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Abstract: Electrocaloric effect (ECE) leads to a novel technology of refrigeration and heat pumps utilizing condensed matter.
The ECE is originated from reversible manipulation of dipolar ording during the electric field induced strutrual phase transtion
of polar dielectrics. Due to the nature of a field-effect, the electrocaloric (EC) refrigeration cycle exhibit ultra-high theoretical
coefficient of performance (COP), high cooling power density as well as device scalibitity, ease of maintaining, low-noise, and
etc. In all reported EC materials, EC polymers are unique for their low dielectric and conduction loss, which exhibit 85% of
energy recovery during the charging-discharging cycle. The EC refrigeration directly couples with the power line of electricity,
without secondary energy transduction, which grants the technology a great potential working with household and industrial
environment. The integration of these advantages over the conventional technologies was recognized as the promising next-
generation refrgieration by international agencies. However, the recent development of EC devices are being still limited by

the drawbacks that are inherent in the monolithic EC materials such as ceramics and polymers. Therefore it is of great
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significance to design and fabricate EC nanocomposites that combine advantages of individual materials. Here we will review

the recent development and advances of EC nanocomposites and their bearing potential in flexible refrigeration and heat

pumps. We will then look forward to the future development of EC technolgy and its contribution in zero-carbon technologies.

Key words: electrocaloric refrigeration, nanocomposite, flexible cooling device, thermal dynamic cycle, zero -

refrigerator and heat pump
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Fig.2 Schematic diagram of thermodynamic cycle of electrocaloric material and electrocaloric refrigeration/heat

pump system based on PVDF based ferroelectric polymer
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Fig. 4 Morphology of organic-inorganic composite and refrigeration performance of electrocaloric:

(a) effect of different volume fractions of zirconia on electric-entropy-change*’, (b) unit cooling capacity,
temperature changeand entropy change of the composite doped with different morphologic strontium

barium ferroelectric titanate nanofillers at 100 MV *m™"*"
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Table 1 Thermal conductivity of commonly used polymers

19 53 F 44 B MER(Wm K )
F A 9 & (PVDF) 0.19
RALHK (PVC) 0.19
R%fg (PU 0.25
EW i (PP) 0.11
e (PT) 0.11
R 24 (PTFE) 0.27
R LA (PV 0.20
1% i ® 2 )% (LDPE) 0. 30
1R % R L (HDPE) 0.44
RK K (PS) 0.14
Rk (PC 0.20
EHE (POM) 0. 40
WM (EP 0.19
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Table 2 Properties of electrocaloric composites based on terpolymer
B 2 G AR (K)
=R aniia g dr ZFE
Ok HURHE A HURLR AT N . @355 ARy
B2 E (Wem "K' (MVem™") -
(MVem ')

70, 4 A TURL 25 nm 3 vol% — — 9.2@100 MVem ' 2013
UKL /37 J5 1A/ 180 nm/200 nm/4 3 pm F 48 300 nm/  12.5 vol%

BST — 303 22.5@100 MVem ' 20151

YA /YK LR 10 pm 1142 180 nm 4K £k

BST67/ 6 vol%/ i .

o K kL /S 7 Bk 180 nm 1.0 450 50. 5@100 MVem ' 2015
BNNS 9 vol%

PMN-PT 4K IURE 300 nm 37.5 wt¥% — — 9.4@75MVem ' 20157
1R B L — 1wt% — — 5.2@40 MVem ' 2016
BST/ 6 vol%/ )

AL/ A 110 pm 4% 180 nm 1.2 470 35@200 MVem™' 2018
BNNS 8 vol%
BZT 9K £F 4 K 2.5 pm B 7% 225 nm 10 vol % - — 44.3@200 MVem ' 2018
BZT EIP S A 1 pm 5 vol % — — 7.4@90 MVem ' 2018
BFO@ YK HBURL @ 56
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Fig. 5 (a) The first electrocaloric refrigerator"",(b~d) schematic diagram of

flexible electrocaloric refrigeration devices driven by electrostatic force

P H . )5, Bo et al ™ fil Meng et al'*43 5]
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Table 3 Types,materials,and refrigeration performance of flexible devices

R il £ b4 Fhmm}:; ﬂimmi%fﬁ LK%W?\?JB&: cop R (K) AEAR
(mWeem %) (mWeem %) (Weg )

i L AR 3h P (VDF-TtFE-CFE) 29.7 2.8 13 = 201755

il v 21 4k P (VDF-TrFE-CFE) - 62.2 - - 0.7@100 MVem ™' 2020

J2 B X L R ) P (VDF-TrFE-CFE) 78.5 - 9 2. 7@60 MVem ! 2020

PILHEIKE)  DOP/P (VDF-TrFE-CFE) 43 3.6 8.3 4. 8@60.6 MVem ' 20215

T BST@P (VDF-TrFE-CFE) = 702. 1 — = 3.53@108. 7 MVem ! 2022072
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Fig. 6 Preparation process (a) and macroscopic-microscopic morphology (b~g)"" of electrocaloric refrigeration fiber,

schematic diagram (h) and cyclic test characterization (i)"” of hollow tubular electric card refrigeration system
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