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Abstract— Aluminium matrix composites with Al2O3+ZnO 

reinforcements give superior mechanical & physical 

properties. Their applications in several demanding fields like 

automobile, aerospace, defence, sports, electronics, bio-

medical and other industrial purposes are becoming essential 

for the last several decades. Various manufacturing processes 

e.g. stir casting, ultra-sonic assisted casting, compo-casting, 

powder metallurgy, liquid infiltration are being utilized for 

the production of the aluminium matrix composites. These 

composite materials possess improved physical and 

mechanical properties e.g. lower density, low coefficient of 

thermal expansion, addition of ZnO gives good corrosion 

resistance, high tensile strength, high stiffness, and high 

hardness and wear resistance. This paper reviews the 

characterization of mechanical properties with production 

routes of powder metallurgy for aluminium matrix- 

Al2O3+ZnO composites. Reinforcing aluminium matrix with 

much smaller particles, submicron or nano-sized range is one 

of the key factors in producing high-performance composites, 

which yields improved mechanical properties. A uniform 

distribution of the Al2O3+ZnO reinforcement phase in the Al 

matrix can be obtained by high-energy ball milling of Al+ 

Al2O3+ZnO blends. Increase in the hardness were obtained in 

the nano-composites as compared to the commercially pure 

aluminium. Ultrasonic assisted casting and powder 

metallurgy methods are becoming more common for the 

production of Al+ Al2O3+ZnO composites. Agglomeration of 

the reinforcing particles along with the increasing volume 

percentage is still a challenging task in composites materials 

manufacturing. 
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I. INTRODUCTION 

MMCs are multi-phase materials in which a strong, stiff 

reinforcing phase, typically a ceramic, is incorporated 

throughout a softer, ductile metal phase. There is however 

particular classes of MMC, which are unorthodox, for 

example, gas as the dispersed phase creating metallic foam. 

Also the inclusion of graphitic plates, refractory metals, 

intermetallic or semi-conductors can be used to obtain 

specific properties. 

 Different authors have defined the composite 

materials in different ways; some famous definitions include 

the following: 

 Composite materials are combinations of two or more 

materials consist the matrix as the major phase in which 

the reinforcement is added called the reinforcement 

phase [Elgum 1999]. 

 Composite materials are heterogeneous mixture of two 

or more phases which have been bonded together 

[Rohatgi 1991]. 

 A composite material may be called, as a materials 

system of mixture of two or more micro or macro 

constituents that differ in the form of composition 

essentially is insoluble in each other. In composite each 

materials retains its original properties but when 

composited (combined) a superior properties of materials 

are obtained which could not have been obtained 

separately [Surappa 2003]. 

The various classes of conventional MMCs are 

A. Discontinuous Reinforced MMCs 

1) Particulate MMCs. 

This classification can be further divided into two sub 

categories [Callister 1994], Dispersion strengthened and 

large particle (or true-particle) composites. Dispersion 

strengthened composites can themselves be divided into two 

sub-categories: 

a) Dispersion hardening 

In this case small, 10 nm to 250 nm diameter particles 

(Usually oxides) are dispersed into a metal matrix; 

b) Precipitation hardening 

In this case a precipitate is nucleated and grown within the 

metal matrix. 

 In dispersion strengthened composites the particles, 

which usually constitute ̴ 1 wt% of the material, must be 

closely spaced (< ̴ 1μm). This spacing is necessary because of 

the strengthening process (dislocation obstruction) involved. 

Due to the mechanism of strengthening, these materials are 

not considered true composites. 

 Large particle composites consist of a metallic 

matrix with large (lμm – 50μm diameter), usually ceramic 

particles distributed throughout the matrix. The strengthening 

process here is primarily load transfer between the matrix and 

the reinforcing particle. 

2) Short Fibre MMCs. 

These consist of a metal matrix with ceramic fibers 

distributed throughout. The fibers range in diameter from  ̴

1μm - 150μm, with aspect ratios ranging, typically, from 3 to 

100. The fibers (e. g., "Saffil", short alumina fibers) are fine 

grained polycrystalline in structure. 

