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Abstract: Current engineering applications require materials that are stronger, lighter, and less expensive. Substituting 

composite structures for conventional metallic structures has many advantages because of higher specific stiffness and strength 

of composite materials. In the recent days, there is a huge demand for a lightweight material such as composites seems to be a 

promising solution to this arising demand. These materials have gained attention due to their applications in the field of 

automotive, aerospace, sports goods, medicines, and household appliances. This study represents the work done by various 

researchers and their methodologies. In contrast with most metallic materials, copper alloy has many remarkable properties, 

such as its excellent electrical and thermal conductivities, good strength, and formability, having outstanding resistance to 

corrosion and fatigue, and others. Due to their excellent properties, copper alloy is widely used in electrical, automotive, 

architecture, petrochemicals, transportation, and marine industry. In this work the different percentages of CNT and Micro-

Titanium are reinforced with pure Copper and are studied.  The current work investigated the influence of the CNT and Micro-

Titanium on the wear behavior (tribological behavior) of developed hybrid metal matrix composite. 

The conventional liquid stir casting technique will be used for the fabrication of the composite materials. The composite was 

produced considering combination of0.5, 1, 1.5 percentages of CNT and 1, 3, 5 percentages of Micro-Titanium. The specimens 

were prepared as per ASTM standard size by turning and facing operations to conduct wear test. The specimens for investigation 

of wear were tested using pin on disk apparatus. Through the results, it is concluded that the hybrid MMC obtained has got 

better reduction in wear rate. The inclusion of CNT has played a major role in reducing the wear rate and addition of micro 

titanium has decreased the wear rate to some extent 
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I. INTRODUCTION 

A composite material consists of two or more distinct materials which have been mechanically or metallurgically bonded to a non-

uniform solid. Each of the various composites preserves its identity in the composite, maintaining its particular properties such as 

rigidity, weight, high temperature, resistance to corrosion, hardness and conductivity that cannot be achieved by individual 

components alone. Examples of classic composites are brick that consists of clay mixed with grass and concrete, consisting of 

cement and sand. In this example, clay and cement are matrix components, whereas grass and sand are components that strengthen 

them.  Many modern engineering systems have in-service performance requirements that necessitate materials with a wide range of 

qualities, which are challenging to achieve using monolithic material systems. In a number of technological applications, Metal 

matrix composites (MMCs) were discovered to offer the customised property combinations required. These combinations are only a 

few of these characteristics: high specific strength, low thermal coefficient and high thermal resistance, good damping, excellent 

wear resistance, high special stiffness and adequate corrosion resistance. Metal matrix composites (MMCs) are a specialised 

combination of metal (matrix) and hard particle or ceramic (reinforcement) that are engineered to achieve the desired qualities. In 

order to create better characteristics of the metal matrix composite, the distribution of reinforcing material in the matrix should be 

consistent and the linkage or wettability must be assured. According to the literature, the main challenge was to achieve 

homogeneous ceramic particle dispersion utilising low-cost conventional equipment for commercial applications. 

Copper and its alloys, among the different matrix materials available, are frequently used in the construction of MMCs and have 

reached industrial production level. Because of the anticipated possibilities of these combinations in generating highly desirable 

composites, the focus has been on building inexpensive Cu-based MMCs with various hard ceramic reinforcements such as Al2O3, 

SiC, TiB, B, C, and others. Micro titanium is an interesting reinforcement for copper and its alloys because it has many of the 

mechanical and physical properties that an effective reinforcement should have, including high stiffness and hardness.  
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Stir cast copper micro titanium particulate MMCs constitute a type of low-cost tailor-made materials for a larger range of 

engineering applications, involving cylinder blocks, piston and piston insert rings, and braking disk/drums. Because of their 

exceptional technological qualities, for instance low low wear rate and co-efficient of friction, their applications are being 

investigated. This has inspired a surge in study into the effects of reinforcing type and weight fraction, as well as the manufacturing 

technique for MMCs.  In the present investigation, the effect of CNT and Micro-Titanium in different percentages with Copper is 

studied. Thus this aided in reaching an optimum weight of percentage reinforcement the specific objective & scope of the present 

investigation. 

II. MATERIALS AND SPECIMEN PREPARATION 

A. Copper  

Copper and copper alloys are widely used in a variety of products that enable and enhance our everyday lives. They have excellent 

electrical and thermal conductivities, exhibit good strength and formability, have outstanding resistance to corrosion and fatigue, 

and are generally nonmagnetic. They can be readily soldered and brazed, and many can be welded by various gas, arc and resistance 

methods. 

