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Abstract: This investigation deals with the observations pertaining to the effects of specimen and slurry compositions as well as 
traversal distance on the slurry wear response of a zinc-based alloy. The composition of the alloy was altered by adding 4% silicon to 
it. The slurry composition was varied through changing the concentration of the sand particles in the range of 0−60% that were 
suspended in the (liquid) electrolyte. The electrolyte contained 4 g sodium chloride and 5 mL concentrated sulphuric acid dissolved 
in 10 L of water. The slurry wear tests were conducted at a speed of 7.02 m/s over the traversal distance range of 15−500 km. The 
wear rate increased initially with traversal distance, attained a maximum and decreased thereafter irrespective of the specimen and 
test environment. However, the wear rate peaks were less prominent in the liquid plus sand environments than the liquid-only 
medium. Further, the wear rate peak in the liquid-only medium appeared at a shorter traversal distance than the one in the sand 
containing slurries. Addition of sand particles to the electrolyte reduced the wear rate of the samples to 5%−15% depending on the 
sand concentration of the slurry. Moreover, intermediate (40%) sand content led to a maximum wear rate when compared with in the 
liquid plus sand media. However, this maximum was still less than in the liquid-only medium. The silicon containing alloy suffered 
from higher wear rates than the silicon free alloy samples when tested in the liquid-only medium. On the contrary, the trend reversed 
in liquid plus 20% and 40% sand environments whereas a mixed response was noted in the slurry containing 60% sand. In the latter 
case, the presence of silicon proved deleterious initially while an opposite trend was observed at longer traversal distances. The wear 
response of the samples was discussed in terms of specific features of their microconstituents like silicon and the predominant 
material removal mechanism in a given set of experimental conditions. The observed behaviour of the alloys was also substantiated 
further through the characteristics of their affected surface and subsurface regions. 
Key words: zinc-based alloys; slurry wear behaviour; material removal mechanisms; erosion−corrosion−abrasion; microstructure− 
property correlations 
                                                                                                             
 
 
1 Introduction 
 

High strength zinc-based alloys generally 
comprising substantially large quantities of Al (＞8%) 
and 1%−3% Cu have been established as a potential 
material system for use in a variety of engineering 
applications encountering wear[1−3]. In many 
applications, corrosive environments with suspended 
solid particles are also encountered in practice in 
addition to wear by the (zinc-based) alloys. For example, 
mining machinery components form an important 
category of applications wherein there exists the 
possibility of the components coming in contact with 
mine water plus sand/soil particles during service. 
Further, in applications of the zinc-based alloys as 
coatings and sacrificial anodes to protect steel structures 

against atmospheric corrosion also, wear takes place in 
corrosive environments[4−8]. 

Zinc-based alloys have been shown to be more 
effective as protective coatings and sacrificial anodes 
than pure zinc in more corrosive environments[9−11].  
It has been observed that the corrosion resistance of 
zinc-based alloys increases with Al content[12] while 
addition of Si to the alloy system has been proved to be 
still more beneficial in this context[9,11]. Studies suggest 
that Zn-Al alloys behave in a manner similar to that of 
pure Zn from corrosion resistance standpoint since Al 
remains practically unaffected[13]. However, the 
presence of iron leads to higher chemical activity of the 
alloy system[13]. Conflicting observations have been 
made as far as the role of reinforcement particles in 
controlling the corrosion resistance of the zinc-based 
alloys is concerned. For example, the presence of SiC 
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reinforcement in the alloy matrix has been noted to 
improve the corrosion resistance of the alloy system 
[14−16], as evinced by reduced open circuit potential 
[14]. Better response of the composite has been 
attributed to the passive/inert nature of the SiC particles 
that replace some fraction of the more active metallic 
material surface exposed to the corrosive environment 
[14]. On the contrary, a reversal in the trend has also 
been noted in view of severe dispersoid/matrix interfacial 
attack[17−19]. From microstructure point of view,  
corrosion resistance improves with increasing secondary 
dendritic arm spacing in hypereutectic Zn-Al alloys 
[20−21] while the trend reverses in the case of 
hypoeutectic alloys[20]. The corrosion process in Zn-Al 
alloys has been shown to initiate in the Al rich region in 
the interdendritic area[9] while the Zn rich phase is more 
susceptible to corrosion[14]. 

