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Abstract. Due to its better mechanical qualities and corrosion resistance, metal inert gas weld
hardfacing is popular in both the manufacturing and research sectors and also contributes to longer
machine element service lives. It is defined as a method of achieving desired surface attributes by
employing welding procedures on structural materials with relatively low qualities and low cost,
known as substrate materials. The weld hardfacing helps with two important aspects of improving
material qualities: first, it improves characteristics of the material that depend on the surface (such
as corrosion and wear resistance), and second, characteristics that rely on the mass, such as
hardness, and durability. This article reviews several studies that have been done so far on various
substrates in the area of metal inert gas weld hardfacing to improve microstructure, corrosion, and
mechanical characteristics. According to past researchers, various MIG welding parameters play a
crucial role and can be optimised to get desirable output such as enhanced tribological,
mechanical, and corrosion properties. The writers have made an effort to address the
recommendations for future work in this field. Present and future researchers on hardfacing using
welding would benefit from the outcome of this paper, which is also useful to many industries.

1. Introduction
Wear and corrosion cause a considerable material loss in a variety of industrial applications. The expense
of replacing numerous corrosion-prone components is quite expensive. Surfacing techniques, on the other
hand, can increase material qualities like wear and corrosion resistance. Surfacing is one such process, in
which a better material is welded onto base metals to improve their surface qualities. It is helpful in many
industries, including the chemical, mining, and power generation sectors. Hardfacing is a sort of surfacing
in which a filler metal is deposited on a component's surface and is often used in industries to enhance the
service factor of wear-and-corrosion-prone components [1]. This procedure is known as hardfacing
because the deposited metal is generally harder than the base metal. It's a robust technology for creating a
hard, resistance-to-wear coating layer of many metals and alloys on a base metal. It not only protects
them from wear but also high-temperature oxidation and corrosion [2]. Hardfacing extends the service life
of essential components and assemblies by providing resistance to wear and corrosion. As a result,
hardfacing is a hugely helpful technique for extending the service life of machine assemblies and crucial
or new components. Hardfacing is a technique that is often used to improve the surface quality of
machine parts in industries like petrochemical, food processing, aviation, automotive, mining, and power
plants.

Metal inert gas (MIG) welding, shielded metal arc (SMA) welding, plasma transferred arc (PTA)
welding, gas tungsten arc (GTA) welding, and laser welding are commonly used for hardfacing.
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Hardfacings are often made of Ni-base, Co-base, or Fe-base alloys. Ni-base alloys are commonly
employed among them [3]. Metal inert gas weld (MIGW) hardfacing produces coalescence between base
and coating metal by heating them with an arc established between a continuously fed consumable
electrode and base metal. Weld pools are completely shielded by externally supplied gas or gas mixtures.
By selecting the proper shielding gases, electrodes, and welding conditions, any economically significant
metals, including carbon steels, stainless steels, and alloys of aluminium, nickel, and copper, may be
hardfaced using this method [4]. Pulsed arc welding, a MIGW process modification, can perform all-
position welding with spray arc transfer mode at low heat input. MIGW hardfacing in all positions can be
done successfully by pulsed arcs, such as in aircraft, automobiles, chemical storage and pressure vessels,
and shipbuilding industries. Metal Inert Gas Welding (MIGW) is one of the most used fusion welding
procedures for hardfacing because of its numerous benefits. It is used to achieve consistent spray transfer
while keeping the mean current process parameters as low as possible. To allow welding automation and
robotization, MIGW can be thoroughly developed and classified. Currents, voltages, pulse length, and
frequency of pulse are the primary parameters of the MIGW. Pulsing minimizes the overall amount of
heat applied to the base material, resulting in fewer spatters. To get the ideal weld bead form, complete
control over the particular process parameters is essential. As a consequence, the mechanical properties of
the hardfacing are greatly influenced by the geometry of the weld bead. It's crucial to choose and manage
the welding process parameters to get the ideal form for the weld bead [5].

