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Abstract: Cladding on a surface may refer two main functions; one is to improve surface dependent properties like resistance to
wear under abrasion, erosion and corrosion, and the other is to enhance the bulk dependent properties like hardness, strength,
etc. that is known as hard facing. Clad components are expected to have capabilities of serving its specific function in a hostile
environment for a sufficiently long time economically. For this, there is increasing demand of clad components in various
industries like chemical, naval, mining, agriculture, power generation, etc. On the other hand, tool manufacturers use cladding
techniques more and more in producing tools like rollers, dies, jaws, etc. which should possess high hardness and large
compressive strength. Cladding through welding is one popular and versatile method. In this paper, various methods, especially,
different welding techniques, used for depositing a layer to cover a surface, and in particular, cladding, are discussed
mentioning their applications. Various characteristics of clad components are reviewed with reference to parametric
optimization, microstructure and corrosion resistance properties.
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L. INTRODUCTION
Materials which survive under severe condition for long are adopted in industries either as bulk structural materials that are much
costly, or to cover some low grade cheap materials to improve their service life [1]. Different methods used to serve the purpose
economically are coating, plating, buttering, cladding, metal spraying, etc. The use of coating in a modern manufacturing industry is
continuously increasing to improve product performance. Coatings are used in electrical/electronic appliances, anti-corrosion and
numerous wear resistant components, etc. Deposition of thin layers in the order of few microns is known to be surface coating [2].
One such application is to coat a cutting tool that may have a thickness ranging from 2 to 15 um deposited and bonded to the tool
substrate. Aim of this coating is to generate a layer with quite high hardness and low friction to achieve good wear resistance by
reducing adhesion and sticking [3]. Sprayed coatings are normally applied to a thickness of 75 to 180 pum to provide adequate
corrosion resistance [4].
Plating is another popular metal deposition method by means of electrolysis. This process is mainly limited to electrically
conductive materials. Main aim of plating is to enhance corrosion and/or erosion resistance properties as well as strength of the
parent material [5]. Chromium and nickel plating are commonly used in plastic injection moulds made of steel, etc. Plating may help
preventing seizure and galling, reducing friction, increasing surface hardness and suppressing corrosion of the substrate [6].
Another surfacing process is buttering in which a layer is formed on the substrate surface to facilitate proper bonding of weld
overlay. In absence of buttering, bonding between these base materials usually becomes quite poor, or even, may not be feasible.
The composition of buttering layer is different from weld metal and parent metal. In case of mild steel (AISI 1020) and stainless
steel (304L) joining, one buttering paste made of nickel powder, ferro-vanadium and ferro-titanium powders were deposited [7] onto
the joining surfaces of both materials in an investigation. Then GTAW was done. Subsequent layers were deposited on joining
buttered surfaces by means of SMAW using Inconel 182 consumables. Unlike coating, in cladding, material of several millimeters
is deposited [8] on a corrosion-prone material for protecting it from corrosion and/or imparting high strength on the surface to
increase service life of the parent material. Cladding does not change the microstructure of the base material [9] as this process
creates a new surface layer with a different composition than that of base material. In general, cladding layer is harder than the base
material. Compared with other techniques used for surface treatment by means of material deposition, cladding has some distinct
advantages. It provides high hardness, corrosion and/or erosion resistance, good bonding and favourable microstructure [10, 11].
When cladding is used to improve hardness of the surface of a component, it is called hardfacing. In case of alloy steel, cladding on
low carbon steel by means of welding, heat input plays a significant role for achieving higher hardness of the surface [12]. Basically
weld cladding is permanent joining of two dissimilar ferrous or non-ferrous metallic materials in which one is known as substrate
and the other is clad material deposited through coalescence formation. Different aspects are to be considered while undertaking
weld cladding without any defect [13]. One major difficulty is the possibility of formation of cracks caused by dissimilar contraction
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of cladding materials as well as the substrate [1, 14]. To overcome this problem, different crack prone elements could be eliminated
from the electrode, and multilayer deposit along with the provision of buffer layer was tried [1] to reduce the possibility of
formation of crack. Use of tubular electrode and suitable preheating were also done to help prevent crack propagation [14]. For
successful dissimilar metal joining between carbon steel and stainless steel, fatigue crack growth behaviour was explored in another
work [15]. Thermal spraying is another technique of placing initial coating onto substrate. This method was used to improve
properties of thermally sprayed metals, alloys, composites, and ceramics applied as biomedical coatings, thermal barrier coatings,
wear resistant coatings, corrosion resistant coatings, and wear resistant coatings engraved with laser beams [16, 17]. The present
paper contains an overview on different cladding processes, and weld cladding particular. The area of applications of cladding is
mentioned. Weld cladding processes are discussed with regard to microstructure and their corrosion resistance properties.