High strength zinc-based alloys in general suffer 
from shortcomings like dimensional instability and 
inferior elevated temperature mechanical properties that 
limit their use to slow moving applications operating 
below 120 ℃[1−3]. Recently, a few modified versions 
of zinc-based alloys have been developed through the 
addition of silicon, showing potential to reduce the 
mentioned shortcoming of the high strength alloys 
[22−41]. Si in this case imparts improved physical, 
mechanical and wear properties to the alloy system under 
specific conditions[9−11,22−31,41]. 

Wear being a surface phenomenon is a complex 
process of material removal. This is evident from a 
variety of material and test parameters which greatly 
control the wear behaviour of materials[29−31,42−58]. 
The degree of complexity increases further in the 
presence of a chemical (corrosive) environment, more so 
in the presence of suspended solid mass. As far as slurry 
wear response of materials is concerned, material related 
controlling factors include nature, type, size, shape, 
content, chemical reactivity to the test environment and 
hardness of their various microconstituents; the nature of 
phase/matrix interfacial regions; work hardening 
capability; cracking tendency, compactness and stability 
of the reaction products on the affected surface etc. 
[42,44−46,48−49,53−56,58]. Experimental parameters 
affecting the slurry wear characteristics include the 
nature (pH) of the electrolyte, the characteristics and 
features of the suspended solid (erosive) particles in the 
electrolyte, traversal distance, radial distance, speed, 
angle of attack etc.[42−56,58]. It has been observed that 
no direct relation exists between the parameters and the 
response of materials, and even mixed influence has been 
observed in many instances. For example, the 
performance of materials deteriorates initially with 
increasing speed, traversal distance and solid content in 
the medium but the trend becomes opposite at still higher 

values of the parameters[42,50,58−60]. Also, increasing 
radial distance, angle of inclination/attack and interfacial 
attack accelerates the severity of damage[42−58]. Further, 
the addition of suspended solid mass to the electrolyte 
has been found to deteriorate the response of materials 
[45,47] while opposite effects have also been observed 
[42,50,58−60]. Changing severity of surface damage has 
been attributed to the predominance of one damage 
mechanism over the other[42,50,58−60]. The complex 
nature of the influence of controlling parameters on the 
wear behaviour of materials is in view of the fact that in 
addition to the wear process, chemical effects also come 
into picture and have a synergistic influence on the 
overall wear response of the samples[11,55−57,61−65]. 
For example, both erosion and corrosion have been 
noticed to accelerate each other’s negative influence[66]. 
Corrosion accelerates erosion[61−63] through surface 
roughening[11,63] since the severity of erosion is 
sensitive to the angle of attack[60]. Also, removal of the 
work hardened layer (produced by the impact of eroding 
particles) due to corrosion further enhances erosion 
[11,63−65]. On the contrary, erosion enhances corrosion 
through the removal of the surface deposits, surface 
roughening and increase of local turbulence[11] while 
the work hardened layer produces a reverse effect. 
Entrapped erosive particles decrease the wear rate. The 
severity of further material loss may increase due to 
preferential interfacial attack or decrease as a result of 
reduced effective area of the corroding metallic surface. 

An appraisal of the available information indicates 
that some studies have been carried out pertaining to the 
corrosion characteristics of zinc-based alloys in different 
media[4−16,20−21,55,61−64,66−74] while very limited 
investigations deal with the response of the zinc-based 
alloys in slurries[42,58−60]. The highly sensitive nature 
of the wear response of materials in corrosive 
environments and synergistic effects of parameters 
involved therein[11,55−57,61−65] suggest the need to 
assess the corrosive wear characteristics of zinc-based 
alloys in order to widen the range of their applications. 
The influence of silicon on the wear behaviour of the 
alloy system in corrosive environments adds to the 
significance of the studies further in view of its 
application potential. 

