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SyntheSiS and CharaCterization of BioCeramiCS reinforCed aluminium matrix CompoSiteS

Current work attempts to fabricate aluminium alloy aa2219 metal matrix composite (amC) reinforced with natural bio-based 
sea shell powder (ssP) which is a ceramic material, in view of improving the mechanical and tribological properties. ssP was 
characterized by X-ray Diffraction (XrD) to assess its chemical constituents and particle size. stir casting route was adopted for 
fabricating amCs reinforced with 1, 2 and 3 wt. % of ssP. energy Dispersive X-ray spectroscopy (eDs) was used to analyse the 
formation of secondary elements during casting and scanning electron microscopy (sem) was used analyze the surface morphol-
ogy of the composite specimen before and after tribological tests. hardness, Compressive strength and tribological properties were 
evaluated using appropriate tests and corresponding asTm standards. Characterization methods revealed that the formation of 
secondary elements was very low at 3 wt. % of ssP when compared with other compositions. hardness and compressive strength 
was found to be maximum for 3 wt. % of ssP while the specific wear rate and coefficient of friction values were found to be lesser 
for the same composite when compared with the unreinforced alloy and were on par with the aa2219 composites containing 
synthetic reinforcements. 
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1. introduction

Blending of more than two materials in order to obtain 
enhanced properties, when compared with the monolithic materi-
als, results in formation of composites. Composite materials are 
commonly categorised as metal, Polymer and Ceramic matrix 
Composites. Polymer composites are limited to light weight 
applications. Ceramic matrix Composites is suitable for high 
temperature applications with intricacy in production and hence 
their processing would be comparatively expensive. metal matrix 
composites provide high strength, fracture toughness, better 
resistance towards corrosion and wear at higher temperature 
when compared with polymer composites. normally, metals like 
copper, aluminium and magnesium are used as matrix materials 
as they possess high strength and high modulus, better specific 
strength of resulting composites that are comparatively better 
than the monolithic alloys for majority of the applications. Vital 
application of amCs includes automotive and thermal applica-
tions and many mechanical components like brake disc and 
piston. Owing to positive variation in mechanical properties, 
which depends on the reinforcement proportion and chemical 
composition of base metal, amCs has been proven successful 

in various areas including functional and structural applica-
tions [1]. Few experimenters stated that attention was shown 
towards amCs to a larger extent due to the benefits such as better 
strength, high wear resistance and hardness of end products [2]. 
amCs can have reinforcements like silicon carbide and alumina 
which are the extensively used dispersion materials because of 
their extensive characteristics like high hardness and lesser wear 
rate [3]. when the dispersion is graphite, resulting composite 
possess less casting defects and appreciable surface finish [4]. 
aluminium alloys, when used as matrix, has gained the focus 
of the material researchers due to various other salient charac-
teristics like appreciable damping ability [5]. 

some authors described that aa2219-al2O3 nano compos-
ites developed by stir casting has shown improved mechanical 
properties [6]. aluminium matrix composites containing alumina 
as reinforcement revealed an enhanced strength over the unre-
inforced alloys but reduced fracture toughness and ductility [7]. 
in contrast, monolithic alloys has better fracture toughness but 
are not widely preferred due to their low specific strength and 
stiffness [8-10] as these two properties play a significant role 
in prevention of failure of components subjected to impact 
loads and in-service stress [11,12]. For demand in cutting edge 
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engineering applications, aluminium hybrid composites are used 
due to the result of better mechanical properties [13]. Produc-
tion of hybrid reinforced amCs reduces the processing cost of 
single reinforced mmCs [14, 15]. Derived ceramics including 
tungsten carbide, alumina, silica, silicon carbide, graphite and 
carbon nanotubes are broadly used in aluminium matrix and 
among them alumina and silicon carbide are frequently used 
when compared with other reinforcements [16]. hybrid synthetic 
reinforcing particulates such as graphite and Boron carbide are 
used for property optimization by adopting different design 
concepts in amCs. Cost of synthetic reinforcements are high 
due to its unavailability in most developing countries. But the 
difficulties of high processing cost are not represented due to 
accomplishment of enhanced properties [17,18]. 

