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Preparation and properties of PDA-modified cellulose-based
composite phase change materials
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Abstract: Polydopamine (PDA) nanoparticles [noted as T-PDA (A-PDA)] were prepared by self-
polymerization of dopamine (DA) in the presence or absence of 2,2,6,6-tetramethylpiperidinyloxy, then
mixed with sodium carboxymethyl cellulose (CMC), respectively, using 4-hydroxy-3-methoxybenzaldehyde
as crosslinking agent to obtain CT-P and CA-P acrogels. Finally, three types of composite phase change
materials, PEG/CMC, PEG/CA-P and PEG/CT-P, were synthesized from vacuum impregnation of
polyethylene glycol 2000 (PEG2000) with CMC aerogel (CMC using 4-hydroxy-3-methoxybenzaldehyde as
crosslinking agent), CA-P and CT-P aerogels. The aerogels and composite phase change materials were
characterized by SEM, FTIR, DSC, TGA and thermal imaging. The results showed that the addition of PDA
nanoparticles improved the comprehensive properties of composite phase change materials. CA-P and CT-P
aerogels displayed porosity of 94.73% and 92.80%, respectively, higher than CMC aerogel (92.30%). The
three aerogels exhibted good encapsulation stability for PEG2000, with PEG2000 melted but no observed
leakage when stored at 100 °C for 30 min. The photothermal conversion efficiency of PEG/CA-P and
PEG/CT-P were 51.75% and 76.27%, respectively, higher than that of PEG/CMC (41.86%). Compared with
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PEG/CMC and PEG/CA-P, PEG/CT-P showed similar phase transition enthalpy (149.26 J/g) to PEG2000
(152.67 J/g), indicating better energy storage effect. These three composite phase change materials showed

excellent cyclic stability during 50 DSC thermal cycling tests.

Key words: polydopamine; sodium carboxymethyl cellulose; aerogels; composite phase change materials;

thermal properties; functional materials
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Fig. 1 UV-Vis-NIR spectra (a) and color (b) of samples
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Fig. 2 TEM images (a, b) and particle size distribution
diagrals (c, d) of A-PDA and T-PDA dispersions
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Fig. 3 SEM images of CMC aerogels (a~c), CA-P aerogels

(d~f) and CT-P aerogels (g~i) at different maganifications
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Fig. 4 Porosity and density of different acrogels
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Fig. 6 FTIR spectra of PEG2000, PEG/CMC, PEG/CA-P
and PEG/CT-P composite phase change materials
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Fig. 8 TGA curves of PEG2000, PEG/CMC, PEG/CA-P
and PEG/CT-P composite phase change materials
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Fig. 9 DSC curves of PEG2000, PEG/CMC, PEG/CA-P
and PEG/CT-P composite phase change materials
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Table 1 Thermal performance parameters of PEG2000, PEG/CMC, PEG/CA-P and PEG/CT-P composite phase change
materials
4hih I3 Hil
FE

T/ °C T./°C Tond/°C AHI(/g) Ton/°C Tw/°C Tona/°C AHI(J/g)
PEG2000 39.6 36.4 324 —192.45 52.1 56.8 59.9 152.67
PEG/CMC 40.6 37.9 31.8 -175.56 52.4 61.8 65.4 143.56
PEG/CA-P 40.6 37.5 31.1 —181.28 52.8 61.6 65.8 144.98
PEG/CT-P 41.6 37.4 32.0 —188.76 52.8 56.9 65.1 149.26
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Fig. 10 Heating curves (a) and cooling curves (b) of PEG/
CMC (A), PEG/CA-P (B) and PEG/CT-P (C)
composite phase change materials
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SiaE PR GEMES, e, PEG/CT-P 28 K5
# A%, 1M PEG/CMC 5 PEG/CA-P ¥ ik %6, i
W] PEG/CT-P Wy Fift# % KT PEG/CMC Hl PEG/
CA-P,

