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Electrical Transport Properties of Hexagonal
TaSi, Crystals Based on Structural Stability
under High Pressure
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Abstract: As a class of stable low-resistivity and high-temperature materials, tantalum disilicide (TaSi,) has been
widely used in integrated circuits. Therefore.its electrical stability is as important as its structural stability. Here, we
report the electronic transport properties of TaSi, based on structural stability under high pressure. Its stable crystal-
lographic structure was studied by synchrotron X-ray diffraction and Raman spectroscopy experiments up to 20 GPa.
In situ high-pressure resistance measurements revealed that the resistivity of TaSi, has a trend to be steady at the
value of about 2 Q) * cm under pressure increasing up to 16. 3 GPa. Futher, the electronic structure of TaSi, under
pressure was theoretically calculated to understand its metallic behavior.
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As a class of silicide compounds, metal silicides, such as TaSi,, TiSi, , WSi, , Mg, Si, CrSi, and
TasSi; s have been extensively investigated due to their low resistivity, superior thermal stability and

[1-4]

excellent oxidation resistance"' ™. These silicides have been employed as coating materials for energy

5-

and aerospace™ ,low resistance contacts and interconnects in large scale integrated circuits'? , gate materi-

8] strain-sensitive materials for strain gauges'™ and thermoelec-

als for CMOS microelectronic devices
tric materials for stable transducers™” . Generally,the structural stability and electrical transport prop-
erties of materials are more attractive for the semiconductor industry, materials science and physics. In
addition to temperature, pressure is an alternative approach to studying structural stability and physi-
cochemical properties of materials,as well as to synthesizing new compounds and exploring novel physical
mechanisms™*. Recently,Li ez al. " found that the hexagonal C40 structure of TaSi, is stable in a
wide pressure range (0—50 GPa). Electronic devices made of metal silicides, like TaSi, , may become
available under stress or pressure if electrical transport properties permit.

The intrinsic electrical properties of metal silicides have long been studied at different tempera-
tures. For TaSi, , superconductivity has been found below the critical temperatures of 0. 35 and 4.4 K

1213) "The electrical resistivity

for bulk single crystals and a thin-film on sapphire as substrate, respectively
of the TaSi, single crystal along the (0001) crystallographic direction was less than along the (1010)
direction in the range of 4. 2—1100 K and the anisotropy of electrical resistivity at room temperature

was almost 100%™ . The current-voltage characteristics of the TaSi,/n-Si junction were also investi-
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gated at dilferent temperatures and the junction exhibited Schottky behavior™®!. However, the electrical
transport properties of metal silicides under high pressure have rarely been reported.

In this work, we used TaSi, as an example metal silicide to study electrical stability at high pressure
and room temperature. The structural stability of TaSi, powder was examined by in situ synchrotron
X-ray diffraction (XRD) and Raman spectroscopy under pressures up to 20 GPa. The electrical stability is
reflected by the electrical resistances of the sample under different pressures,which were measured using
an in situ high-pressure four-probe method. Finally, the electronic energy band structure of TaSi, at

0 GPa and high pressure was calculated to explain the experimental results.

1 Experimental Section

1.1 In situ High-Pressure Characterizations

A Mao-Bell type symmetric diamond anvil cell (DAC) with 400 pm-diameter anvil culets was
used to generate pressure. T301 stainless steel with a thickness of 250 pm was pre-indented to a thick-
ness of ~50 pm to serve as gaskets. A 150 pm diameter hole was laser drilled (A=1064 nm) at the
center of the pre-indentation to serve as the sample chamber. Then, TaSi, powder (Alfa Aesar,99. 9%)
was loaded into the chamber,and silicone oil was used as a pressure-transmitting medium. A ruby ball
preplaced at the center of the culet was employed to determine the pressure by the ruby fluorescence
method"®.

The in situ high-pressure angle-dispersive X-ray diffraction (AD-XRD) experiments were performed at
the BLL15U1 beamline of the Shanghai Synchrotron Radiation Facility (SSRF) using a wavelength of
0.06199 nm. The sample to detector distance was 170. 5 mm. The obtained two-dimensional image

U7 Rietveld refine-

data were converted to one-dimensional XRD patterns by Fit2D-WAXD software
ments were conducted using the General Structure Analysis System (GSAS) with the user interface
EXPGUI package'®**. The in situ high-pressure Raman scattering spectra were collected by a Raman
spectrometer with an excitation laser (1=532 nm,Renishaw 1000).
1.2 In situ High-Pressure Resistance Measurements

The pressure-dependent electrical resistance was measured using a four-probe method in a symmetric
DAC with 500 pm-culet sized anvils. To create an insulated environment,a ~500 um diameter hole
was drilled in the pre-indented gasket,then the wall of the hole and indentation were fully coated with
c-BN and the other gasket surface was covered with epoxy (AB gel). After that, four platinum
electrodes (25 pm in thickness) were arranged on one side of the gasket to connect the copper leads
and the sample in the chamber. There was no pressure transmitting medium inside the chamber. The
resistance measurements were carried out on the as-fabricated microcircuit using electronic equipments
(Keithley 6221 current source,2182A nanovoltmeter,and 7001 switch system),and the pressure was
determined by the ruby fluorescence. The resistivity was calculated according to the Van der Pauw method!*,
1.3 Theoretical Calculations of the Band Structure

The first-principle calculations of the electronic structure for hexagonal TaSi, under pressures of 0
and 15 GPa were performed using the CASTEP code!?" in the Materials Studio package with the geometry
optimization. The convergence tolerance in the geometry optimization was 2. 0 X 10 ° eV/atom. The
optimization was completed when the forces were less than 0. 5 eV/nm and all stress components were
less than 0. 1 GPa. At each pressure,a generalized gradient approximation of the Perdew-Burke-Ernzerhof
(GGA-PBE) version functional of the exchange-correlation was adopted to optimize the lattice parameters

for hexagonal C40 which takes the actual situation such as electron correlations into consideration.
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2 Results and Discussion

2.1 Structural Stability

Here, we studied a hexagonal structure of TaSi, sample. The X-ray diffraction patterns of the
sample under compression and decompression are shown in Fig. 1(b). Upon compression to 20. 1 GPa
all the Bragg peaks shifted towards high angles,revealing the shrinkage of the TaSi, unit cell. There
was no significant variation in the XRD patterns in the number and shape of the diffraction peaks. The
Bragg peaks reverted to their previous positions after decompression to ambient pressure. Fig. 1 (c)
shows a typical GSAS refinement of the XRD pattern at 1. 0 GPa. The detailed crystallographic infor-

mation for low and high-pressure phases of TaSi, was shown in Table 1.
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Fig. 1 (a) Crystal structure of TaSi, in ambient conditions; (b) Synchrotron XRD patterns of TaSi, during

compression and decompression; (c) Refinement of TaSi, XRD data at 1. 0 GPa

Table 1 Rietveld refinement results of TaSi, under low pressure and high pressure

Pressure/GPa Atom type Fractional coordinates
1 Ta (0.5,0,0)
1 Si (0.1614866,0.322963,0)
20 Ta (0.5,0.3229630,0)
20 Si (0.1706990,0.341389,0)

The good refinements confirm that the hexagonal structure of TaSi, is very stable without phase
transitions during compression up to 20 GPa and decompression to ambient conditions. These results
are consistent with a previous study'. From the refinements of all the diffraction patterns,the com-
pressive behavior of the TaSi, lattice cell can be obtained. Fig. 2(a) shows the pressure dependence of
the TaSi, lattice parameters and volume. We found that the a and ¢ lattice parameters and the unit cell
volume V decreased with increasing pressure. The normalized lattice parameters as a function of pres-
sure shown in Fig. 2(b) reveal that the a axis was more compressible than the ¢ axis and anisotropic

compression increased with increasing pressure. This anisotropy of TaSi, under compression can be
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attributed to the relatively compact stacking along the <0001) direction™* (Fig. 1(a)). Through third-
order Birch-Murnaghan equation of state (EOS) fitting we can get the bulk modulus of hexagonal
phase of TaSi, as 203(2) GPa,as shown in Fig. 2(¢). In addition, the bulk modulus of TaSi, is too big to

be easily compressed.
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Fig.2 (a) Pressure-dependent lattice parameters of TaSi, (ay =0.478 4 nm,c, =0. 6570 nm) ; (b) Evolution of

the normalized lattice parameters and volume with pressure for TaSi, ;
(c) Pressure-dependent unit cell volume of TaSi,

Highly sensitive Raman spectroscopy was employed to obtain local structure information. Fig. 3(a)
shows the Raman spectra of the sample collected during pressurization from ambient to high pressure
and release to ambient pressure. From the Raman spectrum at ambient pressure,four Raman peaks can
be observed at the centered frequencies of 145.0,290. 0,355.0 and 503. 8 ecm™ ' ,denoted as A, , A, , A,
and A, .respectively. The peak A, could be related to the Si—Si vibration mode. During the compression-
decompression cycle, these Raman modes can almost be clearly observed. Upon decompression to
ambient pressure,the Raman modes A, ,A, and A, were found to revert to their original frequencies,but
the Si—Si vibration mode A, was hysteretic. The vibrational frequencies of two obvious Raman peaks
(A; and A,) as a function of pressure are shown in Fig. 3(b) and exhibit blue shift under compression
due to the shortening of the Si—Ta—Si and Si—Si bond. These findings indicate the local structural
stability of the TaSi, particles under pressure, which corresponds to the structural stability analysis
from XRD results.
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Fig. 3 (a) Pressure-dependent Raman spectra of TaSi, at room temperature; (b) Pressure-dependent
Raman peaks (A; and A,) of TaSi, derived from the Raman spectra
2.2 Electrical Stability
In general,decreasing the distance between the atoms and the interlayers of a crystal material under

[22]

external pressure or stress can alter its electronic behavior**. Sometimes, this effect may adversely affect
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the stability of electronic devices under stress.

