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Abstract

A novel polymeric solid—solid phase change heat storage material (PCM) with polyurethane block copolymer structure
(PUPCM) composed of high molecule weight polyethylene glycol (PEG) as soft segment, 4,4’-diphenylmethane diissyanate
(MDI) and 1.4-butanediol (BDO) as a chain extender were synthesized by a two step process. DSC, POM, SEM and
WAXD tests were performed to investigate the phase transition behaviors and crystalline morphology. The results indi-
cated that the PUPCM showed typical solid-solid phase transition properties, e.g. suitable transition temperature, high
transition enthalpy and good thermal stability. It is a functional polyurethane with good energy storage effect, and the heat
storage mechanism of PUPCM is the transfer between crystalline and amorphous states of the soft segment PEG of
PUPCM, and the hard segment, serving as “physical cross-links”, restricted the molecular chain of the soft segment’s free
movement at high temperature. Thus, PUPCM can keep its solid state in the transition processing.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Latent heat storage is one of the most efficient ways of storing thermal energy due to its high storage density
and small temperature variation in the storing and releasing heat processes. Phase change materials (PCMs)
are the materials using latent heat to store energy. In recent years, as the energy crisis is becoming more and
more serious, PCMs are attracting lots of attention. A great number of organic, inorganic, polymeric and
eutectic PCMs have been studied [1-6]. Among the various kinds of PCMs, polymeric solid—solid PCMs
are fairly recently developed functional PCMs, which have been found to exhibit many desirable characteris-
tics, e.g. no liquid or gas generation, small volume change, no receptacle needed to seal them, being processed
into arbitrary shape, even being used as a system material directly [6—10]. Thus, it can simplify techniques and
reduce cost greatly.
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At present, there are two kinds of polymeric solid—solid PCMs. One kind is compound materials obtained
by dispersing PCMs into higher melting point polymeric materials acting as supporting materials [11,12]. As
long as the temperature is below the melting point of the supporting materials, the compound materials can
keep their solid shape even when PCM changes from solid to liquid. They are generally called form stable
PCMs or shape stabilized PCMs. The other kind is synthesized by chemical methods [13,14], Chemical graft-
ing or blocking copolymerization are used to make good solid-liquid PCMs as the energy storage working
materials component of solid-solid phase change materials. However, there are several defects in most of
the polymeric solid-solid PCMs reported in previous work, e.g. the transition temperature is too high, the
transition enthalpy is low and the thermal property is unstable. All these defects greatly limit their
applications.

In this paper, a novel polymeric solid—solid PCM, segment polyurethane solid—solid phase change material
(PUPCM), was synthesized by reacting calculated amounts of high molecule weight polyethylene glycol
(PEG), a typical polymeric solid-liquid PCM, as the soft segment with 4,4’-diphenylmethane diisocyanate
(MDI) and 1,4-butanediol (BDO) as hard segment. The properties of PUPCM were investigated with differ-
ential scanning calorimetry (DSC), wide angle X-ray diffraction (WAXD), scanning electronic microscopy
(SEM) and polarization optical microscopy (POM).

2. Material and methods
2.1. Materials

Polyethylene glycol (PEG, M,, = 10,000, from Shantou Guanghua Chemical Reagent Co. Inc., China) was
degassed and dried in a round flask under high vacuum (20 Pa) at 100-120 °C for 34 h. 4,4’-Diphenylme-
thane diisocyanate (MDI, from Wanhua Chemical Reagent Co. Inc., China) was used as received. Dimethyl-
formamide (DMF, from Shantou Guanghua Chemical Reagent Co. Inc., OChina) and 1,4-butanediol (BDO,
from Shanghai Medical Chemical Reagent Co. Inc. China) were dried by 5 A molecular sieve for 24 h followed
by distillation before use.

2.2. PUPCM synthesis

The synthesis was conducted in a two step polymerization process under an inert atmosphere of nitrogen in
flame dried glassware as shown in Scheme 1. First, a predetermined amount of dried PEG and MDI in freshly
distilled DMF were mixed with stirring under nitrogen at 60-70 °C for 2 h to make a NCO-terminated pre-
polymer. In the second step, the stoichiometric amount of the chain extender 1,4-BDO was added by drops,
and the reaction was continued at 80 °C for 2 h. The reaction mixture was then cast on a special mold and

Hy
e

OCN
70°C for 2h

Hy H Q Hy Ho Q H Ha
OCN C N—-C-0+1C —C =0 nC—N C NCO

prepolymer
(1)Adding BDO at 80°C for 2h

Hy H
HO%C —cC _O>_H +
n

PEG

(2)keeping at 80°C for 48h

o o o
H W Hy n H Hy H H, Hs
_N—C—O‘<C o—c—NQc @—N—E— ~{c’-c’-o)-n
4 R
\ Hard seagment | Soft segmjnt

PUPCM

Scheme 1. Synthetic route to PUPCM.
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