SOLI D WRE FOR GAS SHI ELDED ARC WELDI NG BACKGROUND OF
THE I NVENTION Field of the Invention: [0001] The
present invention relates in general to a solid wire
for gas shielded arc welding, and nore particularly,
to a welding wire surface treated with the surface
treatnent oil which can provide good rust resistance
and wire feedablllt to the welding wre. EEscrlpt|on
of the RPhIRIVH PREAS SHIEERRD ARG DINGI re for
gas shlelded arc welding is used in dlverse types of
products requiring a spool of wire or a pail pack of

i j i ndi ng._uni e products, however, are
Bﬁﬁ%ﬁ@%@@@ﬁﬁgg; uﬁqﬂh%%”§ ent past an extended period of
time until they are actually used by consuners.
e, IS necessary to manufacture a solid
Flebdq‘?fréﬁ? ﬁ’é’fmﬁﬁ%{k anti-rust property, i.e., good rust
resi stance. [0003] Moreover, a gas shielded arc
qﬁiﬂin solid wre used in hlgh efficiency and robot
[o i ghf’r iGAT dventionptlatei eesneead b isplid WiteSpe gasashiisided arc
if a welding cable is long and rmuch indented and is
sed under rough meldlng environment (e.g
weldingn-2at petst PagHenlathy, gie- § oveldigs \wﬁca;utfam)reatgbcvdtwheesurface
feedability is an absolute requirenment. 1 [0004]
Dependi ng. on manuf acturing nmet hods, solid wires for
tfeaélagﬂts%li whigh gamprovidgegoer must apsistange god yirsi feedibility tu thetwwding
types. [0005] One of themis a copper-coated solid
Wi re. The surface of the copper-coated solid wire is
Wirgoated with a copper-plating layer in order to ensure
good electric conductivity (or current-carrying
stabilit rust resistance (or corrosion resistance),
De%ﬁHUmMﬂﬂg lagesbAfti ty. However, these qualities are
obt ai ned only when the plating layer is

[0002] In general, a solid wire for gas shielded arc welding is used in diverse types
of products requiﬁhg a spool of wire or a pail pack of wire in winding unit. These
products, however, are manufactured and then spent past an extended period of time
until they are actually used by consumers. Therefore, it is necessary to manufacture a
solid wire that has anti-rust property, i.e., good rust resistance.

[0003] Moreover, a gas shiclded arc welding solid wire used in high-efficiency and
robot welding requires smooth wire feedability. Especially if a welding cable is long
and much indented and is used under rough welding environment (e.g., high-current and

high-voltage condition), good wire feedability is an absolute requirement.




dense and has a uniformthickness. [0006]
Unfortunately, in practice, it is inpossible to obtain
such a perfect plating layer fromthe in-line nass
production systemwhich is quite different fromthe
perfect environnent of a copper plating tank provided
to an experinent chanber. [0007] Wen the copper

pl ati ng does not have a uniformthickness, the plating

r nflakes off within a conduit | e during the
[Ogg%"ﬁal D?ﬁeef’gﬁ“ﬁg"rb F%*’é‘éli F“fﬁﬁdmteﬂl&ldf”l %Hc@g wiggs a‘for rE3s | shiedged arc
is accunulated in the conduit cable, resulting in
interferi wi.t h feedability. This non-uniform
We%)c{’]‘ég?rﬁ arﬁ@%éﬂ“@“&l@fﬁ BOHYBE rust resi stance and causes
rust to formon the surface of the wire. [0008] The
r is on-copper-coated solid wire. [0009] Unlike
[Otﬁggf c o%e‘?f-tgﬂ'ﬁt‘%@ ¢ eF'&O%F‘f #olid; wwe.n S he swsfse of thsaropmer-coated
solid wire needs 2 a stable surface coating |ayer
lgittached to({he surface instead of the role of the _
sold SRSy 15 gopted ¥gth ayeapperrplating Jayescia exdst it enpaipegood electric
provi des rust resistance and wire feedability to the
on- copper-coated  wire. [0010] However, since the
ConduERYItYQE SUBEntcARYIRE HtaBIlHY b dust cespphance preedrragiongesistance), and
exposed to the air, the formation of rust on the

.surface is_inevitable. Especially, a non- uniform
wirg &%?dgg’i‘%oyﬂ“ﬁgelb Hhese quplitien are epfgted fonbsewhkn therplatingnlayer is
Is sensitive to the formation of rust but al so
i ncreases the |load of feedability due to the friction
dense and hasgpiformdhiskeessiur i ng the actual wel di ng process.
[0013L] To resolve these problens of copper-coated and
copper-free wires, researches on wire surface and
IOQQ££| Spvermnagly. sioriragtiset itdatmpesitde énvbtaliasieh beperfova giating
to date. [0012] First of all, there are various
surface treatnent agents for solid wires in
layer from the in-line mass preduction system which is quite different from the perfect

environment of a copper plating tank provided to an experiment chémber.

[0007] When the copper plating does not have a uniform thickness, the plating layer
flakes off within a conduit cable during the actual welding process, and the flaked
plating layer is accumulated in the conduit cable, resulting in interfering with feedability.
This non-uniform plating layer deteriorates rust resistance and causes rust to form on
the surface of the wire.

[0008] The other is a non-copper-coated solid wire.

[0009] Unlike the copper-coated solid wire, the non-copper-coated solid wire needs



general . For exanple, Japanese Patent Application
Lai d- Open Publication Nos. He- 147194 and He

11- 147195 di scl ose a techni que using surface treatnment
agents for inproving wire feedability. In detail,

| ubricating oil made of hydrocarbon conpounds which
have from5 to 12 carbon atons is applied to the
surface of a wire, and the |lubricating oil and

.catin articles .are chem cally bond t oget her.
a s8R Pl gy i it Be S oot e se R T copper-
Lai d- Open Publication No. Hei 6- 262389 discloses a
echni que, for inproving wire feedabiljty by coating .
C"%t“ﬁérf%‘{? '+ This Shtact cogjing tygh Rroxiden Bt Testsiafee g wire focdability to
anti-rust lubricant which uses lubricating oil as base
h oi | and Wh%éh .contai ns 5-30% of organi c nol ybdenum
CISRF OB RO 141 Japanese Patent Application Lai d- Open
Publ i cati on No. Hei 8-281471 discloses a technique

inqproving wire feedability by coating the surface
10QF61, TRiseeve e, T, ik pate i RReBla kg biGapmer frepopite is
as base oil and which contains 2-40% of chl orocarbon.
I#po 5] Secondgy, there are surface treatnent agents
expoged (0B ait- ths ferarntion)of guspiopdhe surfase ivingwitible. Bspsaiabizea non-
Pat ent Application Laid-COpen Publication No. He
.1- 166899 discloses a technique for ensuring wire
Uiy sHacet Spatye deer i Hgtheneopser fige avieg nat winhe isnsersitiva to the
| ubricant formed by dispersing higher fatty acid
nmetallic salt or a mxture of the higher fatty acid
formation pf susidiut afsior incraaggsetherlgad pf fesdability duade ahe diittion in a
[0016] In addition, Japanese Patent Application
Laj d- Open Publication No. Hei 2- 284792 discloses a
condpit kahle deringiheaptyploweldmewireesss.eedabi | i ty and rust
resi stance by applying an oily lubricant containing a

otassi umor sodiumsalts of carboxylic acids to the
[0(£1;|;]f ade agsobvenithese problems of copper-coated and copper-free wires,

researches on wire surface and development of surface treatment agents have been made
to date.