research has been carried out for using the ceramic materi-
als as reinforcements with alloys of aluminium to enhance the 
properties and tailoring them as per the application requisite in 
the field of industry and commercial areas [19]. stir casting is 
the frequently used process of fabricating ammCs during the 
recent days. Different methods were adopted to fabricate com-
posites includes mechanical alloying, squeeze casting and stir 
casting [20]. stir casting renders better strength to the amCs and 
a strong interfacial bond is established between reinforcement 
and matrix by means of mutual dissolution of the elements at the 
time of casting. Because of this reason, good wettability of the 
dispersoids is much needed in stir casting process. Considering 
these facts, stir casting process is used for fabricating amCs 
as it renders prolonged surface reaction between matrix and 
dispersoids [21,22]. Due to flexibility, simplicity and low cost, 
stir casting stands out as a widely accepted process. Because of 
less processing cost for mass production of mmCs, a weight 
proportion of up to 30 % of reinforcement can be accommodated 
by this process, resulting in superior bonding. The 2000 family 
of aluminium alloys have copper as the main alloying constitu-
ent and this series is known for its ability to be heat treated and 
high strength. aluminium alloy aa2219 has a broad spectrum 
of application in defence, automobile and aircraft and is specifi-
cally used as brake pads and clutch plates in automobiles. Due 
to some appreciable properties like good weldability and easy 
machinability, aluminium alloy aa2219 is chosen as matrix [23]. 

utilization of aluminium based alloys in contact applica-
tions was very limited due to its softer ductile nature [24]. many 
researchers determined that upon suitable reinforcements, the 
wear resistance of the aluminium alloys could be enhanced. Few 
authors determined the wear resistance of aa2219 aluminium 
alloys reinforced with alumina and rice husk ash (rha). when 
the content of was kept constant and the content of alumina was 
varied in between 1 wt. % and 3 wt. %, the wear resistance was 
found to increase along with it [25-27]. Few other experimental 
trials were carried out to determine the wear resistance of alu-
minium alloys reinforced with self-lubricating reinforcements 
like graphite and molybdenum-disulphide. From the experimen-
tal results, it was noted that there was a significant increase in 
the wear resistance of the aluminium alloys but at the cost of 
reduced mechanical properties. it was stated by the authors that 

when the proportion of self-lubricating materials was increased 
beyond 3 wt. %, mechanical properties drastically reduced 
[28]. researches are ongoing to have enhanced mechanical and 
tribological properties simultaneously with the same reinforce-
ment but only limited synthetic ceramics served the purpose. 
even though it was achieved by few experimenters, the cost of 
manufacturing of composites were very high. hence explora-
tions has to be made in such a way that the composites renders 
better mechanical and tribological properties simultaneously 
at a cost-effective manufacturing process [29-31]. with all the 
above facts in mind, current work focusses on manufacturing 
aa2219 composites containing seashell powder (ssP) which is 
a natural bio-ceramic material through stir casting process. XrD 
and eDs were adopted to characterize the sea shell powder for 
its chemical constituents, particle size and secondary element 
formation.. mechanical properties like hardness and compressive 
strength were evaluated for aa2219-ssP composites and were 
compared with aa2219-alumina composites to have a better 
evaluation of bio-based mmC. Tribological properties of the 
composites were determined using wear tests and the wear sur-
face morphology of the composite specimens were characterized 
using sem analysis.

