2136021 FLUX—CORED MVRE"ELECTRODE #OR USE IN.GAS-SHIELDED ARC- VELDI NG Thi s .

|nvent|on relates to a flux-cored wire electrode suitable for use in
ga el ded arc-wel ding. The consunption of flux- cored wire el ectrodes
ncrease nore and nore for gas-shielded arc- wel dlfi wor k
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to increase more and more for gas-shielded arc-
welding work, becuase flux-cored wire electrodes have
advantages in that they assure easy and efficient
welding work and, especially, they feature good arc
stability, produce less spatter and hence give
excellent bead appearance. However, one of their
most serious problems is that they are accompanied by
a great deal of emission of welding fumes. The
emission of such welding fume may reach as much as
1.5 tg 2.0 times the welding fumes generally- emitted
when a solid wire electrode is used. Emission of a
large volume of fumes causes a problem from. the
viewpoint of labour hygiene for welding workers.
Also, it becomes difficult to see the weld line due

to fumes when welding in a poorly-ventilated room,’

thereby raising another problem that the accuracy of
the welding is lowered.

Counter measures for solving such problems may
comprise (1) a reduction of the fumes concentration
by ventilation; (2) suction and dischafge of the
fumes through a duct or the like provided near the
site of the welding work; (3) the wearing of dust
mask; and (4) reduction of fumes through improvements
to welding materials and method. - Regarding the
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to wel ding materials and nethod Regarding the - 2 countermeasures (1L}
‘to (3) of the above-referred count er neasur es, a variety of nethods and /-
appar atus has al r eady been .proposed. - -These proposal s are however reactlés
nmeasur es and,cannot be consi dered as’ 5 - break-throughs or perfect , SR
COHhterneasures The nost i nportant -count ernmeasure agalnst fumes is- o

termeasure (4), that is reduce the gnission of funme. No suffi-cient
|nvest|gat|ons have however been made on this point. 10 Wth the foregoing
in \dew, the present |nventors have carried out research with a view'toward.
| oweri ng t he fune flaidX ed w C de |
sui tabl e for use |§W§}s FH argf{ 1g g/%él a‘;iéa u’% s%?\‘\é\?dgrglf% %d
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. C _countermeasure (4), that is reduce the emission of

fume._ No sufficient’ 1nvestlgatlons have however been
made on thzs polnt.. '

10 : L : _
With'the foregoing in View;_the present inventors
have carrled out research with a view toward lowering

' the fume emission of flux-cored wire electrodes,

. which are suitable for use in gas-shielded arc-

15 welding, by c°nsidering the materials from which are

" made up. As a result, it has been already found that
the emlSSLOn of fumes can be reduced to a
conSLderable extent when the carbon content in the
outer layer of soft steel making up the sheath and

20 the carbon content in an adherlng residual lubrxcant

- layer from the manufacture of the flux-cored wire
electrode are lowered as much as possible. 1In the
'course of further research, it has also been found
that. fume emission can be lowered further when the"

25 composition'of the flux is suitably adjusted in
addition to the above-mentioned reduction in the
carbon content.. o '

An object of this 1nventlon is to provzde a flux-
30 cored wire electrode sultable for use in gas-shielded
 arc-weld1ng, which wire_electrode emits’ weldlng fume

~ at the same low level-as,solid wire electrodes.



25. conposition of the fl ux isfsuitably adjusted in addifron to thes - ,
aboye;nmentioned reduction in the carbon content. An object .of this

in ion is to provide-a flux- 30 cored wire el ectrode sujtable for use -
in -shi el ded arc-wel di ng, whi ch wire el ectrode enits meldlng fume at the
sa ow | evel as solid wire electrodes. 3 According to the present

_invention, there is provided a flux- cored wire electrode for use in gas-@iﬁ”

shi el ded arc-wel di ng conpri si nga sof§ steel -sheath surrounding a f1ux :
-containing cavity wherein the sum5 of the carbon content of the soft\J
steel sheath and the carbon content of a l-ubricant adhering to the sheath

is 0.045 wt.%or less relative to the total Wweight of the sheath, the flux ..
contains 20 to 50 wt.%of [err], 1 to 15 w.%of [err], 2.5 to. 10 w.%

of 10 [err], aAGcdrftng ®b. %efpﬁés@mc aha&ndnosrmg:reg@u,s Proaded wt . % of

a deoxidiser and 'f"].%”n-cpfoﬁ'g 1%%6% Up; 194 Ofwtr g}/%f ll{%%ﬁgd on the tot_al

wei ght of the flux, a ux co rise fhe total
- wei.ght of the ﬁhM§k§Q§xatﬁhﬁelglnﬂ ammgnwsee@ec50ét sheeli areathon, the

above .f 1 ux WHYSEHEBBQHLQQHEaEmui EgnéélﬂinaﬁQavigfrkh@rélﬁotﬂg sﬁm960f MO .
and 1. to %p e f)%hé'égrégﬁdggntekk -of the soft steel sheath and |
the carbon content of a lubricant adherzrng to the
sheath is 0. 045 wt.% or less relatlve to the total
‘weight of the’ sheath, the flux contains 20 to 50 wt.%
. of Ti0p, 1 to 15 wt.s of Si0,, 2.5 to. 10 wt.% of
l°; _Zroz, 0.1 to 5 wt.% of an arc- stab11131ng agent, 10
' - to 45 wt.% of a deoxidiser and iron powder present up
. -to 50 wt.s, all based on the total welght of the-
'fiuk, and. the flux comprlses 10 to 30 wt % of the
- ... total weight of the wxre electrode.
15 ' _ _ o .

" In another aspect of this inuention, the above flux
may further contain 1 to 15 wt.s of A1203, 0.1 to 10
wt.3 of MgoO and 1 to 10 wt.$ of iron ox1des, all

_ based on the total welght of the flux, '

' The.ab6ve'and other features and_advantages of the
present invention will become apparent from ther

_following description and the appended claims, taken
in conjunction with theraccompahying_drawings.

25 I |

~ In the acoompanying drawings:

FIGURE 1 is-a partially cut4away'perspectiVe view of
. an apparatus employed in the measurement of emitted
30 fume,



‘baseq on:the total weight of the flux. 20 The above and ot her features and
advantages of the -present i.nvention will becone apparent fromthe foll ow
description and the appended .cl ai ns, taken .in conjunctlon with the .
acconpanyi ng drawings. 25 I'n the acconpanying drawings: FIGURE 1 is. a
partial ly cut-away perspective view of .an apparatus enployed in the . -
“megsurenent of emtted 30 fune; 44FI GURE 2 and FIGURE 3 are diagrans -
showi ng the rel ati onshi p between fume emission . rate and fl ux conponents; 5 -
FIGURE 4-is a di agram show ng the relatlonshlp bet ween the vapour pressures

“of flux conponen fyme e RE 5 is_a owing
the rel ationshi p]t”i@%%%o ? tE‘;G?%téa ndEBERMS | ﬁ n%t 3& sheat h
Iayer and t he renalmﬂupnsﬁmpcbetwaehfﬁumaﬂamsssnonamat§4&mﬁEpr® and

FI GURE 6('B) are aLh¥gLY cross- 15. sectional views illustrating the
franner of fume e%?égﬁo% EFGURE 7 is a diagramshow ng the relatlonshlp

5 FIGURE 4 is a’ dlagram showing - the relatlonshxp
between the vapour pressures of flux components and
'fume em1351on rate; '

"-_FIGURE 5 is a dlagram showxng the relat:.onshlp
10 between the total carbon content in soft steel ‘sheath

g: _ layer and the remalnlng lubrlcant "and fume' em1SS1on:

rate; :

'FIGURE 6(A) ‘and FIGURE 6(B) are respectively cross-
15 sectional views 111ustrat1ng the manner of fume
"em15510n~ '

-'FIGURE 7 1s a d;agram show1ng the relatlonshlp
between flux content and fume emission rate,_
20 '
' FIGURES 8(A) to 8(D) are schematlc 111ustrat10ns
show1ng the cross sectlons of flux- cored wire
electrodes, '

'25' " FIGURE 9 is a d:.agram showxng the relatlonshlp
‘between the Ar content in C02 gas and fume emlss10n

rate; and,_

Figures loito 12 are photograpns taken by a high-~
30 speed camera of the eéxplosion of suspended droplets.

