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The present study is focused on the mechanical properties of the deposited material which was extracted from
welded region. This study explains the effect of the shielding gas composition on tensile behavior, R = - 1 fatigue
response and various temperature impact test results of MIG welded low carbon steels. In tensile tests, the stre-
ngth values are increased with increase of CO, content, whereas the ductility is decreased. In the fatigue tests,
the fatigue strength and the number of cycles to failure enhanced as the content of CO, increased. However, the
impact toughness of the filler material is seriously influenced by the content of the shielding gas. An increase in
CO, content caused significant decrease in toughness values at all temperatures.
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Utjecaj sastava zastitnog plina pri MIG postupku zavarivanja na mehani¢ka svojstva niskouglji¢nih
€elika. Ovaj rad se usredotocio na mehanicka svojstva dodatnog materijala uzetog iz zavarenog podrucja. Rad
objasnjava utjecaj sastava zastitnog plina na vlacnost, R = -1 zamor i rezultate ispitivanja zZilavosti na raznim
temperaturama niskougljicnih €elika za-varenih metodom MIG. U testovima za ispitivanje vlacne &vrstoce
vrijednosti ¢vrstoCe su povecane kao rezultat povecanog sadrzaja CO,, a plasti¢nost je smanjena. U testovima
za ispitivanje zamora povecala se dinami¢ka ¢vrsto¢a kao i broj ciklusa prije pucanja zajedno s pove¢anom
koli¢inom CO,. Medutim, Zilavost materijala za dodavanje jako ovisi o zastitnom plinu. Povecanje koli¢ine CO,
znacajno smanjuje zilavost na svim temperaturama.

Kljucne rijeci: MIG postupak zavarivanja, zastitni plin, nisko ugljicni celik, mehani¢ka svojstva

INTRODUCTION

In MIG welding process, the electric potential estab-
lished between the electrode and workpiece causes current
flow, which generates thermal energy in the partially ionised
gas. The current also creates the surrounding magnetic field,
which interacts with the diverging current field to induce an
electromagnetic force that accelerates the plasma, generat-
ing a flow towards and across the workpiece surface. In-
tense heat generation and high plasma velocities are cre-
ated with a rapid transfer of heat into the molten weld pool.
In the MIG process, heat is generated both by resistive heat-
ing and by heat transfer from the are current. The tip of the
wire is molten. The molten droplets are formed and driven
into and through the plasma jet into the weld pool. The MIG
process can be operated under a variety of weld metal transfer
modes. Each mode of metal transfer has benefits and limi-
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tations and is normally selected on the base of the require-
ments of a particular welding job. Each transfer mode can
be operated by one of several shielding gases. The primary
function of the shielding gas was to protect molten and heated
metal from the deleterious effect of the surrounding air and
to provide suitable atmosphere for the arc. Since air comes
in contact with the molten or heated metal, the oxygen in
the air will oxidize the material. The nitrogen and the sul-
phur might cause porosity or brittleness in the welding ma-
terial. These defects act as the stress concentrators and di-
minish some mechanical properties of the welding materi-
als. Recently, MIG welding process, with either solid or
metal cored welding Wires, have gained popularity among
the different types of welding, because high-quality and
economical welds can be obtained by MIG welding. The
quality, efficiency and over all operating acceptance of weld-
ing operation are strongly dependent on the shielding gas,
since it dominates the mode of the metal transfer. During
welding, the shielding gas also interacts with the welding
wire to produce the strength, toughness and corrosion resis-
tance of the some particular welding deposits. Studies have
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shown that the increase in oxygen and hydrogen in the weld,
increases its strength, but, on the opposite the toughness is
decreased [1]. In MIG welding a great part is played by the
type of the shielding gas used, since it affects the arc shape,
the material transfer mode and the energy (temperature) dis-
tribution in the arc. At present, the mixture of two, three or
even more different gases is used to protect the arc and the
molten pool. The most frequently used gases are CO, and
Ar in various mixtures. Argon is an inert gas. This means
that it does not oxidize and that it has no effect on the chemi-
cal composition of the welding metal. However, pure argon
causes the unstable arc. Therefore, an oxidizing gas com-
ponent is used to stabilize the arc and to ensure a smooth
metal transfer during welding. This component may be ei-
ther CO, or O, or a combination of these two gases. The
mechanical properties of the welding metal are strongly in-
fluenced by the shielding gas [2]. The lower the CO, or O,
content of the shielding gas, the less inclusions of oxides
are formed. The microstructure also becomes more finely
grained which benefits the impact strength. Lower CO, and
O, content give a lower burning of alloying elements (Si,
Mn) which results in higher yield and ultimate tensile stress
(UTS). Also the fatigue properties of the CO, gas shielded
welding is better than other shielding mixtures [2]. Fatigue
strength may also be influenced by the number of the oxide
inclusions if the weld is grinded or polished. The oxide can
actas the starting point for cracks. The higher the CO, or O,
content in the shielding gas, the more oxide inclusions will
he found in the welding material.

