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Abstract: Thermomagnetic refrigeration based on the Ettingshausen effect is a low-temperature solid-state cooling
technology with advantages of precise temperature control, compact size and noiseless operation. In recent years,
topological semimetals, which possess both electrons and holes as charge carriers and exhibit high carrier mobility,
have shown excellent thermomagnetic performance at low temperatures, making them promising candidates for
cryogenic applications. In this study, highly dense polycrystalline TaSb, was synthesized via solid-state reaction
followed by spark plasma sintering, and its low-temperature thermomagnetic transport properties were systematically
investigated. The results show that the Nernst thermopower (S,,) peaks at around 27 K and increases with applied
magnetic field. Under 9 T and 26 K, the Nernst power factor ((PF)y) reaches 315.1 pW-cm 'K 2, while under 9 T and
22 K, the Nernst figure of merit (zy) is 7.1x10°* K'', both outperforming most reported polycrystalline
thermomagnetic materials. Mechanistic analysis indicates that the high performance originates from the combined

effects of strong bipolar effect, high carrier mobility and significant phonon-drag enhancement of thermopower.

Weim B E : 2025-06-23; WRIME TR AHE: 2025-08-11; W%tHR&EIEH: 2025-08-26
ELTWHE: R BERBEIAE(52402229); H FE 1+ 5 R 23 4:(2024M750346)
National Natural Science Foundation of China (52402229); China Postdoctoral Science Foundation (2024M750346)
EE® I : 2= MB(1995-), 55, it E-mail: pengli@whu.edu.cn
LI Peng (1995-), male, PhD. E-mail: pengli@whu.edu.cn
BIEEE: UK, HTF A, E-mail: qiupf@mail.sic.ac.cn; YLAM, #I%. E-mail: jiangbb@uestc.edu.cn
QIU Pengfei, professor. E-mail: qiupf@mail.sic.ac.cn; JIANG Binbin, professor. E-mail: jiangbb@uestc.edu.cn



304 T AL A R R

W

Moreover, magnetic fields markedly suppress the electronic contribution to thermal conductivity at low temperatures,

making the total thermal conductivity predominantly determined by the lattice component. This work offers a new

material option and design strategy for low-temperature solid-state cooling applications. The relatively high lattice

thermal conductivity partially limits the thermomagnetic performance, and further reduction via phonon engineering

could lead to substantial improvements.
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Fig. 1 Crystal structure, band structure and phase analysis of polycrystalline TaSb,
(a) Schematic representation of the unit cell; (b) Band structure with spin—orbit coupling considered; (c) Powder XRD pattern and
Rietveld refinement results; (d) Secondary electron images of cross-section after acid pickling (upper left) and polished surface (upper right),
and corresponding elemental mappings (lower)
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Fig. 2 Electrical transport properties of polycrystalline TaSb,
Temperature dependences of (a) Seebeck thermopower S.., (b) Nernst thermopower S,., (c) electrical
resistivity p,,, and (d) Nernst power factor (PF)y of polycrystalline TaSb, under different magnetic fields
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Fig. 3 Analysis of the electrical transport properties of polycrystalline TaSb,
(a, b) Comparison between experimental data and two-carrier model fitting results for (a) resistivity p,, and (b) Hall resistivity p,, of
polycrystalline TaSb, (dots representing experimental data and lines representing fitting results); (¢) Temperature dependences
of electron concentration 7. and hole concentration ny, in polycrystalline TaSb, with inset showing temperature dependences of
electron mobility u. and hole mobility u; (d, ) Comparison between experimental and theoretical values of Nernst thermopower S, at
(d) low temperatures (15, 25, 35 and 50 K) and (e) high temperatures (above 150 K); (f) Contributions of thermal diffusion and

phonon drag to the thermopower of electrons (S and S; ) and holes ( Sj‘ and S: )
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Fig. 4 Thermal transport properties and performance evaluation of polycrystalline TaSb,
(a) Temperature dependence and (b) magnetic field dependence of thermal conductivity ., of polycrystalline TaSb,;
(c) Temperature dependence and (d) magnetic field dependence of Nernst figure-of-merit zy of polycrystalline TaSb,