[0012] First of all, there are various surface treatment agents for solid wires in
general. For example, Japanese Patent Application Laid-Open Publication Nos. Hei 11-
147194 and Hei 11-147195 disclose a technique using surface treatment agents for
improving wire feedability. In detail, lubricating oil made of hydrocarbon compounds
which have from 5 to 12 carbon atoms is applied to the surface of a wire, and the

lubricating oil and lubricating particles are chemically bonded together.



[0017] Thirdly, there are surface treatnment agents for
non- copper-coated solid wires. For exanple, Japanese
Pat ent Application Laid-Cpen Publication No.

S55- 141395 discloses a technique for inproving rust
resi stance by coating the surface of a wwre with a

m xture of powder sulfur, MOS2 and graphite. [00 | S]

Mor eover, Japanese Patent Application Laid-Open
icatiqn. No. Hei I | - 147174 djsc¢l oses a_technique .
P53 | 850 iel tareEese datpab ARPlGe oy b Rm Ry ONepnL . i 6-
the surface of a wire. [0019] Al so, Japanese Patent
262@%@@'03“ on,Lai d- Open Publ.ication No, S58-090397
1S HISEEES 8 1SCORIIHP dTemMPBr Vi Biifei treflakilite by casting the syrface of a
and rust resistance by coating the surface of a wre
. Wi t.fl? a thi'ﬁh'fgj | mof paraffin. [0020] Japanese Patent
WIS B At dRnipLUgry ariarst Bricaatayhish usgsslubaging 3ut7grbase ¢il and
S58- 184095 di scl ose a technique for inproving wire
feedabilit y using a solid surface treatnent agent,
Wh@ij??ta@’isép{ﬂ‘%?@f greanigmedlybdeaumecompesng.. [ 0021] Furt her,
Japanese Patent Application Laid-Open Publication No.
&ﬁ%ﬁ- 252786 discloses a technique for inproving wire
[o alAPavese hptank spplicaiien tLaidQpen aPublicatiord Neir Hat 8-281471
treatnent agent and the above-described solid surface
. treatnment agent. [00221 Those conventional surface
dis¢lpesiavisrknigefe far Smpshitieg wireufsedabality hy paating dhesurdace®f a wire
powder -1 i ke solid |ubricants on the basis of
Jubricating oil as base oil. [0023] As anot her
withaslvprigant syirieh geest ubrieatingtoihge hase eihynd ovitichi nomtains 2-40% of
powder-|i ke solid lubricant such as MOS2 or graphite,
or a mxture of this or these solid lubricants and
chlempearbpyui d | ubri cant. [0024] However, the surface
treatment agents containing a powder-1|ike solid
| ubri cant have problens as foll ows:
[0015] Secondly, there are surface treatment agents for copper-coated solid wires.

For example, Japanese Patent Application Laid-Open Publication No. Hei 1-166899
discloses a technique for ensuring wire feedability by coating the surface of a wire with
a lubricant formed by dispersing higher fatty acid metallic salt or a mixture of the higher
fatty acid metallic salt with higher fatty acid in mineral oil.

[0016] In addition, Japanese Patent Application Laid-Open Publication No. Hei 2-
284792 discloses a technique for improving wire feedability and rust resistance by
applying an oily lubricant containing a potassium or sodium salts of carboxylic acids to

the surface of a wire.



[0025] (1) When a wire is fed for an extended period
of time, the solid lubricant is accunulated in a
conduit cabl e and causes deteriorations in wire
feedability; (2) The solid l|ubricant has an inferior
rust resistance to the liquid lubricant; (3) Wen
applied to the circunferential surface of a wire, the
solid lubricant absorbs noisture in the air and

[OQ%?EPL#%?{I%‘;% ?%’S&’S’Sl}gﬁg@ %%%glg}lggepg%g%%?q?%ggr-goa\{\g s%lid wires.

containing a carbon group increases the anmount of
F fune. ISU RY OE THE | Nl\/ENTI ON [.00261 It is,
O FETBP'Sr e bR AppLeRonplaideiren; Ryllitalion No 855-141395
provide an appropriate |iquid surface treatnent agent
di for a s&l I, d \gre for, gas shiel ded are wel dig%, which 6
IsplP3RSi A EEBISJOF ITRRTOYIRg TeYt Aprisianss by opting the gamadel af2 wise with
the wire without damaging wire weldability. [0027]
The above object was achi eved by devel oping a
any rhosier syl Mogysrdagraphiter eat ment agent cont ai ni ng
nmetallic salts and a nonnetal lic chem cal el ement such
phaosphorus in hydrocarbon conpounds. [0028] By
W@iﬂea&ﬂﬁrgom Lapangs Jatrab doplivefiandlaidQnen P ublieatiomsiNo. Hei 11-
agent to a specific range of a wire for welding, rust
resi stance and wire feedability of a solid wire for
147448 disslpses adeshmigue Ko imagvina witsefeednbility dxy. spF@ORGIMbR; to the
accordance of a first aspect of the present invention,
there is provided a solid wre for gas shielded are
surfaee af myiter eat ed with a surface treatment oil
including: netal salts containing Sodium (Na),
ot assi um (K), calcium (Ca) and zinc (Zn), and a
[0 netled, JepansphBatgst Applicatind Laidvipen Pablhication dM@oSH8H090397
containing at |least two functional groups sel ected
_fromthe group that consists of ester, carboxylic acid
disgdergs a technique for ensuring wire feedability and rust resistance by coating the

surface of a wire with a thin film of paraffin.

[0020] Japanese Patent Application Laid-Open Publication Nos. $58-135795 and
558-184095 disclose a technique for improving wire feedability by using a solid surface
treatment agent, e.g., graphite and MoS,, respectively.

[0021] Further, Japanese Patent Application Laid-Open Publication No. 2001-
252786 discloses a technique for improving wire feedability by using a mixture of a
liquid surface treatment agent and the above-described solid surface treatment agent.

[0022] Those conventional surface treatment agents contain lubricating particles or



al kane groups. [0030] In accordance of a second aspect
of the present invention, there is provided a solid
wire treated with the surface treatnent agent of the
first invention, wherein, if converted into netal

el enments, respectively, the surface treatnent oi
conprises netal 7 salts containing 0.05-0.85w % of
Na+Ca, 0.05-0.70wm % of K and 0.02-0. 55wt % of Zn,

ol PRI Grmo Bt tgades o askase o

functional groups selected fromthe group that
carb lic acid and al kane groups,

ists of. ester, X > )
[OGERE' PAS RS riRlG G T GRIB 2GRS Suret eiin 3 powder-ike
treatnment oil. [0031] In accordance of a third aspect
0 he present jnvention, there is provided a solid
solff ohriFHE SESMolY: Ohera@hite ceteh Pixteralibisoi thesssohd nericants
to the first or the second invention, wherein the
rface treatnent oil is applied to the wire surface
amfﬁﬁ;ﬂugHﬂ%H@ntof 0.03-0.60g per lkg of a wire for
wel di ng. DETAI LED DESCRI PTI ON OF THE PREFERRED
ODI VENTS [ 0032] The present invention will now be
[o r iREVeR  Hhet afrface Firpaiment ggents oweataiting ematowder-like solid
conponent constituting the surface treatnent oil and
their additjion nethods according to the present
lubrigang hayeproberms ap &ollowpst ai ned. [0033] A Na salt used in
the invention is firmy adsorbed to the surface of a
wre to forman anti-rust film thereby functioning
[0925hr £leWher pevireisnied ifemamextensst period lé tiwier the sslid flebmizant is
A preferred Na salt is a sodium sul fonate represented
by [RSO3] Na. 8 [0034] A K salt used in the invention
accbmagﬂsedan agoadyihcdbdsmnd qagsasileterioritipas inowire fetlaigBty;
during the wel ding process to ensure arc stability and

smooth wire feedability. A preferred Ksalt is a
pot as $#uihe selisiolrinticant hasequrie fesiot et tegisGREE BGDOKquid lubricant;

(3) When applied to the circumferential surface of a wire, the solid lubricant
absorbs moisture in the air and slightly increases the amount of hydrogen in a weld
metal for welding; and

(4) A solid lubricant containing a carbon group increases the amount of fume.

