COPPER VEELDI NG SOLID WRE W TH GOCD ARC STABILTIY

BACKGROUND OF THE I NVENTION Field of the Invention:

[ 0001] The present invention relates to a copper

welding solid wire, nore specifically, to a copper

wel ding solid wire with good arc stability.

Description of the Related Art [0002] In general,

regardl ess of the kind of wires, such as solid wire or
COPPER YYEEDINGI SQLIDAEIRE AV ITHIGOOD ARCCSYABIDTIY ant

factor for arc welding froma view point of the

guality of a wel ded bead or nmi ntenance process due to

the wel ding spatter, and many recognize that the arc
M%M&Eﬁiwﬁﬂmed to wire feedability.
[ 0003] Especially, a non-plated solid wire for wel ding
. has been recently released. As the nane inplies, the
Fieldow the Iavertioni re does not go through the plating
process. In result, it comes into direct contact with
the iron surface of wire and welding tip and
[00Qdr efice prosewblirpaticuahlates tx eeseppee whbiklasg solidfwiré,pmore
deterioration of arc stability, Ilimtation in arc
stability interval, etc., arise. [0004] This is why
speeibeallyy tramcqBes wEldiBolid vdiengithvigoabarb atabilitppper
pl ating. [0005] However, nost of researches for
improving are stability and feedability of | welding
Despmptemi ofitbe Relatedniitnl y f ocused on the surface pattern
of wre or surfacing preparations, and researches on
pl ating solution (bath) for copper plating were
[0002]at Invgéngral, 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 welding 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



low. In case of copper plating, batch type plating is

w dely used in many plating conpanies, and a variety

of additives are available at a market. [0006]

However, as in the manufacturing process of a solid

wire for welding, high- speed wire drawing with

coating lubricant on the surface of wre and carrying

out plating precipitation of excellent plating

adhesion within 2 seconds by high speed in- line are
weldingy materiplschave paiply fRuseiion thé sutfhes pattesn offwire or surfacing

researches have been directed to resolve the problens

of a wwre with copper plating through wet draw ng or
prepayatienseandirescaranen on platiog sslutiomftiatt) far @pper flaingaerafréletively

the plating process. [0007] For exanple, Japanese

Pat ent Lai d- open No. 56-144892 disclosed a technique
low; ellmicest ¢bHceppsolplading batch aypevelating gs wiititlyaspgen many plating

plating to inprove feedability by formng |ayers

oxi dized with heat-treatnment to nake holes on the
conspanies,cadtahragietytof adéitivels aaianaj]abbena abyarketovi di ng 1i qui d

| ubricant to these holes. [0008] Another method for

improving arc stability disclosed in Japanese Patent
[0Q06]d- toervedOas fir the Simad facaritgairocegs bhe sslid vire dorokveMingehigh-

with alkali netal oxide and perform ng annealing for

preci pitation. Then, the wire undergoes copper plating
speaf wére @rapirgk néthh. coati Qtridant bhethetshebedanekire) @R BASAENgE out

Pat ent Lai d-open No. 7-299583 disclosed a technique

for inproving feedability and are stability by addi ng
platifig gaciphstidnhef ¢éxcel@nplatingsadhesibh evithiti D agtdids by high speed in-

preparation (surface treatnment agent) for coating the

surface
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 afier 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
by 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



of a final wire. [0010] Moreover, Japanese Patent

Lai d-open No. 6-218574 di scl osed a technique on

conducti ng copper plating after citrate, hal ogen

conmpounds, phosphate are applied to the surface of a

wire, and next annealing is perfornmed under nitrogen

gas atnosphere to deposit alkali netals on the

surface of the wire. [0011] After studying these
~techniques carefully, the inventors decided to study
picidad. optimal plating solution conposition and its

managi ng net hod for continuous hi gh- speed copper

plating. As a result, we were able to manufacture a
[0 pe Ompthat dther Bald, dapaniesee Putehth Leidesgleh e¥id. pL269533gdisclosed a

adhesi on, and excellent arc stability by securing good

wire feedability. SUMMARY OF THE | NVENTI ON [ 0012] It
techrsquet fier ahpoeingafeeddljiliyt araf atdatapilitg et addivgnK| @ tad their

provi de a copper plating 3 solid wre characterized

of excellent plating adhesion by using an inorganic
congupiinds toehé surfacirgqpeeitatipndbinftge @bt dn® Ageabfontodting tiadRface

time, of excellent feedability and arc stability by

precipitating an alkali nmetal (Na) and al kaline earth
of anfrtabisére( Mg, Ca) in the plating layer. [0013] To

achi eve the above objects and advantages, there is

provi ded a copper plating solid wire for MAG wel di ng,
[0010]Wh Mudtedveg, 0lap&ies® [Pateh Laldedth 196, 6.228574] diS8BRedMa technique

thickness is formed on a solid wire for N AG wel di ng

conposed of 0. 01 - 0. 1 OM%of C, 0.3 - |.Om % of

Sndudli itrafe, i
on 3 O% Oﬁé (%oggerg’l\dt%gfbﬁe%ma& R8ldgen QnRRNldpRbspRaterdplied 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 its 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 excelient arc stability by securing good wire

feedability.

SUMMARY OF THE INVENTION

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



0.01 - 0.50wm1/0 of Cu, the remai nders Fe and
inevitable inpurities, the total content of Fe, an
al kali nmetal (Na), and alkaline earth netals (Mj, Ca)
in the copper plating |layer ranges from 100ppmto
1000ppm and the total content of the al kali netal
(Na) and the alkaline earth netals (Mg, Ca) ranges
froml Copmto 500ppm at the same tinme. [0014] Anot her
aspect of the present invention provides a nethod for
soligerricef eharagtearizgd ofexseliprd plaingtaillngpidtyi whing ansinbiganidad@tive in a
wel ding with excellent arc stability for welding, the
met hod conprising the step of: imersing a solid wire
copbenrplatix@ sehitdinrgd @bthecsmd tingf, oDexttilent Fectiability afd 42¢ s@bidity by
- 1l.Om%of Si, 0.7 - 2.0m% of M, 0.001 - 0.030wt %
of P, 0.001 - 0.030wt % of S, 0.01 - 0.50wt % of Cu,
pretipiatingrani atichdirmetel(Nah dnd aléwlincodakth métatp (ivligf Casinithe ﬁlatmg layer.
copper plating solution containing 200 - 300g/L O
CUS04*51- 120, 30 4 50g/L of H2SO4, 10 - 40g/L of Fe,
[001L3] - Tb dohidveahe WhoveDobjdets ahd GgbhntadesNiherdis provided Q)tdpper
of Ca, 1.0 - 5.0g/L of d, and 0.01 - Olg/L of EDTA
at 30 - 500C for 1.5 - 2.5 seconds. BRI EF DESCRI PTI ON
plat@¥g sHHE vaRA A NGR [ Welih]e, Thehrhav@ppensstine RHek dfer UreGum in
of the present invention will be nore apparent by
descri bing certain enbodi nents of the present
thickfiese ¥ foeed\bh B soled Gire FEEMAG weltBn@esRFaRedyf 0.01 - 0.10wt% of C,
drawi ngs, in which: [0016] FIG 1 is a SEM m crograph
of the surface of a plating |ayer resulted from
0.3 hil @t SREe, G:PPRwP 8t MAY0.00BIDI0BOEE, bOP; 0.00 LOPEBOWL% of S,
[ 0017] FIG 2is a graph show ng a rel ati on between pH
and stability constants

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 invention 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
0£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 CuSO4#5H,0, 30 —



(LogKf) of an EDTA conplex; [0018] FIG 3 is a graph
showi ng rel ati ons anong Fe concentration in a Cu
plating l|ayer, electric resistivity and percentage
el ongation at fracture, in which (a) shows a relation
bet ween Fe concentration and el ongation(% at
fracture, and (b) shows a relation between electric
resistivity and elongation(% at fracture; [0019] FIG
4 is a graph showing a relation betwen Fe
50%n§&$8atli00ﬂ4ng'LDﬁEe,pl.&t—i IWg/L eOMgt DAn- Afg/Lt ¢feNa, 0.1 — 1.0g/L
t hi ckness of a plating |ayer according to the el apsed
imrersion time; 5 [0020] FIG 5 is a SEM m crograph of
of @, d dnt- £.0g0nplin and @6 er0. hygh oA BRI, 2t 0 -af0fiCt fov @S — 2.5 seconds.
(magni fication: 2000X); [0021] FIG 6 is a SEM
m cr ograph of inorganic conpound powder contained in
additives (magnification: 50X); [0022] FIG 7 is a
m crograph of the wound(taping-itself of wire) part of
a wre taken by an optical mcroscope (nmagnification:
BRAOXESCRIPPIGIN BFTHB DRAWINGSr ogr aph of the straight
part of a wire taken by an optical mcroscope
(magni fication: 200X); [0024] FIG 9 is a SEM
[001S]r oGhapdboot dspeipland | fo@utcdyefl tif pleswit! Bivention will be more
(magni fication: 1000X); [0025] FIG 10 is a SEM
m crograph of the plating layer of the wire No. 1
applreaghy teseabingreertdB08adiments of the present invention with reference to

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 elongation at fracture, in which (a) shows a
relation between Fe concentration and elongation(%) at fracture, and (b) shows a
relation between electric resistivity 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;



[0026] FIG 11 is a graph illustrating the eval uation
result of are stability of a wire at high current
300A; [0027] FIG 12 is a graph illustrating the
eval uation result of arc stability of a wre at |ow
current 150A; [0028] FIG 13 is a mcrograph of the
wound(taping-itself of wire) part of the 6 conparative
exanple wire No. 17 taken by an optical m croscope
éﬁnalgnifi cation: 500X); [0029] FIG 14 is a mcrograph
[0QRO} h &It pais oph S Eyh meicusraph eofc ongpric atoimpmuad popider womteined in
No. 24 taken by an optical mcroscope (nagnification:
200X); [0030] FIG 15 is a mcrograph of the
addifbign Gpesplieaiiont 2M0X)pf wire) part of the conparative
exanple wire No. 24 taken by an optical mcroscope
(magni fication: 500X); [0031] FIG 16 is a mcrograph
[002 1} hEl1GoGris @tV Inyicregs el obinovgani) cqmpdundfpowiler contained in
conparative exanple wire No. 30 taken by an optical
m croscope (magnification: 500X); [0032] FIG 17 is a
addgivap fmagdifisttioat 54%); 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
[00221paFiFi Vds exaivpdgeaphi of theN@ourititapinglieifoafr wieeht pakb0Aa 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
microscope (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 3004;

[0027] FIG. 12 is a graph illustrating the evaluation result of arc stability of a wire
at low current 150A4;

