=5 M0t = 1k

Acta Materiae Compositae Sinica

AR — IR R B PR R OB . IR B

Bl B BIER R EARE

Form-stabilized phase change composites based on biochar and n-Eicosane for photo- and electro-
thermal conversion and heat storage

YU Xinghai, LI Yan’ an, TANG Haiwei, HAN Yuqi, WANG Yongsheng

TELR %15 View online: https://doi.org/10.13801/j.cnki.fhelxb.20220223.002

AT ARG A SCEE

Articles you may be interested in

T LR SR E R A TR Z AR O PR i K PR RE
Prussian blue/fluorinated hyperbranched polyurethane composite coating material and its photothermal conversion
superhydrophobic properties

BEMEAR. 2021, 38(12): 4014-4022  hitps://doi.org/10.13801/j.cnki.fhelxb.20210215.002
R 48 5 A R R S5 RRE SR R Ph (T P REFIAIL ]

Preparation of calcite/biochar composite by co—pyrolysis and its adsorption properties and mechanism for Ph(II)

AR, 2021, 38(12): 4282-4293  https://doi.org/10.13801/j.cnki.fhelxb.20210309.002
P A= ¢ v 8 B 2R I S MR i 2 S5 PR

Preparation and properties of agroforestry wastes biochar/high density polyethylene composites

B AR, 2021, 38(2): 398-405  https://doi.org/10.13801/j.cnki.fhelxb.20200610.004
SR T ZIOKBETREARAS AR i P RE S 56

Experimental study on the thermal energy storage characteristic of sodium acetate trihydrate as phase change material
under the air bath condition

SFA MR, 2018, 35(8): 2208-2215  https://doi.org/10.13801/j.cnki.thelxh.20170926.003
PRI/ o B IR IR A AR 2 E T e

Mechanical properties of activated carbon/high density polyethylene composites

A MR 2020, 37(11): 2816-2824  https://doi.org/10.13801/j.cnki.fhelxh.20200224.001
AU B0 T B TE Y0 B A TR T 5 SO PR g

Preparation of graphene oxide supported non—woven fabric composite membrane and its photothermal conversion

performance

A MR 2021, 38(12): 4255-4264  https://doi.org/10.13801/j.cnki.fhelxb.20210304.001



§é$j*4$*ﬁ FA0E O FAIM O 1H 20234

Acta Materiae Compositae Sinica Vol.40  No.l  Jan 2023

DOI: 10. 13801/ j. cnki. fhelxb. 20220223. 002

EWx/ —tHRESERBTMHHERE
L PRI AN TR IS L

*1,2 2 2 2 2,3 5 2,3

528"V 4RE EBR B THY, L 1Y

(LR 2ERE RPEE AR SRS BT, 5K 7340005 2.5 Fa~#B  fb=Aib To¢BE, 5KI% 7340005 3. H 44 100 7 0 a4 £ W IR
P R G508 %, TR 734000)

 OE . AR — YA RR T %% (n-Eicosane) M 22 K 7E A AR i R vh 5 ok 2 DR 1 R, AR Sy
BRI ORFEFFAE M A W B JRkE, 8t 700°C w7 iR AV . KOH ZI Pl ko 1 & T HL A 2 L3 4548 19 A= )
(KBC) # KL, Tl LBEpRL . a2y ks — e Bt e 2B Yo i FLaE, M3l T —MAY w1
Y5t (KBC/n-Eicosane) & & € BIAZE A1 Bl . W id SEM. XRD. FTIR %R HEF B 9T T & A AR B9 SO0 45 48 A
T, FRFIH TG & DSC MR T & & M4 B AR E MG AR BE, HEEIT T E /MM A Z kA
FHE SREMOCR, 459REY], EEMEMEESES P HERIELL, 2 GHEMETh A KRS
BRI L 28, EAHEM BRI B, 2RI RAF, TR A5 Rl FEE R S 1R 430
9 121.37.g7 F1117.6T.g™, 45 100 RAE P R RIS . R AR B IR G, AR KA (B R TG AR
1k, FUHZE A AR RRSEIGE AR e Mg o Al TR e AR BH ' 8 S AN 422 A B IAL R R A o =l
T E AR RO B ARG RE ), S5 RM, & G AR RHRE = AR R BH G HORT B BEFG 4k
BRI DAGE AR, Bk, ARSI il 45 19 2 A A ZE MR AR —Fh M RE A 5 AR AR i B L, 1T L AT
DL [RDE X B VR B S AL FURI A, 630 T e U8 09 A 3 Fn R FH 7 1 LA — g i e RV ) o

