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Preparation and application of Na,CO;3;°10H,0-Na,HPO,12H,0/SiO,
composite shape-stabilized phase change materials
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Abstract: The eutectic system was prepared from Na,CO310H,0 (SCD) and Na,HPO4+12H,0O (DHPD)
phase change materials, and it was found that the eutectic system was formed when m(SCD) : m(DHPD)=
4 : 6 by asolidification point variation diagram construction and DSC test. FTIR and XRD results revealed
that the crystal structure was changed though there was no chemical reaction between the two hydrated salts.
NaxSi03+9H,0 with a mass fraction of 2% was added as nucleating agent to reduce the undercooling of the
system. Meanwhile, the system showed no phase separation and only a 0.25% decrement in enthalpy after
undergoing 50 cycles of phase transition. Furthermore, a shape-stablized phase change material (SSPCM)
consisting of eutectic hydrate/SiO, with a mass fraction of 25% was prepared by impregnation. The
obtained SSPCM exhibited a phase transition temperature of 24.08 °C, an enthalpy of 146.6 Jg, an
undercooling of 0.55 °C, and a therma conductivity of 0.4571 W/(m-K). Compared with conventional
insulation foam, the SSPCM extended the heating time to raise the smulated indoor core temperature by
1.81 times and prolonged the cooling time by 0.39 times.

Key words: Na,CO310H,0; NaoHPO4+12H,0; eutectic hydrate salts; composite phase change materias;
building energy conservation; functional materials
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Fig. 1 Schematic diagram of step cooling curve test
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Fig. 2 Digita photos of SCD and DHPD mixed with
different mass fractions (a); Solidification point
variation chart of systems with different mass
fractions (b); Endothermic curves of DHPD mass
fractions ranging from 40% to 80% in DSC (c)
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Tablel Melting temperatures and enthalpy values of phase
change of fusion for different compositions

DHPD it 43 41/% KA 1°C HRZEREE(Jg)
40 25.95 172.9
50 25.44 168.2
60 25.34 201.7
70 25.30 185.5
80 30.48 168.8
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JIT S 7 B AF AR IR AR A A7 5 2L RS . DHPD it
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°C, 1E NMRRETIE IR TE I 22~28 CZ NP, Al
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fir 4 A EHS,
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HAnE 3 R

K3 SCD. DHPD. EHS ¥ FTIR &
Fig. 3 FTIR spectra of SCD, DHPD and EHS
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Fig. 4 XRD patterns of SCD, DHPD and EHS
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Fig. 5 Step-cooling curves (@) and undercooling comparison
diagram (b) of EHS after addition of different mass
fractions of nucleating agents
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BN ECR 1%, 2%K CMC, JES5 I 1T %
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HEAS R WKl 6a R, £ 07 50 IRAE I 1Y £ A
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e 6 ATRLE H, PEER IS R IS0 B8 50 A4 26
EHS AR TCHI R AZ AL s BN 1% 3457 19 EHS %
TR ZUREE RS s SN 29638 B8 70 1 2k S R R AE 42
PGS, S 750 2R B2 T8 i A R 1 [ A Je L 34
WRCRAE . 278 BiRBIR, 4l EHS AR TR E
PEREF, 2200 50 IRTEFF 5 CH AH s LA,
TN IZAR R B INES R0 . &l 6c FIE 6d \]
M, WREEIAE RN 3.08 °C, 5ARIEHHT

FHECIE AT I/ . DSC MR 7R, A 3R AH S T JBE A ik
AREA LA, HEREN 2012 Jg, HHZERENT
W 0.25%, UiH] EHS A HBAF IR EN: . 52 LIS
IR B EHS Sk il 4 7€ FEAHZZ R KL

K6 WRIFERSECH 0, 1%, 2% CMC [ EHS $hd g
b (a) MIHAEH 50 WE MBS (b); EHS
A Z G L4k (c); EHS fEAT/E R DSC

sk (d)
Fig. 6 Digital photos of EHS with mass fractions of 0, 1%
and 2% CMC (a); Digital photos of EHS after 50

cycles (b); Step cooling curve of EHS after cycling
(c); DSC curve of EHS before and after cycling (d)
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SIO, WRIIE LS A 4540, KA AE A BHBR I 7E SiO, JE
WA B, fE T RO S AR I T A P
& 7c #1& 7d W7 %0, 10 min BF EHS B2 5 2T M 4%
fb, 30 min B 45841k, 1 SSPCM & R 7E 30
min A BB IESAR L, BREER S, 1E4C L
WA BB IR, BB AR R Ar, AR
Ff R T 1A A A e it s 1 ) R

Kl 7 SH SO, (a) 1 SSPCM (b) i SEM [&l; EHS
HyitdE (c) M SSPCM HEf e IBRCR A (d)

Fig. 7 SEM images of gas-phase SiO, (a) and SSPCM (b);
Photos of leakage of EHS (c) and shape-stabled
SSPCM (d)

