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ABSTRACT 

Powder metallurgy techniques have emerged as promising routes for the fabrication of carbon nanotube 

(CNT) bolstered steel matrix composites. In this work, planetary ball milling was once used to disperse 10 wt. % 

MWCNT in aluminum (Al) powder. Regardless of the success of ball milling in dispersing CNTs in Al powder, it's 

mainly accompanied with massive stress hardening of the Al powder, in an effort to have implications on the best 

residences of the composite. Every un-annealed and annealed Al–10 wt. % CNT composites had been investigated. 

The ball-milling conditions used had been discovered to outcomes within the creation of a nanostructure in all 

samples produced, as confirmed by the use of XRD and TEM evaluation. Such nanostructure was retained after 

extended exposures to temperatures as a lot as 600 ◦C. We located that the carbon Nanotube turns into shorter in 

size as they may be fractured below the impact and shearing movement in the course of the milling approach. A 

excessive hardness is completed for the milled merchandise, thus of the addition of MWCNT. The multiplied 

elastic modulus and Nano hardness can also be attributed to the finer grain dimension advanced for the duration of 

high power ball milling. 
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1. INTRODUCTION 
The requirement of excessive affectivity substances for a quantity of structural applications has ended in 

the progress of metallic matrix composites with greater bodily and mechanical residences. Among the many 

potential reinforcement components, CNT have simply these days emerged as a suitable and excellent 

reinforcement for metals on the grounds that of their low density and distinct mechanical residences. Multi-walled 

carbon nanotubes bolstered on aluminium matrix composites have extra fine the houses of the steel matrix as a 

result of their excessive elastic modulus and high tensile force. The Planetary ball milling system is the process 

used to reap excellent dispersed MWCNTs – reinforced composite Powders for extra processing. The planetary 

ball milling process entails the repeated deformation, Fragmentation of particles and uniform dispersion of 

reinforcement particles – in the end a dependent soft matrix is completed.  Al 6061 is bolstered with more than a 

few weight of MWCNTs in a position by way of ball milling has proved the expand in hardness on the grounds 

that of excessive strain hardening. Balasubramanian (2009), outlined the Mathematical modelling will also be done 

in the future work to set up a Mathematical mannequin, with the intention to give an inexpensive proposal of the 

approach. The raises in hardness of the Al powder by way of the affect of ball milling have modified the perfect 

properties of the Composite powders. Mechanical alloying was once entire up to48h to supply a homogeneous 

distribution in Aluminium matrix. Experiments confirmed that the MWCNTs reinforced Al alloy founded Nano 

composites show off greater hardness and MWCNTs performs a imperative position on the develop within the 

mechanical homes. On this reward experiences dispersion of 10wt% CNTs in aluminum powders was 

accomplished, and the influence of milling time on the Morphological evolution of the Al–CNT composite 

powders was once investigated (Esawi, 2007, 2009). This paper discusses the Consolidation of ball-milled Al–

CNT composite powders utilising scorching Extrusion and the analysis of the mechanical response of the 

Composites (both annealed and un-annealed) making use of tensile and hardness trying out.  

The reward gain knowledge of, Al 6061- T6 powder and 10 wt.% MWCNTs blend have been 

automatically milled for roughly 48h to analyse the influence of milling time on the structure, morphology and 

thermal steadiness of Nano composites hence obtained. Micro structural evaluation was once applied by way of 

Scanning Electron Microscope (SEM) operated at 20 kV (Iijima, 2012; Balasubramaniam, 2008), indicated a 

rationale and result diagram could be drawn to interpret the issues associated with the consequences. 

Powder treatment process: Forty five grams of Al (ninety nine.7% pure−200mesh, sigma Aldrich Ltd.,) and 10 

wt. % multi-wall carbon nanotubes (average dimensions: one hundred forty±30nmouter diameter, 4–8nminternal 

diameter, and 3–4_min size, MER enterprise, U.S.A.) were placed in chrome steel mixing jars together with 20 

ceramic milling balls (26 mm diameter); giving a ball-to-powder weight ratio of 10:1. The jars were full of argon 

and had been agitated using a planetary ball mill at 135 rpm for 48 h. The aluminium powder having particle 

dimension of 45μ (325meshes) was used as the matrix material. The figure.1 shows the powders for mechanical 

alloying. 

