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Cubic boron nitride and hexagonal boron nitride are the two predominant crystalline structures of boron nitride. They
can interconvert under varying pressure and temperature conditions. However, this transformation requires overcoming
significant potential barriers in dynamics, which poses great difficulty in determining the c-BN/h-BN phase boundary. This
study used high-pressure in situ differential thermal measurements to ascertain the temperature of h-BN/c-BN conversion
within the commonly used pressure range (3–6 GPa) for the industrial synthesis of c-BN to constrain the P–T phase
boundary of h-BN/c-BN in the pressure–temperature range as much as possible. Based on the analysis of the experimental
data, it is determined that the relationship between pressure and temperature conforms to the following equation: P =
a+ 1

b T . Here, P denotes the pressure (GPa) and T is the temperature (K). The coefficients are a = −3.8± 0.8 GPa and
b = 229.8±17.1 GPa/K. These findings call into question existing high-pressure and high-temperature phase diagrams of
boron nitride, which seem to overstate the phase boundary temperature between c-BN and h-BN. The BN phase diagram
obtained from this study can provide critical temperature and pressure condition guidance for the industrial synthesis of
c-BN, thus optimizing synthesis efficiency and product performance.

Keywords: hexagonal boron nitride, phase diagram, high temperature and high pressure, cubic boron nitride,
phase transition, differential thermal analysis

PACS: 81.30.–t, 81.30.Dz, 81.30.Hd, 64.70.–p DOI: 10.1088/1674-1056/ad6a06

1. Introduction
Hexagonal boron nitride (h-BN), valued for its outstand-

ing thermal conductivity, chemical stability and electrical in-
sulating properties, is widely used in domains such as elec-
tronic devices, lubrication and thermal management.[1–8] The
highly regarded cubic boron nitride (c-BN) is known for its
extraordinary hardness — second only to diamond — and its
impressive thermal and chemical stability.[9–12] These charac-
teristics lead to its wide application as a cutting material for
ferrous metals.[13] Much like the transformation from graphite
to diamond, h-BN transitions into c-BN under conditions of
high pressure and high temperature.[14] The first successful
synthesis of c-BN was achieved in 1957 by Wentorf et al., lay-
ing the groundwork for constructing the temperature–pressure
phase diagram of boron nitride.[15]

The phase diagram, also referred to as a thermodynamic
phase equilibrium diagram, concisely outlines the interplay
between phase equilibrium composition and factors such as
temperature and pressure. The phase diagram of BN, essen-
tial for material science and engineering applications, eluci-
dates vital details needed to understand and predict the sta-
ble states (such as cubic and hexagonal) of BN under vari-
ous temperature and pressure conditions. In 1963, Bundy and
Wentorf created the initial BN phase diagram based on high-

pressure experimental data regarding the h-BN-to-c-BN trans-
formation and melting of h-BN.[16,17] By utilizing computa-
tional methods, such as density functional theory and local
density or harmonic approximations, Solozhenko et al. and
Karsten and Kern et al. made numerous revisions to the BN
diagram.[18–22] Using BN with particle sizes between 0.75 µm
and 1.5 µm as a precursor, Eremets et al. and the teams of Will
and Nover calculated entropy and enthalpy, determining the
equilibrium band for c-BN and h-BN phase transitions.[23,24]

