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ABSTRACT

The flux used in Submerged Arc Welding (SAW) is converted into slag during welding which is treated as waste
and is normally discarded. Being non biodegradable, such slag if not disposed off properly may give rise to a
number of environmental problems. Safe disposal of such slag requires its proper handling, transportation and
need landfill space for its proper dumping, which costs money. Sometimes the slag dumped in the landfills can
become a source of soil pollution and groundwater contamination. Furthermore, dumping of slag leads to wastage
of natural resourses and minerals which are used in making of flux, which is also an environmental concern.
All these problems can be mitigated by developing some methodology that will enable the reuse this slag as
flux. In the presented work an attempt was made to ascertain the feasibility of reuse of the SAW slag generated
during stainless steel cladding applications, merely by crushing it to the particle size of the original flux. For
this study two 4 high weld pads were prepared on SA-516 (Grade 70) base plates using the original flux and the
crushed slag. The arc stability, physical appearance, slag detachability and chemistry of top layer of both these
weld pads, were compared with each other.  It was found that the quality of claddings obtained using crushed
slag was inferior to the one obtained using fresh flux, hence, as such these can not be used for critical applica-
tions where ASME/AWS code requirements are very stringent; however, if desired, such flux can be used for
general non critical applications where strict compliance of the code is not needed. Further it was concluded that
to be able to reuse this slag as flux having the same qualities as that of the virgin/fresh flux, one need to develop
suitable technology to recycle it properly by replenishing it with suitable alloying elements/deoxidizers, thereby
reclaiming its original characteristics. The work on development of such technology will be further undertaken.
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INTRODUCTION

Submerged Arc Welding (SAW) is a high quality,
very high deposition rate, arc welding process.
Out of total metal deposited by welding all over
the world, about 7-10% is deposited using this
process alone1. In this process one or more arcs
formed between one or more bare wire electrodes
and the work piece provides the heat for coales-
cence. The welding arc and the weld pool remain
submerged under a blanket of granular flux. The
Electrode tip and the welding zone are always
surrounded and protected by molten flux while
all of them are covered by the top layer of
unused flux. The molten flux get converted to

slag during the process. This process can give
high metal deposition rates of the order of 27 to
45 kg/hr and can operate up to a welding speed
of 5m/min2. The process is suitable for weld-
ing/cladding of high strength low alloy steels,
stainless steels, aluminum alloys and many other
ferrous and non-ferrous alloys3. 
Apart from welding, the process is also widely
used in cladding applications. The term weld
cladding usually denotes the application of a rel-
atively thick layer (approximately  3 mm) of
weld metal for the purpose of providing a 
corrosion-resistant surface4. Weld cladding
generates a very strong metallurgical bond
between the surface coating and substrate.
Therefore one can recommend the appropriate
coating for enhanced corrosion protection, wear
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resistance or hardness5,6. In modern industry,
increasing use is being made of clad materials as
a means of achieving the optimum balance of
strength, special surface properties and economy.
Some of the typical base metal components that
are weld-cladded, include the internal surfaces of
carbon and low-alloy steel pressure vessels,
paper digesters, urea reactors, tube sheets, and
nuclear reactor containment vessels etc. SAW
cladding offers very high fusion efficiency,
compatible with automation, heavy section
work, cladding of large areas, resulting in this
method being largely selected in industrial
plants7.
A large amount of slag is generated during
submerged arc welding/cladding process. This
slag is treated as waste and is disposed off. Being
non-biodegradable, the slag does not decay with
time and if not disposed off properly, it can create
a lot of environmental problems. The safe and
proper disposal of the slag requires its proper
collection, handling, transportation and need
landfill space for its dumping. All this involves a
considerable amount of spending. Even if disposed
off in this manner, the slag still can becomes a
source of soil pollution and groundwater
contamination and thus can cause havoc.
Moreover manufacturing of fresh flux require
the use of fresh non-renewable resources such as
minerals from the earth's crust, which may get
exhausted due to continuous mining. 
It is not possible to stop the generation of SAW
slag since it is a by-product of the process.
However instead of dumping it as waste in the
dump yards/landfills space, methods can be
devised to reuse it for some other useful purpose,
so that its adverse environmental affects can be
minimised. Furthermore since the SAW flux is
costly and constitutes a major portion of the total
welding cost, it will be highly beneficial if some
methods can be developed through which the
slag can be reused as flux after suitable
conditioning/processing. But such reuse is
possible only if this conditioned/recycled slag is
able to produce the SAW welds/clads of the
acceptable quality. Reuse of slag will not only
help in minimization of wastage of natural
resources and mitigation of environmental
problems, but also will result in significant

