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Abstract: In the current research and investigations on mechanical behavior of multiple 

particles reinforced Al7075 alloy composites were studied.  The composites were 

synthesized by using 3 wt. % of fly ash and 1 wt. % of red mud constant with 2, 4 and 6 wt. 

% of varying mica particles in the Al alloy using vortex method. The hybrid composites 

were subjected to microstructural and mechanical behavior analysis. Microstructural tests 

were done by optical microscopy and XRD. The mica, fly ash and red mud particles were 

comparatively dissipated and presences of these particles were studied by the XRD. The 

hardness and strength of composites have been improved with the advancement of different 

fortresses. There was slight reduction in the malleability of the Al7075 mix after the 

expansion of the fortifications. Particular break structures were found in the Al7075 alloy 

composites utilizing SEM. 
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1. INTRODUCTION 

Aluminium is known for its outstanding properties of low density and its capability to defend 

against corrosion by the phenomenon of passivation. Aluminium and aluminium alloys are 

very important to the automobile and aeronautic industry because of its high specific strength 

to less weight ratio, ease of machinability and formability, and less cost with respect to other 

materials [1, 2]. As there is high demand for increased strength to weight ratio in aluminium 

alloys, lot of research work is happening in this domain by way of combining very high 

strength material reinforcement in aluminium alloys [3, 4]. These reinforcement materials 

will alter the mechanical properties in the desired manner. As the research progressed in this 

area composing of reinforcing materials with base material such as aluminium alloy etc., 

resulted in developing a new material namely 'metal matrix' composites popularly 

abbreviated as MMC [5, 6]. AMCs when appeared differently in relation to unreinforced 
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combination have improved properties, for instance, more unique quality, advantage in 

densities, extraordinary damping properties, better high temperature assets, improved or 

custom-made electrical belongings, redesigned and tweaked electrical execution, improved 

wear resistance and improved damping limits [7]. The most usually used metal grid 

composites includes aluminium compound invigorated with firm earthenware components 

commonly SiC, alumina and delicate particles ordinarily graphite powder [8].  

Blend composites are the extra get-together of materials with light weight, for the most part 

more noteworthy and wear opposition. The materials have additional than one assistance 

materials. MMCs can be made by strategies for different strategy like powder metallurgy, 

blend anticipating, spray method, and mechanical alloying. Stir process is the most favored 

framework since the property of MMCs acquired utilizing this technique are unfathomably 

affected in expanded cross segment by the weight division, size and type and their dispersal 

of strengthening particles [9]. Siddeshkumar et al. [10] developed the B4C and MoS2 

particulates upheld Al2219 mixture composites. The Al2219-B4C-MoS2 blend composites 

were joined by stir procedure and surveyed for mechanical possessions. Sunilkumar and co-

designers [11] drove tests Al7020-SiC-graphite composites delivered by the liquid break 

down measure. The creamer composites were conveyed with steady 10 wt. % of SiC support 

close by evolving 3, 6 and 9 wt. % of graphite particles. As such made composites were 

presented to the thermal and mechanical testing. The results displayed the extending in 

hardness and inflexibility with the growing substance of graphite particles in 10 wt. % of SiC. 

The various assessments have been driven over aluminum compound material to advance its 

wear and mechanical belongings by developing different materials. Sathishkumar et al. [12] 

made an assessment on Al359 mix upheld with SiC and fly ash particles, these creamer 

composites were made by melt stir methodology. The hardness and strength of the hybrid 

composites were evaluated and extended properties have been attained in the creamer 

composites.  

In this way, present examination was endeavored to manufacture cross breed composite with 

ease fortifications like fly debris, mica and red mud and framework material being Al7075 by 

fluid metallurgy procedure. Fly debris was picked as one of the support by virtue of its low 

molecule size, extraordinary actual properties and is in a general sense more affordable than 

contrasted with other support [13, 14]. Joining this mechanical waste into aluminum 

composites not just cutoff points ecological tainting anyway one can make great composite 

with improved properties effortlessly. Then again, it is exceptionally clear from the writing 

that mica and red mud are incredible fortifications with various gainful properties for 

development of properties in composites. Al7075 composite is elite and high strength 

combination among the diverse aluminum amalgam. It has been examined by various as an 

obvious network material for both metal grid and cross breed composites. In this work, 

Al7075 compound cross breed composites were set up by keeping 3 wt. % of fly debris and 1 

wt. % of red mud particles consistent to 3 wt. % and changing the mica particles in strides of 

2 wt. % upto 6 wt. %. In this way, combined composites were assessed for microstructure and 

mechanical properties alongside ductile fractography. 