1. METHODS OF CLADDING AND APPLICATION AREAS

Cladding can be done by several processes like rolling, strip cladding, different types of welding, viz. electric resistance welding
[18], shielded metal arc welding (SMAW), submerge arc welding (SAW) [19], overlay welding, electroslag welding (ESW), gas
tungsten arc welding (GTAW) [20], flux cored arc welding (FCAW) [21], gas metal arc welding (GMAW), laser beam welding
(LBW), oxyacetylene welding process, powder welding by laser [11], pulsed gas metal arc welding process (GMAW-P), tubular
core covered electrodes, plasma process (Hot-wire), submerged arc welding process (SAW) (submerged arc strip cladding and strip
ESW surfacing), electroslag cladding, friction cladding, laser engineering net shaping (LENS), etc. Cladding by explosive welding
uses an explosive detonation as the energy source to produce a bond between metal components. It can be used to join virtually any
metal combination, that are metallurgically compatible or that are known as non-weldable by conventional processes.

In recent years, weld cladding processes are being applied widely in numerous industries such as chemical, and fertilizer plants,
aviation, mining, agriculture, power generation, food processing, etc. as a cost effective engineering solution. These are used to
deposit a surface protective layer on corrosion-prone low carbon or low alloy steel against corrosive environment [9, 22]. Weld
overlay cladding techniques were originally developed at Strachan & Henshaw, Bristol for applying on Defense (Navy) components
subjected to extreme pressure and shock loading. These clad components come in contact with sea water, but needed less
maintenance. Cladding techniques were employed in sub-sea components [23] for making outer layer to be corrosion resistant
against corrosive saltwater solution. A number of parts of the submarine pressure hull were clad with Inconel 625 [24]. Pressure
vessels used in power plants were reportedly clad to provide anti-corrosive as well as strong surface layer to survive severe working
conditions at elevated temperature. Residual stresses developed in clad pressure vessels were evaluated, and these data were used in
its designing process [25]. Cladding was also tried to provide for enhanced performance of components in service, or to repair worn
or corroded components [26]. Another new popular technique, namely, laser direct metal deposition (LDMD) is an additive
technique based upon the mechanism of fusing metallic powders delivered by either a lateral or coaxial nozzle to a base metal or
substrate to build three-dimensional objects directly from a computer aided design (CAD) model. Applications of the laser direct
metal deposition process have been found in the aerospace and automotive industries for repair and tooling [27].

I1l.  CLADDING BY WELDING
Cladding can be done by various ways; among them welding is an effective and popular process applied for cladding. Various
welding methods, namely, resistance welding, different arc welding processes like GMAW, SMAW, GTAW, etc., electro-slag
welding, different types of non-traditional welding, like plasma arc welding, laser welding, as well as different hybrid welding
processes are applied [29] to make clad parts successfully. Among different welding procedures, arc welding is mostly employed for
cladding in practice. However, some welding processes other than arc welding are also applied. Resistance welding is one such
relatively uncommon process utilized for cladding. In one application of resistance welding, 1mm thick wear resistant clad layer of
composite metal powder of 110~160 pum sized STL-1 (Co-Cr alloy) and 100 um sized MBF-15 (Ni based brazing alloy) were
applied to clad 1.9 mm thick mild steel plate [28] to possess enhanced wear resistance. In submerged arc welding, surfacing (i.e.
cladding) was performed by using strip electrodes [27, 30], when multilayer vessels could be fabricated by cladding with gas
shielded welding processes [31]. Another process called plasma transferred arc welding was used to produce strong cladding of
stainless steel over carbon steel with low dilution by selecting proper parameters [32]. In electroslag cladding with strip electrodes,
high deposition rate and low dilution made the process cost-effective for marine applications [33]. GTAW was found to be an
effective cladding procedure for stainless steel. By controlling process parameters within proper limit, quality clad layer could be
achieved [34]. In cladding operations, weld beads of nickel-based alloys were deposited on a base plate of carbon or mild steel by
the application of hot wire TIG technology employed by Babcock & Wilcox [35]. The quality of the weld can be further enhanced
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by controlling process parameters. In an experimental work, clad layer of duplex stainless steel done [36] on low alloy steel by
GMAW process was investigated. It was observed that weld bead geometry was greatly influenced by heat input. Linear
relationships were established among heat input and weld bead geometry parameters like width, height, penetration, etc. by
regression analysis which was found to match with real data. In a special type of laser cladding, metal powder was used on cladding
material in which specially designed nozzles offered the possibility of forming and guiding powders into a precise jet or beam,
analogous to wires used in traditional thermal spraying [37]. Laser cladding using powder could be performed in two distinct ways.
In the first process, powder was pasted on the surface by some adhesive and then the clad was formed by laser beam. In the second
process, powder was pneumatically fed into the melt pool on a substrate surface so that powder jet and laser beam were focused on
the same area and the clad was formed on the surface; the second process was named ‘blown powder method. Laser coating, an
overlay deposition process, was applied on the surface of the base material through melting the coating material in the form of a
powder or wire. Among different techniques, laser cladding was reported to provide low dilution and low heat input to the
component [38]. Recently different hybrid welding processes like CO2-Laser GMAW were employed to control droplet transfer
mode by selecting proper range of parameters to get quality cladding [39].