reduction of the overall welding cost. 

Literature Survey 
A brief account of the work done by various
researchers to find a solution of the problems
associated with the slag waste is being presented
in this subsection.
Viana et. al.8 and Morete et. al.9 carried out
studies with an objective to analyze the possible
uses of SAW slag in the civil construction.
However all these studies have been conducted
in Brazil only and no other literature regarding
any such study conducted by any researched in
any other part of the world, has been found.
Further more reuse of slag in this manner will
only help in solving the environmental problems
caused by its dumping as waste; however the
problem of wastage of mineral resources will
still remain largely unsolved1.
Some researchers have investigated the possibil-
ity of using a mixture of fresh flux and crushed
slag as a substitute of fresh flux. Moi et al.10 and
Pal et al.11, 12 introduced the concept of using
slag-mix % as a process variable. It was revealed
that 10% slag-mix should be used (optimum
amount) to achieve favorable quality weld in
terms of bead geometry and use of a slag-mix up
to 20% does not impose any adverse effect on
weld quality characteristics associated with bead
geometry, Heat Affected Zone (HAZ) and weld
metal chemistry.
However, even if 20% of slag is reuse by mixing
it with fresh flux, as has been proposed by these
researchers, the remaining 80% of the slag gen-
erated in each cycle will still remain unutilised
and will have to be discarded sooner or later.
Thus this method of reusing slag only presents a
partial solution to the entire problem, whereas
80% of the slag will still have to be discarded as
waste1.
Some researchers have attempted to develop
technology to achieve 100% recycle of the SAW
slag. The first such attempt was made by Alfred
Beck in 195913. He used a closed loop recycling
process and started practicing this in 1963.
Eagar14 investigated on reprocessing and reuse
of the fused slag as means of reducing costs of
submerged arc welding of titanium. Beck and
Jackson15 found that if it is processed properly
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and according to code requirements, recycled
slag can be reliably used as an alternative to
fresh flux. A saving up to 50% of the total cost of
purchased flux by recycling the slag was
claimed. The Paton Electric Welding Institute16

of The National Academy of Sciences in Ukraine
also reported the development of a technology
for recycling of slag. Harbert Inc. & TITUS Steel
Company17 in USA has been reclaiming slag for
fabricators in the USA. However due to com-
mercial interests they have not made the technol-
ogy public.
Singh et al.18 investigated to see the effect of
recycled slag on bead geometry in submerged
arc welding. The slag was processed by replen-
ishing with suitable alloying elements/deoxidiz-
ers and then converted into new flux called recy-
cled flux. Recycled flux was used to study the
effect of welding parameters on bead geometry
and shape relationships. Singh et al.19,20further
observed that the chemistry of weld metal & its
mechanical properties were also within the
acceptable range of AWS code requirement. 
Although these researcher were successful in
developing technology by which SAW slag can
be 100% recycled for its reuse as flux again,
however this recycling process is associated with
a considerable amount of labour cost and materi-
al cost (i.e. the cost of material to be added in the
slag to reclaim it).  However, if the SAW slag
can be reused as flux merely after crushing it to
the particle size of the original slag, without any
new additions/further processing, the cost of
reuse of the slag will be quite low. But the qual-
ity of clad metal obtained using this reused slag
needs to be analyzed before recommending/
undertaking its reuse. Motivated by this, some
researchers explored the possibility of reuse of
the crushed slag as flux in submerged arc weld-
ing. Garg et. al.21 Made an attempt to reuse the
SAW slag obtained during welding of mild steel
pipes, after crushing it to the particle size of the
original flux. It was found that the weld metal
showed no significant changes in terms of phys-
ical appearance, bead geometry and microstruc-
ture. However significant change was observed
in the chemistry of weld metal obtained using
crushed slag. It was also found that there was
some variation in micro hardness of the speci-