SUMMARY OF THE INVENTION

[0026] 1t is, therefore, an object of the present invention to provide an appropriate

liquid surface treatment agent for a solid wire for gas shielded arc welding, which



[0035] Simlar to the Na salt, a Ca salt used in the

invention is firmy adsorbed to the surface of a wire

to forman anti-rust film thereby preventing the

formation of rust on the wire surface. A preferred Ca

salt is a Ca sulfonate represented by [ RSO3] 2Ca.

[0036] A Zn salt used in the invention forns a

protective filmon the surface of a wre for welding

to, prevent the wire surface from being scratched when
proy3ieR 00 TVt SEHENCE 0T FocdabiiS) 1 fher s VDAY SarmREg wire

the snooth wire feedability. A preferred Zn salt is a

i nc. phosphat e represented by R04[ P2S4] zn. [0037] A

Weﬁ%ﬂﬁ%%allic conponent, phosphorus used in the

invention is used in form of phosphate ester. The
Oéﬁgfp te ester. is adsorbed to the surface of a wire
[ ba¥s objestorpsashrersE by Aevelaping  bemogensewsdéquid surface

metals. In other words, the phosphorus plays a role

in providing the wwre with wire feedability during the
treﬂ)&%’F’E‘i #5b F%rg@élgl.g melgbrssalta 2ng dr ernmrasallic sbemisahelement such as

containing at |east two functional groups is used in

the invention, in which the functional groups are
phasgheres Buhydressrhon cesperndy oup, a carboxylic acid group

and an al kane group. The hydrocarbon conpound is

adsorbed to 9 the surface of a wire, and serves to
[0028k+ dHt snaeadjng dischomegensenst ligid svrdragtreatngertt @gprtdu iadwpecific

a low coefficient of friction between netals. In

addi tion, they forma honpgeneous |iquid coat on the
range, pf @ ddregior mﬁilm,r@staﬁﬁstamyrmdevim &tedatglitysefomsndidawite for gas

| ubricant property. [0039] Such hydrocarbon conpound

.is at least one or nore material selected from the
shigdeslgse axstding cankp iofprowsd] f at's, wool waxes, |anolins,

stearic acid, oleic acid, diner aci ds, adipic acid,

di carboxylic acids esters, polyo | esters, conplex
[0029)r dn apinodquieatoé a fast apsct ofl the lprasenteiayertion) thewaisqgovided a

sem -refined paraffin waxes and mcro crystalline

waxes. [0040] The foll ow ng now expl ai ns the reason
solifiowiré ifori gasrshielded aromtabding dfeatedokith a surface treatment oil including:

metal salts containing Sodivm (Na), potassium (K), calcium (Ca) and zinc (Zn), and a
non-metal phosphorus (P), and a hydrocarbon compound containing at least two
functional groups selected from the group that consists of ester, carboxylic acid and
alkane groups.

[0030] In accordance of a second aspect of the present invention, there is provided a
solid wire treated with the surface treatment agent of the first invention, wherein, if

converted into metal elements, respectively, the surface treatment oil comprises metal



conmponent of the surface treatnent oil according to
the present invention. The content of a conponent is
expressed in percentage with respect to the total

wei ght of the surface treatnent oil. [0041]
(1)Na+Ca: 0. 05-0. 85wt % Na and Ca are added in form of
Na sulfona e and Ca sulfonate, respectively. [If the

content of these two conponents after their converted

g e TR R R LS ST BB

det eri or at ed. if the content of these two

And,
tsaft i.r..converted to tal elenents are
013 REATR L a2 1Bty 5B B hyciasarier compund containing a
treatnment oil, the adsorbability of the wire surface
IS, deterj.orated and thys ood rust _resistance cannot
leagfctoig BEPHGRAT e[ elesipd Kioms 1o SXPNPOREDRGRSISS Shaeréat, parboxylic
form of carboxylic acid potassiumsalt. If the content
.after its converting to a netal elenent is |ess than
a"lg ?"6‘26\%‘%‘-‘: FOWMRe Wil TEsREet 1o Adaiahwaishbed the purfacgitiestment oil.
| oner the ionization voltage during the wel ding
¢%£ﬁe%s. Consequent |y, arc becomes unstable and this
[o | {8 apepriange gépdhird papachat Bre mpsest wentits, tiers is provided a
the content is greater than 0.70w% it also fails to
contribute to stabilizing the arc and providi ng snooth
soligj wie tespted; Witk jhe perfars) trqagmentrpil acoopdiog 36 whe/fizn drghe second
added in formof Zn phosphate. If the content after
. I1ts converting to a netal elenent is |ess than
nventpawpdstcn thsusfass seasmenteit iwappliesl 1o, the wireowefté inean amount
filmis not formed on the surface of the wire and as
a result thereof, the surface of wire is easily
of G03-868aeer Hurofregvire forwedidingg process. On the ot her
hand, if the content is greater than 0.55w %
viscosity of the surface treatnment oil is increased,
thereby making it difficult

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0032] The present invention will now be described in detail. First, functions of

each component constituting the surface treatment oil and their addition methods

according to the present invention will be explained.

[0033] A Na salt used in the invention is firmly adsorbed to the surface of a wire to

form an anti-rust film, thereby functioning to prevent the formation of rust on the wire

surface. A preferred Na salt is a sodium sulfonate represented by [RSO;]Na.



to obtain a honogeneous |iquid coat. [0044]
(4)P:0.10-0.80m % 11 P is added in form of phosphate
ester. If the content after its converting to a P
element is less than 0.10wt% in the surface treatnent
oil, the adsorbability of the surface treatnent oi
on the wire surface is deteriorated and this in turn
fails to inprove wre feedability On the other hand,

ent reat O/ VI SCOSI
o934l o R BRI B bfipn pESF ago iy tovrsinedbeipnizhabn voltage
thereby meking it very difficult to obtain a
ho enepous |iquid coat. Theref t fails to
duritig, Hele PrAEHAl) FISEge aroﬂa@ﬁw( 8y¢ SpaPtc Aitofgedability. A
conpound 97. 10-99. 78% Hydr ocar bon conpound used in
ntlon has at |east two functignal %oups

