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Sepiolite reinforced carbon foam composite toward phase change energy storage

material and its light-thermal-electric conversion performance

ZHUO Zuyou , SONG Shengnan , SHEN Yongkang , CHEN Yandan’
(College of Material Engineering, Fujian Agriculture and Forestry University, Fuzhou 350108, China)

Abstract: Polyethylene glycol (PEG) is an excellent phase change material with high phase change enthalpy, biode-
gradability, non toxicity and corrosion resistance. However, the easy leakage and poor thermal conductivity hinder
its large-scale application. Therefore, with wheat flour as the matrix, a biomass carbon foam composite SCF-X-Y re-
inforced by sepiolite, where X represents the amount of sepiolite added and Y represents the carbonization tempe-
rature) was prepared as the efficient carrier of PEG phase change material by using microbial foaming and high tem-
perature carbonization technology. The experimental results show that the compressive strength of SCF-10-800 can
reach 5.42 MPa. The thermal conductivity of SCF-5-1000@PEG reaches 0.39 W/(m-K), and its melting enthalpy and
solidification enthalpy are 123.4 J.g™' and 106.6 J-g™', respectively. Meanwhile, it has excellent leakage resistance.
Using SCF-5-1000@PEG as an optical absorption source, a light driven thermoelectric conversion system was
assembled, which showed a light to heat conversion efficiency of 63.2% and could achieve a stable current output
for more than 400 s, demonstrating its application potential in the light-thermal-electric energy conversion system.
Keywords: wheat flour; sepiolite; polyethylene glycol; phase change energy storage; light-thermal-electric

energy conversion
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Table1 Sample naming X : &
—=— Loading ratio of PEG 76 1 70 8
SCF-X-Y X/g Y/C S {685
< =}
SCF-0-800 0 800 o102
SCF-2.5-800 25 800 £ 064 =
51 ¢ s
SCF-5-800 5 800 & ?(2) 5
SCF-7.5-800 75 800 ] ;8§
SCF-10-800 10 800 | 56
SCF-5-400 5 400
SCF-5-600 5 600
SCF-5-1000 5 1000

Notes: SCF—Sepiolite/carbon foam; X—Amount of sepiolite
added; Y—Carbonized temperature.

B UR , FBE TR s IR U, B4R 2 Rk
BiF 25 R 2 T 5% BA 10 WS PEG, SRS PR IC O my.
R R A0

PEG Loading = 22" % 100% )
ny
Vacuumize Vacuum
] ” 2 ]
80°C

B 1 SR R RAEIL /SO0 L A H R (SCE-X V@
R W (PEG) MR
Fig.1 Flow chart of sepiolite/carbon foam composite (SCF-X-
Y)@polyethylene glycol (PEG) prepared

by vacuum impregnation method
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HE— 20l T R B (TC3000, V54 HR)
5L 7 AR SE IR AL (CMT5504, 32 [E MTS)
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Fig.2 Comparison diagram of porosity, opening porosity and PEG load
of SCF-X-800

Yeast \Force
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Fig.3 Diagram of the effect of sepiolite on the formation of bubble

structure in yeast fermentation
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16572 o
S 1 68
6 - 66
@ scro-800 , 60
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SCF-5-800 .7 7 F5 SCE-5-Y (LI, FFLACH PEG SRS HFS
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’ Fig.5 Comparison diagram of porosity, opening porosity and PEG load
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Fig.4 Compressive strength (a) and thermal conductivity comparison

diagram (b) of SCF-X-800
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Fig.6 (a) Compressive strength of SCF-5-Y; (b) Thermal conductivity of
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PEG FYEE S 32 T T 99.5%, T J& PEG TR K Hy
3.91% . B ffi & SCF-5-400@PEG K i (1) 5 #4 2 %k
WikFE T 0.28W/(mK), o F & T PEGH FMA
(010 W/(mK)). iX J& i F SCF-5-Y#F 1 £
PEG J5 , Y7876 FL B B AI0 S 30 R B0 =8 Sw
PEG ¥, H ULH 3 1) = 4R 0k i 42 fr
M s S VRS B T 780y K #%, fif SCF-5-Y@PEG
1A% ARRAT LR KR T
2.3 RiBEXEESH RN

L7 S T A RN i VR 2 A bR SEM &
(SU8010, H 7 Hitachi, MilEH & 5~20kV), &l 7(a)
Hg A 2R E KA WA 4RIES . hE 7(b)
AW, , SCF-5-1000 A% it 2 I1 AT 08 30 2] /N A — Fil
AHE B3 A LR, LAV FEIAE 50 pm 24, X R
FLAS A0 RV J5 B2 AH A2 ORI A 28t 2 A it T e
PG o HE— 20 X AT Ry B i R W22 (K 7(c)),
A DL B A 4R R0 A i A B R R a4, W)
B TR B R 5% b 25 5 A — R T A ) 45 4 e 5 1Y
R, HeJE i E 7(d) FTLAA B, SCF-5-1000 ffi
# PEG 7, FEah R A VW B ALIE 54, KA
A5 k4L PEG %} SCF-5-1000 FLER 19 A & 78, H#
AT FH R A 58 A o DL BH I 40, 300 BH Y 30 A / 3
WE ARSNGB ER,

