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this research.

Methods: Microstructural properties have been studied by using the
Optical microscope, Scanning Electron microscope, EDS Elemental
analysis and X-ray diffraction. Mechanical properties of welding
steels were investigated by tensile, hardness and impact tests.
Findings: Generally, The microstructural investigation, also
exhibited that, increasing of TiO2 content cause to increase acicular
ferrite in the structure. It has found that the yield strength, UTS and
elongation will not show a significant change by variation of TiO2
powder content, because of the broken samples of the metal base,
exhibited the same metal base strength. The yield strength of
samples is from 420 MPa to 441 MPa, which is in allowed standard
range (atleast 260 MPa). Also, it has been observed that the ultimate
tensile strength is in 550 MPa to 565 MPa range which conforms to
standard values (485-620 MPa). The results of impact test showed
that welded metal toughness increased from 80 joules to 128 joules
by increasing tiO2 from 0 to 27.54 gr. Also, in the case of weld metal
hardness, by increasing of TiO2 from 0 to 27.54 gr, it decreases from
190 to 169 Vickers. The results showed that the use of TiO2 powder

leads to improvement of mechanical properties, especially failure
resistance in welded metal.

DOI:
10.30495/jnm.2022.27507.1912

Keywords:

submerged arc welding, A516
steel, acicular ferrite, TiO2
powder, impact toughness.

Reza Amini, Abbas Asadi Rad, Investigation of microstructure and mechanical properties of
welding metal of A516-Grade 70 steel in the presence of TiO2 by SAW method. Quarterly Journal of New
Materials. 2021; 12(45): 1- 20.

*Corresponding author: Reza Amini

Address: Materials engineering group, Golpayegan college of engineering, Isfahan university of
technology, golpayegan, Iran

Tell: +989131331274

Email: reza.amini@mail.ru


https://dx.doi.org/10.30495/jnm.2022.27507.1912
mailto:reza.amini@mail.ru

Investigation of microstructure and mechanical properties of welding ...

Extended Abstract

Introduction

ASTM A516 steel is a carbon-manganese or
ferrite steel with high ductility, weldability and
toughness. According to ASTM specifications, this
steel is used in pressurized tanks and is applied
for low temperature applications where
toughness is important. The effect of adding TiO2
powder to flux in the submerged arc welding
process on the microstructure and mechanical
properties of steel ASTM A516-Gr.70 was
investigated in this research. Submerged arc
welding is one of the most widely used processes
for welding this type of steel. Depending on the
process variables, different specifications are
obtained from the weld metal of this type of steel.
Submerged arc welding is one of the melting
welding processes used to connect thick steel
sections. During the welding operation, the
consumable electrode (welding wire) is
continuously melted and frozen under a coating
of powder, and finally forms a welding metal.
Basically, the presence of different alloying
elements in the weld metal is a function of the
chemical composition of the electrode, the
chemical composition of the base metal, the
mixing percentage and the type of used powder.
The choice of flux is of particular importance in
submerged arc welding. The addition of titanium
dioxide as an auxiliary powder in the sub-powder
welding composition affects the weld metal
structure. Also, adding titanium dioxide, which
can be reduced, alloying elements are added to
the welded metal structure.

Materials and Methods

In this research, high-strength low-alloy steel
sheet (A516Gr70) with dimensions of 22 x 400 x
150 mm was prepared and X-shaped grooves
were machined in them. The connection surfaces
were thoroughly cleaned. The thickness of the
layer of titanium dioxide powder (mm) spread on
the surface of the weld metal is considered
variable and the equivalent of the thickness of the
layer in grams is considered. This powder with
code GR-R5566 made in China in terms of
thickness (mm) with values of 0,1,2,3,4 mm in
terms of grams: zero, 1.705, 6.99, 15.48 and 27.54
g was embedded in the root of the joint. If the
thickness of the powder layer is large, it can
produce a narrow and convex weld bead. The
control sample was prepared without using
powder to compare the welding properties.
Samples were coded for easy access. In order to
check the accuracy and possible defects in the
weld metal, non-destructive radiographic test of
the samples was performed and also to identify
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the microstructure resulting from submerged arc
welding, the samples were examined after
etching in the 2% nital solution by optical
microscopy and scanning electron microscopy.
Quantitative analysis of ferrite in the
microstructure was performed by Clemex
software. Tensile test according to ASTM A370
standard, hardness and impact according to
ASTM E23 standard were used to evaluate the
mechanical properties of welded specimens.

Findings

The results showed that with increasing the
amount of TiO2, the amount of ferrite and
especially needle ferrite in the microstructure
increases .This also affects the mechanical

properties. Increasing the amount of TiO2 leads
to increased toughness. Performing the tensile
test, it was determined that the results obtained
are within the standard range and are therefore
acceptable. The results of Vickers hardness test
showed that the presence of ferrite in the
microstructure reduces the hardness.

Discussion

The microstructure of A516 steel consists of
coarse ferrites and rows of dark perlite. Studies
show that with increasing the amount of TiO2,
the amount of needle ferrite in the
microstructure increases. The reason is that
titanium-containing contaminants encourage the
formation of this ferrite. This effect occurs with
the formation of titanium compounds at the
interface between the incandescent and the
background. It is observed that the combination
of titanium with elements such as carbon, oxygen
and nitrogen leads to form of small and large
inclusions containing titanium. EDS analysis of
disturbances in the weld metal microstructure is
given. It is observed that this incubator is rich in
titanium, manganese and oxygen. These
titanium-rich contaminants absorb manganese
from the surrounding field, leaving a manganese-
free background and a manganese-free austenite.
The formation of manganese-free zones around
the titanium-containing achalite allows the
germination of needle ferrite. In fact, the
presence of manganese-free regions around the
titanium containing acetate increases the
conversion temperature of austenite to ferrite
and the chemical driving force for the
transformation of ferrite, thereby reducing the
activation energy of ferrite germination. Tensile
test shows that the yield strength of the samples
isbetween 420 MPa and 441 MPa, which is within
the allowable standard range (minimum 260
MPa). The final tensile strength is also in the
range of 550 MPa to 565 MPa, which is in line
with standard values (485-620 MPa). The
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specimens are broken in the base metal portion,
these values reflect the strength of the base
metal, and are very close to each other.In general,
by increasing the amount of TiO2 to 27.54 g (4
mm thick), the impact energy of the weld metal of
the specimens increases. As the TiO2 content
increases, the hardness of the samples decreases
from 190 Vickers to 169 Vickers. This is because
in the presence of TiO2 the amount of ferrite
phase in the microstructure increases and
instead the nucleation and growth of perlite
decreases. Since the hardness of perlite is higher
than the ferrite phase due to the presence of Fe3C
in its structure, so by increasing the amount of
Ti02 and decreasing the amount of perlite in the
structure, the hardness of the samples also
decreases.

Conclusion

In this study, the effect of TiO2 on the
microstructure and mechanical properties of the
weld metal was investigated. The following
results were obtained by examining the results of
mechanical properties and microstructural
images: The microstructure resulting from
submerged arc welding in the weld metal region
for sample A1 includes needle ferrite, Wiedmann-
Staten ferrite and perlite regions. Increasing the
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amount of TiO2 to 27.54 g (4 mm thick), the
amount of ferrite and especially needle ferrite in
the structure has increased from 49% for sample
A1l to 65% for sample A5. The amount of impact
energy and toughness of the weld metal
increased by 48 joules by increasing the amount
of TiO2 from zero to 27.54 g. The amount of
hardness of the weld metal decreases by 21
Vickers with increasing the amount of TiO2 from
zero to 27.54 g.
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