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czZ R

1 PAICREMRISER Y AL /R BB (a) LiINOg; (b) NaNOg; (¢) KNOy; (d) NaNO,; (e) KNO,
Fig. 1. Diagram of the crystal structure of the unit nitrate molten salt: (a) LiNOs; (b) NaNOjg; (c¢) KNOjg; (d) NaNO,; (e) KNO,.
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A: N—O; B: M—O0O; C: O—0; b: Weaker M — O bond;

c: Weaker O — O bond
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Fig. 2. Variation trends of bond energy FE, and covalent

electron pair numbers nq .
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MNO; (M = Li, Na, K) l MNO, (M = Na, K) A1 S 1454 R 245 1

Table 1.  Calculation results of melting points and cohesive energy for MNO;3 (M = Li, Na, K) and MNO, (M = Na, K).
MNO, T /K1Y Tm/K ‘ATiTm‘/% nas—o/atom E./( eV-atom 1) E./(eV-atom!) %/%
LiNOgy 527.5 518.56 1.6 0.1795 14.350 13.986 2.5
NaNOjz 579.1 586.00 1.2 0.2009 13.833 13.821 0.1
KNO;4 612.2 640.27 4.6 0.2779 13.654 12.683 7.1
NaNO, 554.0 563.54 1.7 0.1859 11.233 11.582 3.1
KNO, 713.0 691.66 3.0 0.2159 11.054 10.936 1.1
800 I AR TR RIBARL ISR, I 5 S
o ° TFIE X LLIIE.
R HE T SCHRASE (101293 ACHIFFE X — el IR $h 3t
o0or ° . SR Z (0.5NaNO4-0.5KNO;, 0.44LiNO4-0.56KNO;,
X
h: ° 0.537LiNO4-0.463NaNO;) F¥ J& fft H, 7 45 # 43 7
400 | (AbFERI R S9, S10 (online)). THE R, AMIK
ZHH Na/K/Li 570 B 725 A5 TR RHiE,
M 0.537LiNO3-0.463NaNO; 14 £ H Na Jii 1 & 4
% TiNO, NaNO; KNO; NaNO; KNO, FALSHAE (55 355 4 2=0Y), F1ERE s-d Wi FHE
VAR S 1 li
K 3  MNO, (M = Li, Na, K) 4 &5 T F1 M—O 81 ) SRR BT (3% 510 (online))

na ZALEH
Fig. 3. Variation trends of melting points Ty, and M-O co-
valent electron pair numbers no in MNO, (M = Li, Na, K).
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EZ, A3 IIE © = 0.1—0.9 ZH4MB6 3 R e b st kb s
AT I AR RS0 i, RO FR Y
TR 075 56 )RR H L2 43 IS 3. 38 ) g B 22 4
BT S AR SE EET ik e IR T2 IR, 254
I3, EIEAEH LiNO4( R3¢) 5 NaNO3/KNO,
(R3m) BAFTEERCHEH N—O, 0—0 K& M—O
A AR PR A 22 5. ST OT IR RIS
B, AL NaNOg fhiRE5H R 5Lk, 58 i NaNO;-
KNO; (KR M L F 4540 5L S5 R
% LiINO4-NaNO;, LiINO3-KNO, 74 2 135404

3.2

BRI IR R EEE 2/ F 0.05 A, HIpEK S
THHE S W) & BT AR R B A5 A fg
SWACTE (W4 2), H5 S8R AE M i 22 8T
10%. {HASFF B AR, ikl M—O B3t pa
FRTBO SRR BT B, R R AR e PR
R R BB IR BT 5 5 | R E T L, DT R AR oy
R R WA TR

ST R, ATt T ot
THPRERAR R UM L F 25 R, AT (1-2)NaNO;-
gKNO, /KR & (3 S11 (online)), N, O J&F 45l F
TELESS 1 2% (3 S6 FIZk S7); 4 2 = 0.2, 0.3 A,
Na JEFRIE 2—3 40 (37 S4), HR45019 Na/
K JEF 534 T4 1—4 Z%0r (£ S5). 7E (1-2)LiNOy-
2KNO; /AZ (3 S12 (online))H', N/O JE TS Bl
RASEBITHE 1—2 4B, Li/K i 400 T4 2—
4 4B, KBRS ZE. 1 (1-7)LiNO4-2NaNO;4
R Z (3 S13 (online)) [ N JEF 2B 1—2 Z<Hr
(3 S6), O J5 T14555 1 24Fr (3¢ S7), Li/NaJfi 1

F 2 IR R BTN AR AL IR AR G AR
Table 2. Calculated and observed liquidus temperatures and mixing energy for binary eutectic molten salt systems.
e sy T /K1 Tm/K |ATim| /% E./( eV-atom)[* E./(eV-atom™) lAEEC‘C‘ /%
0.5NaNO3-0.5KNO4 494.0 497.77 0.8 13.743 13.629 0.8
0.44LiNO3-0.56KNO; 410.5 406.49 1.0 13.948 13.179 5.5
0.537LiNO3-0.463NaNO4 473.5 439.77 7.1 14.111 13.671 3.1
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o3 RS 1/3/4 1 3/4 Ak B (3 S5). (HARIER

R, ITARRYIR K d ¥ S50, H

H Li-Na (R F 0K I H SRS 5K A RHIE.
TS (R S14—S16 (online)), —

%3

TCRY R IR R (1-2)NaNO3-2KNO;, (1-2)LiNO;-
2KNOy & (1-2)LiNO3-2NaNO; i) AD {5 ¥/ T
0.05 A, Wi RIS FNEER . S — W], #54K
F Y2 BURHIEPESERE 0 A L N—O B2 Bl

(1-2)NaNO3-2KNO; —IE S IEER AR AT H R A W At B2 IR 5 B

Table 3.  Calculated and observed liquidus temperatures and mixing energy for (1-2)NaNO;-2ZKNO; binary molten salt system.

