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a b s t r a c t

In this study, structural features of alumina–titanium diboride nanocomposite (Al2O3–TiB2) were simu-
lated from the mixture of titanium dioxide, boric acid and pure aluminum as raw materials via mecha-
nochemical process using the optimized artificial neural network. The phase transformation and
structural evolutions during the mechanochemical process were characterized using X-ray powder dif-
fractometry (XRD). For better understanding the refining crystallite size and amorphization phenomena
during the milling, XRD data were modeled and simulated by artificial neural network (ANN). An ANN
consisting of three layers of neurons was trained using a back-propagation learning rule. Also, the
ANN was optimized by Taguchi method. Additionally, the crystallite size, interplanar distance, amorph-
ization degree and lattice strain were compared for the simulated values and experimental results.
� 2011 The Society of Powder Technology Japan. Published by Elsevier B.V. and The Society of Powder

Technology Japan. All rights reserved.

1. Introduction

Titanium diboride (TiB2) is an attractive combination of high
Vickers hardness, electrical conductivity, excellent chemical resis-
tance to molten nonferrous metals and relatively low specific grav-
ity [1,2]. Owing to the fact that TiB2 is mechanically poor, such as
fracture toughness and impact strength, these properties are im-
proved by making composite. Therefore, TiB2–Al2O3 composite is
useful for a variety of applications like cutting tools, wear-resistant
substrates and lightweight armor [3–5]. Recently, mechanical acti-
vation and mechanical milling have been extensively implemented
for preparing and synthesizing composite powders and advanced
materials [6].

Mechanochemistry is concerned with the physical and chemical
change of materials caused by mechanical energy. During the mill-
ing repeated welding and fracturing of powder particles increases
the area of contact between the reactant powder particles due to
a reduction in particle size and allow fresh surfaces to repeatedly
come into contact; this causes the reaction to proceed without
the necessary diffusion through the product layer which enhances
the formation of new compounds, amorphization of the crystalline
structures, phase transformation and formation of chemical reac-
tion [7–9]. There is a complicated and non-linear relationship

among the operational parameters such as time and speed of
milling, ball-to-powder weight ratio (BPR), raw materials, number
and diameter of balls, and atmosphere of milling on the properties
of product [7].

X-ray diffractometry (XRD) is a powerful technique for character-
izing solids which is widely applied in the identifying the crystalline
solid phases and offers a unique advantage in the quantitative anal-
ysis of mixtures [10]. Every change in the operational parameters of
mechanochemistry process has an influence on the XRD pattern of
milling product. The experimental studies have been conducted to
examine the effects of significant parameters on the mechanochem-
istry synthesis in TiB2–Al2O3 nanocomposite. This research evalu-
ated the feasibility of using artificial neural networks (ANN) in
recognize peak-shaped signals in the analytical data. It was con-
cluded that ANN is superior to conventional classifiers (e.g., multiple
linear regressions) in classifying patterns in which the input is noisy
and the system is not well defined. Besides, ANNs are non-linear
estimators which can establish more sophisticated responses [11].
They can store large amounts of pattern information with relatively
few neurons and connections [10]. For optimizing ANN, Taguchi
method was used in which non-numerical parameters, such as kind
of function, are optimized as the opposite of other statistical meth-
ods, like: response surface methodology or mixture design [12].

This paper tries to implement of optimized network (OANN) for
modeling and predicting XRD patterns in producing Al2O3–TiB2

nanocomposite by milling boric acid, titanium dioxide, and alumi-
num powders. The crystallite size, interplanar distance, amorph-
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