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Abstract

The present study investigates the post-weld characteristics of AlSI 1020 low carbon steel weldment produced by Tungsten Inert
Gas (TIG) welding at distinct arc current steps. Scanning Electron Microscopy (SEM) was used for imaging the microstructure
and morphology of the welds while Energy Dispersive Spectroscopy (EDS) was employed in checking the mechanical properties
and characterization of the weld. LECO micro-hardness tester with a load of 150 kg was used in determining the Rockwell
Hardness Number of each welded sample. Increased welding current led to increase in the arc heat, causing the grains to
recrystallize and increase in sizes, as such, reducing hardness of the weldment and the Heat Affected Zone (HAZ). At welding
current of 96.14, 120, 155, 190 and 213A, hardness values of 176.3, 164.2, 136.4, 112.5 and 93.6 were obtained from the fusion
zone of each welded specimen while hardness values of 192.2, 174.3, 144.6, 124.8 and 106.3 were obtained from the HAZ of each
welded specimen. However, the base metal was not affected as uniform hardness of 115.2 was observed for all the welded samples
due to the absence of arc heat disorienting the atoms in the metal lattice.
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1. Introduction mild steel joint produced by TIG welding technique were

Tungsten Inert Gas (TIG) welding is a welding technique that ~ Investigated by Uduehiabhulimen (2014). The weld joint had
is applicable in the fusion of metals together via arc heating ~ the highest hardness values followed by the HAZ and finally

between a non-consumable electrode (EWTh2) and the welded the base metal. For the welding process parameters, current was
specimen (Ravichandran et al., 2017), while the welding also noted to contribute mostly to the effect of hardness values.

process is shielded by inert gas such as argon or helium to Ikpe et al. (2017) investigated the effects of welding current and
prevent atmospheric contamination of the molten weld pool arc voltage on TIG welding arc length for 10mm mild steel
(Srirangan and Paulraj, 2015). Microstructure as well as the plate. From result of the findings, higher welding current and
mechanical properties of welded sample such as yield strength, arc voltage resulted in weld beads that are longer and wider,

toughness and Rockwell hardness etc. are usually assessed in which signifies poor weld quality. Badheka et al. (2016)
order to ascertain the integrity and suitability of the weld for evaluated the microstructural characteristics of AISI 304
industrial applications (Ikeh et al., 2019). stainless steel as well as carbon steel joined by TIG and
Joshi et al. (2016) employed TIG welding and laser beam activated  flux-TIG  (A-TIG)  welding  techniques.
welding (LBW) technique in the fusion of two dissimilar metals  Widmanstatten ferrite structure was observed at the HAZ of the
which included 18% Ni maraging steel 250 and AISI 4130steel.  A-TIG welded carbon steel material while there were variations
Welds integrity were examined through tensile testing, optical in the microstructure at the fusion zone of stainless steel and
microstructures and micro-hardness test. The LBW welds  ysing the two welding techniques. Microstructures revealed
produced good mechanical properties and low HAZ compared  significant heterogeneity in grain particles as well as grain
to welds produced from TIG welding. In addition, the LBW  disorientations. Ishak et al. (2015) investigated the effect of
process improved the integrity of the welds from 62% to 97% filler on weld metal structure of AA6061 aluminum alloy using
in terms of ultimate tensile strength. Kumar and Sunderrajan TIG welding process. The welded specimen was butt joined
(2009) investigated the process parameter effects of pulsed TIG  with three different fillers: ER5356 (4.5-6% Mg), ER4043 (4.5—
welding on mechanical properties of AL-Mg-Si alloy. Values 6% Si) and ER4047 (11-13% Si). Effects of these fillers on the
obtained for hardness increased significantly in the HAZ dueto  welds were analyzed by their hardness, microstructures, visual
the presence of fine grain at welding current of 200A compared appearance as well as yield strength. A fine grain size
to the low hardness values obtained in the fusion zone. The  microstructure with yield strength of 171.53 MPa was obtained
microstructure consisted primarily of dendrites with arm with ER5356 compared to weld joints using ER4047 and
spacing equal to the grain size. Hardness and microstructure of ER4047 fillers which produced yield strength values of
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167.34MPa and 168.03 MPa and somewhat coarse grain sizes.
Singh et al. (2016) investigated the microstructural and
hardness variations in En31 steel and mild steel joints produced
from TIG welding technique. The test results obtained for
maximum hardness were 490 HV and 498 HV for both steel
materials at welding current of 150 A and gas flow rate of 7
L/min. Ravichandran et al. (2017) employed Signal to noise
(SN) ratio and Analysis of Variance (ANOVA) in analyzing
TIG welding to determine the optimum process parameters for
joining duplex stainless steel (2205) plates. Welding current,
gas flow rate and welding speed were considered as the welding
parameters and impact strength and hardness were taken as
responses. The studies revealed that high impact strength can be
obtained with welding current, gas flow rate and welding speed
of 150 A, 14 L/min and 210 mm/min. Moreover, increase in
hardness of the weld was obtained at welding current, gas flow
rate and welding speed of 190 A, 12L/min and 175 mm/min.
Images obtained from Scanning Electron Microscopy (SEM)
for the base metal and fusion zone region indicated dendrite
structure. Cibi and Thilagham (2017) compared the variants of
Gas Tungsten Arc Welding (GTAW) technique including
pulsed GTAW, conventional GTAW and GTAW with high
frequency for surface finishing of mild steel fillet welded plate.
The results were examined using microstructural test and
surface hardness which revealed that the base metal and weld
metal were of similar ferrite and pearlite composition while the
formation of acicular ferrite was an indication of improvement
in toughness of the material. Hardness in the conventional
GTAW finishing and conventional GTAW with High
frequency dressed specimen had the most desired hardness
profile with adequate uniformity in the hardness across the
material thickness.

