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AR A S A% 0 189 52 AR B 1 TR A i A B R, X fige e T 2 R ) B ) A o DG B . AR AT
FELARAIRAT A g SR Ak, A s T e T 5 1 A5 B e A AT A I8 JHL 43 0 2 B 46 A A 8 0 0 D A4 A B 0
A 53R  ZFE (PEG2000) & A T8 lifa e i 2 4 S R S2on a5 SRR W, i S5 4 Ak A1 580 T Lk BIAR 4 1
B TR ORI TR AT /18 R A B0 /R £ i = O R A AR R R B
ik 81.11%, kb i # R 115.62 J /g, BEREHN 104.39 J/g, VR R KIEE T FE 1.09 W/ (m-K) (4l PEG2000 HJ
3.7 %), e HSCR KRR & & 88.35% (4l PEG2000 14 3.1 £%).

S EMITIRAL, HUSAERE, B OB HGIOR

PACS: 88.30.mj, 91.60.Hg, 91.60.Ki, 78.20.nb

1 5 =

B MF (thermal energy storage, TES) $
AR A AT “FEWE AR " | Ry SR R IA U4 5 Tk
HFN” H AR B B, AMUTEAL GE 1) R 12 FN il ¥4 45
SR PR AT RRARIAE T, FE Ao ] P4 R VRV
g W) R GEVE RN 22 BE BRb A SR A 43 U8 A
SRR H B A € 2 R FHAHAS B4 8L (phase change
materials, PCMs) [& -V AH % A% o % A Bl R it 44

S SORUBE T A5 5, B4, AT 11 fi DR RE DR B |

WSS DR I E] | 23 [ LRSS AT (8. 5 JCHLAHE
AERPRAH LG, A USSR SR 1 AR ST B AV T
TH] PP AL 1091, PR A R A AL | B o RE TR A FH 2255
LN eSS

AP #FRER £ % (polyethylene glycol,
PEG), BA & AR (46—65 °C). B &

* R ARBIERS (EHES: 52176054, 52236006) % BIHITE.
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MZALB AR AR PORIIEA T 8820, S 80E
BRI R BB B 7R, RS ke i e
—MARTBL SR ALE9Th, EERIZ AL
B 2R LA S AR AR E L e AR TR fLaE
A AR D, R UL R 4 22 Ll 2
(QUPSE -SEN 7 OeL -US NI aE RN L SE N
F A 1) i 5 S A AR A, FEfifk 1 it
(LR R S B T R —RE R I T

IR, XL 2L A 8 % T2 2% AR
HAKE B 5%, RS20 1 3R 4 "0 R4 H AR R
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A RIRESE IMEAC AR EE ISR A Zhao A1

http://wulixb.iphy.ac.cn

088801-1


http://doi.org/10.7498/aps.72.20222466
mailto:dlfeng@ustb.edu.cn
mailto:dlfeng@ustb.edu.cn
mailto:yhfeng@me.ustb.edu.cn
mailto:yhfeng@me.ustb.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 72, No. 8 (2023) 088801

A RS T AR T LG EE b
= S AE Y R 2 fL A B, Zhang 25 175 5 X R
FERKHEAT E R A A T — S LR R 0 A=
SR AA L. Li 55 U8R T LUOBT A< I P AR
JIR SR, 38 5 K B b RN s g f W AR 7™
AR B SRR B IR A HA SRR
A ) S = HEAE R AN 58 S 0 RAREE , M AR HL
SRR R 1020, L B RS
B HIE AR (carbonized wood, CW)&AE R AHAS
OB S P R AR A )

