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Prepar ation and properties of electrically driven PEG/EG
composite phase change materials
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Abstract: PEG/EG electro-thermal energy conversion phase change materials were prepared using
polyethylene glycol (PEG) as phase composition and expanded graphite (EG) as support material via
vacuum impregnation method. The effect of mass fraction of EG on the electrothermal conversion, heat
storage efficiency, shaping effect, enthalpy of phase transition and heat storage and release rate of PEG/EG
composite phase change material were investigated. The results showed that EG could improve the thermal
conductivity of the composite phase change material and endow it electric conductivity. The PEG/EG
composite phase change material with 5% (mass fraction) of EG had good electrothermal conversion
performance with efficiency of electrothermal conversion and heat storage of 80.6% under an applied
voltage of 7 V. Meanwhile, the composite phase change material exhibited excellent shaping effect and
high enthalpy of phase change (152.2 J/g) and outstanding thermal conductivity. Compared with that of
pure PEG, the heat storage time was reduced by 73%, and the heat storage and release rate was greatly
improved.

Key words: polyethylene glycol; expanded graphite; phase change materials; shaping; electro-thermal

conversion; functional materials

AR, BEEATTIIERE, BRAaE REOARGERRZ —, W LU SO e BN 5 oK
FREEIHAE, BEVRJELGRIAIAR H 4558, WM BUARRE  FEmf e fnas () Ep R IERC R A, IAREAAfE £ 20A 3
WOT R AR R, HI s s s IR A AR A5, 0 5le RATrtE . b2 BErE il Ak phre
BAICAEEN, AR R ISR IR Y S BRI B AR R L, T

i BHEE: 2021-10-25; EAEH: 2021-12-24; DOI: 10.13550/j.jxhg.20211089

EE&WH: EFRAKRARS (22108026, 22178050)

TEER=: WEM (1997—), B, Wi+4:, E-mail: HaoYuPeng@mail.dlutedu.cn, BERE A : kT & (1993—), 4, 1H+)5, E-mail:
zhangyuang@dlut.edu.cn,



<514 - A% 4m 4 T FINE CHEMICALS

%39 %

FI AR RS e AR AT IR AR, B R AR
o/, BB EE R A a5, DR A SRR AE At v g
BNz, Hob, AHLE-SEAAE R R, dn st
Jig 10y PR /) R 2 TR Ak A T HAA M
AR . MASIREE A AR . OB LA K
TV AR, TEARREAF A U AT B3z e,
SR, A B - A A2 B R R 52 B g FH A 7 52 21 AR
IR . IR 25 DL Bk = AR D 8 A R Y
B 1

BEXTLL LI, RS A i g B A 2 T ik
YA ML AR S MRS OS2 kR 2 25 4, 78
PE AR IE R AR R e T R, T
T HS AL R SR g P g,
P BE PR R A % . MALKEL 45 UShis ik 4 >k 4%
(CNTs) 5RHmB4e, R RAEMBRAK LM/
WAk (PS/CNTs ) LUk, JFLIHC A SZ# B4 7
oA s, Gl T HA GG R 2 A AR AR
A2, 7Eeiieiad e, KIFGERA RNES S5 A
R o Mk I e 0 DA B B A b ORI AR ST 57 BE AR 1 [7]
A, PR T H R AN . FAN IR 2 R
(PEG) NAHAEMEL, Si0, A2 KL, 8t iw K-
B, RN 2K Fes04, 145 T Fe;04/PEG-
Si0, & A AHAEM B, HARIZARHEAG T 5 1 A
W SIMGEAAETERE, (HREIVE SRR 5%, AT
FARTRE R, S B AR Sk A 4801 R 1 g FH AP TR I
BRI, SZHt, mid 5 R riai R A
AL . BRI R, A AR it AR A
BUN . BRI, HA i B 0 e ) (9 A 22 b1k
A LA R e RE G 4o AEEN T I, L OK B
AR RN B SR PO P R e A
F 4522 P B T R BRI K R RV T

