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A Study on the Thermal Properties of Binary Eutectic Mixed PCM Using
Polyethylene Glycol and 1,4-Butanediol
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Abstract Current cold chain logistics relying on organic or eutectic materials within the 2~8°C range as secondary flu-
ids often face limitations in heat storage capacity, necessitating high energy consumption and large volume capacity. An
effective approach to address this challenge is by incorporating polymers to enhance the heat storage capacity of eutectic
materials. In this study, we investigated the impact of polyethylene glycols (PEGs) on phase change materials using Fou-
rier transform infrared spectroscopy (FT-IR), differential scanning calorimeter (DSC), analyses of endothermic and exo-
thermic phase change processes, and an accelerated thermal cycling test. Our findings indicate that the introduction of
PEGs into the phase change materials can lead to improvements in latent heat, thermal conductivity, and 2~8°C retention
time. This enhancement is attributed to the high latent heat and thermal conductivity of the polymer, along with its ability

to inhibit crystal formation in the eutectic mixture.

Keywords Phase change materials, Eutectic mixture, Cold chain, Polyethylene glycol, Reuseable, Temperature duration

N o2
’JH3}EZ (Phase change materials, PCM)2 54 &%
TZrA FE e BERkSe] osl] S7e] o] wislst
© & AT 2EE fAske 548 Uehith o]#g
5749 PCM2 A7 £EoM9] RS da s A
o] ZTARIAAN RERA 2= d] AREHA 3L
3], A%, Ak, WAS s ook &=

r]m flo

K&
3o £

*

—
g3

@

I71& 255 913 APRAEAE T8 lE]
of Uehd upel 3ol FEARIelA A
o] FFel wat —20°ColA 60°C= ”H‘l‘

Oll
-E fr
r
H
fr
Y
9 o

*Corresponding Author: Jongchul Seo

Yonsei University, Department of Packaging & Logistics, 1 Yon-
seidae-gil, Gangwon-do 26493, South Korea

Tel: +82-33-760-2697, Fax: +82-33-760-2954

E-mail: jeseo@yonsei.ac.kr

Al &84
SR 8 229 Ahas) %59} l:-g_ PR
Zg3ith 71E PCMS ©UEH T 2% ol &
e F8EdE(Butectic mixture)e] A-E-E 3L 3
Table 2& &) ARREH+ 1:4_‘%,_1 = PCMO] JAE BAZE
FA7F 7FssA R &
Pxﬂ %D} a

2 oofEe] i 4 f% T %X]( 8°C)7} %&)\]
H3L glek 2 §A7F HA) 9—%—% 7% g EAlz} 2
AsAL #7] 222 sloF &17] wEol] oJekE o A
Hoket 29] fAFE)7L 5Ho ) A 2-8°CE X
5}7] 98l Tetradecaneo] 9] AREE|T QIth. AN



102

ukzQl -t e

B ghat g Bksts| K|

Table 1. Products categorized by temperature range in cold chain logistics

Product Frozen food

Refrigerated food

Medicine Processed food Warm food

Temperature (°C) -18

0~10

2~8 10 60

Table 2. Thermal properties of various PCMs for cold chain logistics

Materials Di-Water Tetradecane 1-Decanol Pentadecane Hexadecane
Phase change temperature (°C) 0 5 7 15 18
Latent heat (J/g) 300 146 78 168 236

Table 3. Thermal properties of various eutectic materials working at the range of 2~8°C

Materials (Mass fraction)

Phase change temp

erature (°C) Latent heat (J/g)

Octanoic acid/tetradecane (48:52)
Decyl alcohol/myristyl alcohol (87:1
Octanoic acid/lauic acid (81:19)
Tetradecane/lauryl alcohol (66:34)
Tetradecane/tetradecanol (96:4)

Lauryl alcohol/caprylic acid (40:60)
Caprylic acid/palmitic acid (40:60)

3)

2.03
3.77
3.8
43
5.5
6.2
6.54

210.94
178.2
141.7
247.1
206.4
173.2
116.5
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Table 4. Thermal properties of PEG600 and Butanediol

Polyethylene glycol?t 1,4-ButanediolS

Materials T; (°C) AH (J/g) |Molar mass (g/mol)
PEG400 5.8 117.3 400
PEG600 18.0 148 600
PEG1000 33.1 161.1 1000

Butanediol 19.25 158.0 90.12
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Fig. 1. PEG-BDO eutectic mixture theoretical phase diagram.

Table 5. Thermal properties of BDO and PEG with various MWs
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Fig. 2. FT-IR spectra of PEG-BDO mixture.
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Materials Phase change temperature (°C) Latent heat (J/g) Mass ratio (%)
PEG400-BDO -5.5 1443 17:83
PEG600-BDO 6.2 146.7 68:32
PEG1000-BDO 18.1 149.3 85:15




104 HEzEQ) - E7[E| - ABH P 7518l Al

PEG
—— BDO
—— PEG69:BDO31
PEG68:BDO32
—— PEG67:BDO33

Intensity (A.U.)

q-value

Fig. 3. XRD of PEG-BDO mixture.
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Fig. 5. Temperature-time curves for Tetradecane and PEG-
BDO mixture.
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Table 6. Thermal properties of PEG600-BDO mixtures and tetradecane

Sample Tetradecane PEG(67)-BDO(33) PEG(68)-BDO(32) PEG(69)-BDO(31)
Temperature retention time (min) 60 100 152 100
Onset point (°C) 6.1 1.7 1.15 3.2
Offset point (°C) 8.4 17.0 16.5 17.8
Melting point 7.8 11.9 10.7 11.8
Latent heat (J/g) 146.0 166.0 174.2 172.4
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Fig. 6. Thermal cycling test of the PEG(68)-BDO(32) eutectic
mixture.
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