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 Nowadays, low-cost particulate reinforced metal matrix composites with improve me-
chanical properties are highly sought in various industrial and critical engineering 
applications including automotive and aerospace sectors. Meanwhile, increasing con-
sumption rate of African giant land snail (Archachatina marginata) had been posing dis-
posal challenges of its shells. Therefore, this paper tends to investigates the influence of 
waste snail shells particulates on the physical and mechanical properties of recycled alu-
minum-silicon alloy matrix. Different weight proportions i.e. (0 – 7.5) wt% of calcined 
snail shell particles at an interval of 1.5 wt% were successfully incorporated into Al-Si 
alloy matrix melted at 750 °C using stir-casting route. The microstructure, physical and 
mechanical properties of the resulting composites were examined and presented. Micro-
structural examination shows fairly uniform dispersion of snail shell particles in the alu-
minium alloy matrix intermingled with aluminium-silicon dendrites. Mechanical proper-
ties such as hardness, impact, compressive and tensile strengths increased with increa-
sing addition of calcined snail shell particulate up to 6 wt% while density and elongation 
decreases. The total equivalent density reduction of 5.4% in composites compared to 
unreinforced alloy was obtained at 7.5 wt% snail shell addition.  The maximum hardness, 
impact, compressive and tensile strengths obtained are 118±4 HV, 88 J, 552±20 MPa 
and 211 ± 4.8 MPa equivalent to 21, 25, 19 and 36 percent increase respectively relative 
to un-reinforced aluminium-silicon alloy. Hence, mechanical and physical properties of 
Al-Si alloy can be enhanced using calcined snail shell particulates which can widen its 
application in automotive industries. 
 
Keywords: metal marix composite, low-cost reinforcement, mechanical properties, stir-

casting, automotive and aluminium alloy 
 

INTRODUCTION 
 
 The demand for light weight and cost-effective engineering materials with higher 
strength especially in automotive, aerospace and structural applications for enhance per-
formance are on the increase (1, 2). Interestingly, aluminium and its alloys with matching 
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characteristics of light weight, low cost, good thermal and electrical properties desirable 
in various engineering applications had stimulated research interest. These overwhelming 
properties as well as the recyclability of aluminium had made it a promising candidate 
material of the present century in engineering applications. Moreover, good resistance to 
corrosion has further preserved the integrity of aluminium and its alloys’ properties for 
improved performance in many environments. Barely all sectors of human endeavour 
today including and not limited to cooking utensils, household furniture, electrical in-
dustries, aerospace, automobile and structural applications are making use of aluminium 
either in their pure or and alloyed forms. However, global increasing demand for light-
weight material with enhance mechanical properties over the conventional alloys in the 
emerging industrial applications and requirements has recently fuelled the curiosity of 
researchers on advanced engineering materials (metal matrix composites) developments 
(3, 4). Reinforcing a metal matrix phase resulted in metal matrix composite with pro-
cessing techniques serving as major hub for tailoring the resulting properties into desired 
application. By literature search (5), research birth in metal matrix composites (MMCs) 
was dated back to about two decades ago.  Interestingly, this has transpired into modern 
days advanced materials finding application in structural, aerospace, automotive, marine, 
electronic, wear and thermal applications. This was due to improved physical, mechanical 
properties and weight savings advantage associated with metal matrix composite compa-
red to unreinforced alloys (6, 7). 
 Reinforcement materials can simply be regarded as strength enhancer or load carrying 
member in MMCs. It is usually a non-metallic in nature including ceramics, agro and bio-
shell wastes. It can also be classified according to its geometry into, continuous and 
discontinuous fibre, wiskers or particulate reinforcement materials (8). Literature has 
shown (9) that the mechanical properties of MMCs with continuous fibre has superior 
strength compered to whisker or particulate reinforced composites. However, particulate 
metal matrix composites (PMMCs) are easier to process, cost-effective with good iso-
tropic properties advantages which could be automated (4, 10). In addition, properties of 
PMMCs can easily be processed for desirable applications by modifying the parameters 
thereof such as the particle size, volume fraction, stirring speed and time, melt tempera-
ture and solidification rate. As a result, synthetic reinforcement particles such as silicon 
carbide (SiC), alumina (Al2O3) are the earlier and mostly investigated in MMCs. How-
ever, their use in industrial production of MMCs had greatly been hindered by the scarce 
and increasing cost of synthetic reinforcement materials like alumina, silica oxide and si-
lica carbide. As a result, modern day researches on material development are now explo-
ring the use of industrial and agro allied waste products as a cost-effective and potential 
source of reinforcement materials in MMCs production (4, 6, 11). Various viable indus-
trial and agro-wastes that had been investigated in aluminium alloy matrix include agri-
cultural (rice husk, bamboo leaves, coconut shells and fibers, maize corb and husk, egg 
shells) wastes and industrial (fly ash, red mud) wastes materials (5, 12-19). Their findings 
revealed that agro and industrial wastes can be use as aluminium matrix reinforcement 
materials due to their promising properties enhancement. 
 African giant land snail shells (Archachatina marginata) is a bio-waste material rea-
dily available in Nigeria and other tropical regions of the world. However, their increa-
sing consumption of its flesh due to medicinal benefit especially in Nigeria has been re-
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sulting into indiscriminate disposal with associated environmental threats (4, 20, 21). But 
a recent study (4) of this species of snail shell confirmed the presence of ceramics phases 
with promising potentials to be use as low-cost metal matrix reinforcement material. 
Various available processing routes for processing of MMCs include squeeze casting, 
infiltration, powder metallurgy and stir casting techniques. However, stir casting process 
has widely been reported to be the most viable and economical route for particle reinfor-
ced metal matrix composites (PMMCs) processing and production (22). Moreover, its 
simplicity, cheap and applicability for large scale industrial production has made it to sur-
passed other fabrication routes (23, 24). Hence in this paper, Physical and mechanical 
properties of Archchatina marginata snail shell particulate reinforced aluminium-silicon 
alloy are presented. 
 

