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Abstract: A low-cost and user friendly method for adding coatings is proposed to address the
current issue of relatively complex and costly preparation of composite phase change materials for
photothermal conversion and storage. The expanded graphite and carbon nanotubes were used for
improving the solar thermal conversion and storage performance of paraffin wax/expand perlite
composite. The effect of different mass ratios of expanded graphite and carbon nanotubes on solar
thermal conversion and storage at varying solar intensities was investigated. The results of the
solar-thermal experiment indicated that the thermal energy storage rate of the pure paraffin wax
and paraffin wax/expand perlite could be improved by adding expanded graphite. In comparison
with pure paraffin wax and paraffin wax/expand perlite, the heat energy storage rate of

composites with expanded graphite content was improved two times and 0. 63 times, respectively.
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The addition of carbon nanotubes coating could effectively improve solar thermal performance.

The photothermal conversion efficiencies for paraffin wax and paraffin wax/expand perlite were

improved by a factor of 1. 82 and 0. 6, respectively. With the cycle time increasing, the

photothermal converting property of the composite declined and maintained steady after a certain

cycle. The steady maximum temperature was about 65 °C. The photothermal conversion efficiency of

most of the studied samples was below 90% , and the photothermal conversion efficiency of this

study could reach 90. 76%. Therefore, the addition of carbon nanotubes to the surface of

composite phase change materials has been demonstrated as a simple and effective strategy to

improve the photothermal conversion performance.

Keywords: expanded graphite; phase change materials; expanded perlite; carbon nanotubes;

photothermal conversion
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Table 1 Names of pure PW and composite PCMs

FE S wew/ % we /% wee/ %
PW 100. 00 0 0
PW/EP 71.03 28.97 0
PW/EP/EG1 72.89 26.11 1
PW/EP/EG3 78.29 18. 71 3
PW/EP/EG5 82.06 12.94 5
C-PW 100. 00 0 0
C-PW/EP 71.03 28.97 0
C-PW/EP/EG1 72.89 26.11 1
C-PW/EP/EG3 78.29 18.71 3
C-PW/EP/EG5 82.06 12.94 5
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Fig. 1 TG curves of PW, PW/EP, and PW/EP/EG

composites
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Fig. 2 Temperature vs. heat flow curves of pure PW, PW/
EP, and PW/EP/EG composites

zkxb. xjtu. edu. cn

PR AL A o Bt 25 T B B0 T R AR S BRI B
FEAL IO L BT B S A A 55~ 60 “C ik 3 163
B 3k R v B A L B A R AIC 0 A B AR AR M RE T
58 [ 7 RETICH I, BT A3 R S #0AES5 °C A4 iR F
VAR . 2l i ) it 2 B AT A e A WA R0 TR AR L X 3R
W iy s LA S K T I . il 52 A R R A R
TEfits FACRI I AR 3 2 v g 06 (T 06 T BRE AL, 26 A
TWEIAE AL 5 B H R A5 IE b = 1 T
PUE (234 ]« g DM, AMEERC203.3] g )
{6 R 13% , i T A BF 55 07 1 00 0 05 A1 4 42 1K
(10 JG/kg) » WA T W I B 7 T 3 32 5 L

— IS bR RIS AR A R & & R A A
YRR A48 S R T 5K ) u AR AR T RN B A T, T
A . T IRAT i A M AR bR Y R AR
P, BT TE B Fo O BRIR I AH, RIS & A
AR BE R E, 3 DB S 4lA I T R
WSS EM L F. E ARk

~ AH, .
F"*AHPQXIOOA (D

E. = AH,F, (2)

AH, = AH,R (3)

Kb AH, AH, FUAH, 4350 4 41 8 F1 2 A F A8
R s A T A0 S HL e W A 5 B oK A I A R A A
RIS el DR

F. E. #4152 5000 1 40 808 At 3 45 S5 4n
T2 PR, Fh T, NSRRI, AH,, NG,
T JBEWENR S AH, S 5E [ A

R 2 B A AR E AR 6 oM AR A
Table 2 Thermal properties parameters of PW and the

composite PCMs

. 5 AH,/ AH,/ E./
FE T./C F./%
Jeg) JeghH (JegH
PW 46.98 203. 3 100
PW/EP 47.19 137.3 144.40 95.08 193.29

PW/EP/EG1 47.13  143.
PW/EP/EG3 47.17  153.
PW/EP/EG5 47.43  159.
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Fig. 3 Thermal conductivities of PW and composites
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