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



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 7

[0034] A preferred enbodi nent of the present invention

wi Il be described herein belowwth reference to the

acconpanyi ng drawi ngs. [0035] The inventors realized

that there were three objects to resolve for achieving

hi gh- speed copper plating: (1) Wen a 5.5Mmwire rod

undergoes drawing, the resulting wire of 1.4- 2.5nmin

di ameter for plating process has very rough surface;
confpayatiNg dexamphe wipr dwedFetakemdiyl an wptipdr hdwrowdps Wolagafication:

wet drawi ng and surface treatnent even after plating;

and (3) Alkali metals and al kaline earth nmetals should
500%9main in the plating layer. [0036] In order to

resol ve the above-described objects, the inventors

deci ded to go over each process carefully. [0037]
[0029]st F&F. H is,a misragraphoafithe stnagltrpatt| cfitharbdriipdriteverexamiple wire

surface of the wire for wuse in the plating process,

the inventors observed the steel-nmaking process and
No.p¥delesihyreay aptidalanitroscoe (eagniication: 1200X);i n a raw

mat eri al manufacturer, and exam ned the surface

before and after pickling which is performed to renove
[0030]l eFIG@N1S lie asmidragaph ofstheci@lndftapihfetsélN\ENYRE)SpAaGdE the

a research for mnimzing the roughness on the surface

by changing the wire drawi ng reduction rate of 6-12

contpantiks dxampledawi Ng. 2A0RRES byaa R@titdlemitroscope (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




nost significant influence on the characteristics of

the surface. However, we reached a conclusion that it

is very difficult to acconplish stable manufacturing

and control the wre surface at the sane tinme in a

hi gh-speed job. [00381 While we acknow edged that it

was difficult to get a perfectly snooth surface of a

wire for dry drawi ng and copper plating, and based on

the relati on between the roughness of the surface and
[0Q31H plAapiafieyredr opkodimert, ofibe diressol aventiarhwill bhdepdried igrein

adhesion properties are closely related to the bridge

phenonenon. As shown in FIG 1, the bridge phenonenon
belgw withuaferdne & the wecomipanglimgtdealviagbj ect for plating, in

which the plating precipitation rate of a protruded

edge portion is faster than the plating precipitation
[0036]e dbhe anveotocarcatizddothatdthate) were rthriee pbjotstth atsobager achieving

portions are connected to each other |ike a bridge.

In this case, a non-plated space is fornmed between the
higlbspded ropsu plating: and the plating | ayer, and as a way of

checki ng pl ati ng adhesive strength (or adhesiveness)

inafinal wire product, a taping-itself of wire test

JI'S HBBOWhéeMathidm wire rad adérgoest @aividg) thewkdtihg Gvire of 1.4-

coatings) is carried out. Then, the bridged portion is

split and the plating is fallen off. This fallen
2.5phahidign@evideplatifg peee¥thatas rongh defatdle wel ding tip

and therefore, the tip is getting clogged and feedi ng

| oads inside a welding cable are increased,

det er {)r Atidifigndl HaBRLEs fieptd B RefAEdRAEE as IvdtO830ng and

Thi s bridge phenonenon gets worse especially in a

pl ati ng solution of high concentration. As copper

surft A @&t eveln Whidrglatindf aiel di ng are sold at relatively
| ow pri ces,

(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 carefully.
[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 manufacturer, 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 the



in order to obtain a great amount of plating
attachnment within a short period of tine, a
hi gh-concentration plating solution is nore
advant ageous than a copper sulfate plating solution
of | ow concentration froma viewpoi nt of manufacturing
cost and productivity although the bridge problem
needs to be resol ved. [0040] After the intensive study
in a nmethod for overcom ng the bridge phenonenon that
mogfesigniBeapk pdlugpceon e gharasterstiog of heesuglaes. njowhreer, we reached a
hi gh- speed plating process, the inventors have
di scovered that the bridge phenonmenon is closely
conglsignehatiib is very ditichlide acenmaplish steble menpfactuiing and control the
solution and the Cu precipitation rate. [0041] That
_is, the surface tension of the plating solution should
wirg gurfaggat thesawie tintedn aregtesieh@ jqbl. at i ng sol uti on
penetrate into recessed portions of the wire within a
short anount of tinme, and brings the plating
[0Q&8)ci pyhiket wenackeawiddged dhatt ihewasedefiadt tp@et iaopafectlpt smooth
the sane tine, it could set up an optimal condition of
the plating solution conposition to delay the Cu
surfpteadl aginprfecdnyi dravingrand coppee piating, poirissahon fHRAERY ok béween
1 is a SEM (Scanni ng El ectron M croscope) m crograph
of the bridge phenonenon occurred on the bottom
the sorghaes offthe berfaverand ahel platiag praertivg, vaydiscodtted figt tteplating
10 hi gh-speed copper plating process (magnification:
1000X). In the picture, a recessed portion on the
adhesiof propertichate dlsselyarddtatto fhe bidge phéhotenon- A gHcdeh in FIG. 1,
portion, and a plating |layer connecting edge portions
(this is the bridge phenonenon) is forned thereon.
the bA@4Sphetioarnot ¥s fondW AGetdrally defitedWabjedl MpIdindNth which the
surface treatnent processes are

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
each 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.



carried out after the plating process, we expected the
pl ating | ayer woul d be damaged by the surface
processi ng. After studying the processing degree and
the shape of the plating |ayer before and after
processing, we realized that the thickness of the
plating |ayer should be at |east greater than a
certain value for snooth wire drawing. That is to
s%¥, we were not to sinply reduce the surface tension
[0Q39) hdhin bridasphsaemenasreeshwomssespasiallytine ating solution of high
precipitation on the edge portion, but to nake the
plating thickness equal to or greater than 0.2~tmin
congeriestion o A§ipppen Platerbsalid wiresdfor welding ate noldwt tdlatively low prices,
excellent arc stability wthout damages on the
. plating layer in the post process. [0044] Thirdly,
in oxderie Wit & etkebamouyt ofplating dttaphioegdvithin ershar gierigd of time, a
adhesion, to attain excellent arc stability, alkal
nmetal s and al kaline earth netals should remain in the
higlykendenigaticayplating] spluiiesis Rartcadvaitagedus e dNcoppér 21857 glating
di scl osed a nethod for adhering sone of alkal
metallic salts to the surface of a wire and perform ng
soluiioneadllowgoncddrfiton fmat & viewipoint wé manufaeturiag kasti andairedigtivity
exi st on the surface of a wre as alkali netal 11
oxi des, substitution reaction does not occur actively
althbuglt the bpldge¢ prodleor nexds &g b feasletd, deteriorating pl ating
adhesi on. [0045] Therefore, our research has focused
on a nethod that an alkali netal (Na) and al kaline
[0040]t h Afiet athe (ivbpsivea)stebn inewantettiod tfhe Grdondhg Nthe bridge
| ayer for substitution plating. As a result thereof,
we coul d set an appropriate |evel of the concentration
phendméren thangets evdie opl arbuplh eikuiiface dash Rt higRispbdd flating
i ons having greater ionization tendency

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



than Cu ion remained in the plating solution. [0046]
As described bel ow, alkali nmetals and al kaline earth
netals on the left side have greater ionization
tendency than others netals on the right side: [0047]
Cs>Rb>K>Na>Ba>Ce> ... Ca>My>Al >Mh>Zn>Cr >Fe>Co>Cu>Au. . .
[0048] To forma conplex selectively with Cu,
EDTA(Et hyl ene Dianmine Tetra Acetic acid) was used as
~an additive as shown in FIG 2. EDTA is an organic
higlsapred nopper Mg pYeesdmaghifisetig: 00PF).nde itenpigewe rediaegssed
on pH range varies by netallic ions. For instance,
EDTA forrns a stable conplex with al kaline earth
portien e thelsyriaged th@hisi @ hkeck portian ink ked-platepgetidigaind g ppiting layer
or greater, whereas forns a stable conplex wth Cu ion
in a range having pH 4 or lower. Al so, EDTA forns a
cong¢chingedgopptions (Hhis ks the biidge phenamendn) tiefommed titeeconange
having pH 5. 12 [0049] Since the copper sulfate
plating solution is kept in a range having pH 4 or
[0048)er Setcndly, koowmgtthet thowtt divevirgearcionmpiaextredtinentGrrotesses are
i.e., Cu-EDTA conplex, but forns an unstabl e conpl ex
with Fe ion. [0050] Then, as shown in the reduction
carrigiuatt afiersthé plating ptdeesss vargpected thel phiting leyepabveldtbealamaged by
(EOQ from0.339V where the Cuion is precipitated into
Cu netal is lowered to -0. 1 19V where the Cu- EDTA
the gorfipdecprost3ing. | A fier stidpinigathe corotestig degredednd theTdhape of the
is, the reducing power is increased higher than that
of the Cu ion state. Thus, a rapid reduction occurs
platifgolapet Bdfigrei @6 dfienprdcassify vee fedlizddthachignhieknesSiofi€ige plating
al kali metals and

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



al kaline earth netals that hardly fornmed a conpl ex

wi th EDTA al so have the standard reduction potenti al

| oner than Cu-EDTA, Cu is precipitated and Na, My and

Ca are also partially reduced and precipitated around

the grain boundaries of Cu plating at the sane tine.

Cu2+ + 2e- = Cu(s)F - 0.339(V) Cu (Ethylene diam ne)2+

+ e- = Cu(s) + 2 Ethylene diam neEO = -0. 1 19(V) Ca~+

+ 2e- C&E) E =-2.868(V) M+ + 2e-My(sS)EO = -2.360(V)
oxiqlgg, sybsiitutionnggpetjonEdoesonot 10pey adtdvel0 @5 the platingtriroesss, thereby

al though Fe ion in the plating solution forns an

unstabl e conplex with EDTA part of ions that forned
detﬁ@rﬂmlﬁmﬁﬁrgg%lm-e reduced and precipitated with Cu

in the plating layer. The increase in Fe in the

| ating layer not only hardens the plating |ayer but

[0(&5510 iThereéus.cenr geseatchi lmsriesised ancemettodribityarcallssli muptar(Na)

unstabl e arc during welding. [0052] Therefore, the

i nventors could manufacture a copper plating solid
andvdlkadingjieatth nestade (MenCapcan satin fin the Gaphating daygo dok substitution

pl ati ng adhesion by setting the plating solution to

be able to optimally manage the Fe concentration for
platger Vs mresplt dtererd, wel badd eet anrappropeiatedteddiof tHeycoasentmtibn of Fe

as for precipitating the alkali netal (Na) and the

al kaline earth nmetals (M, Ca) together with Cu in
iong frethp! platingysdlaty@r, .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>Zn>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 ions
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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[0053] The following will now describe set-up
conditions for an optinmal plating solution, roles of
i ndi vidual additives, and reasons for limting the
contents of Fe, alkali netal (Na) and al kaline earth
metals (Mg, Ca) in the surface |layer. [0054] [ CGeneral
conditions for plating solution] [0055] The basic
conmposition of the plating solution adopts the
hi gh-speed copper plating condition, that is, copper
[Omg]f afence thxscrpiep o)l fata platisg gobion iskem immkengphaving pH 4 or
solution, and to supply the plating solution
conti nuously a sol ution whose concentration 14 is
lowgr, DT A iforess the glost stallagomplexcueitic Entiomtiieq CueEDTAecdmasiex;, but
conposition was used as a replenishing solution.
[ 0056] The tenperature of the plating solution was set
forheivamstabbdcdhplexd wi@e.iodo keep this tenperature
range, an indirect heating by steamor a directing
heating by an electric heater may be utilized. The
[005D] oFhay dsasiioenl insthewsdidiwnbagiationsobglow] theostaafard trdduction
copper sulfate plating solution. [0057] [Table 11
It enCuSO4* 5H20H2SO4Tenper at ure Conposi tion
potemiaDEPP o001 9B haRaht 89100 M preEpnaed iita Guanetal isFéwered to
ions in plating solution: 10-40g/L) [00581 The Fe ion
is an optimal elenment for controlling the Cu

-0.1ppeoilitre el QPEDIRasEEplek btaltds pARipNa¥RSH (R0 me]. That is, the
radius and simlar properties as Cu, and has a role of

reducing power is increased 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°=-0.1 19(V)

Ca®* + 2e- = Ca(s) E” =-2.868(V)
Mg?* + 2e- = Mg(s) E® = -2.360(V)
Na" + - = Na(s) E%=-2.714(V)
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i ncreasing the hardness of the plating |ayer (copper

plating layer in this case) and controlling a

reaction of Cu precipitation at the sane tine.