Pfeieé{eéﬁ S s agptasumGaR Y ldhepeseed By Celd e

carboxylic acid and al kane groups, and dlssolves

| salts in the surface treatnment oil. Its nmgjor
[O‘F%ﬁ i gmtl{iﬂ‘ o Fie 2 sk Ca galt used dn Sheaimpentiqunis £ianlnadsorbed to
honogeneous |iquid coat on the surface of the wire. A
preferable content thereof is in a range from97.10 to
theégf 9e5uR108 ViTe b dum upantbist fibpy therely peEventing theformationef rust
and wire feedability of the wire. [0046] The
above-descri bed contents of each component were
on hevirewatags fmeeferred Canalhis adrmsulnatereprpesatedlodRBD:ERe.
quantitative analyses of Na, Ca, K, Zn and P are done
as_foll ows. [0048&@1 Put 0.05-0. 1 g of sanple in a
[0036) Acaelt usediimihg inventiopffomny # protectiveifilm R teomad}e of a
2. Place the beaker on a hot plate at 350" C or higher
to cause a reaction of ndyroly3|s and cool to room

wirg &ofpelding e prvegshe wire spiface franibein shiptithod Mhen ipessarg tHrough
and nitric acid at the m xture ratio of 3: 1,

a conduit cable, thereby realizing the smooth wire feedability. A preferred Zn salt is a
zinc phosphate represented by RO4[P2S4]Zn

[0037] A nonmetallic component, phosphorus used in the invention is used in form
of phosphate ester. The phosphate ester is adsorbed to the surface of a wire and
provides a low coefficient of friction between metals. In other words, the phosphorus
plays a role in providing the wire with wire feedability during the welding process.
[0038] A hydrocarbon compound containing at least two functional groups is used

in the invention, in which the functional groups are selected from an ester group, a

carboxylic acid group and an alkane group. The hydrocarbon compound is adsorbed to



and heat the m xture again on the hot plate and coo
to roomtenperature. [005 3L] 4. Filter the cool ed
m xture by a higb-purity quantitative filter paper No.
513, and pour the filtrate into a | 00m neasuring
flask to use it as a neasurenent sanple. [0052] 5.
Carry out a quantitative analysis with | CP-AES. [0053]
Here, 1 CP-AES is an abbreviation for Inductively
| ed- Pl asma At oni m ssi.on Spectroneter. As for
theﬁ“éﬂ%‘gfsau‘ﬁlé%eaﬁ‘fi SeivRy & %tswe%rgowgv?*e U G138 GPp provide
by Therno El enental Conpany was used. [00541 In
addi t jon, t functional grqup.of the hydracarbon
o 180 K5l oh Tret hesmig st S n® dfihap otpey Torm a homogencous
spectrophotoneter. [0055] The foll ow ng now descri be
. hQw t.0 | y_.or read the surface treatnent oil on
liqyifl Sogtiondhe Birfage Pgﬂ‘ﬁd’!“‘:’[ His-BProvegLY resistanqgnd dghsicaptygoperty.
conpositions of wires for welding. In detail, a
[oé§§£er- at ed golid w re and a copper-free solid
, YrogHEO EMPPOUHMLH| 4 dkfishyne)pramoresmateriplesetected from
manufactured to 1.2mm in dianmeter and were treated
with the surface 13 treatnent oil of the present
thejgronmeqnsisting pé woskdath gerol graxen darddimpogearicaasid, wletalstid, dimer

consists of Fe and inevitable inpurities. [0057] The
.surface treatnent oil may be applied to the wire
ac‘iﬁa PR g, dsamhgxdic agids eyerss pelvel esters.oeumaplix esfets, phosphate
coating nethod, or the wire may be imrersed in the
surface treatnment oil and a proper anount of the oil
estarhyslifk Paxesy Serle vores.neenviireBnesl paratfin wakes and poGBSGrystalline
[ Tabl e 11 SpecTypeWre conposition (w% CSildnPSCuTi

52
waxes.

[0040] The following now explains the reason for limiting the content of each
component of the surface treatment oil according to the present invention. The content
of a component is expressed in percentage with respect to the total weight of the surface
treatment oil.
[0041] (1) Na+ Ca: 0.05-0.85wt%

Na and Ca are added in form of Na sulfonate and Ca sulfonate, respectively.
If the content of these two components after their converted to metal elements are
contained less than 0.05wt% in the surface treatment oil, rust resistance is deteriorated.

And, if the content of these two components after their converted to metal elements are

10
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contained more than 0.85wt% in the surface treatment oil, the adsorbability of the wire

surface is deteriorated and thus, good rust resistance cannot be ensured.

[0042] (2) K: 0.05-0.70wt%

K is added in form of carboxylic acid potassium salt. If the content after its

converting to a metal element is less than 0.05wt% in the surface treatment oil, it fails to

lower the ionization voltage during the welding process. Consequently, arc becomes

unstable and this results in the deterioration of wire feedability. If the content is greater

than 0.70wt%, it also fails to contribute to stabilizing the arc and providing smooth wire

stability.

[0043] (3) Zn: 0.02-0.55wt%

Zn is added in form of Zn phosphate. If the content after its converting to a

metal element is less than 0.02wt% in the surface treatment oil, a protective film is not

formed on the surface of the wire and as a result thereof, the surface of wire is casily

scratched during the welding process. On the other hand, if the content is greater than

0.55wt%, viscosity of the surface treatment oil is increased, thereby making it difficult

to obtain a homogeneous liquid coat.

[0044] (4) P: 0.10-0.80wt%

11



. 0-6-,-01-8-6-.-00-9--6-.-23- 0686

CF0. 070. 851. 520. 0140. 0120. 01 *CC. Copper coated wre

* *CF. Copper free wire [0059] There is a reason why
the surface treatnent oil application anount is
limted. [00601 For instance, if the oil application
anount is less than 0.03g per kg of a wre, which is
too little, load on wire feedability in a conduit

o oceds s difeq SoBiT: ATRGIRE i 1L el fscis converting t o

treatnment oil application anobunt is nore than 0.60g
er | kg,of Wi r.e, ich is too much, a_slip problem
P §heta® 15 R 0 Omelinr e Srero pyatiRt g the tdbvPReIbIN of the
to ensure snooth wire feedability. [0062] The surface
tment oil a tgJI lcation anount was nmeasured as
o83

re Su : .
S“f?a&P ?r ginent py yirespface iydeteriprated aeHhisgn gum dpids to improve
prepare 50-80g of such wires. [0064] 2. Wigh the

W res by a pajr of scales (1g/10000) to get the weight
with ety 6Pt gy b OCaSet TSR i O SAeYa, visiosity of
[0065] 3. Put 150mL of CCl4 into a 250nl beaker.
[0066] 4. Place the wires in the beaker with CCl4 and
the syrtpqe teramemHoil s rapidiy inceeased gheralay mgkipe diovesy diffieult ® obtain a
m nutes. [0067] 5. Dry the degreased wires in a dry
oven for 10 mnutes and cool to room tenperature in a
horpegsnequs lisiuid ¢aapeEperelorands fgils torimpieveatirafaedability. a pai r
of scales (1g/10000) to get the weight
[0045] (5) Hydrocarbon compound: 97.10-99.78%

Hydrocarbon compound used in the invention has at least two functional
groups selected from the group consisting of ester, carboxylic acid and alkane groups,
and dissolves metal salts in the surface treatment oil. Its major role is to form a firm
rust-resistant film and a homogeneous liquid coat on the surface of the wire. A
preferable content thereof is in a range from 97.10 to 99.78wt% in order to contribute
good rust resistance and wire feedability of the wire.

[0046] The above-described contents of each component were obtained by the
tollowing analysis method.

[0047] The quantitative analyses of Na, Ca, K, Zn and P are done as follows.

[0048] 1. Put0.05-0.1g of sample in a 250m] beaker and add 10ml of sulfuric acid.