Here, the electronic transport properties of TaSi, 301 * -
under different pressures are expressed by the electrical RS Elecuii
S [ 4 b
resistance, which was measured by a four-probe g 20t l ;‘ 1
el ' ample
method using a fabricated microcircuit in a DAC = 15¢ ’:‘
2 '
(Fig. 4 inset). As shown in Fig. 4, the electrical A2 ] S
. . 3 *
resistance of the sample decreased dramatically ~ st Sl oy
. h . . “ h ‘**"*ﬂ---‘- —y -y
with pressure increasing up to 5 GPa due to the oF T Compression. v Decompression
gradually closer contact between the TaSi, parti- -2 0 2 4 6 8 10 12 14 16 18
cles. In the high-pressure region (5. 0—16. 3 GPa), Pressure/GPa
the resistance trend was steady with increasing Fig. 4 The resistivity of TaSi, under pressure at
pressure and the resistance reduced by less than room temperature (The inset (upper right) is a
half. The resistance during decompression and photograph of the four-probe microcircuit
compression was almost consistent in the high- in the diamond anvil cell. )

pressure region. Therefore, the electrical transport properties of TaSi, are very stable in the high-pressure
region during compression and decompression.

A previous study reported that the resistivity of a TaSi, single crystal at ambient pressure and
temperature was approximately 20 pQ ¢ cm along the <0001) crystallographic direction and 40 Q) * cm
along the (1010) direction"*!. Hence, TaSi, exhibits metallic behavior. In our case,the pressure-dependent
resistivity of the sample consisted of many particles, as shown in the Fig. 4 inset. Thus, the resistivity
under pressures of 5.0 and 16. 3 GPa was about 2. 8 and 1.7 pQ * cm,respectively. That is to say,the
resistivity of TaSi, decreased by one order of magnitude at room temperature from ambient pressure to
5. 0 GPa. The metallicity of TaSi, obviously increased with the increase of applied pressure. Therefore,
it is conceivable that electronic devices made of TaSi, may work well under pressure and release less waste
heat.

To further understand TaSi, electrical stability and illuminate the underlying physical mechanism
of its resistivity-pressure relationship,its band structures under ambient pressure and high pressure
were calculated by first-principle calculations. Fig. 5 shows the electronic band structure of TaSi, at
ambient pressure and 15 GPa. Their topological geometries are considerably similar,i. e. ,the electronic
energy band structure is very stable under high pressure. The difference is that the electronic energy

band broadens under high pressure compared to that under ambient pressure,which is due to shorten-

0 - - - o - L P prpp
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Fig.5 Calculated band structure of TaSi, at (a) 0 GPa and (b) 15 GPa
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ing of the lattice parameters. Moreover, the Fermi surface of TaSi, under ambient pressure and 15 GPa
locates below the top of the valence band and the valence-band maximum crosses the conduction-band
minimum,. e. ,the band gap disappears. This demonstrates that TaSi, shows metallic behavior, which

can contribute to the low-resistivity of TaSi, under ambient and high pressure.

3 Conclusions

In summary,we studied the crystallographic structural stability and electrical transport properties
of metallic TaSi; under high pressure using angle-dispersive synchrotron XRD, Raman spectroscopy ,
and four-probe resistance measurements as well as first-principle calculations. The in sitzu high-pressure
XRD and Raman characterizations demonstrated that the structure was stable up to 20 GPa, consistent
with a previously reported result. The resistivity of TaSi, was steady at ~2 p{) * cm under pressures
from ambient pressure to 16. 3 GPa. First-principle calculations showed that the topological geometries
of the TaSi, electronic structure under ambient and high pressure were similar and their valence-band
maximums were located over the Fermi surface, which was responsible for its electrical stability and

metallic behavior.
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Pressure-Induced Electrical Transport Anomaly,
Structure Evolution and Vibration Change
in Layered Material 1T-TiTe,
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Abstract: We conducted a systematic study on pressure-dependent electrical, vibrational and structural
properties of titanium ditelluride up to 43. 4 GPa. The room-temperature resistivity shows a series of anomaly
changes at around 6,13 and 22 GPa. Low-temperature resistance measurement was also employed to better
understand the electronic structure and we observed the superconductivity at about 6 GPa successfully. Raman
spectroscopy and X-ray diffraction (XRD) experiment show a topological phase transition at about 6 GPa
followed by a structure phase transition at about 13 GPa. The P3ml to C2/m phase transition begins from
about 13 GPa and completes at about 22 GPa. The XRD data correlate well with our electronic transport
measurement result, which shows a pressure-induced structure evolution and electronic structure modification.
Therefore titanium ditelluride may provide us with a new perspective to understand the high pressure behaviors
in transition metal dichalcogenides.

Keywords : resistivity; high pressure; superconductivity; structure phase transition; transition metal dichalcogenides

CLC number: O521. 2 Document code: A

Transition metal dichalcogenides (TMDs), as a new emerging family of graphene-like layered
materials, have raised tremendous interest owing to their rich physical properties and promising potential
applications™ . TMDs share the same molecular structure X-M-X,where M is a transition metal atom
(Mo, W,Ti and so on) and X is a chalcogenide atom (S, Se and Te). MX, is composed of stacked
tri-atomic sheets with metal atom sandwiched between two sheets of chalcogenide atoms,and the intra
bond of metal and chalcogenide is much stronger than the inter layer van der Walls force.

Among TMDs, titanium ditelluride (TiTe;) has raised considerable interest due to its unusual
electrical properties,rich intercalation chemistry and wide potential of use. 1T-TiTe, is confirmed to be
quasi-two-dimensional Fermi liquid in detail by high-resolution angle-resolved photoelectron spectroscopy
(ARPES) and density-functional band calculations™. Anomalous electronic transport properties were
found in back-gated field-effect transistors with 1T-TiTe, semimetal thin-film channels‘?. 1T-TiTe, is

[8]

a semimetal which has a 0. 6 eV overlap of its conduction band and valence band-*'. Previous studies
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have predicted that TiTe, undergoes a series of topological phase transition under high pressure™*.

Pressure has been proven to be a clean and powerful way to tune the structure and electronic
orders of materials. Layered material In, Se; undergoes a rhombohedral to cubic structural transition in
15.9—35. 6 GPa and shows a decompression driven T (onset temperature of superconductivity) en-

Lol A pressure-induced Pnma to Cmem structural transition of SnS is found at about

hancement
12. 6 GPa"'", The pressure-induced semiconducting to metallic transition has been reported in MoS, ', Su-
perconductivity has also been introduced successfully in WTe,"*, MoTe,"" and ZrTe;'"™. In the case of
TiTe, . the fact that Ti-3d and Te-5p electrons are very sensitive to external pressure gives us some
guidance in understanding the high pressure behavior of TiTe,. Room-temperature resistivity measure-
ment combined with X-ray diffraction (XRD) patterns at different pressures is important to under-
stand the high pressure properties of TiTe,,yet there is few experimental report up to date.

Here we report our experimental result of high pressure electrical transport properties and XRD
of 1T-TiTe, up to 43 GPa. We found that the resistivity at room temperature goes through a series of
anomaly changes under high pressure. To better understand these resistivity anomalies, we performed
the low-temperature resistance measurement of TiTe, at high pressure and observed superconductivity
at about 6 GPa. T¢ first increases with increasing pressure to 13 GPa,and then increases slowly from
13 GPa to 22 GPa, and keeps constant to the highest pressure 43 GPa achieved in this work. Raman
spectra together with XRD patterns show a topological phase transition at around 6 GPa followed by a

structure phase transition from trigonal P3m1 to monoclinic C2/m phase.

1 Methods

The single crystalline TiTe, sample were purchased from 2D Material company. The sample was
crystalized to layered bulk form with 5 mm X5 mm in size and 1 mm in thickness. We used energy dis-
persive spectrum (EDS) to detect the composition of the sample and the measured atomic ratio was
Ti: Te=1:2.001, which was almost the perfect stoichiometry ratio. Powder XRD was employed
with Cu K, line using a PANalytical X-Pert Pro diffractometer. The resistance data collected at room
temperature were measured in a symmetric diamond anvil cell while the low-temperature data were
collected using the Be-Cu diamond anvil cell. The diamond culet was 300 pm in diameter. The Be-Cu
gasket was initially pre-indented to the thickness of 35 pm,and then a hole of 280 pm was drilled in it
using a laser drilling system. A mixture of epoxy and cubic boron nitride (¢cBN) powder was pressed
into the hole to form an insulating layer between the electrodes and the Be-Cu gasket. A hole of
120 pm in diameter was re-drilled in the cBN+epoxy gasket as a sample chamber. TiTe, sample was
cut into the size of 50 pm X 50 pm X 10 pm. A Pt sheet in thickness of 4 pm was cut in to 200 pm X
10 pm and connected to 4 corners of the sample. Silver paste was employed to glue the Pt sheet and the
sample. We used silicon oil as the pressure-transmitting medium to ensure a quasi-hydrostatic condi-
tion. Several ruby balls were loaded into the sample chamber as pressure calibrant™®. The van der
Pauw four-probes method was employed to eliminate the contact resistance'’™. We performed high
pressure XRD at Beamline 12. 2. 2 of the Advanced Light Source at Lawrence Berkeley National Labo-
ratory. Neon was used as a pressure transmitting medium for synchrotron XRD experiments-'®). The
DIOPTAS" program was used for image integrations and the Le Bail method was employed to fit the

[20-21]

XRD data using the Fullprof program
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2 Results and Discussionss

The XRD pattern of powder sample TiTe, is shown in Fig. 1(a). The structure of TiTe, is trigo-

nal P3m1 (shown in Fig. 1(b)) ,the same as reported previously**!.

