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high heat storage density, low cost, and wide availability. Its reversible dehydration-hydration
reaction enables efficient thermal energy storage and release, making it suitable for
applications such as medium-temperature solar heat collection and industrial waste heat
recovery. However, inherent limitations, including low thermal conductivity and severe
agglomeration during cycling, restrict heat and mass transfer efficiency and long-term
operational stability, thereby hindering engineering applications. To address these challenges,
this study focuses on the preparation and performance optimization of thermochemical heat
storage materials through synergistic modification using functional additives and a composite
porous structure. High-purity CaSO,-2H,0 powder was synthesized via a solution method.
Subsequently, 3% expanded graphite was introduced as a thermal conductivity enhancer and
5% nano-silica (SiO,) as an agglomeration inhibitor, followed by ball milling to obtain a CaSO,-
2H,0 /3EG/5SIO, heat storage matrix. A porous composite thermochemical heat storage
material was then fabricated by vacuum impregnation of the matrix into porous copper foam.
The microstructure, crystal structure, chemical compatibility, thermal performance, and cyclic
stability were systematically characterized using scanning electron microscopy, X-ray
diffraction, Fourier transform infrared spectroscopy, differential scanning calorimetry, and a
laser thermal conductivity tester. The results show that the incorporation of expanded graphite
increases the thermal conductivity of CaSO,-2H,0 from 0.577 W/(m-K) to 0.797 W/(m-K),
corresponding to an improvement of 27.6%. Nano-SiO, effectively suppresses particle
agglomeration after cycling by enhancing particle dispersion and inhibiting grain boundary
migration. The porous structure and high thermal conductivity of copper foam further improve
heat and mass transfer pathways, resulting in a thermal conductivity of 1.509 W/(m-K), which
is 161.5% higher than that of pure CaSO,-2H,0. The composite material exhibits a reaction
enthalpy of 359 J/g, a packaging efficiency of 70.4%, and an operating temperature range of
120—160°C, which is well matched with medium-temperature solar thermal systems. After 80
hydration-dehydration cycles, the heat storage density remains at 92.3%, with no significant
changes in crystal structure or chemical compatibility, demonstrating excellent cyclic stability.
Through the synergistic design of porous support and functional modification, this study
effectively addresses the key challenges of low thermal conductivity and agglomeration in
hydrated salt thermochemical heat storage systems, providing a practical strategy for
performance enhancement and high-value utilization of phosphogypsum resources.

Keywords: calcium sulfate dihydrate; thermochemical thermal storage; thermal conductivity;

cycling stability

2, A EAEARIREIRTI LU Ak RAR BURRIE AR R, i L AT DA R A R v R
REEGAAIRE N D, SRR I B IR, DS ORI A ETHFERY . AR fif
F S E0™ E G A A RR VR G, REURIIETE . FRRFE N B AGE A, I8 I RO b 2 4
BRI 2 H 2 M B RS I A R R E LI 3R, FERE AT T, BT KA SR A/E
Bgar, Hep, nTEARRRYE N A s Pk R 2 B X A b & fi% BE (thermochemical energy
5 2 [ B[R] R 2 (8] AN D B il 5, 1 #AVREA7 i H AR storage, TCES) & & B A3 #H X B AR 19 T AF i &
(thermal energy storage, TES)Al¥ & W Al A FI6E  (200°C LA ) H 68 & %5 B v (7] & A4 i 741 7~9
BEAAKIATHTEE, AMUATASEI A SR ), Rl HKE S E R R, A



¥ 3 M J6fE: TOKEBERIRES 2 fLE G AL A AR ] 5% S AR RERIT 7T 737
AIVTHe BRAMRA Z R A, T A RENR] BRI A7, DA Ag s Bt 75 22 18] 4% ) A DL FE F4 1)

FH (AR R BH BEATA ) A1 b A A A [T SR 8 5 AV 3
SR AT T R Y IR FH BT 5

K BRI K T Iy A, RIIR B 7K A
g5k, T R EDE I Y BRI A5 A K G IR
i, AL R R L B, E A DL T i A
VR BRESE H 7 s AR A b B A& b, S5 el
PR H AR AR K& R At o
BT SR GE  oK s #h 2 TR R TR S R Ak s
REER Ml A7 B REIRA™, 7K B 5 BT 3800/ [ s Bz T 4
& Hyt(1),

Salt-xH,O(s) \HL‘—atSalt-yHZO(s) +(x-y)H,0(g) (1)

FEf BB B, 7K B dh BRI 2 A BE (40 A PH R
MRS, THAEEAT AR, B b /KB
ToKE R, RN, R aER AL A ge sk

F1 JLHERKERMFER MIEZE.