Ball milling process: Planetary type ball mill is a ball mill works on the precept of have an effect on: size discount 

is finished with the aid of affect because the balls drop from near the highest of the shell. A ball mill contains a 

hollow cylindrical shell rotating about its axis. The axis of the shell could also be both horizontal or at a small 
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angle to the horizontal. It's partly stuffed with balls. The grinding media is the balls, which is also product of steel 

(chrome steel), stainlesssteel or rubber. The inside surface of the cylindrical shell is regularly lined with an 

abrasion-resistant fabric comparable to manganese steel or rubber. Balasubramanian (2007), in their work defined 

about the central composite design can be utilized to make a decision the superior quantity of experiments to be 

performed to find out the output the size of the mill is roughly equal to its diameter. In case of continuously 

operated ball mill, the material to be ground is fed from the left by way of 60° cone and the product is discharged 

by way of a 30° cone to the proper. Because the shell rotates, the balls are lifted up on the rising facet of the shell 

after which they cascade down (or drop down on to the feed), from near the highest of the shell (George, 2005). In 

doing so, the strong particles in between the balls are ground and decreased in measurement by have an effect on. 

The ball mill is used for grinding materials equivalent to coal, pigments, and felspar for pottery. Grinding will also 

be applied either moist or dry however the former is carried at low speed, but small ones regularly consist of a 

cylindrical capped container that sits on two pressure shafts (pulleys and belts are used to transmit rotary motion).  

Ball mills are also used in pyrotechnics and the manufacture of black powder, however are not able to be used in 

the education of some pyrotechnic mixtures corresponding to flash powder since of their sensitivity to affect. 

Excessive-quality ball mills are possibly pricey and can grind combo particles to as small as 5 mm, enormously 

increasing floor discipline and response charges. Elangovan (2008), provide an explanation for the Response floor 

methodology can be used to optimize the process parameters. Contour plots and response surfaces generated will 

support to identify the variety of parameters so they can maximize or cut down the process parameters. The 

grinding works on the principle of crucial velocity. The significant pace will also be understood as that velocity 

after which the metal balls (which might be responsible for the grinding of particles) begin rotating along the 

direction of the cylindrical device; hence causing no additional grinding. Ball mills are used commonly within the 

mechanical alloying method. Where they aren't only used for grinding but for cold welding as good, with the 

purpose of producing alloys from powders. The ball mill is a key piece of equipment for grinding overwhelmed 

materials, and it is greatly utilized in creation strains for powders akin to cement, silicates, refractory fabric, 

fertilizer, glass ceramics, and so forth. As well as for ore dressing of each ferrous and non-ferrous metals. The ball 

mill can grind more than a few ores and different materials either wet or dry. There are two forms of ball mill, grate 

variety and over fall style due to distinctive methods of discharging material. There are many types of grinding 

media suitable to be used in a ball mill, every material having its possess exact residences and advantages. Key 

houses of grinding media are dimension use planetary sort ball mill for our study work (Chu, 2013). 

Ball milling equipment and ceramic balls: Exceptional Powder used to be received by mixing Aluminium 

powder, silicon powder and MWCNT in the proportion of 67wt%, 23wt%, 10wt% respectively. The alloy powder 

and CNT powder was once milled through planetary ball milling system for one-of-a-kind periods of time starting 

from zero to forty eight h at one hundred thirty five rpm. The planetary ball mill is run via a chief motor at the 

velocity of 1850rpm. The balls used in this mill are ceramic balls of diameter 26 mm and 20 balls are used for this 

milling approach (Deng, 2009). 

Parameters of Ball Milling Process: The top-rated ball mill parameter will provide a pleasant product output. 

Balasubramanian (2008), indicated the Mathematical modelling will also be done at some point work to establish a 

mathematical model that will give a reasonable proposal of the process. Response surface methodology can be 

used to optimize the process parameters. The parameters for planetary ball mill will receive in the following table. 

Ball mill chamber velocity, balls, diameter of the balls, time will provide. 