In 2019, Liang et al. employed a flash-heating technique to
determine the melting point of c-BN under 15 GPa, which
was found to be approximately 5689±411 K.[25,26] In 2021,
Zhang et al. measured the recrystallization temperature of c-
BN, based on its melting point, and inferred from the empiri-
cal relationship between recrystallization and melting temper-
atures that the c-BN melting curve exhibits a slope of about
125 K/GPa in the pressure range 8–16 GPa.[27,28] This in-
dicates potential prior underestimation of the c-BN melting
curve temperature.[29] Expanding on the foundational work of
Solozhenko et al., in March 2022, Ankudinov et al. derived
the phase equilibrium line slope for h-BN and c-BN below
4 GPa, resulting in a renewed phase diagram.[30] Upon review-
ing the organization of phase diagrams from various historical
periods, it becomes evident that these diagrams are constantly
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being revised over time (Fig. 1). In Fig. 1, solid dots represent
experimental results, while hollow dots denote computational
outcomes. As illustrated in Fig. 1, previous research has pri-
marily focused on utilizing computational simulation methods
to determine the phase equilibrium boundaries between c-BN
and h-BN. Overall, the BN phase diagram conspicuously lacks
support from various experimental data. Furthermore, the fig-
ure reveals inconsistencies in the triple-point locations of c-
BN, h-BN and their respective liquid states, compounded by
fluctuations in the melting curves of c-BN and h-BN. This in-
dicates a general lack of consensus and considerable disorder
throughout the entire phase diagram. This study aims to rec-
tify the positions of the phase equilibrium lines between c-BN
and h-BN through high-pressure and high-temperature experi-
mental methods, thereby providing a more accurate BN phase
diagram with temperature and pressure data. It also serves to
supplement the experimental data for the BN phase diagram
and organize it more systematically.
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Fig. 1. High-temperature and high-pressure phase diagram of boron
nitride. The data come from previous studies.[15–24,31–33] Experimen-
tal data are represented using filled symbols, while computed data are
represented using open symbols.

Previous studies often employed computational simula-
tion methods to revise the phase equilibrium lines between h-
BN and c-BN, and according to our findings, these revisions
typically overestimated the temperature of the equilibrium
line. Earlier experimental revisions to the BN phase diagram
typically used h-BN as a precursor to induce a phase transi-
tion to c-BN, delineating the phase equilibrium line based on
the phase transition products. This approach is inaccurate. The
mutual phase transition between h-BN and c-BN is a diffusion-
driven process, involving the disruption and reformation of
chemical bonds. Therefore, basing the phase equilibrium line
on a single-phase transition line is inaccurate.

This work focuses on high-pressure and high-temperature
experiments, employing the high-pressure in situ differential
thermal analysis (DTA) method to study and constrain the po-
sitions of phase equilibrium lines for c-BN and h-BN under

high pressure. This method enables a more accurate determi-
nation of the phase equilibrium lines of c-BN and h-BN within
the high-pressure and high-temperature phase diagram of BN.
This study addresses the gaps in the experimental data within
the BN phase diagram. Moreover, by integrating the updated
data on the melting point of c-BN from Liang and Zhang et
al.,[26,27] the phase diagram of BN has been refined.

2. Experimental procedures
The chosen pressure points lie between 3–6 GPa, the typi-

cal range for industrial c-BN synthesis. The high-pressure and
high-temperature (HP-HT) investigations were conducted in a
DS6×14 MN cubic press, capable of reaching pressures up to
5 GPa. For experiments beyond 6 GPa, we utilized a two-stage
multi-anvil apparatus arranged on the DS6×8 MN cubic press,
developed by Sichuan University. The methodology followed
was consistent with our previously documented experimental
technique. The details of the cell assembly have been included
in earlier publications.[34–38]

We applied the in situ high-pressure temperature mea-
surement method (HPTM) with differential thermal analysis
(DTA) technology, utilizing W97Re3–W75Re25 thermocouples
manufactured by Shanghai Wolan Instruments, China (with
a temperature measurement range of 300 K to 2500 K). The
control of temperature is achieved by precisely regulating
the power of the electric current, with a control accuracy of
0.01 kW. The setup involved situating one thermocouple at the
center of the sample, while assigning the other to an external
position as a reference. Since the external temperature remains
relatively stable, subtracting the two readings can help high-
light the point of sudden temperature change. The formula is

DTA = T1−T2. (1)

