SOLI D WRE FOR GAS SHI ELDED ARC VEELDI 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
treatment oil which can provide good rust resistance
and wr [ t I escription
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Description of the Related Art

[0002] In general, a solid wire for gas shielded arc welding is used in diverse types
of products requiring 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 shielded 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.




[ 0005] One of themis a copper-coated solid wire. The

surface of the copper-coated solid wire is coated

with a copper-plating layer in order to ensure good

electric conductivity (or current-carrying

stability), rust resistance (or corrosion resistance),

and wire feedability. However, these qualities are

obt ai ned only when the plating Iayer i's dense and has
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steel base of the non-plated (Cbpper-free) wireis

[0006] Unfortunately, in practice, it is impossible to obtain such a perfect plating
layer from the in-line mass production system which is quite different from the perfect
environment of a copper plating tank provided to an experiment chamber.

[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



exposed to the air, the formation of rust on the
surface is inevitable. Especially, a non- uniform
surface coating layer of the copper free wire not only
is sensitive to the formation of rust but al so
i ncreases the |load of feedability due to the friction
in a conduit cable during the actual wel ding process.
[0011] To resol ve these probl ens of copper-coated and
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technique for inproving wire feedability by coating
_the surface of a wire with a rust_inhibitor, .
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for inmproving wire feedability by coating the surface

of awre
conduit cable during the actual welding process.

[0011] To resolve these 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.




with a lubricant which uses lubricating oil as base
oi | and which contains 2-40% of chlorocarbon. [0015]
Secondly, there are surface treatnent agents for
copper-coated solid wires. For exanple, Japanese
Pat ent Application Laid-Open Publication No. Hei
1-166899 discloses a technique for ensuring wire
feedability by coating the surface of awire with a
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mstalllc salt with higher fatty aC|d in mneral oil.
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surface of awre. 4 [0017] Thlrdly, there are surface

reatrre ents for copper-coated solid wres.
whi W“@Pﬁ%p?@ %ﬁ?%ﬁ%ﬁ?ql@gtl on Lai d- Open
Publ i cati on No S55- 141395 di scl oses a technique for
resi stance by coating the surfa

' QVi ng rust .of
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graphite. [0018] Moreover, Japanese Patent Application
Lai d- Open Publication No. Hei 11- 147174 discl oses a
disclpges rnteghars for; improving gVi fesdatibityay roatipgghe spragguphg wire
MbSZ to the surface of a wire. [0019] Also, Japanese

_ Pat ent Application Laid-Open Publication No.
withgsRibgiggggyhich uses lubricating oil as base oil and which contains 2-40% of

chiorocarbon.

[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.



di scl oses a technique for ensuring wire feedability
and rust resistance by coating the surface of a wire
with a thin filmof paraffin. [0020] Japanese Patent
Appl i cation Laid-Open Publication Nos. S58-135795 and
S58- 184095 di scl ose a technique for inproving wire
feedability by using a solid surface treatnent agent,
e.g., graphite and MbSZ, respectively. [0021] Further,
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feedability by using a m xture of a liquid surface

ro LGRS A5 A oS35 R 85

treatnent agents contain |ubricating partlcl es or 5
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exanpl e, surface treatnent agents may contain a
.powder - | i ke olid lubric t such as MbS2 or graphite,
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solid lubricant has an inferior rust resistance to the
liquid lubricant; (3) Wien applied to the
surfagp pEa #iker ent i al surface of awire, the solid |ubricant

t0019] Also, Japanese Patent Application Laid-Open Publication No. $58-090397
discloses 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
S58-184095 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



absorbs noisture in the air and slightly increases the
anount of hydrogen in a weld netal for welding; and
(4) A solid lubricant containing a carbon group

i ncreases the anmount of fume. SUMVARY OF THE

I NVENTI ON [0026] It is, therefore, an object of the
present invention to provide an appropriate |iquid
surface treatnment agent for a solid wire for gas
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damaging wire weldability. [0027] The above obj ect
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a nonnetallic chem cal elenment such as phosphorus i*n
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specific range of a wire for welding, rust resistance
nd wire feedability of a solid wire for gas shielded
andtilpglqydélllﬁ?lﬁ‘&ngan be inproved. [0029] In accordance of a
first aspect of the present invention, there is
vided a solid wire for gas shiel ded are wel di .
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sal ts contai ning Sodi um (Na), potassium (K), calcium
.(Ca) and nc (Zn), and a non-netal phosphorus (P),
hm“éﬁﬂ%%N%V@ﬁkﬁﬁﬁﬁéaﬂﬁﬁﬁpound containing at |east two
functional groups selected fromthe group that

consi sts_of ester, carboxylic_acid and . ) ) .
[0025] (1) When a wire is fed for an extended period of time, the solid lubricant is

accumu}ated in a conduit cable and causes deteriorations in wire feedability;
(2) The solid lubricant has an inferior rust resistance to the liquid 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




