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Abstract: With the rapid consumption of fossil fuels, the issues of energy security and climate change are becom-
ing increasingly prominent. The research of clean and sustainable energy development technology and energy
storage technology has become a hot topic. By combining molecular dynamics simulation and experimental
research, the influence of interface effects on the heat transport characteristics of mixed nitrate composite phase
change materials (CPCM) was studied. Firstly, the thermal conductivity and specific heat capacity of CPCM were
measured by laser thermal conductivity meter and differential scanning calorimeter respectively. Then Materials
Studio software was used to establish the models of composite phase change materials with different NaNO; and
KNO; ratios in eutectic states and different skeletons and the molecular dynamics simulation calculation of its
thermal conductivity and specific heat at constant pressure was carried out. The internal mechanism of the experi-

mental results was analyzed through the changes in radial distribution function, interface binding energy, and bulk
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thermal expansion coefficient, and then the competitive relationship between the interface effect and the mixed

nitrate ratio on the thermal properties was further analyzed. The results show that when the mass ratio of NaNO;

and KNO; is 4 : 6, the interaction between ions is weaker than other ratios, and the interface binding energy and

thermal conductivity are the largest. An increase in interfacial binding energy enhances the thermal conductivity

more strongly than a decrease in the interaction between ions weakens the thermal conductivity, the interfacial

effect plays a dominant role in the change in the thermal conductivity of CPCM. The specific heat of CPCM at con-

stant pressure is affected by the change of ratio and skeleton material, interfacial binding energy and ionic interac-

tion have no obvious effect on specific heat at constant pressure.

Keywords: mesoporous; interface effect; interaction between ions; heat transport characteristics; competitive

relationship; mixed nitrate composite phase change materials
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Table 1 Material information

Materials Manufacturers Purity
Sinopharm Chemical Reagent  Analytical
KNO, .
CO., LTD. purity
NaNO, Sinopharm Chemical Reagent Ana}ytlcal
CO,, LTD. purity
ALO Sinopharm Chemical Reagent  Analytical
23 CO., LTD. purity
AI(OH), Tianjin Damao Chemical Ana.lyncal
Reagent Factory purity
X X Tianjin Damao Chemical Analytical
Diatomite .
Reagent Factory purity
. Shanghai Albi Chemical
Citrin 99.5%
Reagent CO., LTD.
X Tianjin Bodi Chemical CO.,
Gelatin LTD. 99.5%
Beijing Solaibao Technology .
BA-1 1
SBA-15 CO,, LTD. 00%31
Anhydrous Sinopharm Chemical Reagent 99.5%
ethanol CO., LTD. o7
Note: SBA-15—Si0O, molecular sieve.
6 ¥ NaNO; Al KNO, B T 150°C Hi #4fi i

S A T4 48 (Air blast dryer, ABD) "' 2 h #4174
AL PR, B NaNO; £ KNO, ¥ R b 5: 5, 4: 6,
64, 9: 1PEATFRIEE, JE AL A R R PO A 4
AR A A4 R Eh (Mixed nitrate, MN), fdi i % T
1% HL (Freeze drying machine, FDM) if j3 ¥ % T4
2 PR % £ fL 4R ik B2 4R M9 % (Porous alumino-
silicate ceramics, PAC), #X Ji i i 4% fll 3= % 1
il B 1R G i R/ 2 LR RE R 5 P % CPCM., DL TG
7K £, 1% (Anhydrous ethanol, AE) A&7, il HAL
PP 1) 32 ) o A5 TR A A R 3R /AL O, . TR A R R R/
SBA-15 2 G AHAZ AR, SCB i BRANIAT 1 FR o

il 1 1 6 HL T 2 B (JEOL JSM-7800F,  H 7K
H, Pk 2l 2 4h) g CPCM N #BIE 55 F0 40 A 1 O
DA 2 22 AL 2R R I 2l W B TR 5 e ARk o
228 Fil B YL (DSC250, 36 [F TA164 4 BR 2> ] )
75 N, 540, A 10°C/min (9 i1 #48 % M 20°C FF
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Fig.1 Preparation of mixed nitrate composite phase change material
(CPCM): (a) Mixed nitrate/porous aluminosilicate ceramic CPCM;

