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Fig. 1 Layout of differential thermal analysis of samples (left) and piston-cylinder device (right)
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Fig. 2 Sample assembly diagram in cubic press
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Fig. 5 Typical DTA curves of a-Se during glass transition process (a) and crystallization process (b) under different pressures
measured by using piston-cylinder apparatus (Inset figure is the determination method diagram of 7', ,, T, and 7, )
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Fig. 7 (a) DTA curves of a-Se under the pressures of 2000 MPa, 2500 MPa and 4 500 MPa
generated by a cubic press and (b) pressure dependence of 7},

AR A R A EAR P | A 3k D A B 25 K Y AN T 3 i 4 ol L AR A5 52 2% i L Al A R S 0 N

i R A AR B e 5 ) B R A AR IR R T, AR T . ztxb‘ﬁatuflu I T, FI T, 5 3CHK [18-20, 24,
26-28] 45 Ry LR LI 8.

400 f = Ref[27] - Ref[18]
a 500 H(b -
“ @ 5 Ref[27] =+ Ref,[28] v ®) P “
B -o- Ref.[26] >
£ 380} > e E —
£ A /- DTA result in this study £ i —
g 360l 4,-«’ * DSC result in this study g 450 i
& / / g
= 7 8 330t P = 4
£ 2u0 £8 — g A
Z I £ 2 30fs £ g g
S = e O :
g 2 2 4,%“5%’:;‘” g R R —=- This study
2 320} g £ 310 7 e ? / - This study
= R o = : Ref[19
&) h L L O / o e [ ]
0 80 160 ¢ - Ref[20]
300 - Pressure/MPa -o- Ref. [24]
0 500 1 000 1 500 2 000 2 500 3 000 3500 0 1 000 2 000 3 000 4 000 5 000
Pressure/MPa Pressure/MPa

K8 BB HARIRE () AARALIELEE (b) BEJE 1 A7 AL OC R (Al 0.1~200 MPa TN 9 JRITI)
Fig. 8 Glass transition temperature evolution (a) and crystallization temperature evolution (b) with pressure for a-Se reported (The
inset is the expanded figure for the 0.1—200 MPa region)
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Experimental Investigation of the Glass Transition Temperature
in Amorphous Selenium under High Pressures

LIANG Ce', KAN Qianhua’, LIANG Wenjia’, MA Guolong®, PENG Fang’, HONG Shiming', LIU Xiuru'

(1. School of Physical Science and Technology, Southwest Jiaotong University, Chengdu 610031, Sichuan, China,
2. Applied Mechanics and Structure Safety Key Laboratory of Sichuan Province, School of Mechanics
and Aerospace Engineering, Southwest Jiaotong University, Chengdu 610031, Sichuan, China;
3. Institute of Atomic and Molecular Physics, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract: The effect of pressure on the glass transition temperature and the supercooled liquid region of
amorphous selenium (a-Se), which was prepared through melting quenching, was investigated. The glass
transition temperature 7, and crystallization temperature 7, were determined through the differential thermal
analysis (DTA) during isobaric heating. The experimental results from piston-cylinder apparatus showed that
both 7, and T, increase with the increasing pressure in the pressure range of 0.1 —1700 MPa. The glass
transition middle temperatures T),, and extrapolated crystallization onset temperatures T

fitted to pressure. The fitting results are 7', (p) =322+0.0462p and T, (p) = 398 +0.0302p, where the unit

of temperature is K, and the unit of pressure is MPa. The smaller slope of T, (p), compared with that of

were linearly

T .(p), induces the temperature range (7,,,—7T1/,) in the supercooled liquid region to be narrower with the

Ly
increase of pressure. DTA data in the pressure range of 2000—4 500 MPa was performed by using a cubic
press. A slope change in 7,(p) curve is found. 7, increases with the increasing pressure within 0.1-1700 MPa,
and the rate slows down when the pressure is above 2000 MPa. In the previous diamond anvil reports, a
similar pressure dependence of 7, and 7, was observed, i.e., 7, and 7, both increase initially with the
increasing pressure, and then become nearly constant above 1000 MPa. Since the slope changes in 7,(p)
and 7 (p) curves occur nearly at the same pressure when the microstructure of a-Se changes, in view of the
pressure of 2000 MPa corresponding to the inflection point of 7 (p) curve obtained in this study, it is
speculated that the pressure of the inflection point of 7,(p) curve may be around 2000 MPa. The different
pressures corresponding to the slope change obtained by the diamond anvil cell and the large-volume press
may be related to the measurement method of 7, and 7, as well as the pressure measurement error.

Keywords: glass transition; amorphous selenium; high pressure; differential thermal analysis
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