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Preparation and heat transfer properties of mannitol
phase change heat storage materials
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Abstract: In order to improve the encapsulation effect of mannitol (Man) which is a medium temperature
phase change energy storage material (PCM), carbon carrier (PC) was constructed by high temperature
calcination with in situ growth of zeolite imidazolate framework (ZIF) on graphene oxide (GO) support
skeleton, and then used for encapsulation of Man via impregnating method to synthesize a composite phase
change material PC/Man. PC/Man obtained were characterized and analyzed by SEM, XPS, N,
adsorption-desorption and DSC, followed by evaluation on its thermal conductivity and permeability. The
solidification process of heat storage materials in tubular heat exchangers was simulated by Fluent software,
with the relationship among temperature, liquid rate and time further discussed. The results revealed that PC
exhibited a multistage pore structure with both mesopores and macropores, with a large specific surface
area (249.7 mz/g), pore volume (0.15 cm3/g) and average pore size (about 14 nm) showing strong
adsorption effect on Man, thus mitigating the leakage of Man. When heated to 180 °C, the PC/Man
exhibited a mass loss within 30 min of 1.03%, a heat absorption enthalpy of 185.3 J/g, and a thermal
conductivity of 0.8306 W/(m-K). The high thermal conductivity channel formed by PC enhanced the rapid
and effective heat release of Man. The solidification heat transfer cycle of PC/Man was 40 min, showing
high heat release efficiency and good thermal conductivity, which led to rapid heat exchange.
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Fig. 1 Heat exchanger model
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Fig. 8 DSC curves of Man, GO/Man, ZIF-C/Man and PC/Man
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Fig. 7 N, adsorption-desorption curves (a) and pore size

distribution curve of PC (b)

Table 1 Data of PC/Man and some phase change materials
in the medium temperature domain
AHAR B R} AH/()/g) T/°C B ik
H EE VR @ S R I 2 147.4  142.1, 156.6 [21]
D- 1L AL /D-H ZE A 172.8  96.8 [22]
D- L1 B e/ L 164.5 97.7 [23]
TR/ AT 121.6  96.4 [24]
PC/Man 1853 161.7 A3

e 1 Al 5 ck b AY A b R AT A AR A
B, ASCHI4S) PC/Man A4S (AH, ) Fl
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Fig. 9 Digital photographs of leakage of PC/Man and Man
at different temperatures
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Table 2 Relevant thermophysical parameters of PC/Man
phase change material

B/ B3 ER fayagia [ FH 2% I
(kg/m®)  /[W/(m'K)] #/(/kg) HRE/K /K
1550 0.8306 185320 440.80 446.53
Temperature/K
=

LA A NN )
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AN SRS CARR

e ——————————
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C — e I
di ]|
0 015 030m Y
L 0 O 5

K10 PC/Man & [ i e it il B = [
Fig. 10 Heat exchanger temperature cloud for PC/Man
solidification process
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Fig. 11
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Fig. 12 Cloud plots of PC/Man liquid phase rate at different
times
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Fig. 13 Relationship between liquid phase rate of PC/Man
and solidification time
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