In view of the above, an attempt has been made in 
this study to analyze the response of a (high strength) 
zinc-based alloy in various test environments over a 
range of traversal distances. The influence of adding 4% 
silicon to the alloy system on its wear characteristics has 
also been studied in identical test conditions. The wear 
behaviour of the samples observed in various test 
conditions has been explained on the basis of specific 
roles played by the silicon particles and the predominant 
nature of different operating mechanisms of material 
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removal in view of the changing nature of the test 
environment. Analyses of the features of affected 
surfaces and subsurface regions further substantiated the 
observed response of the samples. 
 
2 Experimental 
 
2.1 Alloy preparation and determination of properties 

The experimental zinc-based alloys (Table 1) were 
prepared by liquid metallurgy route. The alloy melts 
were solidified in the form of 20 mm diameter, 150 mm 
long cylindrical castings using permanent moulds. 
Hardness and density measurements were carried out on 
15 mm diameter and 15 mm thick samples that were cut 
from the castings and machined well. The samples were 
then polished as per standard metallographic techniques 
for the determination of their hardness and density 
properties. Density of the samples was determined by 
water displacement technique. A Mettler microbalance 
with a precision level of 0.01 mg was used for weighing 
the samples in air and water for computing the density. 
Hardness measurements were made using a Vickers’ 
hardness tester at an applied load of 294 N. The reported 
values of density and hardness represent an average of 
five observations, the range of variation being ±3%. 
Tensile tests were conducted on round samples having 4 
mm gauge diameter and 20 mm gauge length. The 
apparatus used for conducting the tensile tests was an 
Instron make universal testing machine while the strain 
rate employed for the purpose was 4.6×10−3 s−1. 
 
Table 1 Chemical compositions of experimental zinc-based 
alloys 

w/% Sample 
No. Specimen 

Zn Al Cu Mg Si

1 
Silicon- 

free alloy Bal. 37.5 2.5 0.2 − 

2 
Silicon 

containing alloy Bal. 37.5 2.5 0.5 4.0

 
2.2 Specimen preparation and microscopy 

Specimens (15 mm in diameter, 10 mm in thickness) 
for microstructural observations were prepared by 
polishing them metallographically and etching with 
diluted aqua regia. For conducting slurry wear tests, the 
samples (15 mm in diameter, 10 mm in thickness) were 
metallographically polished. Affected surfaces after the 
wear tests were cleaned thoroughly with acetone for their 
analysis. Transverse sections were cut from the affected 
surfaces, mounted in polyester resin, polished 
metallographically and etched with diluted aqua regia for 
analyzing the subsurface regions. 

Microstructural characterization was carried out 
using a Leitz optical microscope whereas the affected 

surfaces and subsurface regions were studied with the 
help of a scanning electron microscope (SEM). The 
specimens were mounted on brass studs and sputtered 
with gold prior to their SEM examination. 
 
2.3 Slurry wear tests 

Slurry wear tests were conducted on 
metallographically polished (15 mm in diameter, 10 mm 
in thickness) samples by sample rotation technique. A 
schematic representation of the test apparatus is shown in 
Fig.1. Samples fixed on a non-conducting disc were 
rotated at a speed of 7.02 m/s for various traversal 
distances (15−500 km) in a container having the slurry. 
The composition of the test environment was changed by 
adding sand particles (212−300 μm) in varying quantities 
(0−60%) to an electrolyte. The electrolyte was prepared 
by dissolving 4 g sodium chloride and 5 mL concentrated 
sulphuric acid in 10 L of water, a composition 
conforming to mine water. The specimens were cleaned 
well with acetone prior to and after testing and weighed 
using a Mettler microbalance with a precision level of 
0.01 mg. Wear rate was computed by mass loss 
measurement. An average of three observations was 
reported in this study. 
 

 
Fig.1 Schematic representation of slurry wear tester: 1—Disc; 
2—Sample holder; 3—Sample; 4—Slurry medium; 5—Double 
wall container; 6—Spindle; 7—Driving motor; 8—Column;   
9—Machine base 
 
3 Results 
 
3.1 Microstructural observations and properties 

Fig.2 shows the microstructure of the alloys. The 
sample without silicon reveals dendritic structure 
comprising primary α, eutectoid α+η and ε (Fig.2(a), 
regions marked by A, B and arrow respectively). 
Alloying with silicon led to the formation of discrete 
particles of silicon (Fig.2(b), region marked by C). Table 
2 shows the density, hardness and tensile strength and 
elongation of the samples. The silicon containing alloy 
attains less density but higher hardness as compared with 
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Fig.2 Microstructural features of silicon-free (a) and silicon 
containing alloys (b) (A: Primary α; B: α+η; Arrow: ε; C: 
Silicon particles) 
 
