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Abstract As heat storage media, molten salt thermal storage materials have received considerable attention in the
field of high-temperature thermal storage technology. Research and understanding of their thermodynamic properties
are fundamental to advancing molten salt thermal storage materials. In this study, a high-temperature drop

calorimeter was developed for investigating the thermodynamic properties of molten salt thermal energy storage
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materials. The accuracy of the drop calorimeter was determined to be +0.5% by measuring the enthalpy of the

standard material of a-AL,O,. By measuring the enthalpy values of high-purity Sn before and after its solid-liquid
phase transition, the measurement deviations for phase transition temperature and enthalpy from the differential
scanning calorimetry (DSC) measurement results were determined to be +0.12% and +1.3%, respectively. The
enthalpy values of NaNO,, KNO,, and solar salt (60%NaNQ,-40%KNO,) were measured by the drop calorimeter in
the temperature range of 350—750 K. Polynomial equations for the enthalpy of both the solid and liquid phases were
obtained through data fitting, and the phase transition temperatures and enthalpy values were calculated. The results
of this study indicate that the drop calorimetry method can accurately measure the enthalpy, phase transition
temperature, phase transition enthalpy, and other thermodynamic properties of molten salt thermal storage materials,
providing a reliable calorimetric experimental method for their thermodynamic research.

Keywords Drop calorimetric technique; Solar molten salt; Potassium nitrate; Sodium nitrate; Phase transition

enthalpy; Phase transition temperature ; Enthalpy

YRR PR R AT S B A RE S A O B AV B, R S i A AR AR 2 R 9 5
FHPIFEIAA BT AR B R 2R B DA LA AR RE A OGS 0, R SR R T 5
FHREEFEAR S, S IR AR 2 — S8 A (E I S I AN BERE IR A A R B
R Il DX A IR A BB SRU, I8 PT A S A L R AR AR AR i R AT ek, itk B 5
FERFRAEILRIF T 225 . SR, 72 M AT At b B e b, R 560 TR B A BHA R B &
EIHOAEIR R G T S N R A5 I, R 2 M BB AR X A TeTk MR 2 A B Ty
PRI RS AL 51 RE I S .

H AT, W58 i SR A D 22 7R 548 5 3 (DSC) S 32 18 B3 AT 5 IR 58 5 At 2R 9 44 2
J& . 4, Tamme 259 3% F DSC J7 B0l T KNO,-NaNO, K5 1R Z A 2SR5, hy 120~300 “CIa X Tolk 5
K FHRE L FH B 6 #AR B A 40 T 14l 5 Pleger 557 SR A A BRIG ER A A B (I 64 T T A5,
i 3 DSC A (TG )WL /3B 1 I Eh B FRAS FIFRESE 1 5 Chen 88 ST T Si0, QKUK 45 22 W i 2
JEER PRI B SE R, 3B A DSC 4B T 44 5k 1 Rl Ak kS FBEFETELEE 5 Carling 88 R F DSC 5% T NaNO, il
KNO, FIFE 5 Chieruzzi 5O BFSE T 40K BURL 15 28 T2 % HE SRy 240 R B9 52 i, % A DSCAIFSE T
FOAHAR IR BEFARASKS . I Ah, w2 MR 2 i PO el TR SR 124 PE T . A, Goodwin
ER ] m A A SR PRI T i ERER S 1 B A AR MR ;. Kawakami 852 R FH TS A UK R E L
X} Hitec (NaNO;-NaNO,-KNO,) i FRERAR R AT THFSE, $RIE T AN L7 A TR G 50 R B8 (R AR AR 4 A
%% 3 Reinsborough 25" 2R 4 i PRI B T AR ER 7E 400~600 K iR X RS, W98 T HANAE 5 s
F1 R

R DSCHARBE 12 B FHFIEER IS 12 PE B A SY , SR TR EE T8 SRS 25t A AR LN S v
AR, I H L2 s B RE i i TOTEMERR ISR IO AE BRI BE 5 F3 ok, —S8)E SR eIt e vh 25 g
P DSC A, X DSCALES = RNl (IR . e iR 2 o i, D HUE SR yE AR #or i A
A A v A e A B D e e IR, R AR SR G PO R AR R SRS . A T AR T SR
P2 BRI T ER B 2R M R, AR SCEST T — & TARTR X A 400~ 1100 K 22 [7] (175 v A X A
B WS AREY TN T AR MR, IR A R B i S FSE T NaNO; . KNO, S H R BHIE
£5(60%NaN0,-40%KNO, ) [ S 25 P