However, if there are too nuch Fe ions in the plating

| ayer, it decreases the electric conductivity of Cu

and causes an unstable are 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
[00%lJer Mesawhilps althmigh| Fy ibmvier the hplatingysolutien efoonsg sani onstable

and at 15 the sane tine increases the electric

resistivity of the Cu plating |layer to resultantly
compigwe withhEDdAe grarti of tams cdthatt formeg HeHEPEAS corhpletame reduced and

words, although it is better to have |less anount of

Fe in the plating |ayer froma viewoint of the
. pregpisated with€onid ikt plaiing layetiohe\irergasefin Faé theplatingddyeFeaot only

is low, the plating |ayer is not hardened and feedi ng

resi stance of the solid wire for welding is increased.
hardeni sthe plating 1dyer bonkbotinofeades dlectric hresiphak] gerétay equsing an

shoul d be nanaged carefully. [0060] Moreover, as shown

in [Table 2] and FIG 4, as Fe ions existing in the
unsfabitarodursig welding, | ncr ease, the adhesi on anmount of

pl ating drops noticeably. [0061] If the concentration

of Fe ions is less than 10g/L, the precipitation rate
[0052]Cu Therefure ahe snvehwiptanld Mahufabrdi icolgier pheng ¥R Wire with

gets severe during the plating precipitation process.

In addition, if the concentration of Fe ions is
excelien@ b stibiley bhe@ én gosthplating BéheslohebyPRBEDSthE PldiKgRoRition to

plati ng tank at high speed, the m ninmum pl ating

thi ckness, 0.2m required for the post process such as

be dbleton@itintl BWhihg theSFé Edteentration 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
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treatnment process is not acquired. If the plating is
thinner than 0.2m the bottom surface |ayer is
exposed by the post process and this has an adverse
i nfl uence 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. 16
Therefore, the concentration of Fe ions in the plating
is sHRutimmenhighemptheh éhalbbycentrationr afh e lofsic ddnpBgion. wh006d] as a
As for replenishing Fe ions, one of industrially used
(FcS04e7H20), FeCl2, and Fe(OH)2 may be added, or Fe
replesishingpolstien. may be di ssolved in sulfuric acid and
added | ater. However, since the anions conbined with
Fe ions increase viscosity of the plating solution
[00B6G] ddhertimpeaitaret dfehs platiag eolutios ivas settbewdearS0°Wayd 56°C. To
to dissolve Fe netal powder in sulfuric acid and add
it later. In case of adding iron chloride (FeCl2), its
keepnhig némperaturnidnge] dayinthect tegtingbestenianger difating hestitlg by an
based on the concentration of chloride ion.
Meanwhi l e, iron hydroxide Fe(OH) 2 is not recommended
eledttié hedterSmRE Be hutilizéde 8-'171&@fdl\l'oiizdﬂn%| bieul kkovacind Yakictdagposition of
pl ating solution and | owers pH [0063] [Table 2]
Concentration of Fe ions in plating solution,
the COPTRF Suleie plafiBg seti@iige in  plating |layer thickness
(thickness: ~Lm concentration: g/L, time: sec)
0510203040506070 1

[ooER. §R£128P. 200. 170. 150. 130. 110. 090. 03

Item CuSQO,e5H,0 H,504 Temperature

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

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

[0058] The Fe ion 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,

[00O59] 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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2sec0. 510. 450. 400. 370. 320. 260. 230. 110. 06
3sec0. 800. 690. 600. 570. 520. 380. 320. 210. 10
4secl. 020. 840. 800. 720. 680. 540. 410. 320. 20 17 5sec 1.28
1.13 1.01 0.93 0.85 0.65 0.56 0.42 0.31 [Concentration
of alkali element (Na) in plating solution:
0.1-1.Cg/ L] [0064] The alkali nmetal sodium (Na) is a
nmetal of high ionization tendency and therefore, it
is easily ionized by welding current during welding
the gamedige lingreases theetldétrig regigsrvityr ofathe Cu Bgpingi laydrytp resultantly
i ncreases the droplet transfer rate and contributes to
the decrease of spatter. [0065] If the concentration
lowgf theeldotric srmdpétatiiyrthersef. ulniatireriveortis sitheughnit 3. Hettey o, have less
which is
amount of Fe in the plating layer from a viewpoint of the electric conductivity.
However, if the amount of Fe is low, the plating layer is not hardened and feeding
resistance of the solid wire for welding is increased. This is why the content of Fe in
the plating layer should be managed carefully.
[0060] Moreover, 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, 0.2pum, 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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extremely lowin the plating |layer, Na cannot 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 nmuch in

the plating layer, an unstable arc is resulted. Al so,

the plating precipitation rate by the anount of

anions and the anpbunt of Na+ ions is decreased and

this resultantly disturbs high-speed plating. Thus, a
Thegeferee tuttoncendnatien of Fe idme i theqéatingzsoludion 6§ prferatdp $n a range of

the plating solution is between 0.1 g/L and 1.0g/L.

[0066] As for the addition of alkali metal Na, one of
10-4@ZCAHACS, Na2C2O4, NaCll, Na2S204, NaHSO4, Na2CGs,

and KNaC4H4O 4H2O, or a m xture thereof can be used

according to Na conversion value. [0067]
[0G62])n c &stfortdpbemishingaF & alnis nenceelt inbustidll used (FeS@JeaHi@Y FeCl,,

solution: 0.1-1.0g/L] 18 [0068] Al kaline earth netal

calcium (Ca) inproves arc stability in the arc
andtiegOH)emay pbaddeik oo Fe dustalngwilet diagde dissonmet és suldhth Mgd and

transfer by | ow ionization energy, increases the

short circuit frequency of arc during welding, and
addedthiere Hesatet, @ince ki drfiéhs dohibinedOwisloF &l idne incrédk &isemRipNst the

Fe ions control the precipitation of Cu. Calciumis

also partially precipitated between copper netal
platiny dutlonsnd idteribeate ftiraarthtRNGos, thé BEIRAgHNRSEIsole Fd@etal

plating layer. [0069] If the concentration of Ca in

the plating solution is less than 0.1 g/L, which is
powdetl al isii@lic h@W anfl ddaeit pAtad, iTAEab YL ﬁddih% ifoANeéride (FeCly), its

contribute to are stability. On the other hand, if

the concentration of Ca in the plating solution is

am@head initedaly theOBghlatddl FAnk@rthitOis 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 0.45 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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the effect of Fe ions, the precipitation rate of Cuis
controlled and the plating layer of 0.2min thickness
cannot be obtained. In effect, if the anbunt 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 solutionis

5setn @l.p&ngel.bet weeol 0. oot anolgs. Pobs [ 0POFO] PKs.4bor | 0.31
thel additj on of| the a kaline earth metal Ca, pne of

I norgani ¢ conpounds | ncl ud A, CaClZ, and

Co Q@énqgt&q PAIAY] Hbtkht 1§f€ﬁ &%ﬁo?te Ysefg/rpccor di ng
[ to t é cgncentratloéﬁg'nég 6;1 1109 @% The pl ati ng
solution. 19 [0071] [Concentration of alkallne earth

[Odgiﬂal THE alhii l{ﬁl@fal t@%}iﬁ%ﬁ\?e@ qﬁi:agﬁle&} of I i‘clmzaﬂtgg %gtldency and

al ine eart y reactive
contributes to deoxidization and arc stability.

DNl ok OB D T (e 055 B St eing
main role is to inprove are stability by remaining |n

rrkffe R ik RRES I b ERGE P A o
very srml | in the plating layer, it cannot contribute

a bility. On the other hand, if the
mm%%ﬁ%@ﬁ?%&%lon of My in the plating solution is greater

than I Og/L, My, together with Fe ions, disturbs the
cipitation of nd it kesdffl uIt to ain. . .
(00" PLibf b Ragion 5pPhinly p RN eufid Lol fL S Whicn i

for t he sane anount of inner5|on tinme. [0074] Thus, a
%r Loablln the pfa%tqtg rlg}tléroﬂla {nrc]:r\C.:taQee tIPe groppeg t?a%ls e}' rgtg 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 NayC4H4Og, NayCr0O4, NaCl,
NazS;04, NaHSO4, Na,COs, and KNaCsH;0-4H,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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between 1.0g/L and 1 Qy/L, according to the My
conversion value. [0075] As for the addition of the
al kaline earth metal My, one of inorganic conpounds
i ncludi ng MpS™, MCl2, MgS04- 7H2O, and MyCl2- 6H20 or
a mxture thereof can be used. [0076] [Concentration
of C1L in plating solution: 1.0-5.0g/LI 20 [0077]
Chloride ion in the plating solution reduces viscosity
of the plating solution and |owers the surface
[0Q68]si dikdlinereash midtalocaldivmdCap snprosesearctstability ipltit anogransfer
layer. In general, the concentration of Cl in the
plating solution ranges from1.0g/L to 5.0g/L. [0078]
phehémeie doricg vealding,0 proniotesh vetditke tdansfer by loke iqliaition genergy,
solution is less than 1.0g/L, the effect of surface
tension i s weakened and the conpactness of plating is
incidedes theostmttedrcuitviteguedy dfrard Hivdme eeidings an@ véthiked gatter. Qn the
the other hand, if the concentration of chloride ions
in the plating solution is greater than 5.09/L,
plating $cleteor, eakivem and FeHenptaittoh thespletipitation bSCueakehied is also
while the brilliance is enhanced. However, a very
smal | amount of Cl ions remaining on the wire surface
part@AlBN RtdipitateDi B@wbdi Ocipbert NBetal NGbREuIdNdand increases fineness
neutralization processes after plating grows rusty on
a final wire product. [0079] Thus, a preferable
(coraPRERRLy FHithOplath Q%Sions in the platlng sol ution
ranges between % /L and 5.0g/L. [0080] As for the
addition of d ion, one of NaC , Epichorohydrin

