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Abstract

Due to outstanding mechanical characteristics and corrosion resistance, gas metal arc weld (GMAW) hardfacing is
popular in both industry and research domains and also contributes to extending the life of machine components in the
manufacturing sector. It is described as a method for creating a thick coating on structural materials with relatively poor
qualities and a low cost, referred to as substrate materials, to get the required surface attributes by utilising welding
procedures. The weld hardfacing assists in two crucial ways in the improvement of material characteristics: first, it
improves features of the material that depend on the surface, such as corrosion and wear resistance. Second,
characteristics like toughness, durability, and others that rely on the mass. Numerous sectors, including chemical, mining,
power plants, and many more, may benefit from it. This article reviews several studies that have been done so far on
various substrates to improve the microstructure, prevent corrosion, and improve mechanical characteristics in the context
of gas metal arc weld hardfacing. The findings of this work will be helpful to current and future researchers as well as to

other industries utilising weld hardfacing techniques.
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1. Introduction

Industries utilise materials that can resist all climatic
conditions to extend the serviceability of some low-grade
components or to replace more expensive basic materials
[1]. A method of creating desirable surface characteristics by
using welding techniques on structural (substrate) materials
with low quality and low cost is termed weld hardfacing [2,
3]. A spray coating layer whose thickness is about 120
micrometers, is used for developing anti-corrosion properties
[4, 5]. The plating happens in the electrolytic process, where
the metal is also finished using this coating technique. Only
electrically conductive materials can be plated using this
technique, which increases the base material's strength and
corrosion resistance [6]. Plating can help to avoid spelling
and lumping, sinking friction, consolidating surface
hardness, and reducing the loss of parent metal [7]. By
adding a deposit to the base material, buttering is another
procedure that helps with the effective bonding of the weld
overlap. The butter deposition pattern differs from both
weld and base metals [8]. In Contrary to coatings, hardfacing
entails the deposition of materials of varied thicknesses on a
material that is susceptible to rust to prevent corrosion
and impart good strength to increase the parent material's
long serviceability [9]. Due to the distinct composition of the
built-in layer on the original component, the hardfacing does
not affect the microstructure of this mother component.
External hardfacing with a thickness of around 20% of the
overall plate covers the melting metal. The chemical, oil,
nuclear, shipbuilding, and service industries mainly use large
quantities of hardfaced materials. In terms of corrosion,
toughness, adhesion, and constructive microstructure,
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hardfacing offers advantages in comparison with several
metal deposition methods. The method of "hard facing" is
used to increase the material's hardness; heat input plays a
crucial role in achieving high hardness in this procedure
[10]. By mixing ferrous or non-ferrous metals, weld
hardfacing is the process of placing a roofing material over
the existing mother material. Developing cracks during
compression of the clad and the base material can be a vital
negative aspect of this process [11]. By using multi-layer
deposition and a buffer layer, this drawback can be avoided.
Proper electrode preheating can also resolve this fault.

The objective of the current study is to comprehend how
different welding settings during GMAW hardfacing affect
the deposition characteristics. The study offers an overview
of how several process factors, including arc voltage,
welding current, and travel speed, affects the deposit's
soundness, bead shape, and mechanical characteristics.
Process factors' effects on dilution and corrosion behaviour
have also been researched.

