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BRI T A SEe T, SiikIe 2400, SSPCM J¢2THRI TG IN T 2.60 1%, FERTEER 1.37 5,
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Prepar ation and properties of agarose-locust bean gum/hydrated
salt eutectic form-stable phase change materials

ZHANG Wengqi, WANG Xuan, TANG Bingtao, ZHANG Yuang
( State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024, Liaoning, China )

Abstract: Na,SO,4*10H,O (SSD) and Na,HPO,4*12H,0 (SPDD) salt mixture, a binary eutectic system, was
diluted by water to eliminate the phase separation of the system, and then nucleating agent Na,SiO3;*9H,0
(SMN) was added to reduce the supercooling degree of the SSD/SPDD/H,O/SMN phase change system.
Finally, an agar-locust bean gum (AG-LBG)/hydrated salt eutectic form-stable phase change material
(SSD/SPDD/H,0/SMN/AG-LBG) was obtained by impregnating three-dimensional network structure of
AG-LBG with SSD/SPDD/H,0O/SMN. The optimal mass ratio of SSD/SPDD salt mixture was determined
by DSC analysis, the optimal nucleating agent as well as its addition amount were determined by step
cooling test, while the optimal m(AG) : m(LBG) and the optimal loading capacity of
SSD/SPDD/H,0/SMN onto the AG-LBG supporting skeleton were determined based on leakage test and
simulated working condition experiment. The results showed that the phase transition temperature and
enthalpy of the SSD/SPDD mixture prepared with m(SSD) : m(SPDD)=52 : 48 by physical composite
were 28.90 °C and 216.40 J/g, respectively. The SSD/SPDD/H,O/SMN phase change system prepared by
water addition amount (based on the mass of SSD/SPDD salt mixture, the same below) of 13% and SMN
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addition amount of 3% displayed the lowest supercooling degree of 0.16 °C, and of 0.18 °C after 60 cold
and hot cycles. The optimal m(AG) : m(LBG) ratio of AG-LBG supporting skeleton was 75 : 25, and the
optimal loading capacity of SSD/SPDD/H,0O/SMN phase change system was 85%. The obtained best
form-stable phase change material (SSPCM) could maintain 80 min without leakage under the

above-mentioned conditions. The phase transition temperature, enthalpy and thermal conductivity of
SSPCM were 26.40 °C, 147.20 J/g and 0.11 W/(m'K), respectively. The simulation test of thermal
insulation effect in the same time showed that, compared with that of foam sandwich, the heating time of

the core temperature inside the building was increased by 2.60 times, and the cooling time was extended to

1.37 times.

Key words. agarose; locust bean gum; hydrated salt; phase separation; building insulation; functional

materials
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Fig. 1

ME 1a FTLIEH, B SSD/SPDD R4 HhH

m(SSD) : m(SPDD)JUH /N, SSD HyH4 siZ M %,
Ifii SPDD WM sz b7t . M4t AWz f, &
LABAE T —mi, XA A i o5 7R AL, SSDY
SPDD itk iR AW RIEHAE L . LA m(SSD) :
m(SPDD)=60 : 40~50 : 50, & SRIRELE 29 °C
Lidi, AR F4li/K &3 SSD 1 SPDD 4% [ (85 14 34.7
F137.0 °C.ixs2H N, A+, % T SSD #l SPDD,
Gy —FhER LR AL, AR R S B
=R N, AT B TR A P ik i

&1 1b &y SSD/SPDD R 5 #h — ot i A AR K H
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Fig. 2 DSC curves of salt mixtures with m(SSD) :

m(SPDD)=51 : 49~59 : 41

# 1 m(SSD) : m(SPDD)=51 : 49~59 : 41 IR &L A2
B 5 AR AR S

Table 1 Phase transition temperature and enthalpy values
of salt mixtures with m(SSD) : m(SPDD)=51 :
49~59 : 41
m(SSD) : m(SPDD) AHAR L /°C AHAERE 1B/ (J/g)
59 : 41 29.40 227.70
58 142 29.30 217.40
57 : 43 29.30 211.70
56 : 44 29.00 209.50
55:45 29.20 214.20
54 : 46 28.90 216.60
53 :47 29.00 202.90
52 : 48 28.90 216.40
51:49 30.10 217.80

MIE 2 AL H, SSD/SPDD iR4& £k —oodk i
t, HAH m(SSD) : m(SPDD)=52 : 48 I}, H¥l—A4
s HATHOI T ¥ B0, X ATRER IR
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Kl , RA S RRREME AR RS, SR
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Fig. 3 XRD patterns of SSD, SPDD and SSD/SPDD salt
mixture
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Fig. 4 FTIR spectra of SSD, SPDD and SSD/SPDD salt
mixture
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989 cm ' 4k f) SPDD FHfiF I ( P—O e AY 45 R 3 ).
SSD/SPDD i & #h rfv A 1 BLBT A9 R 1E 0, R W
SSD/SPDD R &3k SSD 1 SPDD ¥y 4 4 ik
b2 O 45 o
22 HABERAIREESW
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Fig. 5 Digital photos of SSD/SPDD salt mixture (a) and
SSD/SPDD salt mixture with water addition

amount of 11% (b), 12% (c), 13% (d)
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Fig. 6 Digital photos of SSD/SPDD salt mixture with
water addition amount of 13% after 0 (a) and 100
hot and cold cycles (b)
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Fig. 7
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PEFIEPEIRE (18~32 °C ) ERTLFEIN, k4 {E>170 /g,
24 TEEHETEREHE

LUlgH (AG) SHIM G (LBG) J&HAR A
AR, A FEE R, BARF K
. &l 8 i AG 5 LBG & LI &L AL LI K

/ PSS P \

e 0‘ s 2 \ / \ /
‘ 90 ®85°C; \'3 °C/ \ Freeze/
I P ' ! p \D:—' [ Y —

\ o \ I \ &£ drying}

\® 0,/ Ny (\J/ \ofaclpoly /

\‘:y;’_?_}.tfj .. E e
q N e ‘
S [ E R A | D
0 AG o LBG

Hydrogen bond

K8 5 BCaE I B e B R R R

Fig. 8 Schematic diagram of principle of compound gel
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AN, EERREERERE, T H G T 4l AG BEICHETE R
M, L, mAERE PCM figiE 85%MY AG-
LBG(75/25)f:44& % SSPCM,

P 1 1 U 3R m(AG) : m(LBG) % 19 AG-LBG %
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AG-LBG H 4w ik 45
Fig. 9 AG-LBG skeleton leak test results for PCM loads of
83% (a), 85% (b) and 87% (c)
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Fig. 10 Test for leakage at different times of SSD/SPDD/
H,0/SMN (a) and SSPCM (b)
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Fig. 12 Step cooling (a) and DSC (b) curves of SSPCM
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Fig. 13 Thermal conductivity of SSD/SPDD salt mixture,
AG-LBG(75/25) and SSPCM
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