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Advances in Molecular Dynamics Studies of Molten Salts
Based on Machine Learning

Han, Yizhi*’ Lan, Jianhui*? Liu, Xue™“ Shi, Weiqun™?
(¢ State Key Laboratory for Mechanical Behavior of Materials, Xi'an Jiaotong University, Xi'an 710049)
(® Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049)

Abstract Molten salt is a kind of molten material with important application value. However, the relationship between mi-
crostructure and macroscopic properties of molten salt has not been fully investigated, so it is of great significance to carry
out extensive molecular dynamics studies. For high-temperature molten salts, molecular dynamics studies mainly relied on
the development of force fields in classical molecular dynamics and first principles molecular dynamics previously. Due to
the accelerated development of machine learning and neural networks, the potential for molten salts based on machine learn-
ing has been developed recently, and great progress has been made in exploring the coordination chemistry and accurately
predicting physical properties. Herein, the latest research progress of molecular dynamics related to molten salt was firstly
reviewed, especially the development status of machine learning potential. Secondly, the application progress of machine
learning potentials in the research of molten salt was summarized. Finally, the research prospect of machine learning poten-

tials for molten salt was discussed, and some suggestions were given.
Keywords molten salt; machine learning; machine learning potential; molecular dynamics; coordination chemistry
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PRIJRREL, X — 7R E R S T U, A T
WEEH EAARFRE R /£ CMD B, ki [al )
FHELAE FH B 35 e iR, T 35 e 28000 LIRS [R) ) 22 50
PRBUA R, BIRER — R A AR, B WY
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J% Madden #1 Salanne 55U H (1) 75 JE B R AR A0 80R
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ITAER, B KK 18 5 4k 21 43 (Graphic processing
Unit, GPU)IVAR K &, ks 2 rlia 55 KBRS
EE BB RRTE, Mles®d 5 N TR
(Artificial intelligence, ADF AR LA K. X ALK
R m ARG RV RCR, WOE E R R 3R
IR TR RS, N SRR RN, LR
HRBAE RO T CaA TR S 1350 ),
AT SRR R S HERR A, R BB ok
P FEAR Z AT AIMD AR, 15 B4 28 ok (1) 5ok B
e A N 5 HA AL E R R R, RER AP HE
AR NS RBERERL 2 [ R, I 10L& ks FE HoE A2
FALAR 2% ] %5 2K 5 (Machine learning potential, MLP), #x
J& R LS 2 21 35 R BT e B T 2 WX 28 1) 4 130 )
2#(Neural network based molecular dynamics, NNMD )5
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G20 o TR 2 ok NP S S DAY L e e
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BN

B e cy ol
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Figure 1 Development procedure of machine learning potentials
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2 2R A R SN A SR A 3T TLAESR, B
[F A 2% A0 26 35 R B B 20T R ok, R RS I3
HANERREONK. AT, AR T R
SEARIIE SRR R I F R BT KA TR ) PES AR,
FEMNFEANDIE LR B IE EE AP RIS ERIX =R IA
K, AT A T BT S I 3 R
31 SieanEE

FERMENAHGB R 2GR R —, OF
KEAR M) MD LR 715 240, SR80 H ATl
FEANAAEF 2 M. o, ST Mg 25 /N2 14
JEFHES T, BRALRON IS A e 240, 1SR BMH
JEMAL F137 1 CMD W T LA JE; FLIR, BT ARk 7
3 PIM FFRE CMD W 74 1B 3] 11352 B0k 2% i HE 1,
XRHT I ZHAEAFE R Z W T B 2T 8,
Ab, FFRE AIMD A 32 30T S BUA I BR 1], 72 R
TR ML F] CMD 2.

BE X BA b ) B, Lu 55 W28 H B 4% 2 20 31
DeepMD-Kit X SPGBk RITIE T — R4 1) A mliv
W5, =AW T MgCly, LiCl-KCl, MgCL-KCl, CaCl,-
R 1 ACL-BCI 245 #h o 55 — i o7 2 B 25 (A)148-50-2

KCl, CaCl-NaCl Fl AICIs-LiCls &k 1) J& 5 e 457 45 44 LA &
PEAE L. AT R BR B TP ARG CRE ER A
AR, NVT %%i(Canonical ensemble)l?) AIMD f5
L. HEEIESE. £/ DeepMD-Kit Il DP. # k%L
%7 48 UL & 3T DPMD (Deep potential molecular
dynamics) ) F A B 5T 0. W) 46 @A AR R — k2
AN 200 ANES T IEAS S M, BB DP % e BB
ME 1000 2 NETHIE SRR, XAl AIMD A1 DPMD
B RS AR an 1 2 s

