e b R RSP0 £ By o

the wel ding current i s not nuch changed and the are is

[.O FIG 12 is a graph illustrating the
a“°§i%$m§WP6ﬂ9%élh1t of are stability of the wwre at |ow
current 150A, in which excellent arc stability is

[00 fREF FifSevih: fi3tdosk s Petesstily RRA e e bl BluGhrdnfls and

and 18, the total content of the alkali netal (Na)

reeaqlfy At itod o B ao ehCanhe iRl TR fpd W anally wipumes

plating | ayer exceeds 1.0min both

(Mg, Ca) is appropriate, excellent arc stability can be obtaihed.

[00169] Also, arc stability of the wire of this example was tested using an arc
monitoring device under the low current 150A and the high current 300A, respectively.
The test result shows that excellent arc stability based on excellent feedability was
obtained in both low current and high current areas.

[00170] FIG. 11 is a graph illustrating the evaluation result of arc stability of the wire
at high current 300A, in which the welding current is not much changed and the arc is
stable.

[00171] FIG. 12 is a graph illustrating the evaluation result 6f arc stability of the wire

at low current 150A, in which excellent arc stabilify is obtained without the arc

stoppage.
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cases due to the excess precipitation reaction of Cu
and therefore, feedability is deteriorated
substantially and the arc becones unstable at the sane
time. If its product wre undergoes the taping-itself
of wire test and is observed through an opti cal

m croscope as in FIG 13, one can easily see that the
adhesi ve strength between the bottom portion and the

100588 SR HE om0 s bEBGEARH 108, L2488 1,

separated plating is accunulated in the tip and

_ interrupts the continuous wel din ereb )

total f0piht e ah@ﬁfr%%%%\% FitJudiig Fo Al ne efth meplyMe G is
is also deteriorated during welding. [00173] In case
of the wire Nos. 20 through 28, if the total content,

less then | AErpin« i thissqithe thighnessofitheplatjng yshercgedsal - Piwa in both
earth netals (Mg, Ca) is greater than 1000ppm the Cu

_ precipitation reaction of the plating |ayer during the .

casey,|dyei t9qgther Sreesss preciitatipn mrepstion; af (ay ang, fherefase, fqea@)ﬂlty 1s

pl ati ng | ayer cannot be thicker than 0.2m Although
the wire feedability may be fair, the bottom portion

deterigrated subsgiantially ape dasiars begermes wistablreatithe pame Hmend! tapraduct
as shown in FIG 14. Therefore, when the welding tip

. and the non-plated | ayer of the 45 product surface

wirecwidergaes cbat taping-ikseld. ofnyitse tashand nist elervedothsenshr an yoptical
In addition, are stability is not nuch inproved even
t hough the total content of the al kali netal (hb% and

micrpsvepelak ah iF16. é3s ote past adsdly(dop thatahe jadhésiveastreagdieb@veen the
10-500ppm [00174] As shown in FIG 15, the non-plated
portion can be observed partially even

bottom portion and the plating layer is not so good that the plating layer can easily be

. fallen off. When this occurs, the separated plating is accumulated in the tip and
interrupts the continuous welding, thereby deteriorating feedability. As a result, arc
stability is also deteriorated during welding.

[00173] In case of the wire Nos. 20 through 28, if the total content of the alkali metal

: (Na) including Fe and alkaline earth metals (Mg, Ca) is greater than 1000ppm, the Cu

precipitation reaction of the plating layer during the plating process is extremely limited
and thus, the plating layer cannot be thicker than 0.2um. Althéﬁgh the wire feedability
may be fair, the bottom portion of wire gets exposed because of the thin plating layer as

