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Preparation and thermal buffering propertiesof capric acid-methyl palmitate
eutectic supported aerogel composite stereotyped phase change materials
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( State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024, Liaoning, China )

Abstract: In order to achieve the temperature regulation on phase change materials and solve the problem of
leakage in practical applications, binary organic eutectic phase change materials (EPCM) were prepared by
melting blending method using capric acid and methyl palmitate as raw materials, while double cross-linked
CA-Fe’'-CNF-Fe,0; aerogels were synthesized from citric acid (CA), carboxylated cellulose nanofiber
dispersion (CNF) and FeCl;*6H,0 by sol-gel method. The composite stereotyped phase change materials
(CA-PCM) were finally obtained by loading EPCM with double cross-linked CA-Fe**-CNF-Fe,05 aerogels as
carriers. The eutectic point of capric acid and methyl palmitate was determined by step cooling curve, binary
phase diagram and DSC. The influence of CA mass fraction (based on the total mass of CA and CNF, the same
below) on its micromorphology was analyzed by SEM. The EPCM, aerogel and CA-PCM were characterized
and tested by FTIR, XRD, DSC, TGA, followed by assessment on the thermal buffering performance of
CA-PCM as insulation material in building models. The results showed that m(capric) : m(methyl
palmitate)=61 : 39 was the actual eutectic point of capric acid and methyl palmitate, and the eutectic system
(EPCM1) was formed by physical mixing, with the phase transition temperature of 24.3 °C and the enthalpy

i BEHEE: 2024-12-10; EABEH: 2025-01-13; DOI: 10.13550/j.jxhg.20240927

EEWH: EFREALITRITE (2022YFB3806500 ); EF HARRERAETH (22108026, 22108050 )

EBEN: 242 (1999—), %, Wits:, E-mail: 115755825948@163.com, BERA: JKFE (1993—), %, RMlIZd%, E-mail: zhangyuang@
dlut.edu.cn,



T,

%1

S BSIR-ARHE IR ER L TR

RIS 5 R AR B0 i 2 S B2 vh T R <61+

of phase change of 172.4 J/g. The aerogel 1% CA-Fe*"-CNF/Fe,O; prepared with a mass fraction of 1% CA
was of much more uniform pores and more regular morphology. When 1% CA-Fe**-CNF/Fe,0; aerogel as
skeleton was loaded with EPCM1, the loading rate reached 85.57%, while the 1% CA-PCM obtained
exhibited a phase transition temperature of 24.7 °C, and the melting enthalpy value of 125.2 J/g. Moreover,

the phase change temperature and enthalpy value did not show significant change after 100 cold and thermal
cycles. Compared with that of the plastic foam model, the heating time of the PCM model using 1% CA-PCM
as building insulation material was increased by 51.3% and the cooling time was extended by 43.5%.

Key words organic eutectic phase change materials; carboxylated cellulose nanofibers; aerogels;

steroeotyped composite phase change materials; energy efficiency in buildings; functional materials
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Table 1 DSC results of binary mixtures of capric acid and
methyl palmitate with different mass ratios
m(%IR) : HELE GaEta HBELE itk
m(PRHER TR HREESC RESC SE/e)  KRE(/)
0: 100 22.8 339 204.0 204.4
10 : 90 13.9 31.8 191.3 192.9
20 : 80 12.1 29.8 193.5 194.4
30:70 10.9 27.8 193.1 194.0
40 : 60 9.7 26.6 183.4 185.4
50 : 50 10.5 253 168.5 169.7
61 :39 12.2 243 171.4 172.4
70 : 30 12.4 27.2 157.3 157.3
80 : 20 12.1 30.1 164.2 162.5
90 : 10 16.2 132.6 171.0 169.8
100 : 0 26.5 35.1 156.5 155.3
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Fig. 2 FTIR spectra of capric acid, methyl palmitate and
EPCM1
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Fig. 3 FTIR spectra (a) and XRD patterns (b) of carboxylated
CNF, 1% CA-CNF, CA and 1% CA-Fe*'-CNF/
Fe203
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2.2.2 XPS
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Fig. 4 XPS full spectrum (a), high-resolution XPS spectra
of Fe 2p (b), O 1s (¢) and C 1s (d) of 1% CA-Fe**-
CNF/F6203
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Fig. 5 SEM images of double-crosslinked CA-Fe®'-CNF/
Fe,05 aerogels
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Fig. 6 FTIR spectra of EPCMI, 1% CA-Fe*'-CNF/Fe,0s5
and 1% CA-PCM
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Fig. 7 SEM images of 1% CA-Fe*'-CNF/Fe,05 (a) and 1%
CA-PCM (b)
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Fig. 8 DSC curves of EPCM1, 0 CA-PCM,0.5% CA-PCM,
1% CA-PCM, 2% CA-PCM and 3% CA-PCM (a);
Loading rate of EPCMI1 on stereotyped phase
change materials (b)
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Table 2 DSC results of EPCM1, CA-PCM
WS HELH edia e 11k
WREEPC WESC RMEE)  KRIEO)
EPCM1 12.2 243 171.4 172.4
0 CA-PCM 11.5 24.1 68.7 69.3
0.5% CA-PCM 10.7 24.5 122.4 117.0
1% CA-PCM 8.4 24.7 126.8 125.2
2% CA-PCM 10.9 234 79.2 79.1
3% CA-PCM 9.3 27.7 108.4 110.1
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Fig. 9 Leaked photographs of EPCMI1 and finalized renderings
of aerogel
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Fig. 10 Thermal and cold cycles curves of 1% CA-PCM
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Fig. 12 TG curves of EPCM1, 1% CA-Fe*'-CNF/Fe,0;,
1% CA-PCM
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Fig. 13 Thermal conductivity of 1% CA-Fe*'-CNF/Fe,0;,
EPCM1 and 1% CA-PCM
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