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ABSTRACT 

In present day materials, surface properties needs to be changed, keeping the properties of base material as same. 

Especially, sometimes hardness is of utmost importance and needs to be enhanced. In present thesis, hardness of 

carbon samples fabricated is determined before and after the erosive wear test. Surface characterization of the 

eroded surface is also analysed. It is seen that the hardness of surface increased considerably after erosion. At the 

same time the hardness is measured with considering impact angle of erosion particles, pressure of particles and 

stand-off distance of the nozzle during the wear test. It is seen that hardness increased considerable after erosion 

due to effect of strain hardening. Further effect of hardness on different samples synthesized is analysed with 

parameters like impact angle, pressure and stand off distance of the erosive particles 
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I.  INTRODUCTION 

Ductile iron or spheroidal graphite cast irons, which have been developing over the past few decades, are of 

considerable current attention because they can proposal a better combination of strength and toughness as compared 

with gray cast irons. Such a necessary combination of mechanical properties of ductile iron coupled with the intrinsic 

cost advantage of the casting process has resulted in an increased use of ductile iron in recent years, even replacing 

fabricated steel components in some cases.Austempered Ductile Iron (ADI) is described by improved mechanical 

properties but low machinability compared to conventional ductile iron materials and steels of same strengths. The 

mechanical properties of ADI are achieved by a very fine austenitic-ferritic microstructure. 

 

Nodular cast iron is a heterogeneous material. The macroscopic properties of this material have been often measured 

using a traction test. Nevertheless, the microscopic study showed that destruction is produced by the plastic cavitation 

and the uncertainty of the ductile matrix surrounding the graphitic spheroids that act like a wide cavity. Severe damage 

can be produced by the growth of the cavitation that surrounds the presences in the ferretic phase. 

 

II.  LITERATURE SURVEY 
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Ductile iron is defined as a high carbon containing, iron based alloy in which the graphite exists in compact, spherical 

shapes rather than in the shape of flakes, the latter being typical of gray cast iron. As ductile iron, occasionally referred 

to as nodular or spheroidal graphite cast iron, constitutes a family of cast irons in which the graphite is present in a  

nodular or spheroidal form. The graphite nodules are small and constitute only small areas of weakness in a steel-like 

matrix. Because of this the mechanical properties of ductile irons associated directly to the strength and ductility of the 

matrix present—as is the case of steels. 

 

The main difference between ductile iron and grey iron is the morphology of graphite particles which take on a nodular 

or almost spherical form after appropriate treatments are made to the melt. The chief microstructural constituents of 

ductile iron are: the chemical and morphological forms taken by carbon, and the continuous metal matrix in which the 

carbon and/or carbide are dispersed. The following significant microstructural components are found in ductile iron. 

III. EXPERIMENTATION 

The materials were melted in a 250 kg induction furnace with medium frequency. Charges consisting 50kg pig iron 

(C=4.17%, Si=1.66%, Mn=0.138%, S=0.024%, P=0.060%), 100kg S.G return (C=3.62%, Si=2.12%, Mn=.19%, 

S=0.010%, P=0.026%) and 150kg steel scrap (C=0.038%, Si=0.037%, Mn=0.135%, S=0.005%, P=0.015%) were 

melted in furnace. At this time the sample was taken from the melt for final chemical analysis. The pouring temperature 

was 1380˚C. Similarly other five melts were prepared with varying chemical composition and all melts were properly 

post inoculated. The chemical compositions of all the raw materials used are obtained from manufacturer’s analysis. 

  

An Air jet erosion test rig was used to test erosive wear of target materials in the present investigation. Angular 

(irregularly shaped) silica sand was used as impact particles. The specimens were mounted into the test stage directly 

below the nozzle with using different stand of distance (distance between tip of the nozzle to surface of the specimen) 

and also Samples were eroded with silica sand at different impingement angles (i.e. 30˚, 45˚, and 60˚). 

 

The samples were tested for hardness measurement. Vickers Hardness test was carried out at room temperature before 

and after erosion to measure the hardness of the SG iron samples. The load was applied through the diamond indenter 

for 10 seconds during testing of all the treated and untreated samples. 

 

 

IV. RESULTS & DISCUSSION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.1- Effect of control factors on erosion rate. (For sample 1) Fig. 4.2- Effect of control factors on erosion rate. (For sample 2) 
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Surface Morphology of Synthesized Sample  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Microhardness of Nanocomposite coatings 

 
In the present thesis, samples of EN8 are coated with nickel and nickel-tungsten carbide nanocomposites. These 

coatings are subjected to the microhardness test. Test was done so as to ascertain the increasing value of hardness in of 

the surface of the coating as the percentage of tungsten carbide ceramic particles increase in it. 

Six hardness values are calculated for each sample using formula for Vicker’s hardness: 

 

       
Where: 

 F = Test load (N) 

 D = Average diagonal length of an indentation (mm) 

 

If the test load is in Kgf then, 

      
Where: 

 S = Surface area of an indentation (mm
2
) 

Fig. 4.3- Effect of control factors on erosion rate. (For sample 3) 

Fig. 4.4 SEM images of sample before and after erosion 
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Fig. 4.5 Comparison chart of Erosion under effect of Standoff Distance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.6 Comparison chart of Erosion under effect of I/P angle 
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Fig. 4.7 Comparison chart of Erosion under effect of Pressure 

 

 

V. CONCLUSION 

 

Result show that the differences of hardness before and after test, we can see that there were happened the work-

hardening effects on the material surface. The results of Vickers hardness were dramatically increased after erosion test 

for all samples. The surface hardness of samples before erosion test is 183.5HV20, 199HV20, 125.5HV20, 228HV20, 

206.5HV20 and 214HV20 but after erosion test hardness are increases 225.5HV20, 250.5HV20, 175.8HV20, 

286.5HV20, and 295HV20 respectively.From this fact, we can understand that it is true that erosion rate depends 

heavily on hardness of surface of material [62]; however, initial hardness of samples increases due to work hardening. 
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