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Resear ch progress on thermal conductivity of phase change
materials enhanced by carbon-based materials
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( College of Energy and Power Engineering, Changsha University of Science & Technology, Changsha 410114, Hunan, China )

Abstract: Though organic phase change materials have been widely used in the field of phase change
energy storage due to their high latent heat, small subcooling, no phase separation and low cost, the
materials show low thermal conductivity. Carbon-based materials, with the characteristics of high thermal
conductivity, large specific surface area, light mass and strong plasticity, as well as easy processity into
various shapes and good application scenarios adaptability, have been largely used in the field of phase
change energy storage to enhance thermal conductivity. Herein, the research progress on one-dimensional,
two-dimensional and three-dimensional carbon-based materials modified organic phase change materials
was reviewed, with the three-dimensional carbon-based materials or low dimensiona carbon-based
materials that could be constructed into three-dimensional structures found to outperform comprehensively,
which may be attributed to the three-dimensional skeleton structure providing a continuous heat conduction
path thus improving the thermal conductivity of phase change materials, and the porous structure providing
strong surface tension and capillary force thus effectively preventing liquid phase leakage of phase change
materials. The effects of carbon-based materials on enhancing the thermal conductivity, liquid phase
leakage and thermal properties of organic phase change materials were then summarized. Finaly, the
possible challenges in practical application was pointed out and future development directions of
carbon-based materials modified organic phase change materials were discussed.
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Fig. 1 Schematic diagram of preparation process of three-dimensional carbon scaffold, PA/carbon scaffold composites™®
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PR 1.98 1%, GO MUFEE T EZ A M EHI IS
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Y
ol ro
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o $ 7 2 5 A
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OH ey >
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Thermal energy Absorb light {\/: >
storage energy P4 hy
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s = =P
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)\‘ - quenching PEG/GO-
Thermal energy release co-Bdye GO-co-Bdye

Kl 4 PEG/GO-co-Bdye & & Fl 78 bk i i £ 7 7[5 177
Fig. 4 Schematic illustration of preparation process of PEG/GO-co-Bdye composite phase change materiall””
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AHIR T, LIV ST (Fe®) Mgk 1
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., GO EMERE RIFR B AR, CHI 2R IE
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G N 4.654 WI(m-K), GO 17 EG 45 A 3L
Bilk 7 TD By, 2ot 500 WHVIEIR)S , MR ik
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% S MR AR A R AL T R 1) B AN AT T R K 1, B
1A A R B, 5340, GO it & & & AL,
Al 3 I R B 7 NS A WL R R A S RRACE LR
FIH GO X i iy iz, W Fft PCMs il ¢ &2 & FH A8
WA RLAE 7 SR 0 T LA R A R S 7 o

4 ZHERmETH
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BE PR A T AN TR RE B B A BB Ak, 8% 600 °CALFE )
A BRRIARTE N B2, IS NiO 9KEERL A, 155
NiO@CF &Z &+ %k, H+/\EE (OC) =5 NiO@CF
TR A AR, HFEEh 1.12 W/(m-K), fi
afi + B R K 0.24 WI(M-K), X2,
NiO@CF /g &b F il T &, Rl &
SRAYLE A MR T AN E R . XK
IR EAT AR A 81, AT LU B ik A TR
B AREEAE . SHI 2B M T T I Rk UKL,
FERRRE L T o fl, SR R RZE S kil & CF, SR
Ja¥s PA BH3e7E CF W15 5] PAICF & & HIAZ# K, 24
wACIRE A 1100 °CHY, PA i 40 Fik 8] i K
(72.79% ), LB N AT %55 0.339 W/(m-K),
WU 28235 7F 1000, 1200, 1400 °C FH A& T H
ARy 0 2 FLESF Y = 447 BALBRIE TR ( GCF),
7% %] GCF-1000 . GCF-1200 . GCF-1400, X i
GCF-1200 HA fw i AL, DX R il B aok s 25
GCF LA HHS . ¥ GCF-1200 H.25 1 A MRl SA,
il 7% SAIGCF-1200 & & #H7AE#1 ok, H v F R R
1.012W/(m-K). 4 SA Fitt s34k 85%Mhf, SA/CF
1 SA/GCF-1200 14 iitt s 52 3 25 S an &1 5 firs o AH#E
T+ SA il SA/CF £ i, SA/IGCF-1200 B4 H 38 i A
MRS, UL R R A ALY CF B4 AT AIRT 1E
SA AR PEBE . ZHANG 2550 CF 5 AI(NO3);
£ 1600 °C FHEATRRIN N, 15 S8 W EE A FL & H
Wik (UMSCF-1600 ), ¥ UMSCF-1600 4 SA 1%
AR #1743 SA/UMSCF-1600 & & HIZE AR, HAk
[N 1725 W/(m-K), SA i35l 74.62%.

25 °C|SA SA/CF SA/GCF-1200
90 °C| SA SA/CF SA/GCF-1200

: l

K 5 SA. SA/CF il SA/GCF-1200 & &4 8 90 °CF
HEAT 0.5 h {itk I S 50 iy i 1 A A8
Fig. 5 Photos of SA, SA/CF and SA/GCF-1200 composites
before and after 0.5 h leakage test at 90 °C!&¥
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PA 1Y 3.24 f%, BB TSR TAERERAT
17.1°C, MALEKI Z5:B8f FIE A MF fif2E i £ 4L
CF 435I/E > PEG. PA Filkifiiz ( PAA) A HLAIZAS
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SRS RS GA, SRJG GA It PEG %
T GAIPEG & A AHAS p}, Hifil £k #2 &l 6 Fo
Hirb PEG i /38 ik 96.0%, kil 223.2 g,
BN 218.8 Jg, VTR A 0.361 W/(m-K).

L —
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e — H—
| .
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b [Vacuum oven
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.. — _PEG. | o | R
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Kl 6 GA (a) fil GA/PEG E & HIAMEL (b) Ml &

:El»: rgl [91]

Fig. 6 Schematic diagram of preparation process of GA (a) and
GA/PEG composite phase change materials (b)Y

itk tAk GA WEEH, TF K AR AR A
RS R EEER N E A AR, ZHENG
25192 pA B TE T GA IR ( CuF ) 4 2
M, e TRUE MR A AR AR, ORI LR
ik 97%, PR PA (1 9. KONG 251V I -
BECTS . 2800 °CrplmAbAbHISE—RANAIE, §il4& T
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