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Abstract. The transfer mode / mechanical properties relationships have been studied in welded joint processed by GMAW.
Considering the shielding gas contents used during welding were pure Argon (Ar), Argon (Ar) + 25% Carbon Dioxide (CO,) and
pure Carbon Dioxide (CO,) the mechanical properties were available by tensile test. In this study a base metal ASTM A36 was
welded with a filler metal ER70-S6 using the three gas mixtures. The results of this study showed that the transfer mode of the filler
metal passes by globular mode, when welded with the pure Carbon Dioxide (CO,), to spray mode if welded with (Ar + 25% CO,) or
the pure Argon (Ar). The microstructures associated with these different processes were characterized by optical microscopy (OM)
and scanning electron microscopy (SEM). The microstructure of the welded joint by the pure Argon (Ar) revealed lack of
penetration and a large density of voids. The microstructure of the welded joint by the mixture (Ar + 25% CO,) revealed a small
density of voids and a complete fusion in the root. The microstructure of the welded joint by the pure Carbon Dioxide (CO,)
revealed an intermediate density of voids in relation to the welded joints by the others shielding gases. The mechanical properties
studied were microhardness and tensile strength. The results of the mechanical properties ratified the results obtained by the
microstructural characterization. The best properties were obtained with the mixture (Ar + 25% CO2).
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1. INTRODUCTION

Welding has been used in a large scale of abwedustrial activities such as, automobile, pewn and gas,
aeronautic and marine industries. In all these c#sere is a continuous search for improvemenhéncuality of the
welded joints, such as pipes, pressure vesselss &md structural elements in these different itrtalssegments. In
recent years, large investments have been madessearch and development of welding processes agid th
characterizations to facilitate the selection @f thost appropriate method for each specific apjidica

The semi-automatic Gas Metal Arc Welding (GMAVWE)widely used due to its extensive range of apgilbn
considering the thicknesses of the materials usedddition GMAW has a high productivity when comgé with the
(SAW) shielded arc welding.

In this work, the influence of the shieldingsgan the transfer mode of the filler metal will ftedied, evaluating the
microstructural characteristics and the mechamiogperties of the welded joints by GMAW processes.

GMAW (Gas Metal Arc Welding) is a electric amelding process in which the electrical arc is lelished between
the base metal and the filler metal. In this prectd® wire (electrode) fed automatically and theldmg gas is
responsible either for formation of the ionizeddier protective atmosphere around weld pool.

In the welded area, where droplets molten are fiearesl through the arc to the fusion pool, protettagainst the
oxidant effect of the atmosphere is required. Phatection can be provided successfully by appedershielding gas,
(Suban & Tusek, 2001).

Shielding gas can be inert, MIG process (metal igas), or active, MAG process (metal active gas).

In welding the shielding inert gas (MIG) can Be (Argon), He (Helium) or a rich controlled mixt of Ar
supplemented with He, {Joxygen) or CQ@ (carbon dioxide) at low levels. The inert gas doessreact with the drop or
the fusion pool, it acts only in the protectiontbése areas and assists in the opening and maictemd the arc,
(Quites, 2002).

In welding using an active gas (MAG) pure £® mixtures (Ar + C@ or Ar + CG + O,) can be used. Besides
protection functions and electrical functions, #téive gas reacts with the drop and the fusion,d@alites, 2002).

It's possible to cite as major variables in G¥/Aprocess: welding current intensity, type of pijyarvoltage, wire
feed speed, welding speed, type and charactergdtite energy source, shielding gas flow, arcflerfgtick out).

Basically there are four metal transfer mode&SMAW processes: globular (MIG and MAG); shortecit (MIG
and MAG); axial and rotational spray (MIG); and farlsed arc (MIG), (Brandi, 1992).

* Globular transfer mode — It occurs for low cutrdensities in which a shielding gas, especially, @ad helium are
used (ASM, 1978). The drops of molten metal aresfierred to the weld pool mainly by the actiontwd gravitational
force, which limits the welding only in the flat giion. The diameter of the drops is larger thaam diameter of the
wire. It is common in this transfer mode to oc@al of fusion, lack of penetration and spattersiitfgg, 2002).

 Short circuit transfer mode — It occurs for valugf current lower than the globular transfer inickhthe active
shielding gas mixture (CQcontent > 15%) is used. When the drop is formeth@nelectrode tip, it touches the weld
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pool, forming a short circuit. This transfer mode suitable for all positions and to weld thin ptateecause the
penetration is not great. Nevertheless in thissfiemmode there is the problem of spatter and rastability (Brandi,
1992).

» Spray transfer mode — Came from the globular mdda increasing of the welding current is progldicthe diameter
of the metal drops whose are transferred to theepéiecreases. At this moment, for a determineceotimange the
transfer mode changes abruptly from globular tagpiThe current in which this transfer mode changesalled

transition current. For short arc lengths, the doad a good finish and there is not any spatteisdéviesi & Nixon,

1994). This transfer mode is suitable for weld khitates. The penetration is very high and theisireery smooth
(Brandi, 1992).