2. Methods used for Weld Hardfacing

There are numerous techniques we could employ to conduct
hardfacing activities, including electric resistance arc
welding, oxyacetylene welding, gas tungsten arc welding
(GTAW), electro-slag welding, gas metal arc welding,
rolling and strip hardfacing, shield metal arc welding, flux
cored arc welding, and plasma arc welding [12-14].
Explosive welding makes a junction between two metals by
using the explosion as a heat source, which allows the metal
to be employed to clad, and these materials cannot be
welded by standard conventional procedures [15]. Examples
of materials that can be clad using explosive welding include
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316 low carbon stainless steel. One of the most often utilised
manufacturing processes is rolling hardfacing; in many
enterprises, hot roll bonding projects or the bonding of
collected rollers account for even more than 75% of the
process. For clad materials, welding is a very cost-effective
procedure. The hardfacing or weld overlaying procedure was
initially created for maritime applications, or, to put it
another way, to employ materials that need to be corrosion
and stress-resistant and have very high-level shock loading
resistivity. Most of the factories, the hardfacing of pressure
vessels is frequently used, because it provides the high
rigidity and corrosion properties that enable it to function
suitably under difficult conditions. To increase components'
lifespan and enhance performance, hardfacing is frequently
used in the industry sector to restore worn-out sections. To
repair large gear, the hardfacing method is often used in
factories. [16]. When it comes to laser hardfacing, the most
common method nowadays is to deposit metal directly. This
technique makes use of many turbine parts, automobile
parts, and aircraft components, as well as various kinds of
wear plates [17]. Explosive welding is another alternative for
hardfacing, however, it's best for large flat plates and is also
used for pipes and tubes with coaxial joints. =~ When
combining coaxial pipe and tubes, using the techniques of
shield metal arc welding, gas tungsten arc welding, and gas
metal arc welding is more economical. Since hardfacing
with pulsed gas metal arc welding is a typical procedure for
parts of power plants. The application includes vessels used
in refineries, pulp mills, and boilers. If we discuss the usage
of the welding technique in hardfacing further, then
hardfacing has a role in using sub-merge arc welding [18].
To repair spoiled parts, hardfacing is widely used to extend
its service life. Hard hardfacing is a common method for
restoring worn-out components to increase their useful life.
The very well-known appliance of hard facing is the
impeller of the slurry pump. The parts composed of low-
carbon steel can enhance their resistivity by using the gas
tungsten arc welding method and applying different filler
metals [19]. The hot wire gas tungsten arc welding
technology may also be used to clad for accurate
manufacture the heavy nuclear components [12]. According
to what we previously discussed while addressing the many
methods of hardfacing, the most adaptable process is
welding and the typical procedure for covering any
substrate. There are various welding processes, such as
GTAW, different resistance welding, GMAW, SMA
Welding, etc. To successfully manufacture various clad
components, several non-conventional welding techniques,
including laser welding, different types of hybrid welding
processes, and plasma arc welding are also used [20]. The
major accepted technique for hardfacing is Arc welding,
though we may differ in the technique as a function of the
application. To increase the wear resistance of 1.8 mm thick
M.S. sheets, resistance welding has been used to encase the
sheets in a mixture of Co-Cr alloy and nickel-based alloy in
diameters ranging from 110 to 160 micrometres [12]. For
electro-slag hardfacing in ship structural applications, strip
electrodes are highly advantageous because of their rapid
deposition rate and minimum dilution and the cost will be
very minimal than other welding processes [21]. By using
the GTAW technique on stainless steel, it is essential to
achieve a very effective hardfacing with the right process
settings [22]. To make the sides of a Babcock & Wilcox
boiler corrosion-resistant, a Tungsten Inert Gas welding
technique is also employed to clad them. Here, the
foundation plate is formed of mild steel, and nickel-based
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alloys are used for the deposition. Here, deposition is carried
out using a tighter gap torch and a rotating and weaving
approach [23]. The fully arc welding technique known as
gas metal arc welding has made a name for itself as being
widely used and reasonably priced. If the process parameters
are kept under strict control and within a certain range,
efficiency increases with considerable superiority. It has
been proposed to look into the gas metal arc welding process
used to join a layer of duplex stainless steel to low alloy
steel and this investigation reveals a link between heat input
and several characteristics, such as width, penetration, and
height, and how heat input affects bead morphology [24].

The adaptability, efficiency, and affordability of the
GMAW hardfacing technology set it apart from other
hardfacing techniques. GMAW has a greater deposition rate
than conventional techniques like oxyacetylene welding or
submerged arc welding, which offers a higher deposition
rate [25]. Additionally, precise control over heat input in
GMAW minimizes the risk of thermal distortion and reduces
the cracks in the hardfaced layer [26]. Moreover, GMAW
hardfacing is excellent in producing a smooth and clean
weld bead, which enhances appearance and lowers the need
for post-welding machining.

3. Gas Metal Arc Weld (GMAW) Hardfacing Process

In several sectors, GMAW hardfacing has shown to be a
game-changer, improving the performance and lifetime of
vital components. For example,the mining industry
demonstrated the use of GMAW hardfacing on excavator
bucket teeth [27]. The bucket teeth showed exceptional
endurance because of the wear-resistant metals that were
deposited by GMAW. This decreased the need for
replacements and downtime, which increased overall
operating efficiency. Similar to this, drill bits in the oil and
gas sector have been treated with GMAW hardfacing to
reduce abrasive wear and increase their longevity. The use
of GMAW hardfacing is based on several tests. A few tests
use the same gas composition, whereas others use wires of
varying thickness and materials. It has been confirmed in
each example that the main elements affecting the quality of
a weld are the shielding gas composition, the given current,
the torch transverse speed, the voltage, and the standoff
distance. This is the main factor in determining how well the
welding is done. The weld quality is not considerably
impacted by minor auxiliary characteristics like the flow rate
of inert gas and the composition of different gases. If an
austenitic stainless steel layer is applied for hardfacing to
low alloy steel utilising gas metal arc welding when the
transverse speed is 8.71mm/s; the supplied current is 100A;
the given voltage is 24V and the name of shielding gas is
carbon dioxide, then only the rate of corrosion will be at its
lowest. The corrosion resistance investigated maximum
value when applied 145A, 26V and 8.93mm/s of transversal
velocity demonstrated in the same case [28]. The
composition of the materials and the shape of the clad beads
are the main significant parameters for getting better
mechanical resistance when we made the hardfacing with
gas metal arc welding. Since the goal of hardfacing differs
slightly from that of welding, we constantly work to
minimize the amount of weld bead penetration to reduce the
strength. Here, the voltage, current, and travel speed of the
arc all contribute to the heat input, which in turn affects the
bead shape. The welding current is essential because it
controls the amount of heat that enters the workpiece.
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Higher currents often lead to higher rates of deposition;
nevertheless, they need to be carefully regulated to avoid
distortion and overheating [29]. The electrical potential that
exists between the workpiece and the welding electrode, or
voltage, influences both the penetration and length of the arc
[30]. The best bead shape and fusion may be achieved with a
balanced current and voltage combination. Flux core filler
wire, thereafter, the response surface methodology approach
is used to generate the desired characteristics in the
deposited component [31]. It has been established that the
factors considered, such as the height and the width of the
bead, the depth of dilution, the reinforcing form factor, and
the shape factor of penetration, always remain proportionate
to the heat inflow when employing the gas metal arc welding
method to clad duplex stainless steel over low alloy steel.
Regression analysis was employed in this
investigation, and the findings were checked with the
real-time data and found to resemble them with the
barest of errors. With all those increment ratio settings, the
maximum was found in the breadth of the weld with an
increase in the heat inflow. Additionally, the metal transfer
mode, which depends on the welding voltage, welding
current, and gas flow, was used to determine the
microstructure and geometry of the weld bead seams [24].
The drop separation process in cyclic gas metal arc welding
was examined using steel and aluminium, and it was
determined that several forces come into play [32].
Another analysis revealed that throbbing parameters
had a significant impact on the interaction layer and
clad layer characteristics. It is proposed that pulsed gas
metal arc welding may provide fine microstructure and
minimal clad portion dispersion, which is linked to the clad
layer. Due to the pulsed GMAW process having superior
deposition, lower dilution, better microstructure, and shorter
depth of hardfacing integration capabilities, the full result
was achieved. Also included was the mother material of the
neighbouring hardfacing, which was made up of an
interacting layer with low hardness [33].