[00(6%1 mance&uatlmmm%é ﬁa@gmﬁ@&aﬁqessm 1g/M%hich is
, CUC1l2, FeCl2, or a m xt

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 precipitation rate of Cu is controlled and the plating layer of
0.2pum 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,, CaCl,, 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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t hereof 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 21 aforenentioned, in consideration
of the concentrations of alkali netal, alkaline earth
nmetals and Fe ions that also exist in the plating
sol uti on. [0081] [Concent ration of EDTA in plating
solution: 0.01- 00821 EDTA is an additive,
[00#tlch [Q?ref@nw@np-‘rf@&agn@ aarfrometst M) iR alatingwetionind0-10g/L]
al kaline earth netal s and reduces surface tension of
the plating sol ution. 00831}' If the concentration of
[0072]A iAdkaline eprthmista) Mslivhigbly teactivesand ¢nntritputeslty/deoxidization
cannot effectively reduce surface tension on the
bottom surface of wires in the plating solution, and
andt gre stahibityof Adthomglr AViEo tegsttieo rvidhy Fentpns,h eorgrols tlie precipitation
reaction is lowered. As a result of this, the
reduction reaction of the alkali netal (Na) and the
reaciiokaifiGvetogmedriain erdent) s (vl roBals taimproot ascgahibtydiyedmaining
[0084] On the other hand, if the concentration of EDTA
in the plating solution is greater than 0. 1 g/L, the
in thegplatnglay@u- EDTA is i ncreased and therefore, the
precipitation rate of Cu is increased sharply, which
in turn lowers the conpactness of plating. In
[00a8]i t ifthe cirtcentrateasfMg &l the iplating sblatigeisdassuban [.0®iLewhich is
t han necessary) of alkali netal (Na) and al kaline
earth netals (My, Ca) to remain in the plating |ayer.
very smalbinsthe phtiag layar, Gt cadheibdontribyateliorare gabilitydi O tHesother hand, if
deteriorated. 22

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 solution 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,4, MgCly, MgSO47H,0, and MgCly'6H,0 or a mixture
thereof can be used.

[0076] [Concentration of Cl in plating solution: 1.0-5.0g/L]
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[0085] Thus, a preferable concentration of EDTA in the
pl ati ng solution ranges between 0.01g/L and 0. 1 g/L.
[ 0086] For the present invention, EDTA may be added
exclusively, or EDTA salts containing Ca, Na or My
can be used al so. In such case, the content of Ca, Na
or MJ should be determned carefully in consideration
of EDTA. If a desirable concentration of EDTA is not
obt ai ned, nore EDTA is added i ndependently. [0087]
[0G7%)di Chbwidsfiomduihei plaing] ©DBBI rAducasl distosily dfithe phtingsolution
the specification refers collectively to
EDTA+Fe+Mg+Ca+Na. [0089] Al t hough additives can be
andalddecs thedurfackutenbipn thédresf. | Alsopit gasyluster natmegplatifig diven In
vi ewpoi nt of the plating solution managenent.
Therefore, in the present invention, an additive was
genpiak iz exhcemtration wf 61 irstheipldting eolution emgesiRomtli. ol e S0pA..
concentrations of additives and their contents. FIG 5
is a SEM m crograph of organic conpound powder
[00R8]ai hitttle torrniratibintd\caRride idmiin @k platirtdwlutiontisiteds thand.0g/L,
FIG 6 is a SEMm crograph of inorganic conmpound
powder in pellet obtained fromadditives contained in
the tffect Wi xR tendheis twheak@dd iahil Vi dotnREBRSY &bl aR1RAE db@lirated,
it becones easier to 23 input the additive or manage
the concentration of the additive during the nake-up
wheedybriltiabeie pdraewish dg Oh thetheY Rnk N tisePédncé:Rhtioh @9 8Mlbride
In view of the three problens to be solved in
hi gh- speed copper plating, the
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 5.0g/L.

[0080] As for the addition of ClI ion, one of NaCl, Epicliorohydrin (C3HsOCI), 1-
Chloro-2,3-epoxypropane, NaOCl, MgCl, CaCl,, CuCl, CuCl;, FeCl,, 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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i nventors set the conditions for an optiml copper

pl ating solution as suggested in Table 3, and
acconpl i shed a copper plating solid wire with

excel lent feedability and arc stability. [0091]

[ Table 3] Plating solution conposition conditions and
effects thereof Plating Content of Alkali + Thickness
of Plating Itensolution elenents in plating al kaline
earth Cu. plating adhesi on conpositionlayer (ppn netal

aforepisnjidrede in Comgidarativgeot el Jobeerityti @as NG Mirellandtal, alkaline earth
CuSOM4- 5H20200- 300100- 100010- 5000. 2- 1. Oexcel | ent
H2SO430- 50 Fel1040

metals and Fe ions that also exist in the plating solution.

[0081] [Concentration of EDTA in plating solution: 0.01-0.1g/L]

[0082] EbTA is an additive, which aids the precipitation of alkali metal and
alkaline earth metals and reduces surface tension of the plating solution.

[0083] If the concentration of EDTA in the plating solution is less than 0.01g/L, 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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Myl. 0-10 Na0O.1-1.0 Ca0.1-1.0 C11.0-5.0 EDTAO0.01-0.1 24

[0092] If copper plating is conducted under the
condi tions suggested in the above Table 3, it becones
possi ble to provide a copper plating solid wire which
neets the objects of the present invention as well as
all of the followng conditions. 1) Cu plating |ayer
has a thickness of 0.2-1.0m 2) Content of
m croel ements in the Cu plating | ayer:

[0085]\Vy Thas; Na pldderabit 0@dpprizatian bfFDTAninethe plbtieg kalbtion ranges
nmetal and al kaline earth netals in the Cu plating
| ayer: My+Ca+Na=10-500ppm [ 0093] [ Chem cal conponents

betwtenvd. 0 /L p6DO4p/IThe chem cal conponent of the copper
plating solid wire for welding is preferably a steel
wire defined in JI'S Z3312 which defines the

[0086ipoFbi therpredent iwesticag EDTA freny bEhwlded kk ciwsingy véd EDTIAVEalts
descri be the reasons for adding its conmponents and
limting the conposition. [0095] [Content of C

confhidlhg CalMatdHdMg 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]

[0O88] An additive throughout the specification refers collectively to
EDTA+Fe+tMgt+Cat+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
compound 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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[0096] Carbon is an essential elenent for achieving
deoxi di zation and strength of welded netal. If the
content of carbon is Iess than 0.01 % it cannot
fully influence on deoxidization and strength. On the
other hand, if the content of carbon is greater than
25 0. 1 OM% high-tenperature crack is easily forned
in the welded netal. Thus, a preferable content of
. carbon is in a range between 0.0 1 wt% and 0. 1 Om %
inppiobe #difige ar managsfthGicon@n@ation0vit 94 afdidasludig the reake-up bath
additive used as a deoxi di zerof the wel ded netal .
However,ifthe content of Si is |less than 0.30wm %
anddeplrpisihizg of the plaingsolutiohl y carried out and therefore a
pit or a blowhole may be fornmed in the wel ded netal.
On the other hand, if the content of Si is greater
[0090QIn [n Gatof the tighapoblents thibe sobileddn hight speed sopper plating, the
deteriorated. Thus, a preferable content of Si is in
a range between 0.3wm % and |.Onm % [0099] [ Content of
invévitors GetAth& cénti tidns[fOOAOGtind] coppeapiamigdisbiutien us abpksted in Table
achi evi ng deoxi di zati on and strength of the wel ded
metal. If the content of Mhis less than 0. 7wt % the
3, amdt adcoinplisiatd S tcoppry ainggolidaivirr with exicellenatfecdabilin and arc
the other hand, if the content of Mh is greater than
2.0nmtl/0, a lowtenpcraturc crack may easily be
stabfilityred in the wel ded netal. Thus, a preferable
content of Mhis in a range between 0. 7wt % and 2. Om %
Pis an

[00101] [Content of P:0.001-0.030w % [00102]

[oO%EJenTadle & ement for facilitating droplet transfer of
awre end for

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 (¢m)
range (g/L) Fet+Mpg+CatNa Mg+Ca+Na
CuSO4SH,O 200-300 100-1000 10-500 0.2-1,0 excellent
H,SC, 30-50
Fe 10-40
Mg 1.0-10
Na 0.1-1.0
Ca 0.1-1.0
Cl 1.0-5.0
EDTA 0.01-0.1
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wel di ng. However, if the content of P is less than

0.001wt % its effect is not sufficient. 26 On the

other hand, if the content of P is greater than

0.030wt % a high-tenperature crack nay easily be

formed in the welded netal. Thus, a preferable content

of Pis in a range between 0.001w % and 0. 030wt %

[001031 [Content of S: 0.001-0.030wm% [00104] Simlar

to P, Sis an essential element for facilitating
[0Q82)| &f cenpsnplating o cendualed aindeiithe sonditibts suggestodvizy Ere, above

if the content of Sis less than 0.001w% its effect

is not sufficient. On the other hand, if the content
Tahd¢ 3sitj becgmesipessitilt am pervidOatcodppear Hatgle sdlidnwire athicle meets the

crack may easily be formed in the welded netal. Thus,

a preferable content of Sis in a range between
objert0athe prcaerd iedBomedtvell 0041061 thE Gsliiveng cafditions.