IV.  CLADDING MICROSTRUCTURE
Clad part exhibits various properties which are much dependent on their microstructure. Various phases are formed due to high heat
input, cooling pattern and various alloying elements present in the filler as well as in the substrate. Particular phase and alloying
elements present are responsible for the mechanical properties and corrosion resistance against a particular corrosive environment.
Cladding being basically a dissimilar welding, mixing of elements in two different materials is happening in coalescence or bead
region. This also causes different properties at the bead from the substrate and filler metal. The effect of chromium was explored
[40] in a SMAW cladding. Chromium was seen to impair impact toughness, although it promoted increase in the percentage of
acicular ferrite (AF). In addition, it was observed that an increase in carbon content promoted further decrease in impact toughness
due to the higher volume fraction of the (Mertensite/Austenite) constituent. Some coating containing typical elements increased
wear resistance property significantly. In a work, plasma transferred boride coating on 1082 steel increased wear resistance by four
orders to that of steel substrate [41]. The same type of coating on the same substrate was done by SMAW also [42]. Gas tungsten
arc welding was used to overlay with a Ti-Ni cladding onto the SUS 304 and AISI 1045 steel substrates. By examining the
microstructure and composition of overlays, it was observed that due to mixing of materials within weld bead and rapid
solidification during cladding, overlays showed a feature of dendrites surrounded by various precipitates. The hardness of overlay
was found to be higher than that of Ti-Ni intermetallic filler wire by about three times. This produced high hardness and cavitation-
erosion resistance of overlay. This significantly increased cavitation-erosion resistance of the steel substrate in a corrosive
atmosphere containing 3.5 wt% NaCl solution [43]. Welding process itself is one of the major factors that influences a lot in
achieving desired microstructure. Stainless steel overlay was made [44] on low carbon steel using three different processes, viz.
TIG, high current pulsed arc and constricted plasma arc to compare their effectiveness. For GTAW arc cladding, using filler metal
only beyond 3.2 mm diameter, the clad layer became stainless steel with less than 50% dilution. For pulsed arc cladding, the
complete stainless steel microstructure demanded a large diameter filler metal at a pulse frequency of 500 Hz. However, the plasma
arc cladding could be achieved in such a way that the conversion into stainless steel on the mild steel surface occurred with the
microstructure of cellular austenite in clad layer and cellular dendritic austenite containing phase in fusion boundary region. It was
observed that for the formation of stainless steel microstructure, layer on the mild steel could be yielded by using large diameter
filler metal, giving below 50% dilution through localized and constricted arc [45]. During an investigation, multi-pass cladding
using SMAW was carried out by nitrogen alloyed martensitic steel on continuous casting roll for increasing wear resistance
properties. Formation of carbides was reported to be difficult to prevent, particularly in the inter-bead and reheated zones. After
welding, the martensite should be tempered for additional carbide precipitation. The precipitation of chromium-rich carbides may
cause chromium depletion in the surrounding matrix. This phenomenon is known as sensitization. The sensitized region exhibited
reduced corrosion resistance and high susceptibility to nucleation of pit and the initiation of stress corrosion cracks while in service .
In stainless steel clad carbon steels, microstructure changed as a result of diffusion of carbon and other elements at the interface
depending on the temperature values reached during the production process. In such a carbon steel, ASTM A 515 Gr. 60 was
cladded by hot rolling with AISI 304L steel [46]. Bonding at the interface between base material and stainless steel cladding
material, obtained by hot rolling, in similar in experiments was characterised by large amount of inter-diffusion of carbon towards
the austenitic side and substitutional elements towards the ferritic side. This microstructure was found to depend on rolling
parameters, heat treatment and cooling rates. A narrow band of cladding line, parallel to the original interface, followed the ferritic
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grain profiles, and separated the base metal from the austenitic layer. The stainless steel region was far from the cladding line with
microstructure characterized by recrystallized equiaxed austenitic grains free from carbide precipitation. Clad layer characteristics of
duplex stainless steel on low alloy steel by GMAW was investigated in another work [47]. The clad layer was found to have good
corrosion resistance property. It possessed better low-temperature impact strength. It was observed that concentration of nitrogen in
weld deposit had been influenced by heat input and shielding gas mixture, and these exerted great effect on microstructure, low
temperature toughness and resistance to pitting corrosion [48].