3) Whisker Reinforced MMCs. 

These MMCs are essentially similar to the short fibre type, 

the exception being that the whiskers are mono crystalline 

and usually have a diameter < 1μm, with aspect ratios up to 

several hundred. Their mechanical properties have been 

found to be superior when compared with polycrystalline 

short fibers. 

B. Continuous Reinforced Composites 

1) Monofilament MMCs 

Continuous monofilament reinforcements are large diameter 

(typically 100μm - 150μm) fibers, usually consisting of SiC 

or boron, which has been deposited (e. g. by chemical vapour 

deposition) on to a carbon or tungsten wire core. The 

monofilament fibers are usually aligned in a unidirectional 

manner within the matrix. These large diameter fibers do not 
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display a high degree of flexibility and are usually used as 

single fibers. They typically have a large bend radius and care 

must be taken to avoid over bend during processing. 

2) Multifilament MMCs 

Multifilament reinforcements are small diameter (5μm - 

30μm diameter) fibers, which can be woven, knitted, stitched, 

braided or wound. These fibers have a small bend radius 

which improves their flexibility. Because of the flexibility of 

these fibers they can be incorporated into a matrix in a 

unidirectional manner, or combined (e. g. woven into a multi 

directional reinforcement). 

3) Layered MMCs 

Layered MMCs consist of alternate layers of, usually, two 

constituent materials. These composites can contain layers 

from a few nanometers thickness up to thickness of several 

centimeters. This category of MMC includes coatings and / 

or film deposition (e. g. ceramic coating of metals to improve 

wear resistance). Also included in this category is the use of 

fiber-reinforced tapes or fabrics when used in alternate layers 

C. Reinforcement Influence on Directional Properties of 

MMCs 

The geometry of the reinforcement within the matrix affects 

the mechanical properties of the MMC. Below are schematics 

of the geometry and orientation of reinforcements and their 

effect on mechanical properties of MMCs. 

 

 
Fig. 1: Different Types of Reinforcement’s Orientation and 

their Geometry 

D. Processing of Metal Matrix Composites 

A key challenge in the processing of composites is to 

homogeneously distribute the reinforcement phases to 

achieve a defect-free microstructure. There are many 

techniques are available to produce metal matrix composites. 

Those are: 

1) Stir casting 

2) Squeeze casting 

3) Compo casting 

4) In situ synthesis 

5) Powder metallurgy 

1) Limitations of Casting Processes 

1) The major concern associated with the stir casting 

process is the segregation of reinforcing particles which 

is caused by the surfacing or settling of the reinforcement 

particles during the melting and casting processes. 

2) Inhomogeneity in reinforcement distribution in these cast 

composites are the main problem as a result of 

interaction between suspended ceramic particles and 

moving solid liquid interface during solidification 

process. 

3) Stir casting suffers from poor incorporation and 

distribution of the reinforcement particles in the matrix. 

It is very difficult to produce complex shapes using 

casting techniques. 

E. Production of MMC’s through Powder Metallurgy Route 

Powder metallurgy is used for manufacturing products or 

samples from powdered metals by placing these powders in 

molds and are compacting the same using heavy compressive 

force. Typical examples of such sample or products are 

grinding wheels, filament wire and magnets, welding rods, 

tungsten carbide cutting tools, self-lubricating bearings 

electrical contacts and turbines blades having high 

temperature strength. The manufacture of parts by powder 

metallurgy process involves the manufacture of powders, 

blending, compacting, profiteering, sintering and a number of 

secondary operations such as sizing, coining, machining, 

impregnation, infiltration, plating, and heat treatment. The 

compressed samples are then heated to temperatures much 

below their melting points to bind the samples together and 

improve their strength and other properties. Few non-metallic 

materials can also be added to the metallic powders to provide 

adequate bond or impart some the needed properties. The 

products made through this process are very costly on account 

of the high cost of metal powders as well as of the dies used. 

