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Fig.1 Schematic diagram of experimental set-up

Tk CaCl, - 6H,0 HY EE 45 i 1Y #% 42 41 CaCl,-H,0
HE IR (B12) o 8564 Tolk CaCl, - 6H,0 % T
BT K SRR B K IR (AN ~36 wit.% ) , 3 3k 4l
B2 BR ANV PR 2% J0T , TR V2 9 o A L 2 R N e 4
(El2,A—B—C) , H & WK AHA L #& /NT CaCl, - 6H,0
(50.68 wt.% ) B}, FRA 5 W2 1 (L5 f b i o 1l



521 RAE Y, A AR REATRE S K AL S B it RE DL AL BF Y 21

30 CaClL,* 6H,0 i 7 , T4k 5 1) CaCL, - 6H,0 b1 R 1t
a:CaCl, * 6H,0,50.68 wt.% of CaCl, / CaCl, TR T2 179.7 e (3 1),
2509 biCaCl, - 4H,0,60.60 wt.% of CaCl, - ) . S

soo]  ©CaCL + 2H.0.75.52 wt% of CaCl, /d+L S Tk CaCl, - 6H,0 7 285 45 b i AR 40 Y
| d:CaCl, - H,0.86.04 wt.% of CaCl, FEACKE A T T AE H T 32000 8 A0 R A T R e T &8
. ek, % T KR )i A7 I A 8 2 2 WK, BT S 3
= 1004 N "y — > CaCl, Xf B B9 7K 73 %0 n R T 6 1Y 16 &0, BD
<o P CaCl,* 6H,0 Fil i i /K He A7, HL i 15 7K H Y CaCl,
- A= e JE T 50.68% (CaCl, + 6H,0 1) CaCL YR JE ) , (75
T T R T T s0.68% PO T R
B SR AR s A A S A A S SEFK SAREE AR ILAE R o OB & AL T

CaCl,/wt.%

B2 CaCl,-H,0 #HEHE/RIH CaCl,- 6H,0 [ 5 45 i ik 12
Fig.2 Recrystallization route of CaCl,-6H,0, (marked with red
arrows in the phase diagram of CaCl,—H,0)

F CaCl, - 6H,0 #0722 i & #2231 2= 3, vDBE A B0 VK
FEEk FHVOK IS R E A A (K 2,C—D) .

2 SEEGZER 51
2.1 CaCl,-6H,0 B3 DSC & #7

& 342 Tl %% CaCl, - 6H,0 K 5 45 5 CaCl, - 6H,0
1 DSC M4k . 4523k 1, 7 Tl CaCl, - 6H,0 1) DSC
i b, bR BY AR A2 IR B2 Ol 28.43 °C, S AL KS AUA
158.6 J/g(E3 a) o iXJ&H T Tk g CaCl,- 6H,0 Hh %
AN 2 0 B /D a8 ) & B) 7K (75 i A BEAS
o SR, A Tl 9% CaCl, - 6H,0 FEAT 5 45 5 5 5 6%
ANV P 2% T5TRN 22 4% i () gl 7K, DRI A 6 Tl 2

a
6
— 4-
X0
z
FREa 28.43°C
= 158.6]/¢g
g 04"
juni
24
Endothermic
49 10°C/min
L L] LJ LJ L H LJ J
-30 =20 -10 0 10 20 30 40 50 60
T/C