In this formula, DTA represents the differential thermal value,
T1 is the temperature near the surface of the sample and T2 is
the temperature at the center of the sample. When the sam-
ple undergoes an endothermic reaction, the temperature T2

should decrease, resulting in a noticeable increase in the DTA
value. Conversely, when the sample undergoes an exothermic
reaction, the temperature should increase, resulting in a no-
ticeable decrease in the DTA value. At the start of a phase
transition within the sample, characterized by either heat ab-
sorption or release, a significant change in the thermocouple
temperature differential was observed.[39] Through soft cop-
per end plugs, the thermocouple was in direct contact with
water-cooling tungsten carbide (WC) faces, without using in-
corporation of cold-junction compensation, as the water-based
cooling mechanism cooled the anvils to the target temperature.
The heating output was gradually increased in a linear manner
over time through an automated process, enabled by a multi-
channel data logging apparatus (AX-104, Yokogawa, Japan),
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designed specifically for continuous monitoring and recording
of temperature changes. The margin of error associated with
temperature readings obtained via the thermocouple stood at
approximately ±10 K.

The phase equilibrium line is indeed a result of thermo-
dynamics. However, in actual experimental setups, it is un-
avoidable that kinetic factors will play a role, such as the sig-
nificant energy barrier between the phase transitions of h-BN
and c-BN. This higher energy barrier complicates the direct
transformation of h-BN to c-BN in experiments conducted
at 3–6 GPa. Consequently, the addition of a catalyst, Li3N,
becomes essential to lower this reaction’s energy barrier, fa-
cilitating the smooth transition of h-BN into the c-BN phase
within its phase region. The catalyst’s role is to decrease the
energy barrier, effectively reducing the activation energy. The
lower the activation energy, the easier the reaction proceeds,
enabling the transformation of h-BN into c-BN within the c-
BN phase region. To closely approximate the phase transition
line effectively, Li3N powder, sourced from Shanghai Aladdin
Bio-Chem Technology Co., LTD, China, with a purity thresh-
old of 99.5%, is employed as the catalyst of choice. Build-
ing on initial control experiments and insight from research
of Li et al., it is crucial to create an environment approximat-
ing hydrostatic conditions within the sample to circumvent the
emergence of regions with disparate stress levels that could
perturb pressure.[40–42] In the study on the transition of c-BN
to h-BN, the sample is enhanced with NaCl to create a hydro-
static environment. A c-BN and NaCl mixture, in a 1:1 mole
ratio, using 0–1 µm c-BN particles (obtained from Zhongnan
Jiete Ltd., China, purity 99.9%), was used as the precursor
for this study.[43] Conversely, for h-BN’s transformation into
c-BN, a hydrostatic environment essential for the experiment
is established through the melting process of the Li3N cata-
lyst. A blend of 1–2 µm h-BN and Li3N in a mole ratio of
h-BN:Li3N=1:1 was chosen as the precursor in this experi-
ment (provided by Shanghai Aladdin Bio-Chem Technology
Co., LTD, China, with a purity of 99.9%). Finally, to ensure
the stability of the phase transition experiment conditions, the
heating rate was kept relatively low at 35 K/min.

In this study, the detection of phase transitions between
h-BN and c-BN is facilitated using x-ray diffraction, Raman
scattering and field emission scanning electron microscopy
(FE-SEM; model: JSMIT500HR, JEOL Ltd., Tokyo, Japan).
After decompression and cooling, the samples undergo analy-
sis that involves comparing x-ray diffraction peaks and Raman
scattering peaks to the standard peak positions of the h-BN
and c-BN samples, thereby facilitating phase transformation
confirmation. The phase composition data for the recovered
samples are obtained by x-ray diffraction (XRD) using Cu-
Kα radiation (λ = 1.54056 Å, DX-2700) at room tempera-
ture. The Raman spectroscopy measurements are carried out

with a solid-state laser with a 532 nm wavelength (RGB Laser-
systems) and an Andor Shamrock SR-303i-B triple-grating
monochromator, equipped with an EMCCD (ANDOR New-
ton DU970P-BVF).[44]