T T /K Tm/K |AT77n:m| /% na—o/atom™ E./(eV-atom)* E./(eV-atom!) ‘ATLSC' /%
0.1 563 566.42 0.6 0.199 13.815 13.705 0.8
0.2 546 556.96 2.0 0.1908 13.797 12.762 7.5
0.3 528 537.35 1.8 0.1763 13.779 12.924 6.2
0.4 512 522.50 2.1 0.1522 13.761 13.687 0.5
0.5 494 497.77 0.8 0.1479 13.743 13.629 0.8
0.6 514 509.20 0.9 0.1564 13.726 13.481 1.8
0.7 540 549.02 1.7 0.1769 13.708 13.209 3.6
0.8 565 558.5 1.2 0.1865 13.690 13.022 4.9
0.9 588 558.72 5.0 0.1947 13.672 12.812 6.3

%4 (1 0)LINOyaKNO, ~JE4 AR 1 R e LR AR £ e

Table 4.  Calculated and observed liquidus temperatures and mixing energy for (1-z)LiNO3-zZKNOj; binary molten salt system.

T T /K1 Tm /K |ATZm| /% na—o /atom ! E./(eV-atom 1) E./(eV-atom™) ‘ATI?I/%
0.1 514.3 493.85 4.0 0.1788 14.280 13.831 3.1
0.2 497.7 474.34 4.7 0.1766 14.211 12.952 8.9
0.3 477.9 481.83 0.8 0.1693 14.141 13.166 6.9
0.4 453.6 452.15 0.3 0.158 14.072 13.205 6.2
0.5 427.2 418.89 1.9 0.1471 14.002 13.195 5.8
0.56 410.5 406.49 1.0 0.1429 13.948 13.179 5.5
0.6 437.6 429.44 1.9 0.1472 13.932 12.678 9.0
0.7 476 458.42 3.7 0.1528 13.863 12.633 8.9
0.8 524.4 521.35 0.6 0.172 13.793 12.558 9.0
0.9 572.8 575.54 0.5 0.1964 13.724 12.878 6.2

# 5  (1-2)LiNO3-aNaNOy “ICE A 1EEL A R I FLAII i) A iR B FR & B

Table 5. Calculated and observed liquidus temperatures and mixing energy for (1-z)LiNO3-z2NaNO; binary molten salt system.

T T /K Tw /K lATZml /% np—o/atom! E./(eV-atom )12 E./(eV-atom ') ‘AEI?" /%
0.1 517.9 503.94 2.7 0.1773 14.298 13.97 2.3
0.2 507.1 485.17 4.3 0.1737 14.247 13.88 2.6
0.3 495.2 467.32 5.6 0.1702 14.195 13.796 2.8
0.4 482 450.07 6.6 0.1667 14.143 13.718 3.0
0.463 473.5 439.77 7.1 0.1645 14.111 13.671 3.1
0.5 482.5 469.06 2.8 0.1787 14.091 13.608 3.4
0.6 499.4 485.9 2.7 0.1827 14.04 14.255 1.5
0.7 520.1 512.96 1.4 0.179 13.988 13.799 1.4
0.8 538.7 564.38 4.8 0.1835 13.936 14.084 1.1
0.9 558.7 566.4 1.4 0.1881 13.885 13.986 0.7
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Fig. 4. Variation trends of liquidus temperatures and M-0O
covalent electron pair numbers njy;_o in binary nitrate
molten salts: (a) (1-2)NaNOz-2KNOj; (b) (1-z)LiNOs;-
zKNO3; (¢) (1-2)LiNO5-2NaNO;.
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Fig. 5. Viscosity of LiNO;-NaNOj;, LiNO3;-KNOj;, NaNOj-
KNOj systems.

HL 3 A S R[] I i PR Y o A
. HANTEA BRI S17 (online) $UAAF 4457 Tk
I LiNO3, NaNOj, KNOg HHL SR G R,
FIRI TSR X 3 Fh TR RRIE £h 7k 2 B S50
R RIEAT TR, S5 IIE 6 R, 3 R AR
HL SR ATA SR B A R A2 (b a3, BB 58 2

216101-7


https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250755
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

¥ 1B ¥ Acta Phys. Sin.

Vol. 74, No. 21 (2025)

216101

HoTF M RE TR ES. K, KNO,
VENSE —2HTT, BERRAR T —ouik £ Ay HL S5
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(1-2)LiINO3-zKNO; HYHL 33 0.7366—1.2699 Q-
em !, T E N 0.3994—0.5524 W/(mK); (1-2)Na
NO3-2KNO; 1 B 5 %y 0.7190—1.1112 Q e,
PNy 0.3942—0.5058 W/(m-K).
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Fig. 6. Electrical and thermal conductivities of binary ni-
trate molten salts: (a) LiNO3-NaNOsj; (b) LiNO3-KNOj;
(¢) NaNO3-KNOs.
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Fig. 7. Correlation diagram of viscosity, electrical conduct-
ivity, and thermal conductivity for binary nitrate molten
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(c) (1-z)NaNO3-zKNOj3 systems.

