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Abstract

Due to the presence of potassium and lithium in the alumina extracted from bauxite in northern Chi-
na, aluminum electrolytes in China are rich in KF and LiF, resulting in changes in electrolyte composi-
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tion and physicochemical properties. In this paper, the Born-Mayer-Huggins potential parameters of
the NaF-AlF;-LiF /KF molten salt system were obtained by using the method of pairing potential fitting
and force matching. The average deviation square of the obtained potential parameters for fitting the
forces on microscopic particles is 0.0796, and the calculated deviation for macroscopic properties
such as density and viscosity is less than 5%, indicating that it is suitable for the simulation of the mi-
crostructure and macroscopic properties of the NaF-AlF3-LiF/ KF based electrolyte.
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1. 518

T 3R SEALAR JEURL S B S AR E[L] [2] [3] [4], SEES RS AT AR 5 AR SR
£, JER NaF-AlFs-LiF/KF BUHLfERT, LiF F1 KF (S £ 2 R EUE S s sl B T RREES
PRI, R T SO MRS T rAR T S IASUCAD, AR, PRIk, BT PR AR T B
BB R A AR LR LT REAR PO AR U N . AT AN S A R R A T R B SRR Y, 4
AR IR L 1) S T AR L AR DA B B A AR DT B 5] -[12] A T PR Pl A e
WS &I S, HER, HACEERE LR S S RAEM BRI, SBCRE 4 T
[13] [14]. [FIRE, SR St 2 5 85 i IR PR ) el B2 AR [ 15] [16] [17] [18], BEiE—DH), WFFi#H
RIAE FAR T O 445 NS0 B SR B B = R TE AR I P AR, 7E KI(Na + K) = 10~30 wit. %X [i]
I, SRR T A VA AL B A B 1 WA [13] [19]. % T8 & 8E . B4R BRI VSt 7 2 R b T
MPERR I FE, T O E AL, AT ED, 1% T T AR A O Bl & s 3,
R R IN V25 1O JES o M AR SR, IR AR B B, (RIS, o 5k Fh AR R PR AR 35 1 356 (] &5 A0 6 A SR A B 3
FEBUR, S 515 kR S EL I S R TP R R ) R A O, SRR AT E A, X
SEF PR ] T A EROUL LB Rt T R R