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 enents, 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,
0, 10-0.80wt %.of P, and. 97. 10: 99. 78wt % of _t.he . )
provited &0 PN 48 S sk oGy £ e e ol domaging wire
functional groups selected fromthe group that
kﬁﬁﬁ ists of ester, carboxylic acid and al kane groups,
we ‘respect to a total weight of the surface
treatnment oil. [0031] In accordance of a third aspect
t present. i nvention, .there.is provided a ol..d
0057} ¢ FiEERaohict Vs b Sevsiampbanpmgerdps Rt ayrace
to the first or the second invention, wherein the
e g RS s OB FomR g 4t S oo
wel di ng. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBCOD| MENTS [0032] The present invention will now be
phosgharys implayprpeachn ¢ampoupdls-st | functions of  each
conponent constituting the surface treatnent oil and
their_ addition nethods according to the present )
[0028], e RY spreqding this hasmpeencaeyliqpid sdpcetragimen agenkioga ppecific
the invention is firmy adsorbed to the surface of a
wre to forman anti-rust film thereby functioning
range of prvave fir wéldingorgresisianes and wiredpedahiitniof 8 sokdmirgcler gas
A preferred Na salt is a sodium sulfonate represented

by [ RSO3] Na.
shielded arc welding can be improved.

[0029] In accordance of a first aspect of the present invention, there is provided a
solid wire for gas shielded arc welding treated with a surface treatment oil including:
metal salts containing Sodium (Na), potassium (K), calcium (Ca} and zinc (Zn), and a
non-metal phosphorus (P), and a hydrocarbon compound coﬁtaining 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 inventipn, 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



8 [0034] A K salt used in the invention plays a role
in lowering the ionization voltage during the welding
process to ensure arc stability and snooth wire
feedability. A preferred Ksalt is a potassium
carboxyl ate represented by C7HL5COOK. [0035] Sim |l ar
to the Na salt, a Ca salt used in the invention is
firmy adsorbed to the surface of a wire to fornran
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sul fonate represented by [ RSG3] 2Ca. [0036] A Zn salt
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surface from bei ng scratched when passing through a
conduit .cable, the eal | zi n EF snmoot h re )
teasi QUHBCTPE) Soums Bl HorD e S Gat, CORR o Gy abexvlic
. represented by RO4[P284]Zn [0037] A nonnetal | ic
nent, phosphorus used e | ent on is used in
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adsorbed to the surface of a wire and provides a Iow
coeffrcrent of friction between netals. I n other
[0034] dsln acrerdprssqftiothird aspechps the prspent iinveptieni therds prryided a
Wre mrth wire feedability during the wel ding process.
[ 0038] A hydrocarbon conpound containing at | east two
solick wiivet frested with ghip surtace geadment,oil mecordipgntoi e firpthos#iccspcond
t he functlonal groups are selected froman ester
group, carboxylic acid group and an al kane group.
invefytien, h#mr@m dhreronlage tregment plg inepndied dol theowe spidacs in fag gnount
of a wre, and serves to substantially |ower the

surface energy and to provide
0f 0.03-0.60g per 1kg of a wire for welding.

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 [RSO3]Na.



a low coefficient of friction between netals. In
addition, they forma honogeneous |iquid coat on the
surface of the wire and inprove rust resistance and

| ubricant property. [0039] Such hydrocarbon conpound
is at least one or nore material selected from the
group consisting of wol fats, wool waxes, | anolins,
stearic acid, oleic acid, diner acids, adipic acid,
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sem -refjned paraffin waxes and mcro crystalline
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surface treatnent oil according to the present

i nvention. The content .of a co e [ ressed in
prefestiidh MID 2 RYEEHORLBORY T FPHERBE B CABIRIIORt & he
surface treatnment oil. [0041] (1) Na + Ca:
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content of these two conponents after their converted
to netal elenents are. contained. |less than 0.05wt % in

the sprface;ofr & Ware to e AR ARti-gust filp, therebygreyenting thesf%mahon of rust
deteriorated. And, if the content of these two

conmponents after their converted to netal e|lenents are
on thegrigewirtcaed mpterred fanaly innhe splfenafaspregetetly [RSOs]Ca.

treatnment oil, the adsorbability of the wire surface

i s deteriorated and thus, good rust resistance cannot
[0036] enfs dnesalt ysed ap the( imyentiongfopss @, proigetiye film on the surface of a

wire for welding to prevent the wire surface from being scratched when passing through
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