Cu: 0.01-0.50m 94 [00106] Cu. is an elenent that nakes

the wire conductive and provides strength to the

wel ded) nEt platingiayeniedrs,a thickhdye ofOntledimof Cu is | ess

than 0.01wt % it is not possible to get sufficient

conductivity and strength. On the other hand, if the

cont eR) ©éntént.ofinsicroglemngrintthaCu(lathist Yyera Fe+Mg+Ca+Na=100-

hi gh-tenperature crack may easily be forned in the

wel ded netal. Thus, a preferable content of Cuis in

a range H@0pganard A wt % and 0. 50wt % 27 [00107]

Al though Cu may exist in the plating | ayer on the

surface of the wire or be enployed inside the steel

wire, 3)Cu rCartete lof blkali mpstavmdtienline Rede biewild ¥ 86 Guhating layer:

wire,

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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shoul d be put into the plating | ayer on the surface of
the wire by 0.01-0.50wt % [00108] [Renuminder: Fe and
inevitable inpurities] [00109] Inevitable inpurities
include N, My, Ca, V, Se, Co, Zn, Sn, Te, Sr, Y, W
Pb, etc. To achieve the objects of the present
i nvention, the content of each of the inpurities
shoul d be less than 0.05wm % and a total content
t hereof should be less than 0.50wm % If the content
0.104t% abighitempperatuye icsachr satagily t foaned .if) Fhe Hyeldedc metal. Thus, a
stability is deteriorated or crack sensitivity is
i ncreased. Thus, a preferable content of each
prefergblly ¢dnyent 81 taeben ishimn réhgd Detviden Oaavt¥emd O 1oatyd). 50w %
in total. [00110] [ her additives, Content of N :
0.01-1.0Mm% [00111] N is an additive used for
[0097]r oYCaigett@fSi:@npenatu]e t oughness of the wel ded
metal . However, if the content of NN is less than
0.0lwm % the |lowtenperature toughness is not nuch
[0098]r 0%Eth anQidithe e as aiRbLididef of he wddddembtaDf HOwel &, if the
greater than |.OMm % a high-tenperature crack nay
easily be fornmed in the welded netal, and plating
confeANEBS0N 1658 Yhade). S84, | debRiki etk [si v flﬂl}aéah‘ﬂ@i oukiMa athe%efore a
pr ef erabl e cont ent of Nl is in a range between O.
wt%and |.Om % 28 [00112] [Content of Cr:
pit &' DBloRheRWAH bd RPhédIn fkiviel@d B6thi. VEn ft}i%rothémfaﬁﬁ' ifehe dd@tent
strength of ‘the wel ded netal. Howeverif he cont ent
of Cr is less than 0.01wt% its effect |s not
of $ia5 igpdaBG tRAY 1. OQCE%t hGuoRhERT oA %eldédfmtatlﬂlsisc&ﬁ‘érﬁﬂﬁte@f THus, a
is greater than 0.50wt % elongation of the welded
metal is |owered,

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%]

[DO102] 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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pl ati ng adhesion is deteriorated during the plating

process, and renmaining G deteriorates electric

conductivity of the plating layer. Thus, a preferable

content of & is in a range between 0.01lwt O o and

0.50m O o. [00114] [Content of Mod: 0.01-0.50wm %

[001151 Mo is effective for inproving |owtenperature

t oughness and strength of the welded netal. However,

if the content of Mo is less than 0.01w% its effect
Onjthe pther haiy;iibds: cadtent nd Bihercateartichn 0.03@wid%6,co highriempérature

M is greater than 0.50m % a high- tenperature crack

may easily be formed in the welded netal, plating
crackdiney egsilyibs fooetdeinithe wekldd dastaln Thuben peferdbhgcprate$ ®,is in a

and remaining Mo deteriorates electric conductivity

of the plating |layer. Thus, a preferable content of M
rangesbdtwean §.60kyet%batd@e30wt@.A wt % and 0. 50m % [ 00116]

[Content of Al: 0.01-0.50wm% 29 [00117] Al is

effective for deoxidization of the welded netal and
[COX03] [Cohaadf St 000ROIGOWIHpWwever, if the content of Al

is less than 0.01w % the deoxidization reaction is

not strong enough and therefore, it becones inpossible
[00104{dBiislartther, T i gysetial @entnt FoBikilitatthgb@aglet Pandtéicof a

ot her hand, if the content of Al is greater than

0.50m % a high-tenperature crack may easily be forned
wiré Bnd ftg wadlidgd Hostextbs, ifPthetcon@nt SUS Sle®thiali ORI §A960TItabEELt is

during the plating process, and remaining A

deteriorates electric conductivity of the plating

not k@ffRfent. TOHShe athef R afthe c6mBAITS Rfgréiterd thahk 0.030%WRAILhigh-
temperature crack may easily be formed in the welded metal. Thus, a preferable content
of S is in a range between 0.001wt% and 0.030wt%.

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

[00106] Cu is 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 not 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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bet ween 0. 01wt % and 0.50m % [00118] [Content of Ti +Zr:
0.01-0.30m % [00119] Ti and Zr aid deoxidization of
the wel ded netal and reduces wel ding spatter. If
desired, Ti can be added alone. If the content of Ti
and Zr is less than 0.01w % the effect of spatter
reduction is not satisfactory and the deoxidi zation
reaction is not strong enough. On the other hand, if
the content of Ti and Zr is greater than 0.30wm % a
[oOEQ} Althopgr Ghunsy existdl thaylatas ldyyr be tHeosurfade bfithisheire or be
wel ded netal. Thus, a preferable content of Ti and Zr
is in a range between 0.01wt % and 0. 30wt % [00120]
empldddhiadidefth@gfeelsivirs, inesidef @ inppraté fig taaactviBOof B :¥itd, Cu
The nost typical nethod of adhesion test anong ot her
plating qualities is JIS H8504 (Methods of adhesion
shotildHe fubintorBicldting 1832 bh figSIurfaddI6f B Wiy 0MAY-0i58wd%.
taping- itself of wire test. In detail, when a wire is
wound several tinmes around a hand reel axis or the
[00108] [R&RkihderOPCaiEinkAtBRSIBIHGALBFI N an opti cal
m croscope whether the plating Ilayer formed on the
surface of the wire is cracked or peeled off. The
[OCLOFN GRNithhe irﬁ%ﬁ{ﬁe@ anlﬁdm@,sﬂ/l‘gec&,t\?,%%?bb 24, ST Vi ¢, W, Pb,
i's, the ess the crack or peéling off of the plating
| ayer occurs. This is inportant because it is
etc.di TEGlchi%vé §h@loBfbclsOotVie pflGH ol Eition; thORdRHht of each of the
[Quantitative determnation of mcroelenments in
plating layer] [00IL23] [Preparation nethod of
impRBAkd %uﬂéjfebéjﬂlaﬁfo.@vﬂ%, R84 hay&Tl ordtQR theédf TBEId be less than
peel i ng solution of the plating |ayer was prepared by
di ssol ving 25g of

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 0.1wt% and 1.0wt%.
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CC13CO0H into 300m of amonia (NH40H) in a flask and
pouring distilled water in the flask up to I 000m .
[00125] [Sanple pretreatnment for anal ysis of
m croelements in plating layer] [00126] About 25g of
awre was cut to 2-5cmand put in a 250m beaker
containing CCl4 or ethyl alcohol (CH3CH20H). The
m xture was then put in an ultrasonic washer, which
erfornms renoval of fat (grease), for 10 mi nutes and
[0G612] [Content of CaediDh.5OMt%And anti corrosive oil
attached to the surface of the wire were conpletely
renoved. After 31 the wire is conpletely washed, it
[00kk3)o G i3 effectize doryimpreving thel@fehGihf afithd & etded mbegal. (bdwéver, if
the surface of the wire is conpletely dried. Then, the
wWire was placed in a desiccator and cooled to room
the tentparatrie lesf G071 witbd, Stsedieticd not satisfamorveOghke othey hand,
to four decinmal points using a balance, and placed in
a 250m beaker. Then, 25m of the plating peeling
if theodontenoof G greateratian DS0et%heobgaioarof thf Welded aieeil i@wered,
the beaker with a glass dish |like watch cover, the
reacti on was conti nued at roomtenperature for 20
platifighutdBésion] 00 138¢rictAtettl dutigs that slating heopdsalt iald R@elining Cr
solution was poured into a different beaker, and the
wire was washed under flowi ng clean water. The wire
detopdates@Tedts € Goriducti @ity thabrahg laye S HBI2 O phef@itsle dbhtest dfTr is
a dry oven of 105 C for 10 mnutes. Later, it was
pl aced in a desiccator and cool ed to roomtenperature.
in a FhgpedROl & 000 Iva%@s 0.9@ighed again (W), and the
di fference between the first weight (W) and the
second

[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: 0.01-0.50wt%]
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wei ght (W2) was set as the weight of plating. [00lL29]
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 200-3000C until the anount of
the solution is reduced to 5n. Then, it was m xed
wth 5m of nitric acid (14N03) and | m  of
hydrochloric acid (HCl) and heated on a hot plate for

Lhute to.dissolve sol uble 32 conponents therein.
W‘*%E’ﬂﬁ% irefegtive doyorenxidigatiogopd thenpeldsd ypetal Trd wylding bead
dish and the inner wall of the beaker were cl eansed
with distilled water, while the m xture was ut into
forationy o Hovrqvan KIf 4he cantsrt pf &d indessr thaa 0.Qbwi¥e dthe ispsidization
up to I 00m to be used as the sanple for analysis.
[00130] [Blanktest] [00131] Blank test is done for
reaghons 1 Nefg SENE evpusac anch gharbloreanib hecemes impossiltlie tCaadjust the
and Na existing in the plating peeling solution. The
above-descri bed sanple pretreatnent was used, except

configggatiom ef aiweldingbeadotOptite dtherdianddf @Orwinteht af Kl isheeater than
distilled water was poured up to the standard |ine of
the 100m flask to get a blank sanple. [001321
0.50wifarn highttéraperatsreeeaiin sy easilyf berfamed e mienwsldedl O0tA3plating
Measurenent of a sanple for analysis was done by
utilizing an RIS Advantage devi ce manufactured by
adhgtien rio detesiomtiedaiduthogrpbe plasigl BPcAES and Inenhaiting éll ydeteriorates
Coupl ed Pl asma Atom c Emi ssion Spectroneter).
electric conductivity of the plating layer. Thus, a preferable content of Al is in a range
between 0.01wt% and 0.50wt%.
[00118] [Content of Ti+Zr: 0.01-0.30wt%]
[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 0.01wt%, the
effect of spatter reduction is not satisfactory and the deoxidization reaction is not strong
enough. 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 0.01wt% and 0.30wt%.