BEETHHEMENFERIAWT R R, 58— VR BT SR 2T 30 ) AR SN T SESGAS MBI 72 2 Ja 6 5 — 7
%, MRS E ORI TR T G, SR SR AR R BT R UK B 1S TR, I OTVE SRS
FE s AR — R AR ke, Hat SRR TR, M CASEIR R R KR [ R 30 /1 2218550,
R — YR Z S H TR PR R T 20 i Re i T HUE S & RSSO M ORI 7L s T T3 /0
SR LG BN, R RN R F 2 R EAE R R AR B SHRR, T2 — 1R B,
ST BN TV FAERR R IR T 12 2 7 R 00 sR Al TAE R, Re STl K & R 1k RTERT ] U ns FHEE =21
SR BRI, L, [ PN TR BE AR TSR A [2015R A Monte Carlo /57578 T NasAlFs-Al,Oq 14 5 14
R TS50, HENE A DA S G AR M[AIOF* 45 “Minty” MBS T3H], B84 F.AI-0-AlF,
Al FsAl-Fo-AlF; 25 “ 24887 108734 . D.K BELASHCHENKO %5 A\ [21]iz ] Born-Mayer 4 g #5174,
WA T 1283 K 4414 F ) NasAlFe-AlLOs 1A R [ 45 My s e it . RIUELEIK AR R, Al-F P85
TEAIECN 6.4 88T 6.0, FHHEEH ALO; I, O ZHIEUNT F, KM AI-O-F 2 ittt 4
H NSRRI, R AP RIS GRS B, X APE FRGEFURERAGEE. b
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K B RFE S22 T 55— MR FE> T30 /12, it 1283 K 2514 F 1) NagAlFe #4141 B 1S5 H 3t 4T 1 WF 5%,
RIVERP B EEIEA T, A AR B THBEAEE, LA [AIF] M[AIF] AT ZHAFEA M, [AIF,]
TEIRD: AR BB Z IR ECH 5.45, FIREK F-Al-F 88 20T 877, 124°F1 171°; A RFF
BT R ELREIERGE, RS ERL, N1%-2%, HHERSEN26%A . BE, 01— SR
T CR=2.2,LiF &~ 1~9 wt.%[f] LiF-NaF-AlF; /& R 18 745 #9[23], KIINA LiF 2838 T F 574,
FRARAR R T IRG . A EIRAFFEn] N, 6T 2488 L o (AT 95 22 4 TR 7E NagAlFe-AlL O, 1% 4t Hfift i 14
R, NEE. HHRBTERMIFTED, SR TERRASHRZ, (F D8RSR E 5T,
WA N B Z R IR T2 T I AR 7T, DLAMA R AL 77 U BAMA R, DL R I+
AR P B TR S RMER CR, SE T HMRIKE. Sk, %EEZM RS SRR 28K .
T LIRS ks B 1 3 B B0 T IR15 B IR HER NaF-AlFs-LiF/KF 5 Eh 44K 22 P9 30558 T 25 R0 A 5] 2 4
PR R I 2 as P B R 2. S SR R O H A S50 6 T7 2 8 B 10 5 e th 40, 5 [24]
[25], i i K R T FEAN R () R R B R i 3ARE AR 1k, IR G507 R 35 B it e EA T 065 R 3RAS P J 1~ 2 18]
MARESEL, ZTESFENASEAR RPN R T2 HRER KR, HALSETSERSEL, H
SRAF A SHOT Tk RGO S5 F DL RS 1) IR T AR 22 o WO SC 4 A 5 — M U1 55 00 ok TR
IR G AIE TR IS 732 JULEC T, %75 A S R T & 2 7 AT b B 1 5
W, 3 T BSEO R R RR R
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Figure 1. Potential parameter fitting flow chart
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NaF-AlF;-LiF/KF 15 2 1A R/ SHIE PEEA FEIRAE W 1 FoR, A TRHEMHH, —F
RGN ANE TFRA, —ir R A RRRENIEHRAE RN TR ILE TR, WG
FERIRE L2, (HUSCSE s, JIVLEC T RE RS B v, (RS ss, i —E i) o SEH G, BefRIER
F2 1) 77 PR L B T PO B AR AR S, TESERR AT RIS R R ORI o BB 1 R AT LRAEEAR 5 72 U
SN A S HRE BE . 30A H AR 3 oR H0% 58 Dy 0 45 8 88 1 P 7 03 4k 2R 06 0 B e v D 468 6 34 o
Born-Mayer-Huggins (B-M-H), & i35 ek 28 T 20 =0(1) F1 () B :
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W AR -FAHEAER . X Ay pis Cij BLK Dy NEF 1 5 j Z BRI #E IR 24, re h B-M-H 1
FAEMWTAT . SIRA TR S BT I A B 0T3S S8, A R R R B D (S M — A
€, RUATDASHLE £ i o7 Hh 25 3l 0 A AR AR B AT 52

JJULHC 77 FE AL S B e e A RN R 7 2 I i w22 T 1, (AR IR 2B S RO AR R
JR¥52 71558 — 1k R BT REAS 200 PR32 0 A ) - — 2. AR R R IET A EAE o~ 2T i K (2)
XFr RAm SRR, @) R, 32wz IR (4) s
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Table 1. Representative system composition of potential parameter fitting for NaF-AlF;-LiF/KF system

5% 1. NaF-AlF;-LiF/KF R R B S HI SR RIKRLERK

\ ‘ PR P& THH -
AREEM R AR BB
AP F Li* Na* K*
5wt.%LiF + NazAlFg 9 58 4 27 0 98
10wt.%LiF + NazAlFg 9 62 8 27 0 106
15wt.%LiF + NazAlFg 9 67 13 27 0 116
20wt.%LiF + NazAlFg 9 72 18 27 0 126
4.8wWt.%KF + NazAlFg 11 68 0 33 2 114
7.0wt.%KF + NazAlFg 11 69 0 33 3 116
11.2wt.%KF + NazAlFg 11 71 0 33 5 120
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Figure 2. The ion pair potential energy curve of NaF-AlF;-LiF/KF based electrolyte
2. NaF-AlF;-LiF/KF B R BT X e hsk

