
 
 

UNIVERSITI PUTRA MALAYSIA 
 

 
 

CHARACTERIZATION AND MECHANICAL PROPERTIES OF INSITU 
TITANIUM DIBORIDE REINFORCED ALUMINIUM-COPPER 

ALLOY COMPOSITES 
 

 
 
 
 
 
 
 
 

ROSMAMUHAMADANI BIN RAMLI 
 
 
 
 
 
 
 
 
 
 

FK 2016 45 
 

 
 
 
 
 
 



© C
OPYRIG

HT U
PM 

 
CHARACTERIZATION AND MECHANICAL PROPERTIES OF IN-

SITU TITANIUM DIBORIDE REINFORCED ALUMINIUM-COPPER 

ALLOY COMPOSITES   

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

By 

 

ROSMAMUHAMADANI BIN RAMLI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thesis Submitted to the School of Graduate Studies,  

Universiti Putra Malaysia, in Fulfilment of the 

Requirements for the Degree of Doctor of Philosophy  

 

March 2016 



© C
OPYRIG

HT U
PM

All material contained within the thesis, including without limitation text, logos, icons, 

photographs and all other artwork, is copyright material of Universiti Putra Malaysia 

unless otherwise stated. Use may be made of any material contained within the t hesis for 

non-commercial purposes from the copyright holder. Commercial use of material may 

only be made with the express, prior, written permission of Universiti Putra Malaysia.  

 

Copyright © Universiti Putra Malaysia 

 

 



© C
OPYRIG

HT U
PM

i 

 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 

the requirement for the degree of Doctor of Philosophy 

 

CHARACTERIZATION AND MECHANICAL PROPERTIES OF IN-

SITU TITANIUM DIBORIDE FIBRE REINFORCED ALUMINIUM-

COPPER ALLOY COMPOSITES  

 

By 

 

ROSMAMUHAMADANI BIN RAMLI 

 

March 2016 

 

Chair    : Shamsuddin bin Sulaiman, PhD 

Faculty : Engineering 

 

Aluminium (Al) based in-situ metal matrix composites (MMCs) have better properties 

and performance when compared to ex-situ MMCs. Al-MMCs alloys are quite 

attractive due to their low density, their capability to be strengthened by precipitation, 

their good corrosion resistance, high thermal and electrical conductivity. Aluminium-

copper (Al-Cu) alloys is the one of most MMCs have important high-strength Al 

alloys. The Al casting alloys, based on the Al-Cu system are widely used in light-

weight constructions and transport applications requiring a combination of high 

strength and ductility. Recently, in-situ techniques have been developed to fabricate 

Al-based MMCs, which can lead to better adhesion at the interface and hence better 

mechanical properties. These in-situ routes provide many advantages such as the in-

situ formed reinforcement phases are thermodynamically stable, disperse more 

uniformly in matrix, free of surface contamination and leading to stronger particle 

matrix bonding.  

 

In this research, Al-Cu master alloy was reinforced with 1 to 6wt.% titanium diboride 

(TiB2) obtained from salts route reactions which were potassium hexafluorotitanate 

(K2TiF6) and potassium tetrafluoroborate (KBF4) salts. The salts route reaction process 

done at 800 °C.. Then the Al-Cu alloy has characterized on the mechanical properties 

and microstructure characterization. The Instron tensile machine, Vickers and 

Rockwell hardness tester, and pin on-disc machine were used to characterize the 

tensile, hardness and wear properties of Al-Cu alloys respectively. Salts spray fog test 

and Gamry-electrode potentiometer were used to determine the corrosion rate of this 

alloys. From results obtained, the increasement of TiB2 contents will increased the 

value of tensile and hardness properties to Al-Cu alloy.  The study also indicates that 

TiB2 particles have giving improvement the wear performance of the Al–6wt.%Cu 

alloy. For a constant load and sliding speed, the wear rate decreases as a function of 

amount of TiB2 in the composite. However, addition of TiB2 particle to the Al–6 

wt%.Cu matrix has show the coefficient value of wear decreases regardless of applied 

load. Microstructure from scanning electron microscope (SEM) shows the composites 

synthesized using in-situ techniques exhibit the presence a uniform distribution of 

reinforcement that tends to be fine,  and associated with a clean interface with the 

metallic matrix. Morphology observed that the particles of the TiB2 phase show a 

hexagonal morphology with straight and sharp edges. In order to achieve a good 

mechanical and wear properties it is important to control Al3Ti phase formation during 
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the synthesis of in-situ Al-Cu/TiB2 composites. In corrosion test that conducted by salt 

spray fog and Gamry-electrode potentiometer, Al-Cu with composition of 3wt.%TiB2 

gave the good properties in corrosion characterization compare to cast Al-Cu alloy 

itself. As comparison, Al-Cu with 3wt.%TiB2 gave the lowest value of corrosion rate, 

which means alloy has a good properties in corrosion characterization.  

