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Abstract— For the last few years there has been a rapid 

increase in the utilisation of aluminium alloys in various 

fields due to its superior properties and performance. The 

purpose of this study is to Fabricate Al-Fe composite through 

powder metallurgy route with varying compositions. 

Different samples (Fe compositions 0, 10, 20, 25, 30, 35 and 

40 Wt.%) of the composite were fabricated and various 

properties were observed for the fabricated composites.. Then 

XRD and SEM analysis of the samples were done to study 

the phases present and their distributions along with idea of 

composition. This study also involves   the effect of adding 

iron particulates on tensile behavior of Iron-Aluminium metal 

based composites. 
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I. INTRODUCTION 

From the last few years in much industrial application the 

important parameter in material selection is specific strength, 

weight and cost.  MMC (Metal matrix composites) are metals 

reinforced with other metal, ceramic or organic compounds. 

They are made by dispersing the reinforcements in the metal 

matrix. Reinforcements are usually done to improve the 

properties of the base metal like strength, stiffness, 

conductivity, etc. Aluminium and its alloys have attracted 

most attention as base metal in metal matrix composites [1]. 

Aluminium MMCs are widely used in aircraft, aerospace, 

automobiles and various other fields [2]. Aluminium matrix 

composites (AMCs) are potential materials for various 

applications due to their good physical and mechanical 

properties. The addition of reinforcements into the metallic 

matrix improves the specific strength, Hardness and other 

properties compared to the conventional engineering 

materials. Aluminium based metal composite is preferable 

and widely used as a substitute material for making various 

engine parts.   

This paper describes about the fabrication method  

of  Iron-Aluminium metal based composite and various 

physical mechanical  properties.  

II. EXPERIMENTAL PROCEDURE 

In  aluminium matrix which is in the form of powder, iron 

powder in the form of particulate  is used  as  the reinforcing 

phase  which is then  blended and mixed  with the help of 

mortar and pestle  by varying  composition  of  Iron  (0, 10, 

20, 25, 30, 35 and 40 Wt.%). The blending and mixing is 

continued with mortar and pestle till the mixture of 

aluminium and  iron becomes a fine powder having  mesh 

size of  200µm.  The mixture is then compacted with the help 

compact pressing machine by applying 2.5 ton pressure. Then 

the compacted material is sintered  at  550oC  for  1 hour 

duration. After completing the sintering process the 

compacted Iron-Aluminium metal matrix composite becomes 

hard and the surface was generated for showing 

microstructure. For observing microstructure the surface of 

the compacted Iron-Aluminium metal matrix composite were 

polished by the emery paper 1/0 and 2/0 grade. After paper 

polishing the Iron-Aluminium metal matrix composite is 

cloth polished for fine polishing. After completing the 

polishing the Iron-Aluminium metal matrix composite was 

washed by alcohol and etched by Keller‘s solution. After 

completing that operation the microstructure of the sample 

has been observed by Leica Optical Microscopy model no 

DM2700M.  After observing the microstructures of  each 

Iron-Aluminium metal matrix composites by Leica Optical 

Microscopy model no DM2700M, Scanning Electron 

Microscopy(SEM) was carried out for each Iron-Aluminium 

metal matrix composite using JEOL MAKE SEM model JSM 

6360, operated by PCSEM software. After SEM analysis, 

Weight and dimension were measured for each sample to 

determine the density of the final composite product. After 

the measurement of density, Vicker’s Micro-hardness testing 

is carried out on the same metallographic specimen of bead 

on plate sample at different positions by using 100 gf loads 

with 10 sec dwell time. The hardness was taken 

simultaneously in three different positions and finally 

averages them for more accuracy using Leco Micro Hardness 

tester (Model LM248SAT). After Vicker’s Micro-hardness 

test Ultimate tensile strength of each Iron-Aluminium metal  

matrix composites  is calculated by using formula  

       UTS = 3.353×VHN................................................ (1.1) 

Where, UTS is Ultimate Tensile Strength and  VHN 

is Vickers Hardness  Number.  

Then Apparent porosity of each of the Iron-

Aluminium metal matrix composites is measured by 

Universal Porosity Measurement Technique by using the 

formula  

                     ϕ = Ww – Wd    X 100.......................... (1.2) 

                            Ww -Ws 

Where,  Wd = the weight of the dry sample, Ws= the 

weight of sample immersed in water, Ww= the weight of the 

saturated sample after  removed from the water and  ϕ is the 

apparent porosity. 

The samples are characterized by X-ray diffraction 

(RigakuUltima III) which are heated at different temperature, 

the powders gives interplaner spacing (dhkl) and to relative 

intensities corresponding to Bragg diffraction picks for the 

identification of different unknown phases. The 

experimentally observed in to the planer spacing (dhkl) are 

then compared with standard (dhkl) values of phases at the 

help of JCPDS to identify the phases present in the Iron 

Aluminium Composites. We can easily calculate the particle 

size of the synthesized Iron Aluminium composites powders. 