Impact test specimens

: N

Tensile and fatigue test
specimens

gram of the test plate is shown in Figure 1. The configura-
tion of joint groove was V-shaped and welding was com-
pleted in 13 multipass using Bohler™ SG2 wires. A 25
mm (7) x 160 mm (w) x 430 mm (/) base metal plate of
AISI type 1020 plain low-carbon steel was used for the
flat position welding. Cylindrical tensile specimens and
square impact specimens were machined from deposited
metal. Cylindrical tensile specimens were taken parallel
to the welding direction at a fixed distance from welding
center as shown in Figure 1. Square impact specimens were
taken perpendicular to the welding direction, this is also
shown in the same Figure. Various shapes of the speci-
mens which are used in the present study and their dimen-
sions are given in Figure 2. The chemical composition of
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Figure 1. The dimensions of the welded material and extracted
samples

Slikal. Dimenzije zavarenog materijala i mjesta uzimanja uzo-
raka

In the present study, a low carbon steel was welded by
MIG process. The filler metal of the similar chemical com-
position to the parent material was used for welding. The
specimens used in the investigation were extracted from
the welding region (i.e. only deposited metal). This study
aims to examine how different shielding gases influence
mechanical properties.

EXPERIMENTAL PROCEDURES

The specimens used in the investigation were extracted
from a welded joint of low carbon steel. A schematic dia-
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Figure2. Various types of the specimens and their dimensions
Slika2.  Raznitipovi uzorakainjihove dimenzije

the filler material and the parent metal are given in Table
1. and Table 2. After finishing for final shape and dimen-
sions, the specimens were annealed at 650 °C for 30 min-

Table 1. Chemical composition of the base material
Tablical. Kemijskisastav osnovnog materijala

Element C Si Mn P S

Weight [%]| 0.144 | 0.221 0.514 | 0.0186 | 0.0437

utes. The surface of each specimen was polished with SiC
paper. The Woller type testing machine was used to load
specimens for fatigue tests. For cyclic loading, load ratio
was R = - | with a frequency range of 20 - 25 Hz were
employed. Tensile and fatigue tests were performed at room
temperature and three specimens were used for each con-
dition. Impact testing of the Charpy specimens was per-
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Table 2. Chemical composition of the wire
Tablica2. Kemijskisastav Zice

Element C Si Mn P S
Weight [%]| 0.068 | 0.763 1.410 | 0.020 | 0.014
Element Al Ni Cr Cu Mo
Weight [%]| 0.002 | 0.041 0.031 0.026 | 0.002

formed at temperature s ranging from - 60 to 20 °C at an
impact velocity of 5.25 ms™ using a tub capacity of 45 kN.
The shielding gas mixtures are given in Table 3. These

Table 3. Mixture of theshielding gases
Tablica3. Smjesa zaStitnog plina

No 123 | 4|5 |6 7
Argon[%]| - | 100 | 95 | 85 | 70 | 91 | 83
CO,[%] | 100 | - s 115 30| 5| 13
0,[%] . . - - - 4| 4

mixtures are commonly used for many industrial applica-
tions. The welds were carried out in the fiat position using
the ESAB™ 400 type of semi automatic welding machine.
During welding, welding parameters, gas flow, and weld-
ing speed were measured. The welding machine charac-
teristics and other parameters are given in Table 4.

Table 4. Welding parameters
Tablica4. Parametrizavarivanja
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RESULTS AND DISCUSSION
Tensile properties

Figure 3. shows the effects of gas type on the tensile
response of the deposited metal. It can be seen from Figure
that both the yield strength (0 ) and UTS are higher, under
the pure argon shielding environment compared with the
pure CO,. Similar improvement can also be seen in ductil-
ity. The composition of the shielding gas effect on the ten-
sile response are shown in Figure 4. and 5. These Figures
illustrate that the reduction in CO, composition causes slight
decrease in the ductility of the deposited material. How-
ever, an increase in CO, content, causes improvement in the
tensile strength values. Ar is obtained from the atmosphere.
Being 1.38 times heavier than the air, it provides a very
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efficient and stable protection of the arc and the molten pool.
Owing to its low ionization energy, arc ignition under pro-
tection of argon is very reliable. Its burning is very stable,
also it is more suitable for longer welding arcs [3]. Thus an