(b) Mixed nitrate/porous skeleton CPCM
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Fig.2 TEM images of mixed nitrate CPCM: (a) [Mass ratio
w(NaNQ; : KNO3)=4 : 6]/ceramic; (b) [w(NaNO; : KNO3)=4 : 6]/AL,04
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3 (a) KNO; il NaNO, 2 SRy ; (b) Al 05 il Si0, fY2A 5k A

Fig.3 (a) KNO; and NaNOj single cell models; (b) Al,05 and SiO, single cell models
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(i) [W(NaNO,:KNO,)=4:6)/ALO, (k) [W(NaNO;:KNO,)=4:61/Si0, (1) [w(NaNO,:KNO,)=4:6]/ceramic
[#l 4 R[] KNO; 1 NaNO; 45 it b T @iy IR A AR SR &2 G A A A R Hsi A

Fig.4 Models of mixed nitrate composite phase change materials were established with different mass ratios of KNO3; and NaNO,

Horh: (RORBEEZCIA TR SRR T 9 J5F Y ST i (amu); v R A TR R B X Y
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Table 2 Ions of mixed nitrate composite phase change material

Nitrate ions Skeleton molecule
CPCM Scale/nm

Na* K NO; ALO, Si0,
[w(NaNO, : KNO3)=6 : 4]/Al,04 180 101 281 287 0 6-7
[w(NaNO, : KNO,)=6 : 4]/SiO, 180 101 281 0 473 6-7
[w(NaNOj; : KNO3)=6 : 4]/ceramic 180 101 281 77 363 6-7
[w(NaNO; : KNO3)=5 : 5]/AL,0,4 151 127 278 294 0 6-7
[w(NaNOj; : KNO3)=5 : 5]/SiO, 151 127 278 0 473 6-7
[w(NaNO; : KNO;)=5 : 5]/ceramic 151 127 278 77 363 6-7
[w(NaNO, : KNO,)=4 : 6]/Al,0, 126 159 285 308 0 6-7
[w(NaNO, : KNO,)=4 : 6]/SiO, 126 159 285 0 495 6-7
[w(NaNOg : KNO;)=4 : 6]/ceramic 126 159 285 77 363 6-7
[w(NaNO, : KNO,)=9 : 1]/AL,0, 265 25 290 287 0 6-7
[w(NaNO; : KNO;)=9 : 1]/8i0, 265 25 290 0 462 6-7
[w(NaNO; : KNO;)=9 : 1]/ceramic 265 25 290 70 330 6-7
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Table 3 Specific heat of mixed nitrate CPCM before and
after melting

Specific heat Specific heat

CPCM of solid state/ of liquid/
Jg'x")  (0g'K"
[w(NaNO; : KNO3)=6 : 4]/Al,04 1.15568 1.4600
[w(NaNO, : KNO,)=6 : 4]/SiO, 0.97800 1.2940
[w(NaNOj; : KNO3)=6 : 4]/ceramic 1.09350 1.3320
[w(NaNO, : KNO,)=5 : 5]/AL,0; 1.14009 1.4200
[w(NaNO; : KNO,)=5 : 5]/SiO, 0.96400 1.2680
[w(NaNOj; : KNO3)=5 : 5]/ceramic  1.04930 1.3225
[w(NaNO, : KNO,)=4 : 6]/Al,0, 1.10329 1.3510
[w(NaNO; : KNO;)=4 : 6]/8i0, 0.93000 1.2040
[w(NaNO; : KNO3)=4 : 6]/ceramic 1.01350 1.2865
[w(NaNO; : KNO;)=9 : 1]/Al,04 1.07772 1.3150
[w(NaNOj; : KNO3)=9 : 1]/SiO, 0.92200 1.1360
[w(NaNOg : KNO3)=9 : 1]/ceramic  0.99250 1.2535
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Fig.7 Experiment on specific heat of mixed nitrate composite phase change materials at constant pressure: (a) Solid specific heat; (b) Liquid specific heat
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Fig. 11 Interfacial binding energy of mixed nitrate CPCM
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