Table 2 Properties of experimental zinc-based alloys 

Properties Sample 
No. Specimen Density/ 

(g·mL−1) 
Hardness 

(HV) 
UTS/ 
MPa 

Elongation/
% 

1 
Silicon- 

free alloy 4.41 140 380 7.5 

2 
Silicon 

containing 
alloy 

4.38 150 300 5.0 

 
that of the silicon-fee alloy samples. Further, the 
presence of Si in the samples also decreases their 
strength and elongation. 
 
3.2 Slurry wear response 

Wear rate of the samples was plotted as a function 
of traversal distance (Figs.3 and 4) and sand content for a 
typical traversal distance of 500 km (Fig.5). The 
influence of adding 4% Si to the alloy system on the 
wear rate of the samples is evident in the figures. The 
wear rate increases with traversal distance, attains the 
maximum and decreases thereafter at longer traversal 
distances (Figs.3 and 4). The rate of initial increase in 
wear rate with distance is substantially larger; the wear 
rate peak becomes sharper and higher; and the peak is 
observed at shorter distances in the liquid-only medium 
as compared with that in liquid plus sand environments 
(Figs.3 and 4). Addition of silicon to the alloy system 
increases the wear rate when tests are conducted in the 
liquid-only medium (Fig.3). A reverse trend is observed 
in the liquid plus 20%−40% sand environments whereas 

 

 
Fig.3 Wear rate plotted as function of travel distance for 
silicon-free alloy in various test environments and its 
comparison with silicon containing alloy in liquid-only medium 
 

 
Fig.4 Wear rate plotted as function of travel distance for alloys 
with and without silicon tested in liquid plus sand environments 
 

 
Fig.5 Wear rate of silicon containing and silicon free 
zinc-based alloys plotted as function of sand content of slurry 
for typical travel distance of 500 km 
 
a mixed response is noted in the medium containing 60% 
sand (Fig.4). In the latter case, the silicon containing 
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alloy performed better than the silicon-free alloy samples 
at longer distances whereas an opposite trend is followed 
initially. Presence of the sand particles in the test 
environment decreases the wear rate of the samples to 
5%−15% depending on the sand content as compared 
with that in the liquid-only medium (Figs.3, 4 and 5). 
Moreover, a comparison of the wear response of the 
samples in the liquid plus sand slurries suggests the 
intermediate (40%) sand content to cause higher wear 
rate than the remaining (20% and 60%) sand contents in 
the medium. 
 
3.3 Affected surfaces 

Fig.6 shows affected surfaces of the alloy without 
silicon in various test environments. Corrosive attack of 
the liquid-only medium causing the formation of pits on 
the specimen surface is evident in Fig.6(a) (region 
marked by single arrow). The severity of attack reduces 
considerably when tests are carried out in liquid plus 
40% sand slurry (Fig.6(b)) over that in the liquid-only 
medium (Fig.6(a)). A typical indentation mark on the 
specimen surface in this case is evident in Fig.6(b) 
(region marked by A). A magnified view clearly reveals 
the pits and indentation marks (Fig.6(c), regions marked 
by single arrow and A, respectively). Abrasion grooves 
are observed on the affected surfaces of the samples 
tested in the slurry containing 60% sand (Fig.6(d), region 
marked by double arrow). 

Fig.7 represents affected surfaces of the alloy 
containing silicon. The influence of test environment and 
travel distance on the nature of surface damage is evident 
in the figure. The attack of the liquid-only environment 

initiated in the form of fine pits in different locations of 
the specimen surface (Fig.7(a), region marked by single 
arrow). The severity of attack of the medium increases 
with increasing travel distance (Fig.7(b)). Silicon 
particle/matrix interfacial attack on the specimen surface 
by the medium is also noted (Fig.7(c), region marked by 
double arrow). The severity of attack by the test 
environment reduces in the presence of the (40%) 
suspended sand particles (Figs.7(d) vs (c)) while 
abrasion grooves are observed in the case of testing the 
alloy in liquid plus 60% sand slurry (Fig.7(e), region 
marked by triple arrow). 
 
