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Preparation and properties of reed straw/polyethylene glycol/high-density polyethylene composite phase
change materials
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Abstract : Wood-plastic composites exhibit outstanding performance and have been widely used in the field of building materi-
als. Reed straw, as a renewable fibrous material, possesses abundant porous structures. However, organic phase change materials
suffer from several problems in porous materials, such as low loading rate, poor compatibility with the matrix and inferior thermal
and mechanical properties. To address these issues, a novel phase change thermal storage wood-plastic composite with high loading
rate and balanced thermal and mechanical properties was developed by using polyethylene glycol (PEG1000) as the phase change
material, reed straw as the biomass porous adsorbent, and high-density polyethylene (PE-HD) as the resin matrix via twin-screw
extrusion and injection molding. Furthermore, reed straw was modified with sodium hydroxide (NaOH), and the specimens were
prepared and compared with those made from untreated reed straw to investigate the effects of alkali treatment on the properties of
composites. The results show that alkali treatment remove most of the hemicellulose and lignin in reed straw, increase the content of
mesopores, and enhance the loading capacity of PEG1000 from 68.0% to 78.5%. No chemical reaction occur between PEG1000 and
reed straw after adsorption. The alkali-treated reed straw exhibit better compatibility with both PE-HD matrix and PEG1000. After
the phase change components of the prepared wood-plastic composites are completely melted, the specimens could continuously
release heat for 16 min at 25 °C. The melting enthalpy and solidification enthalpy of wood-plastic composites reach 36.2 J/g and
34.3 J/g, respectively, while the tensile strength and flexural strength are 13.6 MPa and 14.7 MPa, respectively. These properties
meet the requirements of building energy efficiency for heat storage and mechanical performance of composites.
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WPC-0 30 0 60 5 5
UQWPC-5 30 5 55 5 5
UQWPC-10 30 10 50 5 5
UQWPC-15 30 15 45 5 5
UQWPC-20 30 20 40 5 5
UQWPC-25 30 25 35 5 5
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10 °C/min AYFHRHE R M 15 °CTHEF] 80 °C, FEFFIE
15 °CJa iR 80 , LA 10 °C/min Y T 5 5
M 15 °CHHEE] 80 °C, #21 3 min J5 LA 10 °C/min [
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Fig. 1 Pore size distribution graphs of UQSF and QSF
%2 UQSFQSFHIBET H#T41#E
Tab.2 BET analysis data of UQSF and QSF

specific Total pore
Samples  surface area/  volume/ Avefage Me59pore
(mg”) (cm+g™) pore size/nm ratio/%
UQSF 4.231 0.0125 6.76 62.3
QSF 9.672 0.028 7 7.21 85.1
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Fig. 3 Static water contact angle measurement graphs of
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FE AL, 3 2 R0 B b B QSF 3% 1 22 5% o 2 5%
3, 5 PEG1000 434k Ho 10 Tk T i g ot 1) S R
L3846 T PEG1000 ZEFLBS P W FE , 987> T PEG
AR BLG , i — 20 Uk WA B A ) 15 A g e o
R . K 4e AT 4 0] LB Y, UQSF 1 QSF 5
PE-HD %5 G- Ab 35K % B 8. (%) 4 J2 454 , HL o] LABA
8 QSF JUr il il i AR ¥8 52 & b B AL 45 5 A 5
U, 33t T AL B S 1Y QSF 3K HUHLRR BE3E =", B
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Fig. 4 SEM photos of UQSF,QSF,UQSF-PEG, QSF-PEG and their

wood plastic composites
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Fig. 5 Thermal infrared imaging photos of wood-plastic composite
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Fig. 6 Leakage conditions of samples before and after heating
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Fig. 7 TG analysis diagrams of samples

(f) DTG curves of WPC-0, QWPC-15,
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Fig. 8 DSC curves of PEG1000, UQSF-PEG and QSF-PEG
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Tab.3 DSC data of PEG1000, UQSF-PEG and QSF-PEG

AH / AH Super
Samples T /°C Jeg) T/°C a- gl/') cooligg/"c
PEG1000 455 158.9 40.1 145.4 5.4
UQSF-PEG 44.3 104.8 39.2 99.8 5.1
QSF-PEG 43.8 122.1 39.6 117.5 4.2

Notes: T, and 7, represent melting and freezing temperature ;
respectively ; AH and AH; represent melting and freezing enthalpy,

respectively.
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Fig. 9 DSC curves of WPC

WL E 9 4 VT LA W BTl i ARS8 2 A b
Al Ay HA B — A A AT — A B | 5 I 2 5k
SR, HAEX T UQSF-PEG H1 QSE-PEG, 111 ¥4 i




28 AR

2026 4E, 45 54 4 55 4 1)

WIS, S TR 2B RS FFE WPC HPE AT R S H3A
7, H AL TE 2 0 S AH A% AL 5[] B AR Y
WPC H1AH R TF AH,. FEMAER GRS FLiY
AT, B [ RS S A RS B LR R R B TR Y
PEG1000 34 i1, PEG 1000 45 i isf FE A 32 F5 FT R
il 4 e B PR T
#4 UQWPC 1 QWPC 1y DSC #i#F
Tab.4 DSC data of UQWPC , QWPC

AH / AH/ Super
Samples T /°C - ng) T/°C a gil) coolisg/°C
WPC-0 - 0 = 0 -
UQWPC-15 39.4 10.7 38.9 8.7 0.5
UQWPC-20 39.1 11.6 38.2 9.9 0.4
UQWPC-25 38.5 17.4 37.2 15.8 1.3
QWPC-15 36.7 36.2 36.1 343 0.6
QWPC-20 36.3 422 35.8 39.6 0.5
QWPC-25 352 452 35.1 423 0.1

Notes: 7 and T, represent melting and freezing temperature ,

respectively ; AH_ and AH, represent melting and freezing enthalpy ,

respectively.
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