 
Figure: Copper 

 

B. CNT 

Carbon nanotubes (CNTs) are allotropes of carbon with a cylindrical nanostructure. CNTs are cylindrical large molecules consisting 

of a hexagonal arrangement of hybridized carbon atoms, which may by formed by rolling up a single sheet or multiple sheets of 

graphene. In particular, owing to their extraordinary thermal conductivity and mechanical and electrical properties, carbon 

nanotubes find applications as additives to various structural materials 

 
Figure: CNT 

 

C. Micro-titanium  

Titanium is a lustrous transition metal with a silver color, low density, and high strength. Titanium can be alloyed with iron, copper, 

aluminum, vanadium, and molybdenum, among other elements, to produce strong, lightweight alloys for variuos applications. The 

processing of titanium metal occurs in four major steps: reduction of titanium ore into "sponge", a porous form; melting of sponge, 

or sponge plus a master alloy to form an ingot; primary fabrication, where an ingot is converted into general mill products such as 

billet. 

 
Figure: Micro-titanium 
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D. Manufacturing Process 

1) Stir Casting: The microstructure of any material is a complex function of the casting process, subsequent cooling rates. 

Therefore, composites fabrication is one the most challenging and difficult task. Stir casting technique of liquid metallurgy was 

used to prepare CNT and Micro-Titanium reinforced Copper Metal Matrix Composite. 

2) Procedure 

a) Required amount of Carbon nanotube, Micro-Titanium and pure copper weighed and Kept aside. 

b) To reduce moisture content, carbon nanotube powder and Micro-Titanium are preheated to 300° C-350°C and kept at that 

temperature for about 15 minutes. 

c) The copper was then melted in a crucible at above 1085°C in a weighed quantity. 

d) Slag is removed using scum powder. 

e) Solid dry hexachloroethane tablets are used to degas the molten metal at a temperature of 1000°C. 

f) Later the molten metal is stirred to form a vortex and the measured quantity of pre heated carbon nanotubes, Micro-Titanium 

and Copper are slowly added to the molten metal maintained at a temperature >1000°C with continuous stirring at a speed of 

350- 500rpm to a time of 7-10 minutes. 

g) The melt containing the reinforced particles was then poured into warmed moulds at a temperature of 1000°C. 

h) The castings are taken once the solidification of molten metal takes place 

   
             Figure: Casting Set up     Figure: Die       Figure: Pouring Molten  

           metal into die 

E. Specimen Preparation 

The casted specimens are withdrawn from the mould and machined to required dimension according to ASTM for conducting 

tensile, compression, corrosion, and hardness tests. For the preparation of specimens the lathe is used. 

   
Figure: Lathe Machine          Figure: Machined Specimens 
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III. EXPERIMENTATION 

A. Testing 

Using a pin-on-disk equipment, this test technique specifies an experimental approach for evaluating the materials wear due to 

friction while sliding. The wear test was performed considering the ASTM standards G99-95 utilising a pin-on-disc computerised 

wear testing system, as illustrated in the figure 

The pin specimen is usually a ball that is swiftly grasped. The disc or pin specimens are rotated above the disc centre by the test 

machine. In both the cases, sliding path in the disk surface is a circular path. The plane of the disk may be connected either 

vertically or horizontally. 

 
Figure: Pin on Disc Wear testing machine 

IV. RESULTS AND DISCUSSION 

The copper reinforced with CNT and Micro-Titanium (μ-Ti) composites are cast, machined according to ASTM standard and tested 

to explore its hidden  Tribological properties. The obtained values are tabulated and plotted. Results are justified with theoretical 

backgrounds. 

 

A. Considering 10N load 

1) 200 RPM speed 

 
 

2) 300 RPM speed 
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3) 400 RPM speed 

 
 

4) 500 RPM speed 

 
 

The wear resistance enhances with increasing the percentage of micro titanium(1%, 3%, and 5%) and CNTs( 0.5%,1.0%,1.5% CNT) 

in CNT in Copper based MMC. The content micro-titanium has a vital role on wear resistance of developed composite that is found 

clearly in the wear rate of Copper reinforced with 0.5 % CNTs and 1 %, 5 % of micro-titanium.ie 29.91 % reduction in wear rate. 

 

B. Considering 20N load  

1) 200 RPM speed 

 
 

2) 300 RPM speed 
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3) 400 RPM speed 

 
 

4) 500 RPM speed 

 
 

From figures,, the wear rate reduces as the percentage of micro titanium increases from 1%, 3%, and 5% and 0.5%,1.0% and 1.5% 

CNT in CNT and micro titanium hybrid reinforced Copper based MMC. At 20N load and 200,300,400 &500rpm, the wear rate of 

developed copper composite found to be decreased due to reduction in pull out of CNTs. 