Kis added in form of carboxylic acid potassiumsalt.
If the content after its converting to a netal
element is less than 0.05wt % in the surface treatnent
oil, it fails to lower the ionization voltage during
t he wel di ng process. Consequently, arc becones
unstable and this results in the deterioration of wre
feedability. If the content is greater than 0.70wm %

the sl APt o P bR bl eLaplS o Blice
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.02-0.55W\t % Zn is added in formof Zn phosphate. If

t he nt en fter,its converting,,o a .netal elenent
a loy Fopiieient B A Ghbyior B« Jp atiliofl, wy B S fROGencous
protective filmis not formed on the surface of the
.. wmire and as.a result. thereof, the surface af, wi.re,is
tiquigghih o e Shale REers ML a0 vt Ry bl pdverty.
other hand, if the content is greater than 0.55wm %
[ scQsi f the surface treatnment oil 1s inpcrease
(0039 eh hardtontoon CHmpoYRL Al Tt it o ok PSRL A from
liquid coat. [0044] (4) P: 0.10-0.80wt % 11 P is added

in formaof phosphate ester. If the content after its ..
the gEEMR, ESISHES 106 Wool Fite) WARIHENES %Q@St HiSH Attt lotsi 47idh imer
surface treatnent oil, the adsorbability of the
~surface treatment_oil_on the wire surface js
acidy adinic aeidi digaehoaylinpeids gstetys ROPYA] pEleiso Compleg astersyjphgsphate
feedability. On the other hand, if the content is
greater than 0.80wm % viscgsity of the surface .
esters,r glackrigresscaleswixgsi aeryi-fefiapd peedlin (raxes wpd raierg grystalline
very difficult to obtain a

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



honogeneous liquid coat. Therefore, it fails to
inprove wire feedability. [0045] (5) Hydrocarbon
compound: 97. 10-99. 78% Hydr ocar bon conmpound used in
the invention has at |east two functional groups
selected fromthe group consisting of ester,
carboxylic acid and al kane groups, and dissolves
netal salts in the surface treatnment oil. Its mgjor

cont bR e CHYSPeroBREUrElF S aaT P e S TR, &f thg vire

preferable content thereof is in a range from97.10 to
99.78WM % i n_order to contribute ood rust resistance

- surfagh s dgtoriorated and s gpogd Fust esisigrcg © mbefn%%f

above-descri bed contents of each conponent were

ob ained'bb t he Eollomﬁng anal ysis nethod. [0047] The
[00@@ nt(Pt &i P §45ﬂhﬂy§es of Na, Ca, K, Zn and P are done
as follows. [0048] 1. Put 0.05-0.1g of sanple in a

250nl beaker .and add 10m of sulfurjc acid. 12 [0049] .
2. PlXasscadded imdree! erbaxyhercidnetassizm spllo df ghe ¢angamb after its

to cause a reaction of pyrolysis, and cool to room

temperature. [0050] 3. Add 10ni of hydrochloric acid_ .
convgriingip erncialaderaenits leprethan Q08 oria thesusfacgtreatmenteil, filefatls to

the m xture again on the hot plate and cool to room

tenperature. [0051] 4. Filter the cooled m xture by a
lowen ithghiqnigation v dumng the Wweldingr proegser Ganse@mntly.agrg becomes

pour the filtrate into a 100m neasuring flask to use

it as a neasurenent sanple. [0052] 5. Carry out a '
unstghlamd thigt fesdtsandhedéteriomation ¢iGPiraBSdability. 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 easily
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: 0.10-0.80w1%
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[0053] Here, ICP-AES is an abbreviation for

I nducti vely Coupled Plasna Atomi c Em ssion
Spectroneter. As for the neasurenent, IR S advantage
devi ce manufactured by Therno El enental Conpany was
used. [0054] In addition, the functional group of the
hydr ocar bon conpound can be analyzed by an infrared
spectrophotoneter. [ 0055] The foll owi ng now descri be
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conpositions of wires for vveI ding. In detail a

P &R Qrgetg %ﬁ?\%ﬁ ﬁ&%&m cée %Bg)npf?lgoﬁz sc\;\%)raglhty of the

nanufactured to 1. 2nn1|n di aneter and were treated

surtith badnli S oIS wire St eRboBhe i SRR g ippove

consists of Fe and inevitable inmpurities. [0057] The

wire iR D 1a? Rfpee e FFHhe PoneAl e et el BV, viscosiy of

coating net hod, or the wire rray be i mersed |n the
S ace treafnment oil and per amount of

the Sﬂ%cme%m SFRRIA R SteLab P MAkE] By dltﬁ@ts%sq obtain o
[ Tabl e 1] Spec Type Wre conposition (%9 CS M P S

CuTi YGNI | CC 0,05.0,88 1,52 0.012 0.006 0.25 0.19
homogeneous liquid coat. Therefore, it fails to improve wire feedability.

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

[0048] 1. Put 0.05-0.1g of sample in a 250ml beaker and add 10ml! of sulfuric acid.
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CF 0.06 0.79 1.57 0.016 0.011 0.01 0.16 YGM2 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 [0059] There is a reason why the surface
treatment oil application amount is [imted. [0060]
For instance, if the oil application anmount is |ess
than 0.03g per kg of a wre, whichis too little,

d i f bili ' [ | be f
T0038F 2otk foe PR 4 bt B0y BLUERY 6 Pisofip®ion of
addition, if the surface treatnent oil application

t;Elrmunt islm)retpan .60g per kg of a wire, which is
Pyrof¥5is: AR 00! S0 OPL PSR occurs in a wire feeder,

thereby making it difficult to ensure snooth wire

[00GHE 2ot oot L Arereon i 266 misC P fa g o gf 31

Cut a wire in 4-6cmlong, and prepare 50-80g of such

o i b9 b s R £ O B8er S ) o

(to four decinmal points). [0065] 3. Put 150m of CCl4
Lnto 250 beaker. [0066] 4., Place the wires int ’
0o} cef Eﬁ?ﬂ&waﬂgﬁawﬁrwa Bigh-Rusdy gyaniigdtysifidter paper NG 5B,

degreasi ng process for 10 m nutes.

