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Fig. 1 Performance evaluation of machine learning models for lattice thermal conductivity prediction

2 HZiRHhE

2.1 NFFIRBENUESHREMATBOTL
Ay S RE A% Vi A A 3 v 0 A 52 A W B o

5 F14 e 2 I 2 T S G o T AR AR E M Y 5

P o ORI, 76 2 AERe AR 23 8] vh AR 22 ) 7118

AR M A C R, X Pl 2 B L AR PR AR AR T
B AU A fige B A O8] RE S BUS UG KUK .
T 5 R B 5 ik A 5% AR ORI o e 4R ik E AT
MGEH 2R s . AN 2Cad i, B IR b AR 5GP 43 B
FE I T RFAE (B A7 A5 9 N BL B R -0 5 Ay 1Y
G R B 1K 0. 800 X 5 o0 il W) A op 12 42



266 TR R CHARBR 2 RO 330

o547 %

iy

L5 HL PR B B RS A AR AR AT o TR AL AR o ) A
X Rl A R G ERE M E LS ERR
Boo 5T 0BT UMb Sz R 0 A <6 v R RS
SN, HLT A i B AL R A R A T 5 I
IR R B TUAR B o DA M AL o A
X -G R BV RS L2 E
W R T B TR AR R TE TR Y A% I S
Yy AL PR BE A S5 WAk 2 e 1 P Y P [ 9 B, i
Fift < JUAT —HL 57 S RO 5B S O &R SR WTE AT AR
SE fi ARG E TR IR AR M S AR T . RIS A R
SR L W bR, R b R B O LR AR ] > 0. 8 Bk
B A A 5 R OC , 3% WTAR AIE )77 7 2 25 1945 B 004y
T [r] << 0. 5 W45 B A 3555 4 OC , 7 WK 35 45 i [8] B9 1 28
PEEL4E i A L AR O Sr AR g AR . AH,
5 AL S Bz 8 8 AR T 0.5, ok AH L AE R
b S7 AR S 1R AT A R 3 A VR D A I A
GERp - B T
Dk — 2 o M AR TR N TR A DSR2 A

& o &
)ﬂtﬂ]}f;.q
s

d 3 =
H I W

X

0.68 1.00

AH. 6 Ay ¢, T, AS,

m ‘mix

(a) MRFAIETH] B BE/R AR % R A

645 1 38 2 FO0E RH AR 1 100 A9 B SE BTk, SC |
AT IR0 SHAP 7k . 55 MR IEE %
PEVE SR AN ], 3% 07 1k e 8 A 280 HE B R AiF 18] A0 B A
FT 51 & T, b 25 R AE 32 A 520 S 14 301 B o ik
o QT 2Ch) BT, ARG -5 52 G WL i $4) 2F
ZHQ(T.AS | AH i |) B A B 1Y 4 Jap 8 21
(Mean |[SHAP|=0. 45) , B ki H.J5 (1) /& 6€0. 35) . T
BEULHIY 2 L SHAP|B R /N T H b5 22 &8 1Y &
g, P A T EEMHETY . 25 oMk
TR E AR BN, P B B DT AR R
B P A ) 60% LA b, H 55 = {7 4% 1E
(AH 1, 0. 28) J i SR FRAE (AN Ay, 0. 10) Z 8] iy 22 15
B R I Y A3 AT REAE S B ST A RS E
PERIPEFEHE T RS . X — R R oA g E
56 4 AR B e SR AL TR A ) B B S B
E R R v NI N o 7 O R O
(TAS) 7= H 175 11 87 [ B R AR 80 2 75 2 DA v IR
F JR - RS 2R 5 1A 1 8P 1 A% BB CAH e Do

Ak ©0.10
[ 00.15
AH | ©0.28
St 0035
Qr @ 0.45
0 0.1 02 03 04 05 0.6
SHAP{H CFEI45 %1 {H)

(b) T SHAPE FYRHIE 5 2N HEFP

B2 $HEEXES TS XERRITIFIE

Fig. 2 Feature correlation analysis and key descriptor screening
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Fig. 3 Performance evaluation and feature analysis of the GBR model
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Fig. 4 Data—driven phase stability criterion map
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Fig. 5 High-throughput screening results of the PbTe-SnTe—GeTe ternary system
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Tab.2 Calculated crystallographic and thermodynamic

properties of the designed high—entropy telluride

compared with binary base compounds
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Fig. 6 Electronic structure calculation results of the optimal high—entropy composition HE-Te
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Data-Driven High—Entropy Telluride Composition

Design and Performance Prediction

LI Shun', PENG Haoran®*, FU Xiuli®
(1. Tianjin Research Institute for Water Transport Engineering, Tianjin 300456, China;
2. School of Mathematics and Physics, China University of Geosciences Beijing, Beijing 100080, China;

3. School of Integrated Circuits, Beijing University of Posts and Telecommunications, Beijing 100080, China)

Abstract: To address the vast compositional space and the inefficiency of traditional “trial-and-error” methods
in the development of high-entropy telluride thermoelectric materials, this study establishes a theoretical data-
driven design framework that integrates machine learning with first-principles calculations. By constructing a
high-dimensional descriptor space that encompasses physical features such as mixing enthalpy and atomic size
difference, a gradient boosting regression model was trained to accurately predict the formation energy of
multiprincipal-element systems. SHAP (SHapley Additive exPlanations) interpretability analysis elucidated
the competitive mechanisms between thermodynamic and geometric parameters, leading to the formulation of a
quantitative criterion for phase formation. Using this criterion, a high-throughput theoretical screening of the
entire PbTe-SnTe-GeTe ternary space was conducted. An optimal high-entropy composition featuring both
high thermodynamic stability ( —46. 31 kJ/mol) and ultra-low lattice thermal conductivity (0. 85 W/(m-K))
was theoretically identified. Electronic structure calculations further demonstrated that the introduction of the
transition metal Mn induces convergence of the conduction band and strong hybridization of p-d orbitals, which
effectively decouples the electrical and thermal transport parameters. Theoretical evaluations suggest that this
high-entropy composition could achieve a thermoelectric figure of merit (2T) of 1. 60 at 850 K, representing an
approximate 67 % improvement over the PbTe matrix. This work preliminarily verifies the feasibility of data-
driven strategies for rational theoretical design of complex thermoelectric materials and provides a clear frame-
work for future experimental synthesis and validation. It is important to note that all results herein are theoreti-

cal predictions, and subsequent experimental synthesis and performance evaluations are ongoing.

Key words: high entropy telluride; machine learning; thermoelectric materials; phase stability; first-principles

calculation
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