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Abstract  

 Nano Coconut Shell Charcoal (NCSC) particles of nano size were 

reinforced with AZ91D Mg alloy in this study.  The magnesium composites were 

prepared using stir casting method.  The developed materials were characterized 

for microstructure, X-ray Diffraction (XRD), Energy Dispersive X-ray Analysis 

(EDX) and mechanical properties such as microhardness and tensile strength 

Fractural analysis was carried out using Scanning Electron Microscope (SEM). 
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1. Introduction 

 
 Magnesium based metal matrix composites has been used as an attractive choice 

for automotive and aerospace applications due to their low density and improved 

mechanical properties including strength, stiffness and creep resistance [1].  The addition 

of ceramic particles in magnesium alloys will lead to increase in tensile strength and 

Young’s Modulus [2].  Development of magnesium based metal matrix composites has 

been one of the major innovations in materials engineering.  Because of its dimensional 

stability and specific strength magnesium matrix composites are used in structural 

applications [3].  With the increase in volume fraction of reinforcement the composites 

become stronger in compression then in tension [4].  In [5] AZ31B Mg alloy is reinforced 

with 50nm Al2O3 particle and processed through disintegrated melt deposition technique. 

Improved mechanical properties are achieved in AZ31B/1.5wt%Al2O3.  In [6] Mg is 

reinforced with SiC particle of particle size 38µm processed through disintegrated melt 

deposition technique. Mg/11.4wt%SiC composite is heat treated at 100οC for 5hours and 

10 hours. The composite which is not subjected to heat treatment showed improved 

ultimate tensile strength, microhardness and 0.2%yield strength and the composite which 

is subjected to 5 hours heat treatment showed improved ductility. In [7] AZ31B Mg alloy 

is reinforced with nano coconut shell charcoal (ncsc) and micron sized SiC particles. 

Compressive strength of AZ31B/3SiC/0.5ncsc showed improved properties when 

compared to AZ31B/3SiC/1.5ncsc.  In this study nano coconut shell charcoal is 

reinforced with AZ91D Mg alloy to study the effective behaviour of coconut shell 

charcoal in magnesium alloy. 
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 AZ91D magnesium alloy is reinforced with NCSC particulates with an average 

size of [50 – 60 nm]. The NCSC powder was produced by ball milling. The chemical 

composition of AZ91D Mg alloy is (Al 8.5wt%, Mn 0.15 wt%, Zn 1.0 wt %, Si 0.10wt%, 

Fe 0.005wt%, Cu 0.03wt% and Ni 0.002wt%). The particle size of the powder used is Mg 

63µm, Al 50µm, Zn 45µm, Mn 40µm, Si 65µm, Fe 45µm, Cu 40µm and Ni 40µm. Stir 

casting technique was used to produce AZ91D Mg alloy, AZ91D/3NCSC Mg composite, 

AZ91D/5NCSC Mg composite, AZ91D/7NCSC Mg composite and AZ91D/9NCSC Mg 

composite. X-ray diffraction analysis is conducted in order to identify the intermetallic 

phases.  The microstructures were characterized using SEM. The samples of AZ91D Mg 

alloy and composite samples were primarily and secondarily polished according to the 

procedure followed in ASM handbook [8].  The microhardness test is conducted on the 

polished AZ91D Mg alloy and Mg composites specimens using automatic digital 

microhardness tester according to ASTM E18-94.  The tensile samples of AZ91D Mg 

alloy and composite samples were machined according to ASTM-E8-01. The tensile test 

was performed using servo hydraulic machine with a strain rate of 0.200mm/min. The 

fracture surfaces of the magnesium alloy and composite specimens were examined using 

SEM and the Energy Dispersive X-ray analysis (EDX) was also performed using SEM. 

 

3. Results and discussion 

 
3.1. X-ray diffraction analysis 

 

 Figure 1. (a) and (b) shows the XRD of developed AZ91D Mg alloy and 

composite samples.  In the XRD of AZ91D Mg alloy the intermetallic compound 

Mg17Al12 was formed.  The intermetallic compound was formed by the reaction of 

magnesium with aluminium. This intermetallic compound exhibited good interfacial 

bonding with the matrix.  MgO was not found in the XRD of AZ91D Mg alloy, the 

reason may be that the argon atmosphere had prevented the reaction of magnesium with 

oxygen.  Pure Mg peaks were also found in the XRD spectra of AZ91D Mg alloy.  In the 

XRD of AZ91D /NCSC in addition to the intermetallic compounds Mg17Al12, carbon had 

been identified. Since coconut shell charcoal was added to the matrix, carbon might have 

formed. Charcoal has the composition of carbon and ash. No other compound was 

observed on addition of NCSC. 

