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ABSTRACT 

The influence of Al, Si and B on the growth of TiC is studied in this article. It is found that the adsorption of Al is more 

favorable on TiC {111} than that on {001}. Therefore, under the influence of it, the growth rate of {111} will be accelerated 

and result in the decreasing of the relative growth rate between {001} and {111}. Therefore, TiC will grow into truncated-

octahedron. But when TiC is formed under the influence of Si and B, they will grow into hexagonal platelets due to the 

preferential adsorption of Si and B on {011} and {001}. Copyright©2011 VBRI press. 
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Introduction  

TiC has been paid much attention due to its high melting 

point, high modulus, great hardness, high chemical 

stability, as well as excellent resistances to corrosion, 

oxidation and wear [1, 2]. It is widely used as refractory 

materials for cutting tools, wear resistant components and a 

reinforcing phase in composites [3, 4].  

It is known that TiC is a
1
typical faceted crystal with a 

NaCl-type structure and should be grown into octahedral 

shape when it is freely formed under equilibrium 

conditions. But some factors such as growth kinetics and 

environmental condition will influence its morphologies. 

For example, TiC with dendrite [5], rod [6], whisker [7], 

nanowires [8] and hollow sphere shapes [9] have been 

reported. It is inevitable that the properties of TiC particles 

will be affected by the shapes. Therefore, researching the 

influence factors on the growth of TiC is important for its 

application. 

A lot of works revealed that when there is Al, Si or B 

during the synthesis, the shapes of TiC will be obviously 

changed. Therefore, in this article, the simulation method 

was used to study the influence of them on the growth of 

TiC.  

 

Experimental 

The adsorption energy of Al, Si and B on different TiC 

crystal planes is calculated using CASTEP with the 

Perdew-Wang 1991 version of the generalized gradient 

approximation (GGA-PW91) [10]. The calculations are 
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conducted on 1×1 TiC {001}, {111}, {011} surfaces with 

six layers and 15Åvacuum. 1ML M (Al, Si, and B) atoms 

are placed on the top of the first layer of different surfaces. 

And M atoms and the two top layers of the slab are set free 

to move, while the other layers are constrained to simulate 

a bulk-like environment. The plane-wave cut off energy of 

350ev is employed, which assured a total energy 

convergence of 5.0×10
-6

ev atom
-1

 or better. And the k-point 

set mesh parameter was (8, 8, and 1). In addition, 

molecular dynamics approach is also used to further 

examine the adsorption of Al, Si and B atoms on TiC 

surfaces. The FORCITE module of Material Studio is used 

to perform geometry optimization of a model with 1059 

atoms which contains a sphere TiC cluster. And the 

Universal (UFF) [11] force field was adopted. 

 

Results and discussion 
 
The adsorption energy (Ead) which is designated as the 

energy needed to adsorb 1ML M (Al, Si or B) atoms on the 

surfaces is the key to assess the interaction of the M atoms 

and the TiC surfaces. It is calculated by: 

 

  )NE(EEE MSSMad                         (1) 

 

Where ES is the energy of TiC{001},{111} and {011} 

planes, respectively; EM is the energy of single Al, Si or B 

atom; N is the number of the M atoms; EM+S is the total 

energy of the TiC{001},{011} and {111} with the 

adsorption of M. 

The Ead values based on formula (1) are shown in 

Table 1 and Fig.1. It can be found from Table 1 that the 

adsorptions of Al, Si and B on TiC are exothermal. For 

different crystal planes, the TiC {011} is the most 

preferential adsorption site. The difference is that the {111} 

is the second favorable adsorption plane and the {011} is 

the last in the adsorption of Al; but in the adsorption of Si 

and B, the second favorable adsorption plane is TiC{001} 

and the last one is {111}. The Ead of B on {011} is the 

biggest among all of them and the Ead of Al is the smallest 

as shown in Fig. 1. 

 
Fig. 1. Scheme of adsorption energy of Al, Si and B on different crystal 

planes of TiC.  