In the results of a study conducted, the GMAW-P was
used with a sheet of aluminium foil, with a falling velocity
and a descending detachment from the investigation of
molten metal. As a conclusion, it was determined that
this transfer of drop significantly influenced the weld
quality [34]. It was discovered through some research that
several variables, including welding current, nozzle-tip
distance, and travel speed, can affect the curvature index in
periodic gas metal arc welding. Similar to this, research
work is being done on 65X pipeline steel with pulsed gas
metal arc weld hardfacing of 316Low carbon stainless steel
to examine the effect of the process parameters on the weld
bead configuration. It is determined that when the
dimensions of the weld metal expand in elevation, breadth,
dilution, and depth, the rate of wire feed also grows. The
contact angle also reduced at the same time but then climbed
again when it approached its minimal value. As welding
speed and dilution values increased, it was also observed
that the weld metal's elevation, breadth, thickness, and angle
of contact decreased. According related investigation
also revealed that the average amount of dilution
increased by roughly 6% with a 7% reduction in
contact angle while the electrode extension dropped.
To assess the link between fluidized beds and weld
shape process factors, mathematical models were
created [35]. If A superior stainless steel process through
gas metal arc weld hardfacing, the outcome becomes fully
satisfying strict porosity standards. Through the fully
automated GMAW method, it was used to produce
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controlled dilution. Therefore, 308Low carbon and 309Low
carbon filler metals were employed to lengthen the time
between tip changes and lessen contact tip wear. Both
pulsed gas metal arc welding and constant voltage gas
metal arc welding are assessed using two shielding gas
combinations. To test the result of the electrode chemistry,
the welding method, and mood and the shielding gas are
analyzed using all these on the porosity of the hardfacing
layer. Then, welded wires of class 312 stainless steel
(containing Cr up to 30% by weight) and 316 stainless steel.
(Cr-content up to 19% by weight) was used as a
recommended overlaying alloy for abrasive group digesters,
As a result, the Type 312 SS and316 SS weld overlays
looked vulnerable; the solidification cracking occurred when
the carbon steel material was used to weld because of the
high chromium concentration. Additionally, cyclic spraying
GMA welding in a perpendicular orientation was used to
create an effective crack-free overlay [36]. Additional
extensive experiments were carried out to ascertain the
effects of developing alternate standards as well as to
examine the reaction parameters, operating parameters,
and other variables. These included updated welding
processes, higher hardfacing materials, and improved
mathematical models. So that the finest weld bead shape
could be produced, each experiment is carried out to produce
the GMAW processing parameters controller. Engineers' key
problem when hardfacing is to create a strong enough joint
between two different metals with the least amount of filler
metal dilution possible to prevent the filler material's
performance from degrading. In another preliminary
experiment with automated GMAW, a 12% dilution of the
control process parameters was obtained when austenitic
stainless steel-hardfacing was subjected to structural steel
[37]. In one of the most recent tests, it was chosen to
look into how fluid process factors affected that
example of austenitic stainless steel GMAW
hardfacing over construction steel surfaces. The
essential welding parameters in this experiment were
pinching, welding current, the work distance from the
contact tip, and the speed of welding. Additionally, a
complete design method was used for the construction, and a
mathematical formula was used for getting the closest data
compared to real data with an artificial neural network using
a particle swarm optimization tool [38]. If we look at the
experiment of the austenitic stainless steel hardfacing
process, it is easy to understand that the GMA welding
included process variables such as welding voltage, current,
bead offset, and speed of welding. During the hardfacing
process, it was discovered that heat inflow impacts the
material's microstructure, ferrite content, bead morphology,
and corrosive features. The offset percentage also has a
significant impact on the thickness of the deposited layer and
the filler metal dilution. The geometry of the beads is found
in such a way as to change the number of weld passes that
are needed to deposit on the surface. Additionally, it was
found that welding speed and wire feed rate under
experimental circumstances had a considerable impact on
bead shape [39, 40]. Other research shows a total effect on
super-duplex stainless steel that has been dominated by heat
inflow. The numerous geometrical shape variables, such as
the reinforcement form factor (RFF) and penetration shape
factor (PSF), have an impact on the weld bead geometry of
the components, which are controlled by the process
parameters. The process variables include the torch's
average speed, tip-to-nozzle distance, welding current and
welding gun angle. Research work reveals that the
reinforcement form factor fluctuated to change the
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electrode's resistance to heating and melting rate after more
studies on RFF and PSF. Similar to the analysis, the arc
length and the arc force could have changed. A test was
performed on low carbon steel as a duplex stainless steel
substrate with all parameters of hardfacing to check the
effects of the welding variables. The ideal
microstructure was achieved with a minimal heating
rate (0.38kJ/mm) to produce the cladded component. In
this process, 28 Voltage, 145 Ampere welding current, and
8.6 mm/s nozzle velocity are used, and the rate of corrosion
was determined to have been reduced to its minimum level
in this operation [41]. Various gas metal pressure welding