mens obtained using crushed slag from those
obtained using fresh flux22. It was concluded that
the crushed slag can not be used for critical
welding applications where AWS code require-
ment is stringent; however it can be used for gen-
eral non critical applications where strict compli-
ance of AWS code is not a critical issue.

AIMS AND OBJECTIVES

The literature survey presented in the preceding
subsection shows that although attempts had
been made by various researchers to develop
methods for reuse and recycle of slag in sub-
merged arc welding, but no published data
regarding reuse of slag in submerged arc
cladding is available. Finding this research gap,
a study was undertaken with an objective to
ascertain the feasibility of reuse of the slag in
submerged arc cladding of stainless steel, after
merely crushing it to the particle size of the orig-
inal flux and to study its effects on the physical
appearance, slag detachability, arc detachability
and the chemistry of the claddings thus obtained.

MATERIAL  AND  METHODS

To carry out this study, SAW slag generated dur-
ing actual submerged arc cladding of stainless
steel was collected from the dump yard of Indian
Sugar and General Engineering Corporation
(ISGEC), Yamuna Nagar, Haryana (India), an
industry engaged in production of heavy duty
presses, boilers, pressure vassals, heat exchang-
ers and reactors. In this industry SS cladding is
primarily done using SAW and ESW processes.
Approximately 30 Kg of SAW slag generated
during the SS cladding of the inner lining of a
pressure vassal, using Adore S-33 flux, was
collected from the pressure vassal division of
this concern. 
This slag was manually cleaned to pick up and
remove gravels, electrode pieces and other visu-
al impurities present in it. It was then crushed
using a mechanized and a manual crusher to con-
vert it into reusable granular flux.  The crushed
mass was then manually sieved using a set of
ASTM standard sieves (10 No. and 25 No.) to
make sure that the grains of the reusable flux
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(crushed slag) confirm to the particle size distri-
bution of the original flux. 
Fig  1 shows the slag as collected from the
industry and the Fig 2 shows the same slag after
its crushed and sieved to the particle size of the
original flux.
The crashed slag was used to prepare a 4 high
weld pad with 3 passes per layer (Fig.3) as per
the guidelines of ASME SFA 5.21/5.17/5.9 stan-
dards, so as to obtain the undiluted weld metal

free from the effects of the base metal on the top
layer.  A Carbon steel base plate (SA-516, Grade
70) of size 150×75×12 mm was used as the base
material for the weld pads. Adore made Stainless
steel electrode wire Subinox-309L (3.2 mm
diameter) was used. The chemical composition
of electrode and the base plate are given in Table
1. A constant potential transformer-rectifier type
power source with a current capacity of 600
amperes at 60% duty cycle and an open circuit
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Fig. 1 : Slag as collected from the industry Fig. 2 : Slag after crushing and sieving (Crushed
Slag)

voltage of 12-48 volts was used.  The welding
parameters of the SAW machine were maintained
as per the values given in Table 2.
A similar weld pad was prepared using original
flux (Adore S-33), on the same SAW machine
while maintaining the same welding parameters.
Exactly same base plate and electrode wire were
used for preparing this weld pad, with the only
exception that it was prepared using fresh flux

from which the slag was originally generated. 
The Arc stability during welding was noted by

observing the fluctuations of the pointer on the
voltmeter fitted in the control panel of the weld-

ing machine. Slag detachability was noted by
observing the ease with which the slag gets
detached from the work-piece surface after weld-
ing. Physical appearance of the uppermost layer
of both the weld pad was also examined critical-
ly to note any visual defects (if any) found on it.
After visual examination, samples of around 25
mm width were removed from the middle portion
of the both the weld pads, as shown in Fig 4. The
top surface of both these specimens was ground
flat using a surface grinding machine. The sam-
ples were then sent to a NABLE approved labo-

