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Abstract: Weld cladding is a process of depositing a relatively thick layer of filler material of approximately 3mm on the
base metal through welding so as to develop surfaces with desired properties. Cladding is usually done to increase
the corrosion resistance, wear resistance or hardness of such base metals having inferior properties. Cladding
improves the service life of engineering components, and also reduces their cost. In this paper, various weld cladding
technique, and effect of process parameters on clad quality including microstructure, mechanical and other cladding

properties are discussed.
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1. Introduction

Weld cladding techniques was first developed at
Strachan & Henshaw, Bristol, United Kingdom, for use
on defence equipment, especially, for various parts of
submarines [1]. Through weld cladding, composite
structure is developed by fusion welding process. All
metals used as fillers may be used for weld cladding.
Materials such as nickel and cobalt alloys, copper
alloys, manganese alloys, alloy steels, and few
composites are commonly used for weld cladding.

Weld clad materials are widely used in various
industries such as chemical, fertilizer, nuclear and
steam power plants, food processing and petrochemical
industries. Various industrial components whose base
metals are weld-clad are steel pressure vessels, paper
digesters, urea reactors, tube sheets and nuclear
reactor containment vessels. Cladding using gas
tungsten arc welding is widely used in aircraft engine
components to maintain high quality.

In this paper, influence of process parameters,
shielding gas, etc., on microstructure, mechanical
properties and corrosion resistance of weld clad metals
are reviewed. Various methods which can be adopted
for improving weld clad quality are also discussed.

2. Various Processes of Weld Cladding

Weld cladding can be done by using various processes
such as Submerged arc welding (SAW), Gas metal
arc welding (GMAW),Gas tungsten arc welding (GTAW),
Flux cored arc welding (FCAW), Submerged arc strip
cladding (SASC), Electroslag strip cladding (ESSC),
Plasma arc welding (PAW), Explosive welding, etc.
GTAW and PAW are widely used for the cladding
operations, and they produce superior quality cladding

because they generate high stable arc and spatter free
metal transfer [2]. Welding variables and inert gas
shielding can be precisely controlled in both GTAW
and PAW. Though GTAW and PAW cladding can
produce excellent overlay with a variety of alloy
materials, but deposition rate is low compared to other
processes which limit its application in industries.

Submerged arc strip cladding (SASC) and
Electroslag strip cladding (ESSC) are extensively used
[3] for cladding large surfaces of heavy—wall pressure
vessels. Three mostimportant characteristics of SASC
and ESSC are high deposition rate, low dilution and
high deposition quality. Deposition rate in ESSC is much
more than in SASC because of absence of arc,
whereas, dilution in ESSC is less compared to SASC
because of the same reason.

Weld cladding is widely done using flux cored arc
welding (FCAW) process due to various advantages.
With properly established process parameters
automation and robotization can be done easily in
FCAW [4].

Wear, corrosion and heat resistance of material
surface is enhanced by plasma transferred arc (PTA)
surfacing [5]. PTA process is also considered as an
advanced GTAW process used largely for overlay
applications. Various advantages of PTA surfacing are
very high deposition quality, high-energy concentration,
narrow heat affected zone, less weld distortion, etc.
On the other side, demerits of PTA surfacing are low
deposition rates, overspray, and very high equipment
costs.

Cladding with the use of submerged arc welding
(SAW) is applied for large areas, and its fusion efficiency
is quite high. SAW can be easily automated and
employed specially for heavy section work [5].
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Gas metal arc welding (GMAW) is popular among
various weld cladding processes, and it is widely
accepted by industries due to various characteristics
such as, high reliability, all position capability, ease of
use, low cost, high productivity, suitability for both
ferrous and nonferrous metals, high deposition rate,
absence of fluxes, cleanliness and ease of
mechanization [6].

3. Weld Clad Quality

Clad Bead geometry has a significant role in weld
cladding because the strength of clad metal depends
largely on bead geometry. Clad bead geometry is a
function of wire feed rate, welding speed, arc voltage,
etc.

Weld cladding also depends largely on dilution of
weld metal, i.e., the ratio of cross section of weld metal
below the original surface to the total area of the weld
bead measured on the cross section of the weld deposit.
Successful weld cladding needs a good profile weld
bead and minimum dilution [6,7].

3.1. Effect of process parameters on clad bead
geometry

Effect of wire feed rate: It was observed that with
increase in wire feed rate, depth of penetration, height
of reinforcement, and weld bead width increases. With
increase in wire feed rate welding current also increases
resulting in an enhanced power per unit length of the
weld bead and higher current density, causing larger
volume of the base metal to melt which causes deeper
penetration [6,8].

Effect of welding speed: In stainless steel cladding
by GMAW, height of reinforcement and weld bead width
decrease with increase in welding speed. Heat Input
per unit length of weld bead reduces with increase in
welding speed, and less filler metal is applied per unit
length of the weld. Increase in welding speed also
decreases penetration of weld metal [6]. In weld cladding
by plasma transferred arc (PTA) process, effect of
increase in welding speed was found the same as it
was for cladding by GMAW. In PTA process, with the
increase in speed, it was observed that reinforcement
increases to some optimal value, and then decreases
with further increase in speed, because, with high
welding speed, amount of powder deposited per unit
length of bead decreases [5].