techniques have an impact on the properties of duplex
stainless steel, according to additional analysis. In a related
experiment, the preheat treatment was performed on the
welded samples (using engine oil and neem oil for rapid
quenching). Through this procedure, the results revealed that
this heat treatment (quenching in neem oil) with GMA
welding had an impact on the mechanical characteristics of
the hardfacing parts. Neem oil and the lubricating oil
quenching process have less impact, and the study finds that
the stress-relieving heat treatment yields excellent strength
up to 331MPa. Additionally, an opposite trend was
noticed for the adjective "toughness" [42]. Investigating
the quality of a single-layer stainless steel overlay was
made by using the mechanized gas metal arc welding
method with an auxiliary preheating solid filler wire, which
was aided by a specially designed torch. Adding the arc
energy contribution to the resistive heating and the external
preheating of the welding wire was observed to noticeably
drop the value of the welding current. The analysis
concluded that weld beads conveyed minimal dilution.
After the system was preheated with the ferrite phase, a
significant number of alloying elements, including nickel,
molybdenum, and chromium, was added, and the hardfacing
was then produced. The overlays on the microstructure
cause higher mechanical and corrosion resistance
capabilities to be produced as a result of, additionally, the
technical quality of the suggested process's final report being
outstanding and its cheap cost, but the outcome becomes
higher production. Another experimental study employed
the GMAW process to take place stainless steel hardfacing
with the preheated filler material in the Response Surface
Methodology method to ascertain the optimal weld bead
shape output [38]. Then a new type of welding process
called Consumable Dual Electrode Single Arc (DESA)-
GMAW was again proposed. DESA GMAW supported
high discharge rates and regulated the input of heat for filler
wire. This might be stabilized provided some of the
necessary welding parameters are taken into account. Using
these factors, the filler wire that needs to be supplied into the
welding pool continuously after short-circuiting occurs in
the workpiece and consistently, as well as the additional
filler wires needed to continue with routine metal
transformation under a steady arc. According to a weld
bead examination using a transverse section, the
disposable DESA-GMAW process's penetration will
drop significantly if the metal deposition rate is high
[29]. The GMAW hardfacing technique involves welding
two metallic materials that are not identical to each other and
where the coefficients of thermal expansion are different and
the interface exhibits crack propagation behaviour. Different
methods were applied at the contact surface to minimize
crack development. Torch weaving technology sometimes
utilised in GMA welding, is one of the many technologies.
As part of an automated synergic gas metal arc welding
process, one investigation was done to find out how torch
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weaving affects the combination of structural steel and
duplex stainless steel when in contact. The use of weaving
technologies revealed that the deposited layer of the weld is
flat and that the ferrite number rises as the weaving dilution
rate drops. Consequently, the use of weaving technology
has no impact on microstructure, porosity, and hardness
[43]. Additional crucial factors, such as clad bead shape,
eccentricity, and arc rotational speed, are considered in the
procedures as vital parameters of weaving technologies.
Research and development were being done on an
automated robotized welding technique. It also
incorporated a procedure where viewers could see an
automated high-speed rotating arc weld, as well as
manually rotating wire. Additionally, many wires and
large plates are generally used for this welding method. In
contrast to the traditional gas metal arc welding process, the
weld bead produced by the torch weaving method is less
penetrating, flat, and wide [44]. The arc rotation
mechanism was used in another investigation on weld
bead shape where the effects of arc rotational velocity
were tested at constant eccentricity [45]. Another
investigation was finished using pulsed GMA-welding on
the weld bead configuration of 5083 aluminium to evaluate
the impacts of eccentricity and rotational speed output.
Subsequently, following the analysis, it was acknowledged
that penetration has a relatively greater influence on the feed
rate of the wires. Additionally, it was discovered that
convexity had the greatest impact on eccentricity, followed
by the feed speed of the wire at the displacement velocity
[46]. According to a recent study, narrow groove
welding can enhance efficiency in the production of
thick-walled components because it has perfect control
and an automated process that ensures a steady raising
of the weld strength. It was found that an assortment for
maintaining the faces of small grooves on either side has
adequate and consistent penetration. According to another
study, when gas metal arc welding is operating, the arc
shape and bead properties become narrower if
electromagnetic arc oscillation is applied in the process [47].
As a consequence, it was determined that groove gas
welding and oscillation circumstances both match the
criteria for high-quality welds. The wire speed, arc
rotation speed, and the ratio of travel speed to wire feed rate
affect convexity factors. Additionally, it was determined
through research that the penetration was significantly
impacted by the relative feed rate of the wire [48]. In a
variety of industrial applications, gas metal arc welding
(GMAW) hardfacing is a commonly used process to
improve the performance and durability of materials.
Because GMAW hardfacing improves the base material's
hardness, wear resistance, and overall mechanical qualities,
the long-term performance of the material is remarkable.
The treated materials have a longer service life, lower
maintenance costs, and Dbetter resistance to corrosion,
abrasion, and impact.