3. Results and discussion
3.1. Pressure determined via the molten silver method

In the current study, achieving a high degree of pre-
cision in pressure control is essential. To this end, the
molten silver method is utilized for pressure calibration in the
pressure chamber.[45] A silver (Ag) sample is heated in the
high-pressure chamber while W97Re3–W75Re25 thermocou-
ple monitors keep track of its thermal changes. The appear-
ance of a plateau in the temperature curve indicates the melt-
ing of Ag, thereby designating this temperature as the melting
point. This observed melting temperature is then compared
with existing data on the Ag melting point of Ag variations
with pressure, as reported by Akella et al., facilitating the as-
certainment of the determination of the real pressure within
this particular setup.[46] The black line in the figure illustrates
the temperature curve of silver (Fig. 2). The pressure calibra-
tion experiment’s findings demonstrate a correspondence be-
tween varied oil pressures of the press and the resultant pres-
sures of 3.2 GPa, 3.9 GPa, 4.5 GPa, and 5.4 GPa, with a pres-
sure uncertainty of ±0.2 GPa.
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Fig. 2. Example 4.5 GPa: The temperature plateau arises from the melt-
ing of silver, from which the actual pressure of this assembly is obtained
at 4.5 GPa and 1480.8 K.

3.2. The c-BN transforms into h-BN

A series of heating trials were conducted at varied pres-
sure points, including 3.2 GPa, 3.9 GPa, 4.5 GPa, and 5.4 GPa.
Figure 3 shows a gradual increase in the heating power over
time, accompanied by a corresponding rise in the c-BN tem-
perature (indicated by the red line). The DTA readings’ in-
flection point (indicated by the black curve) matches the tem-
perature at which the phase transition occurs for c-BN (shown
by the red curve). Initial fluctuations in the black line are at-
tributed to NaCl melting within the sample. From a theoretical
standpoint, the experiment can be analyzed using the change
in Gibbs free energy. The equations for Gibbs free energy and
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enthalpy are as follows:

G = H−T S, (2)

H =U +PV. (3)

In the formulas, H represents enthalpy, T temperature, S en-
tropy, P pressure and V volume. Considering the changes in
Gibbs free energy and enthalpy in this experiment, we can ex-
press the formula as follows:

∆G = ∆H−T ∆S = ∆U−T ∆S+P∆V. (4)

In the formula, ∆G represents the change in Gibbs free energy,
∆H represents the change in enthalpy. When ∆G is negative,
the phase transition can occur. When the thermodynamic con-
ditions for the phase transition from c-BN to h-BN are met, ∆H
will be positive, indicating that the phase transition of c-BN to
h-BN under high pressure is an endothermic reaction. The
DTA reading (shown as the black line of Fig. 3) is computed
by deducting the c-BN sample temperature from the sample’s
external temperature. This will lead to a rise in the DTA curve.
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Fig. 3. Example 3.9 GPa: c-BN temperature and DTA reading graph,
red line signifies c-BN temperature, black line indicates DTA reading.
In transitioning from c-BN to h-BN, the endothermic reaction elevates
the DTA curve. At 3.9 GPa, based on the inflection point of DTA, the
phase transition temperature of c-BN is 1798 K. Early fluctuations in
the black line result from NaCl melting within the sample.
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Fig. 4. Example 3.9 GPa: SEM images of c-BN. (a) pre-reaction;
(b) post-reaction.

After cooling and decompression, the sample was ex-
amined using x-ray diffraction, Raman scattering and SEM,
and then compared to standard h-BN. The analysis showed
a partial phase transition from c-BN to h-BN (Figs. 4–6).
In the XRD diagram, the additional peaks are derived from
NaCl. The data indicate that the phase transition of c-BN to

h-BN takes place at 1692.7±14 K at 3.2 GPa, 1798±15 K
at 3.9 GPa, 1949.9±16 K at 4.5 GPa and 2183.9±19 K at
5.4 GPa.
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Fig. 5. XRD peaks post-decompression and cooling of initial c-BN and
NaCl samples under four pressures. Part of c-BN exhibits a phase tran-
sition to h-BN. The other peaks correspond to NaCl.
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Fig. 6. Raman peaks post-decompression and cooling of initial c-BN
and NaCl samples under four pressures. Part of c-BN exhibits a phase
transition to h-BN.