2. experimental work

2.1. materials and methods

aa2219 was procured in the form of a billet in m/s rsa 
metals Corporation, Coimbatore. sea shell powder is utilized 
as reinforcement because of its high strength, for obtaining 
improved mechanical properties and is acquired from shores of 
marina beach. its availability is abundant and collection was also 
simple. The collected powders were crushed manually to obtain 
coarse grained powders. in order to homogenize the particle size 
of ssP, they were ball milled for 3 hours with a ball-to-powder 
ratio of 10.1:1 and toluene was used as a process control agent. 
The ball milled powders were reinforced in different weight 
proportions such as 1, 2 and 3% in aa2219 matrix. alumina 
powders (avg. particle size – 30 µm) were purchased from m/s 
rajalakshmi scientific, Coimbatore, Tn. general properties 
of aa2219 are listed in TaBLe 1 and chemical constituents 
in aa2219 are listed in TaBLe 2. since sea shell powder is 
a novel, natural and bio-based reinforcement, its properties are 
yet to be evaluated.

TaBLe 1
Physical Properties of aa2219*

properties Values
Density (g/cm3) 2.84
hardness (Bhn) 28-30

modulus of elasticity (kn/mm2) 73-76
Thermal conductivity (w/mk) 116-121

melting Point (°C) 543-643
* asm material data sheet
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TaBLe 2

Chemical constituents in aa2219 [11]

Constituent Cu Fe mn si Ti V al
proportion (%) 5.8 0.25 0.4 0.17 0.1 0.16 Bal

2.2. process of composite manufacturing

stir casting is a molten state process used for producing 
cast samples of amCs and the setup is illustrated in Fig. 2. 
in this method, the matrix is mixed with reinforcement through 
stirring by mechanical means. The process involves mixing of 
both the materials in two steps: first, melting the aa2219 matrix 
by heating it at about 800°C in a ceramic crucible. meanwhile the 
seashell powder, which was crushed to near fine powder form, 
is preheated to 350°C for a time period of 30 min. second, the 
reinforcement, that was already heated, is dispersed in molten 
aa2219 matrix and is stirred constantly at 400 rpm for a time 
period of 8 min. Composite samples were prepared by reinforcing 
1, 2 and 3 wt. % of seashell powder separately in aa2219 by 
adopting the aforementioned procedure. The cast is then taken 
out after allowing to cool at ambient conditions. Three composite 
samples with alumina as reinforcement was also prepared by 
adopting the aforementioned procedure.

2.3. x-ray diffraction 

XrD was adopted to test the ssP with respect to the el-
emental constituents present in it along with the crystal struc-
ture. it is a commonly used non-destructive process (nDT) for 
evaluating the lattice structure of a material in solid, liquid or 
fluid form in terms of the peaks obtained. These peaks can be 
correlated with the standard peaks (usually jCPDs peaks) for 
confirming the elemental present. One more functionality of 
XrD technique is to characterize the powders for their particle 
size based on the peaks obtained. in the current work, a sample 
of 100 mg of sea shell powder was characterized by XrD. stand-
ard practices were used for the XrD analysis. while carrying 
out the test, the samples were held rigid and the X-ray tubes 
rotated from 10° to 90° with a scanning range of 10°/min. The 
values obtained from the XrD analyses were used to calculate 
the particle size of the sea shell powder. The calculations were 
based on the williamson- hall equation, as given in equa- 
tion (1) [27].

 cos 4 sink
t
      (1)

where k = 0.5 (shape factor), λ = 0.1539 nm (X-ray wavelength). 
a plot between β cosθ (ordinate) and 4 sin θ (abscissa) would 
render a straight-line equation in which the slope (m) could be 
equated to the lattice strain directly and the intercept (c) from 
which grain size (t) can be obtained by using the equation 
c = kλ /t.

2.4. energy dispersive Spectroscopy (edS)  
analysis

eDs is also a nDT method that can render the chemical 
constituents present in the composite sample by measuring the 
variation of the energy levels within the sample which is obtained 
as a result of focusing the electron beam. specifications given 
out by eDs may range between 1 to 2 microns from the surface. 
hence this technique can be used to identify the various elements 
present in the cast aa2219-ssP and can also be used to examine 
the formation of secondary elements in the cast composite. sam-
ples of size 15×15×15 mm was used to perform eDs analysis 
and the samples were polished using silicon carbide emery paper 
and were surface cleaned to make the sample devoid of dirt and 
other foreign bodies. 