- (a) o d
S
[ =) — TiTe, ® J .
El: g
G =
>l =
7
s [
E c
L a b Te
L ) 9
— J
20

20/(°)

Fig.1 (a) XRD pattern of powder TiTe, collected at ambient condition; (b) Trigonal P3m1 structure of TiTe,

(Yellow and blue balls represent Ti and Te atom respectively. )

Fig. 2 shows the room-temperature resistivity

—e— Compression
—o— Decompression |

data p(T) obtained at various pressure points be-
tween 2—43 GPa. During compression, the resistivi-
ty of TiTe, first decreases sharply,reaching a mini-

mum at around 6 GPa. With further compression,

lg [p/(Q-cm™)]
I

the resistivity increases slightly as pressure increa- —of -
ses to about 13 GPa, followed by a relatively fast -3t .
—4F

increase up to 22 GPa. The resistivity of TiTe, re-

]

mains relatively constant as pressure rises to about 0 10 20 30 40

43 GPa. In decompression, the resistivity increases Pressure/GPa

with decreasing pressure till 3. 2 GPa, which behaves Fig. 2 Room-temperature resistivity changes with pressure
totally differently compared with the compression (The black dots and red circles are compression and
result. This novel behavior of resistivity of TiTe, decompression data, respectively. Inset is the
triggers our interests towards the high pressure setup of this measurement. )
measurement of electrical properties. To get a better insight of electronic transport properties of
TiTe, ,we performed the low-temperature resistance experiment,and the results are shown in Fig. 3.

The compression temperature-dependent resistance data R (T) at different pressure points be-
tween 3. 7—36. 8 GPa with a large temperature scale (2—300 K) is shown in Fig. 3(a). The resistance
data at 3.7 GPa shows a typical metallic behavior with a linear decrease in resistance as the tempera-
ture is lowered. Upon increasing pressure, we observed a drop in resistance at 7. 2 GPa, implying a
pressure-induced re-entrant superconductivity®”', The onset of superconductivity presents to the high-
est pressure of about 36. 8 GPa.

Low-temperature (2—10 K) resistivity of TiTe, collected at various pressure between 7. 2—36. 8 GPa
is shown in Fig. 3(b). The onset temperature of superconductivity (T¢) at 7. 2 GPa is 3. 8 K, it goes
through a slight increase to about 5. 3 K at 13 GPa, and increases continually to 6. 3 K at around

22 GPa,above which T remains almost constant as the pressure increases to 36. 8 GPa. Below we fur-
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ther discuss the evolution of T as a function of pressure. It can be seen that T is divided into three

regions,which agrees well with the room-temperature resistivity measurement.

0.15
0.03
c 36.8 GPa
3 0.02 o e
: $ mid ]
2 O f‘foo.oo.o.o.cu.oood
S g 040 £ oo =~ | & 16.0 GPa
g e a 15.8 GPa
8 . g? O ' /....'.............'.
-2 B 0 100 200 300 ‘
é &5 0.05- Temperature/K f 13.2 GP
0.05 // o 4.0 ¥ a
el 9.9 GP 3l
I — N :/7 9.9 GPa
3.7GPa /ﬂj{” J 72 GPa
0 1 1 1 1 1 1 0 1 .all® 1 " 1
50 100 150 200 250 300 2 4 6 3 10
Temperature/K Temperature/K
(@) (b)
Fig.3 (a) Resistance of TiTe; between 2—300 K measured at various pressures;

(b) Low-temperature regime of the resistivity of TiTe, under high pressure up to 36. 8 GPa

In order to investigate the possible correlation between atomic structure and electrical transport
property,we performed synchrotron XRD experiments under pressures up to 43. 4 GPa. The collected
XRD patterns are shown in Fig. 4 (a). At pressure lower than about 10 GPa, the XRD patterns are
refined to trigonal structure of P3m1 space group. It is the same structure as under the ambient pres-
sure. At pressure above 10 GPa,due to the strong preferred orientation of the compressed TiTe, sam-

ple,the XRD patterns were refined using the Le Bail method.

() p/GPa F (b) P3ml p=1.0GPa
8 2=0.04959 nm
Y 04 L ¢ 22=1.09
Monoclinic 2.4 ; r © Observed
\ 196 S — Calculated
. 2L I Peak position
pl \ 31.6 % — Difference
\43.4 gt
" [} (W} L1 " noan
= f30.7 |
5 —
< HEX VR
Z [ 108 (o Com =221 GPa
ko) T oaial & Tinic =0.049 59 nm
£ Irigonal & monoclinic l 17.8 [ 20 334
\ A I 12.9 5 N o Observed
N2 — Calculated
,J\_,% TIO'B 2r I Peak position
" ~  Trigonal Z 7.8 s — Difference
3.4 S
N M~ L N I R R L |
U . L A A | 10
2z & =2 a2 2 2 =& | -—N—fW*
LSS g gE g8 s S aF L
5 10 15 20 25 30 9 12 15 18 21 24
26/(°) 26/(°)
Fig. 4 (a) Synchrotron XRD patterns of TiTe, collected at various pressures up to 43. 4 GPa;

(b) Representative refinement of patterns collected at 1. 0 GPa and (c¢) 22. 4 GPa

It can be seen that the ambient crystal structure of TiTe, (trigonal P3m1 space group) is stable up

to about 10. 8 GPa. A structure phase transition from P3m1 to C2/m starts at around 13 GPa and com-
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pletes at about 22 GPa. In the pressure range of

13—22 GPa the structure of TiTe, corresponds to a Lesl ola

mixture phase of lower-pressure trigonal phase and g y\‘\ /
high-pressure monoclinic phase, while the latter is § 1’66\' I
quite stable till the highest pressure achieved in g Lof I ala, T
this work. During decompression,the high pressure g ool S ::t:t:%/c.(%'ﬁ'
phase can survive down to 2. 4 GPa. When the pres- ‘V/‘Z; —
sure is further released to ambient condition, TiTe, 0'80 5 4 6 8 10 12 12
returns to its trigonal structure. The normalized Pressure/GPa

lattice parameters a/aosc/csV/V, and the ¢/a ra- Fig. 5 Normalized lattice parameters a/a, sc/cy »
tio of TiTe; up to 15 GPa are plotted in Fig. 5 (in V/V, and ¢/a ratio of TiTe; (A minimum of
which a,,c,,V, are the lattice parameters at the the ratio can be seen at around 6 GPa)

first pressure point 1. 0 GPa). From a/a, and V/V,
we could know that there is a slightly lattice distortion at about 6 GPa.

The ¢/a ratio drops to a minimum at about 6 GPa,indicating a possible topological phase transi-
tion as is reported in BiTel® and BiTeBr'*" ,respectively. It is interesting to mention that in compres-
sion procedure at 13 GPa and 22 GPa the room-temperature resistivity and T¢ both show anomalous
changes. And in decompression,the resistivity increase slowly with decreasing pressure until 3. 2 GPa,
the structure phase transition correlates well with our electrical transport measurement. Fig. 6 shows

the structure phase transition together with the

gt . s . —— Compression
resistivity and superconductivity phase diagram. N L
From Fig. 6 we can see that the anomaly changes -
of resistivity and T¢ at 13 GPa and 22 GPa are E 0
attributed to the structure phase transition. The S
S -2
resistivity of the high pressure trigonal phase is =
larger than that of the low pressure monoclinic —4 D
phase. At lower pressure of about 6 GPa,the resis- R .
14.F —— Compression, Run 1
tivity decreases to a minimum and T emerges at —>— Decompression, Run 1
- ) 121 —A— Compressmq,Run:Z
the same pressure. No structure phase transition is % —— Decompression, Run 2
= et -
observed here, indicating there might be an elec- ‘g 08 B3 P3ml& coim
5] C2/m
tronic structure phase transition. g 8
(3}
. . &
To better explicate the resistivity drop and su- 6 =,
perconducting transition at about 6 GPa, In situ 4l & ty
Raman spectroscopy experiments are conducted to 0 5 10 15 20 25 30 35 40 45
clarify its vibration modes changes with different Pressure/GPa

pressure, Raman spectroscopy is commonly used to Fig. 6 Room temperature resistivity,structural and
gain the insight of lattice vibrations of crystalline superconductivity phase diagram of TiTe, (The blue and
and has often been used to probe two prominent vi- red line represent Run 1 and Run 2 of superconducting
bration modes (A,, and E, )27 of layered material phase respectively. The brown line shows the resistivity
TiTe, s the results are shown in Fig. 7 anomaly and superconductivity emergence at about 6 GPa. )

29 w © - . .

In Fig. 7(a) we can see that a new Raman peak emerges at a very small external pressure and E,
mode disappears gradually and the new peak dominates the spectra,suggesting an emergence of a new

phonon mode. In further compression, this evolution seems completed at around 6 GPa. Above 10 GPa,
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all Raman peaks broaden and lose the intensity,indicating the metallization of TiTe,. In Fig. 7(b) we
can see the softening of the E, mode {rom 4 GPa to 10 GPa. From the Bardeen-Cooper-Schrieffe (BCS)

and Mcmillan-Allen-Dynes theories!

we know that when the electron-phonon coupling (1) over-
comes the Coulomb repulsion, Cooper pairs is formed, resulting in the rise of superconductivity. The
electron-phonon coupling formula is shown as

A =N(E:)D*/Mws, @D)
Where N(Ep) is the density of state at Fermi surface, D is the deformation potential. M is the effective
mass of the atom and w,, is the phonon frequency. So the superconductivity phase transition at about
6 GPa can be understood in such way:new Raman mode and the phonon softening have increased the

intensity of electron phonon coupling, which results in the occurrence of the superconductivity phase

transition.
170 5 :
‘ e L
160} ; i
IE B E E
S 150F H H
g 2 E i
& = ' H
2 g Mo New ;
= g ./x\\‘\wi 1
< 1l '
& 130 : :
New , Aw—( 0 o B
100 120 140 160 180 200 220 240 0 2 4 6 3 10 12
Raman shift/cm™ Pressure/GPa

