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ABSTRACT
KEYWORDS Corrosion and wear have been a major challenge in most of the industries.
Hardfacing There are various surface modification techniques are need to make the
Gas Metal Arc Welding desired layer on the substrate such as laser hardfacing, thermal spraying, and
(GMAW) Arc welding process because of availability and economical considerations.
Dilution’ Arc welds pool are used. Particularly gas metal arc welding (GMAW) having

a good deposition. This process has various parameters like welding current,
torch speed, filler wire speed, filler metal deposition rate, shielding gas flow
rate and types of shielding gases. A lot of attempts were made by the
researcher to get low dilution, which usually comprises the essential corrosion
resistance and wears. These results will help the researchers in selecting
the best suitable welding process and materials used in hardfacing technology.
This paper will give guidelines to the researchers to focus on the future
scope of hardfacing technology.

Process Parameters.

the weld, easy to handle and suitable for surfacing

1. Introduction : ;
most of the engineering components [7].

In engineering applications there are various
surface improvement techniques are available
to enhance the surface properties of the
components. Hardfacing is most suitable
techniques used to improve the properties of the
surface of the mechanical component in such
a way that the life of the component especially

In this paper, the various hardfacing techniques
used in the GMAW process are focused on.
Based on the detail literature review hardfacing
by the arc welding process, GMAW parameter
and outcomes are discussed. This review paper
will give a clear idea about the research gap for

which are subjected to wear and corrosion can
enhance.

A layer of suitable material at the surface is
developed on the substrate to improve surface
properties [1]. The outcomes were studied
by adjusting the various input parameters.
Hardfacing by arc welding processes such as
plasma arc welding (PAW) [2], gas tungsten
arc welding (GTAW) [3], gas metal arc welding
(GMAW) [4], submerged arc welding (SAW) [5],
and shielded metal arc welding (SMAW) [6] are
analyzed by various process parameters [2-6].
Among all the hardfacing, the GMAW process
has a lot of advantages such as low cost, low
dilution, good weld appearance, high quality of
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the new beginners in hardfacing by GMAW
process. This work is important because till date
hardfacing of GMAW process is giving suitable
outcomes.

The stainless steel is used as a substrate because
its high-alloy have high corrosion resistance.
Stainless steel of 321 and 347 grades has
excellent welding features[8]. Inconel 718 is a
nickel-base superalloy having good mechanical
properties in combination with excellent
corrosion resistance [9].

2. Methods

The classification of the coating process by
welding is shown in Fig.1. This research paper is
aimed to review the various surface modification
techniques.
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Fig. 1. Classification of the coating
by the welding process.

The detailed review of hardfacing by arc welding
processes and literature is discussed below.
In this research the standard outputs like bead
geometry, microhardness, microstructure, tensile
strength, and bending, etc. are focused respective
to the materials. The detailed review of the arc
welding process parameter and literature are
discussed below.

2.1 Laser Hardfacing

Laser hardfacing is commonly referred to as the
laser cladding, it little differs from traditional
hardfacing techniques. The primary difference
is the use of high energy laser beam heat
source rather than an arc or gas flame. Laser
beams offer potential is applying thin overlayer.
Cobalt, nickel, and tungsten carbide-based
hardfacing alloys are the usual cladding material
for the laser hardfacing.

The hardfacing material selection depends on its
hardness and strength better than the base metal
[12]. The hardfacing alloy is melted by a laser
beam and allowed to spread freely and freeze
over the substrate. The beam also melts a thin
layer of the substrate, which combined with the
liguid weld metal in the list extent necessaries
and solidifies to form a strong metallurgical
bond. A good fusion bond is achieved with a

dilution zone that is only 10um thick.

2.2 Plasma Arc Welding (PAW)

PAW is an advance version of the GTAW process.
It also used the tungsten electrode and inert
gas for shielding a molten metal. Low-velocity
plasma coupled the diffused arc is generated
in the GTAW welding while in case of PAW very
high velocity and coherent plasma are generated.
The large surface area of the arc exposed to
ambient air in the case of GTAW welding causes
greater heat losses than PAW. This method
can produce a hard layer of coatings and good
metallurgically bonded to the substrate [2].
Therefore, GTAW arc burns at a temperature lower
than the plasma arc welding.

Kesavan and Kamara Examined the effect of
microstructure on high temperature, wear
behaviour of nickel-base hard-faced coating [13].
Results showed that the wear resistance of
coating improved with an increase in temperature.
Hou et al Examined the effects of Mo addition
on the microhardness and Mo coated particles
and coated particles can increase the wear
resistance [14]. Balasubramanian et al Studied the
substrate, stainless-steel hard-faced surface is
four times better than that of the carbon steel
using PAW [15].

2.3 Gas Tungsten Arc Welding (GTAW)

The GTAW process is used when high-quality
weld and good weld appearance are required.
Shari et al Investigated to Fe-TiC-Al,0; the coating
on the substrate of the steel of grades 1045 by
GTAW process, and find that the hardness value
is increased, which enhance the wear resistance
of the substrate [16]. Sadeghi et al Studied
the microhardness tests the hardness values
increased by the addition of niobium (Nb) and
titanium (Ti) contents [17].

Abed et al Studied weld layers and heat input
and the results show that hardness of layers was
increased by increasing the number of layers
or by decreasing the heat input [18]. Chang et
al Evaluated the hardness value is increased by
added chromium content and also improve the
corrosion resistance of the material [19].

2.4 Gas Metal Arc Welding (GMAW)

Gas metal arc (GMAW) welding, a consumable
electrode is used. In GMAW process wire can
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be deposited in either spray arc or short arc
method. The filler metal and workpiece surface
are protected by shielding gas such as argon (Ar),
Helium (Hi) and CO,. Yangfan et al considered
the effect of welding speed on the properties of
manufactured specimens [20].