56007 576 k55 s
o
= Gaal—
£5007 474
()]
& ~
£ 4007 H —0
(%] < O
p 2
3007 g
2007
30 26
1007 . j
O T T 1
Yield uTs Elongation [ % ]

Figure3. The effect of the gas type on the tensile response of the de-
posited metal
Slika3.  Utjecaj vrste plina na vla¢nu ¢vrsto¢u dodatnog metala

increase in Ar content can provide better condition for the
molten pool which is less affected by the hazardous gases,
such as oxygen (O,), nitrogen (N) and hydrogen (H). It is
observed that spatters are generated in the flat position with
all the gas mixtures. Spatter rates increased with increasing
CO, and O, content. Pure CO, gives coarser spatter than
argon environment. A CO, and O, are oxidizing gases. They
are very active at high temperature, therefore their chemi-
cal effect on the filler metal or base plate is strong. As spat-
ter comes from the filler metal, more spatter will also lower
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Figure4. The effect of the shielding gas composition on the tensile
response of the deposited metal

Slika4.  Utjecaj sastava zastitnog plina na vlaénu ¢vrstoc¢u dodat-
nog metala
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Figure5. The effect of the shielding gas composition on the tensile
response of the deposited metal

Slika5.  Utjecaj sastava zastitnog plina na vla¢nu ¢vrstocu dodat-
nog metala

the electrode efficiency and increase the cost for the filler
metal. Studies have shown that the increase in O,, CO, and
H in the welding, enhanced the tensile strength of the tita-
nium alloys [1-4]. Similarly in the present study, the tensile
properties of the materials are influenced by the shielding
gas content. The lower the CO, or O, content of the shield-
ing gas, the cleaner the molten pool. This means less inclu-
sions of the oxides. The microstructure also becomes more
finely grained which benefits in ductility and tensile strength.
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Figure 6. The effect of the gas type on the fatigue response of the de-
posited metal
Slika6.  Utjecaj vrste plinanazamor dodatnog metala

Fatigue properties

In the fatigue design, the most useful information is
the applied maximum stress versus number of cycles, that
is S-N curve. S-N curve is conventionally obtained by test-
ing a group of standard specimens without cracks at dif-
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ferent stress levels until any failure occurs. The effect of
the gas type on S-N curves are illustrated in Figure 6. From
thise Figure, it is clearly seen that, there is almost no signifi-
cant differences in low cycle and high cycle fatigue re-
gime and all test results lie within a relatively tight scatter
band so that both environments may be presented by one
common curve. The fatigue properties of welding can also
be affected by the shielding gas. Fatigue strength is mostly
dependent on the welding geometry. Since welding with
argon creates a weld with a smoother transition between
the weld head and base metal, thus, the fatigue properties
are slightly better than for welds shielded with CO,. Also
the fatigue properties are influenced by the number of ox-
ide inclusions. The oxide can act as starting points for cra-
cks. The higher the CO, or O, content in the shielding gas,
the more oxide inclusions will be formed in the welding
metal. However, increased tensile strength values in 70 %
Ar - 30 % CO, shielding gas improved the fatigue properti-
es of filler material compared with other shielding media.
Moreover, the tensile properties of the filler material are
slightly better than CO, environment compared with ar-
gon environment (Figure 3.). It is well known that tensile
properties are one of the significant parameters which af-
fect the fatigue response of the materials. These may cause
slight enhancement in fatigue life response in argon envi-
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Figure 7. The effect of the shielding gas composition on the fatigue
response of the deposited metal

Slika7.  Utjecaj sastava za$titnog plina na zamor dodatnog me-
tala

ronment compared with CO,. Comparative S-N curves for
the increasing CO, content in argon environments are dis-
played in Figure 7. and 8. Again, an increase in CO, cont-
ent in the shielding gases have caused superior fatigue lives.
These are attributed to the relatively different microstruc-
ture and tensile responses of the filler material in various
shielding gas environments (Figure 4., 5.). From the S-N
curves, the common lines can be drawn for each figure
and the following regression formula can be obtained:

METALURGIJA 43 (2004) 1, 35-40
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O'max = 1596 - 1858 . (]\[f) -0.1255-0.1455 (1)
where:

0, . is maximum applied stress,
N, is number cycles to failure.