Understanding of material properties and characteristics is a
major challenge that can result in poor performance of
engineering structures due to improper tests and experiments as
well as the right welding method/procedures to determine
whether or not the properties/characteristics of a given material
can withstand the service condition it is meant to be subjected
to. In this study, hardness characteristics of AISI 1020 low
carbon steel weldment produced by tungsten inert gas welding
was investigated. Analysis of the welds of AISI 1020 low
carbon steel plates was carried out to determine the
microstructural properties and hardness characteristics of the
parent metals, HAZ, and the fusion zones. Findings of the study
will enable engineers decide the type of application that requires
the hardness characteristics of AISI 1020 low carbon steel,
selection of welding parameters and the material preparation
process for optimal service performance.

2. Materials and Method

In this study, series of AISI 1020 low carbon steel weldments
were produced by TIG welding process. Table 1 indicates the
materials and specifications used for the welding process
carried out in this study while the chemical composition of AISI
1020 are presented in Table 2.
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Table 1: Materials and Specifications used for the TIG
welding experiment

SIN | Material Specification Welding Specification
1. | Filler Material ER 70 S-6
2. | Joint Type Butt Joint (\V-groove)
3. | Joint Preparation Abrasive Clean (Sand
paper)/Acetone Wipe
4. | Welding Current Direct Current Electrode
Negative
5. | Pulse Width 0.8 Seconds
6. | Welding Torch Angle | 45°
7. | Torch Type Pro-torch (TIG Torch)
8. | Tungsten Size 3/1326” Diameter x 25.4 mm
9. | Heat Input Ratio 10.75 KJ/min
10. | Weight of Filler Rod | 78.5 Kg/m?
Table 2: Chemical composition of AISI 1020 low carbon steel
S/IN Elements Contents
1. | Carbon (C) 0.21%
2. | lIron (Fe) 98.7%
3. | Manganese (Mn) 0.78%
4. | Phosphorous (P) 0.02%
5. | Sulfur(S) 0.012%
6. | Silicon (Si) 0.14%
7. | Chromium (Cr) 0.03%
8. | Nickel (Ni) 0.03%
9. | Copper (Cu) 0.02%

AISI 1020 low carbon steel plate of 10 mm thickness each
was cut into 120x30 mm (length x width) dimension as
shown in Figure 1a. Emery paper (coarse: P24 grit size with
715 um and fine: P80 grit size with 201 um) was used to
smoothen and eliminate rough particles and rust from the
surface of specimen before welding as shown in Figure 1b.
This was followed by cleaning the surface of the samples to
be welded with acetone in order to eliminate surface
contamination. Using vertical milling machine, the two steel
plates were chamfered (2mm depth) with 30 degrees at the
edge to form a V-groove angle while clamping it to a G-
clamp. T1G welding was applied to join the plates and filling
the chaffered region (see Figure 2) using 2% thoriated
tungsten electrode. This was achieved through the use of
Dynasty 210 DX welding machine and 100 % Argon as the
torch gas to protect the welding region from contaminants.
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(b)
Figure 1: Sample with v-groove showing unprepared
surface and polished surface