,_,\", AIMD, 5,
&/

o® 22
$ o

B2 FIH AIMD 1 DPMD #48Lf) MgCl-KCl i g
Figure 2 Supercells MgCl,-KCl simulated by AIMD and DPMDP!.
Copyright 2021, American Chemical Society

AR IR 42 1) 43 A5 R B (Radical distribution func-
tion, RDF)#3 %] 7" MgCl,-KCl, CaCl,-KCl, AICl;-LiCl Al
CaCl-NaCl /&t & RS T I — A 2 S, Wk 1
Fizs. X5 T ACL-BCl 8458, THEARIK A5 CI 2

Table 1 The length (A) of first coordination shell in ACI,-BCI molten salts“$5-52]

1k % (ACL,-BCI) L/ T/K Rac Rp.ci Raa Rps Raa
MgCl,-KCIPY 8:17 773 2.379 3.111 3.843 4.697 3.721

— 873 2411 3.152 3.894 4759 3.770

— 973 2.307 3.110 3.982 4.800 3.803

— 1073 2.335 3.092 3.976 4.860 3.850

CaCL-KCIP 1:4 1100 2.71 3.12 — — 3.92

2:3 1110 2.62 3.09 — — 3.79

1:1 1058 2.75 3.09 — — 3.76

3:2 1100 2.67 3.12 — — 3.69

4:1 1100 2.66 3.12 — — 3.57

AICI;-LiCI 1:1 473 2.171 2.406 — — 3.579

— 573 2.197 2.435 — — 3.503

— 673 2.108 2.349 — — 3.554

— 773 2.141 2.385 — — 3.486

— 873 2.175 2.299 — — 3.542

CaCl,-NaCl*®! 4:1 1100 2.71 2.71 — — 3.86
3:2 — 2.71 2.71 — — 3.86

2: — 2.69 2.69 — — 3.72

1:4 — 2.65 2.65 — — 3.71
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MEE TS EE i I S5 R A . T LAE 3, JEFHLas =
SITF R I 2 REREAA Bh T B AR 30 1A 8 v R0 45 44
5572 U R 2 TR (R B AR

Tang Z5158R FH X B 77256 LU 98 T MgClo-NaCl #l
MgCL-KCl XPFk R, 450 ER K 8T FEAL
Bl 7, =T Na BT 6. BRI EkEs
T A7 FRTRE 7 B8 1, R 1L 10 A0 2R P 7R B I 4% &5 4 1) 2R
f%. 734F, B RDF 0] LLE H, Mg-Cl #1E MgCL-KCl
) R B R T U AR MgClL-NaCl T s . M LB v
KFE, Mg-Cl 133 7E MgCl-KCl H [y 5 45 I H Az
SEPEE SR, [RIUL R A E g, v CURAE R fig A
L M2 T, MgClL-NaCl 44 & U g1 T Mg-Cl B Az fF
R 55 I B i 1) 3 A S R ARG, S AR
AR B INCAE . R, HLEs 2= 2] 3 s B i
FRE T HAE 3 AR RIC AL 45 4 5 0 EE P SR 5T R
N F.

Zhang ZEOUE A 57T T il LiCI-KCl 44
2, B TR 1 NICly A1 CrCly 1R 45 Fa K F ot 4
VBRI SR . (AR — PR, BT a2 SR
B, AR T NPT RZEM AIMD ALK A i 68 o i
1, I AE ] NPT 5 NVT 24510 AIMD Bl
ZiDP MR, ZERKH NP5 Cr' B 1 LiCI-KCl A 2;
HHSRETE e e INC &, FLRCAIEUTE 673 K I 433
44 5 59, JFMERER LT A4, ARIKRER
Cr FINS I FEA SR R IS P SR BRMA R
FILLRER . R RE SR S B P2 AR AR K. & Ntk
M2, ZTAEHARIRAI TR NP5 Co 8 1K
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Figure 3 The effect of initial datasets on predicted density and RMSE.["!
Copyright 2021, American Chemical Society
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1123 F+ % 1323 K B, LiF A R PR 1.8 B# 2 1.25 cP,
i FLiBe /K R M 12 FAZE 2 cP, —FH I 55280l &163.
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