As mentioned eboﬁef_the”presentfinventors.have



et ween flux content and fune em ssion raté 20 FI GURES 8(A) to 8(D)-are,
dhematic illustrations showi ng the cross-sections.of flux-cored wire

content in [err] gas and funme em ssion -rate; and, Figures 10 to 12 are.
.photographs taken by a high- 30 speed camera aof the epr05|on of suspended

droplets. As nentioned above, the present inventors have 5 al ready %{“

found. that the fune enission rate can be S|gn|f|cantly reduced when the
carhon.content .in the soft steel sheath layer and the carbon content in ‘e

‘remai nin adhsr. a e t S figally, to
el th%f Oragg\%&yr ef.'Bﬁh& M £ tﬁe 'fdﬂ"eéﬁés(sri%? §ate aq fheal 1y, t

present |nvenﬁ&ﬁ?lﬁéﬁénﬁigcé@é@&eﬁlFWePuFﬁﬁeFQQQﬁ%HQQPqQFQH*ﬂN rections,’
wi t hout bei ngsbiilel gteali sheadhmayethendesuétc@fbéhecobewtfimdtm - The

£.10, .th h d | subj -
fgczgf:BQ?Pog 10 t eéaéksrékm§5+ﬁ§ ?%gagrégio %ﬁkAg ﬁa% g@?g?o clarlfy

t-he reIaﬁlonshppcbéuweéhYbhéccdhﬁéélMmoh ot lﬁwenfﬂﬁﬁdtb&&utbthbefune
aﬂss'm"ratetotiiuﬁﬁight of the sheath layer). . The present '
' lnventors have proceeded w1th further research in
- other directions, w;thout_belng fnlly satisfied with
_ the result of the above finding. The composition of
10 the flux was chosen and subjected to an
investigation. R

' Certain basic experimenfs were'cOnducted in order“to_'.

clarlfy the relatlonshlp ‘between the composxtlon of "

15  the flux and the fume emission rate. Fluxes,
' _ contaxnxng slag—formlng' agents,' arc-stabxllslng
"agents, deox1dlsers,'1ron powder, etc. which form
part oflﬁhe electrode are known. They may be
classified into titania-base fluxes, llme/tltanla

20. base fluxes, lxme base fluxes, etc., in accordance
with the_klnds and the inclusion or exclusion of
slag-forming agents, the basicity of slag and the
like. When performing the experiments,'altitania—

base flux which had the lowest fume emission rate wasd'

25 _used as a standard composxtlon. By changlng the
content of each of the’ slag-formlng agent (TlOz,
sioz, A1203, Zroz, Fe304, Mg0), arc-stabllxszng agent
(NaF), deoxidiser (Mn) and iron powder, which are the
prlnclpal components of tltanxa-base fluxes, the
relatlonshlp between each of the prlncxpal components

30 ~ and the fume emission rate was investigated. The
-beLow—described'samplegwire specification and welding

ectrodes; 25 FIGURE 9 is a diagram show ng the. reldtionship bet ween thes

atirve to the total welght of the sheat I@ger) The .



contarnrng sl ag- fornrng agents, arc- stabrlrsrng agents, deoxidisers, iron
powder, “etc. which formpart of the electrode are known.  They’ may be
classified into titanta-base fluxes, lime/titania 20 base fl uxes,

i me- base fluxes, etc., in accordance with the kinds and the |nclusron 0 Q.
~excl usi on of slag fornrng agents, the basicity of slag and the like. W
pg&fornrng the experinents, a titania-_base flux which had the | owest fume
_em'ssion rate was 25 used as a standaﬁd conp05|t|on By changlng the
“coptent of each of the slag-formng agent ([err], [err]

‘ar ¢—’st.abi | i si ng agent (NaF), deoxidiser (M) and,iron omder, which are the
rwrncrpal<xnmon§MRﬁk#1?FFmﬂ%ﬁ%a§éqquk@ §hﬁhénﬁﬁ%ﬁﬁﬁﬁﬁh?5 bet¥R®n each.

of the pri ngl pal hn(é&@@ﬁéﬁbﬁlt?»gf aaéht Eenfdirem L8t $6hopatat wasasarried |
~investigate ‘The b omr crrbed r ci.ficat @Q? i ng o
B conditions wer @%Fs ¢ d'lt t'1""'r§'\9es % %\é %hi'ﬁg r'r'fr?éseuréep"r'rie}tn of‘x%étlgh fume.

enmission rate wasom@uoﬁa@goatWB}deoblepernglohelmumeeonﬁﬁmﬁﬁww*%hehh%ted

-upon conductg ng gw&da%q:@ps&@s&&b@aacsar CE‘ﬂ§e(WéﬂhﬁhQrﬁiusE&Q<@ﬂure
prescribed in Jl

means of a hi gh- Sk QéggéindgiﬁgigP f%ggﬁgggﬁéggf §;4$$ Qiﬁ#by_
FIGURE 1 with a pmmnﬁéuﬁxnﬁsampléwwwn aﬁnaﬁ@ii&&hslas illustrated in
: FIGURE 1 with a part thereof cut away. “In FIGURE 1,
. there is illustrated a collectlon box 1, a sampler 2,
10 an observatlon wxndow 3, an access opening 4, air-
feed holes 5, ”each of 40 mm diameter; a welding
table 6, and a sample plate 7. With such an
:apparatus the fume emission rate per unzt time
{mg/min), was measured and each experlment repeated'
15. three times, and an average of the fume emission
rates in the three experiments was calculated.

SAMPLE WIRE AND WELDING CONDITIONS:

20 ;;Electrode Wire

Sheath-formlng metal. o _._'Soft steel

" Flux: . : I Tltanla-base flux _

| Flux content: o © 15 wt.% .

25 - Lubricant: o . Mosz-base 1ubr1cant
-Cross sectlonal shape-' As 1llustrated in-

FIGURE 8(A) which w1ll :
_ ~ be descrzbed hereln.
Wire diameter: B ' 1 6 mm '
... Welding cdnditionS"




there is illustrated a collection box 1, a sanpler 2, 10 -an observatian
wi ndow 3, an access opening 4, air- feed holes S. .each of 40 nm di aneter,
ji?tdlng table 6, and a. sanple plate 7. . Wth such an apparatus the fune .
’ ~i|on rate per unit time Cng/mn), was neasured and each experlnent '
g&a’ ed 15 three tines, .and an average of the fune enission rates in the

" three experinents was calculated SAVPLE W RE AND .VEELDI NG CONDI TI ONS: 20 éb
El ectrode Wre Sheat h-forning: netal - Soft steel Fl ux: _
"Titani a-base flux Flux content: - " 15 Wt.% 25 Lubriccant: *-J
[err]-base Iubrlcant Cross-sectional shape: - As illustrated in FIGURE
8(A whi ch wi *e described herein. Wre di arret 1.6 mm.
30 Vel di ng C&ﬁi Rgh$Urreptisgg| di ng current 300 A, Qgé*A DC(+) Wl di ng
voltage - Welding vcl®dgéal di ng speed: 32V 30 cm min Shielding .
gas: - .Weldlng[éﬂééd 20 I|tres/n1n 530 thkggce betmeen electrode L
~ Shielding gaso"' » L coz,,zo litres/min.
5 ;Disthnce between electrode' B '
tip and mother plate o 17 mm ) o
*Mother plate o - ' 12 mmt, soft steel

fWeld;ng methodé ' ﬂ éeadbdnépiate'method'

10 Results are diagrammatxcally shown 1n FIGURE 2 and
- FIGURE 3. '

As is apparent from FIGURE 3 and FIGURE 4, the fume
emission rate is anersely' proportional to the
'15_ content of each of Zroz, A1203, 5102, T102 and MgO"
but is proportlonal to the content of NaF. However,
the contents of Mn Fe30, and :.ron powder have little
influence on the fume emission rate. In FIGURE 4,
the vapour pressure of each flux component is plotted -
20 along the horizontal axis while the extent of an
increase or reduction .in fume emission rate per unit
weight proportlon of each component is plotted along
the vertical axis, both based on data obtained in the
above experiment. 2r0,, 5102, A1203, Mgo and TlOz
.25 tend to reduce the fume emission rate, NaF tends to
' increase the fume emzssron rate, .and .iron powder,
Fe304 and Mn have little effect on the fume emission
rate. As can be understood from the above-described.
: results, the amounts-of-hrgh—temperature vapours in
30 an arc decrease and the fume em15510n rate decreases
as components having lower vapour pressures increase,
because the relatlve content of the components hav1ng_

- -



t|p and .not her ptate <o 17 nnthther plate- 12 [err], soft
“st eél VEIdlng nmet hod: - . : Bead- on- pl ate method 10 Results are
di agrammati cally shown .in FIGURE 2 and FIGURE 3. As is apparent fromF

3 and FIGURE 4, the funme em ssion rate is inversely proportlonal to

"15. cont ent of each of [err]” - and-MyO but is proporti
tQ,the content of NaF. However, the: con?ents of Mh, [err] and iron powder-
have li-ttle influence on the fume emission rate. In Fl GURE 4, the vapour
pr ure of each flux conmponent is-plotted 20 anng the horizontal axis
~whi e the extent bighnvRRerEapEesFUFEAUELFER2PR: f ume eni ssion rate per unit

_ melght proportion of each conponent is plotted al ong the vertlcal axi s,

- Bot h- based on data obtained in the above experi r ,
MO and- [err] 25%7 thg £F $288Ce PREefhEs ‘gm ?:‘P%ncroe?ttéﬁe ] £ esash

increase the funecempshemt av €, aarfil i ko aOWHEr I{IEFFFdan%ISW%%e%?ttIe
ef fect on thg fung e§@f¥%§§:ﬁé&%w By EﬁiﬂﬁbUDH@BSE%Htﬁ&éwﬁtﬂen its
e e

- above-descri bed resul amount s of hi gh-tenperature vagours n 30 an

arc decrease and sfforiamen & ipaedoh nELAENRS (Uh BSnPBASFEShAANT
-l ower vapour presguaeitb“QéQﬁ&diprﬁp&ﬂtiée aslatfhexcommmnnemﬁ.the

conponents haV|ng _8
. T102. 20 to 50 wt %
10 - . |
- As mentloned above, TlOz 1s effectlve in reducing the
'fume emlsszon rate and, be51des, is a component_z
. L 1ndlspensab1e for 1mprov1ng the stablllty of an arc
- . and the: slag-coverlng property. Iits content must be
15 | at least 20% of the total weight of each flux. Any
o.T102 content exceeding 50 wt.$% ‘results in exce551ve1y |
. high slag viscosity, ‘whereby the shapes of beads wxll_.
be poor .and, as a result of the inclusion of excess
reduced tltanlum and titanium oxide in the welded
' 26 N etal, the mechanzcal propertles (especxally,.
- toughness) of the metal weld will be 1owered '