1 SCIGERsy

1.1 RF S

o RUSEAL R FRUERE S (@-ALO,, SRM 720, 45 99. 99% ) , 3 [ [E ZARE 5 H ARBITE % s 48 B
(Sn, ZlR£99.9%) , Kidth BT AR A BRA ] 5 fi5IREN (NaNo,, 2H5E99. 7%) , AR EIL T A BR
Nl BEERER (KNO,, 41 99.7%), T Mfk2#ik5]) .

Chem. J. Chinese Universities, 2025, 46(11), 20250170 20250170(135/142)



Jd EF 2K g %R
:u CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

Empyream B X SFHEATEHL (XRD, 541 50 10°~90°, F9# 4 5% /min, TAEHRE N 40kV, T
YEHLIAL M 40 mA ), B [E Malvern Panalytical 28 7] ; Setsys16/18 AT /3 HT{L (TGA ) , 725 Setaram 23 ] ;
HTAC-TE400~1100 K il vg ARG R, ERABGELA PRI A .

12 KRR

o AT PR B R TE R A= WY BB T 27 S 06 BRI 9 Bkl v i ke B A5
Scheme 1 7, FEALHE S RN | 4R EPOH IR RN R G 3180 . SR E TR Y
400~1100 K, HAfimh st oehy 2. 5 kW REILH (MoSi, H 4, el ALAH YA R PIAS i 4 B AL SR A O, T
KIATE 1500 K il A . 4R RGO T @i iy i fEiR s b, st b B i B A R
Bij 47 e N Ry fRTAR A 05, 0 TR 9E At Dl NIV 5 8 TR N R — AR 5 kg IO IR AR A 52 40, 58 4] v ]
A —BIWURAEEI, JrfERES by A . SR BN R EAT Ik 22 Ham A DU LRl P25 SR RIS T, T
iR PR EE (I S RE Y S AR . AP MEE S A PG A RE 22 (A1 B 16 % B AR HR A 1
7R 25 A e, TR e P 5 S A e 2 [ iR 22 . O INERZE 5 2 Z R A R SO 2R 2
P, AR RO N A R i

Fusing electrode

i __Heating tube
Furance i
e i ~_—— Alumina fibre
Alundum tube —— 1l
- Thermocouple
Sample cell ::
_m i Platinum-Rhodium
Refractory brick —— I ‘5 thermocouple
. 1
' ' o=t ey
Platinum resistance thermometer — Copper trap
Thermostat water bath : — Mixer
Water heater \ ~ 1 __— Copper calorimeter
Fusing electrode =
= I — Thermopile

Calorimetric block ——

~/
Insulating resin

Scheme 1 Structural diagram of high temperature drop calorimeter
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Fig. 4 Fitted curve of Sn enthalpy values(A), differential peak -seeking curve of enthalpy fitting(B), peak
temperatures fitted for solid and liquid phases(C), DSC and DTA test curves of Sn(D)
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Table 1 Measured enthalpy of KNO,, NaNO, and 60%NaNO,-40%KNO,

