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Preparation and Characterization of Polyethylene Glycol/
Cement-Based Composite Phase Change Materials
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Abstract : Hydration products of sulphoaluminate cement were used to produce the phase change material of
polyethylene glycol. A kind of cement-based composite phase change materials(CPCMs) with high polyethylene glycol
content was prepared by the steps of hydration and crystallization, taking advantage of the water solubility of
polyethylene glycol and the hydraulic property of sulphoaluminate cement. The microstructure, chemical
compatibility, crystal structure, phase change properties, thermal stability and cooling performance of CPCMs with
different polyethylene glycol contents were systematically analyzed. The results show that polyethylene glycol is well
distributed in the porous network structure of hydration products with high loading capacity. Polyethylene glycol and
hydration products of sulphoaluminate cement have good chemical compatibility with no chemical reaction between
them. CPCMs have good thermal stability under 250 °C, indicating that the CPCMs can be used to construct phase
change thermal storage asphalt pavement. The phase change enthalpy of CPCMs with polyethylene glycol mass
fraction of 36.36 % can reach up to 62.48 J/g, the surface temperature of which reduces by 7.3 °C compared with the
control group sulphoaluminate cement.
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Wi I T R R T SR R AR

R T O SR ZUR ISR BH 4 S A 2R e R A
TREE AT K 70 CFL IR T 2 5] ks £ I, an
TR RECA R O SR T B N A A
WA AV 7 5% T A ) 753 194 T3] B 30 52 M 4 7 N 19 5 3
PRLIHG , AR 0 7 65 T 1% 9 2 38 L S ) A S
z—.
A i AR 7 I T A S 1T AR R SR B
A ATLAH A A ) DR R 728 K v B AR M A 4 O
J Iz A A ket LI R T A N DR R OR A
P BRI ARG T B 3R T Ak
FLrp SR FH BE 1A b L I BAEAH A5 B R (PCMD) il £ 19 T
REE 2 B A A BB (CPCMs) B AT fif il 1k %
1o AR M g i R A A

VT AR, K U He b4 RMVE S T o o R 10 A SRR L
T AF S fitg ST 1 IO FH A 3z L AR ]
W A 1) 22 FLW BRF AR B A e 5 AR K e R A
%2 AR Suttaphakdee 254 s 5 4 1R BE 1
Huim ol R Bk i T A /T TR A AR MR
DL EARGEER I, K U A Ry W B PCME %) 56 44 1A R W]
A58 BRI A A K R 3 4R — ORI B PCML Y T
22 %%, HWCB AR B4R R Fh K e (SAC) Rl —Fh
R R KR B R SR, DA B PC ML 48 5 7K
e Bk CPCM s AHAS 2 43 1t 1 BB JEL K.

YT ARSI TR - AR
(PEG) R4 0K %1, L SAC /K AL 7= 8 o0 AR ) 4%
5 PEG % & (1) CPCMs. i i fo0 it 46 % fiF CPCMs
B BEOWLZH 20 Ak 2 2 B B i AR 25 4, SR I A3 B R AIE
FLAH AR P B R R P I e 38 & ) R A
E HLAE W T % T A T AR R AT DA Sk o
e AHAZ RS CPCMs FIREAR I 6 100 i 32 2 AR AR H
1 K
1.1 EHR

SAC, 1 F 2 389 m*/kg, 1k 2% 20 1 (i &
A3 HC, SRS R AR R A R R S G B AR R
R BOER R L) W26 1 TR PEG, 4 T
R 2 000, W FA B AH AR 0 (I B2 O 58.73 °C L M AE XS
194.98 1/g.

F1 SACHLZAER
Table 1 Chemical composition of SAC
w/%

Si0,  CaO  Fe0, ALO, SO,  MgO 1L

6.51 41.02 1.03 37.95 8.79 1.03 0.16

1.2 CPCMsHI#l&

PL1.24E ) PEG 5K W16 T 1, #4218 0.2 1Y
S LB B 43 50 ) 45 5 R PEG K W, 7K K F AR
1E 0.4 A% F PEG WM G218 i A K e Hh .8 Se¥s p1
BHEAR T RSB FERL TP IR EE (140 r/min) B 120 s, 58
Ja s b BEFE 15 s, 75 8 (280 r/min) FiE $F 120 s J {8
A RS H5 40 mm X 40 mm X 160 mm 1 £ E . 7E
(2041) “C AHXHEE R 95% Lh LK PR EFE P 5
T #5247 28 dJ , ¥ CPCMs i B AASE B rp BCH I8
i, 43 0 i 45 CPCMs 3 FURL 42 /N T 0.075 mm
RIS