%

A E RS T2k d T e R

216101-8


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 2 3R Acta Phys. Sin. Vol. 74, No. 21 (2025)

216101

7N T ASTRER W fL T 2540 5 L BRI BB 1 I AE K
I, G5 R, BOTHMRE M A RE S M TRIE
FHSE, S o M—O B (M = Li, Na, K)
L X E , HA G S N S IR DG, R
TR R WAL IR E S R MO
HL PR IEAR G, — oot R R RS B PRI S
FHCL X B0 D, WAL TR R HOT N R SR
TR, HAENEHIIE 5 8EV) & RAF. @it 2s
GIFARFEEE . B SRR TR Y M SR, T
0.5LiNO,-0.5NaNO;, 0.5LiNO5-0.5KNO;, 0.6NaNO;-
0.4KNO; fJt B BC e 19 — e R £h, HAR WAk I
55 1 80l A i P B YA A i R 1R T A
PET PR 728 BT ML T-45 44 J2 1 B B T A
R R RE RS, S TR R A2 A
PR T B AR

S7% 30k

[1] XuD, Yu CL, Li F, Yang Y, Li B L, Lu L, Lin Y C 2024
Mater. Rep. 38 33 (in Chinese) I}, TR, 255F, =, &
TR, A0, TR 2024 BERLSR 38 33)

[2] Zhang H T, Zhao Y J, Zhang P, Shi L J, Li J L, Kang W Q,
Huang P J, Wang M 2015 Mater. Rep. 29 54 (in Chinese) [5§
FAR, AR, KN, WA, B, BN, EEEE, 8
2015 FHEFTHz 29 54]

[3] Chen D, Lv HK, Ling L W, Lai Z Y, Xiao G, Zhu P W 2024
Acta Energ. Sol. Sin. 45 432 (in Chinese) [F4e, Bt T
B, IR, R, BLEEHE 2024 KIAREZEIR 45 432)

[4] Fan G, Song J, Gong X Y, Fu Z J, Zhang J G, Dai Y P 2024
Acta Energ. Sol. Sin. 45 590 (in Chinese) [JENI, A4, =,
4%, Sl 3O0GF 2024 KIHAE 4R 45 590]

[5] Bajaj I, Peng X, Maravelias C T 2024 RSC Sustain. 2 943

[6] Sun H, Su X Z, Zhang P, Wang J Q 2017 Corros. Sci. Prot.
Technol. 29 282 (in Chinese) [fME, #2417, KIS, T &R 2017
JEE AR B ROR 29 282)

[7] Yao Y, Ding J, Liu S, Wei X, Wang W, Lu J 2023 Solar
Energy Materials and Solar Cells 256 112333

[8] Erdemir D, Ozbekler A, Altuntop N 2022 Solar Energy 239
294

[9] Wang T, Mantha D, Reddy R G 2012 Sol. Mat. 100 162

[10] Kramer C M, Wilson C J 1980 Thermochim. Acta 42 253

(11] Greis O, Bahamdan K M, Uwais B M 1985 Thermochim.
Acta 86 343

[12] Maeso M J, Largo J 1993 Thermochim. Acta 223 145

[13] Zang X J, Tian J, Xu K C, Gao Y C 2003 J. Phase Equilib.
24 441

[14] Chen J, Zeng D W, Li D D, Wang J T, Han H J, Guo L J
2015 Inorg. Chem. Ind. 47 38 (in Chinese) [Fi#H, HEC, 224
K, E4V, $g7E, ST 2015 JCHLER Tl 47 38)

[15] Mochinaga J, Ohtani H, Igarashi K 1981 Bunseki Kagaku 49
19

[16] Bonk A, Braun M, Bauer T 2022 Sol. Energy 231 1061

[17] Zhong Y, Wang M, Wang H Y, Yuan J S 2021 Sol. Energy
Mater. Sol. Cells 230 111148

(18] Li X 2019 Ph. D. Dissertation (Shanghai: Shanghai Institute

(19]

20]
21]
[22]
(23]
(24]
(25]
[26]

27]
28]

29]
30]

(31]

(32]

33]

(34]
35]

(36]

(37]
38

[39]

[40]

[41]

[42]
43]

[44]
[45]

[46]
[47]

(48]
[49]

216101-9

of Applied Physics) [Z548 2019 {+-2&A103C (Lif: 1 EEE
B F 10 A5 )|

Luo H H, Shen Q, Lin J G, Zhang Y M, Xu Y K 2020 Energ.
Storage Sci. Technol. 9 1755 (in Chinese) [¥ 148, Jhik, MR
NG, Tk, BAT 2020 fEEERI: SR 9 1755]

Wang X Z, Guo Y Q, Li BY, Feng Y C, Tang W 2025 Phys.
E: Low-Dimens. Syst. Nanostructures 165 116124

Yang ZY, Guo Y Q, Zhang X P, Tang W, Li BY, Feng Y C
2024 J. Energy Storage 91 111963

Lv M Z, Xu B, Cai L C, Jia F, Yuan X D 2019 Chin. Phys.
Lett. 36 013101

Li B, Zheng Y, Shao X, Jiang Z Y, Zhang X, Wang W W, Lu
J,LiY F 2023 Int. J. Refract. Met. Hard Mater. 112 106162
FuB Q, Liu W, Li Z L 2009 Appl. Surf. Sci. 255 8511

Fu B Q, Liu W, Li Z L 2010 Appl. Surf. Sci. 256 6899

Li S, Ma C L, Hou X H, Wang H L, Shi C X, Guo R, Zhou Y
2022 J. Alloys Compd. 907 164409

Yin L H, Guo Y Q, Guo X P 2022 Inorg. Chem. 61 2402
Feng Y C, Guo Y Q, Yao Y, Liu W, Li BY, Yin L. H, Wang
T 2023 J. Phys. Chem. C'127 21328

Wang T, Guo Y Q, Wang C 2021 Chin. Phys. B 30 043101
Guo Y Q, Su T, Zhang J, Wang X Q, Chen Y, Zhao X 2020
ACS Appl. Energy Mater. 3 5361