[00120] [Method of adhesion test for plating layer]
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[00134] [Method of drawi ng calibration curve for ICP
nmeasurenent] [00135] The calibration curve for |ICP
nmeasur enent was drawn based on the standard substance
addition nethod. To formthe same matrix with a sanple
for neasuring, four 33 sanples that went through the
above-descri bed sanple pretreatnent were put into
100m fl asks, respectively, and Ca, Na, My and Fe
standard solutions were poured thereto by bl ank,

[00A ZPp The hpptyprabimkBpd of adlesipacést udbyg other platpagealitioeis JIS
standard solutions for drawing the calibration curve.
[00136] The conditions for the neasurenent equi pnent

H8s0de(Mehods desihesion aést gordmetalli OvbatiAgs)aThe agiesdfwdyi e taping-
nmeasurenents was sel ected, and relative standard
deviation (RSD) of individual elenents was set bel ow

itseB%f WiRO%R&7 In detailveheft]a Wha v iR eveangintd &08nd@h hhkePreel axis
equi prent El enent Pl asmaCool ant Auxi | i arySanpl e

i ntroduction systenl Torches flow flow Peristaltic
or thBrvYe itédl¥, (e ik Wby Wy an optical microscope whether the plating

layer formed on the surface of the wire is cracked or peeled off. The stronger the plating
adhesive strength of the wire is, the less the crack 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 2-5cm and put in a 250m] beaker containing
CCl, or ethyl alcohol {(CH3CH,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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chanber Nebul i zer Torch tubing My, Ca,
Na750401. 0100r pnCycl onConcentri cQuart z
Fel150401. 0100r pmCycl onConcentricQuartz [00138]
[ Mot hod for nmeasuring thickness of Cu plating |ayer]
[00139] The thickness of the plating | ayer was
nmeasured by using CT-2, the destructive electrolytic
pl ati ng thi ckness neasuring device, manufactured by
Elec Fine Instruments Co., Ltd. The reason for using
the whire igesmhpleady washldaitivig puaites atdey okenessl 034C fimalfuminuges until
device is because it is possible to double check
t hrough an optical mcroscope whether or not the
the pudidend th@were ik Sompreeledried. 0Théi)|thBesiedes plicdaBavdesiccator
nmeasuri ng device, there are non-destructive thickness
measuri ng devices, such as, X-ray plating thickness
andmﬁaﬁﬂ&@ﬂﬁﬁikmﬁmﬁﬁMEp|atlng t hi ckness neasur enent,
eddy current system and el ectronic plating thlckness
measuri ng device. These devices can al so be used for
OO EFAUTRIFRRbled [WiSd 4ad wefghied € Rfur AeSiflal Bbivitd wsing a balance,
pl ating thickness neas%?lngWEQV|ce] [00142] Afteﬁ
imersing the plating layer in a reagent that reacts
andPladed in @ 250Fd $Bhker S ThRRPLInSICh1itHE 5)?&&19 el dolbtitfh was poured
plating layer. The electrolytic pl atlng t Nl ckness
measuring device continuously senses an electric
mtop@ltee&takai dirkef RbGOGER PEINERE WhR PLAkd Bfn! 1ﬁaee&a@Hdcover the
the bottom | ayer of Wre, and convéerts the electric
potential difference generated when

reaction was continued at room temperature for 20 minutes.

[00128] 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 (CH;CH,0OH) 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 5ml of nitric acid (HNQ3) and 1ml

of hydrochloric acid (HCI} and heated on a hot plate for 1 minute to dissolve soluble
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the plating layer is electrolyzed into the plating
t hi ckness nmeasurenent unit and displays the result.
[00143] [Conversion of Cu plating thickness by
gravimetric determ nation] [00144] Wen the plating
thi ckness i s neasured w thout using a device, the
above- described plating peeling solution is used. In
detail, a gravinmetric difference before and 35 after
removing the plating layer is converted to the plating
conipeyents theralkn@hs n{ixtond was corded foquatni tempéraheé.oBhe plagkddiSh and
[ Equation 1] Thickness of Cu (gm =
{(W-W2)/4*\W}*D*(Specific gravity of Fe /[Specific
the dirRY mtall «ffth€bddkb00Rrd tlesrged With distilled weteq Rihileghe afixtare was
wire before its plating is peeled off, W is the
weight (g) of a wire after its plating is peeled off,
put htb @ 100wl fleasld i @ibtited Wiks waPpaired thegdif vip iy 100m] toebel wed as
7.86glcm 3, and specific gravity of Cu is 8.93g/cm 3.
[00146] [Exanple] [00147] A wire used in the present
ﬂWEQWﬁBEmQﬁab@$a wire of JIS Z3312, and the anal ysis
result of its main ingredients is shown in Table 5.
For the analysis, two rods of at least 5.5mmin
[ooigqugmmpﬁﬁtng t he chem cal conponents suggested in
abl’e 5 went "t hrough pickling, Bonderite, and Borax
coatlng, and drawn from1.5mmto 2.5nmin di aneter.

[0CHET), Bl 16d1'i6 80P Rk iSRRIl el of Fe, Mg, Ca

degreasing line and were pickled wt

and Na existing in the plating peeling 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
sample.

[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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the sulfuric acid in the electrolytic solution
condition. [00148] [Table 5] Analysis result of
chem cal conponents of wire 36 WreCheni cal conmponents
of wre (wt% No.CSi MhPSCuN Cr MbAl Ti +Zr
10. 060. 851. 500. 0140. 0120. 180. 010. 040. 010. 0030. 004
20. 050. 881. 520. 0120. 0060. 250. 020. 030. 010. 0120. 19
30. 070. 521. 120. 0150. 0140. 220. 010. 020. 010. 0040. 002
40. 090. 651. 950. 0150. 0100. 160. 010. 030. 450. 0040. 005
sanfplesOBet 86Nt sloongh 8lie @DOG-dBOripR0 s@uele Oiretreatment were put into
60. 070. 901. 900. 0190. 0120. 230. 010. 04- 0. 0040. 17
70. 060. 531. 150. 0140. 0070. 150. 010. 030. 010. 0850. 11 .
10080. {)38s,924peeitelp1atl 007 0aldlg @20 Fe2gaBtbgd AQu6oniO were poured
90. 050. 641. 980. 0130. 0120. 200. 020. 040. 380. 0070. 19
100. 040. 501. 110. 0070. 0070. 280. 010. 020. 010. 0860. 17
ther®o0 b Iartk) 10. B§Mn, Ollptin, 0460 1 29 o0, 020p&380el$5 o PRGre2the standard
120. 040. 921. 450. 0120. 0110. 170. 010. 040. 010. 0030. 005

solutions for drawing the calibration curve.

[00136] The conditions for the measurement equipment are described in Table 4
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 10 100rpm 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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130. 060. 791. 550. 0180. 0150. 260. 010. 020. 010. 0080. 11
140. 050. 450. 950. 0140. 0130. 240. 020. 020. 01- -
150. 110. 521. 200. 0160. 0150. 160. 010. 020. 010. 020. 16
160. 060. 851. 500. 0140. 0120. 180. 010. 040. 010. 0030. 004
170. 050. 881. 520. 0120. 0060. 250. 020. 030. 010. 0120. 19
180. 070. 521. 120. 0150. 0140. 220. 010. 020. 010. 0040. 002
190. 090. 651. 950. 0150. 0100. 160. 010. 030. 450. 0040. 005
200. 050. 861. 500. 0180. 0090. 190. 020. 040. 01- - ,
medifing 7d:vBie] isO GecatO (it (i 2fosRiBl @A Oddie) cBEAO thrdugh an optical
220. 060. 531. 150. 0140. 0070. 150. 010. 030. 010. 0850. 11
Ce. 230. 080. 921. 920. 0150. 0070. 180. 020. 020. 010. 0050. 19
mic?eidoPH0h&Hdr. @30t ik Pating2d)e? BledVed)40. 380. 0070. 19
250. 040. 501. 110. 0070. 0070. 280. 010. 020. 010. 0860. 17
260. 090. 901. 980. 0170. 0100. 290. 020. 030. 350. 0080. 20
[OOXA0 BesiBekl tHeS b k2@ efbliiag 1068id8.1 thedet Grd) hon QEHcBOS thickness
280. 060. 791. 550. 0180. 0150. 260. 010. 020. 010. 0080. 11
290. 050. 450. 950. 0140. 0130. 240. 020. 020. 01- -
mea3lfnd IQvivdd,. & QJ,6&-RI5PatRg . BiRnEEOndRrddéht 1 B-faY- plating
Exanpl e, Ce.: Conparative exanple

thickness measurement, eddy current system, and electronic plating thickness 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
the 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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[00149] [Performng Cu plating] 37 [00150] To

manufacture a wire for the exanple, the wire was

imersed for 1.5-2.5 seconds in a plating tub under

the conditions for the plating solution conposition

suggested in the Table 3, and went through a rinsing

tub. Then, the wire was drawn to 1.2mmusing a

| ubricant. [00151] The conparative exanpl e was

manuf actured by the sanme nethod in a nmake- up plating
aftes otmadving thenplativg tayer Gf conaageistoche plating dme tthiokisesd Qm) using

the plating solution conposition. [00152] [Plating

adhesive strength test] [00153] The plating adhesive
Equtiorndgelow( or adhesi veness) in a final wre product was

checked by a taping-itself of wire test JI'S H3504

(Met hods of adhesion test for netallic coatings)
[003s15]g [ Bduatiph ilfral m cr oscope (400-500X) to a measure of

peeling off the plating. [00154] [Arc stability test]

[00155] As for a nmethod for testing arc stability of a

W re duidkigs\Weff dungum}) e jiview2)dewnen kbedpesifichgratidpl o Fe

5 were manufactured as shown in Table 10, and a

conti nuous automatic welding was perfornmed thereon
/Spédific gB0itg 6£CQAP300M a | owcurrent area and in a

hi gh-current area, respectively, under the welding

conditions defined in Table 6 bel ow. 38

(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 Cu is 8.93g/cm’.

[00146] [Example]

[00147] A wire used in the present invention is a wire of JIS Z3312, and the analysis
result 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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The wires were nonitored 5000 times per second using

an are nonitoring system WAMA0OOOD Ver 2. 0.

|l ow-current area which is a short circuit area, t

a
C

rc
ircuit

rate.