 

 
(a) 

 
(b) 

 

Figure 1.  XRD of (a) AZ91D Mg Alloy and (b) AZ91D /NCSC Composite 

2. Experimental details
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3.2. Energy dispersive X-ray analysis 

 

 
(a) 

 

(b) 

Figure 2.  EDX Spectrum of (a) AZ91D Mg Alloy and (b) AZ91D /NCSC 

Composite 

 Figure 2. (a) shows the EDX spectrum of AZ91D Mg alloy. In the elemental 

analysis of AZ91D Mg alloy the compounds Magnesium, Aluminium, Manganese, and 

Zinc were identified.  Fig. 2. (b) it was obvious from EDX spectrum that, carbon had been 

formed, since charcoal was added to AZ91D/NCSC Mg composite. 

 

3.3. Microstructure 

 

 Figure 3. (a), (b), (c), (d), (e) shows the microstructure of AZ91D Mg alloy and 

composite samples. Fig 3 (f) shows magnified image of NCSC particle.  The defects such 

as circumferential or radial cracks were absent on the developed composites.  No macro 

defect was observed in the AZ91D Mg alloy. The microstructure of AZ91D Mg alloy was 

uniform. The interfacial microstructure between the Mg alloy matrix and reinforcement 

plays an important role in the properties of the composites based on Mg alloys due to the 

high reactivity of Mg.  The reasonable uniform distribution of particulates was attributed 

to the use of suitable blending parameter [9]. The shape and distribution of Mg17Al12 

phase also contributes to mechanical properties.  The microstructure of AZ91D/9NCSC 

Mg composite showed uneven distribution of NCSC particles and some significant form 

of clustering was also observed in the matrix. The inappropriate use of extrusion ratio and 

the addition of minimal quantity of particles may be the reason for clustering of NCSC 

particles in the matrix. The composite under tensile loading the clustered region has a 

higher stress than the matrix region free of particles [10], therefore clustering must be 

eliminated.  In composites the clustering can be controlled by using particle of fine size 

[10]. The microstructure of AZ91D/3NCSC and AZ91D/5NCSC Mg composites showed 

uniform distribution of NCSC in the matrix.  In this composite, under tensile loading 

much higher stress was induced in the particles and then in the matrix [10]. Good 

distribution of reinforcement particles is a factor for better mechanical properties of 

composites [9]. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

Figure 3.  SEM Micrograph of (a) AZ91D Mg alloy, (b) AZ91D /3NCSC 

Composite, (c) AZ91D /5NCSC Composite, (d) AZ91D /7NCSC Composite, 

(e) AZ91D /9NCSC Composite and (f) Magnified Image of NCSC 

3.4. Microhardness 

 
 Microhardness measurements were conducted on the extruded polished 

specimens of AZ91D Mg alloy and composite samples. The results are tabulated in Table 

1. Microhardness values of AZ91D Mg alloy showed improved results when compared to 

the other processing techniques such as conventional casting [11]. The microhardness 

values of AZ91D /3NCSC Mg composite improved on addition of NCSC particles in the 

AZ91D Mg alloy matrix.  This may be due to the uniform distribution of NCSC particle 
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in the matrix, formation of the intermetallic compound Mg17Al12 by the reaction of 

magnesium with aluminium. The increase in hardness was due to the formation of the 

intermetallic compounds as products of solid-state reaction while heating.  The carbon 

formed might have provided a stronger bonding in the matrix and hence the hardness of 

the compound increased on addition of NCSC due to the fine dispersion of particles in the 

matrix. This may be the reason for the improvement in hardness of AZ91D/9NCSC Mg 

composite. Increase in hardness at times depends on hard secondary phase and 

reinforcements and reduction in porosity. The results of hardness measurements revealed 

that increase in weight percentage of ceramic particles in Mg alloy can increase the 

hardness. The results thus suggest that higher amount of ceramic particle in matrix is 

desirable to increase the resistance to localized plastic deformation [11]. 