Fig. 7 (a) Raman spectra of TiTe, up to 10 GPa (A new peak emerged at a relatively low external pressure of 0.7 GPa);

(b) Raman peaks of TiTe, (A phonon softening can be seen from 4—10 GPa)

3 Conclusions

We investigated the room-temperature resistivity of TiTe; at high pressure up to 43 GPa,and ob-
served the resistivity anomalies at 6,13 and 22 GPa during compression. Low-temperature resistance
measurement was employed to better understand the electrical transport properties of TiTe; ,and su-
perconductivity was observed successfully. The superconducting transition temperature shows similar
behavior as the resistivity. High pressure XRD was employed to investigate the correlation between
structural properties and electrical transport properties. The structure phase transition of TiTe, starts
at about 13 GPa and completes at about 22 GPa. The lattice parameter ¢/a ratio shows a possible topol-
ogical electronic structure phase transition, which can explain the resistivity anomaly at around 6 GPa.
This result correlates well with our electrical transport properties measurement. Raman spectra was
conducted to better clarify the superconductivity phase transition and the resistivity anomaly at about
6 GPa. The emerging of new Raman peak and phonon softening in E, mode may have increased the in-

tensity of electron phonon coupling,which results in the occurrence of superconductivity in 1T-TiTe,.
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Table 1 Chemical analyses of synthetic and natural jadeite samples %

Sample Na,O  Cr;O; K,O MgO MnO CaO Al Oy FeO TiO, SiO, Total
NJ-1 13.721 0.073 0.052 0.370 0.012 0.962  22.467 1. 870 0.092  59.951 99. 570

SJ-2-1 15.087  0.062 0.016 0.006 0.018 0.044  24.787 0.025 0 59.478  99.523

SJ-2-2 13.847  0.064 0.028 0 0 0.063  23.826 0.015 0 62.353 100.196

SJ-2-3 13.446  0.066 0.031 0.016 0 0.064  23.962 0 0 61.090  98.675
SJ-2AVE 14.130 0.064 0.025 0.007 0.006 0.057  24.190 0.013 0 60.970

i B4 4 XRD F#AF 15 5T e £ A4E K S EEE & =0. 429 nm (20=20. 6°) .d = 0. 292 nm (20 =
30.46°) .d=0.284 nm(20=31.47°) .d=0. 249 nm(20=135.92) LA N d=0. 242 nm(20=37.02°), & 2

A A AR (S 5 R ARG AR (NI-DX H LA AT . & 200, GE & 5 22 5 KRR IR 1 XRD
TR — B RGP O E L A KRR R P S A B Y W £ T A

INAT 45 H GE & U5 2R R AL A X 878 ELARBEAY I T8 St A7 59 e, HJCHA 2840 . Jd g Xt 1L GE &L
35 R A A O Al R R B B A

2.83
2.92 NJ-1
21 4.29 3.11 -
’ 319 1] 5451 1%07 1 f%/bb
- 3.25 F 22| (M7 1.761 607 1.49
~—__15.60 343 U 1.89
z 2.9
g 2.83
= SJ-1
28 ;5;10 2.49
3.25 241
6.20 3.35 2.2%)'|12(?017'|97 108
| 189176 | 157 ) 55

10 15 20 25 30 35 40 45 50 55 60 65
26/(°)

B2 A8 (SI-1D) 5 R ARG A (NJ-D X S0 i i 5t 1
Fig.2 XRD spectra of synthetic (SJ-1) and natural (NJ-1) jadeite samples
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K OPUS 5.5 X & W35 2 AE 2000~400 cm ™' .4 000~2 600 cm™ " i Fl PN 1R £ A0 W ' 3% 1 47 481
A Ak B A5 3 o Y T 0 R, LA AR AR 250K 0. 01,

S0 A ARG AR R AR S AR L0 AN 1 UL BT 3, Rk B R 2000~400 em ', AL
F5 5 55 KR IG5 R 19 20 A OGRS 08 WL 2, b v, o N BR A 46 R v R X R A 4 SR B L 8
RN Ry AT ANE Rl .0 MAEER S .0, MR IR, MR B SRR E K
SRAG ARG B A — i, A W W0 iy A 37 AR — B0 AHR RAE A G B v 2% Rl s R 19 £ 516 1%, Wl
WA T AN SR 50 B B R L 4 R B, 55 XRD 1 3 A 45 RIEA AL

QR AESF S5 A8 R0 W) 0 BH B b AR S o [R) G I, 21 A0 3 19 78 Ak — i HUJR 3R B AR D
AL RS T AN TR B A 1 10 S5 4 Bl A R B 0T A B R, R A 3R R ) AR, s =z DU ] s AR
0, A MRS F 1089 em AL UL IEIEHE 1154 cm b FI R CE & Y v, (Si—O—Si) &% FR {45 3R
BB LL AP WR BT 1 RAR AT AR i T Ca Mg 2 BT R & S AHX 8w, HA G = B0 AL Y 35
Voo (SI—O—S1) X FR A0 48 4 2 BOLL AN Wi R 8S , RAEN 1077 em ' WRWCIR AT AT 1164 cm ' UK
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JE W, A A ISR P 1054,999.919 F1 846 cm ' 4H I — ZH £L ARSI K v, (O—Si—O) 23
Bk A 4 15 3 T 850, 1 KR 35 38 h v, CO—Si—O) 52X FR 1 45 B% 30 BT 25/ £ 20 W i3 7 6 F Sk 959 1
856 cm AR WL EE IR, I v, (Si—O—SD XFR 4R B BN RGE T A AT R 5 R AR R Y G
B BIFRAES 746 1 665 cm AW ES I, KARIEFR A H 6(Si —O) &l IR 2l B 2L A i b s Al
BT 582 cm 'Ab, T A RS R A A RS, R AE K 598 om ARG SRIEAY . S AR 540~300 cm ')
LLAMBICE T 8 v(M/ Cr— O) 4 R 2l T8, 5 R ARG F 1 v(M/ Cr, Fe— O) i 45 41 2 L0 WIS Hy ¢
EAFE—E 25

1.2 1082 0.5
X 04+
8
1.0 £ 03
£
2 02
R <
2 0.1
5 08 Sl
g 0
2
z 0.3
< 06 ‘
X
)
2 0.2
<
2
0.4 2
< 01
I NJ-1
0.2 1 1 1 1 1 1 1 1 0
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B3 G mAER S RAIFRIHEIERA(2000~400 ecm™ )
Fig. 3 FTIR spectra of synthetic and natural jadeite samples (2000-400 cm ')

R2 GRBRSRABRMNOINREREBEHESRRE

Table 2 Representation and attribution of FTIR of synthetic and natural jadeite samples

Sample No. Spectral peak/cm ™! Adscription

3612,3470,3373 v, (M—OH)
1089,1154 Ve (Si—O—SD

. 1054,999,919,846 v, (O—Si—0)

S 746,665 v, (Si—0—SD
598 0(Si—0)
534,491,436,396 v(M/Cr—0O)
3614,3541,3461,3397,3325,3228,3181 Ve (M—OH)
1077,1164 Ve (Si—O—SD)

NJ-1 959,856 Ve (O—Si—0)
745,665 v, (Si—O—SD)
582 0(Si—0)
529,467,435,399,363 v(M/Cr,Fe—0)

B DA BGE ) 4000~2000 em ' BYZLAMNRSOLTE WL 4. & 5 AR 5 R AR 35 AR vh 3 3l 77 7125
7K s 5 Z A A L0 MR ST BB R T 3 700~3 100 em ™ P EGE L PN L (HL G {37 R AE S VR A% FLIGIE 77
TERRZE S . B Aok T 45 K B IRAEIR S o H 5 My My ALY BHES 7254, Bl S Ca Fe Al Mg JCERAH

061102-4



532 % T2 52 4 - v i TR A B35 AR B4 3 2 e A AT 4R 5% 6

K. Zheng SFUARYE LT HRE TS R K B, A UG AR RAE AT AP Y CalFe Ml Mg, iX 7 — &
TR IS A5 MK & & N AR L0 MG g b B — g B RAE . SRS R v, (M—OHD fif 45 9% 3l i 3
TiFE 3612.,3470 F1 3373 cm ' RAESR EE R ABE H AP S804 L R AR 35 2R Ak 5 04 5 hy S 9, 285k
fIEH 3570~3520 cm ™ IR BB P B SR R IACRE AT 3 340~ 3 310 em RS WS IE A AT 3 230~3140 em ™!
WSS 3 A X3, DL 3541.3 325 em ™ WRISCSR I HY L N — R 5] 58 B A 55 1 W AT s Ry o BEARRAIE

3.5F
3.0
251
20
L5 ’

Lo} ‘
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0 PR " e Y AW i

16|

3.0t

3541
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0.8 F

04
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Bl 4 AR KRR HMEIERIE(4000~2000 cm ™)
Fig. 4 FTIR spectra of synthetic and natural jadeite samples (4 000-2000 cm ™)
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P2 AT DL TC B S5 5 R s L B 5 A AR S R ARG RO 2 I RIE. FTRUE 1,
RARE R 5 A B FR 0 hr 2 i e 3 E AR — B, 3 4 BT AR 0L 4 W BERLAE . B IS R BRI AR T
H, Si—O i B LB R AT A7 B AR AR 4 (Si—O,) FIBR R (Si—0,,) . 76 A 35 3 19 8Ok
HL (S O 1" FEHE P w(Si— O ) P 45 4R 3 By 2 ik i 222t BAE 1041 em™ ' A1 990 em ' 4b 46, (Si—O—SD
iR 3 T B PLE SR T 703 em ', 378 em AR WAL B AR B W R I Y O (Si—O—SD AR
3RS T8, 378,205 em ™ AR I I IS AR 06 43 S A T 0, (Si—O) 35 i R 8l il o, (Si—O—SD & il #iRsh' "
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Fig. 5 Representation of Raman spectra of synthetic and natural jadeite samples
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2.4 HHRIEERESM-A] IR UL S R AE

