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Abstract 

Iron-based hardfacing is widely used to protect the industrial 

equipment exposed to different types of wear. Welding is 

generally used in industry for producing these hardfacing 

layers since it gives better productivity as compared to other 

processes. The chemical composition of the deposited layer 

has a significant role in the controlling the mechanical and 

metallurgical properties as it produces different phases. The 

aim of this study is to investigate the erosive wear behaviour 

of Fe-Cr-C hardface layer developed by Submerged arc 

welding. A mixture of different metal powders including 

ferro-chrome, ferro-manganese and ferro-silicon with graphite 

powder was spread over mild steel plate, and an arc was 

formed over this mixture with the help of submerged arc 

welding to get a hardfaced layer on the substrate. The 

microstructure and phase chemistry of hardfaced alloy have 

been investigated using optical microscopy. The 

microstructure is found to consist of a large primary dendritic 

structure consisting mainly austenitic phase whereas metal 

carbides were present in the inter-dendritic lamellar eutectic 

mix. The erosive wear test was also performed to study the 

wear performance of the deposited layer, and the result 

indicates improved wear resistance of the deposited layer. 

 

Keywords: Hardfacing, Fe–Cr–C hardfacing, Hardfacing and 

SAW, Hardfacing and wear resistance. 

 

Introduction 

Wear is a process which generally deals with the interaction 

of surfaces which results in deformation and removal of 

material. It is a persistent service condition with economic and 

technical consequences. The expenditure associated with wear 

can be in various forms such as replacement and repairing 

cost, loss of production due to breakdown or in the form of 

increased Energy Consumption[1]. A brief idea about the 

scale of losses associated with wear can be visualized from 

the fact that cost due to wear has been estimated to fall within 

the range of 2-4 % of the gross national product for all nations 

[2]. Material and energy losses may be small when calculated 

for a single machine, but when same losses are repeated with 

large numbers of comparable machines, the costs are huge. A 

Study in USA shows 11 % saving in total energy loss in areas 

such as transportation, turbomachinery, power generation and 

industrial processes through development in tribology [2]. 

 Erosive wear is one of the major form of wear that has 

huge economic and technical implications. It can be defined 

as the continuous loss of material due to the interaction 

between the surface of the parent material and the impinging 

solid particle [3]. Solid particle erosion shows the removal of 

material from the surface of the component with successive 

impacts of hard particles travelling at sufficient velocity. In 

this respect, Erosive wear is entirely different from other 

related wear processes such as abrasion and sliding wear 

where continuous contact occurs between the abrasive particle 

and the target material [4]. Despite its technological and 

commercial significance, solid particle erosion is a major 

material removal mechanism occurs in various engineering 

systems such as power generation units, steam turbines, 

pneumatic bulk transport systems, and aircraft gas turbine 

engines, coal liquefaction/gasification plants, mining industry 

and slurry pipelines. Determining erosion data is helpful in 

evaluating material performance, selection of suitable material 

to prevent wear and predicting the service life of industrial 

equipment and systems [5,6].  

Fe-Cr-C hardfacing are widely used in sugar industry, 

mineral processing industry, food processing and machinery 

industries because of their wear resistance and excellent 

comprehensive property[7]. Several studies have been 

conducted on the effect of various alloying elements on the 

behaviour of high chromium cast iron alloy hardfacings[8]. In 

case of erosive wear the addition of alloying elements not 

always aid in achieving improved wear resistance as erosive 

wear resistance does not solely depend on bulk hardness but 

also on the toughness of the material[9]. On the other hand 

also the addition of different alloying element subjected to an 

increase in the processing cost. A study has been conducted to 

study the wear behaviour of the high chromium cast irons 

with boron, vanadium, niobium and tungsten and found that 

the sliding wear resistance of the modified alloys improved 

due to increased hardness but on the other hand erosion 

resistance was similar to the base alloy because of reduced 

toughness[10]. As compared to other alloying element amount 

of chromium and carbon has a major role in determining the 

wear property of the layer as it directly forms different types 

of carbides[7]. It is also found that different carbon percentage 

not only produce different carbides but it also alters the shape 

and size of the carbide which again effects the wear 

property[11,12]. 

This study aims to investigate the erosive wear behaviour 

of Fe-Cr-C hardfaced layer produced with submerged arc 

welding. Various mechanical and metallurgical 

characterisation has been done on the deposited layer which 

reveals enhanced property of the hardfaced layer. 
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Experimentation 
A set of experiments were conducted in which “Bead-on-

plate” technique was used for developing a hardfacing layer. 

Submerged Arc welding was used to deposit the bead on 300 

x 50 x 12 mm mild steel plate with the help of 3.15 mm 

diameter mild steel wire with agglomerated flux. The 

composition of base metal, feed wire is shown in table 1 and 2 

respectively. A constant potential transformer-rectifier type 

power source with a current capacity of 600A at 60% duty 

cycle and an open circuit voltage ranges from 0-56 volts was 

used. The plates were chemically and mechanically cleaned to 

remove oxide layer and any other source of hydrogen, before 

welding. 

 

Table 1: Chemical Composition (wt %) of Base metal 

    C Cr Si Mn S P 

  0.178    0.08    0.16   0.49      0.03      0.03 
 

Table 2: Chemical composition (wt %) of SAW wire 

  C   Mn Si S P Cu 

0.08   0.5 0.05 0.018 0.018 0.25 

 

Hardfacing layer was produced with the paste technique in 

which all metal powders are mixed with silicate base binder 

and spread over the top surface of base metal up to desired 

thickness. Hardfaced layer was produced with fixed 

concentration of graphite, ferro chrome, ferro manganese and 

ferro silicon metal powders. After a successful deposition, 

mechanical and metallurgical properties of the layer was 

examined through optical microscopy and erosive wear test. 

