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Abstract: Additive manufacturing is most emerging techniques of fabricating components with desired dimensions to the near net 
shape. Metal additive manufacturing is the challenging area and lot of research under progress. In the present review paper, an attempt 
is made to compare the properties of aluminium reinforced TiB2 metal matrix composites fabricated through conventional 
manufacturing technique and also LASER assisted additive manufacturing technique. Bulk composite materials casting (stir casting) 
is followed for conventional method and layer wise material printing is done in additive manufacturing. Upon fabrication, the 
specimens are checked for particle distribution using SEM images. It is observed from micrographs that, distribution of reinforcing 
particles i.e. TiB2 is fair enough in the composite fabricated through additive manufacturing technique. This influences possessing the 
uniform properties for further testing. The microhardness of the two different specimens are checked and it is found that, composites 
manufactured though conventional manufacturing showed higher hardness than composites manufactured though additive 
manufacturing. Higher composite ductility is observed in additive manufactured specimen. 
Keywords: aluminium matrix composites, TiB2, additive manufacturing, characterization, fabrication, microhardness.

1. Introduction

Development of new materials these days to cope up 
human needs has become common trend. Every day, every 
hour there are new materials being developed for varieties 
of applications. The fabrication of newly developed mate-
rials as per the required shape, conventional shaping tech-
niques are being used. Casting, machining and forming 
processes are commonly employed to get the shape for the 
developed material. The problems faced by these processes 
directly or indirectly are numerous which leads to increase 
in the manufacturing cost, reduction in the performance, 
deviation in the utilizability etc. Many prominent problems 
associated with shaping and fabrication of alloys and com-
posite materials. With the development in the technology, 
the applications of aluminium alloys [1]–[2] and alumin-
ium matrix composite reinforced by the particles of SiC 
[3]–[8], Al2O3 [9], [10], B4C [11]–[13], Si3N4 [14], [15], 

and carbon nanotubes [16], [17] has significantly in-
creased. Metal based composites are widely used in the aer-
ospace sector [5], [18], electronics industries [15], [20], au-
tomotive industry [14], [18], military organizations [21], 
and any others manufacturing sector. When such wide ap-
plications are identified, then there is a  scope for research 
in the area of development and fabrication. To minimize 
the problems associated with conventional process of fab-
rication and also shaping, new technology being developed 
called Additive manufacturing. 

Additive manufacturing method is a  most advanced 
fabrication technique to develop the product to the actual 
shape and size without much losses in the process. Any ma-
terial, may be monolithic material, alloys, polymer based 
composites, metal based composites and also concrete 
products can be shaped as per the requirements and dimen-
sions. The process is well optimized compared to conven-
tional fabrication process. The process is game changer 
which helps in manufacturing components near net shape 
with superior quality along with reformed process parame-
ters. Still there are challenges faced by the additive manu-
facturing process for the fabrication of complex material 
parts which actually need further research [22], [23]. 

The processes mentioned in the figure 1 are suitable 
for manufacturing both polymer based materials and metal 
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based materials as well. Specifically the commercially 
available processes with different trade names such as Se-
lective Laser Melting (SLM), Laser Cusing and Direct  
Metal Laser Sintering (DMLS). The process which is ex-
ceptional in metal additive manufacturing is Electron 
Beam melting (EBM) process where the process is car-
riedout under vacuum. All the processes mentioned are 
very much suitable for metal based manufacturing of pro-
ducts. The rest of the processes shown in the fig. 1 are for 
polymer based and other categories of materials.  

Metal matrix composites show extremely superior 
properties compared to monolithic materials. By reinforc-
ing hard reinforcement in to the matrix make is strong and 
available for varieties of applications. Aluminium based 
composites are the special category of composites which  
show light weight and high strength and finds wide appli-
cations. Metal based composites are fabricated by conven-
tional methods and also by adopting advanced technology 
i.e. Additive manufacturing method. The present paper em-
phasize property comparison of aluminium based compo-
sites manufactured by additive manufacturing and conven-
tional manufacturing [24]–[29]. 

2. Materials and Manufacturing  

Aluminium based composite fabrication is done us-
ing conventional stir casting method. The process in which 
weighed amount of aluminium ingots are taken in the 
graphite crucible and heated till melt is formed. The molten 
mass is stirred using stainless steel stirrer coated with re-
fractory material which prevent diffusion of stirrer material 
in to the molten metal. The stirring is continued till molten 
metal whirl is formed inside the crucible. The pre heated 
TiB2 particles size between 5 µm to 10 µm up to 600 °C is 

introduced in to the molten metal whirl for proper distribu-
tion. Pre heating is done to break the protective coating 
around the ceramic particles which will improve the wetta-
bility between molten metal and reinforcing particles.  