'Siozz-llto 15 wt;%

25 bSloz Ls also. effectlve in reduc1ng the fume emission
' rate. Beszdes, it ls effectlve in making good bead -
sbapes.- These effects are “exhibited to noticeable.
extents when 8102 is added Ln an amount of 1% or

more. Whenthe content of SlOz exceeds 15%,.the

36 ‘viscosity of the fused slag 1s 1owered, thereby
o .adversely affectxng the easiness and efflclency of
" the welding work, aggravatxng the appearance and



hi gh vapour pressures decrease. In-the present invention, the content of
“each conponent of a flux can be limted as will be 5 descri bed bel ow by
taklng into consideration its aforenentioned influence bn the fune en133|on=,
end its required propertles as a flux conponent. TiQ2: 20 to 50 wt.
nt.i oned above, [err] is effective in reducing the funme em ssion
, besides, is a conponent indispensable for inproving the - \K _
Ity of an arc and the sl ag-covering property. |Its content nust be 15
at- | east 20% of the total weight - off%ach flux. Any [err] content exceedingd
50 wt.%results in excessively high slag viscosity, whereby the shapes of
‘beads will be poor and, .as a result of the inclusion of excess reduced
titani um and t$hape (9 osacte herd hanfe|r@ddciog thet spughResaeefiatheal |
properties (espgpa@almétapyghness) .of the netal weld will be |owered. Si 2:
1 to 15 w.%25 [err] is also effective in reducing the fume emssion =
rate. Besides, it is . effective in naking'good_bead shapes. . These effects .
are exhi bited Zoogotizeabte. lewtes® s when [err] is added in ‘an ambunt of 1% - *
“or nore. SV%en the content of [err] exceeds 15%.the 30 V|sc03|ty of the’
fused slag. is lowered, thereby adversely affecting the easiness.and
efficiency of EREawdIi Ag SRABOneREr Ak FihglBhdodppert Eneatarmely

effective in reduc1ng the fume emlSSlon rate but also -

_capable of enhancing the slap coverablllty. In order
to draw out these effects of Zro0, to sxgnlflcant'
10 .extents, it lS necessary to add Zr02 in an amount of
2.5% or higher. Due to the high Solldlflcatlon point
of Zroz, there lS a pos51b111ty of 2r0, 1nduc1ng such
defects as slag 1nc1us10n when added in excess of
_ 10%.
| Arcfstabilisinc agent:_ 0.1to 5 wt.%'

'As arc- stab11151ng agents may be mentloned materlals
capable of undergozng ready ionisation in arcs, for
20 example, the oxides, fluorides, carbonates, nltratesd
of Li, Na, K, b, Cs, Ca, Sr, Ba. When lncorporated
in amohnts less than 0.1%, arcs are unstable and
problems develop from the Viewpdint of the readiness
_ _and'efficiency of'nelding'WOrk,'for example, the
25 occurrence of frequent spatterlng. Oon the other_,r
hand the arc-stab11151ng agent, for example, NaF has
a high vapour pressure as shown'in EIGURE 4 and tends
zto increase the fume emission rate.;'Therefore, it is
- necessary to limit the-ccntent of the arc-stabilising"
30  agent below 5% so as to avoid. such a problem.
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9 shape of each bead, and redu0|ng t he toughness of the wel ded netal .
[err]: 2.5 to 10 wt.%5 [err] is a.component which is not only .extrenel

)

eifectlve in reducing the fume em ssion rate but al so capabl e of enhan

t he sl ap coverabi
signi fi'cant. 10
oﬁhhtgher. Due t

possibility of [err] inducing such defe

lity.  In order to draw out these effects of Zr2 to.
extents, it-is necessary to add [err] in an anount . of

0. the high solidificatifn point of [err], -there is a
s as slag |ncIu5|on when added in

2.

5%

excess of 10% 15 Arc-stabilising agent:: 0.1 to 5 w.%As arc- stab|I|S|ng
agents may be nentloned mat eri‘al s capabl e of under90|ng ready ionisation in

arcs, for 20 ex

"Na, K b, Cs, Ca, 6Sr,

arcs are unstable
and efficiency of

frequent spatterlngntenhtdﬁunanhmetaald;nthheamekﬂednmetangaagemhuéor-
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“exanpl e, NaFghas
|ncrease the funme

Beprédisps:oxitBebo #Pudki¥es, carbonates, nitrates of Li,
Ba. \Wen- |ncorporated in anounts less than 0.1%

a2BgoRLgbl e, doxel op [rom t hee¥ienpoi Il ofg e, 1 qagl ness

e

owing to its deox1d151ng actlon.i_As representatlve :

deoxidisers may be mentioned such metals as Mn, si,

Al, Mg, Ti, Zr and the llke as well as their iron
alloys. When a deox1dlser is used in an amount 1ess

10

than 10%, the deoxidisation is insufficient, leading
to poor X-ray examlnatlon results. Accordingly, a

_hlgher.__When the content of deoxidiser exceeds 45%,

15

there is too much deoxidisation and the toughness and

anti-¢racking property of the welded metal are
lowered. A deoxidiser does not significantly
influence the fume emxssxon rate as 1s apparent from

_the. results with Mn illustrated by way of example in
- FIGURE 4. However, Mg is an exception and_tendslto
increase the fume emission rate. Therefore, it is
. desirable to lower the content of a deoxldlser as
' -much as possible when Mg is used as the deox:.d:.se;'.

20

25

 Iron powder: up to 50 wt.$

As illustrated 1n FIGURE 4, J.ron powder has almost no
1nfluence on the fume emission rate, However, 1t

. dcts to. increase the deposlt1on :ate and to improve

30

the welding efficiency. Therefore, iron powder may
be incorporated up to 50 wt.$. When the content of
iron powderiexceedé 50%, the relative content of the

'slag-forming agent'is'dec:eased, thereby worsenihg

-deoxxdlser must be added in an amount of 10% or



14

necessary to limt the content of the arc- stab|I|S|ng 30 agent below 5%,so
as to avoid such a problent 10 Deoxidiser: 10 to 45 wt.% A deoxi di ser
sonponent effective in reducing the content of non:netals in'the L
@gr metal and thus 5 | nproovi ng t he physi cal propertles of -t he wel ded .-
owi ng to. its deoxidising: actlon As representative deoxidisers may . be
nentloned such netals -as W, Si My, Ti, Zr and the like as well as . &
- their iron.alloys. Wen a deOX|d|s%t is used_th an anmount less 10 than- -
10% the deoxidisation is insufficient,. leading to poor X-ray exam nati O/ . .
results Accordingly, a deoxi diser nust be added in .an anount of 10% or
hi gher.” Wenthéesbapeenf blie ceeadsliand, cacadtitismy, indueing thed nmuch

- deoxi di Sat'0noé@%rtz%é&uahneﬁéla&zgwaefe@ﬂ s CEaekl NgsPropes tyard the

wel ded netal are | ower eoxid] ser does, not. significantly influence - ,
the fune em sbiewhehes due; ko ipsieiickenimseldidgss with M illustrated .
by way of exanple in FIGURE 4. ‘However, My is an. exception and.tends to 20

“increase.the r or. egl.r wer the
" content 8f a égggﬁd%% §%dn3%%na§y%?5%bl@%%nw%g §eu§§8g %ﬁté)
- deoxi di'ser. |bPdsoponchte nep abwsgswes®ergial components but are .
' also effective in reducing the fume emission rate.

Therefore it is desirous to add them.

A1203 is a component which ls effectlve in reduclng

the fume em1s51on rate. - In addition, it raxses the

_ SOILdeLcatlon temperature of slag and hence 1mproves

15  the 'shape of ‘the beads in vertical weldzng. In order

| to lncrease these effects of the Al,04 without
.fallure, ;t is deszrable to add A1203 in an amount

- of ‘at least 1%. When the content of Al,0; exceeds

15%, it tends to cause defects-such as slag inclusion

20 and to lower the remorability'of the slag, and to

' increase non-metallic inclusion in the welded metal

and thus to lower the toughness of the welded metal.

‘MgO: 0.1 to 10 wt.%

' MgO is also effective in reducing the fume emission

‘rate. MgO may preferably be added for its effects in
' 1mprov1ng the slag coverablllty and bead shapes as .

well as the toughness and ductllzty,of welded metals
30 rather than its fdme-lowerlng'effect In order to”

-1ncrease these effects to a notxceable extent, it is

_ necessary to add Mgo 1n an amount of 0.1% or hlgher.