(2)

7 iy (a). SCF-5-1000 ((b). (c)). SCF-5-1000@PEG (d) i
SEM K%
Fig.7 SEM images of sepiolite (a), SCF-5-1000 ((b), (c)) and SCF-5-
1000@PEG (d)
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AHyp 5BEHEENHS AHpy
Fig.8 (a) DSC curves of PEG and SCF-5- Y@PEG; (b) Melting enthalpy
(AHyy) and theoretical melting enthalpy (AHry,) of SCF-5- Y@PEG;
(c) Solidification enthalpy (AH;) and theoretical solidification enthalpy
(AHyy) of SCF-5-Y@PEG
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PEG 7+ FHEBL B 8. 4 PEG 4> T-HEBL AU Y 12
BHIMANRE S 545 Fhid, R 3 00 B [ I B 3t 45 T R
XiF o7 F) 45 ol L 25 R BRI D, TR AR M, FEJE A
A, TR A AR MR 4 PEG B A XA
R4, S, L H R A I AR R B TR . X
A2 B FR S B RHG A0 RN B [ 3o 72 1) DSC il £ 47 AR
gy, THEEAS A L A T AS (AHY,) B RS
(AHg) 43 5I4E 123.4J-g7 1 106.6 J-.g* Fff 4T, 1T 3¢
kA Y R R AR AR il B A A M RE, A 8 T
F 2, MT R A ARAE MR AR K5 B KN 3 R
F T S B AHAE AR B, IS A AR K (B (AHY)
CIRG UM N wa =

AHt = AHpgG XpEG (2)
AW AHppg M 4l PEG A ZAE K3 {H 5 Xppg N PEG
AP RHA Z T b R

WA R, A & A R AR AR SR A
ARG BIR TR AL, WL 8(b). 8(c). FH I
I, ATRESE M TR S I R 50 PEG 1B i AH A8 44 K
B A7 AR B R AR, A T — g T W AL ) A i AN BB
Kot AL s =N ER, AR DL BT Uit ke ok
B A B T R B0 &2 5 R A8 b R} GE 0 3 PR AIG
e Rt A b B ARE T W ) A R A A0 PR
&3 B AH AR A RN ER, DR e T LA 28 =5 PEG 19
FHAE ORI,

& 2 SCF-5-1000@PEG [FElEJLF B FI1E L REM #1 HO F 2 M BE XS B
Table 2 Thermal properties of SCF-5-1000@PEG comparison with different phase change
energy storage materials reported in recent years

Sample PCM AHy/(J-g") AHg/(J-g™) Ref.
PGI-PEG 50 PEG 6000 86.93 83.65 [19]
PGI/PEG PEG 6000 86.9 70.1 [20]
PEG/BC-2 PEG 6000 71.17 68.43 [21]
PCM PEG 6000 97.2 92.3 [22]
Fe;0,-GNS/PCM-4 PEG 6000 101.5 55.7 [23]
PCM-6000 PEG 6000 76.37 80.46 [24]
SCF-5-1000@PEG PEG 6000 123.4 106.6 This work

Notes: PCM—Phase change materials; PGI—Poly(glycerol-itaconic acid); BC—Bone char; GNS—Functionalised graphene nanosheets.

2.5 &iAEKE &M Rt iR e

i AILAH 22 it e A RL A [ -8 AH AR 3 R v i itk T
Jin) R 7 o ) 24 T AR W, PR A A A AR A R
A0 T T 1 A e L R 7 S ) 11 S
e 9(a) irs, K PEG V)5 SCF-5-Y RF #H 24
M /NSEOT IR, — Rl E B UE A 1, AR5 IR 4K HE
% 2 B2 R 80°C Y MEAE i AT 0 v T v e D 4t
il 1hj5, PEGE &% akib. tHILZ T, ¥
PEG i # 7£ SCF-5-Y I 2 )5, H &k ikfLI 45 =

€19 PEG il SCF-5-Y@PEG F¥ /i l#4E] 80°C AYKH A
Fig.9 Digital photos of PEG and SCF-5-Y@PEG samples heated to 80C
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Fig. 10 Thermal response of PEG and SCF-5-1000@PEG phase change
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Fig. 11 (a) Light-driven thermoelectric conversion device; (b) Schematic diagram of SCF-5-1000@PEG-based solar thermoelectric device;

(c) Current/temperature-time curves of SCF-5-1000@PEG; (d) Temperature-time curves of SCF-5-1000@PEG and PEG

under simulated sunlight irradiation of 300 mW-cm™
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