3.4 Subsurface characteristics 

Features of subsurface regions of the samples are 
shown in Fig.8. The regions marked by A and single 
arrow in Fig.8(a) represent an indentation mark and 
microcracking around the indented region, respectively. 
A typical sand particle entrapped in such an indented 
region is shown in Fig.8(b) (region marked by B). 
Microcracking of the sand particles was also observed 
(Fig.8(b), region marked by double arrow). Silicon 
particle/matrix interfacial attack below the affected 
surface (top portion) is evident in Fig.8(c) (region 
marked by triple arrow). 
 
4 Discussion 
 

From microstructural considerations, the Al rich α 
and zinc rich η phases are essentially solid solutions of 
Zn and Al in each other and basically soft in nature 
[23−25,31,34,36, 76]. Further, the ε phase is somewhat 

 

 
Fig.6 Affected surfaces of silicon-free alloy after testing for 500 km in liquid-only medium (a), 40% sand slurry (b, c), and 60% sand 
slurry (d) (Single arrow: Pits; A: indentation mark; Double arrow: Abrasion grooves) 
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harder than the α and η phases and offers wear resistance 
[23−25,30,33,35,75]. As far as Si particles are concerned, 
they are the hardest amongst all the four phases. From 
hardness, strength and wear resistance points of view, the 
four phases could be graded as Si ＞ ε ＞ α ＞ η 
[23−25,30,33,35,75]. The same gradation is also valid 
for the phases from corrosion resistance point of view. 
This could be conceived keeping in mind the place of the 
major constituents, i.e. Si, Cu, Al and Zn in Si, ε, α and η 
respectively, in the electrochemical series that suggests 
Si ＞ Cu ＞ Al ＞ Zn in terms of the degree of 
electrochemical passivation[76]. Accordingly, the overall 
response of the specimens is controlled by the properties 
like hardness, strength and corrosion and wear resistance 
offered by the various microconstituents of the samples 
and the predominance of one set of characteristics of the 
constituent phases over the other producing a reverse 
effect[12,23−40,42,58,75]. The nature of the test 
environment is expected to play an important role in this 
context[42,58−60,75]. Higher hardness and less density 
of the Si containing zinc-based alloy than that of the Si 
free alloy samples could be attributed to the light mass 
and high hardness characteristics of Si [23−25,30,33,35, 
75]. On the contrary, a reduction in the strength and 

elongation of the alloy system in the presence of Si 
(Table 2) could be attributed to the enhanced crack 
sensitivity[23−25,30,33,35,75]. It has been suggested 
that Si has negligibly small solid solubility both in Al 
and Zn[77]. This leads to the generation of discrete 
particles of Si in the alloy matrix (Fig.2(b), region 
marked by C). In such cases, interfacial regions become 
preferential sites for the nucleation followed by 
propagation of cracks in the material system[78−79] 
during tensile testing that ultimately leads to inferior 
tensile strength and ductility in the Si containing 
zinc-based alloy as compared with the samples without 
Si (Table 2). 

Slurry wear testing by sample rotation technique 
involves the rotation of specimens fixed on a disc in the 
test environment. In the event of rotation in liquid alone, 
surface damage to the specimen is caused by the 
chemical attack and impinging action of the droplets of 
the medium. Droplets are formed due to the turbulence 
created by the rotating specimens in the medium. In case 
the medium contains suspended solid particles, damage 
due to the particles also takes place on the specimen 
surface. The damage occurs in the form of impingement 
of the solid particles on the exposed surface, i.e. erosion 

Fig.7 Affected surfaces of silicon containing 
alloy after testing in liquid-only medium (a)−
(c), 40% sand slurry (d), 60% sand slurry for 
(a) 15 km, and 500 km (b)−(e) (Single arrow: 
Pits; Double arrow: Silicon particle/matrix 
interfacial attack; Triple arrow: Abrasion 
grooves) 
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Fig.8 Subsurface regions of silicon-free (a, b) and silicon 
containing alloys (c) (A: Indentation mark; Single arrow: 
Microcracks around indented region; B: Typical sand particle 
entrapped in indented region; Double arrow: Microcracks in 
sand particle; Triple arrow: Silicon particle/matrix interfacial 
attack) 
 
when their concentration in the medium is relatively low 
[45,50,58]. Another form of surface damage takes place 
through the sliding action of the suspended particles, i.e 
abrasion in view of their restricted mobility due to high 
concentration in the medium[50,58]. Entrapment of the 
impinging particles in the indented regions also occurs. 

