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Abstract:  The phenomena of erosion wear due to the cutting action of ash particles in ash- liquid (slurry mixture) on 

steel 304 and grey cast iron has been studied in a slurry pot tester. A fixture was used to hold the work piece in a slurry 

pot tester to ensure that the erosion wear of work piece is due to the flow of the slurry. Experiment performed at 

different concentrations, at different speeds and at various time to determine the effect of these particles on the work 

piece. It seems that a kinetic energy of particle may exist which result in change in wear rate. 
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I. INTRODUCTION 
In the modern industrial world, engineering components are being subjected to increasingly demanding environments. 

This has made the components prone to more rapid degradation due to mechanisms such as wear, corrosion, oxidation 

or failure under high heat load. To full fill numerous industrial applications, an effort to achieve enhanced performance 

in terms of productivity and efficiency, surface treatment technologies have been attracting a great deal of attention as 

they present a cost-effective way to combat degradation modes such as the above without sacrificing the bulk 

properties of the component material. Among the entire surface phenomenon, the problem of wearies of high concern 

in most of the industrial components. Several forms of wear such as adhesive, abrasive, dry and wet erosion do exist. 

However, wet erosion also termed as slurry erosions of significant importance in determining the service life of the 

major components handling slurries containing hard abrasives in several chemical handling equipments, exposed parts 

in marine environments and in turbine blades of hydro electric power plants. Slurry erosion can be defined as a type of 

wear or loss of material experienced by a component, when exposed to high velocity stream of slurry mixture of solid 

particles in a liquid, usually water. It is a serious problem in many engineering applications. When the components are 

entrained in such environments, the design life of the component is greatly reduced, resulting in huge economic losses. 

The areas in which components suffering from this problem include, mining machinery components, hydraulic 

transport of solids in pipelines, marine, oil gas and power generation industries. Erosive wear of the solid bodies is 

caused by the action of sliding or impact of solids, liquids, gases or a combination of this. Erosion normally takes place 

due to two complementary mechanisms, namely cutting and deformation. Studies reported on erosion wear have 

concluded that the phenomenon of cutting wear is associated with particle velocity parallel to the wear surface where as 

deformation wear is associated with particle velocity normal to the wear surface. A large number of data on the wear 

has been generated using different bench scale test rigs but it is still difficult to derive a universal correlation forts 

prediction, mainly due to different simulated test conditions and lack of control over variation of different parameters. 

It is well examined that the erosion rates are affected by various factors. These factors can be broadly classified into 

three types: impingement variables describing the particle flow, particle variables and material variables. The primary 

impingement variables are particle velocity, angle of incidence, flux (particle concentration) and target temperature. 

Particle variables include particle shape, size, hardness and friability (ease of fracture). Material variables include all 

the material properties, such as hardness, work hardening behaviour and microstructure. 

The extent of erosion wear in slurry pipe line and pumps plays a decisive role in the design of a slurry transportation 

system. Hence it is essential to understand the complete erosion wear mechanism. Gupta et al. [1] has developed a 

correlation for calculating the erosion wear of mild steel and brass: 
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    (1) 

Where V is the velocity, d is the diameter of the material;Cwis the concentration by weight. 

To understand the complexities of erosion wear, many researchers started looking for ways and means for generating 

extensive experimental data on erosion wear at an accelerated rate with minimum cost. This led to the development of 

pot tester. Gandhi et al. [2] has developed a methodology to determine the erosion wear of grey cast iron. 

erosion rate ∝(particle size)
n
       (2) 

The exponent „n‟ has been reported to vary in the range of 0.3–1.2. Gandhi et al. [3] from their experimental data in a 

similar pot tester, have also derived correlations for the prediction of wear rate and the general form of their correlation 

is given by: 

Ew= K V
α
 d 

β
C 

ϫ
w         (3) 

Where K, α, β and ϫ are constants whose values depend on the properties of the material of solid particles as well as 

wear surface. They used these correlations to predict the local wear rate along the circumference of a slurry pipeline. 

Clark [4] had fixed 4.76mmdiameter cylindrical specimens at 51mm radius and rotated them at 1750 and 3500 rpm in a 

pot to keep the solids (specific gravity = 2.42) suspended up to 13% concentration (by weight). On the other hand, Tsai 

et al. [5] observed that the shedding of vortices from 3.18mm diameter cylinders rotating at more than 1600 rpm affects 

the weight loss of the specimens fixed at 52mm radius. Thus they recommended using the pot tester for lower velocities 

Gandhi et al. [6] with propeller attached at the end of the shaft used for rotating the wear specimens in the pot. They 

have also reported that the orientation angle of the wear specimens can be taken as the impact angle of solid particles. 