AT AT R A ARAR BRI S AR R
e bERE, ITAEE, —SOFRE AN IR X 2L B4
AT D Re s, T 2L 2R R SR M BE AT FLBR /
SEFREAE, NI Z2 LB 28 S5 A2 AR Z [ A AH
HAEM, AR S B A RE T | R AR L S
REFIC L SR . Shen 55 2 & B 1 4k iR Ak
RIS FLARSE AR, ok it HA B A A O 25 44
(FERIFLAE B R LR R A A ek AR, L
BPERERE TR R K (82.6 J/g HE%E 125.2 T /g).
Zhang %5 22 % I Ca(OH), ot P8 25 4P 7 15 7Y &2
LSS 2 B o s, FLBRAA By ROl TE K
A AN R TUNZE BARA LB, A v e s YT it ) I A
JUIHERT 1A, Bhmiem T Zou 528 ] TiO,
XFZ KA 5% (expanded graphite, EG)#E17 37K L
P, el LA A P T R R A R o R A
Rt BAA R TRE S, SAHAS A Z 6]
255 TR, AR 1 T AR A . Xie 45 24
KH AL Og B8 I ik A 55 1Y SR 7Kk il 25 &2 A A
ARRERE, FEXRT A AR AR Y BE S AN R RTHE T,
FH TR Tt A i A PR %) o 38 23 AR 205 A 1) W i e
71, BAFHZEM ARG TR 161.8 J /g, (L L3
WAE (167.7 J/g) 1§ 5.9 J/g. Yang % 29 % 3% J5
A 25 (reduced graphene oxide, RGO) ek P
RN AR 00 1 W 2B SR R S A i S HLAH
AR AR ER E S AL T B K A e TH 5K 71 LB 4H
71, BAMAS PRI B ARt | S it A
RE I AR R AL I e, WG 3 137 J /g, JEiA
HARSCR A 81%, VPR LAl A R 121%. Zhang
& 126) SR {48k A1 5507 (graphene oxide, GO) it
J A A SRR XTI IRH (copper foam, CF) #1713
TATEAC M o P R A Ay A e R R A T R Y
TEPEDL AR, BB TE A SRR BN 5 e, 2648
AR T R AR T A WP T 300%, T
N 111.53 J/g, SHFAACR R 5 86.68%.

ABIFTE AR ARAT A i LB AL 15 1) A = 2 22 AL
BRI B, 5 AR AR T Rl
A, BT — AR | IR | R SRR R A
FRIBACARTEL GALIOEL. FE—2PRAGKRAS
LR A A1 SR A T AR A A SRR R X B AL AT A 2
FraR M, LI R B2 1) 25K 3R & %, $THi
A ZRXT R AR BB R A0 38 | R T4 T A
[ I 2 AR T T R DR IRACR, A3
AT | R AR AR | ROV BE T i 2 AL
I G HAEREL.

2 SLBMRE T FE
2.1 SEIGMRIANER

Mok RERAT AR (G2 NBW), R 2 —
(PEG2000, #5554 5253 °C, gk T A LRk
H By A BRA ) | B A 30 3 RO (5 O
K, WEEN 2 mg/mL, AN 0.2—4.0 pm, 25
R 1—5 =, WL FEARM BB AR AR 4t
WILR (CeHgOg, IRIHL T A AR B A FR 2
Al) RETFK (LRE A ).

A R = | AR RN AARE T
L LS TIRAE | ARG R RAS | R R
BE L R ATAL LD X SFERATEHN . Hir
BT A B ORI 2R R P Ot
AL TR G CITHR RS LLAMARI

2.2 SCIGAER

2.2.1 &SRB E T E

FIRNT AR RIS AR AN 1(a) PN, B RIRAT
AV 1.0 cm x 1.0 em x 0.5 cm FHUEECE TE
HE P TR, eSS R, B2 °C/min
B FHRHER T 2 260 °C, P 6 h DABR BT A e
BIK AT AR L AR BT R SE AT R TAL B S B A
A JICETE Ny Sy E iR =, BL5 °C/min 1Y
HEETHEZ 1000 C, fE 6 h JFRHI 2=, 153
TR KR EE R Z2 LR bR, F A5 B A i AT
KA CBW.

2.2.2 AT KB A B B AT R A
o B EIE TR

T A AT AW i A8 Ak A 250 T ) S AL A 28 0
Rt A=A E 1(b) Frzs. ) 80 mL & b A 854 4L
WA 800 mg HUIFMLAR, 7E 90 °C H U HE
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Fig. 1. (a) The carbonization process of natural bamboo wood; (b) the adsorption process of GO and RGO by carbonized wood; (c) the

composite process of carbon skeleton and PEG2000.