As |Ihustrated in FIGURE 4, iron powder has al nost no influence on the

- fume- émi.ssi on rate. Fbmever, it acts t.o.increase the deposition rate

to inprove the. welding efficiency. Therefore, iron powder may 30 b

~incorporated up to SO'wt.% Wien the content of iron powder exceeds 5

"the relative content of t he sl ag- forn1ng agent is decr eased, - t-her eby
wessening - the shape of the.beads and, in addition, |ndUC|ng t he
~occurrence of welding defects such aslglts and blomholes due to . .
ingufficient shielding. 5. " [err], MO and iron oxides, which will be
_described bl eow, are not almays essential conponent s but are also effective
in reducing the Iffutieoemraehi RGOr b8 pr JIEN € Uoweéveks IS ividtfod DEAWE t hem -

1o [err]: 1t 5 [e igga &9 s ef Lve i.n

reduci ng tMafu%Ei;#ﬁsé%n%%é% Ir1%ﬁ§£?e5i:£% £3V§&$4Me ?&r%ﬁxlcatlon
t enper at ur e -of Fakd ngh¥aleticw imgripwkation 4 Jsmipeaufd toeek repdshe n
vertical meldlngeadlghgbggr berl NCHE fgféggsetﬁgfﬁ§§ il i M thout
-failure,. % s desirabl P %9)enr? an anount ﬁeast ﬁél

the contenf of g F{%%iﬁﬁﬁﬁ§? quq:aFeﬁﬁ ‘t 0 cause defects such as slag

‘i nclusion 20 and to lower the renmovability of the slag, and to i ncrease
non-netallic |n§%gﬁ|8§1hgsthelm§ deg Q§E§| and thus to lower the toughness -
of the wel ded "~ A . o
| Iron oxldes_may 1nclude FeO, Fe,, Fe203:and Fej0, as
10 well as individual minerals containing such iron-
-oxideS'as'thelr maih'compohents-and'mixtures of such
.. minerals. As readilyle'm'risagecl from the 'Fe30_4 g_i'ven "
- by way of example in FIGURE 4, iron oxides do not
-substantlally effect the fume emission rate. It is
15 preferrred however to ‘add iron oxides in a total;
amount of 1% or more, because thev 1mprove the slag
: coverablllty and bead shape. If the content of suchl
iron" oxxdes exceeds 10%, ‘the arcs become unstable and
spatterlng frequently occures, and the v1scoszty of .
20 ther slag is lowered and the coverablllty of the slag
' is lowered further.
The composxtlon of a flux useful in the practxce of
. this 1nventxon has been descrrbed above.
25 ' .
JA further parameter affectlng the fume emlsszon rate,
.ls the H, content in each wire electrode.' The fume
-~ emission rate decreases as the Hz content becomes
lower, because the temperature of the arc rlses owing
30 to the high- 1onlsat10n voltage of 32 ‘and the
_ concentratlons of metal’ vapours, whxch serve as the
- sources of the_fumes, increase when H, penetrates'



MO 0.1 to 10 wt. 9625 MO i s al so effectlve I n redu0|ng the fume enission.

rate. -MgO may preferably be added for its effects-in i nproving the slag
coverability and bead shapes as well as the toughness &nd ductlllty of

T we netal s 30 rather than its fume-I|owering effect. In order to
o e these effects to a notlceable extent, it is necessary to add Myo- ,
-in anmpunt of 0. 1% or hi gher. '1f too nubh MyO i s present, however*zi-

the viscosity of the fused slag is nsi derably | owered, thereby maki ng
wel di ng mani pul ation difficult and making the bead shapes poor. Therefo?!f
t he upper content liimt 5 °~ .of MyO_should be set at 10% Iron oxides: 1
to 10 wt. % | r dptexitdes ang- | ithede fterdvanyageeusepffegssiof Hpl| as

_ individual beh.% GpY2hBL NGesbLY WREA enedﬁ? asnkhei inMai wigeponents |
and m xtures %E gchdnln ra s $e L S&d%émeng ed fro -t he %Frr] gi ven
PECERAR 5 abghto dB n ﬁBSta ?Eﬁ? ffect the

- by way of exa
funme enissionikatie. dds:.ra;blé topﬂ.efneﬂr rtelle hBye memtten’adblelowntd)edes in a

total amgunt ggo%émane%ﬁeabggwfelah@alcﬁnepf ot e g, coverability and

bead shape. e-content -of such iron oxi es excee 0@6 ‘the arcs
~ becone unstabl e and

It is poss;ble to lower the fume emission rate to a.
con81derab1e extent by controlllng ‘the contents of
components in a flux in the electrode.- Howevér, such
'loe' an adjustment in flux comPOSthon can by itself lower
' the fume em:.ss:.on rate by about 10 to 20% only and by
itself cannot be_con51dered_as a satlsfactory
- solution for the reduction.of.the fume emisslon rate.
We wish to. reduce the'fuMe emission rate to the
15 levels of fume emission rates of solid wire
| electrodes.' In order to achieve this object, it is
necessary to lower the fume emission rate by about 40
" to 50% compared w1th the fume emzsslon rates of
_ conventlonal flux—cored wire electrodes.
20 | o _ o |
_.Therefore,-Wlth a view toward achieving a further
reduction in the fume'emission_rate,-an additional
investigation'has,been carried out, on the basis of =
the above-obtained findiﬁgy with respect to the
25 relationship'betﬁeehsthe.fume_emission rate and the
‘carbon content of the soft steel sheath and the
residual lubricant adhering asla.resplt_of the
prOduction_process_of_a_flux—cored wire electrode.

30 As'will be described next, electrode wires having
dlfferent carbon _contents relatlve to the total
_welghts of thelr respectlve sheaths were produced



» .

spatteri.ng frequently occures, .and the viscosity of 20 ther slag is

l'owered and the coverabil ity of the slag is |lowered further. The : _
conmposition of a.flux useful in the practice of this invention has bee
descri bed- above. .25 A furt her paraneter affecting the funme em ssion rat
isythe H2 content in each wire electrode. The fume enission rate. decreases
as The H content becomes | ower, becaudd the tenperature of the arc rises
omnng 30 .. to the high |on|sat|on vol tage of [err] and the concentrations

of Wetal vapours which serve as the sources of the funes, i ncrease when:
[err]. penmmateSusiﬂ§isﬁﬁtt@téﬁr'aﬂ&wsauﬁﬁw@ﬁaM§w@pmegfhaMnh@f

[err] appear ver bl r] DNt )
reaches about 50)66%%teor % % ggg{ﬂgg | P fdles?ralmés% #%gt he
[err] content bmwnmehbhen d&manmxmmdlbMernénﬂtlnseachemdn@gﬂtﬁﬂtode

I't is possible tqdouer ttﬁ‘é’ fs‘érﬁ?ee@o%?di’ﬂﬂoal{@ S denGASyEQr aphe @xdent by .

control ling the contents 0. onents ina yx in the el ectrode.

However, such 10eXReridenk rﬂ#ﬁs an?ﬁktEoﬁﬁﬁsFPFGF@R%?HAF%%%&H? IRer the
fume emission ratim INMGUREI2 2Gd ¢IZVR®OB.Y and by itself cannot be
con5|dered as a satisfactory solution for ‘the reductlon of the fune

em ssi on rate. '

Elect:ode Wire

10 - Wire diameter: . - N .l,s-mm'
Ca ' - Carbon content in sheath-formxng _t_ .
' soft steel: : o 0.005 to 0.08 wt.%
) Flux: R Titania-base flux
' Flux cqntent:'_ : - . '15.wt.%
15 Lubricant: . : L Mosz—base

- lubricant (carbon_
" content: 20 to 50
 wt.3; amount
' o S _ . adherring to'surf-
20 - | AR - ace: 0.0l to.0.10
| o T wk.% of soft steel
R B _ " sheath)
Cross-sectional shape: S As-lllustrated in
_ _ _ o ' . FIGURE B(A)
25-. Flux cempos;t}on: o S ) Cempoeitian No;Z_
| | Table 3 which will -
.be'given latef.

Results are shown in FIGURE 5. Thus, there is clear

30 relatlonshlp between the carbon contents relative to -
the total weight of the ‘sheath eteel and the:fume_-
'emissien.rate; 'A_reductiop.in the above cerbon .



. W w sh to.. reduce the fune enission rate to the 15 levels of fune.
em ssion rates of solid wire electrodes.. In order to achieve this object

it is necessary to lower the fume enission rate by.about 40 to 50% conpared .

. 20

. em
basi s of_the above- obt ai ned -findingy=W th respect to the 25 relatlonsh|p~

bet ween the funme emssion rate and %ﬁe carbon content of ‘the soft-steel

sheath and the residual |ubricant” adhering as-a result- of the production’

process of .a.flux-cored wire electrode. 30 As will be described next,

el ectrode wnr@?qﬁﬁﬂﬁﬁyQﬁ#f%ﬁ%h?véﬁr%d%rﬁéﬁt%ﬁfécFeFatFVEPF@QﬁkPQotaI

wei ghts of thehe Famacehi¥sishcahbs.were produced 14 using soft steel
and lubricant sanples. having different carbon contents. Their fune

em ssion rates were then determined by conducting a wel ding test under the
sane conditi oﬁ&ma&l@oygdaknmg,hé‘-lﬁe carhxper corhenthodfe thesgaft ar e

di agr amT%“ CalgkkeiNeMRalth EhEUFEuk 39 o \ERdR-cdred GPiFQUEL Efode
{the term "carbon contents" will hereinafter be .
called "the - tptal carbon content“'fortbreVity)'is
about 0.07 wt.t or higher. It is thus clear that the
'fume*emission-rate is affected nOt'onlyfby the

10 composition of the flux core but also to a
"significant'extent-by the total carbon content. The
‘above descrlbed flux of low. fume level comPOSLtlon_

' mﬁteigge fune emission rates of conventlonal fl.ux- cored wire el.ectrodes.
S

was used as a flux core for a flux- cored wire
electrode -em ployed in the experlment, the results of
1s . whlch experlment are shown in FIGURE S. However, the
' fume-reducing effect is limited to about 15%, no
matter how much the total carbon content is reduced.
When the total carbon content is limited at a low
'level in addition to a suitable adjustment to the
20 flux composition, the fume-reducxng effect can be
' significantlY'increased. The fume emission rate may -
be lowered to the levels of fume emission rates of
"‘soiidbwire electrodes when the total carbon content_
is reduced to 0.045% or 1eSs. The fume emission rate
25 . may be lowered to one half of that of a conventlon.
flux-cored wire electrode prov1ded that the total
carbon content is limited below 0.02%, thereby
‘successfully achieving the object of fume reduction.

