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Prepar ation and properties of thermally conductive composite eutectic
phase change materials with adjustable phase change temperature
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Abstract: Phase change matrix materials (SD) were prepared from physical blending of sodium sulfate
decahydrate (SSD), disodium hydrogen phosphate (DHPD), bacterial cellulose (BC) and nucleating agents
borax and sodium thiosulfate pentahydrate, with the effect of m(SSD) : m(DHPD) on phase transition
temperature and latent heat of SD analyzed. Thermally conductive composite eutectic phase change
materials [xBN-SD64, x is hexagonal boron nitride (4-BN) content, based on the mass of SD64, the same
below] were synthesized by introducing 4#-BN into SD (SD64) prepared with m(SSD) : m(DHPD)=6 : 4,
characterized by FTIR, XRD and SEM, analyzed for their properties of supercooling, phase separation,
thermal conductivity and thermal cycling, and evaluated for their thermal management capability. The SD64,
which were obtained by addition of borax and sodium thiosulfate pentahydrate equivalent to 3% of SSD
and DHPD mass, respectively, displayed a subcooling degree of only 3.4 °C. The addition of BC eliminated
the phase separation of SD, which could effectively control the phase transition temperature between
31.8 and 35.7 °C. The thermal conductivity of 5BN-SD64 increased from 0.81 W/(m-K) of SD64 to
1.20 W/(m-K), and the latent heat of transformation only decreased from (205.3+3.3) J/g of SD64 to
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(199.6+4.2) J/g, while the transformation temperature maintained at (31.2+0.4) °C. After 50 thermal cycles,
the latent heat retention rate was 93%. 5BN-SD64 could reduce the indoor temperature fluctuation of 5.6 °C in a

model building.

Key words: eutectic hydrate salts; composite eutectic phase change materials; thermal management; boron

nitride; thermal conductivity; phase change temperature; construction chemicals
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Fig. 1 DSC heating curves of SD samples
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Table 1 Phase change temperature and latent heat of SD
samples
SD AR/ °C A (/g)
SD100 37.1£0.4 248.2+3.8
SDI1 35.7+0.5 238.4+2.4
SDS§2 34.8+0.3 224.0+2.1
SD73 33.6+0.4 213.942.5
SD64 31.8+£0.2 205.3+3.3
SD55 32.2+0.4 198.9+2.1
SD46 32.4+0.1 205.5+3.1
SD010 37.6+0.1 210.5+4.2
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Fig. 3 XRD patterns of SD64 and BN-SD64
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Fig. 4 SEM images of SD64 (a, b) and 5SBN-SD64 (c, d) at
different magnifications
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Fig. 5 DSC heating curves of SD64 and BN-SD64
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Fig. 6 Phase change temperature and latent heat of SD64
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Table 2 Phase change temperature and latent heat of SD64

and BN-SD64
FE AR R EE/°C HAAZ (/)
SD64 31.8+0.2 205.3+3.3
1BN-SD64 31.8+0.1 204.6+4.9
3BN-SD64 31.5+0.2 201.6+4.4
5BN-SD64 31.2+0.4 199.6+4.2
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Fig. 7 Supercooling curves of SD64 and BN-SD64
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Fig. 8 Digital photos of phase separation behaviors of pure
SSD, SD64 and BN-SD64
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Table 3 Property comparison between previously reported
PCMs and 5SBN-SD64

wex,  ME HE ZF

PCMs [W/(mK)] #834/(T/g) IEE/C SCik
Na,SOs 10H,0 127 1322 360 [14]
NapSOp10H,0-NaxCOw 00,0 082 1655  27.6  [18]
CaCl6H,0-Mg(NOs)6H,0  — 973 273 [20]
CH,COONa+3H,0 400 1120 644 [23]
CaCly6H,0 175 1638 320 [24]
NasHPO+12H,0 306 1843 347 [25]
Na,HPO,+12H,0 0.54 1266 592 [26]
SBN-SD64 120 1996 312 A

W = ARG

M 3 WLLEH, AR SCHA S5 2 A AR
BEE SBN-SD64 HAT = 09 AH AR i 4, ] DAAR $E
X ) 4 Il B ) SRR i) 2% 35 A AN TR N 3 5 i A
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and latent heat (b), and latent heat retention rate (c)
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Fig. 11
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Table 4 Phase change temperature and latent heat of SD64
and BN-SD64 after 50 heating cycles

FE i ARAS IR /°C AR /g)
SD64 32.8 195.7
1BN-SD64 315 201.5
3BN-SD64 32.6 186.9
5BN-SD64 315 186.6

ME 11 F 4 aTLIEH, 7EZ 50 G
W5, SD64 RAHAS K 195.7 J/g, ML FHGEERRT
[ 205.3 J/g FEART 5%, JHC 3= B PR AE 4 il Fi 45
pmad B rh g K% &P 1BN-SD64 . 3BN-SD64 Fil
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A TIEHET (204.6. 201.6 1 199.6 J/g) AH7AE
PR ERZA3 K 98% . 93%F 93%., JEFFJG Y G4k
AR A A IS, AHAR T I AR
AR =K, =186.6 Vg, FKILHALSIEIF
24 SREEHRHETHHNMEE

& 12 & SBN-SD64 FHE S I6 45 1

ME 12 ATRLEH, S AR, mA
5BN-SD64 J&, 7EFHRid e, a5R i s iR I
WK, M 40.5 CFEZ 38.1 °C; fEMEIRFES,



* 690 - M 4m 4 T FINE CHEMICALS

42

R BACERE TS, WD TERER 5.6 CRR
FER S (K 12¢), R4 H SBN-SD64 A K4

MRE BLRE T o

b e EEHRIN

Al PCMs FEBFIE TN

2073

—=— =
—o— 5BN-SD64

0 2000 4000 6000 8000 10000 12000
Bitfal/s

12 5BN-SD64 HHAE BN SEHIE (a), &R (b)

Lo NI EEAE R ZR (¢ )

Fig. 12 Thermal management application of 5BN-SD64:
Digital photo (a), schematic diagram (b), and
temperature change curves of building interior (c)
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