Table 1. Tensile and Microhardness Measurement Results 

Materials 
Ultimate tensile 

strength (UTS) 

0.2% Yield 

strength 
Ductility (%) 

Hardness 

(VHN) 

AZ91D 275±3 200±3 19±0.5 68±1 

AZ91D 

/3NCSC 
283±3 203±3 13±0.5 78±1 

AZ91D /5 

NCSC 
279±3 199±3 11±0.5 84±1 

AZ91D /7 

NCSC 
274±3 195±3 9±0.5 86±1 

AZ91D /9 

NCSC 
269±3 189±3 7±0.5 89±1 

3.5. Tensile testing 

 The results of tensile testing are listed in Table 1. Compared to the AZ91D Mg 

alloy sample, the tensile properties of the AZ91D/3NCSC and AZ91D/5NCSC composite 

samples revealed a concurrent increase in properties. The best combination of ultimate 

tensile strength and 0.2% yield strength was observed in case of AZ91D/3NCSC.  The 

ductility of the sample decreased on reinforcing AZ91D Mg alloy with 3NCSC and 

further decreased with an increase in weight percentage of NCSC. The addition of 

ceramic particulates would generally reduce the ductility of Mg matrix [12].  Moreover, 

the increase in tensile strength in AZ91D/3NCSC may be due to the reduction in porosity 

level, the addition of NCSC and the homogeneous distribution of NCSC particles. The 

increase in 0.2% yield strength can be estimated using the following equation:   

σmy = σmo + Δσ           (1) 

where, σmy and σmo are yield strengths of the reinforced and unreinforced matrices, 

respectively, and Δσ, the total increment in yield stress of the matrix [11].  

 

3.6. SEM 

 

 Figure 4. shows the tensile fractured surfaces of AZ91D Mg alloy and composite 

samples. The ductility of the tensile tested samples decreased on addition of NCSC 

particles in the alloy matrix, when compared to that of AZ91D Mg alloy. Since the 

ductility is greater than nine percentages the sample might have fractured by ductile 

fracture mode. The fractured surfaces shows small cleavage planes, river like patterns and 

presence of some dimples. Small cleavage planes and river like patterns denote quasi 

cleavage fracture mode and dimples denotes ductile behaviour of the composite.  Dimple 
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fracture mode is the toughest failure mode in metal matrix composite [12]. Fractured 

surface of AZ91D Mg alloy and composite samples indicates the presence of cleavage 

steps and microscopically rough features. Microvoids were observed in the tensile, 

fractured surface of AZ91D Mg alloy and composite samples, this may be due to increase 

in porosity level in the composite samples, clustering of NCSC particles, and poor 

bonding in the matrix material.  Owing to the adequate ductility of Mg-Al-Zn alloy, much 

and smaller dimples are observed [13]. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Figure 4. SEM Images of Fractured Surface of Tensile Tested Samples (a) 
AZ91D, (b) AZ91D /3NCSC, (c) AZ91D /5NCSC, (d) AZ91D /7NCSC, and (e) 

AZ91D /9NCSC  
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4. Conclusion 

 The stir casting technique can be used to successfully synthesize AZ91D Mg 

alloy, AZ91D/3NCSC Mg
 
composite, AZ91D/5NCSC Mg composite, AZ91D/7NCSC 

Mg composite and AZ91D/9NCSC Mg composite based formulations. Increase in the 

NCSC particulates
 
lead to a significant improvement in hardness.  Fractured surfaces of 

AZ91D Mg alloy and composite samples showed quasi-cleavage fractured mode. 

Reasonably uniform distribution of NCSC particulates, good adherence of reinforcement 

with the matrix, and the minimal porosity of the composite revealed the suitability of 

processing methodology adopted in this study.  XRD results exhibited the formation of 

the compounds Mg17Al12 by the reaction of magnesium with aluminium.  EDX result 

exhibited the formation of carbon since charcoal was added to the AZ91D/NCSC Mg 

composite. AZ91D/3NCSC Mg composite showed improved tensile strength in terms of 

ultimate tensile strength and 0.2% yield strength. Improved ductility was observed in 

AZ91D Mg alloy. 
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