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Study on Manufacturing and Characteristics of Phase Change Materials for Having
Latent Heat
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Abstract

The purpose of this study is to develop the cold chain system by developing optimal phase change materials (PCM). There
are some benefits from developing this system such as keeping freshness of agriculture products, saving energy, etc. The
major results are as follows. To decide a latent heat material, the characteristics of water, sodium, polyacrylate, ethanol
and N-tetradecane arc analysed. Also, an insulating material is made by mixing water, nucleating agent and latent heat
material, using cementing method. In addition, the sensitivity analysis for developed latent heat material (Ki, K», Ks) is

conducted.

For Kj, K, K; which cans keep latent heat temperature, ranging from 0 to 5C, 5 to 10°C, 10 to 15C. it can keeps
latent heat temperature at radiant heat (5, 12, 17°C) and transportation latent heat container both melting temperature and
amount of latent heat of K1 are -1.6:1.0°C, 326.51 J/g, respectively and freezing temperature and latent heat are -7.98+1.5C
and 174.18 Jg and K, are 7.41+1.5C, 89.80 J/g, respectively and freezing temperature and latent heat are -2.14+1.5C
and 83.90 J/g. and K; are 9.54+1.0°C, 145.42 J/g, respectively and freezing temperature and latent heat are 0.21£1.0C and

152.48 Jg.

Keywords : PCM, Thermal storage, Latent heat, Freezing system
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Fig. 2 Microencapsulated phase change materials reflection unit.

Fig. 1 View of PCM-pack.

Fig. 3 Differential Scanning Calorimeter unit.

169



T A3

T

o o
L
ML o2
4
o
R o
L
me
2
s
kit
O
E
At
ox
fjo

2 lo do
A
e
ot o2l
JE N,
flo o

1 oox o

B o
[\")

,
et}
of\
()

— W
XN
X
:c(L’
XN
ki)

a2
£
o
ok
$4
=
o

N

)

1o ox
e WU

(& o

i

oo

s

P

o

b

b

o

_0|L

)

4o

%

&

X

)

e

X

R
rr
©
fakid
o
=2

ol
-

PSS s 18 Y 34
AXE ARSI oH AR Aol RAZYS B3l eat
4zt itk v JdAY] AeFH, SFAAIE 52
E Micro World &r]3o g #& 5151, vl¥] 3+
AR A A e FQAE AAFA
ARt S8l 0m, #4e SEMS A5
BAslom, EA%AE 13 29 3¢ Yehdslch

H

i

e 2
£
o

2
Ao
ne
2 rle
i

O
2
N
]

2 12 w2 Fdown ol
g
J
oXx

AU R E L

1) &x M=

Y B4R E dA J 15014 FGAE AMER] water,
sodium polyacrylate, ethanol, paraffin 5°] T}, ©]5 water
4 ethanol> FHHA) 7dhe 3l HlwT= ARS8l 3, st

A F9Y 42 Cu, Cis T2 AHE3IGIeH, 0~5, 5~10,
10~15C HILEEAY ZIEAE NEs7|A water,
sodium polyacrylate, ethanol, paraffin & &7, S, 95,
v, A%, vF 59 B 17 22 BAS 2t v d4
Ag skl F 100013 Az, 549, B 59 712 A9
& FHEATE T FellEel Bew s, 10, 15T 2
W3} EAo] Fbedt BEAS 1AH0R B 29 o] A3
on, HA 1500189 TA- WS HIEIA APs TR

F Azsol 54& BHsG

e, 229y KE PCMEY
I% 4 A £F 2 el ARGFRL ool A H A
Z 99 ZAAe AL JEAE HERE AR water,
sodium polyacrylate, ethanol 5 ©$l FEAE 331 ch

1% 5% ethanol®] A3 BAS Yl 1o FUE
20C, WILE 27C oA ethanol 3, %7} FLELE -1, 0C
oA FDLEFAAZIO] 240, 30022 % YERFLCH, 7, 10,
25, 50%+ FE 257} A AIHRE Aechs 2oE U
ERRT). ethanol 3, 5% & Y 2E5A0] nluwd 5%
5%% AAdste] R AP A9 s LERAARE
o] 55, 45, 20822 F2AQ Aol7t QIgith

138 60 HojR)= ulel 29| sodium polyacrylate F7F4
(FF A 0.13, 0.17%, YL 0.5, 0.5C, T3 &%
400, 300 ml, WY &% 25CFANA AAZ 2% 0~5T,
5~10C 2 st 2% HMAE 23 glom, o JgLe=

e

Table 1 Properties of 1™ PCM (water, ethanol, sodium polyacrylate, Ci4, Cis)

Item Water Ethanol Cu Cis Sodium polyacrylate
E-2"(Chemical Formula) H,0 CH;CHyH Ci4Hs CisHag CH,CHCOONa
FHTm(C) 0 5.9 28.2 -

Sl 9AHKkg) 339.9 109.1 229.8 243.7 280
3 Solid 1.000 0.840 0.850 1.45
A Ep(x102 kg/m’) —
Liquid 0917 0.79 0.763 0.780 -
Solid 1.8 1.8 -
B AC(kI/kg - K) —
Liquid 4.21 241 2.1 23 -
A Z(at 207) 1.0cP 1.201 2.5cP 2cP -
HE 1 0.789 0.88 0.88 -
Table 2 Latent heat properties of K, Ko, K3
Phase change temperature (C Latent heat quantity(J/;
Treatment - - £ P (. ) - quantity( g). - Synthetic
freezing point Melting point freezing point Melting point
Ky -7.98+1.5 -1.6C<1.0 174.18 326.51 2components
Ks -2.14£1.5 7.41+1.5 83.90 174.18 2components
Ks 0.21+1.0 9.54+1.5 - 89.80 3components
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Fig. 4 PCM of water, sodium polyacrylate, ethanol.
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Fig. 5 Changes of melting point for ethanol consistency (20C).
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Fig. 6 Changes of melting point for sodium polyacrylate con-
sistency (257C).
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Table 3 Characteristics on cooling and melting point for MPCM(Ci4) slurry

. . . . . Phase
. Cu Freezing Freegmg Freezing Melting I\/?altmg Change Total
reatment cortt/ents tefélp. p?ént tearélp g]nrt; Time Amount
( 9) ( ) ( ) ( ) (hI‘) (% )
0 5 10 14 14
Cu 30 30
-3 2 10 22 22
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Fig. 7 Manufacturing of MPCM slurry (Ki, Ko, Ks).
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Fig. 10 Property of phase change time for water, sodium poly-
acrylate, ethanol.
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