3.3. The h-BN transforms into c-BN

Following the approach used in the previous experiment,
heating experiments were conducted at the four designated
pressure points. Reflecting the analysis presented earlier in
this paper, the figure shows both the differential thermal anal-
ysis and the h-BN temperature (Fig. 7). Early fluctuations
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Fig. 7. Example 4.5 GPa: h-BN temperature and DTA reading graph, red line
signifies h-BN temperature, black line indicates DTA reading. In the h-BN
to c-BN transition, the exothermic process results in a DTA curve decline.
At 4.5 GPa, based on the inflection point of DTA, the phase transition tem-
perature of h-BN is 1768.5 K. Initial variations in the DTA curve result from
factors such as Li3N melting.
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in the DTA curve stem from factors such as Li3N melting. Ac-
cording to the equation for the change in Gibbs free energy
(Eq. (4)), once the conditions for thermodynamic feasibility
of the phase transition from h-BN to c-BN are met, this phase
transition is exothermic, causing a decline in the DTA curve.
The abrupt changes in temperature, indicated by the black line,
align with the phase transition temperatures represented by the
red line. The phase transition temperatures for pressures at
3.2 GPa, 3.9 GPa, 4.5 GPa, and 5.4 GPa are 1458.6±11 K,
1559.6±12 K, 1768.5±14 K and 2073.8±18 K, respectively.

(a) (b)

1 mm 0.5 mm

Fig. 8. Example 4.5 GPa: SEM pictures of h-BN. (a) pre-reaction;
(b) post-reaction.
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Fig. 9. XRD peaks post-decompression and cooling of initial h-BN and
Li3N samples under four pressures. Part of h-BN exhibits a phase tran-
sition to c-BN. Miscellaneous XRD peaks correspond to either Li3BN2,
a reaction product, or unreacted Li3N–BN solid solution.

Comparing the temperature data from the phase transition
of c-BN to h-BN reveals a comparable temperature range of
approximately 240 K at certain pressure points. This signifi-
cant temperature difference leads to a broader range of the con-
strained phase equilibrium line, suggesting a discrepancy be-
tween the actual phase boundary line and the phase transition
line from h-BN to c-BN inferred from the differential thermal
analysis. To narrow the range of the constrained phase equilib-
rium line and achieve the most accurate results, the bisection
approach is utilized for the temperature range under identi-
cal pressure conditions, thus reducing the enclosed interval.
The specimens were then heated to temperatures of 1593 K,
1703 K, 1856 K and 2073.8 K, respectively, at pressure levels
of 3.2 GPa, 3.9 GPa, 4.5 GPa and 5.4 GPa, and maintained
for 20 min. After decompression and cooling, SEM (Fig. 8),
x-ray diffraction (Fig. 9) and Raman scattering (Fig. 10) were
employed to examine the sample, which was then compared to
standard c-BN. The results indicate a partial phase transition

of h-BN to c-BN under each of the four pressure conditions
applied. The XRD chart shows various miscellaneous peaks,
with some attributed to Li3BN2, a byproduct of the reaction,
and others recognized as stemming from the unreacted solid
solution of Li3N–BN.
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Fig. 10. XRD peaks post-decompression and cooling of initial h-
BN and Li3N samples under four pressures. Part of h-BN exhibits a
phase transition to c-BN. Miscellaneous XRD peaks correspond to ei-
ther Li3BN2, a reaction product, or unreacted Li3N–BN solid solution.

3.4. The revised phase diagram

The phase equilibrium line studied in our experiment is a
result of thermodynamics and represents the thermodynamic
permission for a phase transition. The mutual phase transi-
tion between h-BN and c-BN is a diffusion-driven process,
involving the disruption and reformation of chemical bonds.
Diffusion-driven phase transitions are the result of atomic rear-
rangement and, in real experimental processes, are influenced
by kinetic factors, such as the energy barrier between h-BN
and c-BN. Using the phase transition from h-BN to c-BN as an
illustration, it is commonly presumed that BN is in the c-BN
phase under experimental conditions within the c-BN phase
region. However, due to the presence of a phase transition bar-
rier, h-BN located within the c-BN phase region during the ex-
periment might not convert into c-BN because it fails to over-
come the energy barrier. As shown in Fig. 11, for phase tran-
sition A, from a thermodynamic standpoint, the energy level
before is higher than that after the phase transition. Ideally,
if there were no energy barrier, the phase transition would oc-
cur seamlessly. However, in reality, phase change only occurs
when the energy level prior to the phase change exceeds the
energy of the barrier, enabling the formation of the product
after the phase change.