KR WA bt EAERBAAAEL, UG mEERR; iftERR

FE 425 TKO2 XERER: A XEHS: 1000-3851(2023)01-0310-13

Form-stabilized phase change composites based on biochar and n-Eicosane for photo-

and electro-thermal conversion and heat storage
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Utilization of Gansu, Hexi University, Zhangye 734000, China)

Abstract: To overcome the obstacles of poor thermal conductivity of pure n-Eicosane, a typical single-phase
change material, and prevent the melt from leaking during the phase change process, a biochar/n-Eicosane based
composite phase change material that possesses high form stabilization, photo- and electric-thermal converting,
and enhanced phase change heat transfer was prepared. Firstly, corn straw was selected as the raw material of bio-
mass, and pyrolyzed at higher temperature. Following a KOH etching procedure at 700°C, a biochar support with
large surface area and hierarchically interconnected pores were obtained. Then, KBC/n-Eicosane composite phase
change materials were prepared by injecting n-Eicosane into biochar skeletons via ethanol melting and vacuum im-

pregnation. The as-prepared composite materials were characterized by SEM, XRD, FTIR and other characteriza-
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tion methods. The thermal stability and heat storage capacity were also tested by TG and DSC. The effect of mass
content of n-Eicosane to melting enthalpy and crystallization enthalpy were calculated, and the results reveal that
the optimized mass content is mgpc * My, gicosane=1 * 2 associated with the melting enthalpy and crystallization en-
thalpy of 121.3 J-g™' and 117.6 J-g', respectively. Notably, after 100 thermal cycles, the melting enthalpy and crystal-
lization enthalpy have negligible changes, and no clear liquid leaking is observed through all thermal cycles, indi-
cating significant thermal storage ability and cycling stability. In addition, the ability of photo- and electro-thermal
conversion and storage of the composite phase charge materials were tested by simulated sunlight irradiating and
DC power supply powering. The results display that the KBC/n-Eicosane composite phase materials are capable of
converting solar energy or electric energy into thermal energy and storing as latent heat with excellent performance.
Thus, the as-prepared KBC/n-Eicosane are not merely a phase charge materials with remarkable properties, but can

realize varied energy transformation and storage, showing great potential for use in green and renewable energy

conversion and storage.

Keywords: biochar; n-Eicosane; composite phase change material; solar-thermal conversion; electro-thermal

conversion; thermal energy storage

W& A2 BF I A R, A e RH 2 R
B, SR A EREE R f5 ) 0] U
AR AR X AL, BGE ST, S AT
G 2% 1 T Il A 38 DD R AR, R T R AT AR RE IR
WA N2 X A A RE R A AR, ] IR 2Kz Jie B L AT ¢
S I AR B = REIROR SR, SR S B RE U A
BB B R AR, LR DA IR SRl X R O I
DR HE, S TR AR TR AR
fift B — Tl i R BE DR A T B, AT LA 3K
A7 I RECIRE , A B0 RE IR (I 55 AN -5 U7 1
PG AR IO, AR A B R 2 o A R B
AR [ - RH A2 3 e S I BE A A . IR ORI BRI
IR B B o AR T $ BB e 0 B A R
PRI 1o 30 491 B PR B AR T T A AT 2 o 1

