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The phase transition of hexagonal boron nitride (h-BN) into the dense wurtzitic (w-BN) and/or cu-
bic (c-BN) modifications and the associated defect evolution has been the issue of several high 
pressure/ high temperature (HP/HT) experiments at Beamline W2 (MAX200x multi-anvil press). It 
is known that the kind and density of microstructure defects in h-BN have a huge impact on the 
phase transition mechanism, transformation rate and synthesis product [1]. Therefore, h-BN with 
three different main defect types were chosen as 
starting material: (i) HDBN containing a low 
density of stacking faults and dislocations, (ii) 
pyrolytic h-BN (pBN) containing mainly pucker-
ing defects [2] and (iii) CVD h-BN (CVD-BN), 
which contains mainly turbostratic disorder. The 
aim of the current work was to study the phase 
transition behaviour of h-BN with different kind 
and density of microstructure defects at identical 
p-T conditions. This also included the investiga-
tion of changes in the defect structure of h-BN.  
All starting materials have been subjected to the 
same pressure, temperature and time sequence as 
qualitatively shown in Fig. 1. After recalculation 
from the energy into the angular scale, the 
diffraction patterns were refined using the Riet-
veld software MAUD [3] in order to determine 
the volume fractions of the phases after each 
temperature step. The transformation of HDBN 
at 10 GPa and moderate temperatures 
(T > 800 K) produced w-BN, whereas the con-
version of the other two defect-rich starting ma-
terials at the same pressure but higher tempera-
ture (T > 1100 K) yielded c-BN. Avrami kinetics 
according to [4] 
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in connection with the Arrhenius plot (Fig. 2) 
was used to extract the activation energy from 
the transition process. At approximately 10 GPa, 
the activation energy of the HDBN to w-BN 
transition is EA,h-w= (31±5) kJ/mol-1. This value 
agrees very well with the order of magnitude 
known for the activation energy of martensitic 
phase transitions being also in agreement with 
previous studies on BN [2]. The activation ener-
gies for the direct h-BN � c-BN transition are 
for pBN: EA,pBN-c=(45±7) kJ/mol-1 and for CVD-
BN: EA,CVD-c=(46±12) kJ/mol-1 for the respective starting material. These values are significantly 
higher than for the martensitic phase transition. Due to the similar values of EA,pBN-c and EA,CVD-c, it 
is anticipated that both processes are driven by the same microscopic mechanism, which is most 
likely the (self)diffusion of atoms across short distances, i.e. rearrangement of atoms within the unit  

Figure 1: Principle experiment design for the study of 
the phase transition and defect evolution in BN. 

Figure 2: Arrhenius plot for the conversion of 
HDBN into w-BN and pBN as well as CVD-BN into 
c-BN. Activation energies are discussed in the text. 



 

 

 

 

 

 

 

 

cell. Furthermore, it is seen that the rate constants k differ significantly for the conversion of pBN 
and CVD-BN. This is a consequence of different nucleation and growth conditions in these materi-
als. These obvious differences in the transformation of h-BN with different microstructure require 
the analysis of the defect kinetics during the phase transition to reveal the different phase transition 
behaviour. The behaviour of the typical microstructure defects in h-BN (puckering, turbostratic dis-
order, stacking faults and dislocations) has been deduced from the anisotropic XRD line broadening 
[5]. On the example of HDBN, Fig. 3 illustrates the evolution of certain types of microstructure 
defects during the HP/HT treatment. During the pressure increase, a significant raise in puckering is 
observed. The B and N atoms lying on the lattice planes {0002} separate by shifting along [0001], 
which facilitates the transition from sp2- to sp3-hybridisation. High amount of puckering has also 
been observed for the highly defective starting materials. Upon initiation of the phase transition of 
h-BN (HDBN) to w-BN at high temperature, an increase of puckering occurs together with an in-
crease in dislocation density as Fig. 3 shows. The shrinkage of the unit cell volume during the phase 
transition causes misfit stresses, which are released via generation of microstructure defects [6], 
such as dislocations. Because of a limited number of available reflections, the density of stacking 
faults was not analysed, but it is assumed that it shows a similar trend like the dislocation density. 
Concerning the defect-rich h-BN precursors (not shown here), only qualitative trends regarding the 
defect evolution can be formulated due to the limited number of reflections. After the increase in 
puckering during the pressure build-up, c-BN nucleates in pBN mainly in regions containing a high 
density of stacking faults. This was subsequently confirmed by TEM investigation of the synthesi-
sed samples. The role of the dislocations in pBN could not be revealed, In CVD-BN, regions con-
taining mainly turbostratic disorder transform into c-BN. This difference in the defect evolution 
imposes also different phase transition kinetics as visible in the different rate constants k (Fig. 2). 
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Figure 3: Evolution of microstructure defects (puckering, middle; {0001}<1120> edge dislocations, bot-
tom) seen as change in the anisotropic diffraction line widths (top) observed during the HP/HT runs. Sym-
bols and lines stand for refinements with fixed and variable crystallite size of h-BN, respectively. 