LiBY,Guo Y Q, Yang Z Y, Wang X Z, Feng Y C, Tang W,
Peng S Q, Su T 2024 Phys. Chem. Chem. Phys. 26 25819
Zhang X P, Yang Z Y, Tang W, Li BY, Feng Y C, Zhao X,
Guo Y Q, Li B R 2024 Ordn. Mater. Sci. Eng. 1 11 (in
Chinese) [FRIBMS, 75, RiER, Z0ivE, B8R, B, S0,
2k 2024 EHRMEESES TR 1 11]

Guo Y Q, Yi R H, Zhang R L, Zhang X H, Tao K 1998 J.
Phys. Chem. B 102 9

Yu R H 1978 Sci. Bull 23 217

Rao C, Prakash B, Natarajan M 1975 Crystal Structure
Transformations in  Inorganic  Nitrites  Nitrates and
Carbonates (1st Ed.) (Washington, D. C. : U. S. Government
Printing Office) p3

Benages-Vilau R, Calvet T, Cuevas-Diarte M A 2014
Crystallogr. Rev. 20 25

Zachariasen W H 1929 GFF 51 123

Gonschorek G, Weitzel H, Miehe G, Fuess H, Schmahl W W
2000 Z. Kristallogr. - Cryst. Mater. 215 752

Solbakk J K, Strgmme K O, Rasmussen S E, Smidsred O,
Lindberg A A, Jansen G, Lamm B, Samuelsson B 1969 Acta
Chem. Scand. 23 20

Schiebel P, Altenburger W, Hoser A, Prandl W, Hiller W
1990 Z. Kristallogr. - Cryst. Mater. 190 63

Predel F, Predel B 2016 Phase Equilibria, Crystallographic
and Thermodynamic Data of Binary Alloys (Volume 12D)
(Berlin: Springer) pl

Kittel, C 2004 Introduction to Solid State Physics (8th Ed.)
(New York: John Wiley & Sons) pl

Mohammad M B, Cadusch P, Brooks G A, Rhamdhani M A
2018 Metall. Mater. Trans. B 49 3580

Janz G J 1968 Molten Salts 1 139

Abe Y, Kosugiyama O, Nagashima A 1981 J. Nucl. Mater. 99
173

Wakao M, Minami K, Nagashima A 1991 Int. J. Thermophys.
12 223

Sato Y, Fukasawa M, Yamamura T 1997 Int. J. Thermophys.
18 1123

Bloomfield V A, Dewan R 1971 J. Phys. Chem. 75 3113
Fujiwara S, Inaba M, Tasaka A 2010 J. Power Sources 195
7691