Fig:-1 Microstructure oladding layer

V.  CORROSION RESISTANCE PROPERTIES BY CLADDING

Cladding layer, or The overlay, aims at protecting a corrosion-prone cheap substrate against severe atmosphere. Clad material needs
to have corrosion resistance property to enhance the service life of a component, and usually these clad materials are found to be
costly. Butt joints involving 2205 duplex and 316L austenitic stainless steels were done using submerged arc welding. 15 mm thick
plates were welded with dulex stainless steel electrode with heat input in the range of 1.15-3.2 kJ/mm. It was shown that the place
where stress corrosion cracking mostly occured was at the heat affected zone at duplex stainless steel side of weld joints. This
phenomenon was reportedly due to formation of large number of coarse ferrite grains and acicular austenite precipitates at that zone.
High heat input did not deteriorate stress corrosion cracking resistance of welds [49].

It was observed that laser powder cladding of L316 austenite stainless steel powder on carbon steel substrate showed similar anti-
corrosion characteristics with the conventional weld clad specimens using the same compositions of substrate and cladding [50].
Cladding with austenite steel on low alloy steel by GMAW process was investigated in a work. Enhanced property of resistance to
pitting corrosion was mostly revealed [51]. GMAW cladding by duplex stainless steel greatly enhanced the corrosion resistance
property. In one experiment, the influence of heat input on corrosion resistance was investigated. Heat input is the function of
welding current, welding current (directly proportional) and weld travel speed (inversely proportional). It has been observed that
welding current and welding travel speed mostly influence heat input, and so also the corrosion resistance property [52].

The contributions of pure mechanical erosion, electrochemical corrosion of grey cast iron, copperbased alloys and stainless steels
were determined in a consive atmosphere of distilled water and 3.5% NaCl solution at 23°C. The effect of corrosion on the overall
cavitation erosion—corrosion ccurred mostly in grey cast iron and mild steel, and grey cast iron, and negligible in stainless steels.
Stainless steels were undergone pure mechanical erosion in 3.5% NaCl solution in the presence of cavitation in consequence of
hostile condition for the growth of pit. [53]. In short, it can be stated that considerable improvement in service life of a component
can be obtained as was observed in different investigations, through depositing a surface clad layer on to the substrate surface.

VI.  CONCLUSION AND FUTURE WORK

From the above discussion, it is understood that several techniques have been developed for producing a clad layer on low grade
steels. Different welding processes, such as GMAW, GTAW, SMAW, LBW, etc. and some hybrid (combination of two welding
processes) welding processes, like CO2 -laser-GMAW, LMDT, etc. have been employed to yield quality weld cladding to be used
in a wide spectra in various sector industries for enhancing mechanical properties like hardness, cold-toughness, etc. as well as
corrosion resistance. Mechanical properties of clad part could be improved by providing proper heat input. Heat input is set by
controlling by controlling welding current, welding voltage and weld travel speed. On attaining desired microstructure of clad part,
mechanical properties as well as anti-corrosion properties under different reactive environment could be improved significantly.
Some new developments regarding weld cladding techniques, their areas of application, microstructures obtained and corrosion
resistance properties in clad components are also discussed in this paper.
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