T i FEER N LA 10 v/min $i8FE 1 h, A28 )57
ST BRI HORE . K CBW 43 B EI Ak
A1 S 43 BIOHRORN 3 T S A Ay S50 43 B P 2R A 7 I
Bifect: 2 W= B s, 2B KRG 3 1K,
WA B2 R FPAE 200 °C IR R4 2 b Brsdk
A7 BRI ORI A S AR A S 0 AR e g B ke
PEIRALTT AR 53 3l 44 GOCBW il RGOCBW.

2.2.3  #ALFF A PEG2000 £ 448 % A4+
W& TR

AL AL PEG2000 & &k B2 an i 1(c) fr
. K iSEH 4 ) CBW, GOCBW Hl RGOCBW
W25 R B PEG2000 BB EBEFR b B f ik
BT Reb i O AL B MIE R A E . SR TE
80 C WEZ THAA T B 5 h, FFEZS T4
{14 30532 4 2 2 R U BBCHR AR R S R B AR L
FEIRBE R 80 °C B T4 h Bk B 2L R 1H
24 PEG2000, HARIASKIEHE4t, B 2848
WA PEG2000 = i3t FIR I, B AR &, 235006 DA
CBW, GOCBW F1RGOCBW BRI A4
k4 PEG-CBW, PEG-GOCBW #l PEG-
RGOCBW.

3 #X5i1h

3.1 WMo
NBW, CBW, GOCBW, RGOCBW, PEG-

CBW, PEG-GOCBW, PEG-RGOCBW, PEG2000
FIOMEE R Il 2 FEzR. [ 2(a) JBR T RIRPTA
NBW MROREEH, HEA RRSLEE. & 2(b) R
T =R IS AL TR CBW IWRORES 1, kil
MARAUAR - HO R B T FIRAT AR FLBR S48, T L
LB LR R, BARHAL M. X 2N
R FRIRA A A A T R TN £ 2 R LT e R 4T
grRkh, s EiRkiL, RERMPAGER LT
SEA bR, IR AL G 2 REGIR AL R IR AR 2 1Y
BREER . K 2(c) A 2(d) 43 % GOCBW Hil
RGOCBW MTOE54, a] LIA B, MRS FL45
F LTI KA AR, 3 3 B B oo e A e 1.
[ 2(e) B PEG2000 #3878 T B B 4L FLBR
SR PEG-CBW BY/NMLBR A B 7, X2 A
Ak J5 /NMLBR A ZIE AL, B 2(f), (2) B TH
E B PEG-GOCBWAHI PEG-RGOCBW F)
ORZER, EATRYFLER . PEG-CBW HJFLBRIA T
BB A, X R CBWIREF GO #1 RGO BfA
— BB LSBT

3.2 FLESHAHN

RE SEM K% /R, NBW 21k 5 15 2 1
CBWHLIE B B3, PEANAIFLIB 25/ S 5d oK
Bt NBW #il CBW BYFLAR A UNIE 3(a)
Jiw, MR EFLBR SR 1 . nl LB F], KR
AR E RS B BREAT A, FLARSE K, fLBR
LA ST AR IR R . B n LB
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Fig. 2. SEM images of cross-section.
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Fig. 3. (a) Pore size distribution of NBW and CBW; (b) Raman spectra of CBW.

BRIFLAT S PEG2000 #2441t 7 % K i BHA

AR T4 = 5 A AR BRI A AR ). SR,
KALWIAFAE TT g 23 52 M B Ak AR b i B 35 g R
B AHAE AL ) A

*£1 NBW Hl CBW HFLIR S5

Table 1.  Pore parameters of NBW and CBW.
EHILR BILA) A SA|
REF ?leﬁ%:/% TR ﬂ;ﬁ:l/ 5| }[.;ﬁj /
/rm  (em’gl)  (m*gl)
NBW 39.24 22.17 0.49 88.91
CBW 79.95 46.95 5.34 454.59

A ER AT L (1) 5
v =vp/(vp+1), (1)
i, v /& PEG20007E e fb i 28 v ity B8 A 3 32
(R E L, %), p J& PEG2000 R (g/cm?®), v
EMAE 20 BALE (cm?/g), vp & PEG2000 7¢
L g RALB P BISEE TR, (vp+1) R 1g &

A AR B R R BRIE B R . PEG2000 B % B A
1.13 g/em?, 115, PEG2000 £ CBW H iy F g
EAN 85.78%, M T as R, FEEH T —
S/ NFALFIE LA RS DR A 2