4. Microstructure of Hardfacing

The microstructure and its many different qualities are the
basic properties of a clad component. Due to a favorable
cooling pattern, a large heat input, and some alloying
components, numerous phases that are present in both
the substrate and the filler are created. The alloying
elements and specific aspects are in command of
resistance in corrosive environments and mechanical
qualities. The hardfacing mixture is retained in the bead or
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coalescence with the help of dissimilar welding and material
components, which results in a variety of bead qualities.
Often the impacts of chromium are investigated in the
SMAW hardfacing [49]. Chromium, which was
discovered to be an acicular ferrite (AF), has increased in
percentage due to influential hardness. In addition, the
dominant volume fraction of elements made of austenitic
material and the inverse relationship between toughness and
carbon percent were considered. Therefore, a typical
element rises with a layer with a great deal of good
resistance property. In one experiment, transferred
plasma boride was applied to a coated steel plate with
four orders that had the resistance that increased1082
steel wears off [50]. With the same substrate, the
coating procedure was repeated using SMA-Welding
technology [51]. 304 stainless steel under Japanese
standard or SUS304 and AISI 1045 steel or medium tensile
steel supplied in a black hot-rolled or normalized condition
having tensile strength of 570 - 700 MPa and brinell
hardness ranging between 170 and 210 are used to cover the
Ti-Ni hardfacing during the GTA welding process. The
dendritic character of the overlayer due to the rapid
solidification of the material mixture and the formation of
weld beads is masked by various precipitates formed during
the coating process. This was discovered when examining
the microstructure and concentration of the over layers.
Also, the hardness of the coating during processing was
found to be three times that of the Ti-Ni intermetallic flux-
cored wire. This contributes to the strong high temperature
and high durability as well as the excellent hardness of the
coating.