- 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 treatment 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

73312 were manufactured to 1.2mm in diameter and were treated with the surface
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[0067] 5. Dry the degreased wires in a dry oven for 10
m nutes and cool to room tenperature 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 treatnent oil application anobunt based on the
neasured W and WA val ues using the foll ow ng

oG Sk SRAh RBRL) oty G5 s Bl b

[0071] The surface treatnent oil of the present

i nvention.was applied.to the wires of Table 1 for
cons Bﬁ‘n‘bf}tr‘ﬁagaﬁm(vét? © ImMpYUts} e and Conparative exanpl es).

[0072] The foll ow ng now expl ai ns the neasurenent

hod of rust resistance and wW.re feedability, which

l°°§ﬁa nﬂll%furg&e rsptmpnt ol apayeRAsapnlisd iy thegise Stfacey v a felt

“invention. [0073] |I. Rust-Resistance [0074] Salt water

spray test conditions re set as shOﬁn_in TagLe and
or thsoelgstrpstatis o1l gpating,method.opmile; wHe siast he imessed jpfthg &

was observed. |f rust was observed on the wire

surface rust resistance was indicated by X, while
treatingat oihangd spropeiyseeuns af the«il may b rameved therigire syréage later.

by “0'. [0075] [Table 2]

[0058] [Table 1]

ace

Spec Type Wire composition (wi%)

C Si Mn P S Cu Ti

YGWI1 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 CcC 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

[0059] There is a reason why the surface treatment oil application amount is limited.

[0060] For instance, if the oil application amount is less than 0.03g 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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[0076] 11. Feedability Salt water concentration
Chanber tenperature Tank tenperature (C) Salt water
spray (C) pressure NaCl5% 35 50 0. 15Moa [0077]

Wre feedability test conditions were set as shown in
Table 3 to evaluate and grade wire feedability. 16
[0078] When the wire feeding was interrupted for | ess
than 100 seconds and thus, an arc is stopped, the

10088} 1o fon, o B e fhRl o eoplisauR dta? Wgtpre than

seconds or longer, the wire feedability was indicated
by "Q;. [.0079 . af.orenent j one t di aneter of .th
0608 e g S NP RISE 13 1SAHchy OB PP EI Gou el dhifglecder

conditions Gas conditions O her conditions Current

A) 420 Ki Condui t w.5mlong Voltage (V) 44
therd it SOy Rk TRBEToRH B SRSl avret or
Vel ding 50 Gas flow 20 Wel ding Zigzag speed rate (I

L n)_type weavin
[OOGE] )Theys%rface trt\ela{tmgnt oil application amount was measured as follows.

[0063] 1. Cuta wire in 4-6¢cm 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 CCl4 into a 250ml beaker.

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

[0067] 5. Dry the degreased wires in a dry oven for 10 minutes and cool fo 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] [Equation 1]
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(cmmn) welding upon bead- on-plate [0081] [Table
4a] It No. Kind Conversion val ue of P Hydrocarbon
Surface Gl RRW e of nmetal salt (w% (w conpound
treatnment applicatio mwire % oil (W% n anount
Na+C K Zn Ester Carbo Nkane Total a xylic (W%
(B/wkg) 17 acid | CF 0.65 0.65 0.07 0.14 0 - -
98.49 100.00 0.15 X X 0 2 CF 0.38 0.32 0.10 0.22 - -

58 S0 S f it Fd 2ol ey

00-979210000003)(0 A5 CC0.03 0.05 0.26
100 .80 0 0 - 98.86 100.00 0.09 X O R 6 CC 0.88 0.38

.16 0.61 0 - 0 97.97 100.00 0.17 X0 A 7 CF 0.02

0.54 0.38 0.47 0 - 0 98.59 100.00 0.25 X O T 8 CF
[00_91?1 PhicktrBed Bedmbdt 6t O fe %?esgr?t Btian wh % lxd0 o the wires of

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] [Table 2]

[0076] 11. Feedability

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

[0077] = Wire feedability test conditions were set as shown in Table 3 to evaluate and

grade wire feedability.
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9 CF 0.04 0.61 0.03 0.64 - 0 0 98.68 100.00 0.54 X O
V 10 CC 0.85 0.77 0.19 0.45 0 0 - 97.74 100.00 0.04 O
X EIlI CCO0.57 0.02 0.49 0.41 0 O - 98.51 100.00 0.11
0 X 12 CF 0.11 0.73 0.25 0.26 0 - 0 98.65 100.00 0.18
O X E 13 CF 0.44 0.04 040 0.73 0 - 0 98.39 100.00
0.28 0 X X 14 CC0.79 0.71 0.54 0.38 0 0 97.58 100. 00
0.