ARG W) R S RDREAHAS BB Y 3 26, 23 dil) 2
TR KL, A HUARZE BRI A AR AE B 12
HoR AP BRI AR, G be ke R AE e
R, WM —dHokeks . Ak, JENIR. ZookE
FIBR A, W0 52 45 AR AR b1 R 8 T HLRTA HLIL I
AR S bR MR A HLAE S A (O
M 36.8°Cs JERALKE . 253.47/g), HA WAL K
TV BE R R R PR E AR R A, (R Tk A
B RRBUE, MRS & RN, SRS
F8 AR BEL R B A 2o e 091, G T B — S R
BRI o 545 AHAZ W] LAAE 5 JCHLE BOA HL2EAH AL 14
B OL AT, i D B — AR AR AR (i A P A 7
() — FR I A A0S 5 AHAE R AT DL i 5 4% 4%
A T 2 A A g PR R R, T i
5 JTEALA R A i P B — A A B B e e A i
FE AR, Jf PR AR A AR, 40 9 — A AL
R RE G U i, A AR AR B

i BB BE | 1E E ARSI L O AR TR S5 10 i T 5|
BT VRZ U E MO, R R I R AR W
MER, SIAE IR  FREMEL, HAESLHAT
JE 2 RE 1 e e 5 6 A7 1 e LA 5 AR A MR AR O
g B O TE R F ST O )

K BERE (F1 880 . AR L BRIIR) B
A REFRFHE . SRR MGE T . 1 —3k
BAOMRL, I TR AR R LT 3R BE 1 A
IAFEARAE T o 5 K B 8 KR DR TR B A 5 A
PLARZE R R T 2 A, ML S8k . &
HLPE RO I RE 0 il 5 BT O EA L e B S A i
A7 RE 1 B 245 ARZE B ORRS 2 — b il 2L 7 4 S ik
REDR e A B A, B AT S o ) o 2B
BAR A W) A RS B R AR A T A KA
B« e T AR A5 A 2 O A R o T A 4
BRI B HAR AR AR, JF
A, SR FERRAS L ATRRSE . TS A
AR AN K AR . BFTE A BL, i A A Bk
PRI A g e 0 BRAR PR SR R R AR L AR fE
CEIEE SN E YR b & 3 PN 311}
L R L 5 S 2 MR A H 1 H RE ]
SEOL RARRPER R PR L ARl K BB R A T
[TISAZERE L TN

HoRr A sk o= N ok e RS ok
P OEE A R AR, BEA Al AR
PR, PRI R, TORES AT AR B WA
AW . T REFE IR EAR, A7
S EUR R IR OSBRSS BT
T5 Y )T ETRS AT T2 R R AT
FR R A e MR RERS BIETE R, LA AR
FIT 9K A 1l 2 22 AL AR My 0 O O T RE IR L R B A



+312 -

EEMRER

b S 40 38R 129500 AR S AR A W IR 3 R OK RS FE O AR
YRR, & IRBCEE . KOH B e s 1k 7 s il 15
GEC//b7 e S A VRGEL )b Tk A N BN Y3
HA RGBTSR P A KT, RS H
AREIER . SHER . REEREY R/t
i (KBC/n-Eicosane) & 5 & BUAH S 4K}, it Ah i
T 2L A Yo% EL AT A 5000 O B AR R PR J6 fig
71, T E A AR R MO R
T, DA B AR R HL BE R R e ol FARE I D i
171 o

1 WM REFE
1.1 E#e

TokE, ayAral, LERTR T AR AR
B, arbral, EZGERRFRARARAR; W
B, srral, P e2Ailn; KB, 8T
af, FlZpEAE CRE) Bk A RA R FoK
FEFF, R A sk T G B B AR A B 1
1.2 £##% (BC) Bk By Hl &

FRELE 13 7% (0.150 mm) () B KFEFFRI K 10g,
BOMZEWIE T FH, K E TE P (SK-G06123K,
REEH IR A AR AR o, 2088 A A,
¥ R A I B o 50°C, TR 3 %Ry 5°C/min,
TN 500°C 1H IS 2h, SR T LA [ A I T
KRR ZE 50C G ARG HEERGEGE, 53
B Yx (BC) My AK 48
1.3 BC #F#4#9 %]t 2 1%