The goal of the current study is to understand the role of various welding parameters on the deposition
characteristics and their effects on base metal microstructure during MIGW hardfacing. The study
provides a review of the effect of various process variables such as arc voltage, welding current, and
travel speed on the soundness, bead geometry, and mechanical properties of the deposit [6]. Effects of
process variables on dilution and corrosion behavior have also been studied.

2. Substrate materials in MIGW hardfacing

The most common substrate utilised to create hard-faced components is steel. Substrates are chosen
according on the demands of the application, such as high wear conditions or high temperatures. Some of
them are as follows: Low-alloy, low-carbon, medium-carbon, high-carbon, stainless, nickel-chrome, and
manganese steels are some examples of low-alloy steels.

3. Influences of different parameters on MIGW hardfacing

Based on metal inert gas welding (MIGW) hardfacing, several studies were conducted, and various
process parameters, as well as the permissible range for these process parameters with various weld
substrate and coating layer compositions, were explored. Some studies use the same gas composition
100% of the time, whereas others use varied wire thicknesses and materials. In every case, current,
voltage, torch transverse speed, standoff distance, and shielding gas composition have been demonstrated
to be the key factors in influencing weld quality. Secondary factors such as gas flow rate and composition
have little impact on weld quality. When austenitic stainless steel was used to hardface low alloy steel
with CO, shielding gas, the rate of corrosion was slowed [7]. The corrosion resistance of the identical
case was determined to be greatest at a transverse speed of 535.8 mm/min, 145A current, and 26V voltage
[8]. The most significant criteria for boosting mechanical strength while doing MIGW hardfacing are the
mix of materials and coat bead form. Because the goal of hardfacing differs from that of welding, we
always attempt to limit weld bead penetration to a minimum because it reduces dilution. The welding
current, voltage, transverse speed, wire feeding rate, gas flow rate, and standoff distance affect weld bead
shape and size. These ideas are the result of extensive testing to see if there is any existing link among all
process parameters. Several studies were also conducted to investigate a superior mathematical model, a
modern welding technique, an enhanced coating metal, and technique modifications that relate to the
impacts of different standards. As a consequence, each experiment was carried out to provide the best
possible weld bead shape using the MIGW process parameters controller. In the case of hardfacing, the
key issue is to create a strong junction between two different metals with the least amount of filler metal
dilution possible to prevent the filler metal's performance from deteriorating [23]. In a recent experiment,
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the effect of dilution process settings on austenitic stainless steel on a base metal, structural steel, was
studied. Welding current, speed, and stand-off distance were the most important process parameters in
this experiment [24]. During the harfacing process, heat has an impact on the composition, corrosion
characteristics, microstructure, bead geometry, and ferrite content. The offset percent had a significant
impact on the thickness of the deposited layer and the dilution of the filler metal. It was discovered that
the shape of the beads affected the number of welding passes need to deposit them on the surface. In
simulations [25], it was also found that the wire feed rate and welding speed had a big effect on the shape
of the beads. Another experiment illustrates the complete effect of heat input on super duplex stainless
steel [26]. A trial was carried out on a substrate of low-carbon steel with various parameter combinations
to determine the impacts of welding factors. On duplex stainless steel hardfacing, these effects must be
expected. In this method, the corrosion rate was seen to be reduced to its lowest value [27]. According to
another study, MIG welding methods affect various mechanical properties of duplex stainless steel.
Welded samples were subjected to a post-weld heat treatment in a similar procedure. When the results
were revealed, it was discovered that the treatment had an impact on the coating's mechanical properties.
Toughness and toughness were also discovered to be trending in the opposite direction [28]. The MIGW
method with mechanised GMAW was utilised to investigate the single-layer stainless steel coating quality
with preheated filler metal. This was accomplished with the use of a custom-built torch that included
preheating the filler wire. When the filler metal was preheated externally, the welding current value was
significantly reduced. Weld beads had negligible dilution, according to the findings. The alloying
materials, in substantial amounts, were incorporated into the preheating system process. In this case, the
procedure comprised traditional MIG hardfacing, which was compared to carbon with a reduced
concentration.