AR B SR 5 P o U 4 B ML B A — B ER B A B G L L ST A R AL T 5 A
PRZE G v (2o I 4 B R AR Y — O S ) R R VR R RS A O R AT 9 BH RS AR S O
B AT O Ay 4 B B S T e R o B T R PR LA A . AR S S A EE B X )
FE T HEECA A A B kg — A skt LA A5 R A7 1 R %) S0 R 7 A R A0 L 3 R F AR SRR O
W, — M E BA R J BT 8L, A R AR RE g 24 0 G

A3 RS K AR A5 R A nT DL O T e AE UL L 6, a2 SR R AL A R A5 FR AR T O IX ek Y
BELRAE A 246,447 F1 633 nm Ab T8 28 Y W IGE L Co ' p 3d° %%éﬂ?ﬁ%ﬁtﬂﬁﬁ H R B IR
WU F ORGP PGPD S5, Horp B3 U F oa 43 RO AL T, AT 3 MREHR . d T TE'A, —~>'T,
A, =Ty ZIAERAE 73 )7 A 633 Fl 447 nm WIS AT I 20 0 e 1. 97 F10 2. 79 eV U RE & , R B
WY AR AR e S AL G A B AR I . B LSS AR5 R AR A5 AR AE AT UL DX P A IR A — B H
B KR A 3 AA7E Fe' " IR RIE B0 AP i B4, HAE W] WG S X A i 3l Fe'™ 42
d BT A>"E+'A CG BRI S B 437 nm WU, WIS 78 & B R b i g,
2.5 ARIHFEN PL XA IERIE

A RAE ARG RIRIGRNBOR NG RAE W 7, F ik e 7 B8O — B0, ¥I7E 693.751 F1 804 nm
B 3 AR I G FLUG A A R RS, T AR 35 R Y EE B S IR . SR A AT IO R, KRR
B G AR P BAETE Cr* L " DLAF N T [R) 2 1 =R ARt 1A 25 1"]'435’3 AP B AR Ko Bt
%E’J%E#,E'r?ﬁz Crm HELHLE 2, Cr' " b 3d® B FALR T B A B 7% b B8 T F, & i
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Fig. 6 Representation of UV-VIS spectra of synthetic Fig. 7 Representation of PL spectra of synthetic
and natural jadeite samples and natural jadeite samples
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Preliminary Study of Spectral Characteristics
of HTHP Synthetic Jadeite
XING Yingying"?,HE Yong”

(1. Gemmologocal Institute ,Guangzhou College of South China University
of Technology ,Guangzhou 510800,China;
2. Faculty of Materials Science and Chemistry ,
China University of Geosciences sWuhan 430074 ,China)

Abstract: The systematic test and analysis of the spectral characteristics and color mechanism of the
synthetic jadeite are carried out by using electron probe, X-ray powder diffraction, Fourier transform
infrared spectroscopy, laser Raman spectra and UV-VIS absorption spectra and photoluminescence
spectra. The research results show that the appearance, mineral composition, Raman spectra, and
photoluminescence spectra of the synthetic jadeite are almost the same as natural jade. However, there
are obvious differences between FTIR,UV-VIS and chemical components. The specific performance is
as follows:the low content of Fe leads to the loss of 437 nm absorption band in the visible range;in
addition, the differences of content of trace elements and formation environment lead to large differences of
infrared absorption band caused by stretching vibration of v(M/Cr—0O) and v,,(M—OH).

Keywords: HTHP;synthetic jadeite;spectral characteristics; mineralogical characteristics
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1.7, Bandyopadhyay 25l i i f1 22 07 B T 89~300 K Z A48 ¥ E R 28415 I » &I HAE 150~
300 K 3t Fil N 5 IR ERA W B As L6 R . Gauster 258020 F) FH PP 1N 7 4 AR D& T 48 7E 5~290 K 2
W] HY 7 {8 25 R R I HAE SR EE VS Bl N 3 W 8 1. 7, R RGE#EAE SIR UL F OSSR ESXTH4 v 2
B RE o T3 — 2 TR y SRR A B R IR DL By (AT

K TR A v BB 0, Spetzler 210 5 1 A 3 AR M T 0~0. 8 GPa L H M 573,
823.1073 K R Ty v {8, 45 5% 3% W Bifi 25 T B ) 38 I AL A1 o (/) o (AR A B2 7R /)N . Boehler
28270 S o P T G R B F Y T AL BN TE 0~5 GPa.298~1073 K Ju A ¥ (4 i 28 10 1% 00, % B BE 25 R
3G N v EAE 1. 6 B AH o Rl R A8 Ak B 2, Bl 25 1 7 38 Jmmi e /1 . Birch 2600 1) F R 75 A0 o o
P S S BARAR BRI T 0~3 GPa,298~773 K 3t Bl P o A 28 Ak 175 0, & B0 I 36 T 38 B 38 {1
BB WA, 2R ECES RS T %Ik T &ABTE 0~60 GPa.298~1073 K {E [N ¥
B AR A8 AR 1 D 245 SR 3% W A6 2 90 PN T B AR AR X o (B SE /0N v (L B A R 0 i B i s/ . 25 b, SOk
G T IR B X Ay SO 8 2508 R — B0, B o RN TR AR A S R

AR 5T R FH R 35 448 i 485 5 m (i R B O 3k 0 A (R R B R AR RN AR Ay B8 i — L R
SHGEE AR . AR B AT T AR AR T T P B AR B 22 05 5L R K R
JE 254 e B 7 i AR 7E 297 ~494 K MG AL EATE 312~608 K il JEL B N1 v S50 1He &
XSGR v SHR R,
1 SKWAHE

Y SHCN e S 56 e DR N R AT
FH A v A L Ay 5t 1T B4R 26 mm [ A8 5T 5 4 - 1

X THU il o 2L TR DL BT 1. B Sl 4% TR A i i i
BT R A BN EAR 4 mm )R 1 mm 0.2 mm

Graphite heater
Mica

H AL AR OB AR RN B A T35 ), 4l 99. 995 %) F 1.0 mm Sample
FCRMERTRL T A AR e AT A T S0 000 e Sarpie
P O T R i 5L I A 0 LB R 015 mm Viea

Graphite heater

Mo A8 7 EN SNPZE B 7 a], 5 TR § i
U T IR i A2 T A0 28 7 FRE & AP 18] 1 = B

i 2 2 1 40 4 L 1 88 3 o 2 Cu foil — BB Mica
R 0 T B RS e 0 25 5 1 Bl REERRE

ML g, K AR (NiCr-NiSi A B & i Fig.1 Diagram of sample assembly
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FE T B RE S e a] BT I R SRR . A E SH X (GRAPHTEC GL900) [R] B T 57 1 ok 384 J 5k A% v 0
R AR SR AR 5 . PR BLAE 2. 55 GPa [0 AH A8 sSOGRE & J 9 19 FE 0 2647 A 38 2 o s 14 2 208
0 B3 R i s N R T 7 o R RV AR AR I B 2 25 SRAR IR O (L p g Tl D
p(GPa) =—0.18149 4 0. 201 70 p; (MPa) 4
p(GPa) =—0. 15154 + 0. 168 40 p, (MPa) 5
S0 3 R SR AR I AR B — o R AR S S PR R 10 SR DR T R R R A IR Tl 2 R
Fe AR f it 2k R A (6) A3 v g ) SR BE (p s T XTREEY 7 {H
y=(Ks/T.)AT/Ap)s 6)
ARG EETHEIRE X v SER N, T R SRR B v ARk, P R S 51k E R A
JE 3 AR 7 B2 AR R 68 o (AN ) 3 B R 0t Y o B I A s g CRIVER S8 R A b s ) S i — 3
FE SR A EAL IR T SR S N pn = (2.1740.17) GPa il p,, = (1. 46+0. 08) GPa,

2 XWHEREITR

ABFFEN T 6 ANSRFERE T v 25050 WI7E =R ) 331.380,391.,443.479 K T X A 5 1 2
A7 PR T3 R, T i AR DR R R Ao A R R S R R R D B () A AR A e . SC B S R R, A 1
DU A A7 A R PO, AR R T A R R R R A R AR R IR T L R AR
I 2 A A YR EE T AT O A e 000 R R A AR S TR . AR AR 0.2 mm, i1 T IR A Y
/N, AT DL 220 A PR 4 51 R B A TR TR RN, . e Ah L AR B SR B 9 2 NICr-NiSi # 5 i K AL # e
A8y o G He J7 % 0 Sk 30 R ) 2 ) S5 i DA Sy sk b AR A R T 5 NACre-NIAL B 5T 9 K7 3 {8 1 43
P L AE 700 “CLAF NiCr-NiAl #4814 1 7 8500 7T DL ZE AN 005 2R S8 /) 3 B8 78 700 “C LATF L [
WM A 2 T T X A e £ 0 3R B 1 R

B 2 Ca) by 8 T T DRt 39 e 3o R v i i A R 5 0 A IR B LR T B S AR Ak il £, T DU L R T R R
FEFERCT = R0 0 T B e . R RS A0 AR R L AR b R R AN AR L IR E A B 2 I () S R R TR
TR A A S — I RO BT R R AR T G R O R R R B 5 e S i S5 1 T i
& T(oOMIHEMZ p(O T LA T (p) M4 A0 i F 38 Fe s (8] B, TR T He R A e . 53
T(Cp) ML B ERRVE 2 5200, DR TR AT T VA SR T X T Cp) MRSk 3 189 05 W 35T /9 p , i {8 JT] v 8 52 311
D5 AR e SO T R B X Ry (B R T T R SN A G A A A R S A A R v R
TR BEAE IE , B A3 AT O 5 R v Y AR R i 4 SRR A R S R AR S TRLEE T R Rl B A R
Tk 3k A v A R T 5 R R 2 L AR R T T AT IR R A S SR L T R B O
Je R T 2R AN I 2(b) BT/ A8 T 5 19 T 8 L S 50 T 53 A T (0 g » L H 2 (1 Bt o 30 B 1) 1 v T 4
Ko WRAEE S BTN B AE I 5 PR T2, 43045 H Ap=3. 27 GPa Ml AT=20 K, N3 1 R, Hp T, |
T, 4y A AR A IR . A AR SRR R K AU S % T Sutton Ml Schmunk %5 Y 52 56 25 51
B iR B R Ks=76. 4 GPa.dKs/dp=5.19.dKs/dT=—0. 047 5 GPa/K"***) 5 k45 v 55 6 ) VIR &
(2.30 GPa,297 K)'F Ks=88. 16 GPa, I/ b A ()T MM v (654 1. 82K D,