FHAS AR A FL P - A 2 i) JHL R A
(PRS0 S SR IE  I 7 p o NS B N T A
K. FLBESMTE, BA R SRSk
BB, FTLL, LABRIE S MR R i) F 0K 2l A AR 5
AR A R R 22 5 . Guo AR
fil % TH PEG. CNTs. Hfbfa &l (GO) AW
MRS E SHIE AR, CNTs R4S B 42, GO Xt
PEG #7334, 38 GAMEHE 5.8 V BT fER]
S PR AR A, F P B A0 R B B 3K 70% . ZHOU
SERTHEIRIE A AK A (HNTs ) 22 b B8k A 88 <
BERE (GA ) fEMAHAE MR -5 28, IF 5 R &R
(PU) B4, 73 PEG, fiil% T PEG/HTNs-GA/PU
SEAFZEARE, HTNs i JE XA U SO iR 5 T
GA S-HUHI 5 H M BE  UMATIR 22281 e fb A A CC )
FEH L EMR, A (PW) AEAHIASERER KL,

PIRPER AR (TPU) 1R MR 238 PW/CC B A
MR, e T HRIKSh R CC/PW/TPU & A AR M
B, IZEZ A MR R AT 00 PG J R AR A% TR
PERE . HJE CC Al ONTs A= A &, MELASEEE
ZRIH . KA (EG) P2 —Rh Z AL 2s th it ik
HURY T, BASEHAEL . HERERR K . AR )
9L MRS ARBESEAL S, RN EG b BA 1G5 1 S0
S bERE .

KT, AWFFELL PEG NHIZE EIK, EG N
MR, RAESRBEPIH & TEREZW
PEG/EG HLIVEGHAHARGEREATRL, IR T 2 A M
BHOFIARFT R, X H S ORI H PR P RE A T 40 #T
DA 2] —Fh B 00 S5 2 BE A0 e G 4 v R A A
ARARE, R R

1 SEEES

11 RAFENEE

PEG ( A% 43F 5 i 8000 ), KETHTHERE K41k
THMRAR; EG(100 H, IZiKkAF 400~600 mL/g,
T340 99.8% ), T A AT BN FRA A .

DF-101S SEHGIE MR T B FERS . 10-1 K
WG ITRRENFERS, P PRI A R A A
DHG-9053A HiLIE X T 14 . DZF-6030A FL.25 T4
L, B ERRE R A BRAE ;. WK-06 5 BT
el ey, Bl A RAF; FTIR-6700 {8 B A5 4
LIAMEREAL, HA JASCO 247l ; DSC 204 2R 414
WY, SEE TA R/ SK-130 RD Fda il i
1, TEHRBPHMUERARAF; D 7000 BA5HHL, H
AJe MR A L34E; D/Max 2400 X BHEATHMY, fif=2
PANalytical 23 F); 2450 BUFIRK, S A
Al SB FRAHIFEL, WE RS A FRA
12 S6HTHRGH &

K EZSEE Y, UL PEG AHAE F4k, EG (i
AR 1%~10% 1h P 5 e i 25 = PEBE Y PEG/EG
AR

¥ PEG Fil EG it A .25 THRFH7E 80 °CF T
12 h, RJGFREL 1.0 g EG BT =0k, mfE
JEIRS (TR E N 80 °C) HJA 9.0 g PEG; )5
B, FPRSREHFREE-0.1 MPa i, fTJF
i R - g P, BEFE 1 h, ff PEG A1 EG 3%
B, RMTERGE, BHEER, 155 PEG it/
A 90% (LIMARLE R, ) PEG/EG WM&
AHAER L, iCN 90% PEG/EG., &M T, 7
A4 T PEG 40N 95%. 96%. 97%. 98%.
99% M2 A FAE A EL