3.1. Optimization of parameters

The Response Surface Methodology approach is used to generate desirable qualities in the deposited
section, which was employed to coat structure steel with duplex stainless steel using MIG harfacing [9].
To improve parameters for better weld bead characteristics, a researcher employed the Taguchi approach
and regression analysis [10]. In another research, multiple regression analysis and ANN approaches were
employed to improve a process parameter while conducting MIG hardfacing [11]. In a different research,
the authors attempted to improve the process parameter using a full replication approach based on a
central composite rotatable design to compute the minimal dilution [12]. It has been discovered that when
MIGW hardfacing low alloy steel with duplex stainless steel, the output parameters stay proportionate to
heat input if the process parameters are kept within a specified range. Regression analysis was applied in
this study, and the outcomes were compared to real-time data and found to be nearly identical. With all of
these factors, the rate of increment was found to be greatest in weld width when the heat input was
increased. Microstructure and weld bead shape were affected by the flow rate of gas, welding voltage, and
current [13]. Steel and aluminium were used in Pulsed MIGW to explore the drop detachment process; as
a consequence, it was discovered that various forces are involved [14]. In another study, it was found that
pulsating factors have a big effect on how the interaction layer and coating layer work. Pulsed MIGW is
said to be capable of producing fine microstructure with less coating dilution. The overall findings were
increased deposition, reduced dilution, and fine microstructure [15]. The metal transfer mode in the
pulsed-MIGW approach is said to be influenced by base current and pulsing factors [16]. In the other
experiment with pulsed MIGW, the Genetic Algorithm technique was used to improve the parameters,
which helped get regulated weld bead penetration [17].The convexity index is another significant aspect
of weld bead geometry. During some investigations, it was discovered that a few factors, like welding
travel speed and welding current, influenced the convexity index in pulsed-MIG welding [18]. Similarly,
investigations on 65X pipeline steel using pulsed-MIGW hardfacing of 316L stainless steel were applied
to determine the impact of process parameters on weld bead shape [19]. According to the findings, the
wire feed rate rises with the dilution, breadth, height, and depth of the weld metal. The contact angle
decreased at the same time, then increased again until it reached its lowest point. These weld metal
properties (height, width, and depth) decreased when dilution and welding speed increased. The link
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between dilution and weld bead shape process factors was studied using mathematical models [20]. The
porosity parameters were perfectly met using a high-quality stainless-steel MIGW hardfacing technique.
As a result, filler metals were employed to reduce contact tip degradation and increase tip replacement
time by increasing arc-on duration. The pulsed MIGW was evaluated using two shielding gas mixtures
[21]. In addition, when the pulsed MIGW was used in vertical mode, it resulted in an effective crack-free
overlay [22]. To find the optimal weld bead shape output, another experimental examination was
undertaken on stainless-steel hardfacing employing the preheated filler MIGW method with Response
Surface Methodology [24]. Then, once again, a unique welding technology called consumable double
electrode with a single arc (DESA)-MIGW was presented. A DESA-MIG was used to provide a higher
deposition rate of the wire and a regulated heat intake [9].

Various approaches were employed at the welding interface region to prevent fracture development. In
MIG welding, one of the techniques utilised is torch weaving. One study looked at the effects of torch
weaving. The ferrite number grows when the weaving dilution rate drops, according to the weaving
processes. As a result, the application of weaving did not influence porosity, hardness, or microstructure
[29]. Critical factors in the processes include coating bead shape, arc rotational speed, and eccentricity.
Thick plates and many wires were also used in the welding. As a result, as compared to the standard
MIGW bead, the weld bead produces output that is less penetrative, broad, and flat [30]. Another
experiment on weld bead shape was conducted utilising the arc rotation mechanism, in which the impact
of the rotational speed of the arc was evaluated [31]. In another study, it was discovered that the wire feed
rate had a significant impact on penetration. The wire's speed, travel speed, and feed rate were found to
have the greatest influence on eccentricity, followed by convexity [32]. Use the arc rotational mechanism
system to create a wide, flat weld bead. In addition, it was shown that the wire feed rate had a significant
impact on penetration [33]. The MIGW investigation on low-alloy steel with duplex stainless-steel clad
layer features was carried out in another work experiment [34]. The clad layer demonstrated strong
corrosion resistance and low-temperature impact strength, according to the same assessment. The
microstructure, corrosion resistance, nitrogen concentration, and low-temperature toughness of the weld
deposition were all found to be positively impacted by the shielding gas mixture and heat input. During
the MIGW hardfacing process, the corrosion resistance of duplex stainless steel was enhanced. Corrosion
resistance was observed to be altered by heat input in one work trial. Welding current and travel speed
were shown to have a significant impact on corrosion resistance and heat input [27]. The researchers
discovered that duplex stainless steel's polarisation resistance improved while pitting and uniform
corrosion decreased [35]. Corrosion resistance was enhanced, and the duplex stainless steel alloy was
cathodically changed as a result of corrosion behavior in concentrated sulfuric acid solutions containing
minimal ruthenium [36].