Due to the existence of a phase transition barrier, many
scientists and technologists are endeavoring to identify more
effective catalysts to reduce the barrier, as illustrated in phase
transition B in Fig. 11. Within the pressure range of 3–6 GPa,
the transformation of h-BN to c-BN is significantly influenced
by the presence of a catalyst. The uncatalyzed transformation
involves higher bond energies within B–N bonds. Typically,
higher temperatures and pressures are necessary to drive the
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transformation in the absence of a catalyst. In contrast, cat-
alysts, such as alkali and alkaline earth metal nitrides or flu-
orides, can effectively lower the phase transition barrier from
h-BN to c-BN. They facilitate the breaking of B–N bonds in
the h-BN lattice and promote the reorganization of nitrogen
and boron atoms, accelerating the nucleation and growth of
c-BN. With a catalyst, the transformation can occur at rela-
tively lower temperatures and pressures. However, the use
of catalysts can only merely lower, not entirely remove, the
phase transition barrier. They lower the required temperature
and pressure conditions for the phase transition but do not
alter the position of the phase equilibrium line in the phase
diagram. Hence, drawing conclusions about the energy lev-
els before and after the phase transition based solely on the
post-transition products is not precise. This also contributes

to the inaccuracy of the phase regions defined by a single-
phase transition pathway (such as h-BN to c-BN or c-BN to
h-BN). Due to the energy barrier, previous studies have been
unable to derive the phase equilibrium line from a phase tran-
sition in a single direction. Our experiment utilizes two phase
transition pathways (h-BN to c-BN and c-BN to h-BN) and
employs XRD, SEM and Raman spectroscopy to analyze the
phase transition products after the experiment. The tempera-
ture and pressure conditions of the phase transition were accu-
rately determined using DTA. By establishing two phase tran-
sition lines, we outline a “phase equilibrium region”. By min-
imizing this region to be as small as possible, the actual phase
equilibrium line between c-BN and h-BN is determined to lie
within the phase equilibrium region.

Post transition energy

Activation energy

Ea1

Activation energy

Ea2

Phase transition A

Phase transition B

Energy barrier

Reaction process

Post phase transition

Energy

Pre phase transition

Pre transition energy

Fig. 11. Phase transition process and potential barrier schematic.[47]

Analyzing and summarizing the content of this study, it
is inferred that the phase equilibrium line for c-BN and h-BN
at 3.2±0.2 GPa likely lies within the range of 1593±13 K to
1692.7±14 K. When the pressure is increased to 3.9±0.2 GPa,
this equilibrium line is anticipated to be between 1703±14 K
and 1798±15 K. Proceeding to 4.5±0.2 GPa, it is expected to
fall within the 1856±15 K to 1949.9±16 K interval. Finally,
at 5.4±0.2 GPa, the phase equilibrium line is projected to re-
side between temperatures of 2073.8±18 K and 2183.9±19 K
(Table 1). Fitted data reveal a linear temperature–pressure cor-
relation for the phase equilibrium of h-BN and c-BN as

P = a+
1
b

T. (5)

Here, P denotes pressure (GPa) and T signifies temperature
(K). The coefficients are a =−3.8±0.8 GPa and b = 229.8±
17.1 GPa/K. The phase boundary line derived from this study
is plotted within the phase diagram coordinates. The intercept
is denoted as a, indicating that, similar to the graphite/diamond

system, h-BN is the stable phase at normal pressure, while
c-BN is the metastable phase. According to the Clausius–
Clapeyron equation

dP
dT

=
∆H

T ∆V
. (6)