MATERIALS AND METHODS 
 
 Materials used in this work are piston scraps made of aluminium-silicon alloy as 
matrix material and discarded African giant land snail shells as reinforcement materials. 
 

Processing of matrix materials 
 

 The scraps of aluminium piston sourced from Ipata-Oloje mechanic market in Ilorin, 
Kwara State, Nigeria was used in this study. The collected piston scraps were washed 
with detergents and warm water to obtain a clean and oily free aluminium scrap. It was 
then sun dried for three days before melted in pit furnace and de-slagged three times to 
eliminate the impurities. The chemical composition of processed aluminium scrap used in 
this study as examined with SEM/EDX analysis is presented in Table 1. 
 

Table 1: Elemental composition of Al-Si alloy 
 

Elements Al Si C O Na Br Sr 

Wt% Composition 87.10 
± 1.500 

7.70 
± 0.950 

0.03 
± 0.001 

4.95 
± 0.250 

0.01 
± 0.005 

0.18 
± 0.002 

0.03 
± 0.001 

 
Reinforcement materials preparation and characterization 

 
 Figures 1 (a & b) shows the photograph of the Archachatina Marginata snail shells 
(SnSp) and its powder form as used in this study. The elemental composition (by weight) 
of snail shell had previously been reported to contains 81% calcium carbonate in addition 
to other elements like silicon, aluminium, Sulphur, bromine, tin and potassium (4). The 
cleaned and dried snail shells were crushed into powder via a disc mill and subjected to 
calcination at 900 °C for 3 hours to obtain a thermally stable reinforcement material. The 
resulting powder obtained from calcination was followed by sieving analysis using 
BS1377:1990 standard procedure. The sieve sizes were arranged in descending order of 
fineness (250, 200, 150 and 100 µm). The powder retained at 100 µm sieve size was used 
in this work. The functional group analysis of both calcined and un-calcined SnSp inspec-
ted using Thermo-Nicolet 6700P FTIR Spectrometer (USA) in the range of 4000 cm-1 to 
500 cm-1 using Attenuated Total Reflectance (Smart iTR) mode. Determination of SnSp 
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(calcined and un-calcined) phase analysis was investigated using Cu-Kα (1.54 Å) radia-
tions using PANalytical X’Pert Powder X-ray diffractometer from Philips, Netherlands. 
The diffractograms selected span through the range of 20 and 80° with step size of 0.02° 

and count time of 1 s per step. In addition, the morphology and particle size of the selec-
ted calcined snail shell powder (100 µm) was determined using SEM image supported 
with Microsoft word and Gwyddion 2.31. Resolution of SEM image as determined by 
Microsoft word is 0.91inches which is equivalent to 1 µm in the image. This scale was 
then used to determine the width (5.50 µm) and height (5.51 µm) of the SEM image 
which were used as impute data for width and height in the Gwyddion software for deter-
mining the particle sizes. 
 