shown in FIG. 14. Therefore, when the welding tip and the non-plated layer of the
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when the taping-itself of wire test is perforned
thereon. As in the conparative exanple wre No. 30,
al t hough the plating thickness is 0.45m and the total
content of the alkali netal (Na) including Fe and the
al kaline earth nmetals (My, Ca) in the plating layer is
in a range of 100-1000ppm the content of the al kal
netal (Na) and the al kaline earth netals (M), Ca)
excluding Fe is | ess than 10ppm ning th rc, ...
Pmd)s‘F‘a‘-‘b‘F‘lngt eI fgptact, ﬁﬁr%@%éeqoﬁl%qﬂsggﬁfé?%l%e’f%a@?g] additgen, arc
16 is a mcrograph of the conparative exanple wire No.
30 observed, by an optjcal mcraoscope after carr
Stab@@f ismpbmugh improved eyen thpuay th%tqt@scpn&eﬂte?%ﬁ alkgjy m%% Ma) and
ot her conparative exanple wires, the wire No. 30
contained a ?roper anount of the _alkali netal
the glkpling gandymelssMg.1Gr inineaangeolld-300pREt al s, whi ch
resulted in the inproved plating adhesiveness.
However, because the amount of the alkali netal and
[001%4] Axshowrein & 1A, themenlated pprdiop|can bs gbperyed patially even
not nmeet the requirenent, arc stability was poor
compared with the exanple of the present invention. 46
whe §B17@he-itelE af wirgftest seperiomped therspa. dsamthecampasativagixpmple
feedability was deteriorated because of the |ow
pl ati ng adhesi veness. And, a sufficient plating
wirethin. SRnadwugh theaplaidtg thieknetst iaiOriddrbavhibs dotaheontdnk af the alkali
metal (Na) including Fe and the al kaline earth netals
(My, Ca) in the plating | ayer were not properly
metainiiNajgeduditie Rehmdgherelkblimecartismetalswivig, iGa) B Be platingreyer is in
FIG 18, an unstable arc was generated during wel ding

and arc stoppage
a range of 100-1000ppm, the content of the alkali metal (Na) and the alkaline earth

metals (Mg, Ca) excluding Fe is less than 10ppm, meaning that arc stability is not
improved in this case.

[00175] FIG. 16 is a micrograph of the comparative example wire No. 30 observed
by an optical microscope after carrying out the taping-itself of wire test thereon. Unlike
other comparative example wires, the wire No. 30 contained a proper amount of the
alkali metal including Fe and the alkaline earth metals, which resulted in the improved
plating adhesiveness. However, because the amount of the alkali metal and the alkaline
earth metals in the plating layer did not meet the requirement, arc stability was poor

compared with the example of the present invention.
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or instantaneous short circuit of the arc during
wel di ng was caused, deteriorating welding quality.
[00177] FIG 17 is a graph illustrating a wel ding
current waveformof the conparative exanple wire No.
24 at high current 300A, which is nonitored by an are
nmoni toring device. As shown in the graph,

i nstant aneous short-circuit (indicated by an arromb

i dth dard d |.
(00} 26R S oIk conPariidR sRhtpgng; WiR Sbarbilfy W48 gBlerigrated

illustrating a meldlng current mavefornrof the

becalff B oW G BNy nfd AraRTesPI P b g geseald no

shown in the graph, an arc is unstable (|nd|cated by

be ofhutiilSechuser B gyt DNE) BeRiufiEchs and M BREREDparh, retal

is obtalned dependi ng on good feedablllty, and it

COoNne SSi Ie to manufacture the co at.i ng
(Mgsgm H e PLRE Weé%@ér Peirpropgrty managse, .Ffvﬁr H%EFB% &Pﬂea as shown
copper plating. [00180] According to the present
i nventi on, adhesi veness of the co per pl a
in FIGy 7gaditiGr b3t wiptabla arr Higs greeralsd dpring we t@ema? arg fjfpppage
content of mcroelenents including alkali netal and
al kaline earth nmetals in the plating solution and the
or ipstaptanguy shet cirgrd ofptheneicadirimng m@g B Frasnepused clgiaiygating
in the predeterm ned range. In this manner, it
becones possible to obtain the copper pIating solid
weldjpg @uafisy. MAG wel di ng, which

[00177] FIG. 17 is a graph illustrating a welding current waveform of the

comparative example wire No. 24 at high current 300A, which is monitored by an arc

monitoring device. As shown in the graph, instantaneous short-circuit (indicated by an

arrow) is present and the standard deviation of the overall welding current is large.

[00178] FIG. 18 is a graph illustrating a welding cwrent waveform of the

comparative example wire NO. 24 at low current 150A, which is monitored by an arc

monitoring device. As shown in the graph, an arc is unstable (indicated by an arrow)

and thus, the arc blackout phenomenon occurs.
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satisfies excellent feedability and are stability
duri ng wel ding, even under high-speed plating ‘
process. [00181] Although the preferred enbodi nent of
the present invention has been described, it will be
~understood by those skilled in the art that the
present invention should not be [imted to the
descri bed preferred enbodi nent, but various changes

