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Abstract To address the challenges of high carrier mass and insufficient thermal conductivity in existing composite
phase change materials (CPCMs) , this study synthesized graphene oxide (GO) colloidal solutions via an improved
Hummers method. A sponge-like graphene oxide (SLGO) with a porous structure was further fabricated through
freeze-drying technology. Utilizing SLGO as the carrier and polyethylene glycol (PEG) as the phase change medium),
the SLGO/PEG composite phase change material was prepared by combining vacuum impregnation with ultrasonic-
assisted processing. The microstructure and thermophysical properties of the composite materials were

systematically characterized using ultraviolet-visible (UV-Vis) spectroscopy, scanning electron microscopy (SEM) ,
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Fourier-transform infrared (FTIR) spectroscopy, X-ray diffraction (XRD) , differential scanning calorimetry (DSC) ,

and laser thermal conductivity analysis. The results demonstrate that PEG effectively fills the pores of SLGO and
adsorbs onto its layers, significantly expanding the graphene interlayer space and forming stable hydrogen bonds with
oxygen-containing functional groups on the SLGO surface. The composite materials exhibited high latent heat values
exceeding 179 J/g and crystallization enthalpies of 172.7 J/g, with relative enthalpy efficiencies over 90%,
highlighting their excellent energy storage performance. Most importantly, the addition of SLGO significantly
enhanced the thermal conductivity of the material, reaching 0.98 W+m™+K™" when the mass fraction of SLGO was
increased to 1%. Furthermore, the shape stabilization of the composite material was significantly enhanced with
higher SLGO content.

Keywords Composite phase change material; Sponge-like graphene oxide; Polyethylene glycol; Latent heat

value; Thermal conductivity
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Scheme 1 Preparation process(A) and structural diagram(B) of SLGO/PEG
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Fig. 2 Digital image(A) and SEM image(B) of SLGO
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Fig.3 SEM images of the surfaces of PEG(A) and SLGO/PEG(B), and the cross-sections of
SLGO/PEG(C, D)
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Fig. 6 DSC diagrams of PEG(A), PEG after cycling(B), and the CPCMs during the heating(C) and
cooling(D) processes
(C,D)a. PEG;b. 0. 5%SLGO/PEG; c. 1. 0%SLGO/PEG; d. 1.5%SLGO/PEG;e. 2. 0%SLGO/PEG.
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FHAS BT A AS bk M Rk BB 7B sl N, X2 T SLGO A By AN HL g it BVRE 7, I Ho al BEA
5y PEG &5 it AS A N ITE IR, SECEIAARRIGA BT TR . B, AR R RS T
B G RE R E , 25 Shda RUE RS 4 T K 179 Jig R 172 Mg, FERSRURIRE IR AR b, A AR MR
AL A I E XA T REARG , ok R ML AR A E B IR Al B T WROSORI R B AR, R S 2 i R AR E ARl
NIIRHIRETT .

IEAh, R T FIEE 2 AR R A, Bl SLGO Jit i 70 B py 3 N, 25 AHZE 4 R 2o v J3E il 2 1

Table 1 DSC data of the heating process for PEG and SLGO/PEG

Material Onset temperature of Peak temperature,, Endset temperature of ~ Enthalpy of fusion,  Relative enthalpy
melting, 7, /'C T./°C melting, T, /°C AH /(J-g™) efficiency, 7(%)
PEG 50.9 54.7 55.6 202.1 100
0.5%SLGO/PEG 48.5 53.0 53.7 194.0 96.5
1.0%SLGO/PEG 50.7 54.8 56.3 191.6 95.8
1.5%SLGO/PEG 50.5 54.5 584 189.6 95.2
2.0%SLGO/PEG 50.6 54.6 55.7 179.1 90.4
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Table 2 DSC data of the cooling process for PEG and SLGO/PEG