 

Chemical composition Analysis 

After producing the hardfacing layer, it was examined for the 

chemical composition using optical emission spectroscopy, 

and it is provided in table 3.  

 

Table 3: Chemical Composition of base metal and hardfaced 

layer 

Element weight % C Cr Mn Si 

Base Metal 0.178 0.08 0.49 0.16 

Hardfaced Layer 1.24 16.59 2.43 0.91 

 

The chemical composition of hardfaced layer shows the 

presence of higher amount of carbon and chromium content in 

the deposit. Which validate the used technique for better 

capacity of producing uniform and low dilution hardfaced 

layer. 

 

Optical Microscopy 

Optical microscopy was performed using an Optical 

microscope. The micrographs were taken using an optical 

microscope from different location of the hardfaced zone. The 

microstructural examination was taken in top surface as it is 

the area which is supposed to expose to the service condition. 

Both specimens were taken for microstructure study and 

analysis  

After carrying out the hardfacing process, the plates were 

removed from the welding table and cut into small pieces by 

the abrasive cutter. The top surface of cut specimens were 

moulded using the liquid-based resin and binder by mixing 

them and pouring into the mould and allowed to set for about 

20 minutes. Once the mould is made the mould pieces are 

polished using different grades of water proof silicon carbide 

polishing paper of various grit sizes in increasing order 

moving to finer grit sizes i.e. 220, 320, 400, 800, 1200, and 

1500 using the variable speed polisher. The variable speed 

polisher was operated at speed varying from 150 rpm to 300 

rpm to generate a good polishing result and finally, the mould 

specimens were polished using a cloth and alumina paste in a 

polishing machine. Then the polished samples were washed in 

water and thereafter etched. The microstructures of base metal 

and hardfaced layer are shown in figure 1-4. 

 

 
 

Figure 1. Microstructure of base metal at 200x 

 

 
 

Figure-2 Microstructure of hardfaced Layer at 200X 

 

The microstructure of base material consists of ferrite and 

pearlite structure. The base material composition shows 

hypoeutectic property which indicates a less wear resistance 

property of the base material.  

Ferrite 

Pearlite 

Primary dendritic structure 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 6 (2018) pp. 220-223 

© Research India Publications.  http://www.ripublication.com 

222 

 
 

Figure-3 Microstructure of base metal at 500X 

 

 
 

Figure-4 Microstructure of Hardfaced layer at 500X 

 

Optical microstructure study of hardfaced layer reveals that 

the metal carbide was found in the inter-dendritic region of 

the eutectic mixture. Lamellar structure of dark and bright 

layers was observed in the inter-dendritic region. Dark region 

corresponds to metal carbide. The dendritic region 

corresponds to the austenite phase of the hardfacing alloy 

 

Hardness Test 
Hardness test was performed using the hardness tester. 

Macro hardness test was conducted for taking the bulk 

hardness as it is the desired hardness in hardfacing 

application. Hardness values are taken from the top surface of 

harfaced surface and five different places were measured for 

hardness value just to maintain the consistency in the result, 

and values obtained are tabulated in table number-4 

 

Table 4: Hardness value of base metal and hardfaced layer 

Sample Vickers Hardness (HV) 

Base Metal 127 

Hardfaced Layer 420 

 

It is clear from the above values that as the carbon and 

chromium percentage increases the hardness value increases 

as they form carbides during the solidification of weld. 

 

Erosive Wear Test 

Erosive wear test was conducted at room temperature using 

Air Jet Erosion tester rig. The rig consisted of a particle feed 

hopper, air compressor etc. The dry compressed air was used 

to feed the alumina particles at a constant rate from the 

hopper. A nozzle of 3mm diameter was used to accelerate the 

particles. The accelerated particles were allowed to strike the 

samples at the pre-decided impact angle of 30 degrees. The 

erosive wear test was conducted as per standard test procedure 

ASTM-G76. First samples were cleaned with acetone, dried 

and then weighed with an accuracy of 0.1 mg using an 

electronic balance. Erosion rate was then calculated as the 

ratio of weight loss of the test sample to the weight of the 

erodent causing the loss. The weight of the erodent was 

calculated by the help of particle feed rate and duration of test. 

 

Table 5: Erosive wear rate of samples 

Sample Erosion rate (mg/g) 

Base Metal 0.2226 

Hardfaced Layer 0.2173 

 

Table 5 shows that erosive wear resistance of hardfaced 

layer increases as the carbon and chromium percentage 

increases. The microstructure of hardfaced layer shows the 

presence of carbide which resists the wear during the 

impingement of solid particle which is not seen in case of base 

material because the wear resistance property of carbides is 

more than the ferritic and pearlitic structure.  

 

 Conclusion 

The present study uses the submerged arc welding for 

producing the hardfacing layer. Hardfacing layer was 

produced with different metal powders, and this layer was 

further examined through spectroscopy, optical microscopy, 

hardness test and erosive wear test. Following points 

summarises the results. 

1. High carbon and chromium concentrated surface have been 

successfully developed with submerged arc welding. 

2.Microstructure reveals the formation of chromium carbides 

which improves the mechanical and metallurgical property of 

the hardfaced layers. 

3. Hardness values increases as the percentage of carbon and 

chromium increases.  

4. Erosive wear resistance increases as the carbon and 

chromium percentage increases.  
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