 

Table 1 Adsorption energy of Al, Si and B on different crystal planes of 

TiC 

 
 

Fig. 2 presents the results of the molecular dynamics 

simulation. In the simulation model, a spheroidal TiC 

cluster is surrounded by Al, Si and B atoms. The 

configuration of TiC with Al atoms after geometry 

optimization is shown in Fig. 2b. It is found that the 

stacking of Al atoms on TiC [001] direction is more 

significant than that on [011] direction. But this difference 

is decreased with the stacking of Si on TiC [001] and [011] 

as shown in Fig. 2c. When the surround atoms are B, it is 

found the configuration is sphere after the geometry 

optimization as shown in Fig. 2d. The results indicate that 

the influence of Si and B on TiC {001} plane is stronger 

than that of Al, which is in accordance with the results in 

Table 1.  

 

 
 

Fig. 2. Configurations of TiC cluster with different atoms (a) the original 

model, (b-d) TiC cluster surrounded by Al, Si, and B atoms, respectively. 

 

It is well known that the crystalline shape is determined 

by the relative growth rate on the different planes. If TiC 

freely grows in liquid under equilibrium solidification, an 

ideal morphology of TiC particles with octahedral shape 

would be formed [12]. In this condition, the R[（001）/（111）] 

which is designated as the relative growth rate between 

{001} and {111} is 1.73, and the R[（011）/（111）] is 1.22 as 

shown in Fig. 3a. It has been reported that the presence of 

impurities in TiC, such as Al, Si and B, induced high 

density of planar defects within the TiC grains [13- 15]. 

And the high density of defects can promote the growth of 

the related plane and then influences the shapes of TiC. So 

the more Al, Si or B is adsorbed on the TiC, the faster the 
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related crystal plane grows. According to the results 

mentioned above, Al atoms are more favorable to adsorb 

on TiC{011} and {111} than on {001} plane. This 

indicates that the growth rate of {011} and {111} will be 

accelerated with the influence of Al. As a result, the 

relative growth rate between {001} and {111} will be 

decreased. And It should be noticed that when the R 

[（001）/（111）] < 1.73, the TiC will grow into truncated-

octahedron as shown in Fig. 3b. But when TiC is formed in 

the melts containing Si and B, the growth of {011} and 

{001} planes will be promoted due to their preferential 

adsorption on these planes. So the relative growth rate R 

[（001）/（111）] will increase to be greater than 1.73 and the R 

[（011）/（111）] will be greater than 1.22. In addition, the R 

[（011）/（111）] will also be decreased due to more favorable 

adsorption of Si and B on TiC{011}.And when 

R[（011）/（111）]   is  decreased to 1.15, the TiC will grow into 

hexagonal platelets as shown in Fig. 3c. 

 

 
 

Fig. 3. Growth of TiC (a) free growth, (b) under the influence of Al, and 

(c) under the influence of Si or B. 
 

 
 

Fig. 4. Shapes of TiC prepared in different conditions (a) TiC prepared in 

Al melts with lower temperature, (b) prepared in Al melts with the 
temperature above 1600°C, (c) prepared in Al melts containing Si [16], 

and (d) prepared in Al melts containing B [17].  
 

The simulation data are in very good agreement with 

the experimental results. It has been found that when TiC is 

prepared in Al-Ti-C system, it usually grows into 

truncated-octahedron which is due to the influence of Al as 

shown in Fig. 4a, but if the temperature of the melts is 

above 1600°C, the shape of TiC will be octahedron as 

shown in Fig. 4b. It is deduced that the influence of Al will 

be faded with the increasing of the temperature. And when 

the temperature of the melts is above 1600°C, Al atoms 

cannot adsorb on TiC planes, so it can freely grow into 

octahedral shape. If Si or B exists in the melts, the 

influence of them will be dominant. Li SB.etal [16] has 

found that TiC particles will be hexagonal platelets with 

the influence of Si, as shown in Fig. 4c. And Nie JF.etal 

[17] found that TiC will also grow into hexagonal platelets 

when B is doped during the formation of TiC, as shown in 

Fig. 4d. 

 

Conclusion 

The influence of Al, Si and B on the growth of TiC is 

studied by the simulation method. It is found that the 

adsorption of Al is more favorable on TiC {111} than that 

on {001} planes and TiC will grow into truncated-

octahedron under its influence. But when TiC is formed 

under the influence of Si and B, the growth of {011} and 

{001} planes will be promoted due to their preferential 

adsorption on them. As a result, TiC will grow into 

hexagonal platelets. It is found that the simulation results 

are in very good agreement with the experiments. 
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