%15 % 4 3 1Y fd #e A ¥ 5 & K Vol.15 No.3
2026 £ 3 H Energy Storage Science and Technology Mar. 2026

| RGBS IF R A ET |

KT ER oK & 20k B B9 i 2 B H R K iR

WEWE, PRGN, SRIEE T2, rmeE Y, e
CHER TR A S TR R B LR E 3 SR B S R S =, A
]I 510641)

T O hiH AR AR R B LA 3 % AR T AR RATAT O e T R E R, MR R R ERER 44 (SSD) AR A
FHEAFE R, B HERAEAEME, ARRHRLE KRS ETRODEKAKR. HERE, HRILGITD
HRAR, BRI R JRAL IR~ J ik My 3 TR 79 M BR 4 i 3 BRAB [ /K AL BR 47 (PAAS/CA/SSD) MU 44 KB e, T &
ST TR ) T A A AR R A KB ER A KA B BRI A B Ak . MR AR AR R A KB KRR, 4R
AU, PAASi 4% 10% 49 PA10H s iz M x4, HARE IS /%31.88°C. AHE B 119.7Jlg, 4B E
88.81°C. /)2 913.5J/g, 4 &b A4iMbi%/% 0.29 MPa. Wi 244 Kk % 16%, #-5F4EH £ 0.82 W/(m-K)»A L,
FEREL F B, ERAMER TG AER, iR E 2 1% S REFER4 (SHMP) S 6% 41 5)
R s, % SSDiEAEMEZHEIT0C, THFRAME TN, MR T A TARLE RG-S EA, A%
RAE KA RA A, FIAAIFS-3100 @& HA AR @K, BT FRHERERMEH 1%0, 1K
BIREABARL R @SR A G 11118 £42.2°, RAHEE 1 mmE. LIV, BEHHHRERER, R
BT AETEAN T KB A T, MR R T, A @ EE AR R SR, L e T
G R B R R &S, BARRE A, TS 0BEEARIFIEE . KB B & 694278 SSD K
LI EHAR TR S M F EERAMRRE L, 428 TR E AR KIS R, A RAK
o P ARIE A AR R BT R R FTRAR, AR B AL ARG R R AT T
AR IE AR X AE .

I TORBRERAN; KB, ABEAA REIK AL fEAGEA

doi: 10.19799/j.cnki.2095-4239.2026.0100

FESHS: TK02 XHEARRRRD: A NEHS: 2095-4239 (2026) 03-723-12

Preparation and surface tension regulation of a hydrated salt
gel based on sodium sulfate decahydrate

HUANG Taotao"?, CHEN Shuhui"?, ZHANG Zhengguo"? FANG Xiaoming"?, LING Ziye"?
("School of Chemistry and Chemical Engineering, South China University of Technology; *Key Laboratory of
Heat and Mass Transfer and Low-Carbon Conversion of the Ministry of Education, South China University of

Technology, Guangzhou 510641, Guangdong, China)