    
               (a)                                                      (b) 
 

Figure 1. Pictures of (a) Snail shell and (b) Snail shell powder. 
 

Aluminium-silicon alloy/SnSp composite production 
 
 Figure 2 shows the illustrative sketch of the stir-casting process used for the produc-
tion of Al-Si alloy/xSnSp matrix composite. Required amount of Al-Si alloy was kept in 
crucible which was first preheated to a red-hot condition in Thermo ScientificTM 
FD1340M electric muffle furnance before subsequently raising the temperature to 750 °C 
at 10 °C/min heating rate. Thereafter, 0.1 wt% of magnesium ribbon was added to the 
molten aluminum to enhance wettability (12, 25). 1.5 wt% 100 µm of calcined snail shell 
powders were preheated at 400 °C to increase its wettability and prevent hydrogen gas 
inclusion in the melt through absorption of moisture (OH-) (26). The liquid Al-Si alloy at 
750 °C	was poured into a preheated graphite crucible and incorporate the preheated cal-
cined snail shell particulates into the melt followed by manual stirring for 5 minutes. The 
slurry mixture was then placed in locally fabricated electric stirrer set-up with attached 
heat source and type K- thermocouple for temperature monitoring (Figure 2). The molten 
composite slurry at 750±10 °C was then stirred at 400 rpm for 120 s and finally poured 
into ϕ20 mm cavity of 150 mm height steel die. The same procedure was followed for 3, 
4.5, 6 and 7.5 wt% of SnSp additions in aluminium-silicon alloy matrix. The solidified 
Al-Si/xSnSp composites were then subjected to mechanical properties test. 
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Figure 2. Illustrative pictures of Al-composite production process using stir-casting 

technique. 
 

Physical, mechanical and morphology properties characterization 
 
 The Al-Si/xSnSp composite obtained from stir-casting were evaluated by carry out 
physical, mechanical and morphological characterization. 
 

Microstructural investigation of Al-Si/xSnSp composites 
 
 The surface microstructural analysis of Al-Si alloy matrix and reinforced composite 
specimens were examined using Scanning Electron Microscope (SEM) Vega LMU from 
TESCAN Brno, Czech Republic incorporated with X-Act Energy Dispersive Spectro-
scopy (EDS) detector from Oxford Instruments, Oxford UK operated at 20kV accelerated 
voltage. Samples for SEM observation were prepared by cutting and machined down to 
ϕ8 mm by 4 mm height dimension and grinded up to 2000 grit size SiC paper in a se-
quence of 400, 800, 1200 and 2000 grits to produce a smooth shiny surface. The ground 
surface was then etched in 5 % nital solution before finally mounted on a SEM sample 
holder for morphological examination. 
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Density determination 
 
Archimedes’ principle as reported in the work of Usman et al., (12) was adopted to 

evaluate the density of Al-Si/xSnSp composite and aluminium-silicon alloy. The weight 
of Al-Si/xSnSp composite was firstly carried out in air as (ݓ௔) on a digital electronic 
weighing (Kern;D-72336 Balingen, Germany) balance with serial number W1500761 and 
then immersed in graduated measuring cylinder to obtain the corresponding weight in 
water (ݓ௟ሻ equivalent to rise in volume. The weight in water was then taken and recorded 
to obtain the density of Al-Si/xSnSp composite according to Equation 1. 

ߩ  ൌ ௪ೌ௪ೌି௪೗              [1] 
 
Where ߩ ൌ density (g/cm3), ݓ௔ ൌ weight in air and ݓ௟ ൌ weight in water 
 

Micro-hardness measurement 
 
The hardness of the samples ground up to 1200 grit size at 400, 800 and 1200 grit size 

order for smoothness and flatness was measured as per ASTM E384 – 17 using a micro-
Vickers hardness tester under an applied load of 4.9 N for 10 s. A minimum of five rea-
dings were taken at different points on each sample and the averaged of the readings were 
recorded as the hardness value for the Al-Si/xSnSp composite samples. 
 