4. Conclusion
Welding voltage, current, stand-off-distance, speed, and gas flow rate are important considerations in
MIGW hardfacing. These characteristics may be optimised based on the application, and they can also
assist in increasing the desired output such as tribological, mechanical, and corrosion properties.
Also, during hardfacing, we must keep an eye on the temperature conditions, although external heat
treatment might be quite beneficial. A desirable weld bead shape and promising microstructure with an
evident ferrite stage increase the anti-corrosive performance, and research may be directed to regulate the
appropriate process to achieve the requisite corrosion resistance. Despite the decreased penetration of
coating, efforts must be made to ensure that the coating layer has adequate shear strength to avoid
separation from the underlying metal. The following significant remarks can be observed after reviewing
research papers on MIGW hardfacing:

e MIG hardfacing can be used to get good corrosion resistance.

e You can change the shape of a coating's weld bead by choosing the right process parameters, such

as low reinforcing and a wide weld bead.
o Corrosion resistance is improved by a favorable microstructure with a significant ferrite phase.



ICMMT-22 IOP Publishing
Journal of Physics: Conference Series 2484 (2023) 012018  doi:10.1088/1742-6596/2484/1/012018

¢ Preheating and postheating may also help to enhance the microstructure of the hardfacing.
¢ A higher susceptibility to cracking has been found in specimens with higher carbon content.

o With MIG hardfacing, as the arc voltage, welding current, and travel speed go up, the amount of
chromium, nickel, and manganese goes down, but the amount of carbon and sulphur goes up.

5. Scope for further research
To learn more about how welding parameters affect MIGW hardfacing, the following things can be
looked into:
e The finite element method (FEM) can be used to find out how process factors affect the shape of
a weld bead.
¢ Different shielding gas mixtures can be employed for metallurgical property enhancement.
e The effect of pulse parameters (e.g., pulse height, pulse width, and pulse frequency) on the
characteristics of hardfacing can be studied further.
e There are crevices and stress corrosion cracks in the stainless steel hardfacing, which can be
looked into more.
e In the future, new methods will need to be made that can put down more coating materials with
less penetration and less heat.

e For different combinations of base material and hardfacing material, the relationship between
corrosion rates and other process factors could be looked into more.
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Due to its better mechanical qualities and corrosion resistance, metal inert gas weld hardfacing is popular in both the manufacturing and

research sectors and also contributes to longer machine element service lives. It is defined as a method of achieving desired surface

attributes by employing welding procedures on structural materials with relatively low qualities and low cost, known as substrate

materials. The weld hardfacing helps with two important aspects of improving material qualities: first, it improves characteristics of the

material that depend on the surface (such as corrosion and wear resistance), and second, characteristics that rely on the mass, such as

hardness, and durability. This article reviews several studies that have been done so far on various substrates in the area of metal inert gas

weld hardfacing to improve microstructure, corrosion, and mechanical characteristics. According to past researchers, various MIG

welding parameters play a crucial role and can be optimised to get desirable output such as enhanced tribological, mechanical, and

corrosion properties. The writers have made an effort to address the recommendations for future work in this field. Present and future

researchers on hardfacing using welding would benefit from the outcome of this paper, which is also useful to many industries.
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