 

C. Considering 30N load  

1) 200 RPM speed 

 
 

2) 300 RPM speed 
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3) 400 RPM speed 

 
 

4) 500 RPM speed 

 
 

The wear rate decreases as the percentage of micro titanium increases from 1%, 3%, and 5% and 0.5%, 1.0% and 1.5% CNT in 

CNT and micro titanium hybrid reinforced Copper based MMC. At 30N load and 200, 300, 400 & 500 rpm, the wear test results in 

reduction of wear rate due to high interfacial bonding of CNTs and Micro-titanium particles with copper that prevents the pull out of 

micro-titanium parties. This is the main reason of improved wear resistance. 

 

D. Comparative Analysis 

 
   

The wear rate of the composites with 1.5 wt. % CNTs/ 3 % μ-Ti is reduced by 75% when compared to the 0.5 wt. percent CNT 1 wt. 

percent -Ti specimen, demonstrating that CNTs/- Ti has a high wear rate reduction impact. The wear rate of CNT/-Ti specimens is 

lower than that of pure Cu specimens under dry sliding wear conditions. This suggests that when compared to pure Cu specimens, 

the CNTs/-Ti/Cu combination has a greater wear resistance 
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E. Effect of Wear Rate on Sliding Speed 

   
 

 
 

With increasing CNT/-Ti content, the wear rate of each CNT/-Ti reinforced copper composite specimen decreased. Wear rate 

increases as load increases up to 20 N. The wear rate quickly increases at greater loads, where the transition from mild to severe 

wear occurs. The friction and wear rose noticeably as a result of the high loads used.  

 

F. Effect Of Wear Rate On Sliding Load 

   

   
From above figures, it is concluded that the wear rate of copper metal matrix composites increases with increase in sliding speed of 

200,300,400 & 500 rpm at load of 10 N,20 N & 30 N. With an increase in speed, the weight loss volume increases slightly. It can be 

observed from the Figures that as sliding speed increases from 200 to 500 RPM the wear rate increases for copper metal matrix 

composites. The reason behind this is that when the sliding speed increases, the amount of frictional heat energy increases. The heat 

energy dissipated softens and weakens the matrix interface, allowing particles to be pulled out more easily. 
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V. CONCLUSION 

The Copper reinforced with CNT and Micro-Titanium is manufactured and their inherent properties are found out via different tests. 

The major contribution of the research work is concluded below. 

 

A. The effect of CNT and micro titanium particles on the sliding wear resistance in Copper alloys varies with the depending load 

and speed. 

B. For every composite combination, the wear rate rose as the speed and load increased. However, because CNT is the major 

reinforcement, the wear rate has been reduced marginally. The addition of micro titanium reduced the wear rate to some extent; 

however CNT plays a crucial role in reducing the wear rate. 

C. In unreinforced matrix alloys, transition to severe wear occurs above the critical load. On the other hand, the reinforced 

MMC’s have a higher wear resistance. With increment in the % of CNT, the decrease in the wear rate has been observed and it 

is proven from the test results that as the percentage of micro titanium increased in the composite, the wear rate decrease which 

is a good sign for production of low cost material. 

D. The best combination for better wear resistant is at 5% of micro titanium and 1% &1.5%of CNT as consideration. 

 

The wear resistance of metal-metal and metal-particle wear in material increased with increasing distance from the center of the 

specimen. During a metal wear test, the material's worn surface revealed the creation of an iron-rich transfer layer. The grooving 

action of the abrasion grains accelerated abrasive wear. Abrasion resistance of the composite was decreased with the size of particle. 

For higher speeds and weights, composites exhibited a significant increase in abrasion rate. 

VI. ACKNOWLEDGMENT 

With a grateful heart, I owe an immense debt of gratitude to Dr. H. K. Shivanand, Professor, Department of Mechanical Engineering, 

for his constructive criticism, professional advice, guidance and contributions for completing the work. 

I am grateful to Dr. U. N. Kempaiah, Professor and Chairman, Department of Mechanical Engineering, for his help and 

encouragement in completion of the work. 

REFERENCES 
[1] J. P. Tu, Dong, S. R., and X. B. Zhang. "An investigation of the sliding wear behavior of Cu-matrix composite reinforced by carbon nanotubes." Materials 

Science and Engineering: A 313.1-2 (2001): 83-87. 

[2] Chengchang Jia, Chu, Ke, Qingying Wu, Junhui Nie, Xuebing Liang, Wenhuai Tian, Guosheng Gai, and Hong Guo. "Fabrication and effective thermal 

conductivity of multi-walled carbon nanotubes reinforced Cu matrix composites for heat sink applications." Composites Science and Technology 70, no. 2 

(2010): 298-304. 

[3] Kim, Kyung Tae, Seong Hyeon Hong, Seung Il Cha, and Soon Hyung Hong. "Microstructures and tensile behavior of carbon nanotube reinforced Cu matrix 

nanocomposites." Materials Science and Engineering: A 430, no. 1-2 (2006): 27-33. 