. 30 "Tne reasons for the Significant influence of the .
total carbon content on the fume emission rate were
clarified by the following terification experiment.

refore, wth a view toward achi eving a further reduction i-n the fume,
n'rate, an additional investigation has been carried out, on the ,géi

i



1o Wre dianeter:
_sheath‘fornlng soft stee

As illustrated in -Fl GURE 8(A) 25 Fl ux

1.6 nn1Carbon content in

to 0.10 wt. % of soft steel fgeath) Cross sectlonal shapeh

0rrp05| tion:

Fl ux:

osition No.2 Table 3 which will be given |ater. Results are shown in

"~ FIGURE 5.. Thus,

there is clear 30 relationship tween-the [ bon contenfs
relative to the Fdatweifghalaf tﬂésgr?@atﬁ(&)eé‘}n‘g nétaé

nd FHRREY

&&%n

rate. A reduct geRemattile ﬂm\éerﬁ&ﬁbaa showdhigertte heeldidy eyeocessy eat’

effect in suppressing the =
car bon content oPaFﬁgysof?r% 11???@ égtﬁbsggngﬁﬁk&% %gﬁtgg%ored wire

-arc-produc1ng portlons with hlgh Speed cameras in

el ectr ode

5

10

15

20

25

~~ been found that thefabove—described explosion takes

30

_order to investigate the way in whzch fume occurs

when the welding was carried out using flux-cored

wire electrodes.  In the drawings[lthere is

1llustrated a mother plate 8 and a soft steel sheath
9, a flux 10, an arc 11 and droplet 12 and fume 13.

As is apparent also from ‘these drawrngs, the soft
. steel sheath 9 is fused by the heat of the arc and
the droplet 12 is thus formed (see, FIGURE 6(A)),
"during a weldlng process.f Many droplets are

successxvely built up on the mother plate 8 durrng'

-the welding. When the. droplet 12 suspended from the

tip of the wire electrode explodes and the arc 11 is
dlsturbed (see, FIGURE 6(B)), a great deal of fume 13
1s produced The occurrence of the fume 13 may be

‘attributed to an assumption that metal vapours and

cdase the fume, are released to the outside of the
arc atmosphere due to the disturbance of the arc.

- Thus, the fume emission rate should be. lowered if the
- explosion of the droplet 12 is avoxded and the

‘the like, which are present in the arc atmosphere and_

d1sturbance to the arc 1s mlnlmxsed ' Thus,-the.

present inventors looked for the pr1nc1pal cause of

the. explosion of the droplet 12. As a result, it has

place when carbon contained in a wire electrode has’

undergone a reaction'with oxygen in the arc

-atmosphere and has formed co gas or coz gas. fhus,
" the rates: of generat1on of co ‘and c02 decrease as the

S 0.005 to 0.08 w.%
Ti t-ani a- base qux Flux content ' ' 15 w.%-15 = .. :
“Lubricant: [err]- base Iubrlcant (carbon conten O 3
ta 50 wt. % ‘anount adherrlng to surf- '
‘dge: 0.01 N



~(the term"carbon contents"” will hereinafter be called "the total carbon,

.content" for brevity) is about 0.07 wt.% or higher. It is thus clear that
_ fupe em ssion rate is affected not only by the 10  -conposition of -
: th:i%§{ux core but also to: a significant extent by the total carbon

\" The above descri bed flux of low fune 1evel conp05|t|on was used

x core for a flux-cored wire el ectrode enpl oyed in the experlnentir‘
the results of 15  which experlneah are shown in FIGURE 5. However, the
fume-reducing effect is limted to about 15% no matter how nuch -the tot &
carbon content is reduced. WWen the total carbon content-is linited at a
low | evel in addition to a-suitable adjustnment to the 20 ~ fl ux -

conposi tion,: ﬁﬁﬁ?f%ﬁ%eie&&QQﬁfeﬁ*eEPnﬁﬁﬁqﬁgsﬁ%ﬁ?fﬁE&Mﬂ%ﬁ%mc?%ﬁsed Thel‘
fune eni ssi oexpl&s hou hﬂf I@mapeétrso ideniniahbsel fane eHesHumierates of

sol id wire el %}c.tsrscg_%s g Zé% e(i%rb %0%51‘; 8#§° gu§§g?£o 0. 045% .

‘less. Th&Hune enls |on ra may Be' of that of
a convent i on i whec saft wmlelstxﬁtatdﬂe-sprdnnmadiat the total carbon -
content gs limted bel ow 0. 02% t hereby successfully achleV|ng t he obj ect
of fune reduction. :3Q - The'. .reasons for the_si nlflcant influence of the

“total carbon FEAGVRES ¥ﬂ1t9hé2féﬁ§ ERERECEAVRAY D sEFSFlPFSH“59Sthe
follmmr@ vemﬁoa&ﬂraamssmseaenu) 1llustrat1ng the manner of

'explosion of suspended droplets, when a flux-cored
 'wire electrode made respectively of a soft steel
10 sheath hav1ng carbon contents of 0.01, Q. 04'and'0.08%
- respectlvely were used to conduct the weldlng. The
droplet ex91051on beomes extremely v101ent as the
carbon content is 1ncreased

15 As is readlly understood from the above the carbon
content in each flux should be’ mlnlmxsed 'As shown

'in FIGURE 6(A) and FIGURE 6(B), the flux core and the
'droplets separate eas;ly and CO or Cozg which may be
generated from the flux core, does not significantly

20 trigéerwthezexplosion of the droplets. Therefore,
inclusion of carbon at'a,low level may be_tolerated.

It is‘hoWeVer'desirabledto'linit the_carbon;content'
ln,the flux below_o;Z%, becausejany carbon content

- above the above-mentioned level promotes: tne'
25 explos;on of droplets and hence anreases the fume

em1351on rate.

‘as a sheath-form1ng soft steel useful in the practice

'of th1s 1nventlon, may be mentloned a cold-rolled or

30  hot- rolled steel hav1ng a good deep drawabzllty 1n'
 view of its formabllity ' As is apparent from the
'above, a soft steel contalnlng as low a level of



16 First .of all,

to investigate the way i n which fume occurs when the wel di ng was carrle

FI GURE 6(A) and FI GURE 6(B) are -schematic illustrations'
“showi ng 't he meldlng process, .nanely, are illustrations obtained by
observing the arc-producing portlons wi t h high-speed caneras in 5.

out” using flux-cored wire electrodes: In the drawings, there is

i I%ustrated a not her plate 8 and a soft steel sheath 9, a flux 10, an a

ord

er

.-
2

11 and droplet 12 and.fune 13..10 As i's apparent also fromthese draw ngs,
thé—goft steel sheath 9 is fused by thE8heat of the arc and the droplet 12
is thus formed (see, FIGURE 6(A)), during a welding process. . Many :
droplets are successively built up on the nother plate 8 during 15
When t ke rdraoplaed phid silkspe rechesh I d doe e d d p Sdinctenddnyi Sé ehdct 1 ode

‘wel di ng.
explodes and the
fume 13 is produc

he  occurreéence t he

thé.

A Hde 43 vbeddsera R AEE A bygooLeal drgl o

attributed to an

assunption that S&M@Takpetrefak@ E@dtQQQilké ighpsefarapresenat afd the

‘arc . at nosphere artdxeﬁmze ﬁﬁ‘@éfﬂﬁ@uc&ehéﬁbeé&edth@ Haeemasbﬂhei; flge arc
' the dr %th an

at nospher e
shoul d be |

et
red9% PHE

25 disturbance degihmlale te INimi b skeal. MnTd:mstenheapdeSentonheerut bps
| ooked for the prj Bgi pal df?ﬁéea% 9 s opdon g% g@%ﬂrmft aéztheAs a

resul t,

it .has béen foun
_ soft steel shea

10

15

20

25

.301

he above-describ Xp|OSIO

' lubrlcant which is used when produc1ng a flux-cored
wire electrode. It is poss1ble to use drawing

the Na, K, Ca, Mg and Ba esters of;higher_fatty acids
and the ‘like), MoS,-base lubricants,

.The term “1ubr1cant" as used hereln means a draw1ng'

‘lubricants of the higher fatty acid ester type (ie,

polytétrafluorethylene'base lubricants, graphite-base

lubricants, and' all other conventionally known
lubricants. - These lubricants contain high levels of

~carbon. It is therefore nécessarY'té'use;as little

‘lubricaht'as poséible'in-the course of each drawing

operation so as to lower the amount of the lubricant

adherring to the surface of the wire electrodes; or

to_subject the-drawn electrode wires to baking,

-brushing, selvent-washing and the_like so'that the

total ‘carbon content of each sheath is kep below the

prescribed level. However, the wire_eléct;odes will

not feed very well when carrying out welding work if

the amount of 1ubr1cant left on the surface of the

advantageous to use a lubricant having a low carbon
content (preferably 50% or lower). From this
viewpoint, it is most preferable to use an MoS,~base

- wire electrode ‘is too llttle. Accordingly, it is

ume enj ssi.on rate

BR8ar cié ofnEnEantyt cFhdSeF8 Ry oi Hoa and the



pl ace when carbon contained in a wire el ectrode has 30 undergone a

reaction wth oxygen. .in the arc atnosphere and has. forned CO gas or Terr]

gas. . Thus, the rates of generation of CO and [err] decrease as the 17

“soft' fSieel sheath is converted-into droplets,. the epr03|on of droplets is.
- mini, 1 and the fume enission rate is thus | owered when the carbon: .