* Pulsed arc transfer mode - The transfer is ofittial spray type. The welding equipment generatescurrent levels:
base current over this a peak current is applieidiwis higher than the transition current. Thisigfer mode has spray
characteristic, but with a much lower average aurréhus, it's possible to weld in all positiongdBdi, 1992).

For all welding process the heat affected zdmeexposed to thermal cycles and complex metaltaigi
transformations, producing in addition strains aesidual stresses (Okumura & Taniguchi, 1982). fibat affected
zone (HAZ), which depends on the welded materiabéband filler metals), process and welding proeedLinert,
1967; Easterling, 1983).

The heat of the welding operation results iarges of temperature on the several points ofre. jdhe variation of
temperature (T) versus time (t) is the thermal eytlthe considered point, (Zeemann & Emygdio, 2001

All regions of the HAZ may change their propestin relation at the base metal due to thermellecyn general, the
plus affected region is the coarse grains regidmere the mechanical properties may be more affe¢Eabterling,
1983; Modenesi et al, 1985).

2.MATERIALSAND METHODS

The samples used in this study were platesFM A36 steel with dimensions of 201.00 mm X 376 X 6.35
mm. The filler metal used was the wire ER70-S6 (AYS18 standard, 2001), with diameter of 1mm. Threxhanical
properties and chemical composition of the basalmatcording to the Brazilian Center of the Camngtion in Steel
(CBCA), and the filler metal, according to AWS AB.4tandard (2001), as shown in the Table 1.

Table 1 - Mechanical properties and chemical coitiposof the base metal and filler metal.
ASTM A36 ER70-S6
%C 0.26 max. 0.18
%Mn (1) 1.75
%P 0.04 max. 0.03
%S 0.05 max. 0.03
%Si 0.40 0.90
%Ni 0.50
%Cr 0.20
%Mo 0.30
%Cu 0.202 0.35
%V 0.08
(%Nb + %V)
Yield Strenght (MPa) 250 min. 400
Tensile Strenght (MPa) 400-550 480
Elongation (%) 20 min. 22

The welding process used in this work was GMMWwhich three commercial shielding gases were upede
Argon (Ar), Stargold Plus mixture(75% Ar / 25% g@nd pure Carbon Dioxide (G

The welding equipment used in this work wasarse of tension that operates with the 20-320Aenirrange and
(DC) 15.5-44V open circuit voltage.

In the earlier of this experimental work pngilhary tests were performed to find a average welaiurrent higher
than the current of transition, in order to get thetal transfer mode spray (aerosol) in the welgiaformed using
Argon as shielding gas.

After the preliminary tests three experimentevperformed as shown in the Table 2. In eachraxrpat, plates of
(ASTM A36) steel were welded, origining several pdas for mechanical tests and microstructural atiarzzations.
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Table 2 shows that the flow of the shielding,ghe average welding voltage and wire feed spesd kept constant
in all experiments, while the average welding cotri@nd, consequently, the energy welding changetaltiee type of
shielding gas used.

For measurement of welding parameters were asethalyzer of parameters and a pliers ammeter.

Table 2 — Welding parameters.

Experiment 1 2 3
Shielding Gas (An) (75% Ar / 25% GpD (COY)
Gas Flow (I/min) 14 14 14
Medium Voltage (V) 24 24 24
Medium Current (A) 175 170 167
Wire Speed (mm/s) 112 112 112
Period (s) 33.81 33.81 33.81
Welding Energy (kJ/cm) 5.51 5.35 5.26

The welding process was performed on top joint$ witaight bevel in the flat position "1G" (AWS 012002)
and displacement in single direction. Plates weetdad with root opening of 1.6 mm. Two passes, oheot and
another of filling, were performed in each sample.

The Tensile tests were performed on a serfduldr tensile machine with load cell of 100kN. I t@sts a head
displacement speed of 5.0 mm/min was used. Théldetests were performed on transverse directionere the
longitudinal axis of the sample is perpendiculath® longitudinal axis of the welding cord, accoglto standard API
1104 (2007).

The microstructural characterization was pented by using of Scanning Electron Microscopy (SEM).

3. RESULTSAND DISCUSSIONS
3.1 Transfer Modes of the Filler Metal

Based on observation of the qualified welderABENDE / FBTS, the spray (aerosol) transfer moéi¢he filler
metal was verified and obtained in the weldingiedrout either with the Ar or (Ar 75% / 25% @)OIn the other hand
the transfer mode of welding carried out with th@,@vas globular. This result makes clear that theb&ing a lighter
gas, ionizes more easily than the £Being ionized more easily, the Ar potentiatesriatural increase of the current,
as observed experimentally (Table 2), influencimg transfer mode of the filler metal which passemfspray (Ar) to
globular (CQ). This is in agreements with Quites (2002) thatvedd that the shielding gases, according to itareat
and composition, have a great influence on the tyfpransfer of the filler metal. In addition, Maaesi & Nixon
(1994) showed too that at lower current densitiesttansfer mode tends to be globular and in higkesities tend to
be spray.