I — 7 1 1) KOH [E & F Wk rh A m, 442 BT
BN 1:3, 1:4, 1:5A L FRECBC A1 KOH
WA, ARSI E TR E T fh, B HR T
Ky, BARSK, FHEZE700C J5, HEB R
3h, BEREIREHCE . B R [F] LA 20 0
3 A W AR YA 3 A BEpR 43 il A H o
A 100 mL ZE 17K, JH 1.0 mol/L 35 R I W vk & 1R
W pH=7.0, FiREE 12h 5 EAS ik, FHZEMK
WUk, IFINA — 2 R R AT I W C CLAF
TEJ5 90°C NHET, #rich KBC % H .

1.4 SEEHETHMHEAOH &

K FREL 0.2 g, 0.4g. 0.5g. 0.6 g n-Eico-
sane 7 B T95 4 1-4 B/NGEM T, & IA 5 mL
TooK S, GoK I HR Ak il 75 2 A AR A R
TR B Ak B ) A W e M R 4 4% 0.2 g I /N
A, WP EOR G REE T HS T8
MrhEEE IR 12h, R4S KBC/n-Eicosane,

1.5 £ & =AU B 1 e it

MR ORI RS T, KRR T 45 .
PR = Tkt . AWk S PR E L
ANTE 5 G AR BB 3 0 TR AR b, R E R
UE AT AR 2[R E T i ol i 50°C, fH
& 10min JFHCT, FFUEEIHET 5 FE OB L
1.6 RESMiK

K ] TriStar 11 3020 Y Lt 2% 1 FX R L B BE 43 A7
% (3& [E Micromeritics Scientific Instruments 72\ 7] )
WU 7 A e 1) R0 - B T A A IR 2k, I
Brunauer-Emmett-Teller(BET) £ # Barret-Joyne-
Halenda(BJH) % 78 4 15 I L 3% 1f BUFN L AR 53 40 I
& o & M Quanta 450 37 & %) 39 i H1 5% (FE-SEM,
$£ v FEI Nano Ports /4 A]) 4347 BC J BC/— 1%t &
A AR R ROWIE B . >R ] NicoletiS50 % 21 4
Y6 % X (FTIR, 3 [E Thermo Scientific Instru-
ments 2> 1) ) X & G A AR MR AT L0 40 o3 H . A
FHl PANalytical X'Pert®/i X §f £k #} K 77 51X (XRD,
fif 2% PANalytical 23 &) ) Wl & &2 5 AR X-5F 26 Al
HF S (3 R 8°/min, 4 1 & 5°-80°, 4
), R A 2 SR L (DSc214, 1l
NETZSCH Scientific Instruments 2\ &) ) 5 #4543 H7
1 (TG-DTA SDTQ600, 7% [ NETZSCH Scientific
Instruments 23 & ; A5, MNHE X 5°C/min)
W T A . ke & BC/ =TI B A HHAEM
BB BE o A AT g AR B R (FTL150015/
150V/105A 74, I T8 BB A R /) XA
) AR G AR AR S PR EEAT T, JF
THAAFH A T3 G- 40 N i - d Pk g 5
8 7 Sl AR AU A B D' R ST B T 20 A5 U P, Y5
BTSN, R L0 #54X (OptrisP1450, TRIIRK
B w]) HEAT R R AT, I 00 A5 P e
HIES 3

2 #R5T
2.1 &Yt EERER (BET) RILESH

Kl 1(a) & BC 1 KOH %l 1 BC(mge : myou=
1+ 1) 1R R A -JI58 B 4 R i 2, 11 1(b) R AR 0 e 41
k28 7 7] L A5 KOHL e M T A5 W% T - O3t 52 3 it 4%
AT, 28 Ao ke e o ) 8 1) A 0 e A ek JE T T
M SRS BT, TR T S AL RE 2 ]
sEAHE AR, W I R AEARAR A AR X 0 . AE
FHXT R 7 BAR B X3 (p/pg < 0.3), A= 40 5¢ # B XF
N, W B ek R S i, L 60 i 28 7 ok DXl o



