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Preparation and heat-moisture properties of phase
change hygroscopic materials
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Abstract: A new composite phase change humidity material (CMPCM) was prepared, which has the
functions of temperature regulation and humidity controlling . It was synthesized by composite
microencapsulated phase change material (MPCM) and porous humidity control material. CMPCM can
effectively stabilize the indoor temperature as well as humidity fluctuations, and reduce building energy
consumption as a passive energy-saving material. The MPCM was synthesized by sol-gel method with a
mixture of capric acid and octadecanoic acid (PCM) as core, and SiO, as shell. The diatomite was selected
as porous hygroscopic material. The performance of composition and structure, thermal properties,
thermal stability, moisture transfer coefficient and moisture buffer value were characterized by scanning
electron microscopy (SEM), differential scanning calorimetry (DSC), thermal gravimetric analysis

(TGA), positive cup evaporation method and isothermal sorption method respectively. DSC and TGA
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results showed that the super-cooling degree of CMPCM was lower than that of PCM, and the initial

degradation temperature of CMPCM was higher than that of PCM. Moisture Transfer Characteristics Test

showed that the moisture transfer coefficient and moisture buffer value of CMPCM were higher than that of

classical materials.
Keywords: phase change materials;

moisture characteristics
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Table 1 DSC data of the PCM,MPCM,CMPCM

PCM # KL/ C e min™h)  BEE/G C » minH)

o
; o CEROOWE W/ mE/ W
% C  (kl-kg D C  (kJ-kg D
PCM 100.0 28.1 145.7 26.2 144.3
MPCM 63.4 27.2 94. 4 26.7 89.6
CMPCM 12.9 27.0 19.0 26.7 18. 4
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O—Si fH L W 2. IRRAW Si—0—Si 34
CH, CH,

T30 2o 48 3R s T B SR AR R A 7 I K A S B R
T A ZE 0 R AR A R AN 5T R AR AR B R
(MPCM) , WLz 1 28 3. 1K MPCM 41 %}, it 8 +
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Scheme 1.  The hydrolysis reaction mechanism
of the tetraethyl silicate
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Scheme 2.
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Scheme 3.  The shell formation process of the SiO,
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The condensation reaction mechanism of the tetraethyl silicate
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R SR AT SR B 2 MPCM £E CMPCM
BT LR 3000 LU L 30 B B 2 B 1R 5 AR

B 1 MPCM # f(a) FnFE%E L+ & (b) W57 SEM E&
Fig. 1 SEM photographs of the MPCM(a), diatomite(b)
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Fig.2 Melting DSC curve of PCM, MPCM and CMPCM
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Fig. 3 Solidifying DSC curve of PCM, MPCM and CMPCM
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Fig. 4 TGA curve of PCM, MPCM and CMPCM

I ik ki B2 3% R T PCM B R, 1 W] — S 1 5 mT 1A
AR PCMLEAE » 3 HLAT LU 3CH 5 BRI 25 2K
Mo

#2 MEHHE(TGA)MEH PCM.MPCM 1

CMPCM 7 X 5 1&
Table 2 TGA data of PCM, MPCM and CMPCM

FE e/ C 700 C i he e sk &/ %
PCM 130 0

MCPM 175 38

CMPCM 175 88
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Table 3 Moisture transfer coefficient of CMPCM,

gypsum, wood and diatomite

Biw 25/ Biw 75/
e DY B i /
(10 kg * ms™ 1) (10 kg * ms™ 1)
CMPCM 5.00 LE 1.54
N 0.79 [ER ot 2.75
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JE AR Ak A LA AR (1] A B T AR I WA 2 O T K 2%
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B B PR RE Y — B A B R AR . LR A X
J A A 78 A B B 05 R 3 22 b (B AT L 4R RS (3D
.
N €
ARH « A - 100
A MBV S 2% v i, ¢/m’* 20 RH; G 4 B KL
e RR A s A D BEORE S A HE AT IR A R 2 i
A, m* s ARH i % 5 AR Z ) 2=
fi,RH,

P 5y RO 2% 0 380 22 i {7 2 18 b ZE 0
P ML R S A B T R P I B R E T 88005

AEmasw
ST A

MBV = 3

{0005 o) = 0.005 1z

B 5 FEHEMHBZARGLEM

Fig. 5. Photos of bottles containing saturated salt solution
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Hri) MPCM R 8 25 #0387 52 & MR AL B2
A T An 4% 14 0 FL TR 45 F  CMPCM. 41 ) 75 B
V7 ISF [) DAY B 2 5 b ) RE i IR BRURE 2K R R

6 CMPCM.AE  AMMEELHWRETHHMLE
Fig. 6 Mass change curve of the CMPCM,

gypsum, wood, diatomite

It . CMPCM 1R 3R 192 2% nh
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Table 4 MBYV of CMPCM, gypsum, wood and diatomite
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