(b)

Figure 2: Prepared samples before and after welding

The electrode (2% thoriated tungsten electrode) was placed
in the holder and the welding machine was turned on. The
assembly was tack-welded to ensure alignment and an arc
was struck. The weld was de-slagged, cleaned and welded
again until the chamfered v-groove was filled to the same
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level with the surface of the specimens. After the final
welding process, the specimen was allowed to cool on the
floor at room temperature and subsequently a chipping
hammer was used to remove the hard slag from the surface
of the welds and the specimens were allowed to cool further.
Analysis of the weldments of AISI 1020 low carbon steel
plates was carried out to determine the microstructural
properties and hardness characteristics with reference to the
parent metal, HAZ, and the fusion zone. An alternating
current supply was used in filling completely the V-Notch
samples which maintained an arc gap of 2mm in between
During welding, the plates were clamped properly to avoid
unforeseen misalignments that may affect the quality of the
welds. Table 3 presents the TIG welding input variables
employed in the welding process.

Table 3: TIG welding input parameters

Weld Current Voltage Gas Flow Rate
Runs (A) V) (L/min)

1 155 22 15.5

2 120 25 18

3 96.14 22 15.50

4 190 19 13

5 213 22 15.50

After welding, the welded samples were ground, polished,
etched with Nital (ethanol nitric acid) and then visualized
using SEM. The samples were illuminated by a reflected light
which was mounted on the SEM equipment. The specimens
were viewed with a scanning electron microscope through
the eyepiece of the microscope, so as to determine the
microstructure of the specimens. The structural images
visualized for each sample were snapped by the camera
attached to the SEM equipment to obtain the micrograph of
the samples. This was viewed at a magnification of 100X.
Applying a load of 150 kg and a dwell time of 10secs,
hardness of the specimens was determined by the use of
LECO micro-hardness tester. Hardness tests were performed
on six (6) welded samples and their averages were recorded.
The LECO micro-hardness tester evaluated the material
hardness in Rockwell Hardness Number (HRC). The test was
carried out on the welded samples at room temperature
(27°C). The hardness tests for the specimens were evaluated
at three points as follows:
i. The fusion zone
ii. The heat affected zone
iii. The unaffected base metal

3. Results and Discussions

Scanning electron microscope was employed in examining the
microstructure of the control and welded samples. Figure 3
represents microstructure of the control sample while Figures
4-8 reveal the microstructural views showing fusion zones and
heat affected zones (HAZ) of TIG welded samples.
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Figure 3: Control showing microstructure of the sampl before
welding

e :_.’_‘o. > 4
Figure 4a: Microstructure of sample showing fusion zone at
welding current of 96.14A
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Figure 4b: Microstructure of sample showing HAZ at welding Figure 6b: Microstructure of sample showing HAZ at welding
current of 96.14A current of 155A
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Figure 5a: Microstructure of sample showing fusion zone at Figure 7a: Microstructure of sample showing
welding current of 120A welding current of 190A
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Micostrcture of sample showing HAZ at welding
current of 190A
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sam
current of 213A

Figure 3 represents a control of the sample (parent metal
without welding) indicating a very fine grains of ferrite and
pearlite structures indicating high hardness of the specimen.
Figure 4a represent microstructure of the welded sample,
showing little increase in grain sizes of ferrite and pearlite as a
result of heat inputs at a magnification of 100X. The hardness
is high as a result of presence of fine grains. Malik et al. (2014)
presented SEM micrograph of polished AlISI 1020 low carbon
steel specimens, which were characterized by fine grain ferritic
and pearlitic structure. Figure 4b represents microstructure of
the HAZ, indicating the presence of coarse grain ferrite and
pearlite as result of heat effect, the hardness dropped when
compared to the weldment at this heat input (see Figure 4a) at a
magnification of 100X. Figure 5a represents the microstructure
of welded sample, indicating the presence of coarse grains of
ferrite and pearlite when compared to lower current (96.14 amp)
resulting from heat input of weldment at 100X magnification.
This indicates a decrease in hardness of weldment and increase
in brittle failure. Figure 5b represents microstructure of the
HAZ, indicating that the grains of ferrite and pearlite are coarser
than that of (96.14 amp) at 100X magnification indicating
decrease in hardness and increase in brittleness at HAZ. Figure
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6a represents the microstructure of welded sample at current of
155 amp, indicating coarser grains of ferrite and pearlite
compared to the fusion zone at welding current of 120 amp
which indicated a step decrease in hardness at magnification of
100X. Figure 6b represents microstructure of HAZ at current of
155 amp, indicating coarse ferrite and pearlite when compared
to (120 amp) sample HAZ, indicating decrease in hardness at a
magnification of 100X. Figure 7a represents the microstructure
of welded sample at current of 190 amp, indicating coarse grain
structures of ferrite and pearlite when compared to (155A)
weldment, decreasing hardness at 100X magnification. Figure
7b represents microstructure of HAZ at current of 190 amp,
indicating coarser grains of ferrite and pearlite than weldment
at 155 amp current as a result of heat increase in the HAZ
indicating decrease in hardness at a magnification of 100X.
Figure 8a represents the microstructure of welded sample at
current of 213 amp, showing coarser grains of ferrite and
pearlite than weldment at welding current 190 amp and
indicating decrease in hardness when compared to weldment at
current of 190 amp as a result of increased heat input at 100X
magnification. Figure 8b represents microstructure of HAZ at
current of 213amp, indicating coarser grains of ferrite and
pearlite than HAZ at current of 190 amp and consequently
decrease in hardness when compared to HAZ at welding current
of 190 amp as a result of increase in heat input.