Once it is assured that particles are distributed 
evenly in the molten metal, immediately the molten mix-
ture is transferred in to the metallic dies of suitable dimen-
sions. The poured mass is allowed to attain the room tem-
perature with proper solidification. Six different specimen 
with 0 %, 1 %, 2 %, 3 %, 4 % and 5 % were fabricated by 

mentioned process. The solidified speci-
men is taken out from the die and subjected 
to further testing methods [30], [31].  

The micrographs of the fabricated 
specimen shows uniform distribution of re-
inforcing particles. At certain portions of 
the specimen reinforcing particles get clus-
tered up due to variations in the density 
level of the materials. In some cases, for-
mation of voids or blow holes in the speci-
men which is a  common type of defect no-
ticed in the conventional fabrication pro-
cesses. To get precise testing results, the fab-
ricated specimen is subjected to extrusion 
process or equal channel angular pro-
cessing process. By these processes, the ex-
tent of voids or blow holes can be mini-
mized [22], [23].  

Aluminium matrix composites fabri-
cated through additive manufacturing route 
shows different path for the manufacturing 
of critical components to near shape. For 
comparison of fabrication processes, laser 
metal deposition process is considered. In 
this process, high power laser beam is used 

for the melting of powders. The following fig. 2 shows the 
coaxial laser deposition additive manufacturing process in 
which laser and metal powder and also reinforcement are 
deposited on a strong base. 

 

 
Fig. 2. Working principle of coaxial laser metal 
deposition process 

 

 
Fig. 1. Classification of Metal additive manufacturing [14]  
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Aluminium powder of average particle size of 60 µm 
to 80 µm was used and average particle size of TiB2 be-
tween 5 µm to 10 µm was used for the fabrication process. 
The powdered material when come in contact with high en-
ergy containing laser, it melts and get deposited on the sub-
strate. During the process of molten metal deposition, the 
reinforcement particles are sprayed through same nozzle 
on the deposited metal layer. Layer by layer deposition of 
metal powder and reinforcement powder is executed till de- 
sired thickness of the product is achieved. The fabrication 
process is carried out under argon atmosphere using laser 
150 device. The variables set for the fabrication process are 
laser power of 450 W, hatch spacing 50 µm, laser beam 
spot size of 70 µm, layer thickness of 50 µm, scans peed 
range between 1600 to 2600 mm/s with a constant step of 
200 mm/s [24].  

Relative movement of the cladding head is made 
with machine table as per the composite specimen configu-
ration. Almost near to final shape of the specimen can be 
fabricated by the process and no need of any further machi-
ning process. The process of laser metal deposition starts 
with formation of line later developed as surface and finally 
a 3 dimensional product can be achieved. The process of la-
ser metal deposition is carried out under argon environment 
to prevent product from oxidation process [25]–[29].  

Aluminium – TiB2 composites with 0 %, 1 %, 2 %, 
3 %, 4 % and 5 % reinforcement were fabricated by LA-
SER additive manufacturing process. Specimens from both 
the manufacturing techniques are prepared for the micro-
structure analysis following the standard metallographic 
procedure. The polished specimen is etched with Keller’s 
reagent for clear visibility of reinforcing particles. The mi-
crographs are taken from both the composite specimen and 
further examined. Microhardness measurements are per-
formed using HXS-1000AY Vickers indenter with a load 
of 200 g with indentation time of 15 seconds. The average 
value of microhardness is considered by testing at 15 points 
on the specimen. 

3. Microstructure evaluation 

The fabricated specimen is observed under metallur-
gical microscope for the distribution of reinforcing parti-
cles. For all TiB2 reinforcing concentrations in to the alu-
minium matrix, observations are made. For better visibility 
and detailed information SEM micrographs of the compo-
site specimen are taken and analysed. The following fig. 3 
shows the SEM micrographs of aluminium TiB2 compo-
sites fabricated through conventional stir casting method 
and also additive manufacturing process.  

Fig. 3 a shows SEM micrograph of aluminium TiB2 
composite specimen fabricated though stir casting process. 
It is observed form the micrograph that, composite speci-
men fabricated by stir casting shows fair distribution of re-
inforcing material. Dark black colored entities indicates 
TiB2 particles and grey colored portion indicates alumin-
ium matrix. At some portions clustering of the particles is 
noticed along with some blow holes in the specimen. Even 

after taking at-most care, blow hole formation and cluster-
ing of the particles in the composite specimen do happen 
in the stir casting process. Such variations in the metal 
based composites may leads to variations in the properties 
either during testing or in the product in the final assembly.  