Material Onset temperature of ~Peak temperature, Endset temperature of Enthalpy of crystallization, Degree of supercooling,
aterials

crystallization , 7'"(:/°C T“_/°C crystallization Te(:/°C AH(,/(J ) AT/°C

PEG 394 37.1 35.6 192.0 11.5
0.5%SLGO/PEG 39.7 37.1 35.6 1854 8.8
1.0%SLGO/PEG 40.2 37.8 35.0 182.9 10.5
1.5%SLGO/PEG 39.4 36.9 34.6 180.2 11.1
2.0%SLGO/PEG 38.5 36.0 34.3 172.7 12.1

hn. X —IG AT LUH R T SLGO Ha5 T G AEM RN R SeRe 1. SR, SLGO RIE M H REA S L5
GG 1538, IS EAERTEE R IFER . SLCGO/PEG BRI s il ik B2 S48 146 PEG 44
B, KR TE IR, RIEFHR DR P E S A BHE T PEG MEHEAEARAE , H SLGO MITIAREL T
AHAE AP R S8 f IR EE . 32 Ry SLGO AR M A% BT AEAE T PEG H, PEG 7E SLGO 2 I (1 W B 3 PEG 1Y
T s 3Z 2 SLGO BRI, DI ZELS & R A il FE R B T P IAL , DR T A sk 5. FERR IR 7
Hr, SLGO/PEG MBHKZE fil BB 5 T4l PEG ML, FREAVR N5 SLGO M A M BHEARAS i B rh 25
A T4 PEG. 3R 1 AR 2 EE T LI, &G HH AR BB R s g dh ks ¥ 172 /g, iE B
SLGO/PEG & A M RHEA I S M RE AR K W8 B4 1 FH Al 5
2.6 SHERESHT

K R A AR B REFE 10 MPa T il 2 R ST 12, 7 mmx 1. 0 mm [FE A, 7E 30 CETIARIE
T, RABOEFHAUXT PEG F1 SLGO/PEG A4 K47 S AME BRI . [RIB, BIR) 45 BT A i, A ¢
12. 7 mmx1. 0 mm FRGEPBLE A (BN R EAREMLL) , FF7E-20~80 CIREE HHIEAT 50 R G LATEAS
MR PRIEIA R E ERE . ARYE N OISR A7), Wem ™K ]:

MT)=a(T)x C(T)xp(T) (3)

K a7 (mm?s™ ) Y BREG C(T)(J-g KRG ; p(T) (grem™) EFEAN B L .

7RI, S SLGO A A HAE RN FAEREXI L T PEG. 4 SLGO B4 ik H] 1. 0% I},
RBOA TR KAEO0.98 Wem™ K3 ZJ5HiE SLGO B4R ARSI £ | A AR S RE
K, X AT REZ i T R 2 RIYa e ) S 80h 5506 7 2 PR, s 7 H-S3#E . 1Ak, SLGO
R S HE S 25k T fe = AR FLBR, BHAT T SLGO

‘I‘i ﬁllg E](J ?Eéj\jiﬁ s iﬁﬁﬁ?ﬁ ﬂl’ﬂ] T SLGO/PEG /E . [IPhase change materials before overheating cycle

é*ﬁﬁ*ﬁ*zl»ﬂ@?‘rﬁ@‘lﬁﬁﬁ ‘ EA 1.0 ="Phase change mate%uils z_afber 50 thermal cycles
3 SEM PR 1 3 (B) JMA ), BEZFSLGO £ o} P

HOMIA, 48 SLGOPEG L EMEMBIHIEART 2 L T

—BER/INFLIR, X R T SLGO [ A R RIS S 3 I

HPEG A RESE A HFESLGO Wi, BARMSLGO - § 04T

JRFE BT, Hitt, B ARG RE o2}

WA . 2858 SO RAIAS IR 3R . 0. S%SLGO/PEG & .