https://doi.org/10.11896/cldb.23030280
https://doi.org/10.11896/cldb.23030280
https://doi.org/10.11896/cldb.23030280
https://doi.org/10.11896/cldb.23030280
https://doi.org/10.11896/cldb.23030280
https://doi.org/10.11896/cldb.23030280
https://doi.org/10.11896/cldb.23030280
https://doi.org/10.11896/cldb.23030280
https://doi.org/10.11896/cldb.23030280
https://doi.org/10.11896/cldb.23030280
https://doi.org/10.11896/cldb.23030280
https://doi.org/10.11896/cldb.23030280
https://doi.org/10.11896/cldb.23030280
https://doi.org/10.11896/cldb.23030280
https://doi.org/10.11896/j.issn.1005-023X.2015.01.009
https://doi.org/10.11896/j.issn.1005-023X.2015.01.009
https://doi.org/10.11896/j.issn.1005-023X.2015.01.009
https://doi.org/10.11896/j.issn.1005-023X.2015.01.009
https://doi.org/10.11896/j.issn.1005-023X.2015.01.009
https://doi.org/10.11896/j.issn.1005-023X.2015.01.009
https://doi.org/10.11896/j.issn.1005-023X.2015.01.009
https://doi.org/10.11896/j.issn.1005-023X.2015.01.009
https://doi.org/10.11896/j.issn.1005-023X.2015.01.009
https://doi.org/10.11896/j.issn.1005-023X.2015.01.009
https://doi.org/10.11896/j.issn.1005-023X.2015.01.009
https://doi.org/10.11896/j.issn.1005-023X.2015.01.009
https://doi.org/10.11896/j.issn.1005-023X.2015.01.009
https://doi.org/10.11896/j.issn.1005-023X.2015.01.009
https://doi.org/10.11896/j.issn.1005-023X.2015.01.009
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0618
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0618
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0618
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0618
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0618
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0618
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0618
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0618
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0618
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0618
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0618
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0618
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0618
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0618
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0468
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0468
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0468
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0468
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0468
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0468
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0468
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0468
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0468
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0468
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0468
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0468
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0468
https://doi.org/10.19912/j.0254-0096.tynxb.2023-0468
https://doi.org/10.1039/D3SU00244F
https://doi.org/10.1039/D3SU00244F
https://doi.org/10.1039/D3SU00244F
https://doi.org/10.1039/D3SU00244F
https://doi.org/10.1039/D3SU00244F
https://doi.org/10.1039/D3SU00244F
https://doi.org/10.1039/D3SU00244F
https://doi.org/10.11903/1002.6495.2016.168
https://doi.org/10.11903/1002.6495.2016.168
https://doi.org/10.11903/1002.6495.2016.168
https://doi.org/10.11903/1002.6495.2016.168
https://doi.org/10.11903/1002.6495.2016.168
https://doi.org/10.11903/1002.6495.2016.168
https://doi.org/10.11903/1002.6495.2016.168
https://doi.org/10.11903/1002.6495.2016.168
https://doi.org/10.11903/1002.6495.2016.168
https://doi.org/10.11903/1002.6495.2016.168
https://doi.org/10.11903/1002.6495.2016.168
https://doi.org/10.11903/1002.6495.2016.168
https://doi.org/10.11903/1002.6495.2016.168
https://doi.org/10.11903/1002.6495.2016.168
https://doi.org/10.11903/1002.6495.2016.168
https://doi.org/10.1016/j.solmat.2023.112333
https://doi.org/10.1016/j.solmat.2023.112333
https://doi.org/10.1016/j.solmat.2023.112333
https://doi.org/10.1016/j.solmat.2023.112333
https://doi.org/10.1016/j.solmat.2023.112333
https://doi.org/10.1016/j.solmat.2023.112333
https://doi.org/10.1016/j.solmat.2023.112333
https://doi.org/10.1016/j.solmat.2023.112333
https://doi.org/10.1016/j.solener.2022.05.010
https://doi.org/10.1016/j.solener.2022.05.010
https://doi.org/10.1016/j.solener.2022.05.010
https://doi.org/10.1016/j.solener.2022.05.010
https://doi.org/10.1016/j.solener.2022.05.010
https://doi.org/10.1016/j.solener.2022.05.010
https://doi.org/10.1016/j.solmat.2012.01.009
https://doi.org/10.1016/j.solmat.2012.01.009
https://doi.org/10.1016/j.solmat.2012.01.009
https://doi.org/10.1016/j.solmat.2012.01.009
https://doi.org/10.1016/j.solmat.2012.01.009
https://doi.org/10.1016/j.solmat.2012.01.009
https://doi.org/10.1016/j.solmat.2012.01.009
https://doi.org/10.1016/0040-6031(80)85085-4
https://doi.org/10.1016/0040-6031(80)85085-4
https://doi.org/10.1016/0040-6031(80)85085-4
https://doi.org/10.1016/0040-6031(80)85085-4
https://doi.org/10.1016/0040-6031(80)85085-4
https://doi.org/10.1016/0040-6031(80)85085-4
https://doi.org/10.1016/0040-6031(80)85085-4
https://doi.org/10.1016/0040-6031(85)87063-5
https://doi.org/10.1016/0040-6031(85)87063-5
https://doi.org/10.1016/0040-6031(85)87063-5
https://doi.org/10.1016/0040-6031(85)87063-5
https://doi.org/10.1016/0040-6031(85)87063-5
https://doi.org/10.1016/0040-6031(85)87063-5
https://doi.org/10.1016/0040-6031(85)87063-5
https://doi.org/10.1016/0040-6031(85)87063-5
https://doi.org/10.1016/0040-6031(93)80129-X
https://doi.org/10.1016/0040-6031(93)80129-X
https://doi.org/10.1016/0040-6031(93)80129-X
https://doi.org/10.1016/0040-6031(93)80129-X
https://doi.org/10.1016/0040-6031(93)80129-X
https://doi.org/10.1016/0040-6031(93)80129-X
https://doi.org/10.1016/0040-6031(93)80129-X
https://doi.org/10.1361/105497103770330091