Abstract: To address the demand for the refined development of ultra-thin flexible phase
change materials (PCMs) for diverse application scenarios in the energy storage field, this
study aims to solve the inherent defects of large supercooling degree, phase separation, and
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easy leakage of sodium sulfate decahydrate (SSD)-based PCMs, and break through the
process bottlenecks of high surface tension, poor spreadability, and easy pore formation in the
preparation of ultra-thin hydrogels. This study fabricated sodium polyacrylate/calcium alginate/
sodium sulfate decahydrate (PAAS/CA/SSD) double-network hydrogels via an in-situ sol-gel
method. The formulation optimization, performance regulation, and key ultra-thin molding
technologies of SSD hydrated salt hydrogel materials, which can be widely used in thermal
energy storage and cooling fields, were systematically investigated. The results show that the
PA-10 sample with a PAAS content of 10% exhibits the optimal comprehensive performance,
with a phase change temperature of 31.88°C , phase change enthalpy of 119.7 J/g,
decomposition temperature of 88.81°C, decomposition enthalpy of 913.5 J/g, tensile strength
of 0.29 MPa in crystalline state, and elongation at break of 16%. Its thermal conductivity
remains above 0.82 W/(m-K). The sample possesses both rigidity and flexibility without
leakage, which meets the material performance requirements of energy storage devices.
Through the synergistic regulation of 1% sodium hexametaphosphate (SHMP) and 6% borax,
the supercooling degree of SSD is reduced to nearly 0°C, which significantly improves the
controllability of phase change and solves the core performance issue for the engineering
application of the material. To tackle the molding difficulty of ultra-thin hydrated salts, DuPont
FS-300 surfactant was introduced to regulate the surface tension, and the optimal dosage
was experimentally determined as 1%.. The contact angle of the hydrogel on the silicone mold
surface decreased from 111.1° to 42.2°, and ultra-thin hydrogels with a thickness of 1 mm, no
pores, and uniform thickness were successfully prepared, breaking through the molding
process bottleneck of ultra-thin phase change hydrogels. Performance tests demonstrate that
the surfactant only slightly loosens the gel network; its mechanical properties are still superior
to those of samples prepared by the traditional compression method, and the thermal
properties are not significantly affected, with the phase change enthalpy and decomposition
enthalpy basically stable. The phase change temperature and flexible characteristics of this
ultra-thin SSD-based hydrated salt hydrogel material are suitable for energy storage scenarios
such as human body thermal management, lithium-ion battery thermal management, and
thermal runaway protection. It provides a new route for the lightweight and thinning
development of inorganic hydrated salt medium-low temperature energy storage materials,
and also offers experimental basis and technical support for the miniaturization and flexible
design of energy storage devices as well as system operation optimization.

Keywords: sodium sulfate decahydrate; hydrogel; phase change material; surface tension

regulation; thermal energy storage and cold storage
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Preparation of hydrated salt gels with different mass fractions of PAAS

Sample SSD/g AAS/g MBA/g SA/g CaCl,/g APS % i/g APS/g
PA-3 53.2 1.8 0.5 0.3 1.2 3 0.04
PA-7 50.8 4.2 0.5 0.3 1.2 3 0.04
PA-10 49 6 0.5 0.3 1.2 3 0.04
PA-13 47.2 7.8 0.5 0.3 1.2 3 0.04
PA-15 46 9 0.5 0.3 1.2 3 0.04
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Table 2 Preparation of hydrated salt gels with different mass fractions of borax
Sample SSD/g Borax/g SHMP/g AAS/g MBA/g SA/g CaCl,/g APS/g APS/g
0% Borax 48.4 0 0.6 6 0.5 0.3 1.2 3 0.04
2% Borax 47.2 1.2 0.6 6 0.5 0.3 1.2 3 0.04
4% Borax 46 2.4 0.6 6 0.5 0.3 1.2 3 0.04
6% Borax 44.8 3.6 0.6 6 0.5 0.3 1.2 3 0.04
8% Borax 43.6 4.8 0.6 6 0.5 0.3 1.2 3 0.04
10% Borax 42.4 6 0.6 6 0.5 0.3 1.2 3 0.04
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Fig. 1

(a) DSC curve of sodium sulfate decahydrate (SSD); (b) DSC curves of samples with different mass

fractions of PAAS; (c) Phase change enthalpy and decomposition enthalpy of samples with different mass
fractions of PAAS; (d) Phase change temperature and decomposition temperature of samples with different
mass fractions of PAAS
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Fig. 5 Leakage test results of pure SSD and PAAS/CA/SSD hydrogel samples before and after isothermal
heating at 50°C for 2 h
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Fig. 6 Influence of different mass fractions of borax
on the supercooling degree of PA-10
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Fig. 7 (a) Photographs of the sample without surfactant; (b) Photographs of the sample with 1%. surfactant;
(c) Contact angle of the gel without surfactant; (d) Contact angle of the gel with 1%, surfactant
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Fig. 8 SEM images of different materials: (a)—(c) SEM images of PA-10; (d)—(f) SEM images of Pure SSD;
(9)—(i) SEM images of PA-10 with 1%. surfactant
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Fig. 9 Tensile performance tests of 1 mm-thick
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mass fractions of surfactant
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