T B e R T, Y PEG 5K 5T
HH#EE 2.0, T PEG & &5, B i 89 PEG K
it B AR K U UL 2 T, BELAS T K R BURL S A K
R 2 i, 5 BOK AR BN AN 58 4 IRRE RLG) 1 25, JE vk
A AY, BRI AR BF 5 ] 4% 1 CPCMs o PEG 57K Jili &=
i & o 2.0.% PEG 5K it t il 1.2, 1.4,
1.6, 1.8 F1 2.0 1y CPCMs 43 Il fir 44 4 CPCM1,
CPCM2.CPCM3.CPCM4 fl CPCMS5.
1.3 CPCMs R BE MK 75 %
1.3.1 O RE ML

fifi F§ H 78 JEOL 28 &) 4 77 ) ISM-IT500LV #4
H i 7 2 B85 (SEM) M 28 SAC 7K 1k 7= 91 fn
CPCMs 1 TE 5L 5 1oUL 45 449 5 4 3& B Thermo 23w
A= 77 18 Nicolet iS50 76 i BL iy 745 4 21 40 W Wil 1% Y
(FTIR) K PEHr PEG Fil SAC 1Ak 24 A1 75 1 5 1 i 1
& Bruker 2% & 45 77 #) D8 Advance A X 5 26 477 5%
(XRD) K FEAE CPCMs [ S AR 254 .
1.3.2  #pERg

CPCMs [ # P RE A 45 FH A8 4 M A PR e il
2 E TA Instruments 2 5 42 P2 19 Q10 B 2% 71 39 4
AL (DSC) XA AT I, FHERHE 2 5 °C/min,
XU IR N 20~80 °C i £ E TA Instruments 23 7
A7 QLO T R 43 BT A (TG A) 3 FE AR 1
JARGE 2R 10 °C/min, MK BE S 20~600 °C.
1.3.3 =N EG

B R SF R 40 mm X 40 mm X 160 mm [ CPCMs
AR ESR 3 28 d g MBS L, B~ CPCMIS i
R FH V6L A b A 2 A T L B 25 2% 5 500 W LS KT
B AE CPCMs IR FE I 75 DIASEABL A BH 48 5, LS T B it
B 1 = BE 80 em, W 1T/ . 4 5 min JHSEEFE S
IR VAT B FLIR E6 21 Ah$ AR A0 3R ) 26 1t
R EHEAT I 5% O T U T R R B 2 S R
R T B A 5 0 4 3 A HEAT L B IR L 2
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Fig.1 Diagram of indoor irradiation test
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Table 2 Grouping of samples
Group No. Sample
1 CPCM1 CPCM2 CPCM5 SAC
2 CPCM3 CPCM4 CPCM5 SAC
3 CPCM1 CPCM2 CPCM3 CPCM4

2 ZER5i1i8
2.1 CPCMs B0 M BE 45 #7
2.1.1 CPCMs B0 5643 #r
& 22 SACHICPCMs I SEM El& . E 2 0] Il

Ettringite

\% .. Pore 4
[ g

(d) CPCM3

(e) CPCM4

(1) SAC iy IR A5 L A (AF ) i AR FAS FE0)
18 7K AR R TR 55 (C-S-H) 8 J 3% B2 A0 B T = 24 I 2% 45
¥ . B APEGZJa , HAOWEs# &4 T 41k, R 800
IR TR KA 7= ) B AIR  H O 3 K I K Ak
P BB R B, I BT SR 2 RFLBR . O 2 A
OB PR % R T KA PR 8 C-S-H BER B4 sk
AU UL, PEG B A & FEARK AL =  &
L, B LA T KR KA

(2)Ki% PEG & BR8N, KA & v ) FL B
gk PEG 5, W FLBR I D> Y PEG 5K /9 it &=
H ik F] 2.0CRE CPCM5) B, 7K Ak 7= 9 22 18] (1) 22 £L W)
L EER IR Bk PEG L7 W T 2 [ 1) PEG 3¢
WER, RIKBA F & MILESH GBS 1E N PEG W
AT H o AR A Ry Y e