Evaluation of tensile and compressive strengths of Al-Si alloy/xSnSp composite 
 
The tensile test of both unreinforced and Al alloy/SnSp composites specimen (Figure 3a) 

were carried out using computerized Testometric Universal UTM (TUE-C-500) model 
tensile machine (Figure 3b) by subjecting the specimen into a gradual applied tensile force 
at 10-3 s-1 until fracture occurred. The specimens were prepared as per ASTM E-8 standard 
strain rate (27, 28).  The compressive strengths of Al-Si/xSnSp composite samples were also 
examined in accordance with ASTM E9-09 standard procedure under 10-3 s-1 strain rate and 
specimen dimension kept constant at 2.0 length to diameter ratio.   

 

           
                                            (a)                                                               (b) 
 

Figure 3. Mechanical testing: (a) tensile samples and (b) tensile testing process 
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Impact strength determination 
 
The impact strength of the Al-Si/xSnSp composite was performed following ASTMD 

256-93 standard using Avery Dension Universal Izod Impact – Testing machine, model 
number 6705U/33122 (18). The prepared samples (75×10×10 mm) of both un-reinforced 
and reinforced alloy samples was conducted on notched samples at depth of 2 mm in the 
middle and a notch tip radius of 0.25 mm at an angle of 45°. The striking hammer was 
raised to the maximum height and release freely to fall from gravity on the already clam-
ped specimen and the readings of absorbed energy to fracture the samples were taken. 
 
 

RESULTS AND DISCUSSION 
 

Fourier Transform Infrared (TIR) analysis of reinforcement material 
 
The Fourier Transform Infrared (FTIR) patterns of both calcined and uncalcined 

Archachatina marginata snail shell powders were as illustrated in Figure 4. This test was 
carried out to identify the functional group and phase composition of both the calcined 
and un-calcined SnSp samples. The FTIR of un-calcined SnSp contains mainly aragonite, 
calcite (CaCO3), carbonate (CO3

-) group with characteristic intensity peaks at 1452, 
849.802 and 1799 (cm-1) wavelengths respectively. A small peak of Ca(OH)2 absorption 
functional group was also observed at 667 cm-1 (29). On the other hands, the calcined 
SnSp depicts the characteristics IR bands at 1416 and 866 cm-1 intensity. These peaks cor-
respond to CaO formation which is in line with the work of Loy et al. (29). In addition, a 
sharp peak of Ca(OH)2 absorption was noticed with calcined SnSp sample at 3644.26   
cm-1 (29, 39). This may be attributed to high reactivity and affinity for moisture of CaO 
as a result of its hygroscopic nature when exposed at the time of characterization (30). 
Figure 5 was a plot of intensity against angle (2theta) for the XRD analysis of calcined 
and un-calcined SnSp. The Figure shows uncalcined snail shell powders were characteri-
zed with many peaks unlike the calcined form which shows a well crystalized and scanty 
peaks. This implies that, uncalcined SnSp has more phases than the calcined form with 
mono detectable phase.  The main phase identified in un-calcined SnSp sample occurs at 
diffraction peaks (26.27, 36.20, 37.9, 38.56, 45.91, 48.48, 50.2, 52.4)° corresponding to 
aragonite according to JCPDS 00-041-1475 reference code.  Meanwhile, the main phase 
of calcined SnSp sample occurs at diffraction peaks (32.43, 37.49, 53.89 and 67.73) 
corresponding to calcia (CaO) according to JCPDS 00-037-1497 reference code. The 
result implies that untreated snail shell powder mainly contains calcium carbonate and its 
calcination yielded mainly calcium oxide as the resulting product of calcination process 
of SnSp due to loss of volatile phases. The high proportion of CaO ceramic phase in 
calcined shell suggests African giant land snail shell as a potential alternative inexpensive 
source of reinforcement material in metal matrix composites. These results are in good 
agreement with FTIR results (Figure 4) which also confirmed the liberation of carbonate 
group for the formation of CaO.  
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Figure 4. FTIR of calcined and un-