“a+ L” X ([ 4 CaCl,- 6H,0 FI4 & F i CaCl,Hu Al
WALAT) , BAHA 2 FR B CaCl, - 6H,0 LAZMNA &4 /0
HI SRR K . BRI, FEIR SO0 T, 3560 0 7K 5 e
L8 oK o Al A AR AR R A AL RS
P FEA R 2 25 & vl 4 AT B 25X 8 40 K o F o Y
CaCl, - 6H,0 fiff FH i B 3 i B, K 43 i FE 78 R 25 =
FORA Y CaCl,- 6H,0 1K R K A K, 21 B A
1A Z h CaCl e B 25 T 50.68% H & 1L , 3T A 2 K5 1 A
HAFAE 6445 fhoK 1 H B — > CaCl, % R 19 7K 431
Bon/NF OGO, MR R R 455 5K 2
CaCl, 6H,0 5 CaCl, - 4H,0 FLA7 (1955 50, [ B AE AH 14
LA F Cath” KB, K EEE ST
CaCl,*6H,0 5 CaCl, - 4H,0 47, 75 B [ 44 R b 787K
gve B, FEZAEOL T E K & R oK. AT
T S ARG R A Rl S R BRI AS W 1) 4
B W & N i S NI [1B 15 0 € e
AR SCGE A A 2R B SRR B 2 1 CaCl, - 6H,0 11
K E ., TEB DR Rt B AR UCR SR i AT

12 9
10 1

o]
A

6
4

Heat flow/(W/g)

28.78C

2 179.7)/g

0 T—

-2 -

Endothermic

-4 4 10°C/min

L
50 60

0

L L] L) 5
10 20 30 40

T/C

| L]
-30 -20 -10

3 CaCl,-6H,0 Yy DSC #f1Z& (a) Tk 2 (b) T4
Fig.3 DSC curves of industrial (a) and recrystallized (b) CaCl,6H,0



22 SXLED

DSCHK . G 4 FrR , HZR a BoR T A HuE 4y
S BRAE 29 °C F148 °C BT L 3X FR BT R F oK 43 3
FR BT CaClL XTI YK F 5 n/NT 6 BIAE DL,
S ECH R BT CaCl, - 4H,0 (A ZE IR E R
45 °C)™ . B VS TR ) S TR R, IR b R T 48 °C
(1) W B 28 5 1) ZE B 8, B4R ¢ B — AN AR B T
UG | IS CaCL XS B 7K 53 F B n 16 4755 T 6. TEIX
—if FEHr, CaCl, - 6H,0 B K5 B 163.9 Jig FHim 2
194.8 J/g, = T SCHRRE 19 190.8 J/g! o M 24 15 T 4k
SRR BRI (I £k d— <k e) , W] LA H, A1 BHE 18 °C
BRI L R Ak, J AR R S (I AR AR IR B 29 °CL 9%
ARSI R AR /N o 332 i T R i R g KA
TG 9 5t CaCl, - 6H,0 25 dl /N iR, iX — i F2 vp
CaCl, X [ /) 7K 43 F % n /N F 6. H B AT %0,
CaCl,* 6H,0 4} 1 il #1832 B2 32 K B S W 52
MR OK S S B RS AT Ik B & R E
194.8 J/g.

2.2 CaCl,-6H,0 U257 43 47

&1 5 J2& CaCl,* 6H,0 75 32 ¥ i o 72 v i) 04 1 )
B R 1 B 3BE (PeakForce tapping atomic force
microscopy, PFT-AFM) % . 5 a~I& 5 e 43531 % L
CaCl, 6H,0 TEM B Y DSC i Za ~ e ATLLK

Height Sensor 2.0 um Height Sensor

2.0 pm Height Sensor

5314
0
14
o 21
&D
=
=
R
jus]
-5 a163.9J/g
——b 1677 g _
-6 ¢ 194.8 J/g Endothermic
——d 1843 /g 1
7 o 16741 10C/min
T T T T 7 '

-10 0 1'0 20 30 40 50 60 70
T/°C
B4 CaCl, nH,0 fEZAH B FE A A9 DSCHITZL
Fig. 4 Endothermic DSC curves of the CaCl,*nH,0 samples

during a gradual dilution process

M, BEE CaCl, 6H,0 /K& Y ZE Wi £ , CaCl,- 6H,0
YK AR B /NI A B B B 4B 4R T CaCl, - 6H,0
1) i A e I RS S U N R A R R AR
FETE 600 nm~2.0 pm Z 8] . RAF K R A S
Ak CaCl, - 6H,0 5 CaCl, - 4H,0 [F B #E7E , {2
AFM B G HRAE A JIURL 9 22 B 30, i e vk b4 7
274y ¥, IRt 22 4E CaCl, - 6H,0 &% CaCl, - 6H,0 F
CaCl,*4H,0 1R A Y 0T St o B A2 4k