3.3 HSHIEHH

WRALSE PR AT REH BT SRR 1617 SR HIhL
B w i A AR L. CBW L2 6iE
& 3(b) k. CBW 7E 1352 cm {(D I4) F11598 cm !
(G V) Ab BLATRFAENE, D WEfRER I TCIF Bk A, Aot
FrRIRsh 51 R B4R 3, 1M G AR ph AR AT 58 s
By BN FR AL S R A 4R Z)), D IR G i
A3 R HE S W T R T A AR AL R B CBW
B D IER G IR FE (1) 1) A 1.35, X &M
A A B 5 i A BB fL R E, CBW A &1k
AT DARR A, AR TR S R A AR AR Y
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3.4 [BEMOINCEST

R T A HT B SRR AR M Z R B fhe g
P, X} CBW, GOCBW, RGOCBW, PEG-CBW,
PEG-GOCBW, PEG-RGOCBW F1PEG2000 #H7
EHEMZIA) (FT-IR) JGiiat, 455K 4(a) Pis.
CBW 1 FT-IR SGiEAE4L 1630 cm ! F13480 cm!
A REESE, 435I C=0 #H1-—OH Bt
ZEdRs). PEG2000 9 FT-IR JGif#E 2890 cm
1109 em ' 1 3452 em ' [ BN A W el il
N F—CH,, C—O0, —OH B F 44 5h. PEG-
CBW £ 7 CBW H1 PEG2000 f) T 45 1 I, 3%
AR BH E, B RI6E 45 PEG2000 Z [H]
BAFAHEAER, RA B4Rk )15y
PRI BFHER . B GO 1 RGO J&5, K GOCBW,
RGOCBWY CBW # 17 It # , PEG-GOCBW,
PEG-RGOCBW 5 PEG-CBW #47 Hb4s, &A1Y
W LI B AT AR A, (E 4 G W i e i B 2 3
K, XEH T GO Fl RGO ST AZE A 5 Wik
e H$ ek, Hoh RGO MM RS 2 T GO.

3.5 X H&ITSah

FT-IR JGi iR, A MRk 558 &
P AU B AR L, TR 520 PEG2000 Y
A ARZEAE), AT [ AR AR AT S A M i i 2, )
T B X ST AT (XRD) #4540 #1. CBW,
GOCBW,RGOCBW,PEG-CBW,PEG-GOCBW,
PEG-RGOCBW #iI PEG2000 () XRD &l i 40
Kl 4(b) 7R, CBW () XRD [EIHEAE 22°F1 44° [
S8R 5517 B B ARAE I, 33X 32 B FR G R TR A

(a) — CBW PEG-GOCBW
—— GOCBW —— PEG-RGOCBW
RGOCBW —— PEG2000

—— PEG-CBW

W/ %

WA/ cm 1

1000 1500 2000 2500 3000 3500 4000

I3 BAL SR ). PEG2000 4457 AE 046 H 3 7E 19°
1 23°, fR 3 PEG2000 45 i K 4. PEG-CBW¥)
XRD ik & CBW Fl PEG2000 Y T A FEEIE.
W GO f RGO J&, ¥ GOCBW, RGOCBW
5 CBW #17H#, ¥ PEG-GOCBW, PEG-RGO-
CBW 5 PEG-CBW #17 lL#, EATMIEIE A
WEZ. XERWARELAS PEG2000 &4 DL &
W GO Fl RGO A2 8 PEG2000 Y 45 i ik
2, PEG2000 TERK AL B 42 N 7T LA 7 AR A28 o 7 7

3.6 IEHW

KA (TG) i RiEM R G, CBW,
GOCBW,RGOCBW, PEG-CBW,PEG-GOCBW,
PEG-RGOCBW #I PEG2000 [ fhZkan&] 5(a)
fizk. CBW, GOCBW Il RGOCBW 7£ 0—1000 °C
A B B R B R R 0 R B X R IAYE N
A FH SRR B Ak B 2R ELAT RO 1 25 A A
PEG2000 7£ 325 C JFUf 53, 7€ 435 C L84
53, PEG2000 HYBTE /UL TRER 0. Rtk wL
M TG HiZry 258145 PEG2000 165 S AAs kK
i SEhr R . PEG-CBW BYALER K 52.66%,
PEG-GOCBW (W43 71.563%, PEG-RGOC-
BW £ E% 4 81.11%, PEG-RGOCBW Ay}
FAorin (1) PR MBS E R 5 5%
R 5 s B B RO O kAR R AT R
(CBW) HA T m i fLBR R A 2 g ALIE S5 (55 1,
Kl 2(a)), /NMLAYER A HEFH BEAESE T X PEG2000
A BRI, AL IR A 1 3T RS FUFREAL 1 5%
THAEFXS 25 A S T2 e, I T B AR i