 

The results obtained show that in-situ Al-Cu alloy composites containing different 

weight of TiB2 phase were synthesized successfully by the salt-metal reaction method 

and the particles were distributed evenly in the matrix of the composites. 
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PENCIRIAN DAN SIFAT MEKANIK KOMPOSIT ALOI 

ALUMINIUM-KUPRUM DISEDIAKAN SECARA IN-SITU 

DIPERKUATKAN OLEH  

 TITANIUM DIBORID  

 

Oleh 

 

ROSMAMUHAMADANI BIN RAMLI 

 

Mac 2016 

 

Pengerusi : Shamsuddin bin Sulaiman, PhD 

Fakulti     : Kejuruteraan  

 

Aluminium (Al) berasaskan in-situ komposit matrik logam (MMCs) mempunyai sifat 

dan prestasi yang agak baik jika dibandingkan dengan MMC disediakan secara ek-situ. 

Aloi Al-MMC menarik perhatian kerana memiliki ketumpatan yang rendah, 

berkebolehan untuk penguatan dalam pemendakan, kerintangan pengaratan yang baik 

dan kekonduksian terma dan elektrik yang tinggi. Aloi aluminium-kuprum (Al-Cu) 

adalah salah satu komposit matrik logam yang memiliki kekuatan yang tinggi dalam 

aloi Al. Aloi Al yang disedia secara tuangan berasaskan kepada sistem Al-Cu telah 

diguna meluas dalam penggunaan pembinaan berat yang ringan dan penggunaan untuk 

pengangkutan disebabkan memiliki kombinasi sifat kekuatan yang tinggi dan mulur. 

Kebelakangan ini, teknik in-situ telah dibangunkan untuk memfrabikasikan Al 

komposit berasaskan matrik logam yang mana membawa kepada lekatan pada antara 

muka yang baik dan juga meningkatkan sifat mekanik yang baik. Teknik ini 

memberikan banyak kelebihan seperti pembentukan in-situ yang terhasil daripada fasa 

penguat stabil dari segi termodinamik, berserakan secara seragam dalam matrik, bebas 

daripada kekotoran dan memberikan ikatan zarah terhadap matrik.   

 

Dalam penyelidikan ini, aloi Al-Cu diperkuatkan dengan dengan 1 hingga 6 %bt. 

titanium diborid (TiB2) yang diperoleh daripada tindakbalas laluan garam. Tindakbalas 

laluan garam dilakukan pada suhu 800 °C di antara garam kalium heksaflorotitanat 

(K2TiF6) dan kalium tetrafloroborat (KBF4) yang kemudiannya dicirikan oleh sifat 

mekanik dan mikrostruktur. Mesin Universal Instron, alat penguji kekerasan Vickers 

dan Rockwell dan mesin ujian haus masing-masing  digunakan bagi mencirikan sifat 

regangan, kekerasan dan sifat haus aloi Al-Cu. Teknik semburan garam dan Gamry-

elektrod potentiometer pula digunakan bagi menentukan kadar pengaratan bagi aloi 

ini. Daripada keputusan yang diperoleh, didapati peningkatan kandungan TiB2 akan 

meningkatkan nilai sifat regangan dan kekerasan aloi Al-Cu. Kajian juga menunjukkan 

bahawa partikel TiB2 memberikan peningkatan dalam prestasi haus aloi Al–6%bt. Cu. 

Dengan menetapkan beban, dan kelajuan sliding, kadar haus menurun berbanding 

dengan kandungan TiB2 dalam komposit. Walau bagaimanapun, dengan penambahan 

kandungan TiB2 terhadap Al-6%bt. Cu menunjukkan nilai pekali berkurangan 

berbanding dengan beban yang digunakan. Mikrostruktur daripada mikroskop imbasan 

elektron (SEM) pula menunjukkan komposit yang disintesiskan melalui teknik in-situ 

menghasilkan pembahagian bahan penguat yang seragam dan cenderung untuk 
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menjadi halus dan berlakunya pergabungan antara muka dengan bahan matrik logam. 

