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Fig. 1. (a) XRD pattern of the starting material; (b) schematic diagram of the experimental assembly; (c) local photographs show-

ing the thermocouple arrangement, the left image shows the insertion position of the T, reference thermocouple, and the right im-

age shows the T, sample thermocouple inserted laterally into the sample-chamber region.
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Fig. 2. Sample temperature and DTA curves during the
jadeite-to-glass transformation at 4.0 GPa, the horizontal
axis represents the relative time normalized to the starting
point, of data acquisition, the curves shown are representat-
ive DTA results.
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Fig. 3. Optical photographs (upper) and fracture-surface SEM images (lower) of samples during the jadeite-to-glass transformation
at 4.0 GPa: (a)—(c) Optical photographs of the sample before treatment and after treatment at 1500 C and 1700 °C, respectively;

(d)—(f) corresponding fracture-surface SEM images.
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Fig. 4. XRD patterns of samples on both sides of the jadeite-to-glass transformation boundary at different pressures: (a) Samples

treated below the transformation temperature; (b) samples treated above the transformation temperature.
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Fig. 5. Raman spectra of samples on both sides of the jadeite-to-glass transformation boundary at different pressures: (a) Samples

treated below the transformation temperature; (b) samples treated above the transformation temperature.
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Fig. 6. Sample temperature and DTA curves during the
glass-to-jadeite crystallization, the horizontal axis repres-
ents the relative time normalized to the starting point of
data acquisition, the curves shown are representative DTA
results: (a) Experimental result at 4.0 GPa; (b) experiment-
al result at 2.2 GPa.
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Fig. 7. Fracture-surface SEM images of samples during the
glass-to-jadeite crystallization at 4.0 GPa: (a) Fracture mor-
phology of the glass sample before crystallization; (b) frac-
ture morphology of the sample after crystallization.
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Fig. 8. Representative Raman spectra of recovered samples
from the glass-to-jadeite crystallization experiments under
different pressures: (a) Natural jadeite reference sample;
(b) sample treated at 2.2 GPa and 1100 C; (c)—(e) samples
treated at 3.0 GPa and 1100 °C, 4.0 GPa and 1100 C, and
5.0 GPa and 1150 °C, respectively.
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Fig. 9. Schematic diagram of the onset boundaries of bid-
irectional phase transformations between jadeite and glass
in the NaAlSi,Oq system at 0-5 GPa, red squares denote
the onset temperatures determined by in situ DTA; green
solid line denotes the onset boundary of the jadeite-to-glass
transformation; black solid line denotes the onset boundary
of the glass-to-jadeite crystallization; dashed line denotes
the boundary extension near the crystallization pressure
threshold; solid or open circles denote recovered jadeite or
glass samples from jadeite-to-glass transformation experi-
ments; solid or open inverted triangles denote recovered
jadeite or glass samples from glass-to-jadeite crystallization

experiments.
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Abstract

Jadeite, the principal mineral constituent of jadeite jade, is widely regarded as the “king of jade”. Under
high-pressure conditions, both artificial jadeite-jade synthesis and the modification of natural jadeite jade
involve transformations between crystalline jadeite and a glass with the same composition. Therefore,
clarifying the onset boundaries of the jadeite-to-glass transformation and the glass-to-jadeite crystallization in
the NaAlSiy,Og system under high-pressure heating conditions is important for understanding the phase
transformation behavior of this system and for optimizing related synthesis and modification processes. In this
work, the bidirectional transformation behavior between jadeite and glass in the NaAlSi,Og system was
systematically investigated over the pressure range of 0-5 GPa under continuous heating. High-pressure in situ
differential thermal analysis was used to determine the thermal anomalies and onset temperatures of the
transformations, and the phase and microstructural characteristics of the quenched samples were examined by
X-ray diffraction, Raman spectroscopy, and scanning electron microscopy. The results show that the onset
temperature of the jadeite-to-glass transformation increases markedly with increasing pressure. It increases from
approximately 1116 °C at 1.3 GPa to approximately 1750-1850 °C at 5.0 GPa, indicating that high pressure
significantly enhances the thermal stability of crystalline jadeite. In contrast, no clear crystallization of
NaAlSi,Og glass was observed at approximately 2.2 GPa under the present heating path and holding conditions.
When the pressure increases to 3.0-5.0 GPa, glass-to-jadeite crystallization occurs, but its onset temperature
remains nearly constant at 1000-1050 °C, showing only weak pressure dependence. This behavior suggests that
the crystallization process is more strongly constrained by kinetic factors such as nucleation, crystal growth, and
atomic diffusion. The comparison of the two opposite transformation processes reveals a pronounced asymmetric
pressure response of the onset boundaries between jadeite and glass in the NaAlSiy,Og4 system. The main
contribution of this work is to establish, within a unified experimental framework, the onset boundaries of the
jadeite-to-glass and glass-to-jadeite transformations under continuous high-pressure heating, rather than only
discussing equilibrium phase relations or individual crystallization conditions. These results provide an
experimental reference for understanding the actual transformation behavior of the NaAlSi,Og4 system under
non-equilibrium heating paths and for selecting pressure-temperature windows in high-pressure jadeite synthesis

and heat-treatment processes.

Keywords: in situ high-pressure differential thermal analysis, high pressure and high temperature, NaAlSi,Og,

bidirectional phase transformations
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