Fig. 3 b shows SEM micrograph of aluminium TiB2 
composite specimen fabricated through Additive manufac-
turing technique. It can be observed from from SEM mi-
crograph that relatively fair distribution of TiB2 particles in 
the aluminium matrix. Here also clustering of the TiB2 par-
ticles are noticed. Comparatively minimum clustering of 
the reinforcing particles is noticed and also moderately less 
blow holes formation is observed in the fabricated speci-
men. Due to this condition, the fabricated composite can be 
considered practically isotropic. By subjecting this speci-
men to any testing method, consistent and accurate results 
can be obtained. 

 

 
a 

 
b 

Fig. 3. Micrographs of aluminium SiC specimen fabri-
cated through: a – stir casting [22]; b – additive manu-
facturing [23] 

By overall observations of SEM micrographs ob-
tained from both the fabricated composites that, both con-
ventional fabrication and additive manufacturing methods 
results in composites with good particle distribution. Good 
bonding between matrix and reinforcement material is also 
observed in both cases. Compared to conventional stir cast-
ing method, a  slight better particle distribution is noticed in 
additive manufacturing technique. Extent of blow hole for-
mation in the fabricated specimen is more in the case of 
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conventional fabrication process. In stir casting, while stir-
ring the molten metal using mechanical stirer, air get 
trapped inside the molten metal leading to blow hole for-
mation. There may be another reason that while pouring 
the particles in to the molten metal, air get trapped in the 
matrix results in blow hole formation. But in additively 
manufactured composites, the extent of blow hole for-
mation is very less. By comparing both SEM micrographs, 
it is observed that Additively manufactured aluminium 
based composite has more positive points than convention-
ally manufactured composites [22], [23]. 

The specimen from both fabricating techniques are 
subjected to microhardness testing method to check the per-
formance level of the material. In this review microhardness 
values of both the materials are compared. The comparative 
results are presented in the following section [32]–[38].  

4. Microhardness testing 

Fig. 4 depicts the microhardness values of alumin-
ium TiB2 composites with reinforcement variation from 
0 % to 4 % in the step of 1 %. Both conventional manufac-
tured and additive manufactured composite specimen are 
subjected to microhardness testing process and results are 
compared.  

 

 
 

 
Fig. 4. Microhardness of Aluminium TiB2 com-
posite fabricated by (1) Conventional manufac-
turing process [37] (2). Laser Additive manufac-
turing process [38]  

H. M. Wand et. al. [37] fabricated TiB2 (average par-
ticle size of 10 µm) reinforced aluminium composite mate-
rial and tested the material for different properties. The 
conventionally fabricated specimen is subjected to micro-
hardness testing procedure and results are presented in 
fig. 4 (1). The fabrication of composite specimen is done 
varying TiB2 percentage in the steps of 1 %. The alloy 
without reinforcement shows hardness value of 110 HV 
and with addition of 1 % TiB2, increased hardness of 
120 HV is noticed. For specimen with 2 % reinforcement, 
150 HV, for 3 %, 170 HV and for 4 % reinforcement max-
imum of 180 HV is noticed. As reinforcement concentra-
tion is increased in the alloy, hardness of the specimen in-
creases correspondingly.  

B. Jiang [38] et. al. fabricated aluminium reinforced 
with TiB2 particulate metal matrix composites by addi-
tively manufacturing technique i.e. LASER melt deposi-
tion. The influence of particle content on the variation of 
micro-hardness is shown in fig. 4 (2). Specimen without 
containing TiB2 reinforcement shows hardness of 90.3 HV. 
1 % TiB2 is introduced and the hardness measured to be 
98.9 HV. Reinforcement is increased to 2 % which resulted in 
hardness of 115.3 HV. Further increasing the TiB2 to 3 % and 
4 % shows the hardness values of 122.7 HV and 127.8 HV 
respectively. Nearly 41 % increase in the hardness is no-
ticed between unreinforced and 4 % reinforced specimen.  

Fig. 5 clearly compares the microhardness values be-
tween conventional and additive manufactured compo-
sites. By observing the results of the both the experimental 
values, it is clear that the hardness values are higher for 
conventionally fabricated composites than additively man-
ufactured composites. The trend for both the categories 
shows increasing with increased reinforcement content.  

In conventional fabrication process of aluminium 
composites, the introduction of ceramic particles stops the 
growth of dislocations. This leads to increased microhrd-
ness in the respective composite specimen. The other rea-
sons for increased microhardness may be due to introduc-
tion of dislocations in composites during cooling process 
which causes difference in thermal expansion coefficient 
of matrix and reinforcement material [39]–[51].  