B 2() 25T 380 K R R P R #Ef T(O M p(o ML, 5HIETLE 2) M,
J 3 30 35 die v A H T B )36 i R A S R IS A T 2, BT I A 2 pl R RIR S TR ORE S A O B
eI L YR T il 2 A 08 L I JH R L A MRS i R (R 380 KO B R i TR L B IE AT LR R T
M &l 2 FrR 55 T PR 3G ik R 04 1 A4S TE M Ze UL 2 (b)) AR L, e 1T T it 2 i) i B
16 T R B B . AR R T R A E SR IR T 2R L 43 05 Ap=3. 68 GPa fll AT=26 K. #iik
BPER G Ks 2% T Sutton il Schmunk % By 5250 25 3, BIH IR K F Ks=76. 4 GPa.dKs/dp=
5.19.dKs/dT=—0.047 5 GPa/K" " HEF 4G o 5K J7 BB (2.0 GPa. 393 KD F Ks=82. 04 GPa,
JERA O XTI XT R R v (64 1. 48, SR FHAR R/ BHE b 35 77 12545 30 LAt 4 20 52 50 % 0 19 {8
TS RINE 1 R,
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Fig.2 T ,p() curves of Al during rapid compression at room temperature (a) and the recorded and corrected T(z) curves (b);

T ,p) curves of Al during rapid compression at 380 K (¢) and the recorded and corrected T(z) curves (d)
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Table 1 Experimental parameters and ¥ values of Al

o, T,/ T,/ T./ ép/ P/ K23y AT (K « GPa-") ,
K K K GPa GPa GPa Ap
1 287 307 297 3.27 2.30 88.1640. 21 6.1240.14 1.8240.05
2 331 357 344 3.68 2.17 85.25+0. 20 7.0740.16 1.7540. 04
3 380 406 393 3.68 2.00 82.0440. 20 7.0740.16 1.48-0.04
4 391 417 404 3. 64 2.10 82.0440. 20 7.1440.16 1.45-+0.04
5 443 469 456 3.49 2.23 80.2440.19 7.4540.17 1.31-40.03
6 479 509 494 3.46 2.19 78.2340.19 8.6740.20 1.37+0.03

WHTFTR o T WSS IREE XAy 80952 e, 3 AT A A1 BE T A4 P s 4G s 52 96 5% g Ay o 50 ) R
B8 p,=(2.17+0.17) GPa, T EL & & (M E RS R MR EE RS A S
i BE R B ) o (S0 56 25 RAFFE IR 25 . 3 RAEAH R B T 220 5 52 5250 BT e Sk 19 5000 2 B L T 4 g R
JEBE R A AH X R 223 5 4. AR 2. 1% . AR SRR T — T AHAS e ) R (2. 55+£0. 006) GPa, ElAH
iR 250 0,24 %05 DRI, BE T R 7 1R 25 6 A SR B SRR B i K YR, Z0mE T IR R R 22
X Ks MEgm, 2 ERZE G Ko AT/Ap vy IRZEL R 1 FiR. B 3 ME 3 il b T
2.17 GPa JE JI FER0) AT/ Ap Al y S ECRER EE A8 fh il 28, Fo b o AT/ Ap B 25 8 BE 09 T v i 38 s
1L ot 5 18 52 1) T 85 S /N IS /N R R L SRR U sh AR f . B 3(b) IR 4G T SCRR R E 4 o (E7E
BT BEE B AR ECE . TR ARy AR A KRS R R ) R Ry (AN A B A
FEXT LI E XS y SEA R, 25 A SCERIR T ML IR gk B AT N AR EE R RS R T
500 K MR EE L L B 5 TR BE O THm a0 v (R BB sh i, 5SIREARfFE M Bk e R, HEMS
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Fig. 3 Temperature dependence of AT/Ap and ¥ for Al and NaCl

el , FATTIN B 1O [WRRER ALY o (B, A A 291,385,488 Fl 566 K T X SAALANAE AT
PR ST T S PR TR R Ok R PR S R B LR ) TR b R s (1. 46 £0. 08) GPa,
Bl 4Ca) P ACe) 73 BIRAE 2 A 488 K it IR 34 5 B, 32 3% A A & T B2 L ) B ) 149 2 £k il 2%
TWOF p) . FE 4 MM, B A R 7 3135 5 £ I BE 21 35 J 5 a5 00 B (8] 3 )5 75 58 2, A B
H T v TR S TR A A O L R IR A R, S IR R A AR R IR R R L X g R e R b TR T
LTI EEAEE . WA SE0 8 IE HT S AR T I Z A B 4O B ACD FoR . 5B 4 M L, &R
TR TR UL E 4 (D)) B IR BE B IE IR K . MR E S LT 28 X AE IE 5 B9 IR TE il 4 4r BT Ap
AT ARVA ()R EAFH] 1. 46 GPa F 332 K F1 553 K X ¥ (43508 1. 74.1. 89, 4 P AR FR
Fifg Ks 2% T Spetzler W IF R 458, W E & K T Ks=25. 2 GPa.dKs/dp=75. 25.dKs/dT=
—0.01113 GPa/K" ARG HRI 1Y Ks fH. ANFRET 4 4558500 X mm e v Hn sk 2 pr
IR R SRR E AT E AT Ko AT/ Ap oy w254 3 2 MK 3(o) &l 3(D i,

Bl 3Co) FE 3(D a5l 4 T8I AT/ Ap .y ZEEIRE R ZCTR ., B 3(oH AT/Ap {HIE
HIRERTHE MK, 5 Boelher S B M H KT AT/ Ap {HBEIRE AL HE 80, B 3(dD
oo B TR R TRy (AR 1L 74 BT M SR ERA W B R . K 3(D RS T STk R IE B
AAbsh y SHHIRE BN R . TR S y [ m R K AR R TR v (A
)L 200 AR O S T LR B X SR y SRR OC TR BEXT v {E B 52 L AS B 9T 25 0 5 SRR
T B AR — B, B Y R ) — g L fE 312~608 Ky Rl N SR B Y o (I L 17 AR AR T I 3 L H 5 R
JE VAT W B 1 A8 Ak G R El O IR A Ay SO S LS
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Fig.4 T ,p) curves of NaCl during rapid compression at room temperature (a) and the recorded and corrected T(z) curves (b);

T, p(t) curves of NaCl during rapid compression at 488 K (¢) and the recorded and corrected T(z) curves (d)

X2 HREULPNIESHE v E

Table 2 Experimental parameters and ¥ value of NaCl

No. ol T ar/ pol K‘fm/ AT /K« GPa ) y
K K K GPa GPa GPa Ap
1 291 332 312 2.45 1.43 32.54+0.08 16.7340. 38 1.7440.04
2 385 431 408 2.09 1.42 31.42+0. 08 22.01+0.51 1.6940.04
3 188 553 521 2.00 1.46 30.4140.07 32.5040. 75 1.8940.05
4 566 649 608 2.40 1.54 29.7040.07 34.58+0. 80 1.6940.04

MR Griineisen Z2EAIIARE XX y=Vp/oE)y ,NAE E BH L TIE T,y SHURME T —
RS p FURE T MIMF S AR HE v R ZJE ) p FIIRE T M eRE, SR AT v S50
TR 208 W R S SR [ L O R B B R HE =t 1 oy ST R A SGEH T A
AU B [ AR R RLFUN B (0 Py B R . AR ST R DR IS R I AR TNy 28GR SRS R
Ty ZEEE SR SR N SR STERES T RA WS HEME. XT v SH5REMHEX
P, A I 3 5 3 TE 3 T8 0% I B Y R N SR A

3 & i

SR P M s 7 43 WIAE 297 ~494 K F 312~ 608 K 1k 3 Bl N BT 7 1R X8 Ak v 280
B SZ IR, 78S T T0URE Al AR L 52 E T P AR B B i 4 2 O 5L I T AN [ I R R PR 4 R o R R A
an IR T AR B e A8 A 4k . R O F ol 2 v b e B T R L PR T i 2R AT TR BB I T
PR B BT A R A B S v e B R R ) R A T R R T B e A EE IR Bk
A5 B T 5 A5 22 I T % T B A IR A A ) R DR o IR S R A AR R, S
25 R, BN S B A S IR B LY L SR 3 4 i 2017 GPa 1. 46 GPa &, AT/Ap {E B
5 B 1 T TG Ny SO A T T R B B sh i AR Ak R IR WA B AR E R
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Effect of Temperature on Griineisen Parameters of Aluminum
and Sodium Chloride by Rapid Compression Method

WANG Junlong, LIU Xiuru, ZHANG Linji, HE Zhu, HONG Shiming

(School of Physical Science and Technology »Key Laboratory of Advanced Technologies of Materials,
Ministry of Education of China ,Southwest Jiaotong University ,Chengdu 610031 ,China)

Abstract: In this work, we measured the Griineisen parameter ¥ of aluminum in 297—494 K under 2. 17 GPa
and the ¥ of sodium chloride in 312—608 K under 1. 46 GPa,based on the Griineisen differential equation y=
(Ks/T)(@T/dp)s(where Ky is the adiabatic elastic bulk modulus) ,combining the rapid compression method
with the mean value theorem. A setup for internal heating was designed to produce high temperature in the
sample chamber and the rapid compression on sample at different temperatures was carried out in a Bridgman
anvil by a self-made rapid compression apparatus. The curves of temperature and pressure rise of the sample
were recorded during rapid compression. For compensating the heat loss due to heat conduction, the tempera-
ture-rise curve was modified according to the cooling rate of the sample during the pressure-holding process.
The temperature-rise curve after compensation is closer to that of adiabatic compression. It was found that for
aluminum under 2. 17 GPa and sodium chloride under 1. 46 GPa,the AT/Ap increases with the increasing
temperature while the Griineisen parameters fluctuate, showing no obvious relationship with temperature in
the experimental temperature range.

