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Preparation and properties of thermal conductivity enhanced polyurethane
based flexible and for m-stable phase change materials

ZHAO Mengyang, ZHANG Yuang, TANG Bingtao
(State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024, Liaoning, China)

Abstract: Polyurethane based flexible form-stable phase change materials (PU/APDMS/CNTs) with
enhanced thermal conductivity were prepared by one-pot method using polyethylene glycol (PEG10000)
and aminopropyl terminated polydimethylsiloxane (APDMS) as soft segments, toluene 2, 4-diisocyanate as
hard segments, and carbon nanotubes (CNTs) as functional materials. The structural characteristics and
thermal properties of materials were characterized by FTIR, XRD, DSC and TGA. When the content (based
on the total mass of soft and hard monomers, the same below) of APDMS was 10% and that of CNTs was
5%, the prepared PU/APDMS-1/CNTs had a phase change enthalpy value of 88.3 J/g and no thermal
decomposition at 200 °C, exhibited good thermal stability and form-stable performance, and could realize
photothermal conversion and heat storage. The photothermal conversion and heat storage efficiency of
PU/APDMS-1/CNTs was 62.8%. Compared with that of the phase change material without CNTs, the
thermal conductivity was obviously enhanced, and the rate of rise and fall was increased by 1.76 times.
PU/APDMS-1/CNTs could be attached to the surface of the heat sink and then bent. After repeated bending
for 100 times, the phase transformation properties, flexibility and morphology of PU/APDMS-1/CNTs had
no obvious change.
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Synthesis route and schematic diagram of PU/APDMS/CNTs
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Table 1 Dosage of APDMS, TDI and CNTs in PU/APDMS-
1~4/CNTs

FE il APDMS /% APDMS/g TDI/g CNTs/mg
PU 0 0 0.20 0
PU/CNTs 0 0 020 510
PU/APDMS-1 10 1.14 0.24 0
PU/APDMS-1/CNTs 10 1.14 024 569
PU/APDMS-2/CNTs 20 2.57 030 643
PU/APDMS-3/CNTs 30 4.45 038 741
PU/APDMS-4/CNTs 40 6.98 0.48 873
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Fig. 2 FTIR spectra of PEG10000 (a), PU (b) and PU/
APDMS-1/CNTs (c)
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Fig. 3 XRD patterns of PEG10000 (a), PU (b) and PU/
APDMS-1/CNTs (c)
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Fig. 4 Morphology comparison of PU/CNTs (a), PU/ APDMS-4/
CNTs (b, ¢) and PU/APDMS-1~4/CNTs (d~g)
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Fig. 5 Stress-strain curves of PU/CNTs and PU/APDMS-
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Fig. 6 DSC curves of PU/APDMS-1~4/CNTs
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Table 2 Phase change properties of PU/APDMS-1~4/CNTs

e S Akt gl 7
2]5]

To°C  AHW/(J/g) TJ°C  AHJ(/g)
PU/APDMS-1/CNTs  53.1 88.3 32.4 84.5
PU/APDMS-2/CNTs  49.1 64.6 31.1 61.1
PU/APDMS-3/CNTs ~ 49.0 59.8 30.4 59.1
PU/APDMS-4/CNTs  51.6 51.1 29.9 492
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Fig. 7 TGA (a) and DTG (b) curves of PU/APDMS-1~4/CNTs
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Fig. 8 Photos of form-stable phase change of PEG10000,
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Fig. 9 Photothermal energy conversion and thermal energy
storage curves of PU/APDMS-1/CNTs and blank group
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Fig. 10 Heating and cooling temperature rate (a) and infrared
imaging (b) of PU/APDMS-1/CNTs and blank group
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Fig. 11
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Fig. 12 DSC curves (a), stress-strain curves (b) and morphological
comparison photos (c) of PU/APDMS-1/ CNTs after
repeated bending for 100 times
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