12



(Wa) after degreasing (to four decimal points). [0069]
7. Calculate the surface treatnent oil application
anount based on the neasured Wb and WA val ues using
the followi ng equation. [0070] [Equation 1] 15 Surface
treatnment oil application amount = (g/wokg) =
{(VWb-Wa)/ Wal x 1000 [0071] The surface treatnent oi
of the present invention was applied to the w res of

e . gonpasrison (e.q., e and Conparative,
[Oééglm de‘sj]. T ﬁt?;[%fﬁefhoé’ i El?‘i xﬂeﬁeﬁ?ﬁ@“@i kyehsrie caysg a reaction of
measur enent nethod of rust resistance and wre
feedabi it whi ch _are nmj or advantages achi eved by
pyrtoﬁyélsp?%‘ls%"rﬁ’}("q WOBHEMBRANY®073] L Rust- Resi stance 10074]
Salt water spray test conditions were set as shown in

e n 0, m.hut e ater rust formation on the
["ﬁt 533 r?Q@ é{?%g} Bi e aqiq and Biic.aud oh e mysire fatioras 3:1,
wire surface rust resistance was indicated by 'X ,
ile rust was not ohserved rust resistance was
and Wiig} fhgiraigtus a2 on fhchrs plaferansh cooblo reamytemgerature

concentrati onChanber tenperature Tank tenperature

() Salt_water spray CC)pressure NaCl 5%35500. 15Mpa
[0‘%%& 6]4!' Vil the goled mixtyrethysa highrpurity Grestive fillen papsr No. 5B,

shown in Table 3 to evaluate and grade wire

eedahbigii.t%/., 16 i )
and pour the filtrate into a 100ml measuring flask to use it as a measurement sample.

[0052] 5. Carry out a quantitative analysis with ICP-AES.

[0053] Here, ICP-AES is an abbreviation for Inductively Coupled Plasma Atomic
Emission Spectrometer. As for the measurement, IRIS advantage device manufactured
by Thermo Elemental Company was used.

[0054] In addition, the functional group of the hydrocarbon compound can be
analyzed by an infrared spectrophotometer.

[0055] The following now describe how to apply or spread the surface treafrnent oil
on the wire for welding.

[0056] Table 1 illustrates the compositions of wires for welding, In detail, a copper-
coated solid wire and a copper-free solid wire, YGW11 and YGW12, defined by JIS

Z3312 were manufactured to 1.2mm in diameter and were treated with the surface

13



[0077] When the wire feeding was interrupted for |ess
than 100 seconds and thus, an are is stopped, the
wire feedability was indicated by "X . On the other
hand, when continuous wel di ng was possi ble for 100
seconds or longer, the wire feedability was indicated
by "0'. [0078] As aforenentioned, the dianeter of the
Wi res used here mas 1.2mm [ 0079] [Table 3] Wl ding

Current
tre%% ?l’zélkl 23% Slfl{' ns(l e(r)ﬁzal ondy e%lg e composition in Table 1
(V) 44100%abl e2 nmm feed cabl e (300mm in dianeter)

wW20Wel.di ngZi gzag speedrate (I
Cor}s}ﬁtﬁﬁﬁ%ﬁ@% (“E‘RP%‘??) wel di ng upon bead- on-pl ate
[ 0080] [Table 4a] I t No. Ki ndConver si on val ue

d nSurfaceO | RRWF eof netal salt
W‘?%\ﬁ'y B getment Pr’éﬁ"t‘aé’ptlﬂ aplied & {h@vwlf%%fface by using a felt

Na+CKZn)EsterCarI|nAIkaneTotaI0|I (W % n anount

acid
or 81e electx(ostatlc TJcoatl%g method, or the wire may be immersed in the surface

treatment oil and a proper amount of the oil may be removed from the wire surface later.

[0058] [Table 1]

Spec Type Wire composition (wt%)

C St Mn P S Cu Ti

YGWI11 CC 0.05 0.88 1.52 0.012 | 0.006 0.25 0.19

CF 0.06 0.79 1.57 0.016 | 0.011 0.01 0.16

YGWI12 CC 0.06 0.86 1.50 0.018 | 0.009 0.23 -

CF 0.07 0.85 1.52 0.014 | 0.012 0.01 -

*CC: Copper coated wire

**CF: Copper free wire

[0OS9] There is a reason why the surface treatment oil application amount is limited.
[0060] For instance, if the oil application amount is less than 0.03 g per lkg of a
wire, which is too little, load on wire feedability in a conduit cable to be fed is increased

during the welding process.
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C1CF" 0650. 650. 070. 140- - 98. 49100. 000. 15XX

02CFO0. 380. 320. 100. 22--098. 98100. 000. 35XX - MCC
0. 210. 170. 220. 66- 0-98. 74100. 000. 51XX - P

4CF0. 860. 150. 550. 5200- 97. 92100. 000. 03X0 A

5CC0. 030. 050. 260. 8000- 98. 86100. 000. 09X0- R

6CCO. 880. 380. 160. 610-097. 97100. 000. 17X0 A

7CF0. 020. 540. 380. 470 098. 59100. 000. 25xO T

T 0 TR e Y —

10CC0. 850. 770. 190. 4500-97. 74100. 000. 040X E
‘ -98. 0. 000. 110X . )
R AR A b o v ot

thereby making it difficult to ensure smooth wire feedability.

[0062] The surface treatment oil application amount was measured as follows.
[0063] 1. Cutawire in 4-6cm long, and prepare 50-80g of such wires.

[0064] 2. Weigh the wires by a pair of scales (1g/10000) to get the weight (Wb)
before degreasing (to four decimal points).

[0065] 3. Put 150ml of CCl, into a 250ml beaker.

[0066] 4. Place the wires in the beaker with CCly and carry out the ultrasonic
degreasing process for 10 minutes.

[0067] 5. Dry the degreased wires in a dry oven for 10 minutes and cool to room
temperature in a desiccator.

[0068] 6. Weigh the dried wires by a pair of scales (1g/10000) to get the weight
(Wa) after degreasing (to four decimal points).

[0069] 7. Calculate the surface treatment oil application amount based on the
measured Wb and Wa values using the following equation.

[0070] [Equation1]
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E 13CF0. 440. 040. 400. 730-098. 39100. 000. 280X x

14CC0. 790. 710. 540. 38- 0097. 58100. 000. 420X

15CC0. 250. 020. 020. 29- 0099. 42100. 000. 570X

16CFO0. 710. 210. 560. 1000- 98. 42100. 000. 060X *CF: Copper
free wire **CC: Copper coated wire RR Rust
resistance W.. Wre feedability [0081] [ Table 4b]

I t No. Ki ndConver si on val ue of PHydr ocar bonSurfaceGO | RRW

eof met@al ~salt (w9 (w %gonpoundt r eat ment appl i cati on

i SR ESRTE B CopCR AR ol L 7 ARG Wa) x

ylicne(w % (gl w kg) acid 18
106t 7C€F*0. 070. 510. 010. 5500- 98. 86100. 000. 120X

@1[8CC**O. 530. 060. 590. 320- 098. 50100. 000. 210X

ML9CC0. 050. 570. 010. 700- 098. 67100. 000. 300X

. . 620. 35-0097.91100. 000. 440X ) )

[ORZ R s i sl e CRIghe METETS 0G0iT0RRS Fplied to the wires of

22CF0. 320. 470. 040. 8500-98. 32100. 000. 080X

Table 1 for comparison (e.g., Example and Comparative examples).

