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Preparation and thermal performance of expanded graphite/paraffin composite
phase change materials for solar thermal storage
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Abstract: In order to improve the performance of phase change material (PCM) for solar thermal storage , composite PCMs
with good thermal performance were prepared using paraffin by adding dispersants and different mass fractions of
expanded graphite (EG). The temperature changes were tested experimentally during melting and solidification
in order to analyze the heat storage and release characteristics of composite PCMs. And the main thermophysical
parameters were obtained using the T—History method. Numerical simulation was carried out to study the solid—
liquid phase change and flow field of composite PCMs during melting process, and the numerical temperature
were compared with experimental data. The results show that the heat transfer, heat storage, and release perfor-
mance of PCM are enhanced by adding EG. The thermal conductivity of PCM with 1.5% EG is 1.49 times that of
pure PCM. As the EG additive amount increases, the viscosity of composite PCM increases, which weakens the
convective heat transfer intensity. And the latent heat of composite PCM also decreases, which decreases the heat
storage capacity. The composite PCM with 1% EG addition has the best heat storage and release performance,
and its heat release time is shortened by 38.06% compared that of to pure PCM. The higher the amount of EG
added, the faster the melting rate of composite PCM. The composite PCM with 1% EG addition has the best heat
storage and release performance.
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testing system
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Fig.11 Plots of solid-liquid integral numbers of EG/PCM with different mass fractions over time during melting




—42 -

X B T I kK % %2 &

R

— 3, FL¥E A JE ) A AL . BT 100 s 15 LR
HHZEAK, ZJEHE TR0, RN EC BEm
EG/P CPCM I LB .+ = 600 s B, EG BRI
1.5%19 EG/P CPCM T 5E58 M5 1k , 3 J2 R R HAL #1
PEfE R AR R/ . EG BN 1.2%H11.0%
i) EG/P CPCM W ARMRSE X1k, 1 EG WS H0.5%
1 0.8%11) EG/P CPCM 7E 700 s B IR A 52254k

M 11 BRI A, TS AH S AR s 1 3 B L
JIEEBA TR . A AT A, 0 3T 1A B 1 1) &2 A5 AR AR
AR T PR T 5 I Ak, X I Ak 1 A R A
T — NS HZ X O A RO . Bl
HINPGT R PEAT, WAL AAS R ok i 2 |
R T ) 90 A R O 300 A 28 A Ak %) A 2 PR L 25 1) A7
FEIE S — o W %% B 22, FE TR T RN SR 3 AR T S B
T A IR [] L3 80, AR AR MR T AR 23 1) T
Bl , IR AT, B SRXHR , QnlEl 12 fifR . BERs,
XTI T F 2L T, b i i S 44
B A A AR

(a) BETHTEIA (b) TS LA
B 12 ¢=100s i, EG/PCM KJTRERFNEETHE £k
Fig.12 Streamline plots of top and wall of EG/PCM at

t=100s

4 & it

T R K PHAEE R G AR RE , 76 A i h TR
TINREE K A7 S8 4 52 B AR AR AR 5 SR FH S S0 AT AR (L
RESUBIFIE 5 B FH A8 WA A8 I L0 R ] el R R 1,
T RS R Ay 5 I B 0 OGS B2 A5 A AR B R ) 2 2 A
SRR L AR b AR AR A s, 15 21 1) 2 B2
WR .

(1) BINRE A A 55 0T S 25 448 R A8 A B AL 4
AT 4R L E RV RE B IN 1.5% I8 ik SR Y EG/
PCM 3L S R alAHAS AR 1.49 £,

(2) BER KA BB InEIE 2, B A M BN
PSR TS (At R 5 BRI A 88 s
W AR ARG S BE RS I, A AR AR AR

b Nk S ASEEHIE I

(3) REZRK AT SR A TR I ey, 245 AR A RHI 1
P A bR, ELTHURR B A 22 A1 R T 30 PR T IR
1o BEMA AR TN 1LO%R , Bk A7 BB ARA A
R RE R

Sk

[1] SEDDEGH S, WANG X L, HENDERSON A D, et al. Solar
domestic hot water systems using latent heat energy storage
medium ; A review[]]. Renewable and Sustainable Energy
Reviews, 2015, 49; 517-533.