100891 9 05, SR B i Aoy

appended cl ai ns. 48 What is clainmed is: 1. A copper
at|n solid wire r G wel din xcel |
and Bk GRclhls b EmRghe FoPreh PR SeE RS SibreR Gt arc
| ayer of 0.2 - 1.0min thickness is forned on a solid
: Lre for | di ng conposed of 0.01 - 0.10wt % of C,
stabiffsy o spbpranats) 8& " 0.7 - 2.0m%of M, 0.001 -
0. 030wt % of P, 0.001 - 0.030wt % of S, 0.01 - 0.50wt %

e renai nders. Fe and i neyltabl
 [00fko] ?%mﬂtﬁe&m i Preeninvenlipn B eREE A the(rr%&;’er plafie layer
al kaline earth nmetals (My, Ca) in the copper pIatlng
ayer ranges from 100 mto %l Oppm a th t ot al

can b RRIAYOL Y ﬁfﬁ%“%ihﬁaP‘?Cl D FEC donient Aomigraclmes meluding
earth nmetals (My, Ca) ranges from| q:)pmto 500ppm at
same tine. 2. The solid wire according to_claim1,

alkawamt%h wdaalls%lmtqaﬁh npespls i the platipgesolptippand healating layer, and
consi sts of 200 -300g/L of CuSO4.5H20, 30-50 g/L of

H2SO4, 10-40 . .
by managing the plating thickness in the predetermined range. In this manner, it

becomes possible to obtain the copper plating solid wire for MAG welding, which
satisfies excellent feedability and arc stability during welding, even under high-speed
plating process.

| [00181] Although the prefepred embodiment of the present invention has been
described, it will be understood by those skilled in the art that the present invention
should not be limited to the described preferred embodiment, but various changes and
modifications can be made within the spirit and scope of the present invention as

defined by the appended claims.
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g/L of Fe, 1.0 -10 g/L of My, 0.1 1.0 g/L of Na,
0.1-1.0 g/L of Ca, 1.0-5.0 g/L of d, and 0.01- 0.1
g/ L of EDTA. 3. A nethod for manufacturing a copper
plating solid wire for MAG welding with excellent arc
stability for plating, the nmethod conprising the step
of 49 imrersing a solid wire for MAG wel di ng conposed
of 0.01 - 0.10wm%of C, 0.3 - 1.OM%of Si, 0.7 -
f..Mh, 0.001 - 0.030wt % of P, 0.001 - 0.030w %
Wha%]zs%ﬁ\%ﬁ - 0.50wmt % of Cu, the remainders Fe and
|neV|tabIe inpurities in a copper plating sol ution

, H2 BZII mfo 2%8%}?%3%0 / L l%f %oéi%lvg%gﬁ{lg Wlt%xce@e arc Stablllty
1.0g/LofNa 01-10g/LofCa 1.0 - 5.0g/L of O,

: durilggggglr#é%go 1 6Vh10h a goppexg pia'f:iDT'%ayer 0?8 2 - % C,,:m{ o th}ék%es_;s 123 'fgrmed

0h a solid wire for MAG welding composed 0f 0.01 - 0.10wt% of C, 0.3 - 1.0wi% of Si,
0.7 = 2.0wt% of Mn, 0.001 - 0.030wt% of P, 0.001 — 0.030wt% of S, 0.01 — 0.50wt% of
- .Cu, the remainders Fe and inevitable impurities, the total content of Fe, an alkali metal
'(Na), and alkaline earth metals (Mg, Ca) in the copper plating layer ranges from
100ppm to 1000ppm, and the total content of the alkali metal (Na) and the alkaline earth

metals (Mg, Ca) ranges from 10ppm to 500ppm at the same time.

2. The solid wire according to claim 1, wherein a solution for use in the
copper plating consists of 200—-300g/L of CuSOQ45H,0, 30-50 g/L of H,SO4, 10-40
g/L of Fe, 1.0~10 g/L of Mg, 0.1~ 1.0 g/L of Na, 0.1~ 1.0 g/L of Ca, 1.0~5.0 g/L of Cl,

and 0.01-0.1 g/L of EDTA.

3. A method for manufacturing a copper plating solid wire for MAG

-welding with excellent arc stability for plating, the method comprising the step of:
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immersing a solid wire for MAG welding composed of 0.01 - 0.10wt% of C, 0.3 -
1.0wt% of Si, 0.7 — 2.0wt% of Mn, 0.001 - 0.030wt% of P, 0.001 — 0.030wt% of S, 0.01
— 0.50wt% of Cu, the remainders Fe and inevitable .impurities in a copper plating
solution containing 200 — 300g/L of CuSO4e5H,0, 30 — 50g/L of HSO4, 10 — 40g/L of
Fe, 1.0 - 10g/L of Mg, 0.1 — 1.0g/L of Na, 0.1 — 1.0g/L of Ca, 1.0 — 5.0g/L of Cl, and

0.01 —0.1g/L of EDTA at 30 — 50°C for 1.5 — 2.5 seconds.
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