calcined snail shell
Figure 5.  XRD graph of calcined and 

un-calcined snail shell
 
The morphology and particle size examination of calcined snail shell particulates used 

as reinforcement was as presented in Figure 6. It was observed that the calcined SnS 
particulates consist of particles of different sizes and shapes as a result of thermal necking 
and agitation of the calcination process. The minimum and maximum particle sizes as 
revealed by Gwyddion analysis were 0.219 µm and 2.009 µm respectively. The particles 
tend to disintegrate from larger particle size into smaller size through the process of 
diffusion into spheroid, oval, irregular quadrilateral shaped particles in fused form. Diffe-
rences in colour of particles as depicted in the morphology were indication of heating 
effect of calcination process without any change in the compositional phases as indicated 
by XRD results.  

 

 
 

Figure 6. SEM morphology of calcined SnS powder 
 

Density of aluminium-silicon/xSnSp composites 
 

Figure 7 is a graph of density variation of aluminium-silicon matrix reinforced with 
varying weight additions of calcined SnSp and equivalent percentage density reduction in 
the composite produced. The graph shows decreasing trends in density of aluminium-
silicon/SnSp composite produced with increasing weight addition of SnSp. The density of 
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unreinforced sample as presented in Figure 7 was 2.757gcm-3 and decreases with increa-
sing addition of snail shell addition to 2.609 gcm-3 at 7.5 wt%. Quantitatively the addition 
of 7.5 wt% of SnSp in aluminum-silicon alloy resulted in 5.37% density reduction in rein-
forced aluminium-silicon/SnSp composite. The reduction in weight of composite produ-
ced could be attributed to the addition of light weight calcined snail shell powder as re-
ported in our previous study which replaced the higher dense soft matrix phase alloy. 
Hence, addition of less dense and hard SnSp can enhance the production of light weight 
composite material for improve performance. This result is in line with earlier reported 
works on metal matrix composites (31-35). Prasad et al. obtained a 2.4 % decrease in 
density with 8 wt% of rice husks while Shanmughasundaram et al. (32), reported 6.6 
wt% density using flyash as reinforcement in aluminium composite and Usman et al. (12) 
recorded 19.9 % declined in density of bagasse reinforced aluminium matrix composite 
using double stir casting technique. 

 

 
Figure 7. Density of Al-alloy/xSnSp composite with wt% of SnSp reinforcement. 

 
Microstructure and chemical composition of Al-Si alloy/SnSp composites 

 
Figure 8 shows the microstructure and corresponding EDS analysis of SnSp reinforced 

Al-Si alloy composites as obtained from scanning electron microscopy (SEM/EDS). The 
unreinforced aluminium alloy only shows a single phase with traces of silicon dendrites 
as discernible in the EDS micrograph. With 0.5 wt% SnSp addition in Al-Si matrix, the 
calcium peak as shown in respective EDS result and as displayed in the microstructure 
appeared as separate phases (Figure 8b). This observation was similar to all microstruc-
tures obtained with varying weight addition of SnSp (Figures 8c-f) in Al-matrix even 
though particle size of the matrix-reinforcement phases are becoming bigger given rise to 
spatial agglomeration and porosity inclusion within the Al-Si alloy matrix at 6 and 7.5 
wt% of SnSp addition. This could be due to high reactivity of calcium oxide and it’s 
affinity for silicon at high temperature and as well as difficulty in stirring at high speed in 
such a condition. The addition of SnSp is presumed to have enrich the dendritic strands of 
aluminium-silicon alloy in the unreinforced matrtix to forming calcium trioxo-silicate 
dendrite phase and aluminium-calcium phase particles which can act dislocation locker 
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for improve mechanical properties as evidenced in tensile, compressive and impact 
strengths of the composite produced. However, the open porosity as observed in in Figure 
8e-f can be attributed to gradual drop in strengths of the composites. The EDS analysis of 
the respective alloy and composites as illustrated in Figure 8 and also provided in Table 2 
as an attached file.  
 