[2] At LA, TR, 5. BT OR BHREA) AR 2 #i

IKAESFIPEART]. RFHBE 4R, 2020, 41(2): 217-224.
LI A G, SHI B J, ZHANG W Q, et al. Structure optimization
of phase change thermal storage water tank based on solar en-
ergy utilization[J]. Acta Energiae Solaris Sinica, 2020, 41(2) .
217-224 (in Chinese).

[3] TERHAN M, ILGAR G. Investigation of used PCM—-integrated
into building exterior walls for energy savings and optimization
of PCM melting temperatures[J]. Construction and Building
Materials, 2023, 369, 130601.

[4] HU J, ZHANG S, DU G, et al. Assembling and properties
characterization of boron nitride—chitosan porous structure em-
bedded low supercooling and shape stable sodium acetate tri-
hydrate based phase change materials[J]. Solar Energy Materi-
als and Solar Cells, 2023, 253 112212.

(5] RS, EARME, S8, . B A AL & Pl &
PERESE IR ). KBHAE=H], 2009, 30(10): 1188-1192.
CUITHT, WANGZH, GUO Y S, et al. Experimental study on
heat performance of new phase change thermal energy storagy
unit[J]. Acta Energiae Solaris Sinica, 2009, 30(10): 1188—
1192 (in Chinese).

[6] JrHAL, kM, XIBHR, 4. FETEROE SR AR AR i e
A E BRI RIETE (T, HESURLE, 2020, 36(10): 134-139.
FANG G H, ZHANG W, LIU D H, et al. Experimental study
on heat storage and exothermic of phase change heat storage
device based on spherical package[]]. Building Science, 2020,
36(10): 134-139 (in Chinese ).

(7] @i, £33, R, S5 IR KAR P ARAE A R e SE A B
HERIEAPEREDT ST, TR 24 (A SRR, 2021,
48(11). 215-222.
YU Z, WANG J, YAN Z ], et al. Study on improvement and
melting performance of phase change material encapsulated
structure in domestic hot water tank[J]. Journal of Hunan Uni-
versity (Natural Sciences), 2021, 48 (11). 215-222 (in
Chinese).

[8] CARMONA M, RINCON A, GULFO L. Energy and exergy

model with parametric study of a hot water storage tank with



55 4 1]

VESLE, 55 BT TR BH B PRI KA1 28/ 40 5 S5 RS AP RS ] 285 VPR fE

—43 -

9]

[10]

[11]

[12]

[13]

[14

—

[15]

[16]

[17]

[18]

[19]

[20]

PCM for domestic applications and experimental validation for
multiple operational scenarios|J]. Energy Conversion and Man-
agement, 2020, 222. 113189.

ZHANG D H, WANG J Q, LIN Y G, et al. Present situation
and future prospect of renewable energy in China[J]. Renew-
able and Sustainable Energy Reviews, 2017, 76. 865-871.
LIT X, LEE J H, WANG R Z, et al. Enhancement of heat
transfer for thermal energy storage application using stearic
acid nanocomposite with multi —walled carbon nanotubes [J].
Energy, 2013, 55. 752-761.

XIA L, ZHANG P, WANG R Z. Preparation and thermal
characterization of expanded graphite/paraffin composite phase
change material[]J]. Carbon, 2010, 48(9); 2538-2548.
Toul], T K, REZE. A US/ERDUKAE S5 A B
PERERFSEL)]. AL T, 2015, 35(1): 130-134.

WANG Y M, DING Y F, WU H J. Performance of paraffin/
carbon nanotube composite phase change material[J]. Modern
Chemical Industry, 2015, 35(1): 130-134 (in Chinese ).
TENG T P, CHENG C M, CHENG C P. Performance assess-
ment of heat storage by phase change materials containing
MWCNTs and graphite|J]. Applied Thermal Engineering, 2013,
50(1): 637-644.