https://doi.org/10.1361/105497103770330091
https://doi.org/10.1361/105497103770330091
https://doi.org/10.1361/105497103770330091
https://doi.org/10.1361/105497103770330091
https://doi.org/10.1361/105497103770330091
https://d.wanfangdata.com.cn/periodical/wjygy201511010
https://d.wanfangdata.com.cn/periodical/wjygy201511010
https://d.wanfangdata.com.cn/periodical/wjygy201511010
https://d.wanfangdata.com.cn/periodical/wjygy201511010
https://d.wanfangdata.com.cn/periodical/wjygy201511010
https://d.wanfangdata.com.cn/periodical/wjygy201511010
https://d.wanfangdata.com.cn/periodical/wjygy201511010
https://d.wanfangdata.com.cn/periodical/wjygy201511010
https://d.wanfangdata.com.cn/periodical/wjygy201511010
https://d.wanfangdata.com.cn/periodical/wjygy201511010
https://d.wanfangdata.com.cn/periodical/wjygy201511010
https://d.wanfangdata.com.cn/periodical/wjygy201511010
https://d.wanfangdata.com.cn/periodical/wjygy201511010
https://d.wanfangdata.com.cn/periodical/wjygy201511010
https://doi.org/10.5796/kogyobutsurikagaku.49.19
https://doi.org/10.5796/kogyobutsurikagaku.49.19
https://doi.org/10.5796/kogyobutsurikagaku.49.19
https://doi.org/10.5796/kogyobutsurikagaku.49.19
https://doi.org/10.5796/kogyobutsurikagaku.49.19
https://doi.org/10.5796/kogyobutsurikagaku.49.19
https://doi.org/10.1016/j.solener.2021.12.020
https://doi.org/10.1016/j.solener.2021.12.020
https://doi.org/10.1016/j.solener.2021.12.020
https://doi.org/10.1016/j.solener.2021.12.020
https://doi.org/10.1016/j.solener.2021.12.020
https://doi.org/10.1016/j.solener.2021.12.020
https://doi.org/10.1016/j.solener.2021.12.020
https://doi.org/10.1016/j.solmat.2021.111148
https://doi.org/10.1016/j.solmat.2021.111148
https://doi.org/10.1016/j.solmat.2021.111148
https://doi.org/10.1016/j.solmat.2021.111148
https://doi.org/10.1016/j.solmat.2021.111148
https://doi.org/10.1016/j.solmat.2021.111148
https://doi.org/10.1016/j.solmat.2021.111148
https://doi.org/10.1016/j.solmat.2021.111148
https://doi.org/10.19799/j.cnki.2095-4239.2020.0204
https://doi.org/10.19799/j.cnki.2095-4239.2020.0204
https://doi.org/10.19799/j.cnki.2095-4239.2020.0204
https://doi.org/10.19799/j.cnki.2095-4239.2020.0204
https://doi.org/10.19799/j.cnki.2095-4239.2020.0204
https://doi.org/10.19799/j.cnki.2095-4239.2020.0204
https://doi.org/10.19799/j.cnki.2095-4239.2020.0204
https://doi.org/10.19799/j.cnki.2095-4239.2020.0204
https://doi.org/10.19799/j.cnki.2095-4239.2020.0204
https://doi.org/10.19799/j.cnki.2095-4239.2020.0204
https://doi.org/10.19799/j.cnki.2095-4239.2020.0204
https://doi.org/10.19799/j.cnki.2095-4239.2020.0204
https://doi.org/10.19799/j.cnki.2095-4239.2020.0204
https://doi.org/10.19799/j.cnki.2095-4239.2020.0204
https://doi.org/10.19799/j.cnki.2095-4239.2020.0204
https://doi.org/10.19799/j.cnki.2095-4239.2020.0204
https://doi.org/10.1016/j.physe.2024.116124
https://doi.org/10.1016/j.physe.2024.116124
https://doi.org/10.1016/j.physe.2024.116124
https://doi.org/10.1016/j.physe.2024.116124
https://doi.org/10.1016/j.physe.2024.116124
https://doi.org/10.1016/j.physe.2024.116124
https://doi.org/10.1016/j.physe.2024.116124
https://doi.org/10.1016/j.physe.2024.116124
https://doi.org/10.1016/j.physe.2024.116124
https://doi.org/10.1016/j.physe.2024.116124
https://doi.org/10.1016/j.est.2024.111963
https://doi.org/10.1016/j.est.2024.111963
https://doi.org/10.1016/j.est.2024.111963
https://doi.org/10.1016/j.est.2024.111963
https://doi.org/10.1016/j.est.2024.111963
https://doi.org/10.1016/j.est.2024.111963
https://doi.org/10.1016/j.est.2024.111963
https://doi.org/10.1088/0256-307X/36/1/013101
https://doi.org/10.1088/0256-307X/36/1/013101
https://doi.org/10.1088/0256-307X/36/1/013101
https://doi.org/10.1088/0256-307X/36/1/013101
https://doi.org/10.1088/0256-307X/36/1/013101
https://doi.org/10.1088/0256-307X/36/1/013101
https://doi.org/10.1088/0256-307X/36/1/013101
https://doi.org/10.1088/0256-307X/36/1/013101
https://doi.org/10.1016/j.ijrmhm.2023.106162
https://doi.org/10.1016/j.ijrmhm.2023.106162
https://doi.org/10.1016/j.ijrmhm.2023.106162
https://doi.org/10.1016/j.ijrmhm.2023.106162
https://doi.org/10.1016/j.ijrmhm.2023.106162
https://doi.org/10.1016/j.ijrmhm.2023.106162
https://doi.org/10.1016/j.ijrmhm.2023.106162
https://doi.org/10.1016/j.apsusc.2009.06.002
https://doi.org/10.1016/j.apsusc.2009.06.002
https://doi.org/10.1016/j.apsusc.2009.06.002
https://doi.org/10.1016/j.apsusc.2009.06.002
https://doi.org/10.1016/j.apsusc.2009.06.002
https://doi.org/10.1016/j.apsusc.2009.06.002
https://doi.org/10.1016/j.apsusc.2009.06.002
https://doi.org/10.1016/j.apsusc.2010.04.108
https://doi.org/10.1016/j.apsusc.2010.04.108
https://doi.org/10.1016/j.apsusc.2010.04.108
https://doi.org/10.1016/j.apsusc.2010.04.108
https://doi.org/10.1016/j.apsusc.2010.04.108
https://doi.org/10.1016/j.apsusc.2010.04.108
https://doi.org/10.1016/j.apsusc.2010.04.108
https://doi.org/10.1016/j.jallcom.2022.164409
https://doi.org/10.1016/j.jallcom.2022.164409
https://doi.org/10.1016/j.jallcom.2022.164409
https://doi.org/10.1016/j.jallcom.2022.164409
https://doi.org/10.1016/j.jallcom.2022.164409
https://doi.org/10.1016/j.jallcom.2022.164409
https://doi.org/10.1016/j.jallcom.2022.164409
https://doi.org/10.1021/acs.inorgchem.1c03089
https://doi.org/10.1021/acs.inorgchem.1c03089
https://doi.org/10.1021/acs.inorgchem.1c03089
https://doi.org/10.1021/acs.inorgchem.1c03089
https://doi.org/10.1021/acs.inorgchem.1c03089
https://doi.org/10.1021/acs.inorgchem.1c03089
https://doi.org/10.1021/acs.inorgchem.1c03089
https://doi.org/10.1021/acs.jpcc.3c04651
https://doi.org/10.1021/acs.jpcc.3c04651
https://doi.org/10.1021/acs.jpcc.3c04651
https://doi.org/10.1021/acs.jpcc.3c04651
https://doi.org/10.1021/acs.jpcc.3c04651
https://doi.org/10.1021/acs.jpcc.3c04651
https://doi.org/10.1021/acs.jpcc.3c04651
https://doi.org/10.1088/1674-1056/abd167