[0072] The following now explains the measurement method of rust resistance and
wire feedability, which are major advantages achieved by the present invention.

[0073] 1. Rust-Resistance

[0074] Salt water spray test conditions were set as shown in Table 2 and 60 minutes
later rust formation on the wire surface was observed. If rust was observed on the wire
surface rust resistance was indicated by “X’, while rust was not observed rust resistance
was indicated by ‘O’,

[0075] [Table2]

Salt water concentration | Chamber temperature Tank temperature (T) Sait water spray
(C) pressure
NaCl 5% 35 50 0.15Mpa

[0076] Wire fecdability test conditions were set as shown in Table 3 to evaluate and

grade wire feedability.
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A T23CC0. 840. 290. 330. 0900 98. 45100. 000. 140X
124CF0. 480. 110. 130. 840- 098. 44100. 000. 230X
V25CC0. 060. 250. 430. 070- @99. 19100. 000. 320X
E26CCO. 160. 400. 350. 81-0098. 28100. 000. 470X
27CF0. 830. 080. 510. 03-0098. 55100. 000. 600X
E28CF0. 060. 050. 040. 1400-99. 71100. 000. 610X
X29CC0. 440. 350. 310. 470- 098. 43100. 000. 020X

0B7ED 38 B3 R 209 B0-ET gt s,

free wwre **CC. Copper coated wire RR Rust
resistance WE:. Wre feedabil|.t 0Q82] [Table 4c] It
a"CMS.SF&%&%@W’@F%%ﬂ%}&&%’%fﬂ‘iﬂ%ﬁi’d&%cgf -boéfl %Lﬁ ‘PtQE’éL@}dI, when
RRWF eof met al salt _ _
0 0
con(tivr\l'tuo/gs( Welé?nogn&gsu rﬁggsgbﬁg tfcr>rre P&Oag&loh Sagll f)orl]lger, the wire feedability was
indicated by ‘O’.

[0078] As aforementioned, the diameter of the wires used here was 1.2mm.

[0079] [Table 3]

Welding conditions Gas conditions Other conditions
Current (A) 420 Kind CO, Conduit New Sm-long
Voltage (V) 44 100% cable 2 turn feed

cable (300mm

in diameter}

Welding 50 Gas flow 20 Welding Zigzag

speed rate (1/min) type weaving

{em/min) welding
upon bead-

on-plate

[0080] [Table4a]

It [ No. | Kind Conversion valuc of P Hydrocarbon Surface Qil RR WF
€ of metal sait (wt%) {wt compound treatment | applicatio
m wire %) oil (wt%) n amount

Na+C K Zn Ester | Carbo | Alkane | Total

a xylic {wi%)} {g/weke)

17




Carbon Al ka Total anmount inw reNa+CaKzZn)Esterylic
ne(wt%oil (w%(g/wkg) acid

E1CF*0. 160. 270. 090. 35- 0099. 13100. 000. 3600

X2CC**0. 150. 160. 360. 320- 099. 01100. 000. 4300

A3CF0. 280. 130. 070. 1800- 99. 34100. 000. 5200

MACFO. 110. 250. 050. 150- 099. 44100. 000. 6000 19

Pa¥ ol ¥on¥al n-\G ASOA—2A00 120 N0OQO 2100000 2E00

UOUYLCU .U UYU. O0U Z20"9II. Py VYo UZoUY
L6CGFO. 050. 070. 0B0. 10- OD99. '75160 000.]1800 |0. 06 0. 05

¢lo! 2°FEye6 |96 | 90730-10)99. 57100] 000.|1%@0 |- 1600 | 015 | X | X
02 CF 0.38 032 1010 | 022 - - Q 98.98 100.00 .35 X X
M 3 CC** 0.21 0.17 [ 022 | 0.66 - 0 - 98.74 100.00 0.51 X X
P 4 CF 0.86 0.15 [ 0.55 | 0.52 0 (4] - 9792 100.00 0.03 X 0
A § CC 0.03 005 {026} 0.80 (0] ¢ - 98.86 100.00 009 X (o]
R 6 cC 0.88 .38 | 0.16 | 0.61 (8] - 0 97.97 100.00 0.17 X o]
A 7 CF 0.02 0.54 | 038 | 047 (8] - O 98.59 100.00 0.25 X a
T 8 CF 0.91 034 | 029 | 017 - (o] o 98.29 100.00 0.38 X 0
! 9 CF 004 | 061 | 0.03 | 0.64 - O 0 98.68 100.00 0.54 X o
M 10 cC 085 | 0.77 | 0.19 | 045 o] 8] - 97.74 100.00 0.04 (o) X
: 11 CC 0.57 0.02 | 049 | 041 O (o] - 98.51 100.00 0.11 e X

12 CF 0.1t 073 { 025 | 0.26 (8] - O 98.65 100.00 0.18 O X
E 13 CF 0.44 004 | 040 | 0.73 o - (8] 98.39 100.00 0.28 0 X
X 14 cC 0.79 071 | 0.54 | 038 - O Q 97.58 100.00 042 O X

IS cC 0.25 002 | 0.02 | 0.29 - Q C 99.42 100.00 0.57 o X

16 CF 0.71 021 | 056 | 0.10 (6] 8] - 98.42 [00.00 0.06 O X
*CF: Copper free wire
**CC: Copper coated wire
RR: Rust resistance
WEF: Wire feedability
[0081] [Table 4b]
It | No. | Kind Conversion value of P Hydrocarbon Surface Gil RR WF
e of metal salt (wi%) (w1% compound treatment | application
m wire | Na+Ca K Zn ) Ester | Carbox | Alka Total oil (wt%) amount

ylic ne {wi%) (g/wekg)
acid

18




-- - S8CFT4 0 0 0.5800 98.02100. 000. 0300 35542

9CF0. 770. 400. 320. 66- 0097. 85100. 000. 3400

10CFO0. 730. 370. 410. 54- OO97. 95100. 000. 4100

[ 1 CFO. 700. 510. 300. 520-097. 97100. 000. 5000

| 2CC0. 420. 360. 270. 6200 98. 33100. 000. 5900 CC 0.41 0. 35

0.38 13- - - - 0.5100 98. 35100. 000. 2700 --- - -

C 17 CF* 0.07 0.51 0.01 0.55 (0] 0 - 98.86 100.00 0.12 ¢ X
0 18 | CC** 0.53 006 | 0.59 | 032 Q - O 98.50 100.00 0.21 0 X
M| 19 CC 0.05 0.57 | 0.0F | 070 [¢] - O 98.67 100.00 0.30 o] X
P 20 CF 0.68 044 | 062 | 035 - O (0] 9791 100.00 0.44 o] X
Al 21 CF 0.74 0.70 | 0.01 0.78 - o 0 9.7 100.00 0.59 o) X
R[22 CF 0.32 047 | 0.04 | 0.85 o o] - 98.32 100.00 0.08 0 X
Ao cC 0.84 029 § 033 | 0.09 O 0 - 98.45 100.00 0.14 (8] X
T ™23 CF 048 0.11 0.13 | 0.84 O - O 98.44 100.00 023 (o] X
L 25 cC 0.06 025 | 043 | 0.07 (6] - O 99.19 100.00 032 o X
v 26 cC 0.16 040 | 035 | 081 - o] (0] 98.28 100.00 047 (o] X
E 27 CF 0.83 0.08 | 0.51 | 0.03 - o] (o] 98.55 100.00 0.60 0 X