 

2. EXPERIMENTAL DETAILS 

 

2.1 Material Used  

The Al 7075 compound was picked as framework material inferable from its predominant 

properties and wide applications in modern area. The compound arrangement of Al7075 is 
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given in the Table 1. Mica, fly ash and red mud having particle size 50 m size, 20 m and 

100 m respectively were used as reinforcement’s respectively fabrication of MMCs as in 

Fig. 1 (a-c).    

 

Table: 1Chemical composition of Al7075 alloy 

Element Cu Cr Mn Mg Si Ti Zn Fe Al 

Wt. % 1.8 0.2 0.4 1.9 0.5 0.15 3.25 0.5 Balance 

 

 

 

 

 

 

 

                

(a)                                                              (b) 

 

 

 

 

 

 

 

(c) 

Figure 1 SEM microphotographs of (a) Mica (b) Fly ash (c) Red mud particles 

2.2 Composite Preparation and Testing 

Liquid metallurgy route was employed to synthesis the hybrid composites with varied content 

of hybrid reinforcements. Aluminum 7075 alloy was melted in electrical resistance furnace at 

a temperature of 760oC. Vortex was made in liquid aluminum and blended with the assistance 

of mechanical stirrer. Premixed powder of mica, fly ash and red mud were included to vortex 

gradually while mixing was proceeded. Before blending mica, fly ash and red mud were 

preheated in a heater to a temperature of 200oC for one hour. The metallic dies were equipped 

by spraying the mold cavity with lubricant. The oil was splashed on the bite the dust to 

control the temperature and furthermore to encourage the simple evacuation of the projecting. 
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Cast Al7075 compound and its crossover composites were machined to the standard 

measurements and exposed to microstructure studies, hardness and tractable test. 

Microstructure contemplates were completed on metallographically cleaned tests of cast 

combination and mixture composites utilizing automated metallurgical magnifying lens.   

After the projecting the model is ready for the microstructural analysis using optical 

microscope to know the even allotment of particulates in the Al7075 composite. 

Microstructure pictures are taken for Al7075 mix and for Al7075 with mica, fly ash and red 

mud particulates upheld composites. The model estimations for microstructure are 15 mm in 

distance across and 5mm in height. The model surface is refined by 300, 600 and 1000 

coarseness paper. Next the surface is cleaned by 3µm thickness cleaning paper for extra 

smooth finish on cleaning machine. After this the models are cleaned by refined water to take 

out new particles like duct and some different contaminations if so present on the cleaned 

surface. To achieve a distinction surface the models are scratched by Keller’s reagent [15].  

As per the ASTM E10, the model is machined moreover for hardness test. The hardness is 

driven on Brinell hardness analyzer machine. The model surface is smooth cleaned. The 

tensile models are machined by the ASTM standard E8 [16] to consider the pliant direct of as 

cast Al7075 mixture and Al7075 with mica, fly ash and red mud particulates upheld 

composites. The PC controlled malleable machine is used to check the inflexibility similarly 

as to analyze the effect of uniform scattering and exploration the direct of Al7075 mix with 

mica, fly ash and red mud developed cream composites persecuted in unidirectional pressing 

factor. The part of the model is 104 mm in all around length; measure length is 45 mm and 

with 9 mm gauge dia., across. With this bendable test, the mechanical direct of as cast blend 

and composites can be surveyed to know a complete, yield strength and besides prolongation.  

3.  RESULTS AND DISCUSSION 

3.1 Microstructural Studies  

Fig. 3 (a-c) indicates optical micrographs of Al7075 alloy with mica-flyash-redmud hybrid 

composite. It can be seen from Figure that, the distribution of all the reinforcements is 

moderately uniform. All the reinforcements are seen at the grain boundaries and inside the 

grains of AA7075 alloy.  

 

Further, here exist magnificent metallurgical bond amongst matrix alloy and reinforcements. 

Further, it is clearly seen from all the micrographs that there is no visible porosity or cracks in 

any of the composites demonstrating quality of the composites. A good dispersion is occurred 

in all the combinations studied and no clustering of reinforcements are seen in the matrix. 