Keywords: Griineisen parameter;high temperature high pressure;rapid compression; NaCl; Al
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Table 1 Material parameters of the multi-phase eqation of statels:!!"!2]

Phase K./GPa a: 1/ GPa cpe/(Je K ekg ) Ae” Ao
a-Fe 176.0 3.6X107° 77.5 440 0.03 0.9
e-Fe 181.0 3.6X107° 79.5 440
FAAZ R T FE R
P H G1 - G?
= - 4
g rkBT T ( )
1—¢ G, — G, =Dy,
H: O *D21<G1*G2<D12 (5)
5 G1 - Gz <_ D21

ik By Boltzmann 40 r Sy BB (4 J5LF- 5805 o g AH AR 5t T4 B TR], P s T A N7 A AR P 1 BT i
W] s H AR AR (25 18] 3G oh @ A Gibbs H B1RE s Do M1 Doy 2Ry 1 AR 2 AH AR AS F0 AR A8 O RE R . F
8 39 55 R TR A AR R 5 R A R Bl g B L TS5 A R ) R B 5 T A AR K S TR RE
AT 5 A AR 5t B B ()R 30 ns,

SR AR AR By R AT ZEE M A ) Gibbs H B BE. 1M Gibbs H H A8 ] DLl i Helmholtz H H BE
(F)EF], Y4 ELE o IR T B, 24 Helmholtz H B BE 7] % Wallace ™ 3 T A% 2 J1 2= i
153 20 1 ek AT 15 A

F(v,T) =¢,(0) + Fy (0. T) + Fy (0. T) + Fr (v, T) (6)
K g (0 HRBE; Fu A Fo 4 S & B9 AR 3 A B RE, T AR H AT A 43 5l 3078 HOE 4R 73 2 AR I R 43
i Fe A ROk AR RE. 25 I E AR 3R R 2O 2 80 0 SCik[14 ],
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Table 2 Parameters of corrected Johnson-Cook model'*’

Material A/GPa B/GPa C n m N a o, /GPa A D.
Fe 0.792 0.55 0.014 0. 26 1.03 0 7.6X10° 3.5 2.9 0. 25

2 HERMERESH
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Numerical Simulation of Phase Transition and Spall of Iron
CHONG Tao'?, TANG Zhiping', TAN Fuli? , WANG Guiji*»ZHAO Jianheng?

(1. Department of Modern Mechanics ,University of Science and Technology
of China ,Hefei 230027 ,China;
2. Institute o f Fluid Physics \CAEP ,Mianyang 621999,China)

Abstract ; Based on the Hayes multi-phase equation of state,non-equilibrium phase transition rate and damage
evolution rate equation,and the constitutive relation of materials,the numerical simulation method considering
the phase transition and damage was proposed and then used to analyze the interaction between phase transi-
tion and spall of iron in the symmetric impact experiment of iron. The results show that it is only when the
phase transition of pure iron occurs that spall emerges. In addition, the free surface velocities and the spall
positions of the sample are in agreement with the experimental results.

Keywords: phase transition;spall; multi-phase equation of state;symmetrical impact experiment
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(a)

Temperature probe

Control system

B2 TS 5 XA R
Fig. 2 Layout of loading area in heating experiment

N T TR R AR S R A b, BARRSEE SRES TR 1L K T A )
GIREE . BT XMUE G A 22053 52 R (Dual Laser Heterodyne Velocimetry, DLHV)™ %) JG £ fish 35 5t )
A PR ER AR IR . AR AR 1) b ARl 5% SR o3 L n] B s e D AR AR U ) I 1] 3 B RO
DB K B2, W B /N T 1 m/s BB IR BE B A UL T 1 ns BYBS ] S0 BERFOL T 100 I KE BE . D3 b,
DLHV BRI PTA#E TH0ARE Ty & H T AR 525 .

F1 THEH

Table 1 Experimental conditions

Exp. No. T,/C Position Material Dimension
Plate Al 10. 0 mm X 30.0 mmX0. 971 mm
Shot 342 100 Sample Bi 7.9 mmX1.178 mm
Bedding Sapphire 10. 0 mm X 28. 0 mm X 0. 800 mm
Plate Al 10. 0 mm X 30.0 mmX1.001 mm
Shot 343 148 Sample Bi 7.9 mmXx1.131 mm
Bedding Sapphire 10. 0 mmX28.0 mm X 0. 798 mm
Plate Al 10. 0 mm X 30. 0 mmX0. 983 mm
Shot 344 25 Sample Bi 7.9 mmX1.150 mm
Bedding Sapphire 10. 0 mm X 28.0 mmX0. 796 mm

2545 UL B SER BT A R B DLHV SR 20 4570 X0 e 28 52 30 45 28 B9 A 8 G L AT T 0 A7 45
AR I 7 B 9K 80 - TR AR A4 2 — T S BORS E ) BESC R HR

2 SMHMMNEERIBERSSN

B3 R 1 3 SN[ A6 IR BT B I 400 R 72 S 9 A5 B Y I T R ) TR B A 1 DAY
FI T R ) 1 UL P 3 Ca)) W] LA o 3 4% B 1) T ) S R A ) < Bt I 28 F T B 3 ki Stk
FPofsB e Ar , 2 JEAE 240~320 m/s 3 B DX (0] P9 B0 T - 11 11 - T A A8 X 17 #4383 S & L IF HL A o 3
-5 WU B BeAEAE — DR STIE 3 B IE . ARSI N % T WE(E 2 5 GPa, | e II-V
AHAZ 350 m/s LA b B 38 B 5 0 A i S 3R T AR 6 085 0 0 g A EL A B 45 2R

DL RS2 55 (Shot 344) 25 5 A BI#EAT R A 20 A1, S AE S FE 24 251, 6 m/s &b FF AR AH A . 24 275. 7 m/s
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IhAE“STE L5 0, SR Lagrange 1F [0 B8 20 07 07 3l R H SR 8] B pl 1k 3 oo X 02 A9 g, B
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275.7 m/sCBI 2. 81 GPa) IE4F 5 11 -1 A F %t B, 0. 28 GPa 5 4H & v #7819 11 #H X 5 BF 230, K I

275.7 m/s ATREXF R AL AY I - M ARAS o fly B8R B BEBR O £ AR S0 TG 38 A9 52 i I i B ok 45 1
B2 A SR R — 2R i B A DL B S R 4

-~ Shot 342

400F . Shot 343
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300} / ]

200 1 7 300 Phase II-1I
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; T
i g 250
100+ < 251.6 I'|1/\
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200
200 2.2 2.6 2.8
(Ve
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2.0 2.|5 3.0 3.5
t/us Pressure/GPa
(a) Free surface velocities of bismuth (b) Phase diagram of bismuth
&3 BAE L A F I EE A T SR
Fig.3 Free surface velocities and phase diagram of bismuth

3 Zf L B ) 1 DR AR TR BE S R AR — B M 25 5%, AN 3R 2 o . 1 - I A A8 RS 4f X B 19 R AiF 32 38 455 37

Bifi 5 B2 Y B2 v s AN 251, 6 m/s JB/NE 239, 4 m/s; A5 ST R I P 45 R o I Y T1 - T R A5 R ik B RE s DA

275.7 m/s W/NE] 259.7 m/s, BEAK FF B W)U EE A Thm B LTI - AR A2 i ih He 7 800
HMHEBHR G .
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F2 WRETINAOFEEERMES

Table 2 Characteristic free surface velocities and pressures corresponding to the two phase transitions

Characteristic velocity/(m ¢ s™') Phase transition pressure/GPa
Exp. No. T,/C
I-1 -1 I-1 -1
Shot 344 25 251.6 275.7 2.53 2.81
Shot 342 100 244.9 266.0 2.45 2.69
Shot 343 148 239.4 259.7 2.39 2.62

BB B LU A 30 1 A AR I B4 S W P A Gibbs B BEAHSE , Z J5 ¥ i #a ] Gibbs H BB/

SELH . B T L IUATTAH Y Gibbs H H1RE (AT B 869 Helmholtz [ i AE" " e 4 B2 K H S 8055
AT A B B AR R R R4 L Y RN [T AR Gibbs B BT RE/N T L AR, X R T - I AH S TR 398070 5
IR, B Y 11 - I AH 728 T g o B 3 400 e 0 5 %) 398 i /0 o DA BRIOUE B9 A A2 A% B 2R A f 3 O A L B
e B AR BE T S 2 N RE A R R A R s i 1 - I - LI RH A SR A Ot i R A
ST A TR AR 5 T A AR I SR AR TR 6 A R AR R T A G T R A B R T R

3 4 &

X ELAT AN ] 200 46 il FEE ) Bk R A AR s A4 AR AR 2 36 A9 3 LAT 4598« BT 58 RS 1 B 3 A 2%
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[-T-1 Phase Transition of Bismuth under
Magnetically Driven Ramp Wave Loading

CHONG Tao"?, TAN Fuli*, WANG Guiji* ,ZHAO Jianheng®, TANG Zhiping'

(1. Department of Modern Mechanics ,University of Science and Technology of China ,
Hefei 230027 ,China;
2. Institute of Fluid Physics ,CAEP ,Mianyang 621999 ,China)

Abstract: In this study, we developed a sample pre-heating system with the temperature range from

room temperature to 180 °C , matching with the magnetically driven apparatus CQ-4. The ramp wave

compression experiments of bismuth under different initial temperatures (25-148 °C) were carried

out,using this pre-heating system on CQ-4. The free surface velocity profiles, measured by a dual laser

heterodyne velocimetry,show clearly two phase transitions of bismuth during the compression. Fur-

thermore, with the initial temperature increasing from room temperature to 148 °C, the characteristic

free surface velocities corresponding to the onsets of [ -1l and I[-Ill phase transition decreases from
251.6 and 275.7 m/s to 239. 4 and 259. 7 m/s,respectively.