28 CF 0.06 005 | 0.04 | O.14 o O - 99.71 100.00 0.61 0 X
E 29 cC 044 ¢35 | 031 047 ] - Q 98.43 100.00 0.02 O X
X 30 CcC 0.85 065 | 0.53 | 0.76 O 0 - 97.21 £00.00 0.63 O X

31 CF 0.26 046 | 0.28 | 045 - 0 C 98.55 100.00 0.01 (8] X
*CF: Copper free wire
**CC: Copper coated wire
RR: Rust resistance
WF: Wire feedability
[0082] [Table 4c]
It | No. | Kind Conversion value of P Hydrocarbon Surface QOil RR WF
e of metal salt (wt%) (W% compound treatment | application
m wire | Nat+Ca K Zn } Ester | Carbox | Alka Total ail (w1%) amount

ylic ne (wi%) (g/wekg)
acid

E 1 CF* 0.16 027 | 0.09 | 035 - o) O 99.13 100.00 0.36 O @]
X1 2 {ce=| ols 016 | 036 | 0.32 (o] - o 99.01 100.00 0.43 0] o
A 3 CF 0.28 0.13 007 | 0.18 O ] - 99.34 100.00 0.52 0 0
M 4 CF 0.11 0.25 005 | 015 O - 8] 99.44 100.00 0.60 0 O
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--- 14(5 0 (M T2 0.49-0098.52100. 000. 1900 C2586

15CF0. 630. 340. 250. 470- 098. 31100. 000. 1300

16CF0. 450. 380. 290. 450 8. 43100. 000. 04-0-0 *CF: Copper
free wire **CC. Copper coated wire RR Rust
resistance Wr: Wre feedability [0083] [Table 4d] It
No. Ki nd Conversi on val ue of p Hydrocarbon Surface Q|

ER-A n 1 +
o [ReVFE U TR A g 633 | 0.12

(o] .- .0 9,32 [00.00 0.25 (6] O
(Wt PQ (Wt Yeonpoundt r ejat meint appl i cati on 8arb3x
L 6 CcF 0.05 007 | 003 | 0.10 - O 4] 99.75 100.00 0.18 &) 8]
E 7 cC 0.06 005 | 002 | 030 - o] 0 99.57 100.00 0.11 0 O
s 8 CF 043 055 | 042 | 0.8 0 (8] - 98.02 100.00 0.03 o C
9 CF 0.77 040 | 032 | 0.66 - C (0] 97.85 100.00 0.34 0] O
10 CF 0.73 037 | 041 0.54 - Q O 97.95 100.00 041 8] O
11 CF 0.70 0.51 0.30 | 0.52 O - 0 97.97 100.00 0.50 (0] O
12 cC .42 036 | 0.27 | 062 O 4] - 98.33 100.00 0.59 &) 0
13 CcC 041 035 | 038 | 051 0 o - 9835 100.00 0.27 0 O
14 cC 0.25 048 | 026 | 049 - O (0] 08.52 100.00 0.19 O O
15 CF 0.63 034 | 025 | 047 8] - O 98.31 [00.00 0.13 o O
16 CF 0.45 038 | 0.29 | 045 O - 8] 98.43 160.00 .04 8] O
*CF: Copper free wire
**CC: Copper coated wire
RR: Rust resistance
WF: Wire feedability
[0083] [Table 4d]
It | No. | Kind Conversion value of P Hydrocarbon Surface Qil RR WF
e of metal salt (wit%) {(wt% compound treatment | application
m wire [ Na+Ca K Zn ) Ester | Carbox | Alka Total | oil (wi%) amount
ylic ne (wi%) {g/wekg)
acid
E 17 CF* 084 070 | 0.53 | 080 o 0 - 97.13 100.00 0.31 0 O
X 18 | CC** 047 0.67 | 055 | 0.79 Q 0 - 97.52 100.00 0.39 o] O
A 9 cC 0.82 045 | 051 0.76 O - ¢ 97.46 100.00 0.47 O 0
M 20 CF 0.84 064 | 037 | 0.74 - o] o 97.41 100.00 0.56 O 0
P 21 CF 0.67 062 | 048 | 0.60 - 0 O 97.63 100.00 0.28 O O
L 22 cC 0.44 044 | 046 | 0.71 o] - o 97.95 100.00 ¢.21 C o
E 3 cC 0.46 058 | 034 | 0.68 0 0 - 97.94 100.060 0.15 o] 0
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At ka Total anmpbunt mmreNa+CaKzZn)Esterylic ne(w % oi |
(w% (g/w. kg) acid

El 7CF*0. 840. 700. 530. 8000 97. 13100. 000. 3100

X18CC**0. 470. 670. 550. 7900- 97. 52100. 000. 3900

A19CQ0. 820. 450. 510. 760- 097. 46100. 000. 4700

MZOCFO 840. 640. 370 74 0C97.41100. 000. 5600

o4 A7~ nnn7 Go1nn ONn-— 2900

Pz 6706264 =
S8 oz 5006, 000 2160 E| P [ oo

22CC0. 440. 440. 46) 71009
2300646003580 9340 0-58C339 4100. 0002 1508920 100.00 0.37
214 1.00 aYalll aYa¥aYal

SACEH B85 3p82 119722858
25CF0. 3b0. 340. 190. 43- X9

OOQD\I_\IL

91100. 000° 37 0| 299, 41
- 9

: 0 0

9
9 0 0

Q

© 0 0O

.6
BOFGFF3D Bl 2p 031 | 020 | 039 5] 98.89 100.00 0.55 o 0
28 | CC 0.51 023 [ 015 | 026 0 0 - 98.35 100.00 0.29 0 0
20 | CF 055 | 020 [023 ] 025 0 0 - 98.77 100.00 0.24 5) 3]
30 | CF 059 | 018 | 012 | 037 0 - 0 98.74 100.00 0.16 0 0
31 | CF 019 | 029 | 020 | 021 0 3] - 99.11 100.00 0.09 0 o

*CF: Copper free wire

**CC: Copper coated wire

RR: Rust resistance

WEF: Wire feedability

[0084] The following now explains rust resistance and wire feedability of Examples
and Comparative examples shown in Table 4 with respect to one embodiment of the
present invention.

[0085] The wires of the Comparative examples 1-3 have the conversion values of
metal salts and the P values within the range of the present invention. However, since
the hydrocarbon compound has only one functional group, the wires exhibited poor rust
resistance and poor wire feedability.

[0086] The wires of the Comparative examples 4-9 have Na+Ca values among the

conversion values of metal salts outside the range of the present invention. However,
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-- - 0-098.83100. 000.4400 ---- - 06 T O -

27CF0. 2131203 --098.89100. 000. 5500 9

28CC0. 510. 230. 150. 2600- 98. 85100. 000. 29-0-0

29CF0. 550. 200. 230. 2500 98. 77100. 000. 2400

30CF0. 590. 180. 120. 370- 098. 74100. 000. 1600

31 CF0. 190. 290. 200. 2100-99. 11100. 000. 0900 *CF: Copper
free w re **CC. Copper coated wire RR Rust

s N T -
Exanpl es

and since the hydrocarbon compound has two different functional groups, the wires
exhibited good wire feedability.

[0087] The wires of the Comparative examples 10-15 have K values among the
conversion values of metal salts outside the range of the present invention, so they had
poor wire feedability. However, since the components Na+Ca, Zn, and P are within the
range of the present invention and since the hydrocarbon compound has two different
functional groups, the wires exhibited good rust resistance.