From the SEM micrographs presented in Figure 3-8, high
hardness may be attributed to the fine grain size, needle shaped
ferrite or the existence of widmanstatten inside ferrite grains
(Abbaschian et al., 2008) while lower hardness may be related
to grain growth and the existence of ferrite (solid solution phase
of carbon dissolved in alpha-iron) phase in the fusion zone and
HAZ of the specimens as reported by Kacar & Kokemli (2005).
For chemical composition of the AISI 1020 low carbon steel, Si
and Mn are two of the most commonly occurring alloying
elements that have a greater effect on the hardness of ferritic
structure while Cr provides the least hardness increase. Silicon
(Si) increases the hardness property of steel materials, but
detrimental to surface quality particularly in low carbon steels,
by aggravating crack tendencies when carbon content is fairly
high. On the other hand, Manganese (Mn) significantly increase
the hardenability of both steel but to a lesser extent than carbon.
It reduces the cooling rate after welding, thereby, increasing the
rate of hardenability of steel materials much more than any
alloying element (Maalekian, 2007; Owunna and Ikpe, 2019).
As a result of stepwise increase in heat, hardness of the material
decreased as the welding heat increased and the material
hardness increased concurrently with the heat input. Hence, the
material with lowest heat input had the highest hardness and can
withstand load bearing capacity in service condition. This is
because the grain size is finer with increasing hardness when
compared to other samples with increasing heat input that has
coarser grain particles/microstructure, as a result of intense
operating thermal cycle and diffusion (Loureiro, 2002).
Microstructural characteristics of the welded samples with
reference to cell spacing and the size of dendrites causes
decreased in hardness of the post-weld joint are due to higher
weld heat input, which is as a result of large dendrite particles
as well as wide interdendritic spacing in the welded region.
Therefore, hardness observed on the welds with large dendritic
particle sizes and large interdendritic spacing in the region
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welded were due to higher heat input. Thus, the application of
higher heat inputs led to coarser microstructure of the welds.
Grain coarsening takes place as a result of operating thermal
cycle and diffusion during the welding process. Grain particles
located near the fusion point are exposed to higher temperature,
causing the occurrence of grain growth around that region.
Hence, larger grain sizes led to lower hardness values while
hardness also decreased due to increase in the welding heat
inputs. This agrees with the findings of Li et al. (2019) which
revealed that after phase transformation in the fusion zone is
completed, grains in the welded region becomes coarser with
significant local embrittlement which reduces hardness
performance of the welded steel material.

The factors that can influence the resultant hardness includes
pre-heat, weld heat input, cooling rate, total thickness at the
weld, alloying elements, alloy content of any flux and the
original microstructural condition of the steel. The hardness can
therefore be a useful indicator to determine if the thermal cycle
induced by welding has rendered the heat affected zone (HAZ)
adjacent to the weld susceptible to cracking or plastic
deformation (Sultana et al., 2014; Halilovic et al., 2014).