The scatter formula is given below.  
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                  t = 0.9λ/βCosθB ............................. (1.3)   

Where λ is the wavelength of X-ray, β is the width 

of diffraction peak at half of the peak height in radian. θB is 

the Braggs angle, and  t  is the size of the particle of the phase.     

III. RESULTS AND DISCUSSIONS 

A. Density 

 
Fig. 1: Comparison of  Green Density and  Sintered Density 

Iron percentage increases— Density slightly increases. 

Density of aluminium and Iron are 2.7 gm/cm3 and 7.87 

gm/cm3 respectively. Hence, after sintering, density varies 

with iron percentage increases, and the Aluminium matrix 

composite containing 40 wt % of the iron shows highest 

density.  

B. Micro-Hardness 

  
                        Fig. 2: Variation of  Micro Hardness 

Fig. 2 shows that hardness increases with iron percentage 

increases. Hence, maximum hardness occurs at 60 wt% Al -

40 wt% iron. Iron is a metal with very good hardness . 

Aluminium is metal, means low hardness. Combination of Al 

and Fe gives improved hardness than pure aluminium.  

C. Ultimate Tensile Strength 

 
Fig. 3: Variation of  Ultimate Tensile Strength 

As it is mentioned  above that hardness increases with iron 

percentage increases. Hence, maximum hardness occurs at 60 

wt% Al -40 wt% iron. So Fig. 3 shows as the hardness  

increases the ultimate tensile strength also increases. Hence 

maximum ultimate tensile strength is found in 60 wt% Al -40 

wt% iron. So it can be said that increase in iron percentage in 

Iron-Aluminium metal matrix composite will increase the 

ultimate tensile strength of the composite.   

D. Porosity 

 
Fig. 4: Variation  of  porosity 

From Fig. 4 iron percentage increases—apparent porosity 

decreases. Actually, the value of apparent porosity is 

permissible and lies the value between 1.08% to 7.09%. 

Apparent porosity of Aluminium matrix composite 

containing 0 wt% of Iron is highest. Apparent Porosity is 

measured in universal porosity measurement technique.  

E. Microstructures 

 
Fig. 5(a): Microstructure of  plain Aluminium 

 
Fig. 5(b): Microstructure of Iron-Aluminium composite 

Fig. 5(a) shows the microstructure of  pure Aluminium and  

Fig. 5(b) shows the microstructure of Iron-Aluminium 

composite in which white portion indicates aluminium and 

dark portion indicates iron. Microstructure shows that fine 
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grain aluminium structure which is uniformly distributed. 

Aluminium makes matrix phase while Iron play as second 

phase. The grains of Aluminium in Iron-Aluminium 

composite is  finer than  the grains of pure Aluminium as  

compared from the microstructures. 

F. SEM analysis 

 
Fig. 6(a): SEM analysis of  Iron-Aluminium composite 

 
Fig. 6(b): SEM analysis of  Iron-Aluminium composite 

Fig. 6(a) and Fig. 6(b) SEM image indicates fine grain 

aluminium structure is produced and make matrix phase. 

Melting point of aluminium is 660oC. But here sintering was 

done at 550oC in 1 hour duration on box furnace. As 

temperature increases simultaneously in box furnace, 

aluminium melts at 550oC and produce fine grain structure. 

Iron is well distributed through out entire composite and play 

as second phase.  

G. XRD analysis 

 
Fig. 7: XRD analysis of Al-Fe Composite 

X-ray diffraction (XRD) patterns were obtained for iron-

aluminium composites using Rigaku Ultima III analytical 

diffractometer (with Cu-Kα radiation, λ = 1.54059 Å) at 40 

kV and 30 mA. Intensity (% abundance) data were recorded 

by the stepcounting method (step 0.05 and a time per step of 

0.6 second) between 20˚ and 80˚ (2θ) for each sample. 

Various phases were identified by comparing with standard 

JCPDS files. XRD analysis was conducted for checking the 

purity of the iron- aluminium compact powder.   

IV. CONCLUSION 

1) The results of study suggest that the hardness value of 

Iron-Aluminium increases with the Fe content. The best 

result has been obtained at 40% weight fraction of Fe 

particles. Maximum Hardness = 76.90 VHN.  

2) Density increases with the increase in composition of Fe 

. Maximum density is observed at 40% weight fraction 

Fe , with Green Density value 2.94 gm/cm3 and Sintered 

Density value 3.15 gm/cm3 ; whereas minimum density 

is obtained at 0% weight fraction of Fe , with Green 

density value 2.08 gm/cm3 and Sintered Density value 

2.27 gm/cm3.  

3) Porosity also decreases with increment of iron 

percentage. Hence, maximum porosity observed in 0% 

weight fraction of iron.  

4) XRD analysis was done after sintering. Result shows that 

no reaction occurs between aluminium matrix and iron 

(2nd phase). 
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