Welding is one of the key elements in developing the
proper microstructure. The low carbon steel was coated with
stainless steel using the three procedures of Tungsten inert
gas welding, High current pulsed arc welding, and fine
Plasma arc welding with influence performance compared to
their efficacy The stainless steel produced by GTA Weld
hardfacing originates from a clad layer where the dilution
percentage is less than 50%, and the filler material has a
radius not more than 6.4 mm. For the hardfacing of the
pulsed arc with a material microstructure of stainless steel at
a pulse frequency of 500Hz, a larger diameter cored wire is
required. Therefore, stainless steel to mild metal
substrate transformation takes place with the simple
help of plasma arc hardfacing. Both the claded layer and
the cell-branched austenite containing d-phase or g-phase at
the melt interface can undergo this transformation.
According to research, mild steel layer may be made by
utilizing filler metal with a larger diameter if a confined,
constricted arc with 50% dilution is employed to produce the
stainless steel microstructure [52]. In one research, SMA
Welding was done using a multi-pass hardfacing that
had good resistance capabilities and continuous casting
rolls of nitrogen alloyed martensitic steel. Additionally,
carbide formation can be difficult to prevent, especially
in areas between ridges and overheated areas. The
tempered martensite is needed to complete the
subsequent substantial deposition of carbide in liquid
form once the welding is complete. The precipitation
of chromium-rich carbides inside the material medium
may be the cause of the chromium deficiency.
Sensitization typically refers to the entire process or
phenomena. The sensitization zone had hole formation
with great susceptibility and produced stress corrosion
fractures at the initial point, where the resistivity
became reduced [21]. The effects of fluctuating
temperature levels can be seen during the production
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process. AISI 304 low carbon L steel hot rolled on such
carbon steel is used as hardfacing to cover the ASTM A 515
Gr. 60. [53]. The interface bonding between the
stainless steel hardfacing material and base material
was accomplished by hot rolling. Similar to earlier
studies, this one made extensive high value use of the
austenitic side carbon inter-diffusion and ferritic side
alloying elements components. The result, of this
experiment, reveals that the microstructure has strongly
influenced rolling parameters, cooling rates, and thermal
treatment. A thin band-covered hardfacing line of an
austenitic layer was separated from the base metal by an
austenitic layer and it also tracked the ferritic grain
characteristics. The microstructure of the described and
characterized stainless steel regions was evident a little bit
away from hardfacing line. It had recrystallized acicular
austenitic grains but no carbide precipitation. An
additional research study investigated the effect of GMAW
on low-alloy steels in duplex stainless steel clad grades [54].
Hardfacing offers strong corrosion resistance qualities
and low temperature impact resistance, according to
the same assessment. It was found that the shielding gas
mixture and heat input had a serious influence on the
microstructure, nitrogen content, pitting resistance to
corrosion, and minimal temperature toughness of the weld.
In a different experiment, the explosive welding technique
was used to clad 316low carbon stainless steel with vessel
steel of the grade DIN-P355GH. This examination looked at
a cladded metal's hardness, tensile strength, microstructure,
shear strength, and fracture toughness. The influence of
applied temperature on the hardfacing layer shows the
toughness is -stgnificantly increased than the base material.
The tensile shear test further indicates that there is sufficient
metal bonding within the clad layer junction. In
conclusion, the High-explosive hardfacings successfully
used in austenitic stainless steel have been shown to improve
the mechanical properties of low-carbon steels [S5]. Two
crucial characteristics that the hardfacing method can
offer are abrasion resistance and corrosion resistance.
Hardness, resistance to abrasion, and micro hardness were
produced as a result of successful GTAW hardfacing on
light alloy steel using filler metal containing iron (Fe) and
silicon (Si) [19]. In a different experiment, a series of hard-
faced Fe-Cr-C alloys were deposited while the abrasive wear
test was combined with gas tungsten arc welding [13]. On
the mechanical features of resistance to corrosion, the
microstructure of the clad layer and the heat-affected zone
(HAZ) can have an important influence. In addition, dilution
of the substrate during hardfacing has a significant impact on
the microstructure of the base material. The microstructure,
which impacted the variation from the clad layer having
different alloying components, is essential for the diverse
characteristics. The base metal and deposited metal
combination become a pool of molten metal while being
joined together by welding. This technique involves a large
amount of dilution when alloy composition is reduced while
welding. Dilution can be influenced by arc travel speed,
electrode diameter, current, and other welding-related
variables. Interpretation The percentage of matrix in the
weld pool that is a mixture can be used to express dilution.
The geometry of fusion boundaries and the weld pool metal
are seriously influenced when dilution is employed in the
process. Welding circumstances can also influence the
penetration depth and quantity of dilution, respectively.
Further examination reveals that welding sequence and
method might have an impact on dilution. Stainless steel
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can be deposited on Low alloy steel and placed over its
surface to increase corrosion resistance called a weld
overlay. One study examined the relationships between
structure and property, including the AISI 347 grade. Low-
alloy austenitic stainless steel with the highest strength
welded hardfacing has been used here. Near the interface
was the bainite and ferrite base plate microstructure.
In close proximity to the contact, grain decarburization
and coalescence were also seen. Additionally, stainless
steel displayed the austenite phase in the
dendritic/crystalline structure. Then, it becomes clear
that the interface's tempered bainite/martensite
structure is used to have a distinct microstructure
development. Furthermore, it was found that the three
properties of the base plate (notched impact strength, Charpy
impact energy, and tensile strength) were at the maximum
level and larger than the interface. It was discovered that the
hardfacing layer interface has the highest microhardness
value and the base plate's shear strength is lower than that of
the weld pad interface. The amount of cooling rate and
solidification process were analyzed to see if they appeared
to influence the microstructure of the Fe-Ni-Cr. It was found
that 12 microstructures were produced by the sequence of
300 austenitic steels at varying cooling rates. One of the
main properties of this metal, such as mechanical strength
and corrosion resistance, is limited to the fact that multiple
phases are formed in addition to some basic phases of ferrite
or austenite. The research's main focus was on the
impacts of the weldment within the context of
secondary austenite's resistance to corrosion. Due to the
effect of the combined austenite-ferrite phase (duplex) on
the stainless steel hardfacing present as ferrite number on the
stainless steels, different approaches have been taken to
determine the ferrite number. Austenite is stabilised by
Ni and N, while ferrite concentration is raised when Cr
and Mo are present. Furthermore, it shows the detrimental
effect of the Cr/Mo ratio on the matrix leading to
intergranular corrosion, cracking from the stress corrosion,
and pitting.  Attention must be paid to ensure optimal
corrosion resistance with proper maintenance and to keep
the equilibrium between phases of ferrite and austenite in
stable secondary phases.

5. Corrosion Resistance acquired by Hardfacing

Hardfacing layers are intended to protect corrosive,
inexpensive substrates from aggressive atmospheres.
Although the Clad materials are not inexpensive, to extend
the service life of the parts, the clad substances need to be
corrosion resistant. Submerged arc welding participates butt
joints of 316L austenitic SS and 2205 duplex steel. A
duplex stainless steel electrode was used during the welding
process, and it was delivered to 15 millimeters thick plates
with a heating rate varied from 1.15 to 3.2 X 10° joule per
meter. This occurrence in the area is brought by the
formation of needle-like austenite precipitates and many
coarse ferrite grains. High heat flow does not cause the weld
stress corrosion cracked resistance to degrade [55]. When
the base metal and hardfacing were of identical properties, it
was discovered through testing that specimens with typical
weld hardfacing had the same anti-corrosion capabilities as
those with laser powder hardfacing [56]. The test's
hardfacing material was powdered 316low carbon austenite
stainless steel [56]. Other research shows that austenite steel
hardfacing was performed on low-alloy steels by gas metal
arc welding. The resistance to pitting corrosion was then
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found to be presented when the characteristics were
improved. Duplex stainless steel is used in the GMAW
hardfacing technique to optimise its resistance to corrosion
characteristics. Operational tests have shown that heat input
impairs corrosion resistance. The amount of heat intake is
directly proportional to the welding current, and is inversely
related to the welding travel velocity. The resistance to
corrosion property and heat inflow is greatly affected by the
current and traveling velocity of the current, according to
research [41]. Electrochemical cast iron rust, actual
mechanical wear, and copper-based alloys were the three
factors whose contributions were determined in an ambient
atmosphere containing 3.5% NaCl aqueous solution and
distilled water at a temperature of 23 °C. In conclusion, we
discovered that the influence of corrosion on mild steel and
grey cast iron was decreasing, whereas the impact on
stainless steel was increasing. On stainless steel with a 3.5%
NaCl solution, cavitation was subjected to associate with
mechanical erosion, and the outcome results were reported
as pit formation under unfortunate circumstances. If the
substrate surface has been covered with a surface-clad layer,
the conclusion reveals, that the device service life is
significantly increased.