R P 3 52 46 5 5 AR SIOL 7EARZS B4 b i1 B
KB4, HIFErkE 145 5. FREUGHITS M) BRIE
B R B (my), SRS HE T 50 CHYfEIRL IR
girf, 2h JFRGEARE B (my), RIEFERIK (Am)
i A SIO, IR T 7 &, 4R AN 2 i

F 2 SIO, TR B KR S TR 2 RS T

Table2 Effect of SiO, mass fraction on sample mass loss

SO, JFi &7 5% mi/g my/g Am/g
30 2.04 2.04 0
25 2.01 2.01 0
20 1.96 191 0.05
15 2.06 1.96 0.10

M 2 5, B SO, S s, B
FE S BRI . R, SIO, it /T
B BRER ISR EHS FBREIE, M5
SO, NRESE AWM EHS. # B/ 50h 25%f
SiO, W it EH'S il £ 114 22 JE AH AR b1 A& 2R B A it
0, AR SO, BT A AR BT, 3RV
e 1 EICh 25%0) SO, iR LLSE 2 EHS,

SSPCM Y% il 4k I DSC i £k WL %] 8.

K18 SSPCM HyL iz (a) K DSCHiZk (b)
Fig. 8 Step cooling curve (8) and DSC curve (b) of SSPCM

&l 8a m I, SSPCM i (A 0.55 °C, Ji
KIS SIO, R MHEA F & 1 Si—OH A,
5 EHS A RAFAUAHZE, FHBORLIR i E AN 45 14 B
ARKW L FREFR, FrLARE Z /AR S i ny
WAZALE, AHRIF EHS 945 &L, HEm £ a0 v% B
i BAAK . 1 8] 8b A 41, SSPCM AH7ZE I B iy 24.08 °C,
FHARKE (AR 146.6 Jg, TR B 5350 25%1)
ANEERAPERN SO, kK M# EHS, FrLABHSE
LA 151.28 Jg, A FHUCKEA 22 5%, IR & EHS
5 SO, Z MIfFAE— 2 A KRR 1 “Bi i )27 262,
H o S EORAR RSB H /NIRRT R
2.5 KAXRANIR

FIF 1.4.7 W7 E% EHS, SiO,. SSPCM #E4T
PRI, 25 9 PR

19 EHS. SSPCM 554 SIO, #F:3R
Fig. 9 Therma conductivity of EHS, SSPCM and gas
phase SiO,
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M 9 WA, EHS M#ATRES, J 1.2482
WI(m-K), A SIO, (U35 0.1049 WI(m-K), S AH
SO, 5 EHS E A ZEIE MM SSPCM #5335 )y
0.4571 W/(m-K). A SO, FAR T AHAR 1A 2R By 5
R PR N F SR SR T AT, IR
H 25 °C B AHAE I T LAKE R IAG RS AR 50
WERIR AR, R —A “IGEoh” BRCR,
TEEESR P B TR R TE— A EFE W X R Py, T 2
FHA BRI IAERE, T IL, AWFRBE TR SN
AFUA, A PCM IR R AE RS I ol MR
FIRCR

P 0.2 om JE (1 HILBE 38 Ry JEORHR 4 T — MK 58
7 10 cmx10 cmx6 cm Y AME R — AN KB ol
8 cmx8 cmx5.8 cm [ LAY, FEP B B 5 IE
A 3 2 HR AR U IS IR S 30 2R 501 SRR L TR TN A AR
BB, FRA LB PCM BL5 % L8 F 30 °C
TR R AR L AR AR O R BE T R
T ETE], HAERFEER (20 °C) KA TRH,
AR AL TRLEE T M AR T AR fR] DA )
PCM {4 Z i #ZZ oP s iR

K10 RSB (a) & PCM @R (b) L
SR I
Fig. 10 Thermal buffering effect test of foam building
model (a) and PCM building model (b)

& 10 AT, FEAEXS RS RRIREE T, Uik
R U0y LR AR 59.9 min 245 BEFHE 2 31.1 °C,
il PCM A5 70 A it B T 28 B = il B 28.5 °CIIA T
168.4 min, SIEIRBIRIAH L, PCM HH %) - B[]

FER T 18145, HEZREEL 2.6 °C. K 10a R
PV EIE R, IR ORI AR 20 CHREE
163.0 min, & 10b fir7RAY PCM FEH FRL R BER HI 2
FIRT 227.0 min, FEREAEIZEL T 0.39 £, FEJE
PR3 A A R A AR AR IV, TR THR
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THE IR E, EoaT AR e, AR

GPERSR PGB Be Sy, AR SIBRR N E
3 it
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KRG, HIELEE N 25.34 °C, MHAEKE
201.7 Jg. FTIRMAERY], HAHG ZHEA LR
N5 DSC MAAT XRD MHAERM, IEEWIE
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