Parameter Units Symbol Value
Open circuit 

voltage Volts V 32
Current Ampere I 400

Travel speed m/min S 0.55
Nozzle to plate mm N 25

distance

Table 1 : Chemical composition of the

% age of C Mn Si Cr Ni
Elements
Electrode 0.026 1.5 0.45 23.5 12.5
Base-plate 0.27 1.0 0.3 - -

Table 2 : SAW parameter maintained    dur-
ing the experimentation



ratory for spectrographic examination to find out
the chemistry of top surface of both these speci-
mens.

RESULTS  AND  DISCUSSION

Physical appearance, arc stability and slag
detachability
The arc stability was found to be good in both
the cases; however the slag detachability was
poorer while using the crushed slag. 
Fig. 5 and  Fig. 6 shows the top surface of the
weld pads produced using fresh flux and crushed
slag respectively, It can be clearly seen that the
surface appearance obtained using crushed slag
was quite inferiors to that obtained using fresh
flux. 

Chemistry of the top surface
The chemistry of top surface of the claddings
obtained using fresh flux and the crushed slag is
given in Table 3.
It can be seen that there is a significant difference
in the %  of almost all the elements in the chem-
istry of top surface of the cladding obtained using
the fresh flux and the crushed slag. However
since the % age of majority of elements in the
specimen obtained using crushed slag, fall close
to the acceptable range specified by the relevant
standard, the crushed slag can be used for gener-
al purpose cladding applications where the strict
compliance of the code is not needed, but it will
not be advisable to use the crushed slag as flux
for critical applications where strict compliance
of ASME/AWS code is essential.
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Fig. 3 : Weld pad prepared for chemical analysis Fig. 4 : Removal of Sample from the weld pad

% of Elements C Mn Si Cr Ni P S 
With fresh flux 0.03 1.18 0.65 21.88 11.62 0.016 0.001 
With crushed slag 0.04 1.34 0.53 21.51 11.28 0.015 0.012 

Table 3 : Comparison of chemistry of the weld metal

Fig. 5. Top surface of the weld pad prepared
using fresh flux

Fig.6. Top surface of the weld pad prepared
using crushed slag

% age of Elements Mn

0.74 20.54



Cost Analysis
Since the SAW slag is treated as waste and is dis-
posed off by the industry, therefore it is available
free of cost. Its reuse as flux only requires that it
is properly collected, crushed & sieved to the
particle size of the original flux.The cost of all
these operations is very nominal and that too is
balanced by the cost that will otherwise be
incurred in handling and dumping of the slag as
a waste product. Therefore effectively, reuse of
slag in this manner, results in almost 100% sav-
ings in the cost of new flux.     

CONCLUSION

The above study shows that it is quite feasible to
reuse the submerged arc cladding slag as flux
after crushing and sieving it to the particle size of
the original flux. The arc stability using the
crushed slag was found to be acceptable, but the
slag detachability and surface finish obtained
was not so good. It also adversely affects the
chemistry of the top surface of the cladding.
Thus it is not advisable to use the crushed slag
for those cladding applications where strict com-
pliance with the welding code and good surface
quality is desired. Furthermore to be able to
reuse the slag, obtaining the claddings having the
same quality and surface finish as is obtained
using the virgin flux, the slag is needed to be
properly recycled by replenishing it with suitable
deoxidizers and alloying elements that have got
exhausted during its first use, thereby reclaiming
its original characteristics.
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