(b) — CBW PEG-GOCBW
—— GOCBW —— PEG-RGOCBW
RGOCBW —— PEG2000

—— PEG-CBW

A
N —

b N
— N

10 20 30 40 50 60 70 80 90
20/(%)

AN EE /arb. units

Kl 4 CBW, GOCBW, RGOCBW, PEG-CBW, PEG-GOCBW, PEG-RGOCBW #il PEG2000 ) FT-IR J¢i (a) 1 XRD El 3 (b)
Fig. 4. (a) FT-IR spectroscopy and (b) XRD patterns of CBW, GOCBW, RGOCBW, PEG-CBW, PEG-GOCBW, PEG-

RGOCBW, and PEG2000.
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4
100 L) (b) — PEG-CBW
\————— 3t — PEG-GOCBW
CBW PEG-RGOCBW
80 —— GOCBW ~ 2r —— PEG2000
RGOCBW !
X — PEG-CBW %0 1k
= PEG-GOCBW g
K 60F —— PEG-RGOCBW E o
uﬁ —— PEG2000 g
B 40} £ -1t
# 5
20 +
—3F
0 . . _ L
0 200 400 600 800 1000 0 10 20 30 40 50 60 70 80 90 100

L /°C

i /C

B 5 CBW, GOCBW, RGOCBW, PEG-CBW, PEG-GOCBW, PEG-RGOCBW F1 PEG2000 ) TG Hh £ (a) il DSC £k (b)
Fig. 5. TG curves (a) and DSC curves (b) of CBW, GOCBW, RGOCBW, PEG-CBW, PEG-GOCBW, PEG-RGOCBW.

£, 2 B30 PEG-GOCBW 1 PEG-RGOCBW
5 PEG-CBW #1703, FE GO FIRGO JETik
B 2R E T, Ko GO M RGOS T ikfk
B BT (AR R SR A T B RE T, B
RGO HRER T GO.

3.7 ETRPARERSW

M TG £l LIS 2IE &R R iR, &2
B MR B R AR T BRCR 28 7 A = UYL (DSC,
TA DSC2500) M, I ik A b B A a8 R AR,
Bt 10 mg. PEG-CBW, PEG-GOCBW, PEG-
RGOCBW #1 PEG2000 i) DSC i Zeuni&l 5(b) fir
7N, FHR AR SHCn % 2 iR, PEG2000 %61
YL E FIVA BEIRBE 43 N 52.47 °C F1 30.86 °C, 451k
FIBE R TEH 500 193.00 T /g F1 176.60 J/g, X
B PEG2000 HAT R4 A A AR A7 SRy R i 10 8 4.
PEG-CBW I 15 fL 1 44 (44.56 J/g) il &E [ 185 44
(37.13 J/g) X FEME%. 5 PEG-CBW i,
PEG-GOCBW (WAL 4 (79.49 J/g) FIEE [ 75
M (67.64 J/g) LL N2 PEG-RGOCBW 46 1k vk 44
(115.62 J/g) FIEE A (104.39 J/g) T, X hif

%2 PEG-CBW,PEG-GOCBW,PEG-RGOCBW

HIAHAE S5
Table 2. Phase change parameters of PEG-CBW,
PEG-GOCBW, PEG-RGOCBW.