Damage to the rotating specimen surface by the 
medium initiates in the form of fine pits[42−48,58]. 
Growth of the pits takes place, leading to the formation 
of deep craters as the test progresses. By this time, 
reaction products are deposited inside/around the 
pits[42−48,58]. Accordingly, the deposited mass 
decreases the severity of attack by the medium by way of 
reducing the extent of penetration of the environment to 
the metallic surface. Evolution of hydrogen in the 
crevices/pits also produces a similar effect[42−48,58]. 
The reaction products are removed due to the impinging 
action of the medium especially when their 

mass/thickness exceeds a limit allowing the exposure of 
fresh metallic surface to the medium. Thus, the 
formation and removal of reaction products take place 
almost continuously in quite succession during the tests. 
The role of a reaction/corrosion product in controlling 
the wear behaviour of materials in slurry depends on its 
compactness (inverse of permeability) and adhesiveness 
with the substrate surface. The degree of compactness of 
a corrosion product in turn has been found to be 
dependent on the nature, shape, size and orientation of 
the particles therein[7]. Further, the higher the 
compactness and adhesiveness of the reaction product 
are, the less the severity of further corrosion would be 
due to the reaction product. Thus, removal of a corrosion 
product/passive layer due to erosive and/or corrosive 
action could be detrimental or beneficial depending on 
the degree of its compactness. 

Coming to the composition of the test environment, 
it may be noted that the liquid comprises of sulphate and 
chloride ions which are quite corrosive in nature. 
Addition of sand particles to the liquid (maintaining the 
same volume fraction of the slurry) decreases the 
effective volume fraction of the (corrosive) liquid, 
thereby reducing the severity of its corrosive action. 
Increasing pH of the environment from 1.93 for the 
liquid-only medium to 3.64, 6.85 and 7.12 for the 
environments containing 20%, 40% and 60% sand, 
respectively, further substantiates the reducing 
corrosivity of the medium in the presence of the sand 
particles. However, the presence of the (sand) particles 
produces impinging action, causing erosive damage in 
view of their mobility in the rotating liquid[42−48,58]. 
The severity of erosion increases with the content of the 
suspended solid mass up to a critical value in the liquid. 
Beyond the critical content, the suspended solid particles 
enjoy only a limited freedom in the medium and rather 
experience sliding action against the specimen surface 
causing abrasion[42,50,58−59,75]. 

Initial increase in wear rate with distance (Figs.3 
and 4) could be attributed to the increasing severity of 
attack by the environment (Figs.7(b) vs (a)). Wear rate 
peak corresponds to the formation of deep craters[42−48, 
58−59,75]. A decrease in wear rate beyond the wear rate 
peak is due to the deposition of reaction products 
in/around the affected regions[42,50,58−59,75]. 
Entrapment of suspended sand particles in the indented 
regions (Fig.8(b), region marked by B) may be partially 
responsible for the decrease in wear rate in liquid plus 
sand environments over that in the liquid-only medium 
(Figs.3, 4 and 5). 

Higher wear rate of the silicon containing alloy as 
compared with the silicon-free alloy samples in the 
liquid-only medium (Fig.3) in spite of less corroding 
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nature of the silicon particles present therein could be 
owing to the predominant silicon particle/matrix 
interfacial attack[14] by the environment (Fig.7(c), 
region marked by double arrow, and Fig.8(c), region 
marked by triple arrow). On the contrary, better wear 
performance of the samples alloyed with silicon than the 
ones without the element in liquid plus sand 
environments (Fig.4) is due to the resistance offered by 
the silicon particles to the softer matrix against the 
destructive action of the environments[14,17−19]. Lower 
wear rate of the silicon-free alloy in the 60% sand 
environment at shorter travel distances (Fig.4) can be 
attributed to more firmly sticking of the reaction 
products on the affected surfaces[7] in view of better 
ductility and less hardness of the (silicon-free) alloy 
(Table 2). The sticking mass appears to offer resistance 
against the (abrasive) action of the medium causing 
improved wear response of the silicon-free alloy as 
compared to that of the one with silicon (Fig.4). 