Morfologi yang dilihat pada fasa TiB2 menunjukkan bentuk heksagon berkeadaan 

lurus dengan bucu yang tajam. Untuk mencapai sifat mekanik dan haus yang terbaik ia 

penting untuk mengawal pembentukan fasa Al3Ti semasa penghasilan komposit Al-

Cu/TiB2 secara in-situ. Ujian pengaratan menggunakan semburan garam dan Gamry-

elektrod potentiometer menunjukkan Al-Cu dengan komposisi 3%bt. TiB2 

menghasilkan sifat yang terbaik bagi pencirian pengaratan berbanding dengan aloi Al-

Cu itu sendiri. Sebagai perbandingannya, aloi Al-Cu dengan 3%bt. TiB2 menghasilkan 

nilai kadar pengaratan yang rendah, bermaksud sesuatu logam itu mempunyai sifat 

pengaratan yang baik.  

 

Keputusan-keputusan yang diperoleh menunjukkan bahawa aloi komposit Al-Cu 

disediakan secara in-situ dengan kandungan peratusan berat TiB2 yang berbeza berjaya 

disintesiskan menggunakan teknik tindak balas laluan garam di mana partikel 

diserakkan secara seragam dalam matrik komposit.  
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background of Study 

 

In order to meet the demands of the aerospace, automotive and military industries such 

as guns, ammunition, missiles, military aircraft, military vehicles, ships and electronic 

systems, the necessity of lightweight and high performance structural materials has 

provided the necessary momentum for the development and emergence of metal-

matrix composites (MMCs). Further, these MMCs are attractive and viable 

alternatives to the traditional engineering alloys, with majority of them having metallic 

matrices reinforced with high strength high modulus and brittle ceramic phases 

(Krishna et. al., 2011). Particulate reinforced MMCs appear to be the most popular 

choice because they can offer relative ease in processing, lower fabrication cost, and 

nearly isotropic properties in comparison to fiber reinforced materials (Christy et. al., 

2010). 

 

Aluminium-copper (Al−Cu) alloys are one of the most MMCs have important high-

strength Al alloys. They have been employed extensively in the aircraft and military 

industries, in which materials are frequently subjected to elevated temperature. The 

aluminum (Al) casting alloys, based on the Al−Cu system are widely used in light-

weight constructions and transport applications requiring a combination of high 

strength and ductility (Wang et. al., 2010). 

 

Recently, in-situ techniques have been developed to fabricate Al-based MMCs, which 

can lead to better adhesion at the interface and hence better mechanical properties 

(Krishna et. al., 2011). Al-MMCs fabricated by in-situ routes provide many 

advantages such as reinforcement phases are thermodynamically stable, disperse more 

uniformly in matrix, free of surface contamination and leading to stronger particle 

matrix bonding (Wang et. al., 2009). At the same time, in-situ Al-MMCs formed 

reinforcement with phase finer size. According to Sun and Ahlatci (2011), in-situ 

processes can create a variety of reinforcement morphologies, ranging from 

discontinuous to continuous, and the reinforcement may be either ductile or ceramic 

phases. 

 

 

1.2 Problem Statements 

 

There are two methods to synthesized aluminium matrix composites (AMCs)  which 

are ex-situ and in-situ synthesis. The difficulties in the development of ex-situ 

particulate MMCs such as poor wettability, inhomogeneous distribution of 

reinforcement particles, formation of unwanted reaction products at the interface 

between the matrix and reinforcement, have led to the attempts to synthesize new 

generation in-situ composites (Wang et. al., 2009). 

 

Most of the Al-based ex-situ composites have low reinforcement or matrix bonding 

strength. To overcome this problem, in-situ synthesis techniques were developed in the 

last few years. It was observed during in-situ synthesis, unwanted brittle phases can 

occur resulting in poor mechanical properties (Kumar et. al., 2007).  

https://en.wikipedia.org/wiki/Gun
https://en.wikipedia.org/wiki/Ammunition
https://en.wikipedia.org/wiki/Missile
https://en.wikipedia.org/wiki/Military_aircraft
https://en.wikipedia.org/wiki/Military_vehicle
https://en.wikipedia.org/wiki/Ship
https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Electronics
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In-situ processes involve the synthesis of composites such that desirable 

reinforcements, matrices and interfaces are formed during processing. The successful 

synthesis of in-situ composites involves a good understanding of thermodynamics and 

reaction kinetics in order to obtain the desirable end product. Besides, the composites 

synthesized by in-situ techniques exhibit the presence of a uniform distribution of 

reinforcement that tends to be fine and associated with a clean interface with the 

metallic matrix, which assists in the formation of a stronger bond between the 

reinforcement and the metallic matrix (Lakshmi et. al., 1998). 