Fe.s
Y 3l 600 nm 600 nm
2.0 um Height Sensor 2.0 um Height Sensor 2.0 pm

5 CaCl,-6H,0 7% A H6 Bed #2114 PFT-AFM &%
Fig.5 PFT-AFM images of CaCl,*6H,0 during a step dilution process

2.3 CaCl,-6H,0 RIS &/ ot

R T B — AR B K A i B 2R R S BOR R
CaCl,*6H,0 5 CaCl, - 4H,0 Al 7 78 , 283X HLX} CaCl,
-6H,0 1 FE 78 K S5 1A BHIERT X B AT (X —ray dif-
fraction, XRD) 4371 (&l 6) . KifE4h R £, ol 2%
K JG B CaCl, - 6H,0 H &4 KR4 CaCl, - 6H,0 571>
VFAY CaCl,-4H,0, iX 5 DSC AYMHERZE B —5 . IFH.,

Al 5ERE 280 (Rwp) M 14.13% (Rwp < 15%) , 45 ¥ k516
J& B PIS(E 5 I XRD ISR 4 W) A, R Bk 1B 45
R IR .

70 Tl % | A5 KoK & &R
CaCl,-6H,0 i XRD &3 . 3@ #f b4 CaCl,- 6H,0 /K #&
AL AT S B9 XRD 25 58 & B, CaCl, - 6H,0 #4414 fr
A AT S0 S AR ME R B (PDF-#-26-1 053) 1 & K
4, H CaCl,- 6H,0 J&/N 7 b &, 25 [ R P321, fhiA



#24

SRAIE , A5 A AR RERT RS OK S ALES I A PR RE L AL DT 23

& Calculated
*  Raw
Difference
CaCl,-6H,0
CaCl,-4H,0

4
&

CaCl,-6H,0 PDF-#26-1053
R IR

CaCl,-4H,0 PDF-#25-1090
FEE TR e e |
S e e e B |

10 20 30 40 50 60 70 80

20/°)
B 6 CaCl,-6H,0 i 7 & J5 14 XRD B3 K 645 1

Fig. 6 Rietveld refinement XRD pattern of CaCl, - 6H,0 after ex-

cessive evaporation

l J Prepared CaCl,-6H,0
'R T\ A A Ar | S T

J l Recrystallized CaCl,-6H,0
_ Moo A

l Industrial CaCl -6HLO
T W N WY

| PDF-#-26-1053
N A P
v 1 v 1 1 M L] v L} v 1T v
10 20 30 40 50 60 70 80
20/°)

7 Tk EEE &R CaCl,- 6H,0 B9 XRD &l
Fig.7 XRD patterns of industrial,, recrystallized, and
prepared CaCl,*6H,0

© Ca
O
Qo
On

8  CaCl,*6H,0 fhiAkZEHy
Fig.8 Cristal structure of CaCl,-6H,0

ZERIN K 8 FT s . I XRD 45 3 0] %1, CaCl, - 6H,0 Y
7 SR WA TR 5 A o 2 o, & e A e I AU
AL 28 K A S B, 2 B CaCl, - 6H,0 45 i &
Eﬁo

3 1 i

i 1 XF CaCl, - 6H,0 Y138 B 50 K i 1A &85 g 3k
30T A T LR 458

1) Tk g% CaCl, - 6H,0 WXL A 158.6 /g,
S LIRS AR E AT H = 2 179.7 /g B E
T AFAE B 2 R oK, W 2 oK & ks,
CaCl,* 6H,0 RIS 1L K5 53k 194.8 J/g, W =5 T SCilik 4
() B KT AE 190.8 /g