2R (2) {HE153], PEG/CMC &4 M2 4k
HDEHEE AL RCRAL N 41.86%, VRN PDA A BEN
MCRFEALBCR A T4, PEG/CA-P B G M4
¥R 51.75%, PEG/CT-P % 4 AH S b RN 5 ik
76.27%, PEG/CT-P & A HHAE#1 B PEG/CMC H &
FHZE BRI AL R R LU 4 5 34.41% . X T2
i, PDA FEA0 . W WA JGE LT AN N R B A R
TR RE, 200 R0 R BHYE WO bt R, i
TEMPO 7£ PDA {4 7 PN AT 3 58 AR 12 X 38 b 9 )
W HE 1 A B

M & 10b ATRLVE Y, FEMKTCHIE 180 s B, 3
g G AH AR AR T EE T B I 4k, 7 RO rh T 1]
WAL, PEG/CT-P MBI 558, 1ii PEG/CMC
F1 PEG/CA-P J#5 ;400 s J&i 3 FEESH IR #a THaE 5
600 s i, PEG/CMC & &AM BRI 2 =i,
PEG/CA-P E5HHASM B2 39.3 °C, 1fii PEG/CT-P
AR RRRE(RTE 47.4 °C, U] PDA BYIRIN
Al B BB A ARG RERCR , Hoh, TEMPO
et PDA 5 AR bR RERCR T4

2 AR A A AH AR B R B R AR 5 (i
LA

2 " IE 1, 5 GNP Al RTPCMs-5%4 78
TR BEAR L, ASCHIF I PEG/CT-P & A HI7E #k}
FHAS G M 5 Y E AR AL, RERICR AT .
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Table 2 Phase change enthalpy and photothermal conversion
efficiency of different biomass composite phase
change materials

A, R &%
(J/g) B % itk

GNP 117.2 72.7 [17]
RTPCMs-5%HF 78 1 Jie 4 111.07 67.6 [18]
PEG/CT-P & & AHAE A B 149.26 76.27 A3
T GNP g7 3846 45K J1 5 RTPCMs-5% 1742 i e %6 oy
RTPCMs BTt 43 B0 5% A AR TR i 48

AW R A AR
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Fig. 11

& 11 7 LIEH, PEG/CMC. PEG/CA-P i
PEG/CT-P & G A BENEE 1 IRTEFR BN 50 TG
T 2P A DSC M FEARTE A, 14 Al F 25 i
W B AE LA AL S, HIEEREMEANK, U
B 3 FhIE A AR AR ARk B AF AR K% FIAF AR I B B PR AR A
— AR RS, R RAFEE R MR R RER
SN XS RARAESE T 3 MR AR R
PEG2000 ¥ EA7 R4 0 AT AE B A AT 385 A AH AR 1724 o

3 #ig

(1) #1451 A-PDA Il T-PDA Ki i34 Rk
RAF, HIE#EREGRCER .. AT/ Rk
(171.80+18.75) nm J, H7E W] WL 21 A IX 32 A7 B 5
FEm Pt 5 CMC REEAMI L, CA-P #1 CT-P
S BRI R Y PDA S ik

(2) £ PEG2000 2%t )5 , PEG/CMC. PEG/CA-P
Ml PEG/CT-P & &AM R A R AP IE & E
PEFI PEG2000 %50 2R ; A-PDA 1 T-PDA /il A
Al LA 42 5 PEG/CA-P #l PEG/CT-P & & HH7E M
B EIAFEALRE S B RERCR, Hidr, T-PDA #i7
BCREIA ., PEG/CT-P 2 A M2 H KL PEG/CMC
32 G ARAE R RE I A A AR R LU AR 57 34.41%

(3)5 PEG/CMC & &AM KHH L, PEG/CA-P
il PEG/CT-P E A MM BHE I I, o, PEG/
CT-P B GHHAEM BRI AHASKE(E (149.26 J/g), 2R
PEG2000 [ 97.8%, #EEA T K, Zad 50 WAITH
FRPEREN X, PEG/CMC. PEG/CA-P #1 PEG/CT-P
A AR R R I B AR AR E

AL ARXT CA-P BEREAT CT-P BERSH 14
RHC LA 25 S5 R AT 5 58, T e 2 TAE T e 7
TR AIRTY , DIERTHR A A MR P REFR bR
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