In additvevely manufactured aluminium composites, 
as reinforcement come in contact with the molten matrix, 
grain refinement process takes place leading to fine grain 
structure. Many recrystallized grains formed during the 
process which indicate the increase in hardness value be-
cause of grain refinement. Sub grain formation and fraction 
of low angle grain boundaries are formed as reinforcement 
percentage in the composite increases. This fine-grained 
material exhibit less occurrence of twins and increases the 
dynamic recovery through enhancing the activity of pris-
matic slip leading to high ductility. Hence lower hardness 
and improved ductility is noticed for the additive manufac-
tured aluminium composite than conventional manufac-
tured composite material. Compared to conventionally fab-
ricated composites, additive manufactured composites pos-
ses good ductile property [52]–[65]. Remelting of alumi-
nium in the process leads to further increase in the ductility 
of the matrix where composite material gains several ad-
vantages [21]. 
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Conclusions 

In the present review process, comparison is made 
between aluminium based composites fabricated by con-
ventional stir casting technique and also by Laser melt dep-
osition process. It is observed that there is a  lot of scope for 
the material characterization of additively manufactured 
composites. Not much experimental evaluation of material 
fabricated through additive manufacturing technique is be-
ing done and very minimum data is available for compari-
son. With available resources, systematically some of the 
parameters are compared between aluminium based com-
posite material. Overall, this review establishes a direct 
comparison between the structural and mechanical proper-
ties of aluminium-TiB₂ composites fabricated through con-
ventional stir casting and those produced via laser-based 
additive manufacturing. The analysis shows that conven-
tional fabrication generally yields higher hardness, 
whereas additive manufacturing offers improved ductility 
and more uniform particle distribution, highlighting the 
distinct performance trends associated with each fabrica-
tion route. Further observations of the review process are 
as follows 

1. The fabrication of aluminium TiB2 composites 
with different percentages ranging from 0 % to 4 % of re-
inforcement is carriedout using two different techniques. 
Conventional method of fabrication and also Laser Metal 
deposition techniques are followed for obtaining the test 
specimen 

2. As per ASTM standards test specimen were fabri-
cated containing reinforcement weight percentages 0 %, 

1 %, 2 %, 3 %, and 4 %. All fabricated specimen were sub-
jected to microhardness testing procedure 

3. The SEM micrographs of both the specimen were 
examined for the distribution of reinforcement distribution. 
It is very clear from the micrographs that, composite fabri-
cated through Laser metal deposition technique shows bet-
ter distribution of reinforcing particles than conventional 
fabrication technique. In conventional fabricated compo-
site, clustering of particles is noticed along with blow hole 
formation. That is not observed in the case of additive man-
ufactured composite.    

4. Microhardness test is done on both composites, 
conventional stir casted composite showed higher hardness 
than additively manufactured composites. Good ductility is 
observed in additively manufactured composites. Increas-
ing hardness trend is noticed in both materials, but conven-
tionally fabricated composite shows higher microhardness 
value.  

5. Additive manufactured metal matrix composites 
retain softness which is advantageous in many applications 
where sudden failure of the part can be avoided. 
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Fig. 5. Comparison of microhardness of conventionally manufactured and additively manufactured 
composites [37], [38]  
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Виготовлення та порівняння властивостей алюмінієвих композитів TiB2, 
виготовлених за допомогою адитивних технологій та традиційних методів 
виробництва. Оглядова стаття 

Раджаніш Н. Марігудар1   
1 Інститут технологій Джайна, Даванагере, Карнатака, Індія 

Анотація. Адитивне виробництво є однією з найновіших технологій виготовлення деталей з бажаними розмірами, що набли-
жаються до кінцевої форми. Адитивне виробництво металів є складною галуззю, в якій проводиться багато досліджень. У 
даній оглядовій статті зроблено спробу порівняти властивості алюмінієвих армованих металевих матричних композитів TiB2, 
виготовлених за допомогою традиційної технології виробництва, а також за допомогою технології адитивного виробництва з 
використанням лазера. Традиційний метод передбачає лиття об'ємних композитних матеріалів (лиття з перемішуванням), а 
адитивне виробництво – друк матеріалів пошарово. Після виготовлення зразки перевіряють на розподіл частинок за допомогою 
зображень SEM. На мікрографіях спостерігається, що розподіл армуючих частинок, тобто TiB2, є достатньо рівномірним у 
композиті, виготовленому за допомогою адитивної технології. Це впливає на однорідність властивостей для подальших випро-
бувань. Перевіряється мікротвердість двох різних зразків і встановлюється, що композити, виготовлені за допомогою тради-
ційних технологій, мають вищу твердість, ніж композити, виготовлені за допомогою адитивних технологій. У зразках, виго-
товлених за допомогою адитивних технологій, спостерігається вища пластичність композиту. 
Ключові слова: алюмінієві матричні композити, TiB2, адитивне виробництво, характеристика, виготовлення, мікротвер-
дість. 
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