The hardness value decreased with increasing welding current
steps as shown in Figure 9, due to high heat inputs, and thus
retention of heat in the fusion zone and HAZ. This occurred as
a result of reduction in density of dislocation and
microstructural coarsening. This may have also been due to
slow cooling rate which presents nucleation of coarse grain
structures with high intergranular spacing, thereby causing
increase in grain dislocations within the crystal lattice of the
fusion zone (Gharibshahiyan et al., 2011). Dislocation in this
context signifies a linear crystallographic defect of irregularity
within a crystal structure that causes sudden change in the
arrangement of atoms.

Grains close to the fusion line were exposed to higher thermal
cycle and diffusion, therefore grain growth occurs. However,
heat input around the fusion zone and HAZ of the welded
specimen was enhanced by higher welding current as shown in
Figure 9. This caused increase in grain sizes and decrease in
hardness around the fusion zones and HAZ of the welded
specimen. This correlated with the findings of Muda et al.
(2015) which indicated that the higher the heat input, the coarser
the microstructure. In addition to the findings, grain coarsening
occurs due to operating thermal cycle and diffusion.
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Figure 9: Effect of welding current on hardness properties of
AISI 1020 carbon steel

Figure 9 represents the hardness profile for the test samples at
different welding currents. It can be observed that the base

W Base metal

metal maintains a uniform hardness profile for all the welding
currents while a hardness variation is observed across the HAZ
and the fusion zone. The variation (which causes deterioration
of the material properties during service) is due to welding
thermal cycle, semi-molten material reaching a maximum
temperature, which depends on the distance from the fusion
line, thereby, forming different microstructure after cooling
(Liang et al., 2015).

From Figure 9, it is observed that as the indenter travels from
the mid-section of the welded region to the fusion boundary for
each sample, the hardness properties decrease as the welding
current inputs increases. The fusion zone has an average
hardness value of 136.6 HRC, the base metal has hardness value
of 115.2 HRC while the HAZ posed an average hardness of
148.5 HRC for welding currents specified in Figure 9. The
reason for increase in hardness at the HAZ is due to fast cooling
rate in a portion of the specimen adjacent to the welded region.
This agrees with the findings of Rahul et al. (2014) which
revealed that microstructure as well as micro-hardness are two
parameters that depend on the cooling rate of weld metals, as
faster cooling rate results in find grains with increased hardness
while slower cooling rate causes the formation of coarse grains
and reduction in hardness. In this case, a portion of the specimen
adjoining the base plate is subjected to rapid cooling as a result
of precipitous thermal gradients, causing a finer grain
microstructure to be formed. The highest hardness is also due
to the effectiveness of interstitial carbon atoms in hindering
dislocation movement (as a solid-solution effect) and few slip
of atoms along the latice of the weld (Callister, 2007). The arc
heat generated in the welding process is due to increase in the
welding current, causing the grain sizes to recrystallize and
increase in size. Increase in grain size, reduces the hardness of
the weld and that of the HAZ (Bodude and Momohjimoh,
2015). If the heat persists longer, it is transferred into the base
plate due to low power density (the rate at which energy is
transmitted per unit volume, area or mass) of the welding
process as stated by Esquivel et al., (2012). Furthermore, the
base plate is affected as a result of intense heat transferred into
the weld, thereby causing increase in the grain particles.

4, Conclusion

The findings of this study revealed that increase in welding
current input caused more arc heat to be produced on the fusion
line, resulting in expansion and contraction between the fusion
zone and the base metal. This increased the residual stress in the
weldment and heat affected zone which subsequently affected
the hardness properties of AISI 1020 low carbon steel plate,
thereby, causing a reduction in hardness around the fusion zone
and HAZ of the material. With increased current, the heat
generated increased proportionately causing the grains to
recrystallized and grow in size. Increase in the grain sizes led to
reduction in hardness value of the fusion zone and the heat
affected zone, and were observed to occur with increasing
welding heat inputs which reduced the hardness value.
Therefore, higher heat input resulted in the formation of carbide
precipitates along the grain boundaries, leading to sensitized
zone around the grain boundaries which consequently caused
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grain coarsening of the HAZ and decrease in hardness around
that area. With increase in welding current, the arc heat
increased and caused recrystallization of grain particles and
increase in grain size. Higher welding heat input was also
observed to be responsible for precipitation along the grain
boundaries, causing sensitization of grain particles around the
fusion zone and the HAZ. This played a vital role in grain
coarsening of heat affected zones as well as reduction in
hardness in that region and can cause poor performance of the
weld during service conditions. Finally, low welding current
implied low heat input which improved hardenability of the
fusion zone and HAZ, were both characterized by fine grain
microstructure in all the micrographs presented in this study.
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