2.5. mechanical properties 

hardness of the composites are usually measured using 
Brinell, rockwell or Vickers Testing method. For metal matrix 
composite, Brinell hardness testing method is suitable because 
the cast products may be inhabited with coarse grain structure. 
in the current experiment, Brinell hardness test was used to 
evaluate the hardness values. a cubical specimen of dimensions 
15×15×15 mm was prepared as per asTm e10 standard and 
before testing the samples were polished using a 600 grit emery 
paper. The test was carried out under a load of 250 n and with 
a steel ball intender of diameter 5 mm and the holding time was 
maintained as 10 min for all the samples. each specimen was 
subjected to three experimental trials and the average value 
was taken as the final value. Compression tests were carried 
out in a hydraulic operated universal testing machine (make: 
shimadzu) by following asTm e9 standards. Dimension of 
the specimen was maintained as φ15 mm × 25 mm and the tests 
were carried out at room temperature. For both of the above tests, 
a total of three samples were taken in each composition and the 
average value has been used.

2.6. tribological properties 

wear rate and coefficient of friction of aa2219-ssP sam-
ples were determined by performing tribological tests using 
a Pin-on-Disc wear testing equipment. Tests were carried out at 
ambient conditions as per asTm g99 standards and the speci-
men were maintained with a circular cross section of dimensions 
10 mm diameter and 30 mm height. in earlier literature, various 
input parameters like applied load in n, sliding distance in m, 
sliding velocity in m/s, speed in rpm and time of wear in seconds 
were considered. reponses from the current experiments were 
specific wear rate in mm3/nm and coefficient of friction. since 
the predominant use of aluminium alloys are in brake pad ap-
plications, the input parameters were taken in such a way that 
it replicates the practical conditions to a certain extent. in the 
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current experiments, the parameters considered were load 
(= 19.62 n), speed (= 800 rpm) and sliding distance (= 2000 m) 
[15, 22]. Based on the above parameters, time of wear was cal-
culated to be 3.61 minutes and sliding velocity 9.22 m/s. each 
specimen was subjected to wear twice and the average of both 
the values were finally considered.

2.7. Scanning electron microscope

sem is majorly used to sweep a specific area on the surface 
and may reveal the sample microstructure at larger magnifica-
tions by focusing a smaller diameter primary electron beam upon 
this surface. electron beam, when focused on such a small area, 
depicts the constituents in the sample along with their abundance. 
The study of microstructure of materials is a salient parameter 
for relating the mechanical, tribological and other characteristics 
of the composites with the effects of reinforcement additions 
[24]. in the current work, sem was used to analyse the surface 
morphology of aa2219-ssP composites before and after sub-
jecting the specimen to wear tests.

3. results and discussion

3.1. Characterization of SSp 

3.1.1. xrd analysis of SSp particles

The particle size of the sea shell powder was determined 
by XrD which can also throw some light upon the influence 

of particle size on the composite characteristics. study of XrD 
peaks rendered the constituents of sea shell powder. The major 
constituents of sea shell powder are Calcium Carbonate (77%) 
with the crystal structure of rhombohedra and Calcium hy-
droxide (59%) with the hexagonal crystal structure according 
to jCPDs 47-1743 [25,32]. Fig. 1 shows the XrD peaks of sea 
shell powder. it could be observed from the figure that major-
ity of the peaks denote the presence of calcium hydroxide and 
calcium carbonate in the ssP and the presence of other elements 
was very rarely noticed. TaBLe 3 shows the various peak posi-
tions and corresponding full width at half maximum (Fwhm) 
values for the sea shell powder. These values were substituted 
in williamson-hall equation as stated earlier and the plot was 
made in between β cosθ and 4 sin θ. From the obtained graph, 
the value of particle size of the ssP was obtained as 15.7 mi-
crons. since the ssP was powdered only using a compact ball 
mill vial, deeper powder characterization using sem could not 
be carried out at this stage. 