Maximum wear rate in the liquid-only medium 
(Figs.3 and 4) suggests that the dominant wear 
mechanism causing material loss is corrosion (Figs.6(a), 
7(a)−(c) and 8(c)). A reduction in the wear rate in spite of 
the additional (erosive and/or abrasive) damage 
(Figs.6(b)−(d), 7(d) and (e), and 8(a) and (b)) by the 
suspended solid mass in the medium indicates that the 
additional (abrasive and/or erosive) damage by the 
(suspended) solid particles is less detrimental than the 
reduction in the (corrosive) attack of the medium in view 
of its decreasing volume fraction in the test environment. 
Increasing wear rate of samples due to the increasing 
solid content from 20% to 40% can be due to a greater 
severity of the impinging action of the solid mass 
causing erosion of the specimen surface (Figs.6(c) and 
8(a), regions marked by A). On the contrary, a reduction 
in wear rate in the liquid plus 60% sand medium over the 
one in 40% sand slurry (Fig.5) can be owing to the 
dominating abrasive action of the sand particles on the 
specimen surface. It may be noted that abrasive action of 
the environment leading to the generation of grooves 
(Fig.6(d), region marked by double arrow, and Fig.7(e), 
region marked by triple arrow) is less detrimental in 
terms of material loss than their impinging action 
wherein large craters are formed (Fig.6(b), region 
marked by A, and Figs.8(a) and (b), regions marked by A 
and B). 

An appraisal of the observations made in this 
investigation suggests significant effects of the presence 
of silicon in the alloy system on slurry wear response. 
Further, the nature and severity of the influence are 
dependent on the sand content of the test environments. 
Addition of sand particles to the test medium causes the 
wear rate to decrease. Intermediate sand content leads to 
maximum wear rate when compared with in the sand 

slurries. However, this maximum is less than that in the 
liquid-only medium. The predominant operating wear 
mechanism also changes with the sand concentration of 
the medium from corrosion in the liquid-only 
environment to corrosion-assisted-erosion in the slurry 
containing up to 40% sand and to corrosion-assisted- 
abrasion in the 60% sand slurry. 
 
5 Conclusions 
 

1) Wear rate increases initially with traversal 
distance, attains the (wear rate) peak and decreases 
thereafter at still longer traversal distances. The wear rate 
peak is quite prominent when the tests are conducted in 
the liquid-only medium; the peaks are rather shallow in 
the sand slurry and less defined in some cases. Further, 
the peaks are observed to reach at shorter distances in the 
liquid-only medium than those in the sand slurries. 

2) The presence of Si in the alloy system proves 
beneficial by offering decreased wear rate in general 
when the tests are conducted in the liquid plus sand 
slurries. On the contrary, the Si containing alloy exhibits 
higher wear rates as compared to that of the silicon free 
alloy in the liquid-only medium. 

3) Maximum wear rate of the samples is noted in 
the liquid-only medium. The presence of suspended sand 
particles in the test environment leads to a reduced wear 
rate irrespective of the alloy composition, the degree of 
reduction in the wear rate being to the extent of 5%−15% 
depending on the sand content of the slurry. A 
comparison of the wear behaviour of the samples in the 
sand slurries shows that the intermediate (40%) sand 
content leads to a maximum wear rate. However, this 
maximum wear rate is less than that in the liquid-only 
medium. 

4) Corrosion is the dominant mechanism of material 
removal in this investigation, erosion and abrasion 
playing a secondary role. The predominance of one wear 
mechanism over the other is responsible for the changing 
behaviour of the samples with the composition of the test 
environment in terms of sand content. Also, the dominant 
and opposite effects of factors like silicon particle/matrix 
interfacial attack and (corrosion/erosion/abrasion) 
resistance offered by the silicon particles to the alloy 
system over each other are responsible for the varying 
wear response of the alloys in various test environments. 
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