(f) CPCM35

B2 SACH CPCMsH SEM B4
Fig.2 SEM images of SAC and CPCMs

2.1.2 CPCMs b 2# 3 2/ Br
N T WAL PEG FSAC /K 1k 7= ¥ Z 18] 0] GE 77
TE A B AR, WF 58 — & Z 0] 0 Ak 25 A 2 0 X

SAC 1 CPCMs £ fH ¥E47 T FTIR 43 M7 , 25 S K]
3R .3 KK 3% PEG F1 SAC 9 = 25 4F 1)
Wi i
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(b) CPCMs and SAC

K3 PEG.SAC#I CPCMs [ FTIR i
Fig. 3 FTIR spectra of PEG, SAC and CPCMs

H 1 3 1) UL - 6 Bl AN [R] PEG 7 £ 7K 6 564 i 1)

FTIR & 3% 76 %57 1F 06 7 B F B & B A L

CPCMs ) FTIR K 3% i[5l i &5 A PEG 1 SAC i %5

fiE 06 YA BT 9 AR AE 0%, 5 B PEG 1 SAC 7K
A7 By 2 BT P )y B O A 2H 73 22 [ e S
FAER IG5 A kA

£33 PEG 1 SACHIK #5405 dr i
Table 3 Wavenumbers and infrared absorption peaks of PEG and SAC

Material Wavenumber/cm ™' Characteristic peak
2 888 Stretching vibration absorption peak of C—H group
1467 Bending vibration absorption peak of C—H group
1359 Stretching vibration peak of CH, group
PEGH 2 1342 Stretching vibration peak of C—H group
1107 Stretching vibration peak of C—O group
962 Crystallization characteristic peak of PEG
843 Characteristic peak of CH, group
3626/3 430 Stretching vibrational absorption peaks of-OH groups in ettringite and water molecules
R 1667 Bending peak of the-OH group in AI[(OH),J’
SAC 1445 Vibrational peak of CO? ™~ group
1112/875 Asymmetric stretching vibration peaks of SO}~ group and SiO, group

2.1.3  CPCMs 145 SRR 4 #

44 PEG .SAC F1 CPCMs i) XRD &3 . ) E
4] LA

(DPEG 19 XRD 3% th A 245 B2 AR &5 19 Rk
frbt e, 23 510 19.16°1 23.26°.

(2)CPCMs B 43 bk T 4B Y PEG Z 41, £ %
fL G AFt BRRES (CaSO,) B EEES (CaMg(CO,),) |
BRIRES (CaCO,) 548 T K A (C,AS) F /KL= P A
O3 A K AR B B 48 R £5 (Ca,ALSOy,) , A ] PEG & &
CPCMs 9 XRD [ 1% 75 X5 1 9 057 & 1 dnb 7R 17 A3 S i
F W CPCMs I TE FIfi 5 /1 5 PEG & SAC 1y 7K Ak
FEPARARL A 7 A B AT S B PEG 5K T K2
IR A A S 5KIMK AL R, 5 FTIR 9 5 #7
iR

(3) MR AIE e 5% B Ok B, AFt Y AT S i 06 37 2
9.08°,15.73° 11 34.91°. Xf k. SAC #l CPCMs ) XRD

Bl & B, B % PEG & & (9 B8, AFt 9 i1 5t 06
S W 08 /D 5 Ca, ALSO, B 5 fiF W 2 23.75°, 1
W PEG 48 AT S0 . sk 02 B R K Ak i
WA Y PEG fi R 3 25 76 /K U8 #ORHBURE (1 & T,
B AIC T /K U 9 K b 2 B, LT 5 B CPCMEs i K
7= AFt i > DL K& A B2 KK m
Ca,ALLSO,,.
2.2 CPCMsHIIEREDHT
2.2.1 CPCMs (6 PERE BT

& 54 PEG 5 CPCMs i DSC 45 5 . % 4 K
PEG il CPCMs WA AZ Rk b, B30 AH 28 8% 3 2o
K (D .