https://doi.org/10.1088/1674-1056/abd167
https://doi.org/10.1088/1674-1056/abd167
https://doi.org/10.1088/1674-1056/abd167
https://doi.org/10.1088/1674-1056/abd167
https://doi.org/10.1088/1674-1056/abd167
https://doi.org/10.1088/1674-1056/abd167
https://doi.org/10.1021/acsaem.0c00377
https://doi.org/10.1021/acsaem.0c00377
https://doi.org/10.1021/acsaem.0c00377
https://doi.org/10.1021/acsaem.0c00377
https://doi.org/10.1021/acsaem.0c00377
https://doi.org/10.1021/acsaem.0c00377
https://doi.org/10.1039/D4CP03135K
https://doi.org/10.1039/D4CP03135K
https://doi.org/10.1039/D4CP03135K
https://doi.org/10.1039/D4CP03135K
https://doi.org/10.1039/D4CP03135K
https://doi.org/10.1039/D4CP03135K
https://doi.org/10.1039/D4CP03135K
https://doi.org/10.14024/j.cnki.1004-244x.20241011.001
https://doi.org/10.14024/j.cnki.1004-244x.20241011.001
https://doi.org/10.14024/j.cnki.1004-244x.20241011.001
https://doi.org/10.14024/j.cnki.1004-244x.20241011.001
https://doi.org/10.14024/j.cnki.1004-244x.20241011.001
https://doi.org/10.14024/j.cnki.1004-244x.20241011.001
https://doi.org/10.14024/j.cnki.1004-244x.20241011.001
https://doi.org/10.14024/j.cnki.1004-244x.20241011.001
https://doi.org/10.14024/j.cnki.1004-244x.20241011.001
https://doi.org/10.14024/j.cnki.1004-244x.20241011.001
https://doi.org/10.14024/j.cnki.1004-244x.20241011.001
https://doi.org/10.14024/j.cnki.1004-244x.20241011.001
https://doi.org/10.14024/j.cnki.1004-244x.20241011.001
https://doi.org/10.14024/j.cnki.1004-244x.20241011.001
https://doi.org/10.14024/j.cnki.1004-244x.20241011.001
https://doi.org/10.1021/jp9714781
https://doi.org/10.1021/jp9714781
https://doi.org/10.1021/jp9714781
https://doi.org/10.1021/jp9714781
https://doi.org/10.1021/jp9714781
https://doi.org/10.1021/jp9714781
https://doi.org/10.1021/jp9714781
https://doi.org/10.1021/jp9714781
https://doi.org/10.1360/csb1978-23-4-217
https://doi.org/10.1360/csb1978-23-4-217
https://doi.org/10.1360/csb1978-23-4-217
https://doi.org/10.1360/csb1978-23-4-217
https://doi.org/10.1360/csb1978-23-4-217
https://doi.org/10.1360/csb1978-23-4-217
https://doi.org/10.1360/csb1978-23-4-217
https://doi.org/10.1080/0889311X.2013.838673
https://doi.org/10.1080/0889311X.2013.838673
https://doi.org/10.1080/0889311X.2013.838673
https://doi.org/10.1080/0889311X.2013.838673
https://doi.org/10.1080/0889311X.2013.838673
https://doi.org/10.1080/0889311X.2013.838673
https://doi.org/10.1002/ange.19290423015
https://doi.org/10.1002/ange.19290423015
https://doi.org/10.1002/ange.19290423015
https://doi.org/10.1002/ange.19290423015
https://doi.org/10.1002/ange.19290423015
https://doi.org/10.1002/ange.19290423015
https://doi.org/10.1002/ange.19290423015
https://doi.org/10.1524/zkri.2000.215.12.752
https://doi.org/10.1524/zkri.2000.215.12.752
https://doi.org/10.1524/zkri.2000.215.12.752
https://doi.org/10.1524/zkri.2000.215.12.752
https://doi.org/10.1524/zkri.2000.215.12.752
https://doi.org/10.1524/zkri.2000.215.12.752
https://doi.org/10.1524/zkri.2000.215.12.752
https://doi.org/10.1524/zkri.2000.215.12.752
https://doi.org/10.1524/zkri.2000.215.12.752
https://doi.org/10.1524/zkri.2000.215.12.752
https://doi.org/10.1524/zkri.2000.215.12.752
https://doi.org/10.3891/acta.chem.scand.23-0300
https://doi.org/10.3891/acta.chem.scand.23-0300
https://doi.org/10.3891/acta.chem.scand.23-0300
https://doi.org/10.3891/acta.chem.scand.23-0300
https://doi.org/10.3891/acta.chem.scand.23-0300
https://doi.org/10.3891/acta.chem.scand.23-0300
https://doi.org/10.3891/acta.chem.scand.23-0300
https://doi.org/10.3891/acta.chem.scand.23-0300
https://doi.org/10.1524/zkri.1989.190.14.63
https://doi.org/10.1524/zkri.1989.190.14.63
https://doi.org/10.1524/zkri.1989.190.14.63
https://doi.org/10.1524/zkri.1989.190.14.63
https://doi.org/10.1524/zkri.1989.190.14.63
https://doi.org/10.1524/zkri.1989.190.14.63
https://doi.org/10.1524/zkri.1989.190.14.63
https://doi.org/10.1524/zkri.1989.190.14.63
https://doi.org/10.1524/zkri.1989.190.14.63
https://doi.org/10.1524/zkri.1989.190.14.63
https://doi.org/10.1524/zkri.1989.190.14.63
https://doi.org/10.1007/s11663-018-1408-3
https://doi.org/10.1007/s11663-018-1408-3
https://doi.org/10.1007/s11663-018-1408-3
https://doi.org/10.1007/s11663-018-1408-3
https://doi.org/10.1007/s11663-018-1408-3
https://doi.org/10.1007/s11663-018-1408-3
https://doi.org/10.1007/s11663-018-1408-3
https://doi.org/10.6028/NBS.NSRDS.15
https://doi.org/10.6028/NBS.NSRDS.15
https://doi.org/10.6028/NBS.NSRDS.15
https://doi.org/10.6028/NBS.NSRDS.15
https://doi.org/10.6028/NBS.NSRDS.15
https://doi.org/10.6028/NBS.NSRDS.15
https://doi.org/10.6028/NBS.NSRDS.15
https://doi.org/10.1016/0022-3115(81)90186-0
https://doi.org/10.1016/0022-3115(81)90186-0
https://doi.org/10.1016/0022-3115(81)90186-0
https://doi.org/10.1016/0022-3115(81)90186-0
https://doi.org/10.1016/0022-3115(81)90186-0
https://doi.org/10.1016/0022-3115(81)90186-0
https://doi.org/10.1007/BF00500748
https://doi.org/10.1007/BF00500748
https://doi.org/10.1007/BF00500748
https://doi.org/10.1007/BF00500748
https://doi.org/10.1007/BF00500748
https://doi.org/10.1007/BF00500748
https://doi.org/10.1007/BF02575253
https://doi.org/10.1007/BF02575253
https://doi.org/10.1007/BF02575253
https://doi.org/10.1007/BF02575253
https://doi.org/10.1007/BF02575253
https://doi.org/10.1007/BF02575253
https://doi.org/10.1021/j100689a014
https://doi.org/10.1021/j100689a014
https://doi.org/10.1021/j100689a014
https://doi.org/10.1021/j100689a014
https://doi.org/10.1021/j100689a014
https://doi.org/10.1021/j100689a014
https://doi.org/10.1021/j100689a014
https://doi.org/10.1016/j.jpowsour.2010.05.032
https://doi.org/10.1016/j.jpowsour.2010.05.032
https://doi.org/10.1016/j.jpowsour.2010.05.032
https://doi.org/10.1016/j.jpowsour.2010.05.032
https://doi.org/10.1016/j.jpowsour.2010.05.032
https://doi.org/10.1016/j.jpowsour.2010.05.032
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

