The Effect Of Temperature On Phase Transition Pressure Of  Zinc-Blende Boron Nitride 
Z. Y. Mijbil

Babylon University- Veterinary College.
Abstract
A new semiempirical
relation between the temperature ( T ) and the pressure of phase transition ( Pt ) had been presented for c-BN and III-V zinc-blende materials. The results had showed an increase in pressure of phase transition with the increase of temperature without any comparison with experimental data had been held because no other similar works about this field were found, on the other side an amorphous or a transition phase, due to the temperature, proposed to exist between the zinc-blende to rocksalt transition.   

الخلاصة


لقد تم تقديم علاقة شبه تجريبية جديدة لدراسة تأثير درجة الحرارة على الضغط اللازم للتحول في الطور لمادة نتريد البورون المكعبة و بقية المواد III-V ذات التركيب المشابه. و قد أظهرت النتائج وجود علاقة طردية بين الحرارة و الضغظ كما لم يتم إجراء مقارنة مع أية قيم عملية لعدم وجود دراسة مسبقة في ها المجال. من جهة أخرى فقد أستخلص أنه يمكن أن يتواجد الطور العشوائي أو يتكون طور إنتقالي بتأثير درجة الحرارة كمرحلة وسطية عند الإنتقال من طور زنك-بلند إلى طور الملح الصخري.

 
I. Introduction

The amazing aspects [ Zunger and Freeman 1978] of sp3 [ Märlid 2001] cubic boron nitride ( c-BN ) [Jayawardane et al. 2001 and Yin et al. 2001] such as high value of hardness [Wentzcovitch et al.1986], melting point [Sun et al. 2001], thermal conductivity [Kádas et al. 2000] , and band gap [Mattesini and Matar 2001], and low electric conductivity [ Lambrecht and Segall 1989] had made it the choice number one in many uses [Meng et al. 2004] as a polish, cut [Horiuchi et al. 1998], and shell material [ Huang and Zhu 2002].


Phase transition is an important character in both industry field [ Bunk et al.1999] and scientific research [ Lukashev and Lambrecht 2004], and as long as the c-BN is the stable form at ( 0 K ) [Ooi et al. 2006] but not the steady state at the ambient conditions [Mujica et al. 2003] and it may transform to rocksalt (RS) structure [Sekkal et al. 1998], this paper has been presented in order to study the effect of temperature on the transition state under high pressure specially when we know that this substance is used for difficult jobs [Tomaszkiewicz 2002], and many other binary (ZB) zinc-blende materials behave just like c-BN [Lukashev and Lambrecht 2004,  Jaffe et al.1993, Spain et al. 1984]

2.Calculation


The general semiempirical complete neglect of differential overlap method (CNDO) with tight binding approximation (TB) is used for determining the lattice constant ( ao) and the bulk modulus at zero pressure-temperature point (Bo), the results were showed in table (1). 

	Table (1): Structural properties of c-BN in comparison with experimental and theoretical values.

	Property
	Present
	Ref. a
	Ref. b
	Exp.  Ref. c 

	ao ( Ao )
	3.6117
	3.58
	3.6155
	3.615

	Bo ( GPa )
	370.439
	384
	465
	369


a. Lee et al. 1997.

b. Sanjurjo et al. 1983.

c. Bouhafs et al. 2000.


First the volume at the predicted pressure of phase transition ( Pt=394 GPa) [Sekkal et al. 1998] was calculated from equation ( 1 ) [ Tang et al. 2001] then both of them were fixed.
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Next, the change of lattice constant with temperature had been calculated from equation (2).
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Where α is the linear thermal expansion (6.999(10-6) [ Kumar and Sastry 2001], Vo and Bo are the volume and the bulk modulus at the fixed conditions of pressure-temperature (0,0), P the pressure, 
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 the derivative of bulk modulus at zero pressure and it is constant (
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= 4) and V is the volume of unit cell and a is the lattice constant at any temperature (T).


The change in pressure that come from the volume deviation after heating is calculated from Murnagham equation of state ( EOS) [Wang et al. 2006], at the same time the bulk modula at different temperatures with the same phase transition pressure were calculated from Cohen empirical equation for III-V zinc-blende materials which is [Zheng et al. 1999] as below:
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Where d is the distance between two atoms [Wang and Ye 2002].

In general a relation between the total phase transition pressure (Ptot) and the temperature suggested for III-V ZB-materials as:
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Where PT is the pressure of transition at any temperature, Bpo is the bulk modulus at ( 394 GPa, 0 K ) and α is the linear thermal expansion.

III. Results and Discussion


The result was showed in figure (1), which is a proportional relationship between temperature and pressure, because the proportional relation between the kinetic energy of the particles and temperature [Sibona et al. 2003] figure (2) (Note: not the total energy.), and so the increasing in temperature leads to increase in volume of the lattice [Marshed 2006] and that entails more pressure [Merdan 2005] to retain the volume at the critical limit.

IV. Conclusions

1. The long life of the c-BN structure under high pressure-temperature.

2. At high temperature c-BN needs more pressure to have phase transition.

3. At the same time at high pressure c-BN needs more temperature to melt.

4. Amorphous phase may be exist between ZB and RS transition when temperature arises and the temperature is under the limit of change.

5. The increase of temperature with phase transition pressure is assistant factor for faster phase transition process. 
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Figure (1): The effect of temperature on phase transition pressure.
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Figure (2): The effect of temperature on kinetic energy
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