Sugiyama et al. [2008] have developed a correlation to calculate the influence of impact angle of solid particles on pure 

aluminium, pure copper, cast martens tic stainless steel, austenitic stainless steel.  

W = CE = C
1

2
mv

2
         (4) 

C is a constant, m is the mass of the particle and V is the particle velocity upon impact. 

In the present study flat wear test specimens with or without hard chromium coated electroplated are rotated in the 

cylinder at different speeds opposite to the rotational direction of the propeller while keeping the angle of rotation 

constant to minimize its effect on suspension of solids in the pot. Experiments on erosion of steel 304 and grey cast iron 

in bottom ash–water mixture has been carried out for wear evaluation. 

 

II. EXPERIMENTAL DETAILS 

Chromium powder was chosen as coating material coated by electroplating technique. Stainless steel 304 and grey cast 

iron was selected as substrate considering its numerous applications in various industrial sectors. Steel 304 possesses 

the unique combinations of superior mechanical properties and toughness. However, poor wear and erosion resistance 

of  steel 304 and grey cast iron causes serious limitations as regards its engineering applications. 

Micro hardness of the above mentioned specimen was evaluated using Vickers hardness tester. A load of 100 g for 10 s 

was adopted for both specimen. The tests were carried out in such a way that the possibility of micro defects must not 

be shown during in the indenters mark. The hardness of both the specimens wear found out to be 107 VHN of steel 304 

and 111 VHN of grey cast iron. 

Slurry erosion test was carried on both coated and uncoated samples using a slurry erosive wear tester as shown in 

Fig.1. The test apparatus consists of spindle connected to an electronic motor with the maximum speed of 1500 rpm 

using a belt drive. All the samples were dipped into slurry pot made of stainless steel. Slurry was prepared by mixing 

bottom ash with distilled water. The studies were carried out at different sand concentration (20, 40 and 60%), varying 

rotational speed (700, 1000, 1400 rpm), and varying test duration (60, 90,120and 150 min.). 
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Figure 1 slurry pot tester arrangement 

 
III. SLURRY EROSION TEST 

Slurry erosive wear behaviour of uncoated steel 304 and grey cast iron before and after erosion wear is shown in Fig2 

and 3. It was observed that uncoated steel304 exhibits higher slurry erosive wear resistance when compared with 

uncoated grey cast iron. Steel 304 has high yield strength as compared to the grey cast iron, so it shows better erosion 

resistance as compared to the grey cast iron. Slurry erosive wear resistance increases with increase in coating thickness 

on base metal, as chromium is a good erosion resistance. A maximum of 50.01% mass loss is noticed in electroplated 

material when compared with uncoated steel 304. Similarly 61.7% mass loss is noticed in electroplated material when 

compared with uncoated grey cast iron. 

 

 

Fig. 2. Erosion behaviour of uncoated steel 304 (a) before and (b) after erosion wear at 700 rpm with 60 wt. % 

bottom ash. 

 

Debris caused by bottom 

ash 

(a) 
(b) 
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Fig. 3. Erosion behaviour of uncoated grey cast iron(a)before and(b)after erosion wear at 700rpm bottom ash 

with 60% bottom ash. 

 

a) Effect of slurry concentration: 

It was observed that the mass loss of uncoated steel 304 and grey cast iron increases steeply with increase in slurry 

concentration. However, a marginal increase in mass loss is observed in case of the developed coating. This extensive 

material removal observed in case uncoated grey cast iron samples at all the slurry concentration studied can be 

attributed mainly to its poor wear and erosion resistance. Further, increased coating thickness results in reduced slurry 

erosive wear loss for all the slurry concentration studied. The increased mass loss with increase in slurry concentration 

can be attributed to fact that, increased abrasive particle concentration in the slurry enhances the probability of more 

impingements on the surfaces leading to increased deterioration of material from its surfaces. 

b)  Effect of speed of slurry rotation: 