[0088] The wires of the Comparative examples 16-21 have Zn values among the
conversion values of metal salts outside the range of the present invention, so they had
poor wire feedability. However, since the components Na+Ca, K, and P are within the
range of the present invention and since the hydrocarbon compound has two different
functional groups, the wires exhibited good rust resistance.

[0089] The wires of the Comparative examples 22-27 have P values outside the

range of the present invention, so they had poor wire feedability. However, since the

components Na+Ca, K, and Zn are within the range of the present invention and since
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and Conparative exanples shown in Table 4 with respect
to one enbodi nent of the present invention. [0085]
The wires of the Conparative exanples 1-3 have the
conversion values of netal salts and the P val ues
within the range of the present invention. However,
since the hydrocarbon conpound has only one
functional group, the wires exhibited poor rust

resj.stance and r wre feedahility.. [0086].The wres .
the R P P P chos e e BRaT Jonsiabiehampesioae g Xibited
anong the conversion values of netal salts outside
Oﬁﬂe {angs of the present invention. However, 21 since
B0 S R Conponent s K, Zn and P are within the range
of the present invention and since the hydrocarbon
ound has t different functionpal groups, the
[0Q9PE < heViFs atithscemRRAGYS SxmRiFs P4y TEBbawCan&, Zn and P
wi res of the Conparative exanples 10-15 have K val ues
among the conversion values of netal salts outside
valwewﬁaﬂ'éée 1318 Hiethp pEssedunysatien and the hydracadpn sampowisbiias two
wire feedability. However, since the conponents Na+Ca,
.an, %?d,P are within the ran%e of the present )
differrpt fnctipnal g upsnwdhe Maren phibtted eed walFsYsirceh dfowenst, since
different functional groups, the wres exhibited good
rusj resistance. [0088] The wires of the Conparative
the c3uEfap¢ deeatneend 101h abiRlicaHOR AMpsstsapsneutsiHe the amasr of dre present
val ues of netal salts outside the range of the present
. invention, so they had poor wire feedability.
anFHmvﬁ‘te,Wlﬁqsﬁéhlb!tﬁ%P@Qfﬁb’é%@ﬁd@lmvra, K, and P are
within the range of the present invention and since
t he hydrocarbon conmpound has two different functiona
lo%umgﬁ,smqlﬁélm siees hehiswifacsd trgatornt ikt applidasiomnaeounts of the
[0089] The wires of the Conparative exanples 22-27
have P val ues outside the range of the present
Compsrative oremples 2heyd AAavepotoo miucls & dgdpioblent yecubeden dlig wire
since the

feeder. Meanwhile, since the surface treatment oil application amounts of the
Comparative examples 29 and 31 were too little, frictions of the wires in the cable to be
fed were increased and therefore, the wire feedabilities thereof were not good.

[0092]  On the other hand, the wires of the Examples 1-31 have Na+Ca, K, Zn and P
values within the range of the present invention, and the hydrocarbon compound has
two different functional groups. Also, since the surface treatment oil application

amounts are within the range of the present invention, the wires exhibited good rust

resistance and good wire feedability.
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conponents Na+Ca, K, and Zn are within the range of

the present invention and since 22 the hydrocarbon

conmpound has two different functional groups, the

wires exhibited good rust resistance. [0090] The

wires of the Conparative exanples 28-31 have Na+Ca, K

Zn and P values within the range of the present

i nvention and the hydrocarbon conmpound has two

bhf er i on r so,_the w.res exhibited . .

[Ogggli rjﬁég:exﬁlggh%t%n?er’. %@\?\‘g\i’%ﬂf} i ggatedd Wl{hhalesﬁ?*?’%eé‘eous liquid

treatnment oil application anbunts are outside the

ent. i.nvention, .the w.res exhibjted
suf R0 aftlont Ao bEARR the MEOlA g eGSR St St e for gas
surface treatnment oil application amounts of the
- ye e | es 28 and 30 re too, nuch, a slip )
Sh"bq?g‘g?‘%ﬁ%%@% ¥ B eE i e Sxpililed sicrioh Fesistange g wire
the surface treatnent oil application anbunts of the
arati ve anples .29 and .31 were too little,
ﬁm&@ﬂ@ ﬁ%h§ESPF§ﬁgBGX?%@n$ﬁOE%&m@%ble to be fed were
i ncreased and therefore, the wire feedabilities
eof. .wer ot od., [ 009 On the other hand, the
[0GPFLS RyHSERE S pifREE1 1émabotiig Rl fom preeontymegntion has been
values within the range of the present invention, and
t he hydr rbon conpqund has . two different functional
des&‘i’htb“dlpgt. Wﬁf 5‘8 an ?‘ﬁ‘é’gﬁ ?Weg‘gﬁﬁ pidlled i ghet 37k that dhe present invention
application anounts are within the range of the
sent invention, the wres exhibited good rust
sholtldCRalibe fimiteip G5 Sigsantied rdemabembodimens POBBUs Abanges and
expl ai ned so far, having been treated with the
%%go eneous |iquid surface treatnment agent having the
mo N 8y P B¥de GHivIai the swirit: and seope pfwiheepresent draseention as
shi el ded arc wel ding of the present invention

exhi bited superior rust resistance and wire
defingd b the appgnded d4ise of the conventional solid wires.
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[0094] Al though the preferred enbodi nent of the
present invention has been described, it will be
understood by those skilled in the art that the
present invention should not be [imted to the
descri bed preferred enbodi nent, but various changes
and nodifications can be made within the spirit and
scope of the present invention as defined by the
“H%PP g edclalms 24 What is clained is: 1 . Asolid
or éas shiel ded are welding treated with a
surface treatnment oil conprising: netal salts

AR, 0 R T —

hydr ocar bon conpound containing at |east two

funct.i.onal oups sel.ected fromthe Qup that
oil GBREHSPE. BEALSHEY CONRBESPOrED (M) @odig v (Eangalcium (Ca) and

groups. 2. The solid wire according to claim 1,
if converted into nmetal el enents,

megg% &g %é‘PE’/‘met“Hé’hgﬁﬁhoél@efpﬁaraél&t%ﬁko%lrboncmmqugfé§0ntammg at
netal salts cont aining 0.05- 0.85wm of Na+Ca ,

0. 05- ]8‘ 70wt % of K and 0.02-0.55wt % of Zn, and
leayy’ 6149, RN WP Seiectsh drapy theogwmp bai oansishs afrester, carboxylic
hydr ocar bon conpound contai ning at |east two
_%un tional groups selected fromthe group that
aa ﬁ?lk?@%f’u@ster, carboxylic acid and al kane groups,
with respect to a total weight of the surface
treatnent oil. 3. The solid wire according to claim|l
or claim2, wherein the surface treatnment oil is
applied to the wire surface in an anmount of 0.03-0.60g

per kg of a wire for welding. 25
2. The solid wire according to clatm I, wherein, if converted into metal

elements, respectively, the surface treatment oil comprises metal salts containing 0.05-
0.85wt% of Na+Ca, 0.05-0.70wt% of K and 0.02-0.55wt% of Zn, and 0.10-0.80wt% of
P, and 97.10-99.78wt% of the hydrocarbon compound containing at least two functional
groups selected from the group that consists of ester, carboxylic acid and alkane groups,

with respect to a total weight of the surface treatment oil.

3. The solid wire according to claim 1 or claim 2, wherein the surface
treatment oil is applied to the wire surface in an amount of 0.03-0.60g per 1kg of a wire

for welding.
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