cont € In the soft steel sheath is decreased. FIGURES 10 to 12 are

: respectlvely hi gh-speed pictures (2099 franes/second) |IIustrat|ng t he.
.manner of explosion of suspended droplets, when a flux-cored wire. eIectrodeJ

"made respectively of a soft steel 10 sheat h havi ng carbon -contents of - -
0.01, 0.04 andlgbggégﬁgspectlvely were used to conduct the’ meldlng - The
dropl et expl osion beones extrenely violent as the carbon content is

“increased: 15 As is readily underst.ood fron1the above the car bon cont'ent:’

‘in each flux. sﬂunhﬂn@enawntaligg £14% sq%ml and Fl GURE 6(B),

the flux core an e draoplets se arate: easl gb Rt may be
generated fron?tﬁlaglﬁ?rfoFg Hﬁkégﬂgt 12 %@ ah%ﬁ?dZOn thE|gg&anrma -
expl osi onSof tNelghdplodt ¢he TherefefrectradlelJSI o8 @hecﬁrQBBr%tloah o | evel

may be tol erat h ragke to limt the carbon content in
y €He FlukS i sNAMRYEE car%o ébn Be; cannot lncorporate '

the flux belom/Ofgg%le%ﬁfgfe any
evels of metal powder and slag- fcrmlng
_agent On the other hand a proportlon of flux in
excess of 30% requires one to make the thlckness of
10 the soft steel sheath smaller. Thls reduces the
rlgxdy of the wire electrode, resultlng 1n poor
- feeding, reduced conductlvity and arc-stabzllty whzch
induce the formatlon of undercuts and the like and -

_makes it dxffzcult to perform weldlng w1th large"
‘15 heat. ' '

: As 1llustrated in FIGURE 7, the fusxng rate becomes
'greater and ~the fume emission rate tends to increase |
| -sllghtly as the proportlon of flux becomes too high. |
20 Thus, it is des:.rable to limit the flux content below
- 20%. Therefore, it is de51rable to limit the
- proportion of flux within the range of 10 to 20% of
the total welght of each wire electrode. -The sample
| __w1res, weldlng conditions and fume welght measurement
_25p' method used in the experlment whose results are shown
in FIGURE 7 were the same as those used in the
experlments whose results are respectively shown in
FIGURE 2 and EIGURE 3. -

30 There is no llmltatlon on the cross- sectlonal shape
of each wire electrode. For example, it is feasible
to form wire electrodes in the various cross-



‘ : , o _
above the above-nentioned | evel promptes the 25  explosion of droplets and
hence increases the funme em ssion rate: As - a.sheat h-form ng soft steel
fQSefuI i'n-the practice of this invention, nay be.nentioned a col d- roIIed O
30 hot-rol | ed sfeel having a good deep drawability in view of its. 3]
fornablllty " As is apparent fromthe above, a soft steel_contalnlng as (ol
a#zevel of = 18 carbon as possible shgpld be used.  Since M1, Si and the-
_I|ke act as deoxidisers  and suppress “the generation of Co and [err], it
|Sgpweferable to add them. They reduce, however, the machinability if 5
too much of themis included.. Therefore, it is desirable to limt the M
content and Si c8RCEHORDL 2ShBPEE Féé—élsérﬁﬁqe@%%rFlﬁggEﬁegbééu §EBY.in the

soft steel sheat B.(c)0andltexpigr mrd Whécaabe ¥F uaps @sagénmmem@

d | ub whi ch d wh d d d
(1S posei bl ot B DR kAR TRAR: GAN SSRnT A B BAAGS aPRd W o1

type (ie, the Nashéatds, t@eamnﬂia@stefsuﬁerwgherem§QQKG@ed&aM5beand
‘the like), s [er#latt%@ wit HhEd ot S(’m‘&d/éf’féaé%% %1h-yéf“aeli)@ff .

| ubri cants, “graphite-base [ubricants, and al er conventi-Qn nown
1 ubricants. - The§§IQlecﬁm?gchM9§Q1Wﬁ§ﬂlﬁev&%$(ﬂf Cu is desirous

because Cu is relatively cheap and has excellent

: conductrvxty and corrosion resistance. . This platlng

treatment 1s effectlve also 1n reduclng the fume
10' emission rate, because the platlng lowers the fuszng_

s o rate of the wire electrode. The weight of the
B plating is desirously from 0.05 to 0.30% by ‘weight
_based on the total weight of each wire electrode.

~ When applied to a thickness of 0.05% of thinner, .the
15 plating does not show any advantageous effect on’

rust reistance,. ease of feedlng, fume reductlon and

the like. If the weight percentage of the plating is
_hlgher than 0. 30%, the productivity is reduced and-

the toughness of the welded metal :is lowered.

20 ”Therefore, the thickness of each plating should be

- o controlled .80 that its weight proportxon remains
below the above—descrlbed upper limit. In addition,

the dlameter of each wire electrode may be chosen at

will suchalemm, lem, 2.0 mm, - 24mm, 3.2 mm

25 and so on, depending what end use will be made on the

.w1re electrnde. '

..Preferred embodiments of the'present invention are
'outllned above and these have made it possrble to
30  lower the fume emlss1°n rate. per se tc a cons;derable'
}extent by adjusting the compos1t1on of the flux core
_and, at'the.same'time, the-carbon contents in the



carbon. It is therefore necessary to use as little 20 | ubri cant as,

. possible in the course of each drawi ng operation so.as to |ower the. anmount

1e 1 ubricant adherring to the surface of the wire erectrodes or to

dct the drawn electrode wi res to. baking, -brushing, Ssolvent- mashing and
ke so that the 25 ~total carbon content of each sheath is kep below
prescri bed |l evel.  However, .the wire el ectrodes will not feed very meL&g‘
- when carrying out wel ding work |f t helanount of |ubricant left.on the .~ . -~ .
- surface of the wire electrode is too little. Accordingly, it is 30 o/

- advant ageous to use a lubricant having a | ow carbon content (preferably 50% -

f\)/tr)SIZO\tgler) : Eg&:ﬁ%*’%§e¥le§\@@a{ih ahd as;{npfkt?]rlalaafteéamlm E@mla]fieu .
ase ubri.ca now te the fl ux er.able to
provide a fl ux %%r& n%??é-ghj?g 189}?8r§(§%r0%13e5 S ’?h%x—&%ﬁp § 15/& ght of
the wire eIectrekbntrddethmnqwdmmgttonthﬁsthmantidmsHanm&xﬁﬁemeﬂjmb one

cannot i ncor por g:fo ng
agent. On the é& %% dﬁ?ﬁﬁ 19E1ggagbu§9rgsé§§g§§ggg 5%/g$%qU|res
one to nmak®’ thea"t—ﬂpéﬁt'?@s@ o?f 1Ghe t%lébw §id@ heaffeskimgderarcThi s
reduces the righgydphgtiermi wetr! &Csﬁﬂéﬁdln%%&étaﬂ@ anr@@@éti&edmg,

_.reduced CondUCttﬁgtekﬁgHLéﬂof5¥éﬁg-reﬁ%v1ng

-

ac111t1es.

Fdrthermore, Ar redﬁces the'fumeremission rate as
10'-.illustrated in FIGURE"9. Accord1ngly, it is desirous
" to mix Ar gas in a shielding gas. Ar gas exhibits
thls effect when added in an amount of 80 wt% or more
in the case of a. coz-base sh1eld1ng gas as
_ ;llustrated in FIGURE 9. '
15 . ' '

 An ekample'of this invention will next be described.

051ng sheaths of soft steels of the com9051tlons
glven in Table 1 and flux cores having the
20 'compoSLtlons glven in Table 3, flux-cored wire
electrodes were produced. . Lubricants given'in'Table
- 2 were also used. The carbon contents (relative to -
' the total weights of sheath and lubricant) in the
soft steel sheath and the reszdual lubricants after
25 production of the wire, electrodes are also given in
Table 3. The diameters of the w1re electrodes were
"each 1.6 mm and their flux contents were respectlvely
15 wt%. The wire electrode sample nos. 1 to 13 had
the cross-sectional shape shown in FIGU E 8(A). The
30 wire electrode sample no 14 has. the cross-sectional
o shape ‘depicted in FIGURE 8(B). On the. other hand, the
' w1re electrode sample no 15 had the cross—sectlonal



|nduce the formation of undercuts ‘and the like and nakes it difficult to
perforﬁ1me|d|ng with large.15 heat. As illustrated in FIGURE 7, the Tuye
rate beconmes greater and the fume enmission rate tends to increase slig
as the proportion’of flux becomes too high. 20. Thus, it is desirable —
limt the flux content bel ow 20% = Therefore, ‘it is desirable to limt - ¢
the,proportlon of flux within the range of 10 to 20% of the total weight of
each wire el ectrode. The sanple mnresgzweldlng condi ti ons and fume wei ght..
measur ement 25 met hod used in the experi ment whose results are shown in
FIGURE 7 were -the sane as those used in the experlnents whose results are -
respectively sho in The |s no _|i tion on
the cross-secti o%aps% "png gig%é%r (8)3 g 3 f‘ﬁe ??1 f;g
feasible to formwire ealmmﬂ;te§a|mpltd’1@wé.r5uoasmrpl;atmg QQSSepplaedl
shapes i|lustratodyiy EhEPRESS e e B(h BA0clEPhur ddbd hes coeg Of

t he shape (D) whi does not contain any seamin the surface of the Sheat h,
the surface of1ﬂﬁ?§ﬁr%¢%ﬁ%c¥?§%ﬁhﬂay be 5 plated mnth Cu, Al (inclusive
of an Al - Si - #lloy), N or Cr. .Among these.nmetals, use of Cu is -desirous

because Cu 'S relﬁixg ghghffﬂxa@grgﬁs chgléleenétrodes set out above,
" bead-~ ~on- plate welding was conducted under the

condltions given below. Fume emission rates were
respectively measured in accordgnce_with the same
10 method as described above.