NaNO, KNO, 60%NaN0,-40%KNO,
TIK Hyg15/(J-g7") TIK Hig15/(J-g7") TIK Hig 15/ (J-g7")
Solid Solid Solid
373.15 77.975 373.15 63.779 373.15 82.039
423.15 143.70 423.15 156.67 393.15 106.21
473.15 218.62 473.15 22249 413.15 130.89
523.15 305.86 523.15 291.08 433.15 155.77
563.15 407.53 573.15 349.87 453.15 187.32
568.15 414.20 603.15 410.54 473.15 221.58
573.15 410.86 483.15 239.91
578.15 430.49 493.15 252.72
Liquid Liquid Liquid
583.15 615.97 608.15 466.07 503.15 337.74
588.15 627.27 613.15 522.74 513.15 387.99
593.15 633.82 618.15 529.66 523.15 409.59
598.15 638.71 623.15 534.91 533.15 424.68
603.15 639.44 673.15 602.57 553.15 456.57
623.15 684.98 723.15 669.12 573.15 486.16
673.15 761.24 593.15 520.78
723.15 842.46 613.15 549.55
633.15 579.85
653.15 609.26
673.15 633.44
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Table 2 Polynomial fitting parameters of KNO,, NaNO, and 60%NaNO,-40%KNO,
HYo s SAT+BT*+CT+D
Sample Phase WEISK
A B C D
NaNO, Solid 5.1446%x10°° —4.1454%x1073 2.1327 -407.49
Liquid -1.4824x107° -2.9202x107 —-17.496 3829.30
KNO, Solid 2.2397x107° -3.3356x10™ 17.757 -3081.60
Liquid -1.5164 -1.5021 -356.76
60%NaNO,-40%KNO, Solid -1.0931x107° 1.7355%107 —=7.4096 -999.64
Liquid -8.4975x10™° 1.4252x1072 —6.3846 -1065.50
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Fig. 8 Enthalpy values of solid and liquid phase, and phase transition of NaNO,(A), KNO,(B) and 60%NaNO;-
40%KNO,(C)
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Fig. 9 Comparison of enthalpy of NaNO,(A) , KNO,(B) and 60%NaNO,-40%KNQO,(C) measured in this work

with those in literature
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W AH AR VLB 5 SCBRE AT X L . A&l 10 7R, KNO, T NaNO; (4 FH 25 1k B2 5 SCHRAE 5152 g 22
0. 5%, KK EL (60%NaNO,-40%KNO, ) i AH 22 il BE 15 SCHRAE 2 1 fli 22 80K . A5 AR AS
SCHRAE 1520222 R B (8] 11), KNO; F NaNO, 9 AH 728 i B2 -5 SCHR L 22 4 5%, K BHIG &R
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Fig. 10 Deviation of measured phase transition Fig. 11 Deviation of measured phase transition
temperatures from literature values enthalpy from literature values

Table 3 Comparison of the phase transition temperatures and phase transition enthalpies of KNO,, NaNO,
and 60%NaNO,-40%KNO, with literature values

T /K Deviation AH /(] ) Deviation
Sample

The study Ref. (%) The study Ref. (%)
KNO, 607.53 607.00!7-20! 0.09 96.25 95.20!18! 1.09
(603—613) 609.151° -0.27 101.24122 -5.18
610.151% -0.43 96.60'%" -0.36
607.60!'% -0.01 96.50% -0.26
610.15'% -0.43 96.00%" 0.26
607.4012" 0.02 99.80'2 -3.69

606.55!% 0.16
NaNO, 579.51 579.00"7 0.09 174.72 167.00"® 4.42
(578—583) 583.35!% -0.66 182.39181 -4.39
581.1511%) -0.28 178.0012) -1.88
579.151% 0.06 173.0012" 0.98
579.001'% 0.09 166.40"% 476
577.50121 0.35 174.007) 0.41
580.15% -0.11 172.001% 1.56
580.001"/ -0.08 176.30"21 -0.90

578.55%] 0.17
60%NaN0,-40%KNO, 501.98 493.60%! 1.67 106.56 107.8712¢ -1.23
(493—513) 504.00"' -0.40 102.00" 428
501.3511%) 0.13 113.0311% -6.07
515.0014 -2.59 107.001* -0.41
494,153 1.56 96.00% 9.91
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a-ALO, XS I SHEFEELNT EE , H2 AS B HCH B AE 400~ 1100 K (RS (B0 B vERf B R +0. 5% ; A A%
N PRS0 55 40 S 118 RH AR T RS A AR K5 54T T 5, 38 1 BiDoseResp A5 7 X [ 9 AH K& (B 01 &
THAAS 3 Sn ARSI EE FIAHAR S A, 5 DSC SEB IR xt bl , I 25 390 20, 12% Fl+1. 3%, BiiE T
TSR LA AR IR FAH AR RS AE A T A 50 . SR FHATE AU R B X NaNo, . KNO, K PR
££ (60%NaNO,-40%KNO, ) AT, FRAT I [ AR XS FRCAR RS 09 R, A AR L RE AR AR K, -5 S0k
(AT EL, REE 5 SCIR BT S 80T. BFSE s R, 78 A HO7 v RE A% v I 754 £8 A A
WERHR G 280, W TT IR IE SR AR BT ) 27 AT SY S5 A S PR SR e TR I T i it 3R
SETFE.
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