AH cpenis = wWAH pgg (1)

K AHepews B CPCMs B BLIS AHAEKS , T/ g5 w A
CPCMs H' PEG [ i it A 43 H L %0 3 AH e 2 DSC
SE B PEG AR T/ g.
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I—AFt; 2—CaS0,; 3—C,AS; 4—CaCOs;
5—CaCO, - MgCO;; 6—CaSO0,*3Ca(AlO,),;

7—PEG2000
1 2
1 1
Iu L %|62,%43.1. L i SAC
! 1 1 1 % ! 1
1 17 57026441 1 2 3 CPCM1
1 2
1 1
L g letdedn 2 1 cremn
1
| J PEG R L IR I cpcms3
~ 1 16yl 3 ! 1
1 | 17 5026441 1 21 3 CPCM4
7 176 1
SAC o ) 2dadi i cpPcMs
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20/(°) 260/(°)
(a) PEG and SAC (b) CPCMs and SAC
El 4 PEG.SACH1CPCMs i XRD A%
Fig.4 XRD patterns of PEG, SAC and CPCMs

Exotherm CPCMI Endotherm CPCM1
CPCM2
CPCM2
CPCM3
ﬁ’\/—
CPCM3 CPCMA4
—"\/—_
CPCM4 CPCM5
CPCMS5 " PEG
PEG \ /
L 1 1 1 1 L 1 1 1 1 1 1 |
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Temperature/ C Temperature/C
(a) Crystallization process (b) Melting process
E5 PEG5 CPCMsh DSC 455
Fig.5 DSC results of PEG and CPCMs
%4 PEGH CPCMsHIHET 414
Table 4 Phase change characteristics of PEG and CPCMs
Theoretical
. Tested enthalpy/ coretied Latent heat loss ~ Peak temperature Peak temperature
Sample w(PEG)/ % X enthalpy/ . e R
J-g ) Ueg ) ratio/ % of melting/°C of crystallization/C
‘g
PEG 194.98 58.73 38.06
CPCM1 25.53 40.04 49.78 19.57 58.45 37.19
CPCM2 28.57 46.14 55.71 17.18 58. 30 37.32
CPCM3 31.37 54.36 61.16 11.11 58.49 38.92
CPCM4 33.96 57.81 66.21 12.69 58.80 39.37
CPCM5 36. 36 62.48 70. 89 11. 86 58.67 39.74

5 e 4 a1, CPCMs Y #H 28 I i 0L i 5
4l PEG 453 . 0 4h , CPCMs 54l B fig Bk Tk U8
HPEG B & , A AR XS B 5 PEG 2 40 B0 38 m
134 K, >4 PEG (% 5T 5 43 8054 31 36.36 % (CPCM5)
I, B ik 62.48 1/ g.

XiF L 2% 4 v AR AR K A IR 58 (R B S (8 T %0,
CPCMs By L BRAAAS &G 5 BIE AR R M 22 IE A K1
AR AR K 0 3 560 A X B PR (AL AIG , I LA B 7k A 46

R ARBEAREEHE PEG 52 70 B 38 I i /) . 3k 2 [
K PEARACTR KA 7= ) 22 18] B4 35 AL B 235 4 A fR Ik
T EARBCR I R, WER T PEG AAZ RHAFR Y A
MK , 52 PEG #5 Be 132 2l 52 2 R, X AR
FHLAS T PEG 75 W FA 1 72 v 9 45 i, B0l CPCMEs
HAZE DI RE 4L 73 PEG oK B8 & 45 AH I 1Y AH 22 1 FVBE T
FHAEKEAT AR AR BE R 2Kk . B PEG &% R85
Z 1 PEG L 7E 8] CPCMs M fLBR 4514 KA 7™ 9
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2.2.2  CPCMs B2 E PE 4 #r
ARG T 2 A A bR B ) — A M RE
FE T AH SRR A S B R ) I B TS RV L TR 6
SACHICPCMsH TG-DTG £k . &l 6 a] I, .
(1)SAC Y Ji B 45 2 n] LAY by 2 4N B B 56 1By
BLJE AFUTE 70~140 “CIE BBl 4 & A= 1 300 i 5 56 2 By
B JE C-S-H B ry i K | 78 140~250 “Cy [f{l N &