NaF-AlF;-LiF/KF HLfR 5 #2800 4 10 I ULHES )5 FE4H 22 (98 + 106 + 116 + 126 + 114 + 116 + 120) 7+

DOI: 10.12677/meng.2023.104012 106 VER A


https://doi.org/10.12677/meng.2023.104012

e %

T 796 N RELH AR - SR FRAR R KA 28— MR E AT AL, SRR FE G B 2 (GGA) ¥ PBE
2. AERBWT AN 598.7 eV, K S E N1 x 1 x LR, HIEEIQ(SCR)IRSUREE N 1.0e° eViatom,
CERIRE RS FE N 1.0e7° eViatom, 22 JISOREE N 0.03 eV/A. T RBIRREN, N T HEA RS
PSR TTREI A S, PESE AR I R v A0 VP4 R 10 M SO AT IRk o R 28 — Ve JR B 50K
FEmRE R O AME RIEATE M RAL, AL I 45 A D ULEC T 1, RefELE S8, XA AR
AR G5 HE RN e S5 P4 IR T8 BT AL — P S RORE L, RN 78 00 A% 5 180 122 70 T KA S ik &
RS R A RN IMERNRE T, S 4 ANE TR, 280881 AAL
Al-F. Al-Na. Al-Li. Al-K. F-F. F-Na. F-Li. F-K. Na-Na. Na-Li. Na-K. Li-Li. K-K. HA &8
szl 2 s

FIRE, AR (G)IBEXT MG RS, WEIRBEMEHEAN(T), Hid Lsgnonlin FiZut 24 SR
Wk AR AR ME S 4L, BN NaF-AlF,-LiF/KF ZE HEf# T 1F) B-M-H 4240, RFESEIK B-M-H %
Bz 2 fios:

Table 2. B-M-H potential parameters of NaF-AlF;-LiF/KF based electrolyte
5% 2. NaF-AlF-LiF/KF EEB#EFRA B-M-H £&#

BTt A V) pij (A) Cij (eV x A% Dj (eV x A%
Al-Al 9.5025e+003 3.8360e—001 6.7792e+002 9.9930e—-006
Al-F 4.5544e+004 1.6693e—001 2.2986e+001 1.8714e+001
Al-Na 4.7562e+003 3.1786e—001 9.9862e-006 3.9687e—003
Al-Li 9.6377e+002 6.1429e—002 2.6122e+002 1.4387e+003
Al-K 2.1406e+004 2.3086e—001 3.3730e+001 1.7652e—004

F-F 2.3619e+004 2.2982e—001 6.4040e+000 2.4828e+000
F-Na 1.1023e+004 2.3196e—001 1.0513e+002 2.0101e+001
F-Li 2.4550e+004 1.6173e—001 6.6363e+000 1.6299e+001
F-K 4.0901e+003 2.3177e—001 1.5002e+001 3.2618e+001

Na-Na 9.8314e—006 9.9940e—001 7.7890e+001 9.9996e—006
Li-Li 1.1055e+003 2.6408e—001 1.2706e+000 1.0034e—010
Li-Na 4.7026e+000 9.2087e—001 1.7670e+001 3.1529e-013
K-K 2.0890e+001 9.5954e—001 5.8519e+001 8.5269e—005
K-Na 1.5141e+000 8.7243e—001 8.6100e+001 1.4986e—005

4. BEETELIE
4.1. 7IPCEZIEHE

KRB M B-M-H #5855 HAAN A @) T LIRS 5 — PR B AR RN RN E T2
Folassical MOELREE, ST LA Fl oo 76 X Hl77 10 HO R RO REARRR,  LASE— VR JEERTH500 Py 72 x J71IH 7
KENYPAFR A UG 3.
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Figure 3. Verification of force matching between classical molecular dynamics potential parameter calculation and first
principles calculation
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TR B WA ULECRE, @83 2R(8)IRATAT A BB A4A R I P9 25 7 x A SRS BT b
Faib - Fcilassical i

HAR A 22V 75 K& T ImEFBR DA 4 Fios.