Optical micrograph shows there is good bonding between matrix material and the 

reinforcements. Reinforced particles are present without voids and discontinuities. It is very 

clear that grain size decreases with increase of reinforcement content increases in base 

matrix.  
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                                        (a)                                                                   (b)                          

(c) 

Figure 2 Optical micrographs of (a) Al7075-2 % Mica – 3% Fly ash-1% Red mud (b) 

Al7075-4 % Mica – 3% Fly ash-1% Red mud  (c) Al7075-6 % Mica – 3% Fly ash-1% Red 

mud composites 
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(a) 

(b) 

Figure 4 X-ray Diffraction patterns of (a) as cast Al7075 alloy (b) Al7075-6 % Mica – 3% 

Fly ash-1% Red mud hybrid composites 

X-ray diffraction analysis of Al7075 alloy and its hybrid composite was taken to study the 

composition and formation of any new phases after casting. Fig. 4 (a) shows XRD pattern for 

Al7075 alloy which shows only peaks related to Al at 2θ angles of 38.4°, 45° and 64.6°. The 

peaks observed at this 2θ corresponds to (1 1 1), (2 0 0) and (2 2 0) planes of FCC 

aluminium. Fig. 4(b) is the XRD pattern of Al7075 alloy hybrid composites. Al phase is 

observed at 2θ angles of 38.4°, 45° and 64.6°. Further, the presence of mica is confirmed at 

2θ angles of 26°, 34°, 44° and 49°, the presence of fly ash phases are at 2θ angles of 15°, 34°, 

28°, 29° and 40° and the presence of red mud phases are at 2θ angles of 17°, 25°, 34°, 36°, 

55° and 61°. 
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3.2 Hardness Measurements  

Figure 5 Hardness of Al7075 alloy hybrid composites 

Fig. 5 is demonstrating the hardness of Al7075 alloy with varying weight % of mica in 2, 4 

and 6 along with constant 3 wt. % of fly ash and 1 wt. % of red mud hybrid composites. The 

effect multiple reinforcements addition on the hardness of Al7075 alloy is detailed in the Fig. 

5. The x axis of the graph represents the 2, 4 and 6 wt. % of mica particulates along with the 

constant 3 wt. % of fly ash and 1 wt. % of red mud particulates in the Al7075 alloy matrix. 

The hardness of Al7075 compound with the expansion of 2 wt. % of mica-3 wt. % fly debris 

1% red mud composites, further the hardness upgraded to 75.3 BHN in Al7075 combination 

with 4 wt. % mica-3 wt. % fly debris 1 wt. % red mud built up mixture composites. The 

mixture composites with 6 wt. % mica-3 wt. % fly debris and 1 wt. % red mud particles have 

shown the predominant hardness of 83.1 BHN. There is an improvement of 23.66 % in the 

hardness of Al7075 composite after the expansion of 6 wt. % of mica-3 wt. % of fly debris 

and 1 wt. % of red mud particles. The improvement got in the base network Al7075 

compound is because of presence of hard stages in the composite. This hard mica-fly debris 

and red mud molecule makes the thickness disengagements during the cementing cycle which 

brings on additional strain solidifying in the Al composites [17]. This wonder helps in 

improving the hardness of the Al7075 composite. 
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3.3 Tensile Properties  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 Ultimate tensile strength of Al7075 alloy with mica, flay ash and red mud particles 

reinforced hybrid composites 

Tensile test has been led on the Al7075 combination with mica-fly ash and red mud built up 

composites according to ASTM E8 guidelines. Fig. 6 and 7 appearances the variety in a 

definitive and yield qualities of Al7075 composite and changing wt. % of mica with steady 

wt. % of fly ash and red mud particles built up composites. The UTS of Al7075 alloy with the 

addition of 2 wt. % of mica- 3 wt. % fly ash-1% red mud composites, further the UTS 

enhanced to 229.9 MPa in Al7075 alloy with 4 wt. % mica-3 wt. % fly ash-1 wt. % red mud 

reinforced hybrid composites. The hybrid composites with 4 and 6 wt. % mica-3 wt. % fly 

ash and 1 wt. % red mud particles have exhibited the superior UTS of 257.1 and 284.3 MPa 

respectively. There is an improvement of 24 % in the hardness of Al7075 alloy after the 

addition of 6 wt. % of mica-3 wt. % of fly ash and 1 wt. % of red mud particles. 
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Fig. 7 Yield strength of Al7075 alloy with mica, flay ash and red mud particles reinforced 

hybrid composites 

From the diagram 7 it is clear that as the mica support wt. % expanded from 2 wt. % to the 6 

wt. % alongside consistent 3 wt. % of fly debris and 1 wt. % of red mud, there is an 

improvement in the yield strength of the Al7075 combination. The yield strength got with the 

expansion of 3 wt. % of fly debris and 1 wt. % of red mud with 2, 4 and 6 wt. % of differing 

mica is 162.9 MPa, 182.1 MPa and 201.3 MPa individually. From the Figures 6 and 7 

improved extreme tractable and yield qualities are given the joining of mica, excoriate debris 

and red mud particles. The improvement in extreme and yield strength acquired after the 

expansion of 6 wt. % of mica-3 wt. % of fly debris and 1 wt. % red mud half breed 

