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Abstract :  In this research paper, some novel experimental studies on the observation of Scanning Electronic Microscope (SEM) 

Results using the concepts of DoE for the surface preparation by the conduction of a Micro-Vickers Hardness Test for Hardness 

Evaluation purpose of the developed composite material are presented.  Experiments are being conducted and the results are 

obtained w.r.t. some of the material properties such as the hardness test evaluation of the materialistic property. The results show 

the efficiency of the methodology that is being presented by us in the form of experimental results. Here, we have presented the 

corrosion part of the experimental results. 

 

Index Terms - DoE, Hardness, Vicker, Composites, Corrosion, Mechanical, Test, Experiment. 
 

1. INTRODUCTION  

The research work presented in this paper relates to the studies on Carbon Nanotube Reinforced Aluminium-6061 Metal Matrix 

Composites incorporated with real time experimental validations carried out in the college laboratory. In fact, the proposed 

research work that has been realized is in the field of such a technological innovation that it serves as a promising and largely 

studied industrial material, viz., the carbon nanotubes (CNTs). After a first observation they were “rediscovered” at the beginning 

of the 90 s and immediately started to cover a fundamental role in several scientific branches, from Physics to Chemistry, going 

through Medicine and Biology. In the Material Science and Engineering field a large number of studies have been conducted on 

carbon nanotubes, as a consequence of their extraordinary physical, technological and mechanical properties [1][2].  

Since 1991, a large number of attempts have been conducted, trying to exploit the outstanding potential of this carbonaceous 

material, in order to improve the properties of several matrices. The most important application is the production of polymer 

matrices composites (PMCs), but in last decades an increasing number of metal matrix ones (MMCs) have been presented and 

recently also ceramic matrix (CMCs) applications have been attempted. Despite massive efforts focused on CNTs-composites, the 

potential of employing these reinforcement materials had not yet been fully exploited. The focus was on obtaining a good 

microstructure and mechanical properties after the sintering process. MMCs were investigated starting from aluminium-6061 

alloy powders [3][4].  

Research work has been realized in the field of a promising and largely studied technological material : the carbon nanotubes 

(CNT’s) so far in this current materialistic world. After a first observation, they were “re-discovered” at the beginning of the 90’s 

and immediately started to cover a fundamental role in several scientific branches, from Physics to Chemistry, going through 

Medicine and Biology. In the Material Science and Engineering (MSE) field, a large number of studies have been conducted on 

carbon nanotubes, as a consequence of their extraordinary physical, technological and mechanical properties. Since 1991, a large 

number of attempts have been conducted, trying to exploit the outstanding potential of this carbonaceous material, in order to 

improve the properties of several matrices [5][6].  

The primary driver and advantage in the adoption of composites is the lightweight properties of the materials.  Besides weight 

savings, the most important benefits of composites include non-corrosive, non-conductive, flexible, will not dent, low 

maintenance, long life and design flexibility. Carbon nanotube metal matrix composites (CNT-MMC) are an emerging class of 

new materials that are being developed to take advantage of the high tensile strength and electrical conductivity of carbon 

nanotube materials. Aluminium alloys have wide range of application in industry because of their low density and good 

workability, but the yield strength is relatively low. Reinforcement adds rigidity and greatly impedes crack propagation [1]. 

Critical to the realization of CNT-MMC possessing optimal properties in these areas are the development of synthetic techniques 

that are [7][8] 

a) Economically producible,  
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b) Provide for a homogeneous dispersion of nanotubes in the metallic matrix, 

c) Lead to strong interfacial adhesion between the metallic matrix and the carbon   nanotubes. 

Thin fibres can have very high strength and overall properties can be improved. Carbon nanotubes have a number of valuable and 

unique properties including high stiffness, high strength and tenacity compared to other fiber materials which usually lack one or 

more of these properties. Thermal and electrical conductivity are also very high comparable to other conductive materials. Due to 

the reinforcement of Carbon nanotubes in Aluminium, the resultant composite can have high strength to weight ratio, provided 

they are mechanically well attached to the matrix. The carbon nanotube reinforcement can greatly improve overall properties of 

the composites [9][10]. 

 

2. THE PROCESS OF EXPERIMENTATION – THE DFD & THE FLOW CHART 

The Fig. 14 gives the process of experimentation – the data flow diagram that is being followed to arrive at the experimental 

results. 

 

 
Fig. 1 : Flow chart of the proposed model 

 

3. CONCLUSIONS, OUTCOMES, APPLICATIONS & FUTURE SCOPE 

In this section, we present the brief outcome, i.e., the conclusions about the research work done followed by the scope for the 

future work in this exciting field of composite materials in mechanical engineering & is being presented along with the outcome 

and scope for future work with the applications of the conducted research.  

Research was carried out on the Studies on Carbon Nanotube Reinforced Aluminium-6061 Metal Matrix Composites.  Al 6061 

powder as matrix mixed with MWCNT in weight percentages of 0 and 1% as reinforcement were produced through powder 

metallurgy route. The specimens were sintered successfully. Specimens were subjected to evaluate the behaviour of 

microstructure and mechanical properties such as compression strength and hardness. To start with, extensive research was 

carried out on the chosen research topic of composites.  During this period, reference books and conference papers covering the 

fundamental theoretical concepts which would be a background for the research work were collected & studied.  

Al 6061 powder as matrix mixed with MWCNT in weight percentages of 0 to 2% CNTs in steps of 4, viz., 0, 1, 1.5 & 2 

respectively, as reinforcement were produced through powder metallurgy route. The specimens were sintered successfully. 

Specimens were subjected to evaluate the behaviour of microstructure and mechanical properties such as compression strength 

and hardness.  Al series is a globally available material, which is used for a host of aerospace engg. applícations for non-

corrosive, high strength to weight ratio & different weight counts. If the wt. counts are increased beyond 2.0, the carbon 

properties strengths gets reduced. The experimental results shows the efficacy of the methodology that is being proposed by us.  
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