53

FEEMG, 4F: fBKZ) PEG/EG & & AHAS M RH i & 5 Mg - 515+

1.3 EBESRIE
1.3.1 XRD & 4E

FH X BHEAFEHY ( XRD ) XF 1k 45 IR 25
AT AT, S TE L 5°~80°, 146 K 10 (°)/min,
1.3.2 FTIR % 4E

K A B AR e 2T MG SOGRIE M B 254, 1
HEJE HE 4000~500 cm ',
1.3.3  #oArmaX

I FFY 22 7 41 et AV SO 2 A 8 b ARk ) 72 3
FARAE RS AE, FHRFIRVEE 0~100 °C, FhR#EER
5 °C/min, AHAM,
1.3.4  fE#, ik X

AR I 0 kSR B AR it A AN [) P 220 ) U
RAEMFGA 4 s WP SR, AFRE 8.0 g
WMABERZ2.0cm. HE 4.0cm BERET, HiEE
PR3 [ 58 T4 b DR B AR o i R
PR AR F R A AR FE SORUE TR 70 °CHE
TR R HEAT IR 0 SRR AR T = 3 70 °C
B I T] s ARG R BRI ERIREE S 70 CRIFE M
FA 25 CCHEEKE S, 0k R EF] 25 CHTH
AL, BEARE AR I T RS IE IR 5 IR, Il s HA i
R
1.3.5 =B RN

S IRREL 2.5 ¢ AR EG Ry ke, BT
FAEHIEEYLF, 76 10 MPa JEAF, JEH R E#E
25cm, JERE 2.0 mm BB AR BER, SRR E T
75 CHYBIXTIERF Y, AR AL AR AS 4 BB
RIAEAL
1.3.6 W 43 0 Fm] 9K

PR SIS Y AR, BRI 5.0 g TOA R Rl
W, RSl EAE 2.5 cm, B 4.0 mm W5 A a0 &
1R, PR BER S S R [ TAESL h, JFH
i A DRIR AR N o SR TR R ] &5 b kHE
BEEE R, IR E AR S R rh AR
PEIRMIR S Yk A SIGRAERERCE () AT L
wid s (1) IEmat,

mAH

/% = x100 (1)
T U, -1

K IR B AL S B AETROR, Y% m
JRESL TR, g; AH Shil it DSC AR 415 2 A
rn ARG RS I BE (R Rh o7 7Lk A% ), J/gs U il
AT BT IERBE, V; 1 RS 7 i s 3
A 6 B REmRYIZk (7 RED) Bk
BV it T iy 22 A R A R A8 485 3R %t R AR IR ), s

wemx | ’
|
Hh < D
HAERDR <t o
/L

HRALHLIR v

PRB RS HREH. by ezllbUN

BT H AR 5 PR RE A frt ) 10 /R T
Schematic diagram of electro-thermal conversion
and heat storage test device
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Fig. 2 FTIR spectra of EG (a), 95% PEG/EG (b) and PEG (c)
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Fig. 3 XRD patterns of 95% PEG/EG (a), EG (b) and PEG (c)
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Fig. 4 DSC curves of PEG and PEG/EG
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Table 1 Transformation enthalpy and temperature of PEG and
PEG/EG samples
4 FAs AHAEKEAE/(J/g) AR IR E/°C
FE . — — —

& JER 45 Rl e
PEG [&-#%  170.1 164.2 58.0 43.2
99% PEG/EG [#l-#  168.8 163.7 57.6 43.3
98% PEG/EG [#-  166.9 161.3 57.8 43.5
97% PEG/EG [#-#  161.7 160.0 58.3 43.6
96% PEG/EG [H-#&  157.0 153.2 58.1 43.7
95% PEG/EG EJE 152.2 145.2 57.0 428
90% PEG/EG EJE 144.3 136.3 50.8 38.6
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M S AR R FRCR . I TIEBE N EG FE A
PR R R RES B G 5% , WX T PEG. PEG/EG
BGOSR 2k, g5 SR anE 5 FR .
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Heat storage and release rate curves of PEG,
PEG/EG samples
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Fig. 5