Fab

0.6 | I NaF-AIF3-LiF |
0.5 ]
0.4-
0.3-
0.2-

0.1

O_OLL_..__J_Jldl.._L._|J|.|.|

| C_NaF-AIF3-KF

0.6
0.5
0.4
0.3
0.2

01
0.0 Allig

Relative Frequency

Figure 4. Probability distribution histogram of ion deviation square in
NaF-AlF;-LiF/KF system
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NaF-AlF;-LiF 7R &z 7 /T 0.1 1 b 59%0A |, fwZJ7 /T 1 te it 78%, HAwzEJr
/NT0.01 1 A7 ELIA ) 36.2%. NaF-AlFs-KF 7R RILE MR B £, Wz T 0.1 1 &t 62.7%, H
W 2 /T 1R RIS 86%, R ZE 5 /T 0.01 ) ELik E] 43.9%. BT LA A R 152 1724
7£0.7eV/A DL, A HIEZE/NT 0.0005 eV/A, FIT LLYT/N 460 152 2 th 2 il 5K (1 g 22 7 177 2, i
] 3 AHER A 53 S5 1 T ECR ZE 80K, SEPR BAG #87r feik 1) 15330 F1 10893 [ 2= 77, @i hAH
BT HIERG], KX EF B HERRRE, B b B x oy & —@ ik, #fSer
ZEA SN, P TAE x 7 A4 13435124 0.002326 eV/m F11-0.0004 eV/im, , fEfL At FE RN
At iR ZE M FEE R PAAERRZE A, WX — R R IS AR ZE TR, R RPRZE TN
0.0796, HAUEHEEEL Salanne %5 A\ [26]%} LiF-NaF-KF 14 £ /7 UCEC 25 2 B0 & %5 B 0.0879 T 5.

4.2. BRI IE

KHAMERBHASH, X OA R SLIRHTE TR RBEATAHFE & S T8 1t 5, e
MR ST EE R R ZE, DALSRIGUESA SH I T SEE,  SCI0 ViR F I & o] 52 BE R I R, TRl
W HL T /b B (ARG BE M A5 AT X b, SRER A R ATk 3.

Table 3. Comparison between calculated results and experimental results of macroscopic properties of NaF-AlF;-LiF/KF
system
& 3. NaF-AlFs-LiF/KF (A R BN FRITHAER SRR E R

15 Bh HLMA T MR R UG IEFE (K) % 15 (g/em?) Fi £ (mPa-s)
1300 2.065 (2.071%)
NagAlFe + 3LiFwt.%
1250 2.107 (2.1139)
1300 2.049 (2.053%)
NagAlFs + 7.6LiFwt.%
1250 2.062 (2.093%)
1300 2.038 (2.028%)
NasAlFg + 15.7LiFwt.%
1250 2.053 (2.073%)
NasAlFg + 12.6LiFwt.% 1300 - 1.16 (1.09%
NasAlFg + 27.8LiFwt.% 1300 - 0.94 (0.89
1193 1.967 (1.981%)
KRO.1 + 22wt.%AIF, 1213 1.951 (1.952°
1233 1.934 (1.927°)
1193 1.970 (1.973")
KRO0.2 + 22wt.% 1213 1.953 (1.955%)
1233 1.937 (1.938")

TN HAE, TS NNSERSEE, a[26][27], b [28] EARRRASFNT 7T E 25 ik, Mk
RAMERIL, EHXTOH LR, RUE S TR SRR R IL SR R, Bg R
Hib B4 RN ImZETE 5%LA N, HENRZETZIE %L, R\ILE/R BN A SR 1A
NaF-AlF;-LiF/KF 3 FL g 57 (1 fO0 485 A6 A0 22 W 0, EL TR A e B B 2 5 B (IR | 0 3k 2 2 L AR
H B A B e (P DT A 2

o
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i
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B ILE AR AR A4 . A ER AR LA K, NaF-AlFs-LiF/KF JE B R oML AN B, 50 7 A4
THE S R BN BEAR IR, SR VLR R B S5 0 A G AHLE G 07575, % NaF-AlFs-LiF/KF HUf# 5 & &
) B-M-H #5047 TG T, A SRR

1) Jdid SJUCECEGAE, %A SE R R IR R AR R, A TIFRZ 7 0.0796, FEIHIE
FT NaF-AlF;-LiF/KF 35 L o O 285 46 BRI AL, (R B 45 210 (1 34 2 00T T B 47 256 F A 0 oW 45 440 P
RREHE L T .

2) B EMMERE, A S E MRS O LR B RN, B 5%LLT,
2 WY HE FH T NaF-AlFs-LiF/KF 3% s i 57 7 S0 57 T 5%

BB

AW SCH 2022 4F ) \ITA A1 1 B OCRHS HR1-100 KA = 2 B fg$eal 5 N maisa o AR T R 0 H %,
Wi H %% 5: 2022ZD02.
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