Figure 4 shows the effect of speed rotation on the erosion behaviour of uncoated steel 304 and grey cast iron. It was 

observed that increased speed of slurry rotation results in marginal increased mass loss for both uncoated and 

chromium coated ductile material. However the developed coatings exhibited a significantly reduced mass loss when 

compared with Un-coated material. It was reported that an increase in slurry rotation results in increase mass loss 

.Maximum material loss is encountered at a very high speed of 1400 rpm. This can be attributed to the fact that, 

increased speed of slurry rotation will increase the kinetic energy of abrasive particle. This increased kinetic energy 

will lead to more localized attacks at several spots on the target material and can cause severe plastic deformation 

leading to increased material loss in both coated and uncoated specimens. 

c)  Effect of test duration: 

It was observed that increased test duration results in increased mass loss continuously for both uncoated and 

chromium coated steel304 and grey cast iron. This may be due to fact that, continuous and repeated impinging action of 

ash particles in the slurry on the target materials results in increased mass loss. Under identical test conditions, 

chromium coated mild steel exhibits a maximum reduction in mass loss for a test duration of 120and 150 minutes 

respectively when compared with the uncoated substrate. It was observed that the mass loss was exponentially high 

with increased test duration. 

 

Debris caused by 

bottom ash 

Graphite layers 

(b) (a) 
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Figure 4 Effect of speed rotation on erosion behaviour of uncoated steel 304 and grey C.I 
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Figure 5 Effect of speed rotation on erosion behaviour of coated steel 304 and grey C.I 

d) Worn surface analysis: 

Fig. 6 and 7 shows the SEM photographs of slurry eroded chromium coated steel304 and grey cast iron substrates. It 

was observed that the extent of damage in case of coated steel 304 as compared to coated grey cast iron specimen. The 

increased coating thickness has reduced the surface damage as observed in all the micrographs. The clear observation 

of SEM micrographs shows that the major mechanism of material removal in case of uncoated specimens which may 

be attributed to poor erosion resistance. The continuous mechanical action of the bottom ash particles in the slurry 

increases the material loss by removing the reaction layer leading to exposure of fresh surface area as the corroded 

surface offers poor resistance to mechanical wear. The micrographs show that the material removal occurs 

predominantly in the corroded regions owing to its poor resistance to mechanical wear.  

It is also observed from the impact of bottom ash particles near the micro porosities generates the micro cracks. The 

repeated impact and abrasive action of bottom ash particles causes chipping on the surface and removes the material 

easily in the form of small pieces. However, the micrographs show some abrasive and ploughing marks on the coated 

surface. Some plastically deformed craters are also observed indicating that the material removal is mainly by 

delaminating and micro cutting damage by abrasive action of ash particles rather 

than erosion. In case of chromium coated specimens, increase in coating thickness decreases the extent of the surface 

damages. This can be reasoned to the higher hardness value of coated specimens with increased thickness. Surface 

hardness of the coated specimens have played significant role in reducing the wear by mechanical action of sand 

particles. 
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\  

Figure 6 SEM of coated grey cast iron  (a)after and (b) before erosion wear at  800 rpm with 60 %  bottom ash 

 

 

Figure 7 SEM of coated steel 304 (b) before and (a)after erosion wear at 800 rpm bottom ash with 60% bottom 

ash. 

 

 

IV) CONCLUSION 

Removal of 

coating 
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Remvoal of coating. 
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1. Uncoated steel 304 shows better erosion resistance as compared to the uncoated grey cast iron as steel 304 has more 

yield strength. 

2. Increased coating thickness decreases the porosity and increases the hardness significantly. 
3. Under all the test conditions studied, chromium coatings exhibited improved slurry erosive wear resistance when 

compared with uncoated steel 304 and grey cast iron. 

4. Chromium coated steel shows approximately 1.5 times better performance than uncoated steel. Similarly chromium 

coated grey cast iron shows approximately 2.5 times better performance than uncoated grey cast iron. 

REFERENCES 

[1].Rajat Gupta, S.N. Singh, V. Sehadri (1995), “Prediction of uneven wear in a slurry pipeline on the basis of measurements in a pot tester”. Wear, 

vol.184, pp. 169-178. 
[2].  Bhupendra K. Gandhi,Satish V. Borse, (2004), “Nominal particle size of multi-sized particulate slurries for evaluation of erosion wear and effect 

of fine particles”. Wear, vol. 257, pp. 73–79. 