 
 

Figure 8. Microstructure of calcined snail shell at 0 – 7.5%wt 
(a-f) reinforced aluminium silicon alloys composites 

 
 Only aluminium, silicon and oxygen with no peaks of calcium or carbon was obtained 
in Figure 8a and Table 2. Addition of 1.5 wt% of SnSp resulted in 0.6 wt% of calcium 
and as well as Al and Si as the main element in AlSi/1.5 SnSp composite (see Table 2).  
 

Table 2. EDS compsition of AlSi alloy and AlSi/xSnSp composites 
 

 
Od - other elements (C, Fe, Br, Na); Ao - AlSi alloy; A1 - AlSi/1.5SnSp; A2 - AlSi/3.0SnSp; A3 - 
AlSi/4.5SnSp; A4 – AlSi/6.0 SnSp and A5 – AlSi/7.5SnSp 
 

 Further addition of SnSp increase the peaks of calcium content in addition to Al, Si O2 
and other trace elements including carbon, iron, sodium and bromine of the resulting 
composites up to 4.5 wt% of SnSp. However, above 4.5 wt% addition of SnSp, a rapid fall 

Composites Al 
(wt%) Std Si 

(wt%) Std Ca 
(wt%) Std O 

(wt%) Std Od 
(wt%) Std 

Ao 87.15 0.85 7.70 0.01 0.00 0.00 4.85 0.50 0.30 0.00 
A1 87.30 0.15 7.69 0.13 0.61 0.35 4.25 0.22 0.15 0.02 
A2 87.05 1.25 7.65 0.63 1.20 0.48 3.88 0.2 0.22 0.00 
A3 86.04 0.77 7.60 0.55 1.90 0.51 4.41 0.25 0.05 0.01 
A4 87.90 0.50 7.30 1.02 1.80 0.46 2.36 0.18 0.64 0.01 
A5 89.40 0.85 5.59 0.98 1.59 0.35 2.76 0.35 0.66 0.08 
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in calcium, silicon and oxygen peaks was observed in 6 and 7.5 wt% of SnSp reinforced 
composites with the calcium peaks decreases to 1.80 and 1.59 wt% respectively in the 
resulting composites as discernible in Table 2. The presence of calcium peak (s) in the 
composites is an indication of presence of calcined snail shell particles in the aluminium 
matrix compared to un-reinforced alloy. The decrease in silicon, oxygen and calcium 
especially at higher calcined SnSp addition, can be attributed to slag formation noticed at 
higher weight addition of SnSp which may possibly coagulate out some of these elements 
along with the slag due to high reactivity. This factor might have been responsible for 
some decreases noticed in strength at higher percentage addition of SnSp in Al-Si matrix 
composites. 
 

Tensile fracture surface characteristics 
 
Figure 9 shows SEM morphologies of the tensile fractured surfaces of unreinforced 

Al-Si alloy (Figure 9a) and reinforced Al-Si/xSnSp composites samples (Figures 9b-f) 
respectively. The Figure shows a characteristic feature of cup and cone (cc), goose and 
dimples (gd) and as well as fibrous (F) morphologies in both the unreinforced and rein-
forced composites though with slight differences.  
 

 
 

Figure 9. SEM of Al-Si composites’ tensile fracture surfaces 
 

These characteristic features imply a ductile failure mode in both un-reinforced and 
reinforced composites in which more energy can be absorbed before failure. However, 
increasing wt% addition of calcined SnSp has no significant influence on the morpho-
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logies but only results in gradual disappearance of the cone and cup structure into a large 
goose and dimple structure. This metamorphosis of structure with poor resistance to 
crack initiation tends to reduce the resilience of material to plastic deformation to pave 
way for sudden failure of the material. Hence gradual reduction in ductility of the com-
posite may resulted with increasing addition of calcined SnSp and as evidenced in percen-
tage strain results in Figure 12. 