The powders of almost all metals and a large quantity of 

alloys, and nonmetals may be used. The application of 

powder metallurgy process is economically feasible only for 

high mass production. Parts made by powder metallurgy 

process exhibit properties, which cannot be produced by 

conventional methods. Simple shaped parts can be made to 

size with high precision without waste, and completely or 

almost ready for installation. 

1) Powder Metallurgy Process 

The powder metallurgy process consists of the following 

basic steps: 

1) Formation of metallic powders. 

2) Mixing or blending of the metallic powders in required 

proportions. 

3) Compressing and compacting the powders into desired 

shapes and sizes in form of samples. 

4) Sintering the compacted samples in a controlled furnace 

atmosphere. 

5) Subjecting the sintered samples to secondary processing 

if needed so. 

2) Production of Metal Powder Techniques 

There are various methods of manufacturing powders. The 

commonly used powder making processes are given as: 
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1) Atomization 

2) Chemical reduction 

3) Electrolytic process 

4) Crushing 

5) Milling 

3) Mixing or Blending of Metallic Powders 

The crushed fine powders into high energy planetary ball 

milling .After the formation of metallic powders, proper 

mixing or blending of powders is the first step in the forming 

of powder metal parts. The mixing is being carried out either 

wet or dry using an efficient mixer to produce a homogeneous 

mixture. 

4) Compacting of Powder 

Compacting is the technique of converting loose powder in to 

compact accurately defined shape and size. This is carried out 

at room temperature in a die on press machine. The press used 

for compacting may be either mechanically or hydraulically 

operated. The die consists of a cavity of the shape of the 

desired part. Metal powder is poured in the die cavity and 

pressure is applied using punches, which usually work from 

the top and bottom of the die as shown in Figure. Dies are 

usually made of high grade steel, but sometimes carbide dies 

are used for long production runs. In compacting process, the 

pressure applied should be uniform and applied 

simultaneously from above and below. The pressure applied 

should be high enough to produce cold welding of the 

powder. Cold welding imparts a green strength, which holds 

the parts together and allows them to be handled. The metal 

parts obtained after compacting are not strong and dense. To 

improve these properties, the parts should be sintered. 

 
Fig. 2: Powder Compaction 

5) Sintering 

Sintering is the process of heating of compacted products in 

a furnace to below the melting point of at least one of the 

major constituents under a controlled atmosphere. The 

sintering temperature and time vary with the following 

factors 

1) Type of metal powder 

2) Compressive load used, and 

3) Strength requirements of the finished parts. 

Figure shows that process of sintering in microscopic level 

and various stages developed during sintering. 

 
Fig. 3: Stages during the Sintering 

 In the sintering furnace, the metal parts are gradually 

heated and soaked at the required temperature. During this 

gradually heating process, powders bond themselves into 

coherent bodies. Sintering results in strengthening of fragile 

green compacts produced by the pressing operation. It also 

increases electrical conductivity, density and ductility of the 

powder metal parts. 

F. Advantages of Powder Metallurgy Technique 

1) The processes of powder metallurgy are quite and clean. 

2) Samples of any intricate or complicated shape can be 

manufactured. 

3) The dimensional accuracy and surface finish obtainable 

are much better for many applications and hence 

machining can be eliminated. 

4) Unlike casting, press forming machining, no material is 

being wasted as scrap and the process makes utilizes full 

raw material. 

5) High production rates can be easily achieved. 

6) The phase diagram constraints, which do not allow an 

alloy formation between mutually insoluble constituents 

in liquid state, such as in case of copper and lead are 

removed in this process and mixtures of such metal 

powders can be easily processed and shaped through this 

process. 

7) Parts with wide variations in compositions and materials 

can be produced. 

8) Structure and properties can be controlled more closely 

than in other fabricating processes. 

9) Control of grain size, relatively much uniform structure 

and defect such voids and blowholes in structure can be 

eliminated. 

G. Limitations of Powder Metallurgy 

1) Powder metallurgy process is not economical for small-

scale production. 

2) The cost of tool and die of powder metallurgical set-up 

is relatively high 

3) The size of products as compared to casting is limited 

because of the requirement of large presses and 

expensive tools which would be required for compacting. 