Fil 1. 0%SLGO/PEG BB} G P AT B AR FEEAR f&wﬂﬁkﬂﬁﬁﬁﬁwﬁg

M EFE S A SRR LR R AR b . X
F 0.5%SLGO/PEG Fl 1. 0%SLGO/PEG #1 ¥} Fig.7 Thermal conductivity of PEG and SLGO/
SLGO it b, AR5 2RI ITA PEG, 7E£K PEG
AHASPEI G 1 B IR SPIRE T , R PEG
5 SLGO BA BT, #2051 SLCOFENTPAII ST Bk A1 2R, e 80T SRR A T % .
27 HESH

W MrEE R (E ) B, BUERRTIG B 1. 5%SLGO/PEG A RHE 150 “CRij 1S FHH I 19% T
VR, X FEEHE T AR AR K 5 AR 2 72 . 7E 150~300 “CHRIERAT, BB R REAE X o
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(B R R < 2%) , FRINZIRL X RIS AR A AL A . HIRE R 300 CI, #PRDTAAR
B PR EBLG, o RUG A S AR SRR R i VIR (7,0 3 HH BLAE 400 “CRff
. R IR F] 450 CIF, 2R S AR R FIE TR . X RIS AR P AR 4] 5
SLGO [ 47 15 R4 PR RN, 228 D AR 3R Jm BT DR o8 BE B3 i A, D8I R AR E PR I
Z YA R TR

10L& —1.22% 100 F
80 = 80 o
o o
60 N 60 2
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Fig. 8 TGA curves of 1. 5%SLGO/PEG(A) and 1. 5%SLGO/PEG after thermal cycling(B)

2.8 LIAMARIG ST
FHEZLIMMGAT PEG J SLGO/PEG & & M RHE A R v (B AR fb A 7k, Hodn#i s
{RE R E I 60 °C. I 9 AT LAFE Y, AH# T 46 PEG, SLGO/PEG 1} A B30 €875 Ak 8 i o e, 26 I
TH T 5, fe 28 2 B kLR BA G IR A . X — IR 88 T SLGO BN AA 5T+ T A A
MR I RE . LS e, INE A o] LLE B & R E M T &, 4l PEG. 0. 5%SLGO/PEG Fl
1. 0%SLGO/PEG & G AR MR IER B T A AEfk . M HZ T, 1. 5%SLGO/PEG M EHE Rk i) 2
HAREAERF AR TE AR, 1M 2. 0%SLGO/PEG MRS TIRAR, HAlfbFEEE RSN, X FRBH SLGO BT Ay
Bl F B AR A AL e A AR S A o (i 3 XSS, AR R AR AR RS e 1, [RIB L1568 SLGO X PEG HLAT R
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[
‘an

Fig. 9 Infrared thermographic images of the phase change material(PCM) at different heating
durations
(A)0s; (B)10s; (C)20s; (D) 40s; (E) 60s; (F) after thermal cycling.
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SEFE AR A A B0 . R P LS W BRI 7 R AR T AR B O S L 12 R RE L iR A A AR
MR % S REA AR BRI L SrERE . RTINS, B IR S5E.

(1) 23k ELAs W RN A5 20 BUS , PEG BERS A SO FE 2 SLGO M RN ER , 315 A 2 A A
FH, AE PEG H szl 451 708, PEG BUAINARE K T SLGO H GO Y2 a1, [AIRHES: T PEG AU T4 K
HERBA SE e, SR 2BIAPRLZ AR A T W B I, iR & Ak 2284k

(2) /R4 SLGO A2 3G G AHAE M RHHAS KR BRAIC, 25 Stk Re Az 81— g . [AU2 SLGO MY 47
FEARBRE T PEG W B i sh, 0T PEG ABHER Rt R o i itk &% XUz . RIS AE SLGO 7 ik 51 2%
FITELL T, CPCM FYVEIVEMR SR IS T 179 J/g, /Rt RAFIAREF i RE

(3) SLGO/PEG M BH 2 PEREIR 2 T 82T, 2 SLCO MG A 1. 0% i, Hifw s G185
0.98 Wem™ K. ZIAMNARGR TR EE K0, SLGO/PEG MR S SR RE Y i 1L T 46 PEG. Bl
SLGO i 3, A AR AR E TR RORABRE 2 358 . X 1 B SLGO 7 /b s i i B AT 3 2 $2 7+ AH
AR B PAE TRE DT, [FIRHRRE T &2 A HHAE MBS S B TR R . SLGO B2 & & 44
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