TaBLe 3

XrD Peak Values of ssP

S. no pos. 
[deg]

peak height 
[cm] fWhm d-spacing 

[Å]
rel. int. 

[%]
1 29.4273 21977.8 0.1092 3.03281 100
2 29.5123 11686.7 0.0312 3.03178 53.18
3 47.5192 4500.06 0.0936 1.91188 20.48
4 48.5248 3669.35 0.1092 1.87459 16.7
5 39.4176 3356.07 0.1248 2.28413 15.27
6 34.1273 3332.73 0.1092 2.62512 15.16

Fig. 1. XrD Peaks of sea shell powder
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3.1.2. edS analysis

Figs 2a-c shows the eDs images of aa2219-ssP compos-
ites with 1, 2 and 3 wt. % of ssP respectively. From the image 
presence of aluminium (al), oxygen (O), carbon (C), copper 
(Cu) and calcium (Ca) were observed in the sample, endorsing 
the combined occurrence of aa2219 and ssP. it is evident from 
the spectral images that the peaks corresponding to aluminium 
is of maximum height while the peaks corresponding to copper 
and silicon is at a height next to al peaks which conforms to the 
chemical composition of aa2219 as represented in TaBLe 2. 

since aa2219 is constituted with copper and silicon as second 
major alloying elements in terms of volume, the eDs peaks of 
both these elements were prominently observed for all composi-
tions. Other elements such as O and Ca are the constituents of sea 
shell powder which are also prominently observed in the eDs 
spectra. From the spectra, it could be noted that hydrogen, which 
is also a constituent of ssP, is absent. it may be due to the fact 
that calcium hydroxide was decomposed, at higher temperatures, 
into calcium, oxygen and hydrogen while hydrogen reacted with 
the existing oxygen to form water that had evaporated. silicon 
and copper atoms would have formed their respective oxides 

Fig. 2. eDs elemental mapping of aa2219 with a) 1 wt.% ssP, b) 2 wt. % ssP, c) 3 wt. % ssP
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by combining with oxygen which were considered to be the 
secondary elements. influence of these secondary elements was 
very less in the properties of resultant composites.

Distribution of various elements within each sample is 
listed in TaBLe 4 for all the compositions of aa2219-ssP 
composites. Presence of C in the first eDs spectra is noticed to 
be high in Fig. 2a and subsequently reduces in the eDs spectra 
of other two samples as in Fig. 2b and 2c. Presence of carbon 
could be due to the conversion of aluminium atoms into carbon at 
higher temperatures than the melting point of aluminium. as the 
weight fraction of aa2219 reduces, the presence of carbon has 
also gradually reduced in the eDs spectra. similarly presence 
of oxygen is observed to be high in Fig. 2b and 2c, which could 
possibly be due to the oxidation of si and Cu resulting in the 
formation of their respective oxides. Presence of Ca was noted 
to be almost constant in all the three samples which could be 
due to the degradation of ssP which contains calcium carbonate 
and calcium hydroxide at higher temperatures. Calcium carbon-
ate has disintegrated into calcium oxide and carbon dioxide at 
higher temperatures which is evidently witnessed in the eDs 
spectra. From the eDs surface mapping, it was observed that the 
increase in content of sea shell powder has reduced the porosity 
of the base metal and rendered a uniform surface for aa2219-
ssP composites. hence it could be stated that, the presence of 
3 wt. % of ssP in aa2219 results in better microstructure with 
lesser amount of secondary elements formation. 