42 0 X 15 CC 0.25 0.02 0.02 0.29 - 0 0 99.42 100. 00

00fs7 i obE B P 6108 i 980

wre RR Rust resistance W Wre feedability [ 0082]

on siq 8 Bt wiieedebiliy SERIGBAER 5 7 G €8 gt g wheo

(wt % conpound treat ment application mw re Na+Ca K Zn

' cont)nuous weldg:nagr \?v%s possi e-lt-”gr %0 seconéls orQOnger YRS wire feedability was

indicated by ‘O’.
[0079] As aforementioned, the diameter of the wires used here was 1.2mm.

[0080] [Table 3]

Welding conditions Gas conditions Other conditions
Current (A) 420 Kind CO, Conduit New 5Sm-long
| Voltage (V) 44 100% cable 2 tumn feed
cable (300mm
in diameter)
Welding 50 Gas flow 20 Welding Zigzag
speed rate (1/min) type weaving
| (cm/min) welding
upon bead-
on-plate

[0081] [Table 4a]

it | No. | Kind Conversion value of P Hydrocarbon Surface Gil RR
€ of metal salt (wi%} (wt compound treatment | applicatio
m wire %) oil(wt%) | namount

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

a xylic (Wi%) (g/weke)

WF
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ylic no (mt% (g/wkg) acid 18 C 17 CF 0.07 0.51 0.01

0.55 0 0 - 98.86 100.00 0.12 0 X O 18 CC** 0.53 0.06

0.59 0.32 0 - 0 98.50 100.00 0.21 0 X M19 CC 0.05

0.57 0.01 0.70 0 - 0 98.67 100.00 0.30 O X P 20 CF

0.68 0.44 0.62 0.35 - 0 0 9791 100.00 0.44 0 X A 21

CF 0.74 0.70 0.01 0.78 - 0 0 97.77 100.00 0.59 0 X R

22 -CF0-32 04700408500 9832 100 00-0-08-0--X%

Al23 cC 0.84 0/290.33 0.09™8 0 - 9B. 45 |100. 00 0. 14 ¢
C| X| TF24 06F 0621800, 10114 (). ©3[0. 84| 0 -- P998.|4400200| 0010. 23X X
Onx17%(‘rnnﬁn7ﬂnmn)7n-n 9.19.100. 00

0.]3%70| X* V36| &E |16 0.40 0. 35%. pI** |0 ‘B8 28> | * | *
M OG0 0241 o7 KozzH 6&¢ [CF 0. 838 0. 08 Pobd |0.105@0 - | U oB1 X X
p 94,55 100000160 10 X128 CF 0 06 0.D5 0104 0 .14 0 O

8q. 71 108° 00'0) 8% || B 29 bc|o0.744| 87735 d™81 p. AP of-* | ©
AT D 198c4 8 oiD(.000 | 02602580 | X0 3V CC-0. Bosde. [000ddo b @096 [0OXx 0
R 0= 97]21 100 00 6310 X} 31 CE 0.P6.0.146 0. 28 Q.45

6 0%6s] “2 158 08 d B 0% | - 0 5767 | 10000 0.17 X 5}
AT =T cF [ o0z |04 [038 ] 047 ] © - [5) 9859 | 100.00 025 X 5)
TS T o Jost [om 0w [ o7 ] - 0 o 9829 | 100.00 0.38 X 5)
V=T o0 [oe1 [0m [088 | - 0 5] 98.68 | 100.00 0.54 X 9]
VIt [ cc (o8 o7 (o9 045 | © 0 97.74 | 100.00 0.04 0 X
. 11| cC | 057 | 002 |049 | 041 | © §) - 98,51 100.00 0.11 0 X

iZ| CF | 01l | 073 |025] 026 | O . 5) 98.65 | 100.00 0.18 5) X
E 13 | CF | 044 | 004 | 040 | 073 | O - 0 9839 | 100.00 0.28 5) X
X

14| CC | 079 | 0.71 | 054 | 038 | - 0 0 97.58 100.00 042 5] X

is | cC | 025 | 002 |002] 029 | - 0 0 9942 | 100.00 0.57 0 X

16 | CF | 071 | 021 | 056 | 610 | O 0 9842 | 10000 0.06 0 X
*CF: Copper free wire
**¥CC: Copper coated wire
RR: Rust resistance
WE: Wire feedability
[0082] [Table 4b]
It | No. | Kind Conversion value of P Hydrocarbon Surface Qil
e of metal salt (wi%) (wi% compound treatment | application
m wire Nat+Ca K Zn ) Ester | Carbox | Alka Total oil (wt%) amount

ylic ne (wt%) (g/wekg)
acid
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*CF:. Copper free wire **CC. Copper coated wire RR
Rust resistance WF. Wre feedability [0083] [Table
4c] It No. Kind Conversion val ue of P Hydrocarbon
Surface Gl RRW e of netal salt (w% (wt % conpound
treatnment application mwire NatCa K Zn ) Ester Catbox
At ka Tot al 0|I (vvt% anount yflc ne (vvt% (g/ wkg)