[4] Kim, K.T., Park, J.M., Eckert, J., Lim, B.K. Hong, S.H., and Liu, G., 2011. "Influence of embedded-carbon nanotubes on the thermal properties of copper 

matrix nanocomposites processed by molecular-level mixing". Scripta Materialia, 64(2), pp.181-184. 

[5] Nam, D.H., Lim, B.K., Cha, S.I., Han, D.S. Hong, S.H., and Park, H.M., 2012. "Synergistic strengthening by load transfer mechanism and grain refinement of 

CNT/Al–Cu composites". Carbon, 50(7), pp.2417-2423. 

[6] Cha, S.I., Hong, S.H., Arshad, S.N., Mo, C.B. and Kim, K.T., 2005. "Extraordinary strengthening effect of carbon nanotubes in metal‐matrix nanocomposites 
processed by molecular‐level mixing". Advanced Materials, 17(11), pp.1377-1381. 

[7] Shaari, N.S., Said, J.M., Ismail, M.H., and Jumahat, A. 2017. "Wear behaviour of copper/carbon nanotubes". Industrial Lubrication and Tribology. 

[8] Tu, J.P., Yang, Y.Z., Wang, L.Y., Ma, X.C. and Zhang, X.B., 2001. "Tribological properties of carbon-nanotube-reinforced copper composites". Tribology 

Letters, 10(4), pp.225-228. 

[9] Aravindan, S., and Rajkumar, K. 2011. "Tribological studies on microwave sintered copper–carbon nanotube composites". Wear, 270(9-10), pp.613-621. 

[10] Kanagaraj, S. and Babu, R.V., 2018. "Thermal, electrical and mechanical characterization of microwave sintered Copper/carbon nanotubes (CNT) composites 

against sintering duration, CNT diameter and its concentration". Journal of Materials Processing Technology, 258, pp.296-309. 

[11] Yang, H., Li, M. Luo, R., and Han, S., 2010. "Effect of the ratio of graphite/pitch coke on the mechanical and tribological properties of copper–carbon 

composites". Wear, 268(11-12), pp.1337-1341. 

[12] Silvain, J.F., Le Petitcorps, Y., Heim, V. Sellier, E., and Bonniau, P., 1994. "Elastic moduli, thermal expansion and microstructure of copper-matrix composite 

reinforced by continuous graphite fibres". Composites, 25(7), pp.570-574. 

[13] Lu, J. and Ma, W, 2011. Effect of surface texture on transfer layer formation and tribological behaviour of copper–graphite composite. Wear, 270(3-4), pp.218-

229. 

[14] Zhao, H., Hu, W., Liu, L., and Wu, Y., 2007. "Investigation on wear and corrosion behavior of Cu–graphite composites prepared by electroforming". 

Composites Science and Technology, 67(6), pp.1210-1217. 

[15] Dorfman, S. and Fuks, D., 1997. "Stability of copper segregations on copper/carbon metal-matrix composite interfaces under alloying". Composites science and 

technology, 57(8), pp.1065-1069. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 

                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429 

                                                                                                                Volume 9 Issue XII Dec 2021- Available at www.ijraset.com 

     

968 © IJRASET: All Rights are Reserved 

 

[16] Dash, K., Chaira, D., Ray, B.C., "Synthesis and characterization of copper–alumina metal matrix Composite by conventional and spark plasma sintering", 

Journal of Alloys and Compounds 516 (2012) 7884. 

[17] Moustafa, S.F., El-Badry, S.A., Kieback, B., and Sanad, A.M. ,2002. "Friction and wear of copper–graphite composites made with Cu-coated and uncoated 

graphite powders". Wear, 253(7-8), pp.699-710. 

[18] Kováčik, J., Bielek, J., Emmer, Š., and Keleši, L.U., 2008. "Effect of composition on friction coefficient of Cu–graphite composites". Wear, 265(3-4), pp.417-

421. 

[19] Casati, R. and Vedani, M., 2014. "Metal matrix composites reinforced by nano-particles—a review". Metals, 4(1), pp.65-83. 

[20] Sun, H., Orth, J.E. and Wheat, H.G., 1993. "Corrosion behavior of copper-based metal-matrix composites". JOM, 45(9), pp.36-41. 

[21] Barnawal, A., and Mathur, S., 2013. "Effect of process parameter of stir casting on metal matrix composites". International Journal of Science and Research, 

2(12), pp.395-398. 

[22] Gupta, S.H.I.K.H.A.R., 2016. "A review on copper-graphite composite material fabrication & its mechanical properties" [Electronic resource]. International 

Journal of Advance Research and Innovative Ideas in Education, 2(5), pp.594-599. 

 



 