Most engineering components choose to utilise materials
with high strength and resistance to corrosion to ensure long
service life. Resistance to Corrosion is a quality that acts on
external or environmental factors and can withstand
aesthetics, performance, strength, weight loss, etc. Steel does
not have corrosion resistance, thus when it is employed in
the process, strength can be attained more frequently. The
steel surface hardfacing, which has metallurgical abilities
and is well-matched with corrosion-resistant alloy, provides
resistance to corrosion of structural parts and super strength
attributes blend. Some standard corrosion tests using
hardfacing materials and working with various forms of
corrosion are conducted to evaluate corrosion resistance
qualities [6]. Research has shown if wvarious welding
processes correctly use standard corrosion selection, then
those welding processes can impact real-world process
performance. The effects of both the alloying components'
microstructure and stainless steel properties then are
assessed through several work experiments. The effects of
both the alloying components' microstructure and stainless
steel properties then are assessed through several work
experiments and are influenced by an organization chart or a
constitutional diagram. An empirical connection was
developed and assessed inside this diagram valuation to
forecast the appropriate microstructure, owing to the
presence of alloying materials [57]. One of the crucial
properties is very elevated-temperature corrosion and
numerous researches have been done to determine how
different factors influenced it. These studies helped in
the understanding of how long engineered materials
may last under corrosive conditions. Cavitations erosion
is an important factor in corrosion instead of pitting
corrosion. The corrosion characteristics and cavitations
erosion of specific engineering alloys, including tool steel,
copper-based alloys, 316L, and grey cast iron, are examined
in research using a 20 kHz ultrasonic vibrator and a 3.5%
Sodium carbonate at a temperature range of 23 °C. As a
result, a 3.5% NaCl solution with entire cavitational
corrosion damage was found to be the root cause of
mechanical erosion as well as corrosion of
the electrochemical and cavitational erosion, and relative
erosion impacts. According to the investigation, mild steel
and grey cast iron both experience especially those with
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large erosion-corrosion, however stainless steels experience
far less of an effect. When stainless steel is exposed to a
solution that contains 3.5% sodium chloride, it is susceptible
to associated with mechanical erosion if the pit growth is
brought on by cavitations in an unsuitable local
environment. In one study, artificial liquid salt was used to
test the corrosion resistance of boiler pipe accessories made
of overlay 625low carbon steel alloy. The processes of
corrosion consist of pitting, internal oxidation, and
sulfidation. Using a sizable quantity of Fe, predisposed
created a dendrite structure based on the weld's selective
corrosion. The inclusion is that dendrite cores subjected
in the potential sites of the surface layer to a crack
formation with corroded (Mo, Nb) depleted dendrites
where the dendrite core has corroded. When the molten
phase was employed to enter into cracks, where the fissures
branched or expanded, thereafter dendritic cores allowed the
crack propagation to accelerate [55]. Additional research
demonstrated that the alloying elements Cr and Fe become
dangerous in the presence of high temperature
corrosion cracking. Next, the substrates employ various
hardfacing materials to enhance their corrosion
resistant qualities. The two materials the electrodes of
super duplex steel and duplex stainless steel are currently
gaining popularity as hardfacing materials. At its austenite
and ferrite phases, duplex stainless steel primarily comprises
the alloying metals molybdenum, chromium, nickel, and
nitrogen. Occasionally, duplex steels are also used which
contain Manganese, Copper, and tungsten. Corrosion
cracking in Austenite improves the ductility and
resistivity of ferrite at ambient temperature. Another of
the most recent research examination tests combining
gas metal arc welding and friction stir welding
employed on the A 516 Gr. 70 pressure vessel that was
deposited by cladding steel plate with pure copper [58].
It was discovered that the nitrogen content of weld deposits
had a significant impact on the microstructure, low-
temperature hardness, and pitting resistance to corrosion of
duplex stainless steel where it was clad over low alloy
steel base metal. It observed that the heat input and
shielding gas composition had an impact on the
nitrogen intentness in the weld deposit. A standard
composition of 3% to 5% molybdenum, 19% to 23%
chromium, and 6% to 10% nickel makes up the layer of
hardfacing, which is formed of duplex stainless steel 2209
alloy. The statistics on losing weight indicated that the rate
of duplex stainless steel disintegration will undoubtedly
increase over time. Additionally, the alloy with Ru
reduced a notable weight-loss impact. Electrochemical
experiments revealed that if Ru's corrosion potential
constantly shifts in a positive direction, the corrosion current
density reduces. The results demonstrated that pitting
and homogeneous corrosion dropped while duplex
stainless-steel  polarization resistance enhanced.
Ruthenium resistance to acidic corrosion and neutral
chloride solutions became a clear result of the presence of
ruthenium in DSS alloy 2209 causing passivity to increase
[59]. Prior research has shown that the duplex stainless steel
alloys incorporating secondary ruthenium (Ru) have
improved corrosion resistance and catalytically modified
corrosion performance in condensed sulfuric acid solutions.
Experiments were conducted to investigate the effects of the
welding process on the rate of cooling and pitting resistance
to corrosion of the weld surfaces of super duplex stainless
steel. Welding parameters such as input of heat, and
technique of wire feeding during cooling were investigated
in this research to ascertain their effects. This contained
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multi-pass welding and was used to weld the heat affected
zone (HAZ) and weld areas with super duplex stainless steel.
The maximum pre-heating temperature, which may regulate
the cooling duration and is therefore a crucial variable, was
used to simulate the heat input. Despite being essential for
phase balancing with the weld and HAZ, the cooling rate
was unaffected by the wire's feeding rate. It also affects
protection against corrosion and the development of
intermetallic compound phases. In a single experiment,
the conventional wire feeding method was applied with
a suitable rate of cooling (heat released of 1400 J/mm),
and the outcome was excellent resistance to corrosion
[59]. The SAF2205, a commercial-grade model, is
used in another research study. The influences of
temperature, chloride ion (CIl) concentration, and
bromide were recorded when the crack propagation
characteristic of duplex stainless steel was explored. It
was discovered as a consequence that rising bromide
ion concentration and temperature correspond to a drop
in the capacity of pitting. When the CI" was not present
beforehand and at ambient temperature, there was no stress
corrosion cracking damage. Cl (chloride) containing solvent
at a temperature above 350°C was determined to be the
crucial cracking temperature. To show the considerable
reduction in resistance to localized corrosion when
utilising distinct austenitic duplex weldments, the
course project research used double austenitic fillers
and also duplex fillers. The higher molybdenum
concentration, which was still practically visible, had a
smaller impact on austenitic fillers. Austentic fillers or
electrodes like ER 316LSi electrode and ER 308LSi
electrode are readily available. The ER 316LSi filler
has a larger chrome concentration than the ER 308LSi
filler or electrode among these electrodes, giving it
more consistent mechanical qualities. Metal arc welding
uses 309Low carbon stainless steel flux cored electrodes to
create high perfecttionate hardfacing with the necessary
output and resistance to corrosion. Nickel chromium
molybdenum alloys, which have excellent corrosion
resistance and outstanding creep qualities, can be
utilised to the best use in petrochemical industries and
oil industries. With hardfacing, carbon steel Ni-alloys,
which are made using roll bonding or explosive
welding, can provide great corrosion resistance as a
less expensive option. Limiting the Fe content up to
5% requires great care to control the welding
chemistry. A similar idea was used using Alloy 625
electrode wire, which produced an excellent result for
GMAW hardfacing.