Motor Speed And Rpm: 1850rpm (65 Hz, 1hz=30rpm) BALL Milling Chamber pace: 135rpm NO OF Balls used: 

26 BALL fabric: Ceramic Ball Dia: 10 mm quantity of Al Powder: 149.49cm³ quantity of Si powder: 91.88cm³ 

volume of Si powder: 81.67cm³. 

Mixed Powder (Al+Si+MWCNT): The XRD scans for Al–CNT powders milled for forty five h, respectively. A 

small peak is observed at 26◦ akin to (0 0 2) of graphite for powders ball-milled for three h, but then disappears 

after milling for 6 h. It's exciting to notice that in previous released work that utilized ball milling for five min, a 

clear height at 26◦ was once not determined, despite the TEM observation of the CNTs within the pattern (Choi, 

2011), albeit at 2 vol.% CNT which might be on the limit of XRD decision. In our case also, regardless of clear 

remark of the CNTs within the fractured surfaces of all samples, as shall be shown later, most effective a small 

peak for CNT (at 2 theta = 26◦) was once discovered for powders ball-milled for three h. This would be as a result 

of a number of viable explanations; together with the small quantity of CNTs used, the well dispersed CNTs within 

the matrix, unfavourable strain/CNTs outcomes that reduces the CNT peak depth within the fig.5. 

SEM Images of Mixed Powder: IT stated as a foremost problem. Ball milling has been tested to be a promising 

system for dispersing CNTs in the aluminum matrix. On this work, tensile force enhancement of 21% was 

observed for 2 wt% CNT bolstered aluminum processed by means of bloodless compaction and sizzling extrusion. 

Such an enhancement in mechanical homes used to be handiest observed upon limiting the bloodless working 

influence of the ball-milling process (by reducing the milling time from 6 to 3 h and by way of subjecting the 

samples to a publish-processing annealing healing). Extrusion was once also found to promote alignment of CNTs 
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in the extrusion direction. Each XRD and TEM evaluation showed that even though a mild development in mean 

crystal measurement took place after extrusion at 500 ◦C and annealing at 500 ◦C for 10 h, the nanostructure of the 

matrix was retained in the final merchandise which contributed to the enhanced strength displayed by way of all 

samples in comparison with un-milled aluminum. CNTs have been observed to behave as nucleation web sites for 

void formation for the period of tensile trying out. Additionally, both CNT pull out and CNT interior tube slippage 

were discovered in fractured surfaces. The gift results show that the processing historical past of powders has a 

large outcomes on the final CNT–Al composite houses and behavior, a point receiving little awareness so far 

within the literature. On-going and future work entails: (1) the usage of electrically activated processes to promote 

simultaneous consolidation and annealing of powders, (2) studying the effect of the side ratio of CNT, (three) 

finding out the influence of utilising higher weight fraction CNTs on the strengthening of the aluminum. 

2. METHODS & MATERIALS 

Mixed Powder (Al+Si+MWCNT): The XRD scans for Al–CNT powders milled for forty five h, respectively. A 

small peak is observed at 26◦ akin to (0 0 2) of graphite for powders ball-milled for three h, but then disappears 

after milling for 6 h. It's exciting to notice that in previous released work that utilized ball milling for five min, a 

clear height at 26◦ was once not determined, despite the TEM observation of the CNTs within the pattern (Choi, 

2011), albeit at 2 vol.% CNT which might be on the limit of XRD decision. In our case also, regardless of clear 

remark of the CNTs within the fractured surfaces of all samples, as shall be shown later, most effective a small 

peak for CNT (at 2 theta = 26◦) was once discovered for powders ball-milled for three h. This would be as a result 

of a number of viable explanations; together with the small quantity of CNTs used, the well dispersed CNTs within 

the matrix, unfavourable strain/CNTs outcomes that reduce the CNT peak depth.  

SEM Images of Mixed Powder: IT stated as a foremost problem. Ball milling has been tested to be a promising 

system for dispersing CNTs in the aluminum matrix. On this work, tensile force enhancement of 21% was 

observed for 2 wt. % CNT bolstered aluminum processed by means of bloodless compaction and sizzling 

extrusion. Such an enhancement in mechanical homes used to be handiest observed upon limiting the bloodless 

working influence of the ball-milling process (by reducing the milling time from 6 to 3 hrs. 