~-*conductivity and corrosion resistance. This plating treatnment is effectjve
em ssion rate,. because the plating |owers -

al soi-n reducing the fune 10
A The wei ght of t'he plating is

plating is higher than 0.30% the productivity is reduced and thetoughn

" pla

the £gging rate of the wire el ectrode.
degryofsly from0.05 to 0.30% by wei'ght based on.the total weight of each
e’eJectrode.. Wen applied to a-thigkness of 0.05% of thinner, the 15 _
hg does not show -any advant ageous effect -on rust reistance,
. feeding, funme reduction and the like. ..If the wei ght percentage of.the

of the wel ded Ma¥ing gonditdens0 Therefore, the thickness of each .

pl ati ng shoul d be.contrplled so that its weight
- the above-descri bed
el ectrode may- be ¢

mm 25 and so on,

" electrode. Preferredg

above and these have nade 1t pos§ib|e to 30

9 iHE®A%F addition, th
hq t W li. such as 1.2
de-p%%f“rﬂgwﬁql&ta%n'd use will

nm
be

3.0f ‘the present

per se tosa. consi dergiied ddErfadyy adj usting the
core and, at the sane time, the carbon contents in*“he
sheat h. and any | ubriMstHerstalldcaemai ni ng

'd

A
i3V ‘éﬁ«f

| owner . t

remai ns bel ow -

raopartio
g°§i§ﬁeP§R*@f each wire
2.0mMmm 2.4 am 3.

the wire

e hiieeral/mike fl ux

21 soft steel

0.12% C, 0.29% Si,

1.44% Mn, 0.020% P,

0.008% S, balance iron.’

Distance between electrode 17 mm
tip and mother plat= .

10 ' Results are shown in Table 4.
Table 1
Sheath-forming . ' I 5 ]
~soft steel - _C ' @n_ Si- _P s
A 0.08 [ 0.35 | o.01 | 0.010 | o.010.
B 0.02 | 0.35 | 0.00L | 0.010 | .00
c 0.02 | 0.40 0.80 | 0.010 0;010A'
: (unit: wt.$) -
Table 2
| Lubricant Type
a  Salt of higher fatty acid,(caldihm'étearate)
b MoSZ:gréphite:TiO2 = 3:4:3’(by weight ratio)
e MoS,:Ti0, = 4:6 (by weight ratio)

ease of e+

?

3

W

2,

/h?glare_outline S
e fume emssion rate.



- on the sheath. Therefore, the flux-cored wire el ectrode. accor di ng to this

invention has extremely practical advantages,  including an inprovement to=>~-
the 5-° atnosphere of the weldiing site in effecting arc- welding work"
& shielding gas and a- reduction in the expense of fune-renoving : -
facilities. Furthernore, Ar reduces the24une enission rate as 10

A

il fustrated in FHEUREO-T—AgeoReHAgHYT g desTTpUSTtoO XA gAY T a
shi elding gas. | Ar gds exhir*ii tq this aff%ct when agided inl anjampuntf of| 80
w{%.or nore in fHe Edse pf' @ CR-base| shiellding @asjas jllbstdatgd iph -
FIGURE 9. 15 An| qvagl e b {hid & o0 il k hext Hd gdeser [lred. 3 Usinp
sheat hs of soft igEeelissof 3 hes d iDnss di ¥ehe | 8. Tadl psl) ahd $1|us
cores having t{®=28| cpnpgsit|i venp in Taple}3, | flux-¢gorged wire
el ectrodes were rupr gryen fin flable 3 wefe alsq used.| The
carbon contents p tg th wgi ghtt s_ pf _§ hgt h pndjlufjrigant) in
the soft steel §3 i Hey - Mjbrgfcas s.‘.’q‘gf r 2p, sipradugt 8n of -
. - Q . ~ Ol 1@ o cslo «© 3
~the wire el ectr it s0° g Taifess. SThe|drgimeer £ ofs|t hel Wef e
. el ectrodes werelg mmjand t h fl'dx clont ent§ wgre fespeCtlively [5 -
W% The wire ¢fle L sadpl g —i—t-a—t3-hat—the—eresp—s¢ettonag——shape
shown in FI QU E_'ﬂ(—ﬁ?. The 30 ‘Wi rg elfectirode sqnplie no 1§ has tlhe | :
cross-secti onal Siage depi ctieds)i nsFl SPRE8( =Pndlheglot-Her Jhangl, theghMre
4 x 3 . © o o o S o .
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22 shape illustrated inm FIGURE 8(D). " In the case of the wire el ¢ctrede-,
sa e no 15, a Cu plating was applied to a thickness of about 1lj[err] on

t sWrface of its soft steel sheath. 5 Using the flux-cored wr . o
e Jodes set out above, b_e-ad-on-pl_.ét%s_\'ﬁel ding was conducted- unger the
CONdrti ons gi e Eue—em-sshon—rates were respectively ngasured |13;~
accordance. wi §h{the 10 ‘pret-hodlas (descri bed above: - - 23.1 Vel di rigle”
.condi.tions \Weld ng Lur entf: - 300 A, DC(+) Wel'ding volftage:. -
32 V Vel ding gppee: = l=|z :}Q;cm mnb5 Shi el di ng gas: -
[err], 20°1it¢ElE & therapl @es | s - 0.12%C, 0.29%Si, 1.44%
Wh,. 0.020% P,.ED'-’. @0 - al apcel}i rgn. Di stance between el ectrod 17 mm .
- tip and not he|sptat Resttts+lare shown in Table 4. o
Gl|e = oy N (2] o~ L2
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table 1- Sheat h- f or ni ng C Mh Si P .S soft steel A

0.08 - 0 35 0. 0.1 Q.QlO 0..010_. B _ 0.02 _ 0.35 - .O D -'
0 010 -0.010 C - . 0. 02 0.40 .0..80 0.010 0. 010 (uni .
.% Table 2 Lubricant : - Type a ' Salt of hi ghe

| fatty acid (cal ci um stearate) b -[¥rTgraphite:[err] = 3:4:3 (by
ghght ratio) c [err] = 4: 6 (by wei ght rati o) - 24 - [ EERR] -
2 - [ERR] -26 - Table 4 Fume emi ssi on rate_VWre_electere No.
&Ey/n]h)', : Table 4
B © [Wire electrode No. | Fume emicsion rate
1 | Comparative Example . | - -1380
2 'cOmparativé Example a .-1174
3' Comp;rativé Example'-”_ ”:: ;242{
4 éompaﬁative Exéméle 1 _ 1103
5 Coﬁparative_ExamﬁLp"- . 1585
6 | Comparative Examplé e 829
f 7 Compé:ative Exaﬁple 1 - es1
) 8 | Example . " g _'*705
9 | Examplé S R 602
10 | Example . R R '_sos
11 | Example B _. B 640
12 | Example o _ ' l 610 |
13 | Example - . | 1l o 603';'
: 14 | Example . | . 627
| 15 | Example . o 615 .
16 lemparé;iﬁe Exa@ple:- | "'902L
17 | Comparative Example | 1012
18 Example 5'__ ] E 607
20. 'Exémp,l_e_.f | 1ss
21 | Example 1 651




1 - Conparati ve. Exarrpl e 1380 2 Conmpar ativ.e Exanpl e -,

1174;3 Conpar ati ve Exanpl-e : 1242 4 _Conparative Exanple )
o 11085, Conparative Exanple " _ 1.585 6 - Conparative. Exanple

- 829 Conparative Exanple - .. 951 8 Exanple‘ , .
705 - Exanpl e . .602 10 Exanple- B e
605 11 Exanple - - ' 640 12° Exanple ' : L T

610 13 Exanple 27 503 14 Exanpl e T
627 15 Exanple - T 615 16 = Conparative Exanple- N
902 17 Conpar ative Exanple _ - 1012 18 Exanpl'e o

607 19 Exaflom the above experiment gpgspdts,bxhel Eollowing

o 756 21 Exa@n@1usions have been obtainf@il 27 From t he above experlnent '
results, the follow ng conclusions have been obtained: (1) The wire. :

el ectrode nos. 1 and 5 are conparative 5 exanpl es as their flux
' conp0|3|t|onslandThbewdambenectrode nos. 1 ‘and 5 are compdrative

5. examples as their flux comp01s1tlons and the carbon-
'-_contents of their sheaths and lubrlcants were
respectively outside thezr correspondlng ranges
spec1f1ed in the present lnvention._ Their fume'
~ emission rates were extremely high. | '
10 | | S |
C(2) The wire electrode nos. 2, 3 and 4 are
comparatlve examples as thelr carbon contents were
too much ‘although their flux composrtlons were still
~within the flux comp051tlon range speclfled in the
.15 present lnventxon. Compared with conventlonal flux-
cored wire electrodes, thelr fume-reducrng effects
were llmlted to lO to 20% only.