Influence of welding gun angle: Experimental

results depicted that in forehand welding (i.e., gun
angle>90°), depth of penetration, height of
reinforcement, and weld bead width decrease gradually
with increase in welding gun angle from its center point
(90°) to the upper limit (110°). Same effects are also
observed for backhand welding (i.e., gun angle <90°),
when gun angle decreases from its center point (90°)
to the lower limit (70°) [6].

Nozzle-tip-distance (NTD) and its effect: It was
observed [4] that with increase in nozzle-tip-distance,
depth of penetration increase at first, and then sharply
decreases. On the other hand, Kannan & Yoganandh
[6] found out that with increase in nozzle-to-plate
distance, weld bead width and height of reinforcement
increases. This is because circuit resistance increase
with increase in nozzle-to-plate distance which reduces
the welding current, and hence, lowers the heat input
per unit length of the weld resulting in reduction in fusion
area. Ultimately, depth of penetration decreases. It was
also observed that arc length increases with increase
in nozzle-to-plate distance and hence, the bead width
increases due to wider arc area at the weld surface [6].

Effect of welding current: It was observed [5] that
with increase in welding current, penetration increases
significantly. This happens because with increase in
welding current heat input to the base metal increases
to a large extent resulting in gradual increase in dilution,
weld width and total area.

Influence of oscillation width: With increase in
oscillation width, it was found [5] that reinforcement
decreases. As oscillation increases, deposited metal
got distributed along the width resulting in decrease in
reinforcement. Penetration decreases slightly as weld
width increases due to increase in oscillation. It was
also observed that with increase in oscillation, dilution
increases, and this may be due to the significant effect
of decrease in reinforcement. Total area also increased
with increase in oscillation as width increases.

3.2. Various methods adopted for improving weld
clad quality

Dilution was controlled by using two wires GTA cladding.
Since two wires consume more heat from the arc, hence,
less heat is absorbed by the substrate metal, and
results in less dilution [8]. Dilution is reduced
significantly by using auxiliary preheated filler wire,
because heat content of the filler wire is partially
controlled by the preheating current (1?R), whereas main
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welding current provides remaining energy required for
melting the wire. Welding current controls the arc force
and heat transmitted to the weld pool, and any decrease
in welding current causes decrease in dilution [9].
Pulsed gas metal arc welding (P-GMAW) employed
for weld cladding decreases higher carbon dilution
responsible for decreased corrosion resistance [10].
Post-weld heat treatment (PWHT) decreases
hardness but significant improvement was noticed in
weldment regarding thermal fatigue resistance [5].

3.3. Microstructure of weld clad and corrosion
resistance

It was observed that weld cladding performed with
pulsed current results in finer and more homogenous
solidification structures and lower dilution levels. Dilution
level increases with increase in current intensity and
causes decrease in hardness. In the microstructure of
Stellite6/WC cladding, wear resistance of cladding
layers increases with higher content of WC [10].

Phases constitution of weld clad obtained by
depositing AlSI 431 martensitic stainless steel depend
on cladding speed. It was found [11] that with increase
in cladding speed, cell spacing decreases due to higher
solidification rate. No changes were observed in phase
constitution for multi-layer cladding due to refinement
of the solidification structure. Hardness reduces, and
wears rate increases as dendritic structure refines and
stabilizes the parent austenite phase in single-layer
claddings, with high cladding speed. In thermally-aged
stainless steel, Cr spinodal decomposition was
observed in the weld clad aged at 400°C for 10,000 hrs
[12].

Two-phase microstructure was observed in weld
cladding of duplex stainless steel by GMAW in which
precipitation of gamma (y) phase was observed during
cooling after solidification in single delta (8) phase.
Calculated delta ferrite was less for higher heat input,
and reversed effect was observed for lower heat input.
It was also noticed that shielding gas effect on ferrite
content is not pronounced [13]. It was observed that,
both heat input and shielding gas composition affects
corrosion property of duplex stainless weld deposit.
Weld deposit associated with high heat input suffers
more corrosion than with low heat input. It was also
found that with increase in argon content in the shielding
gas, corrosion property of weld improves.
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Figure 1.1: Microstructure of a weld clad specimen

Weld cladding of mild steel with 316L austenitic
steel was explored using GMAW process. Austenite
and interdendritic ferrite phase were observed (Figure
1.1) in the fusion zone. Equiaxed grains were found
which increases tensile strength. Figure 1.2 shows
microstructure of the HAZ. They found less corrosion
during cladding with 150 Aweld current and 5.9 mm/s
weld velocity under 24 volt setting [14].

Figure 1.2: Microstructure of Heat affected zone of the
lower portion below the interface

4. Concluding Discussion

Success of weld cladding mainly depends on proper
selection of process parameters. Clad quality is
characterized by microstructure of cladding, and clad
bead geometry, especially, dilution that needs be as
less as possible. Suitable cladding imparts desired
corrosion resistance.
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