TaBLe 4

elemental composition based on eDs analysis

aa2219 + 1 wt. % 
SSp

aa2219 + 2 wt. % 
SSp

aa2219 + 3 wt. % 
SSp

element wt.% element wt.% element wt.%
aluminium 74.98 aluminium 73.91 aluminium 67.06

Carbon 17.50 Carbon 16.42 Carbon 21.87
Copper 2.97 Copper 2.70 Copper 2.49
Oxygen 2.32 Oxygen 4.13 Oxygen 5.10
silicon 1.02 silicon 1.04 silicon 1.12

Calcium 0.74 Calcium 1.32 Calcium 2.04
magnesium 0.43 magnesium 0.39 magnesium 0.26

3.2. mechanical properties of aa2219-SSp  
composites

3.2.1. effect of SSp addition on hardness 

hardness test results of aa2219-ssP composites are 
tabulated in TaBLe 5 and are compared with the hardness tests 
results of aa2219-alumina composites. results show that the 
sample containing 3 wt. % of sea shell powder has the highest 
hardness value among all other samples. hence the value of 
hardness increases with the increase in content of ssP. This 
could be attributed to the inherent property of ceramic particles 
presence within aa2219 matrix. Further, as the ssP is harder 
than alumina particles, the values of hardness is higher for 

each composite sample. it could also be stated that the value of 
hardness increases when the localized resistance of composites 
towards the indentation increases with the increase in weight 
fraction of ssP. hardness values could also be attributed to the 
agglomeration of ssP within the matrix which reduced with the 
increase in content of ssP and so the hardness of the samples 
increased. even though the sea shell powder is a brittle ceramic 
material, it enhanced the mechanical property of the pure matrix 
material to an appreciable extent. Fig. 3 depicts the variation of 
hardness values with the weight fractions of ssP and alumina 
in aa2219 matrix along with the error values. 

TaBLe 5

hardness test result

Sample Weight fraction 
(wt. %)

hardness of  
aa2219-SSp (hB)

hardness of  
aa2219-al2o3 (hB)

1 0 28.62 ± 1.05 28.85 ± 1.15
2 1 29.57 ± 1.28 23.68 ± 1.39
3 2 39.13 ± 1.35 28.84 ± 2.14
4 3 48.5 ±1.24 34.43 ± 1.84

Fig. 3. Variation of hardness of aa2219 composites with ssP and 
alumina

3.2.2. effect of SSp addition on compression  
strength

Compressive strength values of aa2219-ssP are tabulated 
in TaBLe 6 and are compared with the strength of aa2219-
al2O3 samples. Fig. 4 depicts the variation of compressive 
strength with the weight fraction of ssP and alumina along with 
the error values. Values show that the compression strength of 
the composites linearly increase with the content of reinforce-
ments and the maximum value is attained at 3 wt. % for both the 
reinforcements. Better compressive strength for the composite 
sample with highest weight fraction of reinforcement is due to 
the homogenous distribution of reinforcements within aa2219 
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matrix. This has, in turn, reduced the movement of dislocations 
during compressive loading of the composites and hence the 
strength of the sample attained is maximum. 

TaBLe 6

Compression test results

Sample
Weight 
fraction 
(wt. %)

Compressive strength 
of aa2219-SSp  

(mpa)

Compressive strength 
of aa2219-al2o3 

(mpa)
1 0 140 ± 2.7 140 ± 2.5
2 1 151.6 ± 2.9 149.1 ± 2.2
3 2 163.2 ± 3.2 158.2 ± 1.8
4 3 174.8 ± 2.5 167.3 ± 3.1

Fig. 4. Variation of compressive strength of aa2219 composites with 
ssP and alumina

since the increase in ssP content decreased the space within 
the particles in a specific area, the stress transfer has not directly 
occurred in the base metal and the resistance of aa2219 towards 
deformation has increased due to the presence of ssP. mean-
while, the compressive strength of ssP is noted to be on par with 
the alumina samples which shows that ssP, a bio-ceramic, could 
act as a potential substitute for most of the applications where 
synthetic ceramics are currently used. From the above studies, 
it could be concluded that aa2219 composites with 3 wt. % of 
ssP renders better mechanical performance when compared with 
all other compositions and other equivalent synthetic ceramics. 

