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Fig. 1. Phase diagram of superconducting transition temper-
ature vs. applied pressure up to 190.6 GPa for the HEA,

combined with plots of the corresponding resistance ws.

temperature 41,
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Fig. 2. (a) Temperature dependence of the resistance in the pressure range of 2.9-71.8 GPa; (b) normalized resistance at lower tem-

perature, exhibiting sharp superconducting transitions with zero resistance and the continuous increase in 7, upon compression;

(¢) X-ray powder diffraction patterns collected in the pressure range of 3.9-80.1 GPa; (d), (e) pressure dependence of the lattice

parameter and unit cell volume 11,

A A B VI S ER KA T T R G
B AR 2 2H BB A 4 (TaNb) g gr(HZrTi) o a5 F
FEMITE, K, % NbTi &4 EE ST
(AR AT R T il LS i B 4 R LU AR ST, e
S R A AR R )T A S TR AR B O
B B AR AR I E B NbTi & & AR
(AR PR AR TR | S i I ARG, Rl 5 T
T AR LA T AR P, 101090 PR H i
EAR ) . B AR ) A R —.
FEERYY | 253 | BEIR . R R B A AR A T2

o H.

AT HRER A 4 H AR AL = 5 1 F 1 ik
SR A A 1 P 5T A S g 2 R SO S L A T
TREWR 5508 W) ZBHAE 200 GPa JE i
RN A KA SEFARAS , DRI O L T 458, fis
Z 40 i MR BB R T B T R S T [, FE
200 GPa (RFUESE T 43% (WK 3 Fiw), &k
HREEBES . fE s 2|, T, kb
FHESWFHE N E T 9.6 K EFHE] 120 GPa
TR 19.1 K, FHE T3 145 BEE R iE—TH i,

237401-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 % 3R Acta Phys. Sin. Vol. 72, No. 23 (2023)

237401

(a)
NbTi

Intensity/arb. units

[

—

=

(110)

(200) (211) (220)

20
20/()

5 10 15

B 3 EHET NbTi&4&45HEE

25

30

200

100 150

Pressure/GPa

B =156.8 GPa

30

V/AS

25

—— Fitted data
Il @ Exp. data for Runl

@ Exp. data for Run2
0 50 100
Pressure/GPa

20

150

(a) 0.1—200.5 GPa J& J1 i Fil )N X SRy RATHF & (b), (c) PR S il 1 AR 15 () A% 24

AR IR FREE R 3 9424k 1 (b) Hi 181 S NbTi B8 54 S i S5 40 7R = 18] 12

Fig. 3. Structure information for NbTi at high pressure: (a) X-ray powder diffraction patterns collected in the pressure range of

0.1-200.5 GPa; (b), (c) pressure dependence of the lattice parameter and unit cell volume for independent two runs. The inset of

Figure (b) displays the schematic crystal structure of the NbTi superconductor 2.
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Fig. 4. Superconductivity of NbyTij5; under various pressure and magnetic field conditions, and the pressure dependence of its
molar volume. In the panel of pressure versus superconducting transition temperature (7,), the colored balls represent the T, ob-
tained from the different experimental runs. In the panel of magnetic field, B (T) versus T., the black, green, and red balls repre-
sent T, obtained under zero and applied magnetic fields. In the panel of pressure versus volume (-AV = V,, - V;, where V, is the
volume at fixed pressure and V; is the ambient-pressure volume), the pink and blue squares represent the results obtained from the
two independent runs. The red star labels the T, value at the record-high pressure, the green star marks the critical field at 1.8 K
and the maximum pressure of this study, and the blue star refers to the relative volume at the highest pressure investigated. The
top left panel displays that the maximum pressure of this study falls in that of outer core of the earth (42,
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Fig. 5. Pressure dependence of T, for elemental Ta and Nb.
The data were taken from Refs. [41, 66, 67] .
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Fig. 6. Superconductivity and crystal structure for the RSAVS superconductors. (a) The pressure-dependent change in the super-
conducting transition temperature (7,) of the (TaNb)g ¢, (HfZrTi)g 33 and (ScZrNbTa), q(RhPd), 4 high-entropy alloys, the NbTi al-
loy, and the elemental metals, Ta and Nb. In order to facilitate the comparison of the different materials, we use the volume shrink-
age (-AV/V,) as a variable. Arrows in the diagram indicate the critical pressure (Pc) where the RSAVS state emerges. P is about
30 GPa [the corresponding volume (—AV/V, ) change is about 15.5%]| for the (ScZrNbTa),s(RhPd)y, superconductor, 60 GPa
(-AV/Vy = 21.6%) for the (TaNb)g g (HfZrTi), 33 superconductor, and 120 GPa (-AV/V,= 34.7%) for the NbTi superconductor,
while Pg is 1 bar for the elemental Ta and Nb superconductors. Py and P represent the end pressure of the RSAVS state and the
highest pressure measured for the RSAVS state, respectively. (b) Sketches for the lattice structure of the (TaNb)g ¢;(HfZrTi), 33 and
(ScZrNbTa), s(RhPd), 4 high-entropy alloys, NbTi alloy, and elemental Ta and Nb, which all possess body-centered cubic structure (3],
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Discovery of robust superconductivity
against volume shrinkage®

Guo Jing? Wu QiY  Sun Li-Ling V231
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2) (Center for High Pressure Science & Technology Advanced Research, Beijing 100094, China)
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Abstract

The superconducting transition temperature (7,) of superconductor is related intimately to multiple degree
of freedom of charge, spin, orbital and lattice. Many studies have indicated that pressure is an effective way to
tune T, though changing crystal structure and electronic structure. Here, we report a new progress made in the
high-pressure studies — discovery of a new type of superconductors whose T, is robust against large volume
shrinkage under extremely high pressure, named RSAVS (robust superconductivity against volume shrinkage)
superconductor. Such RSAVS behavior was observed initially in the high entropy alloys of (TaNb) ¢7(HfZrTi) 33
and (ScZrNbTa),s(RhPd)g 4, then in the widely-used NbTi alloy, Nb and Ta elements. Analysis shows that this
type of superconductor possesses a body-centered cubic crystal structure and is composed of transition metal
elements. The observed results not only present new research topics but also raise the question of what

determines T, of conventional or unconventional superconductors.
Keywords: superconductivity, high pressure, high entropy alloy, NbTi alloy, metallic element
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