LR

AW B — e A E RS B g B RO L R R i A7 1 “313 -

GrERAE, RZAY B R EA ALK L2
¥, T AE A AR T T X3 (p/p=0.3), W
i SF R 2 B HA BOR B Ml 2k, R H AP &F —
LN i, A S250 B i 25 14 A W
MR A A AL - LR AL R
F 1(c) 4 BC 1 KBC W fL# i i %, & 1(d) A
AW R B2 N [E) H 9] KOH B8CH: T 45 FL A 43 A7 il
ES 7 e 1 3 e Sl s o (I G T /S B o i <<
BC MREHLAE FE 4 T 5~-50 nm 2 [7], LIFpfLh 3,

G AN AN [ 356 A 25 4 1 i & 14 A 0 e 3% 1T RR

450

400

350

300

250

Quantity adsorbed/(cm? g™")

200

150 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0

Relative pressure (p/p,)

3.0

(©)
25

dV/dlgw pore volume/(cm*-g™")

0 F = ua—u— - -

1 1 1 1
0 10 20 30 40 50

Pore width/nm

KALGEF AT A (R 1) AT RN, 7E BC R &2kt
H BET MLEFL A BN, SRS 5, A N 3
Ko X F ok (KOH) 2k P, 24 mpge : mgop=1: 3
i, H AN 153240 m2g?, BALEAN
0.83 cm®g, M mpe : myop=1:4. 1: 50, FW
B9 BET %> % & 1663.33 m*g" fl 2354.55 m*g™’,
LA 2 98 0.85 cm®g™ Al 1.22 cm®g™l, 24
mye * myop=1: 6 B, W o2 phad i, 30
Jr g b o AR E mpe  myop=1 ¢ 5 b SE K B
FEE AL 251

800

700

600

500

Quantity adsorbed/(cm*-g™")

400

0 0.2 0.4 0.6 0.8 1.0
Relative pressure (p/p,)

6.0

(d

dV/digw pore volume/(cm?-g )

Pore width/nm

V—Volum; w—Mass; KBC—KOH etched biochar
K1 A5 (BC) TEARFIBUHESAE T I N, BeRE-WERT LR (@), (b)) AL IR (o). (d))

Fig.1 N, adsorption-desorption curves ((a), (b)) and pore distributions curves ((c), (d)) of biochar (BC) under different treatments
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Table 1 Specific surface area and porosity parameters of biochar at different activated conditions

BC KBC (1 : 3) KBC(1: 4) KBC(1 : 5)
Brunauer-Emmett-Teller surface /(m>g™) 3.64 1532.40 1 663.33 2 354.55
Total volume in pores/ (cm®.g™") 0.004 0.83 0.85 1.22

2.12 29.61 32.43 38.73

Density function theory pore size /nm
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Fig.6 Pictures of leakproof performance of KBC/n-Eicosane composite phase change materials
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Fig. 7 DSC curves of KBC, n-Eicosane and KBC/n-Eicosane composite

phase change materials

% 2 n-Eicosane #1 KBC/n-Eicosane £ & 1HZ# #2187 DSC £##F

Table2 DSC data of n-Eicosane and KBC/n-Eicosane composite phase change materials

Mass ratio Melting point/"C  Melting enthalpy/(J-g ") Crystallization point/‘C Crystallization enthalpy/(J-g™")
Pure n-Eicosane 40.0 256.1 31.2 -251.5
1:05 38.2 84.5 33.6 -68.5
1:1 39.1 90.15 33.2 -86.79
1:15 38.8 99.87 33.7 -96.86
1:2 39.1 121.3 30.6 -117.6
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Fig.8 DSC cycle diagram of KBC/n-Eicosane composite phase

change materials
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Fig. 10 Snapshots of n-Eicosane and KBC/n-Eicosane composite phase change materials at different temperatures under light conditions
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Fig. 12 Snapshots of KBC/n-Eicosane composite phase change materials at different temperatures under current condition
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