an: — 1 N7 f\ faYal (aYal 117 10N NN
c| gvf er— '0.0‘7*" 03’1 ‘-b’m - 655 V-7 Y 0"~J - "98.\'3'6U 900k YUig.12 0 X
0.86 0|0 X 2 Ccc* 0.150.160.360.320-09
O | BOPCWO| (P23 Q00| O.R [302H (® 2B 0. 1B ©. D790 1B 10p | 021 0 X
fa¥al A (IWaV¥al fa¥al fa = D). 0 A_A ... ) 1.4 N Lo N fal |l fal
M [ B e tYs VP o5 PeoiY oo Vg IR VT Zet oV - Pockte P a0 0 X
0.99.44 10000 0.600 0 O 19/O5 CC 0109 0.P9 0.38 0.12
PO L @ b2l 260| 08 [0085 0 0| P 6] G- 0. 8510 0P, |03 044 0 X
fal 1N — fal fal fal o A 1 O'G fal fal 1 fal fal [ - va o N faV¥al fal
ATHHEEF [T Pdso’ PodhYVe Y V- 1P VI & 8797 UL Ubbol- VI 059 0 X
| & 0.P2 0{30 -0 0]99.57 100.0p 0.10 0O O S 8/ CF 0.43
B.p5FO| 4220| 8§ 0O |-0Bg. 02 100. 0D ©O. 03%a2 0| 9oer O, P98 0 X
FaY V. Wal FaY [a¥a) FaY fa¥al FaY TaY VoY Q- s aV¥al FaY FaY D 4 FaY FaY
AT PECUT g VT D 7o Vod 7 @ HYUG YUY U pHogds YU 100.00 0.14 5) X
T 24| cF 048 | 011 | 013 | 084 | © - 0 98.44 100.00 0.23 0 X
I ™57 ¢c 006 | 025 | 043 | 007 | © - 0 99.19 100.00 032 §) X
V26 | cc 0.16 | 040 | 035 | 081 - %) 0 93.28 100.00 0.47 0 X
Ero o 083 | 008 [ 0.51 | 0.03 - 0 0 98.55 100.00 0.60 §) X
28 | CF 005 | 005 | 004 | 014 | © 0 - 9971 100.00 0.61 0 X
Erz e 044 | 035 | 031 | 047 | © - 0 93.43 100.00 0.02 0 X
X
30 | CC 085 | 065 [ 053] 076 | O 0 - 97.21 160.00 0.63 0 X
31 | CF 026 | 046 | 028 | 045 - 0 0 98.55 100.00 0.01 0 X
*CF: Copper free wire
**CC: Copper coated wire
RR: Rust resistance
WE: Wire feedability
[0083] [Table 4c]
It | No. i Kind Conversion value of P Hydrocarbon Surface Oil
e of metal salt (wi%) {wit% compound treatment | application
m wire | Na+Ca K Zn ) Ester | Carbox | Alka | Total | oil {wi%) amount
vlic ne {wit%) (g/wekg}
acid
E| I | CF* | 016 | 027 | 009 | 035 - 0 0 99.13 100.00 0.36 0 5]
X[ 2 [cew=| 015 [ 016 | 036 | 032 o - 0 99.01 100.00 0.43 §) 0
Al 3 CF 028 | 013 | 007 | 0.18 0 0 - 9934 | 10000 0.52 0 0
M 4 CF 011 | 025 | 005 | 015 0 - [ 9944 | 100.00 0.60 0 0
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10 CF 0.73 0.37 0.41 0.54 - 0 0 97.95 100.00 0.41 0 O
11 CF 0.70 0.51 0.30 0.52 0 - 0 97.97 100.00 0.50 0 O
12 CC 0.42 0.36 0.27 0.62 0 0 - 98.33 100.00 0.59 0 O
13 CC 0.41 0.35 0.38 0.51 0 0 - 98.35 100.00 0.27 0 O
14 CC 0.25 0.48 0.26 0.49 - 0 0 98.52 100.00 0.19 0 O
IS CF 0.63 0.34 0.25 0.47 0 - 0 98.31 100.00 0.123 0 O
o T+ E Pt i 938_‘90.19'450 O—— 0198 4P 54R0 %0.09- S ) o
*QF. Copper|freg wijre **CC.i Copper cpated/wire | RR:
L RustFresiost ahle| WE:| Mrie f epd@bil iy| “FB0B4PP Tabloé o | ©
e [t eRdr BenvesSonvabte ol paldrasasbensn 1o 1o
Surfacke QI RR MWF |e of| netial salt (M9 [wt % conpound
S| 8rle&F nerft® apptsi cati o8l In i r eONap+Ca K*%H ) 'Bfer 003 010
‘ﬁj‘"’é?" Ake TRt eb otz (AT agounts s Teadopt P9 oae o | o
(gl wkg acj d *10.84/ 0.70{ 0.58 0.8D0 0 0 F 97.13
$00.5P0| @731 0370| 0 |184QC~ 0. 27 0.B7| 07.55] 099 D @4t 0 o
F7 28 A0 OP e P8nS & A ot CC 8 P Pl OF 788 T o | o
0 197.46 10000 P.47 0 @
12 | cC 042 | 036 | 027 | 062 | © 0 - 98.33 100.00 0.59 0 0
13 | cc 041 | 035 | 038 | 051 | O 3] . 98.35 100.00 0.27 0 0
4 1 cC 025 | 048 | 026 | 049 0 5] 98.52 100.00 0.19 3] 0
15 | CF 063 | 034 | 025 | 047 | © 0 98.31 100.00 0.13 0 0
16 | CF 045 | 038 | 029 | 045 | © 0 98.43 100.00 0.04 0 0
*CF: Copper free wire
**CC: Copper coated wire
RR: Rust resistance
WF: Wire feedability
[0084] [Table4d]
It | No. | Kind Conversion value of P Hydrocaibon Surface 0il RR WF
e of metal salt (wt%) {wt% compound treatment | application
m wire | NatCa K Zn )} Ester | Carbox | Alka Total oil (wt%) amount
ylie ne {wt%) (g/wekg)
acid
E| 17 | CF* | 084 | 070 | 053 | 080 | © [¢) - 97.13 100.00 031 0 0
| X[ 18 [Co™ | 047 [ 067 | 055 | 679 | © 0 - 9752 | 10000 0.39 0 0
Al 19 | CC 082 | 045 | 051 | 0.76 | © - 0 9746 | 100.00 047 0 3
M| 20 | CF 084 | 064 | 037 | 0.74 - 0 0 9741 100.00 0.56 Q 5)
P21 | CF 067 | 0.62 | 048 | 0.60 - 0 0 97.63 100.00 028 0 0
L2271 cc 044 | 044 | 046 | 0.7t 0 - 0 9795 | 100.00 021 §) 0
E 23 cc 046 | 058 | 034 | 068 | © [3) 97.94 | 100.00 0.15 0 0
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M20 CF 0.84 0.64 0.37 0.74 - 0 0 97.41 100.00 0.56 O
O I'" 21 CF 0.67 0.62 0.48 0.60 - 0 0 97.63 100.00
0.28 00 L 22 CC0.44 0.44 0.46 0.71 0 - 0 97.95
100.00 0.21 0 0 E 23 CC 0.46 0.58 0.34 0.68 0 O -