The lines drawn in figures represent equation (1). Note
that the lines have positive slopes. This indicates that when
the maximum applied stress under fatigue loading decre-
ases, the number of cycles to failure increase.
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Figure 8. The effect of the shielding gas composition on the fatigue
response of the deposited metal

Slika8.  Utjecaj sastava zasStitnog plina na zamor dodatnog me-
tala

Impact properties

The observation of the structure on a microscopic scale
showed that the austenitic and ferrite phases were found
in all deposited metals. Both dendrictic and lathy ferrites
bawe been observed. The dendrictic ferrite morphology
results from perlite solidification. Ferrite in lathy morphol-
ogy results from the dissolution of ferrite during cooling
[5]. The present study shows that the ferrite volume frac-
tion decreases by increasing the amount of CO, in the Ar-
CO, mixtures. The impact energy versus testing tempera-
ture for the deposited metal in Ar and CO, environment
has been plotted in Figure 9. Also the effect of CO, and O,
in the mixture of shielding gas and their result on impact
toughness values are displayed in Figure 10. and 11. They
show that, the impact energy decreases with decreasing
testing temperature in all conditions. It is also clearly seen
that the difference of the energy is quite large at high test-
ing temperatures, while it is much less at low testing tem-
peratures. This phenomena can he explained by dimple
rapture at high temperatures and cleavage brittle fracture
at the cryogenic temperatures [6]. In the present study it is
also observed that the fracture surface morphology is
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Figure9. The effect of the gas type on impact toughness of the de-
posited metal
Slika9.  Utjecaj vrste plina na Zilavost dodatnog metala

dimple rupture. The dimples are mainly associated with
the impurity particles (inclusions), which are generally
round and have various sizes. The results of EDAX analy-
sis indicate that the inclusions contained silicon, chromium,
iron and manganese. It means that the inclusions were
mainly silicon oxides and manganese oxides. Inclusions
which act as crack sites will degrade the notch toughness
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Figure 10. The effect of the shielding gas composition on impact tou-
ghness of the deposited metal

Slika 10. Utjecaj sastava zastitnog plina na Zilavost dodatnog me-
tala

property. The number of the oxides can be determined by
the oxygen potential and it increases with increasing O,
content. The O, potential of the shielding gas is estimated
by using the formula [7]:

0 =0, +uCo, )
Where [ is oxidizing factor and it is taken as 0.5 in the

present study [7]. The influence of the oxygen potential
on notch toughness at various temperatures is shown in
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Figure 11. The effect of the shielding gas composition on impact tou-
ghness of the deposited metal

Slika11.  Utjecaj sastava zastitnog plina na Zilavost dodatnog me-
tala

Figure 12. It is obvious that the notch toughness drops as
the O, potential increases at high testing temperature, while
it is insensitive to oxygen potential at low testing tempera-
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Figure 12. The influence of the Oxygen potential as notch toughness
at various temperatures. (C1=95 % Ar-5 % CO,; C2=85
% Ar-15% CO,; C3=70 % Ar-30 % CO,; C4=91 % Ar
-5%C0,-4% 0,; C5=83%Ar-13% CO0,-4% 0O,)

Slika 12. Utjecaj potencijala kisika na Zilavost pri razlifitim tem-
peraturama. (C1=95 % Ar-5 % CO,; C2=85 % Ar - 15
% CO,;C3=70% Ar-30 % CO,; C4=91 % Ar-5 % CO,
-4%0,;C5=83%Ar-13% C0,-4%0,)

tures. Thus, the notch toughness is strongly dependent on
the oxygen potential. The higher oxygen content results in
a degradation of notch toughness. It is assumed that the
impact energy is decreased by increasing CO, content of
the Ar-CO_-O, mixtures with various CO, content percent-
ages from 5 to 30 %. The 70 % Ar - 30 % CO, mixture
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welded material has the lowest impact energy since it bas
the highest oxygen potential. It is also evident from the
Figure 3., 4., 5. that the increase in the CO, content results
in significant amount of decrease in the ductility.

CONCLUSIONS

On the basis of the practical studies accomplished and
the results obtained from the influence of CO, and O, in
various shielding media on the tensile, fatigue and impact
properties of the law carbon steel, the following conclu-
sions may be drawn:

- the tensile properties of the filler material is affected by
the shielding gas media. An increase in CO, content
causes an improvement in the tensile strength whereas
the ductility is decreased,

- the impact tests at room temperature revealed that the
impact toughness of Argon media is the highest, the 70 %
Ar - 30 % CO, mixture welded material is the lowest im-
pact energy due to the high level of the oxygen potential,

- in the fatigue tests, the S-N curves are quite similar in
argon and CO, media, however they are shifted down
and the fatigue strength is decreased as the CO, content
is increased in the shielding gas. This may explain an
increase in CO, content that might cause more inclu-
sions which were mainly crack initiation points and cause
early failure of the specimen,

- the present study is focused on’ three different gases,
the effect of the helium and the hydrogen in the shield-
ing media may he investigated,

- mechanical properties may be enhanced as the Ar com-
position is increased in the shielding gas media.
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