4) Metal powders are expensive and in some cases difficult 

to store without some deterioration. 
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5) Intricate or complex shapes produced by casting cannot 

be made by powder metallurgy because metallic powders 

lack the ability to flow to the extent of molten metals. 

II. EXPERIMENTAL WORK 

A. Objective 

The aim of present study is to “Fabrication of Al- composites 

through powder metallurgy (P/M) route". Many casting 

techniques are available for production of Al- composites but 

they are having limitations like segregation due to density 

difference in components. Therefore, to overcome casting 

defects we chosen the P/M route. The samples were prepared 

with different amount of ZincOxide (0, 3, 6, 9 wt%) along 

with Al2SO3 with 3% wt constant as aluminium as the base 

matrix . Microstructure characteristic, XRD of the composites 

and hardness compassion with eachother were investigated. 

B. Flow Sheet of Experimental Work 

 
Fig. 4: Sheet showing the whole Experiment Work 

C. Selection of Materials 

Aluminium powder (about 99.8% pure) powder and alumina 

(Al2O3) were selected for the preparation of Al-Al2O3 matrix 

composites with different content of ZincOxide(ZnO). 

 The main steps associated with the preparation and 

analysis of samples are summarized below 

D. Sample preparation 

Equivalent quantities of powders were taken by weight ratio 

of 25 gms, 

Composition are 

 

Aluminium 

(wt&wt%) 

Al 

Alumina 

(wt&wt%) 

Al2O3 

ZincOxide 

(wt&wt%) 

ZnO 

Sample 

1 

24.25gms 

(97%) 
0.75gms(3%) 0gms(0%) 

Sample 

2 
23.5gms(94%) 0.75gms(3%) 0.75gms(3%) 

Sample 

3 
22.75gms(91%) 0.75gms(3%) 1.5gms(6%) 

Sample 

4 
22gms(88%) 0.75gms(3%) 2.25gms(9%) 

Table 1: 

III. PLANETARY BALL MILLING 

For each sample mixing was done in a high energy planetary 

ball milling with methanol medium. This mixing was carried 

out for about 2 hours with 300 rpm, so as to get a consistent 

mixture of the different metal powders with respect to their 

compositions. No binders or any other lubricants were added 

to the powdered samples. 

 
Fig. 5: Planetary ball milling 

 
 (a) Overall Layout of Planetary disk (b) Horizontal Section 

of Grinding Jar 

Fig. 6: Working Principle of Lab Planetary Ball Mill 

A. Compaction 

In this step a uniaxial hydraulic press was used for 

compaction of the blended and mixed powders. Samples of 

16 mm diameter and approximately 14 mm height were made 

by compacting powders in die-punch using a uniaxial 

hydraulic press. The die was filled with approximately same 

quantity of powder for every sample to be made. A Silicon 

spray was sprayed into the die before the powder was put in 

the dye so as to provide proper lubrication between the die 

walls and the powder used. Then the punch was placed over 

the powder in the dye, filled up to the brim. A pressure/load 

of 8tonnes was then applied on the die-punch by a hydraulic 

press. The pressure was applied for about 5 minutes and was 
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released after that the samples were ejected out after 

compaction was over. 

 The dimensions (thickness and height) of the various 

samples were measured using a screw gauge (Electronic 

digital micrometer,Mitutoyo, Japan). And the weights of the 

samples were taken before the sintering process. Three 

different readings were taken for each sample at various sites 

of the sample and then an average of these was taken as the 

diameter and height of a particular sample. 

 
Weight 

(gms) 

Height 

(mm) 
Diameter(mm) 

Density 

kg/m3 

Sample 

1 
6.0804 13.58 15.11 2496.9714 

Sample 

2 
6.0121 13.22 15.11 2536.1558 

Sample 

3 
6.0666 13.47 15.12 2508.3279 

Sample 

4 
6.0441 13.10 15.11 2573.0104 

Table 2: Observation Tables before Sintering 

B. Sintering 

Sintering of the samples was carried out in a high temperature 

tube furnace (12000C Tube furnace RS 120/750/13 with gas 

supply system,) in the Argon atmosphere. This argon 

atmosphere was created by supplying argon gas through glass 

tube of furnace, which was placed inside the furnace 

surrounding by the sample. Therefore, the oxidation of the 

samples avoided inside the furnace. 