The average microhardness of the specimens
slightly enhanced by increased in torch travel
speed. The travel speed of the torch is directly
proportional to the microhardness. Cold Metal
Transfer (CMT) is an advanced process of Metal
Inert Gas Welding (MIG) [21].

The welding of dissimilar metals such as aluminium
and steel gives the best results that have been
possible with CMT welding [22]. It producing

minimum defect and different metals with
low heat input and low dilution [23]. The
schematic  representation of the GMAW

process shown in Fig. 2. KirchgaBner et al
Evaluated wear resistance of the different
Fe-based hardfacing alloys [24]. The hardness
value is depending on the grain size and grain
structure are essential for wear.

2.5 Submerged Arc Welding (SAW)

Submerged is a welding procedure wherein the
area between the electrode and the workpiece
shielded by a granular flux material. During
welding granular flux is protected the weld pool
contaminants from the atmosphere. SAW is
known as high current welding process that is
mostly used for joining thick plate. It is the most
commonly used welding process because of its
simplicity and high deposition productivity [25]
chromium carbide overlay (CCO. It is an effective
hardfacing method for welding on worn metal
surfaces with repeated depositions [26].

Kahraman Studied the effect of adding a carbon,
manganese, and chromium in the welding wire
and find that the wear resistance properties
improved [5]. Zahiri et al Investigated the amount
of heat input, do effect on the microstructure
[27]. Sadeghi et al Considered the effect of
microhardness and properties of hardfacing
coatings produced using SAW [17]. The results
show  that hypereutectic performed better
than the hypo-eutectic. Karaoglu and Secgin
Investigated the effect of input parameters
such as welding current, welding voltage and
welding speed on output parameters like Bead
width, height and penetration of the weld bead
[28]. These inputs parameters play an important

Consumable Electrode
Electrode l feed

Nozzle

Arc
Inert gas Shielding

Fig. 2. Schematic representation of the GMAW.

role in the quality of weld bead geometry.

2.6 Shielded Metal Arc Welding (SMAW)

This process is commonly used for welding of
the metal which is comparatively less sensitive
to the atmospheric gasses. Wang et al Examined
the outcome of the deposition of wear
resistance materials by SMAW using hardfacing
alloys possess higher hardness value and wear

resistance are observed [29]. Yang et al
Investigated that the carbide precipitation
of the Fe-Cr13-C-Nb hardfacing alloy was

determined by Ti addition showed the better
wear resistance [30].

Xu et al.,, Examined the effect of hardfacing
alloy on microstructure and wear properties,
the hardness increases rapidly with boron
content increases up to 1% by weight [31].
Buchely et al considered the various hardfacing
electrodes and their effect on the microstructure
[32]. The results show that the wear resistance
of the material is determined by the size, shape,
distribution and chemical composition of the
carbides, as well as by the matrix microstructure.
Liu et al studied the consequence of hard-
faced material content on microstructure
and wear properties of the substrate
and find that boron enhances the wear
resistance properties of the substrate [33].
Singla et al Investigated the effect of adding
rare earth (RE) iron-based hardfacing alloys and
observed the consequence of wear properties
and the result shows it exhibited an improvement
in microhardness [34].

48 Manufacturing Technology Today, Vol. 19, No. 3-4, Mar-Apr 2020



Technical Paper

Parameters

0 10 20 30

No of attempt

mNozzle to plate distance g Types of Shielding gas

Welding Speed W Heat Input

= Welding Voltages ®m Torch Angle

m Welding Current m Gas Mixture

m Feed rate (wire)

Fig. 3. The contribution of various
parameters used in hardfacing process.
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Fig. 4. Response obtained from hardfacing process.

3. Discussion

The literature survey was supported out in the
field of hardfacing techniques of the arc welding
process and based on the following results is
made. This chapter mainly focuses on the effect
of inputs parameters on the microhardness and
microstructure. From the above literature, it is
clear that the GMAW process is repeatedly used
by most of the researchers.

3.1 Process parameter

The hardfacing by arc welding process has a
countable number of parameters as mention in
the abstract. All the parameters are studied by
the researcher, some parameters are repeatedly
chosen concerning the expected output.

The graph is drawn for the parameters with the
relation to their attempt made by researchers.
Fig. 3 shown the relation between the no
of parameters and their attempts. welding
speed, welding voltages, and welding current
are repeatedly selected. Because controlling
these parameters is very easy in the arc welding
process. These parameters also control the
dilution which is very important for hardfacing of
the equipment.

3.2 Response studies

The outcomes studied by various researchers are
shown in Fig. 4. Most of the literature indicates
that the microhardness and microstructure of
the specimen being studied. Because finding
the hardness value and bead geometry is basic
forhard-faced samples. In future researchers can
move towards new goals.

4. Conclusion

In this paper, various hardfacing techniques used
by an arc welding process is discussed. Form
the relationship between input parameters and
outcomes. Following conclusions are made;

e The widely used hardfacing techniques for
coating process so GMAW are identified
through the literature. The contributions of
each process parameters are identified. The
graph shown in Fig. 3 indicates that welding
speed, voltages, and currents are the most
predominant parameters.

e The output studied is shown in Fig. 4 by
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most of the researchers are microhardness
and microstructure. The other outcomes like
corrosion, fatigue analysis, and the effect of
HAZ studies are needed more attention.

In future studying, the fatigue analysis will
be giving some interesting outcomes. The new
hardfacing techniques may also give better
results.
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