97.94 100.00 0.15 0 0 20 S 24 CC0.38 0.36 0.24 0.28
- 00 98.74 100.00 0.06 0 O 25 CF 0.35 0.34 0.19 0.43
N 00 0100 0N 27 N N 200 — N 29 N 29 N.299 N 41
s 24 Mg P37 0301 ¥4 Po2d'[ V- VT H° o] &Y “hooe F<ode T4 O 5]
Of O P8.83{100/00 10.44/ 0 0 27 CF 0/21 0/31 0.pR0 0. 39
D+ B paIBI| 16000 V98BS O 0] 28 CE0) 58690/ 280Q, (L5 99726 © o
fa DQ O 1001 AN o N N 20 — NI oo . Nl2€00 N HD N DL
2% CF P32 4. w2 Mok o Y] &7 0 i heeiV ] “Mo.dd- FO od4 & 0 5]
OpD - 98.77/100/00 V.24 0 O0f 30 CF 0J59 0J18 0.[12 0. 37
D+ D pa74) 990 08 0%3k6 ° 0 31 CFP0) 1880} 29049, PO g2 21 © 0
B P POt 180190 55 RY & O 6 CopRgs 1 TR ™M & o
**ICC. Copper coatedi wirfe RR Rust resistance We: Wre
Peedab| 116 y| PEOBSE THE If A | pwPng| now| EXP1 ai ¥i&0r st o o
TeSTt anEs aisk Yoier feedabi ity pfoExamp eSmant —ois o | o
Conpar ati ve| exappl els shown J n Taple 4 with respect to
Bne Enpdd? neAE? of2 he2l presenP i nvent iBh. | 10000 0.09 0 0

*CF: Copper free wire

**CC: Copper coated wire

RR: Rust resistance

WF: Wire feedability

[0085] 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.

[0086] 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.