 In order to study the sintering characteristics, each 

sample of a particular composite was heated to a temperature 

up to 600 °C. The heating was done at constant rate (5 °C) for 

all the samples and then followed by furnace cooling. The 

samples was heated to 600 °C in the high temperature tube 

furnace and held at that temperature for one hour followed by 

furnace cooling until the temperature dropped to the room 

temperature. Once the samples cooled down and temperature 

brought down to room temperature, the samples were taken 

out from the furnace. 

 
Graph 1: Showing the Cooling of Samples after Sintering 

 
Fig. 7: Tube Furnance 

C. Change in Volume 

Change in volume was measured by measuring the changed 

dimension of the heated sample by using a Screw gauge 

(Electronic digital micrometer (0-25mm), Mitutoyo, Japan). 

This change in thickness was used to calculate the change in 

volume percentage of the sample, before and after the 

heating, by comparing the thickness of the sample before and 

after heating. 

1) Observations after Sintering 

 

Weig

ht 

(gms) 

Height(m

m) 

Diameter(

mm) 

Average 

Heig

ht 
Dia 

 

Samp

le 1 

 

6.006

4 

13.51 15.09  

13.4

36 

 

15.1 
13.44 15.10 

13.36 15.11 

 

Samp

le 2 

 

5.963

8 

13.19 15.11  

13.2

06 

 

15.1

1 

13.23 15.12 

13.20 15.10 

 

Samp

le 3 

 

 

5.976

0 

13.36 15.11 
 

13.4

10 

 

15.1

3 

13.46 15.17 

13.41 15.12 

 

Samp

le 4 

 

5.997

0 

13.00 15.10  

12.9

96 

 

15.0

96 

12.97 15.09 

13.02 15.10 

Table 3: 

D. Polishing 

Samples were polished with different SiC abrasive papers 

(220, 400, 800, 1000 and 1200 girts/cm2). Because the 

samples were aluminum composite, aluminum being soft, 

samples were polished for 5 min. on each particular paper in 

order to get a smooth and clear surface of the sample. The 

samples were then polished on a fine polishing machine (Disc 

polishing/Cloth polishing) with a diamond paste of 3 microns 

and 1 micron size respectively. This was done to get a well-

polished and a smooth surface required for the further 

characterization of the samples. 

 The polished samples were washed with water, to 

remove the diamond paste stick on the surface of the sample 

and then dried. Sample was etched with etchant mentioned 

below, to get a defined microstructure. The samples were 
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immersed in the etchant for about 5-6 seconds, washed under 

a stream of water and then blow-dried. 

Etchant was prepared by following composition: 

1) 25 ml HCl (conc.) 

2) 25 ml HNO3 (conc.) 

3) 25 ml methanol 

4) 1-2 drops of HF (conc.) 

IV. OBSERVATIONS 

A. Microstructural Characterization 

 
Fig. 8: Optical Microscope (Leica) 

The well-polished and etched samples were observed under 

an optical microscope (LEICA Microsystems, LEICA DMI 

5000M, Japan) Shown in at different magnifications. 

Micrographs were taken at 200X, 500X and 1000X for all the 

samples. By using this we can easily characterize the 

structure of the formed grain, size and bond between the 

materials. 

B. XRD Characterization 

X-ray Diffraction (XRD) is a powerful technique used to 

uniquely identify the crystalline phases present in materials 

and to measure the structural properties (strain state, grain 

size, epitaxy, phase composition, preferred orientation, and 

defect structure) of these phases. XRD is also used to 

determine the thickness of thin films and multilayer’s, and 

atomic arrangements in amorphous materials (including 

polymers) and at interfaces. XRD offers unparalleled 

accuracy in the measurement of atomic spacing and is the 

technique of choice for determining strain states in thin films. 