Extrusion was once also found to promote alignment of CNTs in the extrusion direction. Each XRD and 

TEM evaluation showed that even though a mild development in mean crystal measurement took place after 

extrusion at 5000C and annealing at 5000C for 10 h, the nanostructure of the matrix was retained in the final 

merchandise which contributed to the enhanced strength displayed by way of all samples in comparison with un-

milled aluminum. CNTs have been observed to behave as nucleation web sites for void formation for the period of 

tensile trying out. Additionally, both CNT pull out and CNT interior tube slippage were discovered in fractured 

surfaces. The gift results show that the processing historical past of powders has a large outcomes on the final 

CNT–Al composite houses and behavior, a point receiving little awareness so far within the literature. On-going 

and future work entails: (a) the usage of electrically activated processes to promote simultaneous consolidation and 

annealing of powders, (b) studying the effect of the side ratio of CNT, (three) finding out the influence of utilising 

higher weight fraction CNTs on the strengthening of the aluminum. 

3. RESULTS & DISCUSSIONS 

Shows the XRD scans for Al–CNT powders milled for 48 h. A small height is determined at 26◦ 

corresponding to (zero zero 2) of graphite for powders ball-milled for three h, but then dis seems after milling for 6 

h. It is intriguing to notice that in prior released work that applied ball milling for five min, a transparent peak at 

26◦ was now not located, despite the TEM observation of the CNTs in the sample (Choi, 2011), albeit at 5 vol.% 

CNT which might be at the restrict of XRD resolution. In our case also, despite clear remark of the CNTs within 

the fractured surfaces of all samples, as might be shown later, handiest a small peak for CNT (at 2 theta = 26◦) used 

to be discovered for powders ball-milled for forty eight h. This could be because of a quantity of feasible motives; 

together with the small quantity of CNTs used, the good dispersed CNTs within the matrix, negative strain/CNTs 

outcomes that reduces the CNT peak depth.  

Furthermore, the determine does not show any clear evidence of carbide phase formation beneath the 

current ball-milling stipulations. Fig. 5shows a clear distinction between the morphology of the Al–CNT powders 

milled Powders. 

4. CONCLUSION 

In the reward investigation, Al and Si composite particles have been successfully reinforced by using the 

dispersion of 1o wt% MWCNTs via the planetary ball milling approach. The next conclusions might be drawn 

from the gift gain knowledge of excellent influence in increased hardness and milling depth had an most important 

result on the detail weight percentage (Carbon 55.25 wt. %, Oxygen 25.62 wt%, Aluminium 23 wt.%, Silicon 

10wt%). 

Micro structural evolution and phase formation sequence. Clustering of CNT’s when brought to Al powder 

has earlier been reported as a important main issue. Ball milling has been proven to be a promising technique for 
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dispersing CNTs within the aluminum matrix. On this work, tensile strength enhancement of 21% was determined 

for 2 wt% CNT reinforced aluminum processed with the aid of bloodless compaction and hot extrusion. Such an 

enhancement in mechanical properties used to be best determined upon limiting the cold working influence of the 

ball-milling approach (via lowering the milling time from 48 h and by means of subjecting the samples to a 

publish-processing annealing remedy). Extrusion was once additionally located to advertise alignment of CNTs 

within the extrusion course. Each XRD and TEM evaluation confirmed that although a moderate progress in mean 

crystal size took place after extrusion at 600 ◦C and annealing at 600 ◦C for 10 h, the nanostructure of the matrix 

was once retained within the ultimate products which contributed to the enhanced force displayed by way of all 

samples compared to Un-milled aluminum. CNTs have been discovered to behave as nucleation web sites for void 

formation in the course of tensile checking out. Additionally, each CNT pull out and CNT inner tube slippage had 

been observed in fractured surfaces. The reward results exhibit that the processing history of powders has a large 

outcomes on the ultimate CNT–Al composite homes and behaviour, a factor receiving little concentration up to 

now within the literature. Ongoing and future work involves: (a) using electrically activated techniques to promote 

simultaneous consolidation and annealing of powders, (b) learning the outcome of the facet ratio of CNT, (c) 

finding out the result of utilizing larger weight fraction CNTs on the strengthening of the aluminum matrix, and  

(d) optimization of ball-milling conditions. 
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