A2 A B B Ay BIXE R T DTG 2R 2 A~ W A
A PEG ZJ5 ,CPCMs i) DTG i £6 7E 300~400 C
ZIRIAETE 1AW (E A 0345 PEG M=

(2) Bk BE, CPCMs i TG M DTG i 44 #
[e] 114 22 Ak e #4, (EURH 7 1) J5 400 2R AN ) R T 24> By
Bt(70~250 C), i ik 5 AFt.C-S-HEE I & = A
X, H B & PEG & &t 09 35 0 & 8w /), SAC F
CPCMs 1y iz & it & 43 ol & 18.16% . 13.88% .
10.57%.9.99% .8.72% 1 7.37 % ; £E 300~400 °C, Ji

105 0.4
100 +
< f D= 13.60% 103
3 90
§ 85+ 4.47%) 102 &
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60 10
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E 90 L 3.24%% || 0.20
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3 2(5) i \_/ 10.05
ss| 144 <C 10
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100 -
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; 80 e
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Fig.6 TG-DTG curves of SAC and CPCMs
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AR 5 PEG M & A7 & R B . ax 2 Kk B
& PEG & =038, /KA 24E By AF R C-S-H BEfig
TR AR A5 R R W] LE R AL T 250 “CH, CPCMs
1) P FE RE M T SAC, HoBE % PEG & & 038,
CPCMs 1y #A8E MBok  4F , CPCM5 7E 250 ‘CRAR
B4 5 B B AN 7.37 %6, T W IR A ORI IE R TR
TR T 200 °C. H I , CPCMs i T A8 i v s
T A
2.3 CPCMsHyF% iR 1 BEIGIE

T VA CPCMs [ B L BE 7, 7F 20 “CE L T X
ANIF PEG 5 5 0 /K Ufe 3 B i 47 BR S 56, e 3 i
i BE o A W 7 R B 7RI 26 AN A PEG
R T 2 TR 1Y A A A K BOM TR]  7E ) 6 B B
FE IR R 35 B CPCMs (1 A1 A% 35 BE 15}, CPCMs 11
2 1H7 I WA T SAC 1Y 3R 1A BE 5 B R R [E] Y
FEA 6 AN HF S 2 T TR E SRR SR O Y IR R R
55 CH , PEG FF 1 W IS A dat #4151 39 58 A — R
AR A AR B[] B 9 e B A 1 # i CPCMEs T iy
PEG W W -6 77 , SAC F1 CPCMs 1y I 22 E — A 186
K, I H PEG & & # = CPCMs 4 26 if L & b 71
T, 5 DSC B MK 25 3R A0 45 K 50 45 AT,
CPCMs Y & i B2 4K T SAC /Y 3% i B2, Horp
CPCMS5 1Y 3= 1 & 50 AL SAC FRET 7.3°CL, 3%
B CPCM5 HA R A5 (1 B R BE

70 ¢
60
g
£ 50 ¢
8 - SAC
£ - CPCM2
= i » CPCM3
30 1f = CPCM4
[ < CPCM5

20 L L L L 1
0 50 100 150 200 250
Time/min

7 SACHI CPCMs Iy 3 1 i B 43 1
Fig.7 Surface temperature profiles of SAC and CPCMs

3 #Hig

(1R 2 W (PEG) 7E i £ 2 3 /K Jé (SAC) 7K
A7 Wy ) LR 25 48 vh 4 B 20 S g Ol R 4 . PEG
BAH S 5K KMERN, & B EYHAHZE A
PEG7E— &2 L REAR 7K Bk AL AR JEE

(2)PEG 45 i 2 B IR, 5 B0 A A0S B 8L
(CPCMs) W AHAE K& A7 A [ R B2 A B4 2K B % PEG &%
AN, CPCMs B AHAE K% 38 K, Hodh CPCMS 194

kG E Ik 62.48 T/ LA, CPCMs 7E 250 CLL T By 44
FaE M m T SAC, HL & 81 25 #E 250 “CLA R 5 PEG
(& 5 A 6, R CPCMS 19 2 0 2k i &
7.37% B CPCMs (1 A I B AR T 250 °C.

(3)CPCMs 1y 2 I i B2 S48 T SAC 1Y 2 M i
JE, BB PEG & & (35 i, 2 i Bk g,
PEG % & fie = ) CPCM (1) 2 T i3 5 5 % B 41 SAC
MR T 7.3°C, 3£ W CPCMs B4 K 4 1 1% iR
fie .
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