6. Conclusion

The minimum requirements for a high- perfecttionate
welded junction are recognized to be the shape of the weld
bead and the geometry of the bead, which can further impair
into bead width, height of the bead, and penetration.
However, to achieve the least amount of dilution,
penetration through the hardfacing should be maintained
low. When it comes to GMA welding, both the deposit rate
of weld and heat participation are high. Due to the relatively
narrow welding penetration breadth, the pulsed kind of
GMAW process may be employed to solve this issue.
However, the revolving arc device is ideal because of
increases the structure of penetration. Welding current,
voltage, and speed are some important factors when weld
hardfacing employed since they increase output execution
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and provide alternative machine operating modes and metal
flow techniques. The stand-off distance, the force of the arc
and the welding gun angle are among the other factors that
are crucial during welding. The application-specific
modification of these parameters can greatly improve
the output structure's mechanical strength, wear
resistance, and corrosion resistance. In addition to
these factors, there are other ways to boost output
enactment, including alternate machine operation
modes and metal flow procedures. Additionally, while
weld hardfacing, we must be aware of the thermal
environment, though the external heat treatment may
be quite helpful. As with materials, various types of
materials have been employed as weld hardfacing
materials. However, it has been shown that several
rearmost materials can enhance anti-corrosive qualities
in a more useful manner. The formation of various
precipitations and intermetallic compounds, in addition
to structural alteration, also contributes to this. A
desirable weld bead shape and a potential microstructure
with a noticeable ferrite stage improve the anti-corrosive

performance, and step-by-step research can be done to find
the best way to get the desired resistance to corrosion. Note
that although the weld hardfacing penetration is low, the
hardfacing layer must have enough shear strength to prevent
separation from the mother material. Although gas metal
arc welding (GMAW) hardfacing is a useful technique for
improving surface wear resistance, it is not without
restrictions and difficulties. The main difficulty is that it is
prone to cracking, particularly in high-stress applications. To
address this, pre-weld and post-weld methods need to be
carefully considered.  Furthermore, proper surface
preparation and parameter selection are critical for ensuring
optimal properties of the hardfaced materials.

This is an Open Access article distributed under the terms of
the Creative Commons Attribution License.
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