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In this research, the formation of TiC nanopowder was investigated by mechanochemical reaction of titanium
and graphite starting materials during milling. The evolutions in temperature and pressure were evaluated
using thermal-pressure sensor during milling. Phase transformation, grain size, strain, lattice parameter, intro-
duction of Fe impurity, morphology of powders and particles size distribution during milling were examined
using different analysis techniques including XRD, Rietveld refinement, ICP, SEM, TEM, Zeta sizer and BET. Nano-
crystalline TiCwas obtained by an abrupt increase in the temperature and pressure of the vial after a shortmilling
time that confirmed mechanochemical mechanism by an exothermic reaction. Longer milling times resulted in
decreasing of TiC particles size toward nanosize scale along with increasing of Fe impurity.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Titanium carbide (TiC) is a material of commercial interest be-
cause it possesses a range of desirable properties such as high melting
point, high modulus, great hardness, high chemical stability, etc.
These properties have resulted in extensive use of TiC as a reinforcing
phase in composites and superalloys [1–5].

TiC is also used as an anti-wear and anti-abrasionmaterial inmaking
cutting tools, grinding wheels, polishing paste, magnetic recording
heads, crucible for smelting metals, etc. [1,6].

Normally, titanium carbide is produced by high-temperature pro-
cesses such as the displacement reaction of titanium oxide and carbon,
the direct chemical reaction of elemental Ti and C [7–11]. On the other
hand,mechanical alloying (MA) is a rapidly developing technology capa-
ble of producing a variety of materials, such as compounds, metastable
solid solutions, amorphous alloys, nanocrystalline materials, etc. [12].
Mechanical alloying is very simple and appears to be readily scalable:
powders of new materials are produced by high-energy ball milling of
starting ingredients [13]. Thermal explosion of the reactants can also
occur during mechanical milling. This process is referred to as mechani-
cally induced self-propagating reaction (MSR) [14].

Nanoparticles are essential building blocks to make many new
materials with tailored optical, magnetic, mechanical, and electrical
properties. Such particles are often anisotropic in shape and resemble

disks, rods, or ellipsoids. Scientific interest in nanometer-sized parti-
cles focuses on size-dependent physical properties that include spe-
cific surface area, quantum confinement, and super paramagnetism
[15].

Recently, researches have focused on the production of nanoscale
or nanostructured TiC for improvement in hardness, mechanical
strength and wear resistant of composite materials [1,16–18].

Chandra et al. [1] have reported that the size of the synthesized TiC
powder depends on the size of starting materials and synthesized nano-
size titanium carbide (diameter~30–185 nm) by chemical reaction be-
tween titanium bearing precursor gel and nano carbon particles derived
from soot at different temperatures in the range of 1300–1580 °C for
2 h under argon (Ar) atmosphere as a novel process.

Some researches have considered the influence of initial titanium
and carbon sources on the formation of TiC duringmechanical alloying,
for example the formation of nanocrystalline TiC from titanium and dif-
ferent carbon sources (activated carbon, carbon fibers or carbon nano-
tubes) [16], different Ti/C ratios [18], and the synthesis of TiC powder
from titanium and asphalt [19].

Although there are lots of researches focused on the production of
nanostructured TiC using MA, the potential of this method for pro-
duction of nanosized powder needs to be studied.

Characterization of both distribution and size of nanoparticles is
important in the development of these materials and as a criterion
to control the quality of the synthesis.

Rietveld's refinement method has also been becoming progres-
sively popular for microstructural characterization of metallic and ce-
ramic materials. It is a common practice to estimate average grain size
and average strain values from the refined profile width parameters
[20–23].
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Therefore, in the present work, the formation of nanostructured
TiC powder along with nanoscale particle size was investigated
from titanium and graphite powders by MA process.

MSR mechanism during milling was evaluated by monitoring
change of vial temperature and pressure during milling. The details
of structural evolution of powder product during milling including
grain size, root mean square (r.m.s) strain, lattice parameter and in-
troduction of Fe impurity were investigated using XRD, Rietveld re-
finement, TEM and ICP analysis techniques.

Besides, characterization of powder product including particle size
distribution and morphology was investigated using SEM, TEM, Zeta
Sizer and BET analysis techniques.

2. Experimental procedure

2.1. Mechanical alloying process

In this investigation, Ti (99.5% purity) and graphite as a source of
carbon (99% purity) powders were used as starting materials. Both
Ti and C powders had an irregular shape with particle size between
5 and 50 μm (Fig. 1a and b).

A Retsch PM400 planetary mill equipped with a thermometer and
pressure sensor, monitored by a wireless system inserted on the vial
side, was utilized to measure the increase of vial temperature and
pressure during milling process. The milling media consisted of four
20 mm diameter and three 14 mm balls confined in a 150 ml volume
vial. The ball and vial materials were hardened steel. In all experimen-
tal operations, Ti and C powders in 1:1 molar ratio (Ti50C50) were
mixed together and then milled for 1, 4, 8 and 16 h under Ar atmo-
sphere. Stearic acid (CH3(CH2)16COOH) in the quantity of 2 wt.%
was utilized as Process-Control Agent (PCA) material to avoid sticking
of the powders to the vial and balls.

In all MA runs, the ball-to-powder weight ratio (BPR) was 10:1.
The vial rotation speed was approximately 300 rpm. To prevent sam-
ple oxidation, the powders were sealed in the vial under Ar atmo-
sphere and a fresh sample was used for each ball milling run.

2.2. Phase and structural evolutions using XRD and Rietveld analyses

2.2.1. XRD analysis
The structural evolution duringmillingwas studied byX-ray diffrac-

tometer (XRD-Siemens D500) with Cu Kα radiation (λ=0.15406 nm)
operating at 30 kV and 25 mA. Two-theta was recorded in the range
of 20° and 80° with a step size of 0.02 (counting time was 3 s per step
at different polar tilting angles).

The lattice parameter of a cubic substance is directly proportional
to the spacing ‘d’ of any particular set of lattice planes a ¼
d
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
h2 þ k2 þ l2
� �r

[24]. The Nelson–Riley method was used to mini-

mize errors caused by aberration of 2θ variation and the lattice pa-
rameter ‘a’ of TiC was calculated for at least three peaks, using
Eq. (1) [25].

F θð Þ ¼ 1
2

cos2θ
sinθ

þ cos2θ
θ

 !
ð1Þ

The Williamson–Hall method was used to evaluate the grain size
using Eq. (2) [26]. This method is based on broadening of the diffrac-
tion lines due to the internal strain and grain size.

b cosθ ¼ 0:9λ
d

þ 2ε sinθ ð2Þ

Where ‘θ’ is the position of peak in the pattern (rad), ‘d’ is the grain
size, ‘ε’ is the strain in the powder, ‘λ’ is the wavelength of the radia-
tion used (nm) and ‘b’ is the full width at half maximum (FWHM) of
the diffraction peak (rad). Silicon standard sample with large grains
and free from defect broadening was used as a standard to increase
the precision of the instrumental broadening. Then, the error of dif-
fractometer was eliminated by Eq. (3) [27].

b ¼ bsize þ bstrain ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
b2o−b2s

q
ð3Þ

where ‘bs’ is the FWHM of the main peak of Si standard sample
(2theta=28.5°) used for calibration and ‘bo’ is the FWHM of TiC's
peaks. Both ‘bs’ and ‘bo’ were calculated by X-Pert High Score software.

Fig. 2. Environmental changes of vial during milling of Ti and C powders (T: tempera-
ture and P: pressure).Fig. 1. SEM images of starting powder particles of a. Ti and b. Graphite.
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