 
Micro-hardness measurement 

 
The hardness variation of control and Al-Si/xSnSp composite produced with increa-

sing weight percent addition of calcined snail shell was depicted in Figure 10. It was ob-
served that the hardness increases with increasing weight percent of SnSp for all rein-
forced Al-Si alloy. For instance, the hardness value of Al-Si alloy was 97.844 HV at        
0 wt% and steadily increased to 118.02 HV at 6 wt% of SnSp and then decreased to 
108.36 HV at 7 wt% SnSp addition. The increments in hardness results can be arrogated 
to an increase in weight percentage of hard ceramic phases of calcined SnSp in aluminium 
alloy matrix. The calcined SnSp contains phases like CaO, Fe2O3, Cr2O3 and remnant car-
bon of calcination process as revealed by XRD result (Figure 5). These phases are cera-
mics materials which are hard and rigid. Their presence in the Al-Si alloy matrix en-
hances composite phase hardness. Thus, resulting in strong bond interface between the 
matrix and reinforcement for increased hardness values in the produced composites (17, 
33, 34). This is in accordance with the works of earlier authors (3, 12) and increase in 
composites hardness was linked to addition of hard ceramic reinforcement phase in the 
matrix. However, the slight decrement in hardness at 7.5 wt% could be as a result of 
removal of some hard phases (calcium) in form of slag due to high reactivity as noticed in 
SEM/EDS results. 

 

 
Figure 10. Influence of SnSp wt% on hardness of Al-Si alloy/xSnSp composite 
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Tensile and compressive strengths behaviour of Al-Si alloy/xSnSp composites 
 

The tensile and compressive strengths of Al-Si alloy/xSnSp composites produced by 
stir-casting technique are presented in Figures 11 and 12, respectively. Both strengths incre-
ase with increasing weight percent of SnSp. For instance, the average tensile strength incre-
ases from 155 ±5 MPa at 0 wt% to 211± 4.8 MPa when 4.5 wt% of SnSp was incorporated 
into Al-Si matrix. Addition of SnSp beyond this range does not further increase tensile 
strength but only resulted in slight decrement by 5 MPa. This implies that a maximum of 
36% tensile strength increment at 4.5 wt% SnSp addition in Al-Si alloy was achieved. Also, 
it is worthy of noting that, 6 and 7.5 wt% addition of SnSp yielded 32 and 28% in tensile 
enhancement respectively compared to unreinforced Al-Si alloy. 

Similarly, the compressive strength (Figure 12) of the same Al-Si/SnSp composites de-
picted similar pattern of the tensile strength behaviour. The compressive strength increased 
with increasing addition of SnSp from 462 ± 22.30 MPa SnSp with Al-Si alloy matrix up to 
a maximum strength of 551.748 ± 19.56 MPa at 6 wt% of SnSp addition though with slight 
reduction in percentage elongation. Beyond this limit of addition, only resulted in compres-
sive strength decrement. The equivalent compressive strength increment at 6 wt% of SnSp 
was 19% relative to unreinforced Al-Si alloy. The increase in both tensile and compressive 
strength as noticed in Al-Si/SnSp composites was attributed to addition of hard ceramic pha-
se of snail shell particles in Al-Si alloy with no signs of agglomeration as illustrated Figure 
8. The presence of this SnSp in Al-Si matrix restricts the displacement of silicon in alumi-
nium matrix phase. Thus, resulted in high dislocation density which in turn requires higher 
force for plastic deformation. Moreover, the improvement in both strengths can be attribu-
ted to strain hardening effect as a result of localized stress action of SnSp particles at diffe-
rent points within the matrix coupled with good wettability of SnSp preheated at 400 °C 
prior the addition into the Al-Si alloy. These results corroborate with the works of Hassan 
and Aigbodion, Dwivedi et al., Aigbodion and Hassan, Prasad and Ramma (3, 19, 33, 35), 
where the strength improvement of reinforced matrix was attributed to the presence of hard 
particles and higher dislocation density along the grains of the matrix alloy. However, 
beyond 4.5 and 6 wt% of SnSp inclusion in matrix, the tensile and compressive strengths 
decrease marginally as depicted in Figures 11 & 12 respectively. This was due to addition 
of calcined snail shell in Al-Si alloy phase exceeding the saturation limit thus resulting in 
mis-matching of reinforcement-matrix interface giving rise to reduced dislocation density. 
Hence, reduction in strength of the composite set-in as noticed in both tensile and compre-
ssive strengths (Figures 11 & 12). Similar results were obtained by earlier researchers whe-
re decrease in strength was attributed to poor uniform distribution of harder phase in matrix 
at higher content (19). Moreover, the magnitude of compressive strength presented in 
Figure 10 was found to be higher than that of the tensile strength (Figure 11) of the same 
Al-Si/SnSp composites. This can be attributed to presence of some defects such as micro-
pore, gas inclusion in which the tensile strengths are more sensitive to compared to com-
pressive strength action as experienced during testing. This is because the opposite applied 
loads coming towards each other during compressive action of the testing tends to entangle 
the interatomic interface which will initially increase the dislocation density and must be 
overcome before deformation commences. Thus, higher compressive strength compared to 
tensile strength. 