Comparing this with the formula P = a+ 1
b T , we obtain

1
b
=

∆H
T ∆V

. (7)

Therefore, the constant b can be expressed as

b=
T ∆V
∆H

. (8)

Thus, the constant b is related to the temperature, the volume
change of the phase transition (∆V ) and the enthalpy change
(∆H). This also implies that the ∆H and the ∆V of the phase
transition are independent of temperature. In other words,
these thermodynamic parameters remain constant over the en-
tire temperature range.
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Table 1. The data points of this experiment.

h-BN→c-BN c-BN→h-BN
P (GPa) Tt (K) Tt (K)
3.2±0.2 1593±13 1692.7±14
3.9±0.2 1703±14 1798±15
4.5±0.2 1856±15 1949.9±16
5.4±0.2 2073.8±18 2183.9±19
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Fig. 12. The HP-HT phase diagram of BN, as amended in this study com-
pared to previous studies. Red solid line, the c-BN/h-BN phase boundary
determined and extrapolated from this study. The data come from previous
studies.[15–24,31–33] Experimental data are represented using filled symbols,
while computed data are represented using open symbols.
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Fig. 13. The phase diagram for boron nitride. Purple area, diagram of
Bundy et al. in 1963.,[16] and a reasonable extrapolation. Green region,
diagram of Zhang et al. in 2021.[27] Red solid line and red region, the
c-BN/h-BN phase boundary determined and extended by this study.

The phase diagram of BN resulting from this study differs
from previous work (Fig. 12). The red solid line represents
the area where the experimentally confirmed phase equilib-
rium line between h-BN and c-BN is found, with an estimated
width of 100 K (3–6 GPa). Current high-pressure and high-
temperature phase diagrams for BN appear to overestimate the
boundary temperatures between c-BN and h-BN phases. Con-
sidering the revisions to the c-BN melting curve by Zhang et
al., the phase equilibrium line in this research has been ap-
propriately extended (Fig. 12). The green region indicates the
findings of Zhang et al.[27] The red solid line highlights the

contributions of the current study, and the red area depicts the
extrapolation of the fitted curve. The purple area showcases
the research by Bundy et al., with a logical extrapolation con-
ducted using the data on the melting point of c-BN provided
by Zhang et al.[16]

4. Conclusion
This study employs in situ differential thermal analy-

sis to refine the phase diagram of boron nitride under high-
pressure and high-temperature conditions (1000–2300 K and
3—6 GPa), focusing particularly on the phase equilibrium line
that separates the c-BN and h-BN phases, crucial for the indus-
trial synthesis of c-BN. As previously discussed, the revised
phase equilibrium line essentially forms a “phase equilibrium
belt”, narrow at just 100 K wide. Given the experimental er-
ror margin, this “belt” can be treated as a “line”. Our findings
bridge the previously identified gaps in experimental data for
the high-pressure and high-temperature phase diagrams of BN,
providing a sharper picture. The experimental findings sug-
gest that recent computational approaches might overpredict
the temperature at the phase equilibrium line. Our data align
more closely with the phase diagram derived by Wentorf and
Bundy et al., derived from post-reaction product ratio analy-
sis. Notably, our results exhibit greater precision compared
to theirs, thus confirming the reliability and accuracy of our
experimental methodology. This amendment holds substan-
tial implications for understanding the properties of c-BN and
h-BN and their phase transition conduct under high-pressure
and high-temperature conditions, and it could profoundly in-
fluence the application of c-BN and h-BN in the field of engi-
neering technology.

However, wider phase diagrams reveal challenges, in-
cluding inconsistencies within the melting curve of c-BN and
a scarcity of data on the melting curve of h-BN. Addressing
these unresolved issues in subsequent research will enable the
scientific community to acquire a more nuanced understand-
ing of BN’s phase behavior across various temperature and
pressure scenarios. Such advancements will substantially en-
rich our knowledge and could unveil novel applications for this
fascinating material.
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