[0087] 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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[0086] 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

resi stance and poor wire feedability. [0087] The wres
of the Conparative exanples 4-9 have Na+Ca val ues

sined 18 Pagr mpEREHE "pratakt RS e D TendEt e b fiygasion

t he ot her conponents K, Zn and P are within the range

of t sent inventi a ce.the h ocar bo
and S e BV R EA Do, Pt s Pl ieRGf) S AGL B e wires
W res exhlbited good wire feedability. [0088] The
Wi I es th arative exanpl es 10-15 have K val ues
e"hlbaﬁtﬁﬁlr%’ re%ﬁ%@ﬁé’l on val ues of netal salts outside
the range of the present invention, so they had poor

S dabi | i.ty. Ho t ts Na+Ca,
[008%] © s g ok % (ERPAHEVE cxpgBlear i o DB Roriloes amotg the

i nvention and since the hydrocarbon conpound has two
different functional groups, the wires exhibited good
convierpign yahags<afgpetal salty ontyjderthe ringe of thi preprat eaﬁﬁa%tspgéey had
exanpl es 16-21 have Zn val ues anong the conversion
val ues of netal salts outside the range of the present
poor Wi feedabilitys dlawsipr, sige tirowmmpaneatsMNasdap £n; ang P hre within the
However, since the conponents Na+Ca, K, and P are
within the range of the present invention and since
range o€ theypriesrns itiantion apd singe Hreshydrocanbgrt eerapeundshas dwoghEferent
groups, the wires exhibited good rust resistance.

functional groups, the wires exhibited good rust resistance.

[0089] 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.

[0090] 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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[0090] The wires of the Conparative exanples 22-27
have P val ues outside the range of the present

i nvention, so they had poor wire feedability. However,
since the conponents Na+Ca, K, and Zn are within the
range of the present invention and since 22 the

hydr ocar bon conpound has two different functiona
groups, the wires exhibited good rust resistance.

the doreRapicSor RO,y Ooa PR B P R R The i pnvited

the present invention and the hydrocarbon conpound has
d{&] different functional groups, so the wires

BOOGI PR 6 E1BRC00d rust resistance. However, since the
surface treatnent oi | application anounts are outside

range, of e present. inve m he wr
0023f; GiRCHroor b Fampaatm FrEIes P03 et .y Zn and P
since the surface treatnent oil appllcatlon anmount s of
.Conpar at i exanples 28 an re too nuch,
Valu%ﬁ ‘f"éhlﬁrﬂéﬁo‘faéﬁ? Bt bGP lﬂv?qﬁl@n\ﬁilg the hyggmbonwmw@ Eﬂs two
S|nce the surface treatnent oil application anounts of
Conparative exanples 29 and 31 were too ljttle,

he
dlfferfrn.t SAnCHAB Srountesaihe aUras X pibiied BppbrSbIepistanee dHABPEST, since
i ncreased and therefore, the wire feedabilities
t hereof were not good. [0093] On the other hand, the
the wyrfase tomirpent Gk appliesion -anouny arenauiside the 1aRge Of the present
values within the range of the present invention, and
t he hydrocarbon conmpound has two different functiona
invegfian, e, wingssaxhibiied peot Wise Sepdabibity. t r eat ment oi |
application anounts are within the range of the

present invention, the wires exhibited good rust
[0092] Especially, since the surface treatment oil application amounts of the

Comparative examples 28 and 30 were too much, a slip problem occurred in the wire
feeder. Meanwhile, since the surface freatment 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.

[0093] 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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resi stance and good wire feedability. 23 [0094] As
expl ained so far, having been treated with the
honogeneous liquid surface treatnent agent having the
above-descri bed conposition, the solid wire for gas
shi el ded arc wel ding of the present invention

exhi bited superior rust resistance and wire
feedability to those of the conventional solid wres.

10083EC oA SERIBIE o Moo BoE b Rlc G ThAREH fhe wpppeggous liauid

understood by those skilled in the art that the
resent inven hould ot . .be limted t
surfagg SicpiIRY ag%fhé dheaprdrssibedismPpsion, Be ég]é‘i‘]&é‘& for gas
and nDdlflcatlons can be made within the splrlt and
scope of the present |nvention_as  defined by.t
shieldeh gisredding &f the Prosenientien @ihatrlwé&up@mrfust,&e%wca and wire
mnre for gas shielded arc welding treated with a
urface treatnment oil conprising: netal salts
feed@nh&yatp Hhasg 058w erveniapal phdagssum (K), cal ci um (Ca)
and zinc (Zn), and a non-netal phosphorus (P), and a
dr ocar bon conpound containing at |east two
[00$%hctAlﬁm1gh gtheuprsfeseerl e emberlimesimof Hbe gprgsant tipygntion has been
consists of ester, carboxylic acid and al kane groups.
2. The solid wire according to claim11, wherein, if ]
descgbery 6t wéldl berunglersbaog| by dloserskilled in dbp ettthatethy preseat invention
surface treatnent oil conprises netal salts containing

0. 05-
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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0. 85wt % of Na+Ca, 0.05-0.70w % of K and 0.02-0. 55w %
of Zn, and 0.10-0.80wt % of P, and 97. 10-99. 78w % of
t he hydrocarbon conpound containing at |east two
functional groups selected fromthe group that

consi sts of ester, carboxylic acid and al kane groups,
Wth respect to a total weight of the surface

treatment oil. 3. The solid wire according to claiml
Whgr ?Laiglz, wherein the surface treatnent oil is
BpHTEE% S the wire surface in an amount of 0.03-0.60g

per kg of a wire for welding. 25

1. A solid wire for gas shielded arc welding treated with a surface treatment
oil comprising: metal salts containing Sodium (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.

2. The solid wire according to claim 1, 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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