APTEFF, 51, 1-206 (2020)   UDC: 693.9:669.713:629.33]:639.45+679.92 
DOI: https://doi.org/10.2298/APT2051163K BIBLID: 1450-7188 (2020) 51, 163-180 

  Original scientific paper 
 

 176

0.0 1.5 3.0 4.5 6.0 7.5
140

150

160

170

180

190

200

210

220

Te
ns

ile
 S

tr
en

gt
h 

(M
Pa

)

% wt. of  SnSp  
Figure 11. Influence of SnSp wt% on tensile strength of Al-alloy/xSnSp composite 

 

 
Figure 12. Influence of SnSp wt% on compressive strength and strain of Al-alloy/xSnSp 

composite 
 

 
Influence of SnSp addition on impact energy of Al-Si alloy 

 
 Figure 13 shows the impact energy of Al-Si alloy/xSnSp composites. With increase in 
wt% of SnSp addition in Al-Si matrix, the impact strength increases. As illustrated from 
Figure 13, the impact energy increased from 72.5 Joules at 0 wt% to 90.5 Joules when 7.5 
wt% of SnSp was dispersed in to the Al-Si alloy phase. The increment in impact strength 
obtained in Al-Si/7.0%SnSp composite is equivalent to 25% when compare to un-reinfor-
ced Al-Si alloy. It was noticed that, this result looks contrary to some earlier reported 
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work in that, increasing addition of hard brittle reinforcement in metal matrix resulted 
into corresponding decrease in impact strength due to loss of ductility (3, 36). However, 
it will be noticed from the present work that, with addition of 1.5 wt% of calcined snail 
shell in the matrix, the percentage strain of the composite increases from 20% for the 
control sample to 30% plus which with further addition of reinforcement particles only 
result in slight reduction in strain. Therefore, the increase in impact energy as obtained in 
the study can be linked to good percentage strain property which damped the loading 
constraint and the rigidity of the calcined SnSp second phase particles to hinder the com-
posite impact deformation. This result was and follow the pattern reported in the work of 
Bello et al. and Abdullahi et al. (37, 38), where they reported increase in impact energy 
with increase in reinforcement addition in the matrix.  
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Figure13. Effect of SnSp on impact strengths of Al- alloy/xSnSp composite 
 

CONCLUSIONS 
 
 From the results and discussion in this research work, the following conclusions are 
hereby submitted: 

1. Calcined giant land snail shells particles were successfully incorporated as reinfor-
cement material in aluminium-silicon scrap via stir casting technique. 

2. Microstructural examination of the produced composites revealed a fair dispersion 
of SnSp with high desolution in aluminum-silicon matrix with discernible alu-
minu-calcium-silicon dendrites, a major factor causing improvement in mechani-
cal properties of Al-alloy/xSnSp composites synthesized. 

3. The dispersion of calcined SnSp in Al-Si alloy matrix yielded a lighter and high 
impact energy in Al-Si/xSnSp composite by 5.4 and 25 % respectively at 7.5 wt%. 
This implies that the developed composite can absorbed more energy before 
failure compared to un-reinforced Al-Si alloy. 

4. The maximum tensile and compressive strengths obtained in as-cast Al-Si/xSnSp 
composites were 211 ± 4.8 MPa and 552 ± 19.56 MPa at 4.5 wt% and 6.0 wt% 
SnSp addition equivalent to 36 and 19% respectively relative to un-reinforced Al-
Si8 alloy. 
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The study concluded that calcined African giant land snail shell particulate can serves 
as an alternative low-cost reinforcement material in Al-Si alloy matrix for the production 
of lightweight with enhanced mechanical properties. The Al-Si/SnSp composites can find 
application in the production of automotive components such as piston, connecting rods 
and cylinder lining. 
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