FEdh Tw/T;

PEG2000 52.47/30.86  193.00/176.60 —

PEG-CBW 46.86/36.76 44.56/37.13  52.66
PEG-GOCBW 50.14/35.00 79.49/67.64  71.53
PEG-RGOCBW  50.06/37.15 115.62/104.39 81.11

TR GO F1 RGO JE Bt , At
B AT PR EATTRA AR IARE

3.8 SMERESHR

K FH 0 3006 = 3L (i 3t LFA 427) ) &
PEG2000. ‘548 J 5 G MR G R IR 7T L.
B AR 2 LA R, T30 i iR ot 2R T o
AL ACFT B8 AR IE )R — 2 (<3 mm), LA
T R R BB AR 22 . W5 75 210 A0 508 Sy 249
R AR, iR (2) A HEA R TR

A = apey, (2)
K, VR PHTR (W/(mK)), otk
A BOR (m?/s), pRFERIE B (kg/m®), ¢, &
FESI HEIAES (J/ (kg K)). TNIE 6(a) TS, KIRAK
MAE AR TR da ik, Rk NBW 948 R AR
i, 7 0.22 W/(m-K), mSilkibE525 CBW #
SREEF 0.63 W/ (m-K), — 77 H AR A 5
HIPLFA, J3— 7 SRR A TR 5 | 1 A7 S5 A A5 A,
PEdE T HEAYEE. PEG2000 AUVGHR N 0.29 W/
(mK), B4 PEG-CBW RGN 0.92 W/
(m-K), HJFKH FZ2E G2 E R PEG2000
PETE, FERALTARILER T, PEG2000 U8 T )54
K235, 5 CBW Ak, GOCPW F1RGOCBW F{#
SR 1R 0.89 W/ (m-K) F10.93 W/(m-K),
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Fig. 6. (a) Thermal conductivities of NBW, CBW, GOCBW, RGOCBW, PEG-CBW, PEG-GOCBW, PEG-RGOCBW, and

PEG2000; (b) comparison of encapsulation ratio and thermal conductivity of biomass composite phase change materials.
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Fig. 7. Stress-strain curves of CBW, GOCBW, RGOCBW,
PEG-CBW, PEG-GOCBW, and PEG-RGOCBW.
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GOCBW, PEG-RGOCBW, and PEG2000.
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Abstract

Thermal energy storage technology can shift the peak and fill the valley of heat, which lays the foundation
for realizing the goal of “emission peak and carbon neutrality” . Among various thermal energy storage
techniques, the latent heat storage technology based on composite phase change materials can provide large
storage capacity with a small temperature variation, and shows great potential in solving the intermittency
issue of renewable energy. As a sustainable and renewable material, natural wood has the advantages of a
unique anisotropic three-dimensional structure, perfect natural channel, low price, and rich resources. Therefore,
the carbonized wood obtained from high-temperature carbonization of natural wood is an excellent choice as a
supporting skeleton of composite phase change materials. On the other hand, polyethylene glycol is widely used
in energy storage because of its suitable phase transition temperature (46-65°C), high latent heat (145-175 J/g),
and stable performance. In this study, carbonized bamboo is prepared at high temperatures. To improve heat
storage, thermal conductivity, and photo-thermal conversion properties, the carbonized bamboo is functionalized
by graphene oxide and reduced graphene oxide, respectively. Finally, polyethylene glycol is implanted into
modified carbonized bamboo to form shape-stabilized phase change materials. Their microstructures,
morphologies, and thermophysical properties are characterized. The experimental results show that graphene
oxide and reduced graphene oxide can change the surface polarity of carbonized bamboo, thus reducing the
interfacial thermal resistance between the carbonized bamboo skeleton and polyethylene glycol, and improving
the encapsulation ratio, thermal conductivity, and photo-thermal conversion efficiency without affecting the
crystallization behavior of polyethylene glycol. The encapsulation ratio of carbonized bamboo/reduced graphene
oxide/polyethylene glycol ternary phase change material is as high as 81.11% (only 4.67% lower than the
theoretical value), its latent heat of melting and solidification are 115.62 J/g and 104.39 J/g, its thermal
conductivity is greatly increased to 1.09 W/(m-K) (3.7 times that of pure polyethylene glycol), accompanied by
substantial growth in its photo-thermal conversion efficiency, reaching 88.35% (3.1 times that of pure
polyethylene glycol). This research develops a biomass-derived porous composite phase change material with
high heat storage density, high heat transfer rate, and high photo-thermal conversion ability.

Keywords: biomass carbonization, phase change material, thermal conductivity, photo-thermal conversion

efficiency
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