53

FEEMG, 4F: fBKZ) PEG/EG & & AHAS M RH i & 5 Mg 517 -

2.5 PEG/EG ERMRAH

SR A RGE SRR FRR L D4R 5 A R 2 T
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10 min &7 ,PEG #1 99% PEG/EG JT#f H S s 4k,
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Fig. 6 Form-stable photos of PEG and PEG/EG samples
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FERRIG, R ERE EG JBti 43 B0 8 in i ek 2>
90%#1 95% PEG/EG FE Nt #& v i 18 ok & AR AR 1k
XULE, &AM R ETERORE EG i 434K
3G TR s . HE R FE T SZ#EA0R EG il PEG (7]
WBANE S . o TREVER U RN S, TR
G IR R AT RS T BE o 25 A A AR RS % 1, 95%
PEG/EG ¥ i e B =i #5008 5 T R f e vk

20 min

# 2 PEG I PEG/EG i ) i it
Table 2 Mass of PEG and PEG/EG samples

. Fi/g
FE & o - -
= i Jin#4 10 min Jn# 20 min
PEG 2.50 2.43 2.31
99% PEG/EG 2.50 2.45 2.39
98% PEG/EG 2.50 2.48 2.41
97% PEG/EG 2.50 2.49 2.45
96% PEG/EG 2.50 2.50 2.47
95% PEG/EG 2.50 2.50 2.50
90% PEG/EG 2.50 2.50 2.50

2.6 PEG/EG H#FimtE o1

AHAS BPBHEE SEBR IV H Y CEAE T H T B 1 fig
wiRIIRE, EG MR AR W CHL S KL, 7E PEG
FERTIE B T 45, T AH AR AR R B e i

N A R PR A R I LU I IE U A7
TEAME ., B 95% PEG/EG B &M R, WA
HAEARF IR (5. 6. 7V) T H G A IGETE
s, SR mE 7 BiR.

0 2000 4000 6000 8000
i ) /s

K7 95% PEG/EG KL #AE i il 2%
Fig. 7  Electro-thermal conversion curves of 95% PEG/EG

NS WURESS S E=S e S 2N IR S
RWE SRR T, W, BEESMLRE AL
I, EAME AR AR 4 ARt (1) BY
WA, 7ESMERER 5. 6.7 VAT, 770
W 40.8%. 50.7%. 80.6%. 95% PEG/EG (¥ 5 1
W5 M B, TS 8 T e T R TR s AN R
AR AR, A3 PORHE BRI Hh A X I P 2 Dk
A, TR TR AR RE A RO

55 H BT 8 1Y HL K Sl A S BE AL R AP fE
HATX G, SERME 3 R, ABFREIEE 95%
PEG/EG G AHZE AR BT A0 57 1) riy AR 4 5 44
AEAFIER0R, XKW, EG E—FhEal. ¥y ik
SRR SR, CHTEARE BB R SR 1
A g R P 0 R A BEAE AR 1) 2 D RE S5 M R
et T AT

3 OARFEE G AR P R
Table 3 Thermal properties of different composite phase
change materials

FE 5 AH,./(J/g) AH/(T/g)  5/%  CHK
90% PA/CA 121.3 115.2 71.0  [34]
55% OTC/GF 130.0 — 61.4 [35]
78% PEG/CNTs/GO 110.7 — 63.5 [26]
75% PEG/HNTs/GA 103.3 102.0 66.3  [27]
95% PEG/EG 152.2 145.2 80.6 AL

TE: AH IECETRRIARZERS ; AH A S BRI AR o
“—" fRERFIH; PA AN CA NRSEN; OTC 1 /\FE;
GF N1 887K

Wit B 2SR, B PEG 5 EG EAHI& TH
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