3.3. tribological properties of aa2219-SSp  
composites

Fig. 5 depicts the variation of specific wear rate of aa2219-
seashell powder composites with the weight fraction of seashell 
powder. TaBLe 7 depicts the effect of sea shell powder addition 
upon the specific wear rate and coefficient of friction. it could 

be observed from the table that variation of specific wear rate 
is directly proportional to the variation of ssP content while the 
variation of coefficient of friction is inversely proportional to 
the content of ssP. since the dispersion of ssP is homogenous 
within aa2219 at 3 wt. %, the specific wear rate was found to 
be minimum. This could possibly due to the fact that during 
wear, ssP first comes into contact with the counterfacing disc 
thus shielding the softer matrix material from wear loss. hence, 
the specific wear rate was relatively lower at this composition. 
at all other previous compositions, due to non-homogenous 
distribution of seashell powder and poor interfacial adhesion 
between aa2219 and seashell powder, the reinforcement 
might had slipped from the matrix thus exposing the softer ma-
trix to the counterfacing disc. This resulted in higher specific 
wear rates for the composites with 1 and 2 wt. % of seashell 
powder. These values were significantly supported by the coef-
ficient of friction values which decreases with the increase in 
content of seashell powder. hardness values of the composite 
materials substantiate the variation of specific wear rate of the 
composite samples. as the composite with 3 wt. % of ssP was 
harder, it exhibited lowest specific wear rate and this phenom-
enon is applicable to all other specimens. hence it could be 
concluded that aa2219 composites with 3 wt. % of seashell 
powder had higher wear resistance when compared with other  
compositions. 

TaBLe 7

wear test result

Sam-
ple

Weight 
fraction 
(wt. %)

applied 
load 
(n)

Speed 
(m/s)

Sliding 
distance 

(m)

Wear loss
(mm3/n.m)

Coefficient 
of friction

1 0 19.62 800 2000 2.04×10–13 0.273
2 1 19.62 800 2000 1.92×10–13 0.166
3 2 19.62 800 2000 1.56×10–13 0.152
4 3 19.62 800 2000 1.32×10–13 0.097

Fig. 5. Variation of wear rate and coefficient of friction with ssP  
content
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3.4. Surface morphology of aa2219-SSp  
composites

surface morphology of aa2219-ssP composites before 
and after wear test was analyzed using sem. Fig. 6 shows the 
sem images of aa2219-ssP composites before and after wear 
tests. From Fig. 6(a) it could be noted that the surface exhibits 
few casting defects and the agglomerated reinforcements. This 
clearly portrays the inadequacy of ssP powders present in the 
sample to get homogenously dispersed within the matrix and 

the closely packed atoms in hexagonal crystal structure of the 
reinforcement. normally stirring condition and preheating of re-
inforcement at the time of fabrication determines the property 
of the aa2219-ssP composites [11]. it could be seen from the 
image that ssP powder has been agglomerated in spite of pre-
heating before mixing with the molten metal. agglomeration 
was also due to the density variation of reinforcement a due 
to poor wettability of ssP in the molten base metal pool. Few 
micro holes could also be observed from the image due to the 
evolution of carbon dioxide bubbles from the cast surface. when 

Fig. 6. sem morphology of aa2219-ssP composites before wear (a) 1 wt. % ssP, (b) 2 wt. % ssP, (c) 3 wt. % ssP, after wear (d) 1 wt. % ssP, 
(e) 2 wt. % ssP, (f) 3 wt. % ssP
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this specimen was subjected to wear, the agglomerates of ssP 
had undergone wear at the first instant and was converted to 
wear debris as shown in Fig. 6(d). Due to this, the matrix was 
left unshielded and so it had undergone a deep wear resulting in 
formation of deep wear tracks and a significant amount of flakes 
had also formed. The phenomenon of wear in this study is the 
adhesive wear since a minimal quantity of material transfer 
occurred in between the wear pin and the counterfacing disc. 