(3)' The wire electrode ncs; 6, 7, 16 and 17 are
20 -cOMparative examples“because'their'flnx compositiors
were outsxde the flux compos1tlon range spec1f1ed in
‘the present invention although their ‘carbon contents
1satlsf1ed_the requ;rement speclf;ed in the present
invention. Their fumefreducing eﬁfects'were

25 insufficient. - ' S |

(4) The wire electrode nos. 8 to 15 and 18 to 21
were examples of thls lnventlon as each of the wire
electrode samples sat1sf;ed the requirements
30 specified in the present invention. Their fume
emissionrrates'were very low. In the wire electrOde'
no. 13, the composition of the sheath forming soft



éontents of their-sheaths and |l ubricants were respectively outside their
correspondlng ranges specified in the present invention. Their funme
gnmission rates were extremely high. 10 (2) The wire electrode nos. - 2, 3}
and 4 are conparative ‘exanpl es- as their carbon contents were too nuch RN
although their flux compositions were still wthin the flux conposition
range speC|f|ed in the 15 present invention. Conpared wth conventional
fI'Ux- cored wire el ectrodes, their fume- redUCIng effects were limted to 10
u\,ZO@bonly (3) The wire el ect r ode no8 6, 7, 16 and 17 are 20

.conpar ative exanpl es because their f.l ux conp05|t|ons ‘were outside the f|UX'
conposi tion range specified in the present invention although their carbon
“Gontents satisfiedsthelr apud r beem wpddiffied Fhight bYesedt? | thenFildHe

.Their fume-reducing, ef 259 4l ffigi eRheild)crde wguxndmﬁlrode
hos.. 8 to 15 and:Ll§ Eg§h%§x¥€§an%4eg%a SIS |ﬁ¢ ion 3 f@h%
wire el ectrode sadhRees shafsPea thed r‘e{fu‘i’ eme ¥ B0 cﬁf?

present. Inventlonreaﬁbﬁmg éﬁﬁ&tﬁﬁﬂwﬁweo&em@healweag aehyehedllnlmllh@fwwre
el ectrode o513, Lhg SRIPOSJJNAL Y. V9B 15 G 79 201, 2°

_Havxng now fully descrlbed preferred arrangements of

the invention, it will be apparent that many ¢hanges

'and modlflcatlons can be made thereto without

. : ' ; lOIlaepartlng from the scope of the lnventlon as set
| - _forth in the claims.



steel had been nodified slightly.' In the wire el ectrodes nos. 14 and 15,
_ thelr cross sectional shapes had been nodified. High Ievels of fume

sing effects were respectively achieved i S :
. srode nos. 8 to 15.and 18 to 21. Fbvrng now preferred J
. arangenents of the invention, it will be appar g ﬂ wgmﬁw ﬂ nges and _—.
nodi fi cations can be nade thereto wi t hout 10 d scope’ of’gﬁ
“the invention as set forth in the clgd ns. 29 CLAIMS 1. A flux-cored -
‘wire electrode for use in gas- shielded arc-wel ding conprisinga soft "steel \w
sheath surrounding a flux containing cavity wherein the sumof the carbon-
cont ent- of thecﬁﬂ hssteel ‘sheath and 5 the carbon content of a Iubrlcant
adhering to th th is 0.045 wt.%or less relative to the total weight

.of ‘the sheath, the flux contains 20 to 50 wt.%of TiQ2, | to 15 wt. % of '

. Si2, 2.5 to0 1Q.w. I%Qﬁ.u[xerdo]r,ed) hike Selcleobeatsy cusbalid I§aag agent,
._1010'to45w%‘e(gad'i %er agdlrolnspé) so#)resig_ant $ Owt_/q_._'
all based on t K& \ﬂf Tﬁe PACPIRE - SitF? iR 1Y X %%%p hsd 10 to 30
w . % of the tosarrmenghngoa rhexmppeteiecngoqQV1qs wherexmrthexscmred Wre
electrode for B?eth@ $@¥bon content of the soft steel sheath and.
_5 'the carbon content_of a lubrlcant adherflng to_the
sheath is 0,045 wt.%_or'less_relative to the total
- weight of the sheath, the flux contains 20 to 50 wt.%
of T102, 1 to 15 wt. % of 8102, 2.5 to 10 wt % of
Zr02, 0.1 to 5 wt.% of an arc—stabzllslng agent, 10

10 to 45 wt.% of a deoxidiser and lron powder present up
to 50 wt.%, all based. on the total weight of theo
flux, and the flux comprlses 10 to 30 wt.3 of the
total welght of the w1re electrode.

15 2. A_fluxecored'wire'electrode_for use in gas-
shielded arc-welding comprising a soft steel sheath
surrounding a flux containing cavity wherein the sum
of the carbon content of the soft steel sheath and
the carbon content of a lubricant adherfing to the:

20 sheath is 0.045 wt.$ or less relative to the total
weight of the sheath, the flux contains'zo.to 50 wt.% -
of TiO,, 1 to 15 wt.% of SiO,, 2.5 to 10 wt.3 of
Zr0,, 0.1 to 5 wt.% of an arc-stabilisng agent, 10 to
45 wt.% of a deoxidiser, iron powder present up to 50

25 wt.3, 1 to 15 wt,$ of ‘Al03, 0.1 to 10 wt.3 of MgO
and l to 10 wt. % of iron oxides, all based on the
total welght of the flux, and the flux comprises 10
to 30 wt.% of the total weight of the wire electrode.

30 3. Aflux-cored wire electrode as claimed in claim 1



i e .
ghielded arc-wel ding conprising a soft steel sheath surrounding a Tl ux
containi ng cavity wherein.the sum of the carbon t steel
gsheath and the carbon'content of a 1ubricant adh a““ ﬂm“mgl!ﬂm!!lsheat :
0.045 w.%or, l ess relative to the total 'weight of+ e sheat | ux f
centains 20 to 50 wt;%of TiCR, 1 to 15 wt.%of SiCR, 2.5to 10 w.%o0
Zrce, 0.1 to 5w, % of an arc- stablllsng agent 10 to 45 w. % of a . . -
depxi di ser; iron powder present up to 5Q,25 W.% 1 to 15 wt.%of [err],
0.I"to 10 wt. % of MgO and 1 to 10 w. % Of ifon oxides all based on the

.total weight of the flux, and the qux conprlses 10 to 30 wt. % of the total

- weight of the wire eIectrode A'flux-cored W re el ectrode as o
clainmed in claim®P® BOWB?rEan\ﬁBFeFﬁrH‘Pé‘ c%ﬁ'b'iﬁl“th'Pe?\*te PRelFIC i s

0.2 w.%or | ess rvetailue u.estshe:et]cﬁtaiveveltghtttrd tbeall weidht od. the L
Tlux-cored wire elf% Jode as claimed in claim1l or 2, wherein the sheath is.
seam ess ‘and i's plated to provide 0.05 to 0.30 w. @6re|at|ve to the total
'welght of the wire electrode. 10. 5. A flux-cored wire el ectrode as

claimed in clgimdg, Whefﬁhﬁ EBQeE' atregetéceeelaeraBI@tamedGm A diwXxe cor ed
?Leggr Ode ._as- .Cl al ITEd I n eJ.n gk\ ggeat&’x is Seam glsg ggg fl UXl n&)l’l SES 10
' provide 0.05 to 0,30hwt.% relative to. the total
'weight of the wire electrode. |

10 5. A flux-cored wire electrode as claimed in claim
4, wherein the plating is copper plating.

6. A flux-cored electrode as claimed in any bf:
claims 1 to 5, wherein the f£lux comprises 10 to 20
15 wt.g'of the total weight of the wire electrode.

7. A flux-cored wire electrode as claimed in any of

. claims 1 to 6, wherein the lubrlcant is an MoSz-base _

- oo lubricant. '

| 20° | .
8. A flux-cored wire electrode as claimed in any of
claims 1 to 7, wherein the sum of the carbon content
in the soft steel sheath and the carbon content in

_ the lubricant adherfing to the sheath is 0.02 wt.% or

‘25 less relative to the total weight of the sheath.

9. A 'fllux-co'r‘ed wire electrode as claimed in claim 1l
substantlally as herelnbefore described in Examples 8
to 15 and 18 to 21 of Table 4. '

30 _ .
10, A method of arc weldlng w1th a flux-cored w1re
electrode as clalmed in any of claims 1 to 9, usxng a -



.15 wt.%of the total weight of the wire el eet+ro 7" Afiux cored wire H

- electrode as clainmed in any-of clains 1 to 6, cant_ is an’
-MSZPpase lubricant. 20 8. "A flux-cored wire mt‘@# ned in any ¥
of 5 1 to 7, wherein the sumof the carborl nt mi nst e soft steel = -
sh and the carbon content in the lubricant adhering to the sheath'is -
0.02Wwm.%or 25 | ess relative to the total weight of :the sheath. 9. A. ”/
flux-cored wire.electrode as clained j.n claiml substantially as . )

hereinbefore described in Exanpl es g8 ¥o 15 and 18 to 21 of Table 4. 30 10.

A method of arc welding with-a flux-cored wire electrode as clained in any -

of claims 1 to 9, using a = 31 shielding gas conprising a [err] gas .
- contai ning 80 mﬁ%eldm egad dompubsing  a Wﬂegmm@lﬁtmmwel%ﬁngtw th a

flux-cored wiregh mor8l §8tAPdeass clained in any of claims 1 to 9, using a-

shleldlng gas conpr|5|ng [err gas

11l. A method of arc weld:.ng w:.th a flux cored w1re '
5 . electrode as claimed in any of clalms 1to 9, us:.ng a
shleldlng gas comprzslng coz gas.

»