MISHRA A K, LAHIRI B B, PHILIP J. Superior thermal con-
ductivity and photo —thermal conversion efficiency of carbon
black loaded organic phase change material[J]. Journal of Molec-
ular Liquids, 2019, 285. 640-657.

HAMIDI Y, AKETOUANE Z, MALHA M, et al. Integrating
PCM into hollow brick walls: Toward energy conservation in
Mediterranean regions[J]. Energy and Buildings, 2021, 248,
111214.

MARANI A, NEHDI M L. Integrating phase change materials
in construction materials; Critical review[J]. Construction and
Building Materials, 2019, 217 36-49.

CHOI D H, LEE J, HONG H, et al. Thermal conductivity and
heat transfer performance enhancement of phase change mate-
rials (PCM) containing carbon additives for heat storage appli-
cation[J]. International Journal of Refrigeration, 2014, 42.
112-120.

ZHANG Z G, FANG X M. Study on paraffin/expanded graphite
composite phase change thermal energy storage material [J].
Energy Conversion and Management, 2006, 47(3): 303-310.
SAR A, KARAIPEKLI A. Thermal conductivity and latent
heat thermal energy storage characteristics of paraffin/expand-
ed graphite composite as phase change material[J]. Applied
Thermal Engineering, 2007, 27(8/9) . 1271-1277.

IR, BT, R, A5 BRAUOK A A A A AR R R

[21]

[22]

[24]

[25]

[26]

[27]

IAERERY SLIRBIFEL]. BEHIE T, 2019, 48(4): 752-754,
761.

GAO LY, YANG B, HAO M L, et al. Experimental study on
thermal properties of carbon nanotube/paraffin composite phase
change materials[J]. Applied Chemical Industry, 2019, 48
(4): 752-754, 761 (in Chinese).

Z0UD Q, MAXF, LIU X S, et al. Thermal performance en-
hancement of composite phase change materials (PCM) using
graphene and carbon nanotubes as additives for the potential
application in lithium—ion power battery[J]. International Jour-
nal of Heat and Mass Transfer, 2018, 120, 33-41.

WANG Y M, MI H'Y, ZHENG Q F, et al. Graphene/phase
change material nanocomposites: Light—driven, reversible elec-
trical resistivity regulation via form—stable phase transitions[]].
ACS Applied Materials & Interfaces, 2015, 7(4): 2641-2647.
XIAO X, ZHANG P, LI M. Experimental and numerical study
of heat transfer performance of nitrate/expanded graphite com-
posite PCM for solar energy storage[J]. Energy Conversion and
Management, 2015, 105, 272-284.

HE J S, YANG X Q, ZHANG G Q. A phase change material
with enhanced thermal conductivity and secondary heat dissi-
pation capability by introducing a binary thermal conductive
skeleton for battery thermal management[J]. Applied Thermal
Engineering, 2019, 148. 984-991.

YUAN M D, XU C, WANG TY, et al. Supercooling suppres-
sion and crystallization behaviour of erythritol/expanded gra -
phite as form—-stable phase change material[J]. Chemical Engi-
neering Journal, 2021, 413, 127394.

HUANG X B, CHEN X, LI A, et al. Shape-stabilized phase
change materials based on porous supports for thermal energy
storage applications[J]. Chemical Engineering Journal, 2019,
356; 641-661.

FERL, R, SRR, %SGR E I ZaEn sk 5 5
BRBFSELI]. 24, 2017, 38(6): 34-38, 45.

WANG Z S, YANG L S, HU X W, et al. Improvement and
experimental study of the T-history method[J]. Journal of Re-
frigeration, 2017, 38(6): 34-38, 45 (in Chinese).

AR5 XN

VFALZE, 5K 58, Bk, 5. T TR PHBERE IR AU K A7 s/ 00
52 5 AL A RHR] A 5 PR BELT]. R Tl R 24l

2024, 43(4): 36-43.

XULX, ZHANG Y, LIANG N, et al. Preparation and thermal

performance of expanded graphite/para ffin composite phase

change materials for solar thermal storage[J]. Journal of Tian-

gong University, 2024, 43(4) : 36-43(in Chinese).