3.2 Tests by scanning electron microscopy (SEM)
Figure 1 shows a micrography where it is séenrbot of the welded joint by MIG process with tAegon as

shielding gas. Through this figure, it is possitdeobserve a discontinuity in the root, featurinqy@omplete fusion.
This defect may explain the lower mechanical stiteod this welded joint.

Figure 1 - Micrography of the root of the weldethjawvith the Ar as shielding gas.
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Figures 2-A shows a micrography of the moltestah of the welded joint by MIG process with thegén as
shielding gas and Figure 2-B shows a micrographthefmolten metal of the welded joint by MAG prcaeesth the
CO, as shielding gas. Through these figures, it issipbs to observe voids on the order of 4um in kbt welded
joints. The welded joint with the G&howed a smaller quantity of voids than the welgéat with the Argon, which
may explain the greater mechanical strength ofwbleed joint with the C@

A B
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Figure 2 - Micrographs of the molten metals ofwedded joints with the Ar (A) and with the GQB) as shielding
gases.

Figures 3-A and 3-B show micrographs of thet moal of the molten metal of the welded joint by MAG process
with the mixture (Ar 75% / 25% Cfp as shielding gas, respectively. Through theserdig can be observed that the
welded joint processed by the mixture shows no deds and their density is lower than the weldaidts processed
by Ar and by CQ as shielding gases. The low density of voids,lélec& of deep voids and the complete fusion in the
root (Fig. 3-A) may justify the better mechanicahlvior for the welded joint in these conditionerdugh Figures 3-A
and 3-B can be also observed the existence ofétief that may be result of the polishing.
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Figure 3 - Micrographs of the root (A) and of theltan metal (B) of the welded joint with the mixtufAr 75% / 25%
CGO,) as shielding gas.

3.3 Tensile Tests

Figure 4-A illustrates the curve Stres¥ X Strain (%) resulting from the simple arithmedicerage of the values of
three tests for the welded joint processed by Argeshielding gas. Observing this figure, it carobserved that the
weld presents a low tenacity, having a total stemjnal to approximately 12%, and a limit of ruptlees than 400MPa.
These results can be justified by the existenae@hcking in the root (Figure 1), featuring lownpgation, by the high
density of voids (Figure 2-A) of the joint weldedthvthe Ar as shielding gas.

Figure 4-B illustrates the curve Stres¥ X Strain (%) resulting from the simple arithmetiecerage of the values of
three tests for the welded joint processed by theune (Ar 75% / 25% Cg) as shielding gas. In this figure, it was
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observed a enough high toughness, with a totalnstqual to approximately 28%, and a limit of ruptiabove
430MPa. These results can be justified by the cetadusion in the root (Figure 3-A), low densitywfids, lack of
deep voids (Figure 3-B) in the welded joint proeekby the mixture (75 Air% / 25% GYas shielding gas.

Figure 4-C illustrates the curve StrespX Strain (%) resulting from the simple arithmeéicerage of the values of
three tests for the welded joint processed by @Oshielding gas. In this figure, it was obseraddgh tenacity, with a
total strain equal to approximately 24%, and atliafirupture equal to approximately 420MPa. Thessuits can be
justified by the good penetration of the weld andtlbe intermediate density of voids (Figure 2-Bhsidering the
welded joints processed by the others shieldinggas
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Figure 4 — Curves Stress)(X Strain (%) of the welded joints with the Ar (Athe mixture (B) and the GQC) as
shielding gases.

4. CONCLUSION

Transfer mode of the filler metal obtained lie welding carried out with the pure Argon (Ar) ahe mixture (Ar
75% / 25% C@) as shielding gases was spray (aerosol). Transiele obtained in the welding performed with thespur
Carbon Dioxide (C¢) as shielding gas was globular.

The welded joint processed by pure Argon (ABsented a failure in the root, characterizing latgenetration. The
welded joints processed by the mixture (Ar 75% %260,) or the pure Carbon Dioxide (G0showed no failures in
the roots, characterizing good penetration.

The welded joint processed by pure Argon (Awed a high density of voids in the molten metaijch may
explain its low toughness and mechanical strengttet that the welded joints with the other shigldigases, as
observed in tensile tests.

The welded joint processed by the mixture (B#%// 25% CQ) showed a low density of voids, lack of depth woid
and a complete fusion at the root. The result obthiwas a very high toughness and the greater mieahatrength
among the three welded joints.

The welded joint processed by pure Carbon Di@XCQ) showed a intermediate density of voids in refati the
welded joints processed by the others shieldinggathe result of toughness and mechanical strestgitved that
pure CQ is a good alternative for GMAW considering the éngor the mixture cost.
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