H3W Z= 11§, % £ 5 TaSb, KLY REDE AL 309

x,(0,T)
1+(nB)°
Ho, g ARGER R, T, s A SBURBLEIA L T &
WHEE . MAESEWE 1 Pron. WE 4b)r LA H
P 4 RAE NI X B #0553 2R B AH T .
BENW o B EE 4T, FE3SKUTF, 59T
FAF N ron AT R, RO SRR B T B
WG, FPEARERIS T 0 xo 12 S STkl
£ 35 K LA, x FRERWR/DS, 2R 7RI STERIE 0.
300 K I, e Ml i 235109 14.9 F18.5 Wm "K'
RN S pyy I ree FTTHELH 2 0 TaSb, R
R R ALE 2no W 4(0)FTR, 2n BEE R 1) L FHiZ
WK, 7E 22 K BT IE B KB S T UG » BEAT,
o BEE R I KT K, 9T R4 N 7.1x 10° K,
i T O ARIE 1) 2 5 SR BE(IN NBP £E 209 Ky 9 T
KT 2y N 8.5%107° K28 % 1 Mg;Bi, 7 13.5 K.
6 T 21 R 2y 9 1.14x 1074 K%, HZ 0] D) Al — i
HL g AR R AE LG (I B 5 PtSng 7E 10.3 K. 9 T 2644
T 2y 8 8.0x10°* K 8 THPBI 72 300 K.
13.5T 4R zn A 4510 K'Y, £ 8 TaSb,
(S, BEWLIZERANEIE K, p,, BERES I AU LT HE K,
Ko TERESS) T — AL, B, o BEE B 3N
EBIAN, W 4(d) R . B R, I8 B AN
Xof 7 (R 3 AT

% i TaSb, IR R (PF)y, 1B FLAE #
iz T B A R B R, IR IE S ARGA R
SEARKIEAThE, 1 HZ 5 TaSb, A Hl#%
T I 7 (B R 5, 7 TR ) VA U R DL
H— B NI 770 BRI, s, 558 1R A PR A1) L A
PEREM EE R R . FRA R EARIR A B35 % 1 F,
Ky 1B RE T SRS SRR . AR A P TREFEA
RAPEAG o, BB Z S TaSb, 1L GE,
SIS AU T A A3 1 B

£ 1 TaSh, ASEMNIESH
Table 1 Parameters used to fit the thermal electric

Kxx(B>T):Kl(T)+ (7)

conductivity of polycrystalline TaSb,
T/K k/(Wm'K") (0, I)/(Wm"K" '

5 1.17 5.92 1.190 1.41
15 13.71 11.68 0.790 1.58
25 36.81 12.72 0.400 1.54
50 45.83 9.26 0.114 145

100 29.66 7.14 0.043  1.56
150 21.47 7.85 0.033 1.88
200 17.51 8.34 0.029 1.81
250 15.49 8.41 0.026 1.91
300 14.90 8.53 0.023  1.90

3 4it

KW RA KT % 5 TaSb, R A T HALIE
PR TERE 45 B OR, £ 8 TaSb, I(PF)N7E 9 T.26 K
ZAF Rk 315.1 uWeem K4 20 fE 9T 22K &4 F
BE) 71x10°* K, BRFERT KIS CIRER 2 &
PRI RL . VERENLIE S BT R, JLAR 5 ) A M e
FERE T UL R T IER RS T
S RN A I BR . AL, AHERIGAE T £
TaSb, 1EAKHR H#E7 T HI(PF )N A 2x ST 53 5
A B IR, 38 W FLTE SEBR FARE ) ¥ 88 1 AL
HADEIR 7. S G T a5 Tk
KAEF=, L REFEELS, MRHA BRI A
&L RGBT BT SR SO R BRI S Ak 3k
BTN B ES RO A R R
TFHPE UL R PR AR T 3R, 5 B B 3 PR T L R
PEfit. AW RANNZ & TaSb, HIMERELALSRALE T
PISErAT IR AR, thovindh 4 @2 It
RIS R IR T EE RIS 2% 5 S0k .
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