XRD is noncontact and non-destructive. The intensities 

measured with XRD can provide quantitative, accurate 

information on the atomic arrangements at interfaces (e.g., in 

multilayers). Materials composed of any element can be 

successfully studied with XRD, but XRD is most sensitive to 

high-2 elements, since the diffracted intensity from these is 

much larger than from low-2 elements. As a consequence, the 

sensitivity of XRD depends on the material of interest. Owing 

to the huge data bank available covering practically every 

phase of every known material (powder diffraction patterns), 

it is routinely possible to identify phases in materials and to 

determine their relative amounts from diffraction peak 

intensities. Here, plotted the graphs points of diffraction 

points of XRD at 100to 900 degree variation of detector. 

Conformation of materials or metals by previous XRD graphs 

of standards. Sample1 graph shows that Al and Al2O3 

materials only detected. So there is no reactive elements takes 

place 

 
Fig. 9: XRD Graph of Sample 1 

 XRD Graph of sample2 shows that little amount of 

ZnO are present that is at near the aluminum at 30 to 40 

degree of diffraction angle .That shows ZnO were banded 

with aluminum matrix. 

 
Fig. 10: XRD Graph of Sample 2 

 XRD Graph of sample3 shows that little more 

amount of ZnO are present that is at the 30 to 40 degree and 

55 to 60 degree of diffraction angle . in this ZnO reacted with 

Al2O3 also. 

 
Fig. 11: XRD Graph of Sample 3 
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 XRD Graph of sample 4 shows that ZnO are present 

that is at the 30 to 40 next to Al means they bonded better 

with Al than the Al2O3 degree of diffraction angle 

 
Fig. 12: XRD Graph of Sample 4 

C. Vickers Micro Hardness Test 

Electrical Vickers micro hardness test for Al-Al2O3-ZnO 

composites were done with micro hardness tester (ASTME-

384) by applying 100gm of load for 15seconds. After 

applying the load, diamond pyramid shaped indentation was 

made by the indenter on sample surface. Noted down the 

hardness values. 

1) Observations of Hardness 

Sample 1 

Hardness value Average hardness value 

43.2 

45.89 

49.9 

46 

47.5 

43.2 

42.9 

44.1 

46 

46.3 

49.8 

Sample 2 

Hardness value Average hardness value 

51.2 

50.92 

50.4 

47.9 

45.5 

49.8 

50.9 

53.1 

51.7 

51.9 

56.8 

 

Sample 3 

Hardness value Average hardness value 

57.8 

 

 

 

 

56.56 

57.4 

56 

58 

54.4 

57.8 

58.2 

59.4 

53.8 

52.8 

 

 

 

 

 

Sample 4 

Hardness value Average hardness value 

56.2 

 

 

 

 

54.07 

53.6 

55.6 

52.6 

50.1 

55.6 

52.8 

52.2 

56 

56 

Table 4: 

V. RESULT 

Aluminum (Al) matrix is reinforced with Alumina (Al2O3) 

and ZincOxide (ZnO) is confirmed by XRD. 

 Based on the Vickers Micro Hardness Test is 

indicating Aluminum (Al) matrix is reinforced by different 

reinforcing agents like Al2O3 and ZnO. 

 ZnO addition into the Al+ Al2O3 system is 

improving the reinforcement of whole system. But high 

amount of ZincOxide (ZnO) dispersion is not fissible with 

matrix which is shown by results of Micro Hardness. As 

calculation we got the lower Hardness values for higher 

amount of ZnO. The optimized amount of dispersion of ZnO 

is 6% of wt ratio of sample. 

VI. CONCLUSION 

The density, XRD values are indicating that Al matrix is 

reinforced by different nano materials. 

 Increasing Vickers micro hardness values indicating 

that how effective dispersion of nano materials in the system. 

At the same time the drop in hardness values is indicating that 

immiscible blend with Aluminum matrix. 

VII. FUTURE SCOPE 

The FESEM analysis can be done on the samples to 

characterize strength,strain…etc. 
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