Keywords:ramp wave compression;initial temperature; phase transition;bismuth;velocity profile
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Explosive
L sample
Front Rear
Flyer plate plate
Velocity measured ring Gauge 1 Gauge 2
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Fig. 1 Tllustration of experimental setup
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Fig. 3

p-u relation

g I ] 18] 7 P 9 T 3 - X 4E, 78 I e A I ][] B 74, T IR (B8 f6 /T 5%

(a) Gauge 1

meme

BPERMEL T PR CEBIES pasps H— B

(b) Gauge 2
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Fig. 4 Results recorded by oscilloscope in the first experiment

x1 EAt2E@8FWEN-HEXER
Table 1 Pressure-time relation recorded by Gauge 2
Experimental data Calculation data with '=1.7 d
Exp. No.
ta/ps tp/ps pa/GPa  py/GPa ta/ps ty/ps pr/GPa  py/GPa  Point A Point B
Shot 1 1.4670 3.8330 3.5127 5.7200 1.4030 3.7728 3.6175 5.7199 0.0539 0.0219
Shot 2 1.3240 3.4236 4.8800 8.1300 1.2830 3.4693 5.1028 8.1250 0.0541 0.0066
Shot 3 1.2500 3.2220 6.0640 10.5110 1.2000 3.2437 6.5800 10.4945 0.0915 0.0031
Shot 4 1.2090 3.0460 6.7500 14.4213 1.2010 3.1629 7.2170 11.5143 0.0769  0.2552"

Note: Asterisk represents incorrect data which would be ignored.
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Fig.5 Pressure time curves of explosive under different impact velocities
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Table 2 Shock-wave velocity vs. particle velocity

Exp.No. w«/(kme+s ') D/(kme+s | Exp.No. u/(km+s ') D/(km+s | Exp.No. u/(km+*s ') D/(km=*s ')
Shot 1 0.5740 3.6474 Shot 5% 0.4800 3.4330 Shot 9% 0.4810 3.4083
Shot 2 0.7350 3.9902 Shot 671 0.6180 3.7880 Shot 101 0. 6040 3.7765
Shot 3 0.9130 4.3693 Shot 71281 0.7790 4.0280 Shot 1171 0.6390 4.0000
Shot 4 1.0840 4.7400 Shot 8% 0.9630 4.5010 Shot 1281 0.8130 4.1357

X3 T kRIS B JB-9014 K Z5RE N ) o 5.0

¢ Experimental data
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ki PR T L 1 R T3 AT RIS p e, T 2 Fig. 6 D-u relation of unreacted JB-9014 explosive
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1.0 0.05781 1.4 0. 04765 1.8 0.04592 2.2 0. 05955 2.6 0.07467
1.1 0.05514 1.5 0.046 03 1.9 0. 04905 2.3 0.06322 2.7 0.07861
1.2 0.052 44 1.6 0. 04460 2.0 0.052 44 2.4 0.06697 2.8 0.08261
1.3 0.049 82 1.7 0.04401 2.1 0. 05595 2.5 0.07079 2.9 0.086 66
3 & it
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Using PVDF Gauge to Study Griineisen Parameter of
Unreacted JB-9014 Insensitive Explosive

LIU Junming',ZHANG Xu*,ZHAO Kang',QIN Shuang',
PEI Hongbo®,ZHANG Rong”

(1. The Graduate School of CAEP .Mianyang 621999,China;
2. Institute o f Fluid Physics \CAEP ,Mianyang 621999,China)

Abstract: In order to obtain the Griineisen parameter I" of unreacted JB-9014 insensitive explosive, we
carried out the one-dimensional plane impact experiment on JB-9014 explosive using a gun. In the ex-
periment,the explosive sample was mounted between two copper plates,and two PVDF gauges were
installed at the front and the middle of the explosive sample to record the variations of pressure versus
time. The copper flyer was accelerated by a gun and then impacted the front copper plate at a certain
speed. The right row shock wave was formed in the front copper plate,resulting in the first compres-
sion of the explosive sample and then reflected at the interface of the explosive sample and the rear
copper plate,causing the second compression of the explosive sample. Supposing the Griineisen param-
eter of the explosive sample was constant, we calculated the variations of pressure versus time at the
front and the middle of the explosive sample with different Griineisen parameters. Comparing these
calculated values with the experimentally determined parameters enabled optimum values of the
Griineisen parameter to be identified.

Keywords: JB-9014 explosive; PVDF gauge; Griineisen parameter;optimum value

051301-8



X
24

X
X

X
24

X
24

&
Y

X
24

X
34

X
234

X
24

X
24

X
1234

X
X

X
24

X
234

X
X

X
X

*

(BEYIESFIR)Y 2018 EFTEHZ

=

0

1o 1 S B F 5T

o PR P 2 — PR R BT A

15 A LR A1 R

R b ER R

i RSB R

B L AR

SHPB 525 4 &

1R ) N 5 A8 1 g 2 M e A Bl A e
ST AR E T

1o b2 I —— HE 24 R S 2 A
1o FE R 22 I —— K T R A
RN - B 5 B

o R R 2E N

1o FE b2 I —— AR S ek e

[ A =g R = Ay E T

PECHLEE . http://www. gywlxb. cn/topics



2018 B EMEHELEMR"TIETISIAEE

Yo ZEWERH L BEBE 2630 @R T N5 TaSh, RS T A5 MRS E PR B s fn s PR [ ], mi R4 B4 4l , 2018,

32(2).021102.
LI X Y,LU Y,YAN H. Electrical transport properties of hexagonal TaSi, crystals based on structur-
al stability under high pressure [J]. Chinese Journal of High Pressure Physics,2018,32(2):021102.

TR 2 AT A TR )5 S 0 JE IR 4 R T AR B R o 1 o 5 A A AR sk B i s A [T .
5 HE A B 2 42, 2018, 32(6) 1061101,

GU K M,YAN H,KE F,et al. Pressure-induced electrical transport anomaly,structure evolution and
vibration change in layered material 1T-TiTe,. Chinese Journal of High Pressure Physics, 2018,
32(6):061101.

IS 22 5% An] I . oo Tk = TR BUSIS R Y R A REAE R4 [T ). & R B2, 2018,32(6) 1 061102.
XING Y Y.HE Y. Preliminary study of spectral characteristics of hthp synthetic jadeite [ J]. Chinese
Journal of High Pressure Physics,2018,32(6):061102.

FH T X T Al SRR, A5 RO g R R S IR B X S8 A AL BN Griineisen Z2 ¥R 52 []]. & 4 22
2741 ,2018,32(4) :041301.

WANG J L,LIU X R,ZHANG L J,et al. Effect of temperature on Griineisen parameters of alumi-
num and sodium chloride by rapid compression method []J]. Chinese Journal of High Pressure Phys-
ics»,2018,32(4):041301.

i o 8 AR OF- TR ) 45 A BRORH 7 R B 5 R BB [T, & R AR, 2018,32(1) 1014102,
CHONG T,TANG Z P, TAN F L,et al. Numerical simulation of phase transition and spall of iron
[J]. Chinese Journal of High Pressure Physics,2018,32(1):014102.

P, AR A, AT L A5, BEOR SR Z T Ay T - 11- T AHAR 5258 [, & R B 24 4, 2018, 32(5) »
051101.

CHONG T,TAN F L,WANG G J,et al. I-1I-1l phase transition of bismuth under magnetically
driven ramp wave loading [J]. Chinese Journal of High Pressure Physics,2018,32(5):051101.

XU, SR B8 RE . 2. H PVDF IR 3R RN TB-9014 BEIE 259 Griineisen 280 [T, @Y
H£47,2018,32(5) :051301.

LIU J] M,ZHANG X,ZHAO K,et al. Using PVDF gauge to study Griineisen parameter of unreacted
JB-9014 insensitive explosive [ J]. Chinese Journal of High Pressure Physics,2018,32(5):051301.



e #& fw

(BEMEFR) RRESEMEUSE—TUHZATIN. IBASERE iSRS
ERA, ALGEMR , SERE RN, . 5t B, BEEELURMERNLEaRIEHT
7, SRESBERAPINNEA , BESE FAEE , BERESHRE  BEYS , 8
SHTE  PENRRNSRS. (SEMEFR) #52P. 0.

B1987FIHILSE , (SEYIESFR) BUSTEAMA. 2001F , (SEMEFR) #RH
ERFNESRELREEITFA "PETISE" ST, EfREERZRASScopus, JSTChina,
CAKHIR (SEMEFR) RRNNE. BitReREBEBT LIRSt AFEBE
wERN (PCROBHEBRRRE) EE TRt (BEEER) FIEFS O,

(BEMEFR) —BRRARSHT. RSEE. RSFEENDTES  HEUEGE—RE
B, BEFESY. AFBHEARELREE  EXEFERRTELTREEEERERT
H, W AERFER (BEEFR) =5 |

EF ML : www.gywlxb.cn
E/5HB4S : gaoya@caep.cn
BXZEHiE : 0816-2490042




	组合 1
	目录-专题2
	1-20180204李晓阳
	2-20180601
	3-20180602
	4-20180403刘秀茹
	5-20180113
	6-20180502种涛
	7-20180505刘俊明

	2专刊名录+引用信息