 

However Al-MMCs that already use in automotive industries are not strong enough to 

withstand high pressure, low specific stiffness and low strength, and low wear 

resistance (Wang et. al., 2010). Hence the desire in the engineering community to 

develop a new material with greater wear resistance, finer grain structure and better 

mechanical properties, without much compromising on the strength to weight ratio led 

to the development of MMCs. So, as a solution, fabricate of in-situ of Al-6wt.%Cu as 

matrix and react with TiB2 as reinforcement was introduced.  This is believed, in-situ 

can lead to better adhesion at the interface and hence better mechanical properties. Lu 

et. al., (2001) stated that TiB2 is chosen because it is particularly suitable as 

reinforcement for Al-based due to high exothermic and thermodynamic stability in Al.   

 

 

1.3 Objectives of Study 

 

The objectives of the study are; 

i. To synthesize in-situ TiB2 reinforced Al-Cu alloys with different 

TiB2 contents. 

ii. To determine mechanical properties of Al-Cu alloys reinforced TiB2 

and the influence of reinforcement, TiB2 on the aging behaviour of 

the Al–Cu matrix.  

iii. To analyse microstructures and phase distribution characterization of 

Al-Cu alloys reinforced TiB2 by Scanning Electron Microscope 

(SEM) and X-Ray Diffraction (XRD).  

iv. To determine the corrosion resistance of Al-Cu alloys reinforced 

TiB2 and the effect of reinforcements, TiB2 on Al-Cu alloys.   

 

 

1.4 Scope of Study 

 

In this research, Al-6 wt.%Cu alloys and TiB2 as reinforcement will be used. Al-Cu 

alloys will be reinforced with in-situ TiB2 particles and are synthesized by salt route 

reaction. TiB2 was introduced into the Al-Cu MMCs alloy by the reaction of the 

molten alloy with halide salts which are potassium hexafluorotitanate (K2TiF6) and 

potassium tetrafluoroborate (KBF4) at 800 °C for 60 minutes. The contents of 

reinforcement used were 1 to 6 wt. %TiB2 which are fabricated by this technique. The 

focus of study will give more attention especially in dynamic and static mechanical 

properties such as tensile, hardness, wear performance and corrosion properties. 

Besides that, microstructure and phase distribution also were characterized by SEM 

and XRD.   
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1.5 Thesis Layout 

 

The layouts of this thesis are the Introduction, Literature Review, Methodology, 

Results and Discussions and Conclusions and Recommendations for Future Research.  

The layouts of the thesis are as discussed and listed below.  

 

In Chapter 1, background study of Al-MMCs alloy and reinforcement TiB2 used in 

this research were briefed. Also the general information of in-situ technique that will 

use in this investigation is discussed. Besides that, the statement of the problems and 

the objectives of research are also being highlighted in this chapter. 

 

In Chapter 2, the discussions from previous study which were related with materials 

and processing used were highlighted. Besides in-situ, other techniques that used in 

fabrication of alloys also highlighted. It is important to discuss and study the previous 

result from other researchers especially in mechanical properties such as tensile, 

hardness and wear properties performance of Al-Cu composites.   

 

In Chapter 3, selected of materials, equipments and instruments used for this 

investigation are highlight and discussed. Besides, the procedures and the selection of 

methods also were discuss according to test were applied. Most of mechanical tests 

follow according to ASTM methods. The mechanical characterization involved 

tensile properties (ASTM E-345, 2002), wear performance (ASTM G-99, 2010) and 

hardness properties (ASTM E-92, 2003). The characterization of XRD and SEM also 

were done to study the phase distribution and microstructure observation of Al-Cu 

reinforced with TiB2. For corrosion study, two types of tests are choosing which are 

salts spray fog tests according to ASTM B-117, (2011) and Gamry-electrode 

potentiometer by Linear Polarization Resistance (LPR) technique.  

 

In Chapter 4, discussion on research results of Al-Cu alloy reinforced with TiB2 were 

discusses. The results mainly can be divided to mechanical properties, such as tensile 

properties (Tensile strength, yield strength, young’s modulus and elongations), 

hardness and wear performance test. Besides, corrosion tests also were done by salts 

spray test and Gamry-electrode potentiometer. Microstructures and phase distribution 

characterization were observed by SEM and XRD. The results obtained then be 

compared to previous results have been studied by previous researcher.   

 

And lastly, in Chapter 5, a conclusions and recommendations for future research were 

listed. In this chapter, all the results obtained by data and figures were summarized and 

concluded. For the general conclusion are in-situ Al-Cu alloy composites containing 

different TiB2 contents were synthesized successfully by the salt-metal reaction 

method and the particles were distributed evenly in the matrix of the composites. 

Besides, the recommendation what the next plan and activities for future study were 

also highlighted.      
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