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Engineering of W-VO,@polydopamine modified polyurethane solid-solid
phase change materialstowards smart thermal fabrics
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Abstract: Tungsten-doped vanadium dioxide@poly(dopamine) modified polyurethane solid-solid phase
change materials (W-VO,@PDA/PUPCM) were prepared from in situ polymerization of soft segment
polyethylene glycol (PEG) and hard segment isophorone diisocyanate (IPDI) with polydopamine-coated
tungsten-doped vanadium dioxide (W-VO,@PDA) as filler. The effects of PEG relative molecular mass
(molecular mass for short) on the stability of W-VO,@PDA/PUPCM emulsions and the temperature
regulation of its finished fabrics were investigated. The chemical structure, crystallization properties,
phase change properties and thermal stability of W-VO,@PDA/PUPCM were characterized and analyzed
by FTIR, TEM, POM, XRD, DSC and TG. The results showed that the PEG molecular mass had a significant
influence on the thermal storage and phase change properties of W-VO,@PDA/PUPCM. W-VO,@PDA/
PUPCM prepared from PEG with molecular mass of 8000 exhibited good shape and thermal stability, with
the highest melting temperature and phase change enthalpy of 51.52 °C and 144.82 J/g, respectively. The
maximum temperature difference during the heating and cooling process between fabric finished with
W-VO,@PDA/PUPCM and no finishing was 7.8 and 5.3 °C, respectively.
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et ib=A |
Table 1 Effect of PEG molecular mass on appearance and
storage stability of W-VO,@PDA/PUPCM
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10000 7 B A7 W FL IR D ELTE

XA K, PEG 4T & <8000 i, PEG 4> T4
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IR, W-VO,@PDA TE/ & 45 R M
oA, SEELRKAERE R, AT, &
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W-V O, fil W-VO,@PDA i TEM It [&l 2 ff 7= .
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F& 2y 20~50 nm, M 2b AT LLE i b LEE F] , W-V O,
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Fig.2 TEM images of W-VO, (a) and W-V O,@PDA (b)
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Fig.3 FTIR spectraof PEG and W-VO,@PDA/PUPCM
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Fig. 4 POM images of PEG and W-VO,@PDA/PUPCM
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Fig. 5 XRD patterns of PEG and W-VO,@PDA/PUPCM
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Fig. 6 DSC curves of W-VO,@PDA/PUPCM with different
PEG molecular mass

# 2 ARIE PEG 4T 1 W-VO,@PDA/PUPCM [ 4145 14 B
Table2 Phase transition properties of W-VO,@PDA/PUPCM with different PEG molecular mass
EaT FERAE /() S il il B2 /°C 455 1(Jg) 45 HIREEC
PUPCM 109.15 45.83 99.84 20.73
W-VO,@PDA/PUPCM-4000 132.42 46.96 101.32 23.04
W-VO,@PDA/PUPCM-6000 136.41 48.56 102.82 24.85
W-VO,@PDA/PUPCM-8000 144.82 51.52 138.51 26.21
W-VO,@PDA/PUPCM-10000 137.51 50.21 103.75 24.39
25 W-VO,@PDA/PUPCM Hy#tiarE M B, R TR B B s e i, KB iR
PEGB8000 FI1 W-VO,@PDA/PUPCM-8000 11 TG e,

M anE 7 s, INE 7 0 LUE 1, PEG A4l
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A 3 BB, iR BEE R 30h 241~311 °C
311~367 °CHl 367~435 °C. 5 1 0B, 45
FH T2 Mg o OB R B B O s 6 2 AR B,
W-VO,@PDA/ PUPCM )53t 3 %t PEG TR, X &
P 08 B R B RIS A0 T B 26 3 AN B
W-VO,@PDA/PUPCM 5 PEG 14 i Ze A —

TEAHAE X BN (29~54 °C ), W-VO,@PDA/
PUPCM Jo2k L% , 2] W-VO,@PDA/PUPCM 7£
AHAS R EEYE BN AN 5y o0 i, & — PP e P R AF Y
5 24 T 1] - [ A0 A2 A1k
2.6 W-VO,@PDA/PUPCM HJiE;iE 14 8E

KA PEG 4315 1Y W-VO,@PDA/PUPCM %% 3t
LUYIE TR . BRI LA E 8 FiR .

FH & 8a 1) T M £ v] A1, AR FE HL AU TR R
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Fig. 7 TG curves of PEG and W-VO,@PDA/PUPCM
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Fig. 8 Heating curves (a) and cooling curves (b) of

W-VO,@PDA/PUPCM  finished fabrics with
different PEG molecular mass
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Table 3 Comparison of thermoregulation performance of
W-VO,@PDA/PUPCM with its counterparts

AU LY

AL AR KEBEHAY REHEYN S5 30k
FHEE22/°C BRI 221°C
W-VO,@PDA/PUPCM 7.8 5.3 A5
FERBAEAMNE 4.5 — [25]
G TR AH AR U 2
TR ik R AH AR 5.7 45 [26]
Jling:3
A AR A T AL T ] - 7.2 5.0 [27]
[361 4 72 A4
e =7 RFRMW,

3 it

KHBEMNRED, Hant PDA Btk W-vO, i
R REAE o, mIHf % T W-VO,@PDA/
PUPCM, ZER%H], PEG 27X W-VO,@PDA/
PUPCM [ #H AR I BE FTAR AR 55 A AR R By sgmg, Horp
PEG /31 & 8000 I}, W-VO,@PDA/PUPCM-8000
F4) 5 Tl TR B R A B, 4 il A 152 °C Al
144.82 Jg, BA RAFIAHASPERE . 48 W-VO,@PDA/
PUPCM % B (¥ 204 HLA AR 1 i IR PR BE , 76 RE A
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