[3]. T. Manisekaran, M. Kamaraj, S.M. Sharrif and S.V. Joshi, (2006), “Slurry Erosion Studies on Surface Modified 13Cr-4Ni Steels”. Effect of 
Angle of Impingement and Particle Size ASM International, vol. 35, pp. 1059-9495. 

[4]. Clark HM, (1993), “The influence of flow field in slurry erosion”. Wear, vol. 40, pp. 152-223. 

[5]. W. Tsai, J.A.C. Humphrey, I. Cornet(1981), “Experimental measurement of accelerated erosion in a slurry pot tester”.Wear, vol. 68, pp. 289–
303. 

[6]. B.K. Gandhi, S.N. Singh, V. Seshadri (1999), “Study of the parametric dependence of erosion wear for the parallel flow of solid–liquid 

mixtures”. Tribology International vol.32 , pp. 275–282. 

[7]. B.S. Mann,VivekArya, A.K. Maitiand M.U.B. Rao, (2006), “Corrosion and erosion performance of HVOF/TiAlN PVD coatings and candidate 

materials for high pressure gate valve application”. Wear, vol. 260, pp. 75-82. 

[8]. K. Yıldızlı, M.B. Karamıs and F. Nair, (2006), “Erosion mechanisms of nodular and gray cast irons at different impact angles”. Wear, Vol. 261, 
pp.622–633. 

[9]. Harpreet Singh, Buta Singh Sidhu andD.Puri, (2007), “Wear and oxidation behaviour of shrouded plasma sprayed fly ash coatings” .Tribology 
International, vol.40, pp.800–808. 

[10]. Girish R. Desale, Bhupendra K. Gandhi and S.C. Jain, (2008), “Slurry erosion of ductile materials under normal impact condition”. Wear, 

vol.264, pp.322–330. 
[11]. M.N. Noui-Mehidi , L.J.W. Graham, J. Wu, B.V. Nguyen and S. Smith,(2008), “Study of erosion behaviour of paint layers for multilayer paint 

technique applications in slurry erosion”, Wear, vol. 264, pp. 737–743. 

[12]. S.C. Mishra, S.Praharaj and Alok Satpathy, (2009), “Evaluation of erosion wear of a ceramic coating with Taguchi approach”. Manufacturing 
Engineering, vol.4, pp.234-244. 

[13].Narendra M. Dube, Anirudh Dube and Deepak H. Veeregowd, (2009), “Experimental technique to analyse the slurry erosion wear due to 

turbulence”. Wear, vol. 267, pp. 259–263. 
[14]. R. Keshavamurthy and B. Venkataraman, (2011), “Slurry erosive wear behaviour of thermally sprayed Inconel-718 coatings by APS process”. 

Wear, vol.271, pp.1365– 1371. 

[15]. A. K. Jha, R.Batham, M. Ahmed and A. K. Majumdar, (2011), “Effect of impinging angle and rotating speed on erosion behaviour of 

aluminium”.Non ferrousMeto.Society china, vol. 21, pp.32-38. 

[16]. A.P. Harsha, (2011), “An investigation on low stress abrasive wear characteristics of high performance engineering thermoplastic polymers”. 

Wear, vol. 271, pp.942-951. 
[17]. Vinay Pratap Singh, AnjanSil and R. Jayaganthan, (2011), “A study on sliding and erosive wear behaviour of atmospheric plasma sprayed 

conventional and nanostructure alumina coatings”. Materials and Design, vol. 32, pp. 584–591. 

[18]. N. Krishnamurthy and M.S. Muralib, (2012) “Characterization and solid particle erosion behaviour of plasma sprayed alumina and calcia-
stabilized zirconia coatings on Al-6061 substrate”.Wear, vol. 274-275, pp.15-27. 

[19].Shujiang Geng, Shaojun Qi, Dong Xiang, Shenglong Zhu and FuhuiWang , (2012),”Oxidation and electrical behaviour of ferritic stainless steel 

interconnect with Fe-Co-Nicoating by electroplating”.Journal of Power Sources, vol.15725, pp. 40-50. 
[20]. J.C. Caicedo, G. Cabrera, W. Aperador, H.H. Caicedo and A. Mejia, (2012), “Determination of the best behaviour among AISI D3 steel, 304 

stainless steel and CrN/AlN coatings under erosive-corrosive effect”. Vacuum, vol. 5770, pp. 1-23. 

 

http://www.ijirset.com/