AR PR AR, I A fig AR K
25, BT MK R R N, KGR R EET K
GEA B[R TR B, SIS R KA AR R
2 A I B A AT AR S FAVEE 7 THT R B H A 57 11
PERE, TEAFEILAA SHEAEE. SENFE LR
B, FEHHDUKZESIENRRBY, WiE%4s. H
BT, WF B % KA R & B MgSO,/H,0.
MgCl,/H,0. CaCl/H,0. SrBr/H,0. Na,S/H,0O.
LiICI/H,O. LiBr/H,O % . JUF - WK & &k 0 b5 #E EE
IR LA RO PR A e M S 5in 3= 1 FroR™. \f
PLEH, KEBBMAEREE R E. KM
B AT A (HAKE AN HL A BT
TE G IR EIR . AEIRE S 25, ONGERAG EIA
R 22 S5k g0,

B E R EE LSS5

Table 1 Several common hydrated salts' standard reaction enthalpy changes, cycle stability and heat storage

density and other parameters
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Table 3 Main instruments and experimental equipment
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Fig- 3 Microscopic morphology of porous composite

thermochemical heat storage materials

(a) morphology of CaS0O,-2H,0, (b) the morphology of

CaSO0,-2H,0 after 20 times of hydration/dehydration,
(c) the morphology of CaSO,-2H,0 after 20 times of

hydration/dehydration after the addition of SiO,,
(d) the morphology of CaSO,-2H,0 after 20 times
hydration/dehydration after adding SiO, and EG
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Fig. 4 Adsorption of foam copper (a) top view of CF
adsorbing CaS0,-2H,0, (b) cross-sectional view of CF
adsorbing CaS0O,-2H,0; (c) top view of CF adsorbing
HSM, (d) cross-sectional view of CF adsorbing HSM
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Fig. 5 Element distribution map of heat storage
matrix
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Fig. 6 Foam copper@thermal storage matrix
element distribution map

SIO RAFAE B S50, Uil CF@HSM H &4 i
DB ST REGE—R, HASE RN,

i FTTR MR — P45 7 CF@HSM #£ i
AL RN g5 0, RAESE RAE 8 . — K&
T RS R S5 M L B I AN K, (RSB
43 S %F B 3540 cm Ak 1 v, (H,O) AN X Bk 4 4 % 51
I . 3401 om™ &b i v,(H,O) X Bk A 4 4% 2 0 DL K2
1680 cm™ f1 1618 cm &b 1 5(H,O)[ 5k v,(H,0)1% ifh
PRBhIE, 1134 cm™ &b R v,(SO2 ) A X Fik 1 45 417 5
g, 671 cm™. 598 cm™ 4t N v,(SO2 )2 fh Ik 5
=, EG. SiO, 11k 5 CF@HSM [ 4511k U
4, BITE CF@HSM [ 21 41 il 28 o 58 B 3 A5 B
& XIEMAEE SR, EG. Si0,. CaSO,-2H,0 LA
T LA 2 B A 2 RS S AR O, R
YIRRAE R, BT RS a4

2 4 CaSO,-2H,0

] * EG
A a
al A

vV CF
L EG

aaea HSM
-

Intensity(a.u.)

T CF@HSM v

10 20 30 40 50 60 70 80
26/(°)

El7 SEEMRXHEITHE

Fig. 7 Composite material X-ray diffraction pattern
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Table 4 Enthalpy change and temperature of heat storage material reaction
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Table 5 Thermal conductivity and related calculation
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Fig. 10 Thermal conductivity and thermal
conductivity diagram of composite materials
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