composites are 24% and 23% individually. The improved UTS and YS of Al7075 

combination is because of the uniform appropriation of hard particles inside the network, 

which is clear from the microstructural considers segment. This hard molecule present in the 

grid keeps away from the plastic deformity of the Al lattice during the ductile test [18]. The 

presence of particles makes the strain solidifying because of warm mis-coordinating between 

the framework and compound. 
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Fig. 8  Ductility of Al7075 alloy with mica, flay ash and red mud particles reinforced hybrid 

composites 

Fig. 8 is showing the rate lengthenings of Al7075 compound with steady weight rates of 

excoriate debris and red mud with fluctuating weight level of mica. The impact of expansion 

of mica, fly debris and red mud particulates on the flexibility of the Al7075 amalgam is 

illustrated. The malleability of Al7075 compound is diminished with the substance of hard 

particles. The rate prolongation acquired in the as cast Al7075 composite with 2 wt. % of 

mica, 3 wt. % of fly debris and 1 wt. % of red mud 13.35 %. Further, the prolongation of the 

Al7075 composite is diminished with the expanding wt. % of mica particles from 2 to 6 wt. 

% alongside consistent 3 wt. % fly debris and 1 wt. % red mud. The pliability of the Al7075-

6 wt. % mica-3 wt. % fly debris and 1 wt. % red mud composites are 10.63 %. The decline in 

the stretching is essentially due the consolidation of hard particles makes the delicate 

framework weak. The weak conduct of the ceramics causes decline in the pliability [19]. 

 

3.4 Tensile Fractography  

Fracture of composites mainly depend upon, shape, size and concentration of reinforcement 

along with the processing conditions. One should know that in case of aluminium composites 

the failure is mainly due to particle debonding, matrix failure or particle fracture. Using SEM 

fracture analysis of Al7075 composites was carried out and is presented in Fig. 9 (a-c). The 

tensile fractured surface of Al7075 alloy with 2 wt. % mica-3 wt. % fly ash and 1 wt. % red 

mud is indicated in Fig. 9 (a), similarly Fig. 9 (b) and 9 (c) are representing tensile fractured 

surfaces of 4 and 6 wt. % of mica with constant 3 wt. % fly ash and 1 wt. % red mud hybrid 

composites respectively.  The addition of mica particles affected the tensile behavior of 
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Al7075 alloy, in the present study the weight percentage of mica particles increased from 2 to 

6 wt. %, as these particles content increased along with constant fly ash and red mud 

particles, the Al7075 alloy exhibited brittle fracture.   

 

The composites show combination of both brittle and ductile modes operating towards 

failure. It can be seen that the microvoids are nucleated at the inter- dendritic regions 

followed by their coalescence. Some of these microvoids were found to be containing 

reinforcement particles and their small clusters. One can presume that these clusters are 

nucleation sites for rupture of composites which accelerated the failure of composites in 

brittle manner. In such a case where particles have good bond with the matrix than there is 

high possibility of particle cracking. High stress concentration caused by accumulation of 

large number of dislocations will nucleate the cracks by fracturing particles. Due to this the 

one can see that the elongation of these composites is marginally less than that of 

unreinforced alloy. 

(a)                                                                            (b) 

 

 

 

 

 

 

 

 

                                                                 (c) 
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Fig. 9 Tensile fractured SEM images of (a) Al7075-2 wt. % mica, 3 wt. % Fly ash and 1 wt. 

% red mud (b) ) Al7075-4 wt. % mica, 3 wt. % Fly ash and 1 wt. % red mud (c) ) Al7075-6 

wt. % mica, 3 wt. % Fly ash and 1 wt. % red mud hybrid composites 

4. CONCLUSIONS 

The Al7075 amalgam with 2 to 6 fluctuating weight rates of mica and steady 3 wt. % of fly 

debris and 1 wt. % of red mud particles mixture composites were made-up by mix projecting 

strategy. The readied composites have been exposed to the microstructural and mechanical 

conduct assessment. The microstructural contemplates completed with SEM micrographs and 

XRD designs, which uncovered the genuinely exhaustive appropriation of particles in the 

Al7075. The XRD designs uncovered the mica, fly debris and red mud stages in the Al7075 

compound grid. The mechanical properties of mica, fly debris and red mud built up 

composites were displayed predominant properties in extreme and yield strength. Further, the 

stretching of the Al7075 was diminished as expanded wt. % of mica content from 2 wt. % to 

the 6 wt. % with consistent 3 wt. % fly debris and 1 wt. % red mud particles built up 

composites. The elastic broke surfaces were demonstrating blend of malleable and weak 

crack components. 
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