Meanwhi | e,

which is a globular transfer section,

In the

he

stability was tested at an instantaneous short
in the high-

current area

the are

stahility was tested hased on the test standards
suggest ed in Table 7 bel(;tpl\émmaq borhﬂﬁ-leﬁfsajf%féj(“ﬂ%yl ation
£ o e e oo b B || ot Aokt e Npehafarjoho | AL | Titzr
was 1obt| @i0sed Ol\$ﬁén 1.5e | ostanvanedquslshpg. 01 ci poui t orat € 0.003 | 0.004
o eZE@Eﬁﬂi&FQ?& 0z potts 4 oBhefaod o o012 019
opt 8i n¢@.0rhgr0.52he] B1anda0ds dewildt|ioz2 of 0.0he} o@dij 0@t | 0.004 | 0.002
euryent g'@g e tp]t‘f"gw vgo@%‘ AR LGB Dh5© | 8A | 0.004 | 0.005
t eri al0.08nd O&ﬁorrpl B e QOE&rr\O\ﬂOﬂc skl g602 het@®dn. 0.01 |- -
(004201 dp=timndl| 16} °L0g, 72052050 FOAL 658 1o ooos o
o Shi 1 dil A96G49-93 WS d Bg1400dH7 | 0.15 [0.01 |0.03 |0.01 |0.085 |0.11
di aget epgr ey of £ §9e0a88P 0% | WML G108 | 0.02 |0.01 |0.005 | 0.19
9 0.05 [0.64 [1.98 |0.013]0.012{020 |[0.02 [0.04 |0.38 |0.007]0.19
10 [0.04 |050 |1.11 [0.007|0.007 |0.28 |0.01 [0.02 |[0.01 |0.086}0.17
11 0.09 1090 |[1.98 {0.017 |0.010 |0.29 {0.02 |0.03 |0.35 |0.008|0.20
12 1004 1092 |1.45 }0.012|0.011 [0.17 |0.01 |0.04 |0.01 |0.003]0.005
13 1006 |0.79 |1.55 |0.018 |0.015]0.26 [0.01 [0.02 |0.01 |0.008]|0.11
14 [0.05 |045 095 |0.014]|0.013 {024 |0.02 {0.02 |0.01 |- -
15 [0.11 j0.52 |1.20 |0.016 [0.015(0.16 |0.01 }0.02 |0.01 |0.02 |0.16
16 [0.06 |0.85 |1.50 {0.014|0.012|0.18 |0.01 |0.04 |0.01 |0.003]0.004
17 1005 (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 [0.22 |0.01 |0.02 [0.01 |0.004|0.002
19 10.09 [0.65 [1.95 |0.015]|0.010]0.16 {0.01 |0.03 |0.45 |0.004]|0.005
20 10.05 |0.86 |1.50 |0.018 |0.009|0.19 [(0.02 |0.04 |0.01 |- -
21 [0.07 {090 |190 10.019|0.012 (023 |0.01 |0.04 |- 0.004 | 0.17
22 006 [0.53 [1.15 [0.014|0.007 |0.15 |0.01 |[0.03 {0.01 [0.085]0.11
Ce. 23 (008 (092 |1.92 |0.015]0.007 [0.18 |0.02 |0.02 [0.01 |0.005]0.19
24 1005 {0.64 |1.98 |0.013 0012020 [0.02 |0.04 |038 |0.0070.19
25 [0.04 1050 {1.11 |0.007 |0.007}10.28 |[0.01 |0.02 |0.01 |0.086|0.17
26 [0.09 [0.50 {198 |0.017|0.010|0.29 |0.02 {0.03 |0.35 |0.008|0.20
27 10.04 [092 [1.45 [0.012 (0.011]0.17 |0.01 ]0.04 |0.01 |0.003|0.005
28 1006 |0.79 |1.55 [0.018(0.015|0.26 |[0.01 [0.02 |0.01 |0.008 |0.11
29 1005 (045 |0.95 [0.014}0.013 {024 {002 |0.02 |0.01 |- -
30 |0.11 }0.52 |[1.20 |0.016[0.015(0.16 |0.01 |0.02 [0.01 |0.02 |0.16
Ex.: Example, Ce.: Comparative example

[00149] [Performing Cu plating]
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1. 2mDC- EP150/ 300A25/ 32VC021009%29L/ m n40CPML5- 20mm
[00157] [Table 7] Arc stability test standards 39 Item
synbol Moni t ori ngArc
st oppageLow current H gh-current Results tine
(sec) (150A) (300A) InstantaneousSD of wel di ng short
circuitcurrent rate* 0180NoneLess than 5%.ess than
10Good A1800nce and | ess5-10%10-50Fair X180Twi ce or
noreG eater thanG eater thanPoor 10%0 *:

[0 180k Mvanandschab ar wire iforcthe texaaple, ()wire was tianicesed dots1.5-2.5
short circuit frequency /total short circuit
frequency * 100 [00158] [Wre feedability test]

sec¢riin1in9) pliting fubeddder Ithé Yohdidogaf@sthehsihtvgd sélution icdmposition
wireis fed froma welding tip at a constant speed.
If feedability is poor, wires are not snoothly

sugfespdd in@he Tas1e3] hed wehttkhR@igh tal iihsingtubh Thes, aB€ witéBk4hl difwn to
arc length is longer and thus, the are becones
unstable or stops instantly. And, a wire with

1.2@C@ingentubliegdabi ity nmeans that wires are snoothly
[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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supplied w thout arc stoppage even al though the shape
of a welding cable has W 1 turn and 2 turns. In the
present invention, continuous welding was performed on
a 5m wel ding cable under the wel ding conditions
described in Table 8. And, a welding wire went
through the feedability test based on the test
st andards suggested in Table 9, under 40 the shapes of
W | turn and 2 turns of welding cable with conditions
Theotwireadvers , momitar&D (A0 nohadi pereteeond dsiBfCmmarc monitoring system
respectively. [00160] [Table 8] Wre feedability test
wel di ng condi ti ons Wel di ng Wel di ng Shi el di ng gasGas
WANISOOME) Merit)0t i Imethe rigtvheunfent arcn ewhich 1§ agshoabtiecuit area, the arc
300A34VC02100%20L/ m n-5m [ 00161] [Table 9] Wre
feedability test standards |tem No. Wl di ng cabl e
stabdliwychivhsd cossiRestudd $nstihtdngous?stiont Biscuit rate. Meanwhile, in the high-
OPossi bl ePossi bl ePossi bl eGood
APossi bl ePossi bl el npossi bl eFai r
current area which is a globular transfer section, the arc stability was tested based on the

test standards suggested in Table 7 below with the standard deviation of a welding

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

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 | Gas flow | Welding | Torch

diameter current voltage gas speed height{ CTWD)

1.2mm DC-EP 150/300A | 25/32V CO,100% | 29L/min | 40CPM 15-20mm

[00157] [Table 7]

Arc stability test standards
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XPossi bl el npossi bl el npossi bl ePoor [00162] Anong the
test standards, " possible' nmeans that continuous

wel ding is possible for at | east 50 seconds under
respecti ve wel ding cable conditions, and " inpossible
nmeans that an arc stoppage has occurred | ess than 50
seconds under respective welding cable conditions.
[00163] [Table 10] WrePl atjingTotal Alkali** No.Content

Itegfsymitob r peMerierte | hontentene| diovgeupenopprifigh-gimerti ng  Results
| ayer (ppm) 41 |ayer alkalipe thicknpsh tests eart
Feedabi | A8 EtteNaCaMys (um) * {PBM) meta GO0A)

Instantaneous | SD of welding

short circuit current
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 5m

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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litystability (ppm 1Bal.9221020100. 7533224000
2Bal . 901208020. 6529220200 3Bal . 1602808050. 5552536500
4Bal . 2503207080. 4664839800 5Bal . 3202509010. 4266134100
6Bal . 34012010010. 3156122100
E7Bal . 410240105120. 2876735700
x8Bal . 46012013050. 3971525500 9Bal . 510703020. 3461210200
10Bal . 5605070120. 3469213200
11Bal . 6301305070. 2881718700

the 1shepgs, a7 .2 b 3usDENd 48 Topyadowelding cable with conditions of radius,
13Bal . 72012021260. 2288716700 14Bal . 93025270. 219643404
15Bal . 800201010. 23831310l L

r=156Ba1 andi3a0ee0 908088 2EIBBOXely7Bal . 1012541, 523121XX
18Bal . 205010101. 219070XA

[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% 20L/min - Sm
[00161] [Table 9]
Wire feedability test standards
Item No. Welding cable conditions Results
W 1 tum 2 turns

0 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]
Wire Plating Total | Alkali**
No. Content of microelement in content Welding property

plating layer (ppm)
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19Bal . 2503201201500. 248405900X
20Bal . 7802509000. 1811203401 LX
21Bal . 92012010010. 1711412211 X
C22Bal . 1120251020. 191157370X
e23Bal . 250029080250. 1228953950X
24Bal . 3500703000. 0936001000X
25Bal . 12005056420. 151348148AX

P6Bal . 6301301304200. 191310680AMyer . tests
b7Bal . 6704501402500, 181510840AX alkaline
?8Bal .[13008002804100. 12279014984 knes
P9Bal . AU3BUZE0IZ00. 4P78074UAK| 30Bal . 3506000 8585k 1
Feedabij Iéty aP%d ?N‘: 5t abi M%a &Eﬁ' synbol : 0: Good, A .
Fair, X ~"Pdor ™ |: ﬁe+!\ga+(,a My+Ca+Na | @) 00164 ity stability
Peseri-ptian—of tjexanplel 10016551 As—dhownih—the
bxahpl leBeh It 198 Tabile| 129 of 10hk Lﬁ)r'b’isent 3Rvent i 02110 the A O
copper| Bal. gt igng (wizee| dgnqnst r at excbex¢el teant 202 A O
he phabihe 100 b QS LSS TSN TR | O | ©
othl cBak an?5®1 3205170 teid) (%6 648 398 O A
5 Bal. | 320 | 250 | 90 1 0.42 661 341 O O
6 Bal. | 340 | 120 [ 100 | 1 0.31 561 221 O O
E 7 Bal. | 410 | 240 | 105 | 12 0.28 767 357 O O
X 8 Bal. | 460 | 120 | 130 5 0.39 715 255 Q 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 50 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 Q AN
15 Bal. | 800 | 20 10 1 0.23 831 3i @] A
16 Bal. 41 320 | 410 | 50 0.32 821 780 A X
17 Bal. 10 12 5 4 1.52 31 21 X X
18 Bal. 20 50 10 10 1.21 90 70 X AN
19 Bal. | 250 | 320 | 120§ 150 0.24 840 590 A X
20 Bal. | 780 | 250 | 90 0 0.18 1120 340 AN X
21 Bal. | 920 | 120 | 100 1 0.17 1141 221 A X
22 Bal. | 1120 | 25 10 2 0.19 1157 37 AN 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 AN X
27 Bal. | 670 | 450 | 140 | 250 0.18 1510 840 A X
28 Bal. | 1300 | 800 | 280 | 410 0.12 2790 1490 AN X
29 Bal. 40 | 360 | 260 | 120 0.40 780 740 FAN X
30 Bal. | 350 5 2 0 0.45 357 7 AN X

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

* : FetMg+CatNa % Mgt+Cat+Na
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i ncluding Fe and al kaline earth netals (My, Ca) in the
plating |layer was in a range of 100-1000ppm and the
total content of alkali netal (Na) and al kaline earth
nmetals (My, Ca) except for Fe in the plating |ayer
was in a range of 10-500ppm [00166] In addition, when
the product wire went through the taping-itself of
wire test and was observed by an optical m croscope
as in FIG 7, the wire of this exanple showed
[0Q164) [Pescription pfexasphedsi veness without falling off the
plating |layer. Al so, when the straight surface of the
product w re was observed by an optical m croscope as
[0QX65]) @s sh8wniimthesuamhpledn ¢hegbuble £0 ofiidie preskmtinvemtionythe copper
or non-plated portion was not observed. This proves
that the surface was sufficiently protected by the
plath@wire Gentohstedtedpbratellag fe¢dapidity ahd @ictstibikiydwhaeshiie thickness of
cross section of the plating | ayer was seen through a
SEM the bridge phenonenon was not observed in nost
the @latinigelayérrwss BSa iringdel &8 0.9-1.0yRanteithBI1 coménti 6F 414 metal (Na)
exanple wire Nos. 1 and 2, if the total content of the
al kali metal (Na) 43 including Fe and al kaline earth
inchiging| Fe {litalk4la): dafth th@alpl(®igl 09) iroitRIplathhg A& Whdin 4 hfge of
limt suggested in the present invention, one can
check through the SEMthat the plaiting |layer is
100t 1000kpraNghd the tdrkl ElGiCen BE RIRAR ARPal ) ECHlkalid® darthTBéthls (Mg,
portion (indicated by an arrow) as shown in FIG 10.
[00168] However, this does not necessarily influence
Ca)teCept f@ o8 tiRiblesiy/RpESFasand rafRadabidoopym, As | ong as
)t he PI(?ontent lgf[ht heg/aFkaIi met al™ (Na) angyt he al kal i ne
earth netal s