Fig. 6(b) depicts the sem micrograph of aa2219-ssP 
composites with 2 wt. % of ssP before subjecting to wear tests 
which exhibits relatively lower agglomeration when compared 
with the previous sample. Formation of dendritic structures at the 
interface could be observed from the figure which depicts the 
non-uniform cooling of the molten metal and this is attributed to 
the difference in solidification of the matrix and the reinforce-
ment. wear surface morphology of this specimen is shown in 
Fig. 6(e). it could be noticed from this image that the forma-
tion of flakes and wear debris were relatively lesser due to the 
reduced agglomeration of the reinforcement. wear resistance of 
this sample was also relatively higher which could be observed 
from the specific wear rate value in TaBLe 7. wear tracks could 
be observed in the image but they are shallow. 

Fig. 6(c) denotes the sem micrograph of aa2219-ssP 
composites with 3 wt. % of ssP. meagrely agglomerated re-
inforcement could be noticed from the image which depicts 
the homogenous dispersion of ssP within aa2219 matrix. 
This could be attributed to the adequacy of the reinforcement 
content present in the solid solution. Formation of dendritic 
structures has also considerably reduced denoting the increase 
in compatibility between matrix and reinforcement. wear track 
morphology of this specimen is shown in Fig. 6(f) and from this 
image it could be noted that the formation wear debris and flakes 
were very minimum. increases interfacial adhesion between the 
matrix and the reinforcement resulted in shallow wear tracks 
and the ssP particles shielded the softer aa2219 matrix from 
wear. in this case, adhesive wear had become abrasive wear 
which could be evidently witnessed from shallow wear tracks. 
From all the above discussions, it could be stated that aa2219 
composites containing 3 wt. % of ssP performed better in 
wear test and can be considered for any contact applications of 
aluminium alloys.

4. Conclusions

aluminium alloy 2219 reinforced with ssP in weight frac-
tions of 1, 2 and 3 % were prepared by using stir casting process. 
Characterization of ssP powders by XrD and composite samples 
by eDs, mechanical properties such as hardness and compressive 
strength were evaluated, tribological property was determined 
using wear tests and the surface morphology of the composites 
were analyzed using sem. Following conclusion could be coined 
out from the above experimental study: 
• XRD peaks of sea shell powders depicted that calcium 

carbonate (77%) and calcium hydroxide (59%) were the 

major constituents of sea shell powder with rhombohedral 
and hexagonal structures respectively. Particle size of used 
sea shell powders were calculated using williamson-hall 
synthesis method and was found to be 15.7 microns. eDs 
spectra of cast samples showcased that the formation of 
secondary elements was minimum in all the samples which 
could be ascertained from the elemental presence in each 
composite ample. 

• Mechanical properties of AA21 composites were found 
to be maximum at 3 wt. % of ssP. The samples exhibited 
41% higher hardness and 20% higher compressive strength 
when compared with the unreinforced base metal. 

• Mechanical properties of the AA2219 composites with 
bio-ceramic reinforcement were found to be higher than 
the aa2219 composites with alumina reinforcement which 
suggests that bio based sea shell powders could be a poten-
tial and equivalent alternative for the synthetic ceramics. 

• Wear resistance of AA2219 composites containing 3 wt. % 
of ssP was found to higher than all other samples. specific 
wear rate and coefficient of friction values were found to 
be 35% and 64% higher than the unreinforced aa2219 
samples thus portraying the significance of reinforcement 
addition into softer aa2219 matrix.

• Surface morphology of the specimen exhibited few notable 
aspects before wear such as agglomeration and dendritic 
structure formation which were high for the sample with 
1 wt. % of ssP and low for the sample with 3 wt. % of 
ssP. after subjecting to wear, the specimens were found 
to exhibit flakes, wear debris and wear tracks. all these 
were lower for the samples with 3 wt. % of ssP denoting 
the better compatibility between matrix and the reinforce-
ment.
hence, from all the above discussion, it could be stated 

that aa2219 with 3 wt. % of sea shell powders outperformed 
its counterparts in all respects and this composition is applicable 
for many aluminium alloy based engineering applications such 
as clutches, piston and brake pad.
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