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Fig. 1. Sample assembly in the piston-cylinder mode.
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Fig. 2. (a) A schematic diagram of rapid compression solidi-
fication process; (b) a schematic diagram of isothermal crys-
tallization process. The number represents the order of the

experimental steps.
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Fig. 3. XRD patterns of Se samples, which are rapidly soli-
dified from melt at different temperatures of (a) 513 K;
(b) 523 K; (c¢) 533 K. As comparison, the XRD pattern of

um scale Se powder is also displayed.
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Fig. 4. SEM pictures of Se samples, which are rapidly solidified from melt at different temperatures.
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Fig. 5. (a) XRD patterns of amorphous selenium (a-Se) sample and the compressed a-Se which is recovered after rapidly com-

pressed at room temperature; (b) XRD patterns of Sample I, Sample II, Sample III, which are the isothermal crystallization

products of a-Se at 513, 523, and 533 K, respectively.
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Fig. 7. XRD patterns of Sample 1, Sample 2, Sample 3,

which are the isothermal crystallization products of ul-
trafine Se powder at 513, 523, and 533 K, respectively.
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Fig. 6. SEM pictures of Sample I, Sample II, Sample III. The temperatures of 513, 523, and 533 K are the isothermal crystallization

M SEM W] LU 2|/ S A 0k 0] & A T R A
K. HEMPEAE RN A kA T EEARE, T
T S A B R B, b A A [R] s A G Jir
KA. BE LIRS, /N AR EOR R
S5 R kL, (R T LWL 21/ A U )
SRR X LR SR A B AR A R PR A,
AR SRS )R SE B R, AR R NS &
AL BAS IS TR DG, FERR Al IS S =9 )
WY R B /N AR ] R AL A XA 58 SRR T
TG A R R [ 45 ) Ay i ARG | B (R T 1) s
ARG A SR AR A .

(] 9 2 e SORE [E115 2100 A A | S At s S5 25
i £ B Y S ARG Y XRD 3% KRS B 25 1. A1
Sample A, Sample B,, Sample C, i g =555
WA a= 43598 A, b =4.3598 A, ¢ = 4.9518 A;
a = 43607 A, b= 43607 A, ¢ = 4.9537 A; a =
4.3570 A, b = 4.3570 A, ¢ = 4.9517 A. IEHIFE
i Sample I, Sample II, Sample IIT A4 &4 i S 5055
M a = 43565 A, b=4.3565 A, ¢ = 4.9547 A;
a= 43617 A, b=4.3617 A, c = 49562 A; a =
4.3545 A, b = 4.3545 A, ¢ = 4.9575 A. £ 1 5|

Crystallization temperature

523 K 533 K

K 8

(a) BN SRR B9 SEM &5 (b) AN [6) L EE T A8 40 A0 4 <5 1 25 & Sample 1, Sample 2, Sample 3 9 SEM &

Fig. 8. (a) SEM picture of ultrafine Se powder; (b) SEM pictures of Sample 1, Sample 2, Sample 3. The temperatures of 513 K,

523 K and 533 K are the isothermal crystallization temperatures of ultrafine Se powder.
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Fig. 9. XRD patterns of Sample A;, Sample B;, Sample C;, Sample I, Sample II, Sample III. Symbols: experimental data (black

dots), calculated diffraction pattern (red line), residuals of the refinement (blue solid line), and peak positions of tSe (purple vertic-

al bar).
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# 1 Sample Ay, Sample By, Sample C;, Sample I, Sample II, Sample III f{) XRD & H 3075 i 1915 8., ELRGAT S v

AIXFSREE I, Sy E i d, 2RIE5E FWHM
Table 1.

Diffraction peaks parameters of Sample A, Sample B;, Sample C;, Sample I, Sample II, Sample III, including the rela-

tive peak intensity (I), interplanar distance (d) and peak width at half-height (FWHM).

(100) (101)

(110) (012) (111)

/% d/am FWHM/() I/% d/om FWHM/C) I/%

d/nm FWHM/(°) I/% d/nm FWHM/(°) I/% d/nm FWHM/(°)

pm powder 43.7 3.795  0.446 100 3.013  0.353 13.9

Sample A; 25.3 3.793  0.316 100 3.010  0.187 8.6
Sample B; 24.8 3.779  0.251 100 3.004  0.166 7.7
Sample C; 34.7 3.785  0.231 100 3.010  0.182 10.5
SampleI 39.5 3.785  0.290 100 3.010 0.218 11.6
Sample I 51.7 3.789  0.324 100 3.007  0.238 10.4

Sample I 33.2 3.789  0.326 100 3.007  0.244 10.0

2.187  0.593 304 2.074 0453 19.2 2.002  0.592
2.186  0.474 15.3 2.077  0.292 13.4 2.001  0.395
2.182  0.301 24.6 2.072  0.215 9.5 1997 0.323
2184  0.292 38.5 2.075  0.243 13.5 1.999  0.323
2.185  0.447 20.7 2.077  0.349 14.1 2.000 0.435
2.185  0.521 19.7 2.077  0.349 122 1.999  0.489
2.183  0.500 24.4 2.078  0.376 13.3 2.000  0.487
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Fig. 10. Onset crystallization temperature (7)) of a-Se and
the melting temperature (7,) of a-Se crystallization
product i.e. Se as a function of the applied pressure. Data
from Ye and Lul! was measured under the heating rate of
8.7 K/min. Data from He et al.?”! was measured under the
heating rate of 8.6 K/min. The pressure and temperature
conditions in this work are shown. The inset figure displays
clearly the data in the range of 400-560 K.
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Abstract

Amorphous selenium (Se) can be easily prepared by quenching the melt, which indicates that the Se
possesses the good glass-forming ability. However, crystallization occurs after rapidly compressing the melt
within about 20 ms. In this work, we investigate the mechanism of rapid compression-induced crystallization
from Se melt. Compressing Se melt experiments are carried out at the following temperatures: 513, 523 and 533 K.
The melt is rapidly compressed under 2.4 GPa for about 20 ms. Different holding times, i.e. 0, 30, 60 min after
solidification are adopted. The samples are quenched to room temperature and then unloaded to ambient
pressure. The X-ray diffraction analysis of the recovered sample indicates that the crystallization product is the
t-Se. It is found that with the prolongation of holding time, the grain size increases due to the continuous
aggregation growth of crystal grains. By comparing with the isothermal crystallization products of amorphous
Se and ultrafine Se powder, it is suggested that the rapid compression-induced solidification product should be
t-Se crystalline. The speculation that the solidification product is amorphous Se and it crystallizes in the cooling
process does not hold true. The amorphous Se cannot be prepared through the rapid compression process on a
millisecond scale. It is related to the thermal stability of amorphous Se under high pressure. It is reported that
the dependence of crystallization temperature T on pressure i.e. d T, /d P for amorphous Se is about 40-50 K/GPa
in a range of 0.1 MPa-1 GPa. However, the T, of amorphous Se is almost constant in a range of 2-6 GPa. It
means that the thermal stability of amorphous Se against crystallization does not increase with increasing
pressure after 2 GPa. In this work, the temperature of 513-533 K in the experiments is higher than the T of
amorphous Se. Therefore, the t-Se crystal is the stable phase and amorphous Se is unstable. The Se melt tends
to crystallize in the supercooled liquid state after rapid compression. It is interesting to investigate the
mechanism of d7,/dP curve discontinuous change at around 2 GPa in the future. Both the Se melt after rapid
compression and the amorphous Se before crystallization are in supercooled liquid state. We speculate that high

pressure may result in the microstructure transition in supercooled liquid state Se.
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