[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 0.2-1.0pum 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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(My, Ca) is appropriate, excellent are stability can
be obtained. [00169] Also, arc stability of the wire
of this exanple was tested using an arc nonitoring
devi ce under the |l ow current 150A and the high current
300A, respectively. The test result shows that
excel lent are stability based on excellent feedability
was obtained in both |low current and high current
. areas. [001701 FIG | | is a graph illustrating the
incloding Eerandrilkadiag pmlbmeﬁlﬂ%(l\ég,gba% jin Ey: rhatingHaysgjis ksss then the limit
hi gh current 300A, in which the welding current is not
much changed and the are is stable. [00171] FIG 12
suggested Hy tsHpresent) srveatiom pretran ehatlu thrpugh thesSEM that thecplaiting
stability of the wire at |low current 150A, in which
excellent arc stability is obtained wthout the are
layegtip felgand the bridga plrnomeném may leecurdnpasmsili postiex@nditated by an
in case of the wire Nos. 17 and 18, the total content
of the alkali nmetal (Na) including Fe and al kaline
arrqygrasishonen & BIG. NG, Ca) is |ess than 100ppm In this
case, the thickness of the plating | ayer exceeds 1.0m
in both cases due to the excess precipitation
[00X68) Howewér, Cis atods nbenefessasly frdlndads thetplatire adhesiveness and
deteriorated substantially and the arc becones
unstable at the sane tine. If its product wre
feedabtlty g dedonghas tha pomientiof thed dlkaf medat EN4)esmtl thonalkiline earth metals
observed through an optical mcroscope as in FIG 13,
one can easily see that the adhesive strength between
(Mg, Itia) isapiptapmiateo exdetiontandsthititypdaatberitdimeder i s not so
good that the plating |ayer can easily be

[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 3004, 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 3004, in which the welding current is not much changed and the arc is
stable.

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

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

stoppage.
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fallen off. Wien'this occurs, the separated plating is

accunulated in the tip and interrupts the continuous

wel di ng, thereby deteriorating feedability. As a

result, arc stability is also deteriorated during

wel di ng. [00173] In case of the wire Nos. 20 through

28, if the total content of the alkali nmetal (Na)

i ncluding Fe and al kaline earth nmetals (My, Ca) is

greater than 1000ppm the Cu precipitation reaction
[OQ:X 72 & sploa then gorhparativedemaimpdest bre cadeadfi thg wireoNes sl 7 and 18, the

extrenely limted and thus, the plating | ayer cannot

be thicker than 0.2m Although the wire feedability
totaireyntbt dfahe alkalh mebd(Nayinplidingdie ofd alkdliBe gaitls nRxdogdgd, Ca) is

because of the thin plating layer as shown in FIG

14. Therefore, when the welding tip and the non-pl ated
lesd thyte 1 0Gppnt. g thl cage) thecthi ckhiésk B eheGilang 1Ay & QRREGEE 1.0/REin both

may beconme unstable nmonmentarily. In addition, are

stability is not nmuch inproved even though the t ot al
cas@Oduend e dxaessapletipitatidt déactibid)ofa0l arddheheddfsR IfBRIability is

earth metals (My, Ca) is in a range of 10- 500ppm

[00174] As shown in FIG 15, the non-plated portion
detéitRatb@ sERERNYIBH afBfHe a8¢ bdcoRies Rimstubleat EH&%aﬁr%RhﬁkQ Ifti&8Irbduct

of wire test is performed thereon. As in the

conparative exanmple wre No. 30, although the plating
wiré hixﬁ%f@%éss thé téin%ﬁselﬁraﬁ W6 @t ald ¢GOSR elthloliSh an optical

al kali~ netal i ncluding Fe and the al kal i né eart%

netal s (M, Ca) inthe plating layer is in a range of
mlcil&Qoﬂé)Q@HpmGt e &@rﬂaﬁrkta&w ség‘ﬁlaﬁltﬂ%aﬂidheﬁgé %i‘rer(%l?)b_eﬁﬂgn the

the al kaline earth netals (My, Ca) exclud ing *Fe is

l ess than | Qopm neaning that arc stablllty IS not

bottofPpAUEH ahd tH P18t RSer 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. Although 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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[00175] FIG 16 is a mcrograph of the conparative
exanple wire No. 30 observed by an optical m croscope
after carrying out the taping-itself of wire test
thereon. Unli ke other conparative exanple wires, the
wire No. 30 contained a proper amount of the alkal
nmetal including Fe and the alkaline earth netals,
which resulted in the inproved plating adhesiveness.
However, because the amount of the alkali netal and
proguet saithesl dome in santatt, anstradysheacome estpblamaongentalgrindiddition, arc
not neet the requirenent, are stability was poor
conpared with the exanple of the present invention. 46
staljiiy1iy 6Pt huclciagroodd dvhe thoogi dreatbial eordera ke alkaliamctal{Na and
feedability was deteriorated because of the | ow
pl ati ng adhesi veness. And, a sufficient plating
the nlkiabheesth metalsdMppCa) Bén abbtrmiené d01560ppae t he al kal i
metal (Na) including Fe and the al kaline earth netals
(Mg, Ca) in the plating | ayer were not properly
[O0ETd] ed. shatvntih FIGah® the aen-pRsedsfueiion tan béblserkd partthily even
FIG 18, an unstable arc was generated during wel di ng
and arc stoppage or instantaneous short circuit of
whérhthe sapinglissal fref wied 1§ peESmedUE@gon. d&S & thelcainpBitive example
welding quality. [00177] FIG 17 is a graph
illustrating a welding current waveform of the
wir€ Dlap 30,2l thy egtethe Pl gWhickndye is B45;ah ahd gt ©t tEMEntITMe alkali
which is nonitored by an arc nonitoring device. As
shown in the graph, instantaneous short-circuit
methl (NH) qm@ﬁn@e and tier diigilne ietrtl FREAHOIMANCa)ih %@ﬁl@ﬁﬁgaras}er is in
devi ati on the overall welding current is
[00178] FIG 18 is a graph illustrating a meldlng

a raigé I NIOVR0eH R Mhedonte 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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conparative exanple wire NO 24 at |ow current 150A,
which is nonitored by an are nonitoring device. As
shown in the graph, an arc is unstable (indicated by
an arrow) and thus, the arc bl ackout phenonenon
occurs. 47 [001791 Therefore, excellent are stability
i s obtai ned dependi ng on good feedability, and it
beconmes possible to nanufacture the copper plating
solid wire with excellent arc stability through
[0QTHk in phsstdfibe cgrop8die exaupialivitgs, toird feedgnikityemds deteriorated
i nvention, adhesiveness of the copper plating | ayer
can be inproved by setting the specific range of the
becausatodribe iw piating etlleasbensssi old)disafficialt pddtingrthrickhesaduld not
al kaline earth netals in the plating solution and the
pl ating |layer, and by managi ng the plating thickness
be obtainbe bpeande tler atkale dnatdnia) incdudihg Feramdrthe allaline earth metals
beconmes possible to obtain the copper plating solid
wire for MAG wel di ng, which satisfies excellent
(M4, €l abihk iplating sk e wersia prdpetly nthina ey Avthelsdife ti¢ s shown in
under hi gh-speed plating process. [00181] Although
the preferred enbodi mrent of the present invention has
FIGhé®and B8SCI8, e dnsthble\wrd WaDgendraled urtedy élilinkl@d @rc stoppage or
skilled in the art that the present invention should
not be limted to the described preferred enbodi nent,
instiithnesas kais cehiangEhe aRdduriipdEldmat v A Gusal) dBerifRd8g welding
within the spirit and scope of the present invention
as defined by the appended clains. 48

guality.

[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 current 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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What is clained is: 1. A copper plating solid wre for
MAG wel ding with excellent arc stability during
wel di ng, in which a copper plating |ayer of 0.2 -
[.Aun in thickness is forned on a solid wire for MAG
wel di ng conposed of 0.01 - 0.10wt%of C, 0.3 - |.OMm%
of Si, 0.7 - 2.Om% of M1, 0.001 - 0.030wt % of P,
0.001 - 0.030wt % of S, 0.01 - 0.50wt % of Cu, the
remai nders Fe and inevitable inpurities, the total
[0QLT9E ThersforEeexcaltertlakastabilibt ialobtainds) depemting bk &bod éeedability,
earth netals (My, Ca) in the copper plating | ayer
ranges from | OOppmto 1 000ppm and the total
andcib hemies phsdible taldeabfactwed thie copaer phatthgtsolid atikealitinexcellent arc
earth nmetals (Mj, Ca) ranges froml Cppmto 500ppm at
the sane tine. 2. The solid wre according to claim1,
stahahigrthiongla coperiplatingf or use in the copper plating
consi sts of 2000300g/ L of CuSO4-5H20, 30050 g/L of
H2SO4, 10040 ¢g/L of Fe, 1.0010 g/L of My, 0.101.0 g/L
[OOX 80 AcCorliitl, 0 thé presént Gayenfiof) AahEsiginkssodf the coppi@lating layer
0.010 0. 1 g/L of EDTA. 3. A nethod for manufacturing
a copper plating solid wire for MAG welding with
canéedgipeietl barsetting aid dpetificirigenifabé Odhtert BE nfiBbBeshents including
conprising the step of. 49 immersing a solid wire for
MAG wel di ng conposed of 0.01 - 0.10wt% of C, 0.3 -
alkali fetadaed alRalindeaftir mEt-a@/\'ih%@glawﬁg sQullBd and DM Pa9Er, and
P, 0.001 - 0.030wm%of S, 0.01 - 0.50wt% of Cu, the
remai nders Fe and inevitable inpurities in a copper
by Bladhging the PlatinOmikabdsainihR0pré@8ermid@4deeOf In this manner, it
Cu5045H20, 30 - 50g/L of H2SO4, 10 - 40g/L of

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 preferred 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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Fe, 1.0 - | Oy/L of My, 0.1 - 1.0g/L of Na, 0.1 -
1.0g/1, of Ca, 1.0 - 5.09/L of A, and 0.01 - 0.1 g/L
of EDTA at 30 - 50C for 1.5 - 2.5 seconds. 50

What is claimed is:

1. A copper plating solid wire for MAG welding with excellent arc stability
during welding, in which a copper plating layer of 0.2 — 1.0um in thickness is formed
on 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, 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 2000300g/L of CuSO45H,0, 30350 g/L of HyS04, 10040
g/L of Fe, 1.0010 g/L of Mg, 0.1001.0 g/L of Na, 0.101.0 g/L of Ca, 1.005.0 g/L. of Cl,

and 0.01000.1 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 8i, 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 H,S04, 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 — 5.0¢/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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