#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 21 (2025) 216101

[50] Fujiwara S, Inaba M, Tasaka A 2011 J. Power Sources 196 Thermophys. 35 246
4012 [54) Hu C X 2018 M. S. Thesis (Beijing: Beijing University of
[51] Gheribi A E, Torres J A, Chartrand P 2014 Sol. Energy Technology) [BHFSH 2018 fil+-2#0riE3C (Jbat: Jbat Tl k2]

Mater. Sol. Cells 126 11

52] Li Y Y, Xu X K, Wang X X, Li P W, Hao Q, Xiao B 2017 [65] Murgulescu I G, Zuca S 1969 Electrochim. Acta 14 519
Sol. Energy 152 57 ' [66] Murgulescu I G, Zuca S 1966 Electrochim. Acta 11 1383

[53] Hossain M Z, Kassaee M H, Jeter S, Teja A S 2014 Int. J. [67] Stern K H 1972 J. Phys. Chem. Ref. Data 1 747

Analysis of correlation between valence electron structures
and properties of nitrates based on empirical electron
theory of solids and molecules®

KONG Haitao = ZHANG Xiaopeng TANG Wei ZHAO Xing
YANG Zhenyu GUO Yongquan! LI Baorang?

(School of Energy Power and Mechanical Engineering, North China Electric Power University, Beijing 102206, China)
( Received 12 June 2025; revised manuscript received 24 August 2025 )
Abstract

Nitrate molten salt is widely used as an efficient thermal storage material for improving concentrated solar
power (CSP) technology, which is due to their many excellent properties such as thermal stability, high energy
density, low viscosity and liquefaction temperature. However, it is not convenient to measure the performance
of nitrate for a long time in a high temperature molten state, which can cause the storage containers made of
stainless steel to be corroded by nitrate salt. Simulations also face huge challenges in optimizing the
performance of nitrate molten salts, with models being complex and calculation time being long. In this study,
an empirical electron theory (EET) of solids and molecules is used to investigate the valence electron structure,
cohesive energy, and melting points of MNOs (M = Li, Na, K) and their decomposition byproducts (nitrites)
systematically for revealing the mechanisms of these properties. The calculated bond lengths, cohesive energy,
and melting points of nitrate molten salt are in agreement with their corresponding measurements. This study
reveals the strong dependence of physical properties on the valence electron structure. The bonding strength
and ability strongly depend on the covalent electron pairs n,. The cohesive energy exhibits a positive
correlation with the number of valence electrons n.. The melting mechanism originates from the melting-broken
M-0O (M = Li, Na, K) bond by the vibrating of thermal phonon at melting temperature. It is suggested that
the atomic cluster of NOj is still stabilized in the melting process. In binary nitrate molten-salts, the calculated
liquidus lines match the measured ones in their binary phase diagrams well. The liquid temperatures show
significant positive correlation with the weighted average number of covalent electron pairs (nar—o) on M-O
bond. The thermodynamic simulation models are used systematically to predict the viscosity, electrical
conductivity, and thermal conductivity of the binary nitrate molten-salts. Based on the calculations of EET and
thermodynamic simulations, the composition of binary nitrate molten salts is optimized as 0.5LiNO3-0.5NaNOs,
0.5LiNO3-0.5KNO3, and 0.6NaNO3-0.4KNO3, which are considered as good candidates for advanced molten salts
with high thermal conductivity, high electrical conductivity, low viscosity, and low liquefaction temperature.

Keywords: nitrates, valence electron structure, melting point, cohesive energy
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