2) il 1 X} CaCl, - 6H,0 7 2 ¥ #i B o 72 H 44 sk

BT S5 34T AL , & 0 CaCl, - 6H,0 44K S A 1) /& i
S ISEHE N 0 N RS TR A JC A AR AL

3) H XRD WIZ5 R A Al A, Tl 9% CaCl, - 6H,0
L EL G AR SEE I EIE AN E L
FLEE KGR

SE 3k

(1] (P ERRIE) i . S )4 — A AL HE BT 2030 4F i ik 1] 1%
1B, %5 734 X 2060 48 1 52 SR b ATy 2 V[T ). AR,
2020, 42 (10):1.

[2] LinY X, Alva G,Fang G Y. Review on thermal performances and
applications of thermal energy storage systems with inorganic
phase change materials| J ]. Energy, 2018, 165: 685-708.

[3] LiM,MuB Y. Effect of different dimensional carbon materials on

the properties and application of phase change materials: A re-

view[J]. Appl. Energy, 2019, 242: 695-715.



24 I w31 %
(4] FofF. S/KEAMBE -SRI RS A b /Y 525 A2 8 PORHBTTEHERE LD ]. fERERL = S5 EOR, 2018, 7 (1), 40-47.
il B LR (D ] 7 M AR R BT R A2, 2017. [13] EEgmul, A SCh , B AR é(f}iﬁ?z*iﬁ?ﬂf}iﬁtfﬂ Ca/C/N SFTCR FHFL
[5] Khan Z, Khan Z, Ghafoor A. A review of performance enhance- BTG ], 2 Tk, 2018, (5) :
ment of PCM based latent heat storage system within the context [14] SRIEEE . S0 SE R AR 7 v R R s E/J( fﬂﬂ]«a‘ SR
of materials, thermal stability and compatibility[J]. Energy Con- L TAFHL, 2015, (8) :225.
vers. Manage., 2016, 115:132-158. [15] Jin Z, Tian Y, Xu X, et al. Experimental investigation on gra-
[6] Beaupere N, Soupremanien U, Zalewski L. Nucleation triggering phene oxide/ SrCl, - 6H,0 modified CaCl,*6H,0 and the resulting
methods in supercooled phase change materials (PCM) , a review thermal performances[J]. Materials, 2018, 11 (9):1-10.
[J]. Thermochim. Acta, 2018, 670:184-201. [16] Li G,Zhang B,Li X, et al. The preparation, characterization and
[7] Milian Y E, Gutierrez A, Grageda M, et al. A review on encapsu- modification of a new phase change material: CaCl,*6H,0-MgCl,
lation techniques for inorganic phase change materials and the in- * 6H,0 eutectic hydrate salt [J]. Sol. Energy Mater. Sol. Cells,
fluence on their thermophysical properties [J]. Renewable Sus- 2014, 126:51-55.
tainable Energy Rev., 2017, 73: 983-999. [17] Tyagi V V, Buddhi D. Thermal cycle testing of calcium chloride
[8] Fg=C, sk, fLAEEE, 25 . TTHLK G ERAAS A Rl ad v B il o5 hexahydrate as a possible PCM for latent heat storage[ J |. Sol. En-
RIS R (1], i B TR, 2020, 20 (6) :619-627. ergy Mater. Sol. Cells, 2008, 92 (8) :891-899.
(9] JAbE, 2250 E 5, 5 KRG SRR RE R 5T (1], #5180 [18] Shen Y, Li X, Zhang S D, et al. Surface evolution of eutectic
WFE, 2018, 26 (2) :9-15, 47. MgClL, - 6H,0-Mg(NO,), - 6H,0 phase change materials for ther-
[10] Kumar N, Hirschey J, LaClair T J, et al. Review of stability and mal energy storage monitored by scanning probe microscopy [J].
thermal conductivity enhancements for salt hydrates [J]. J. En- Appl. Surf. Sci., 2021, 565:150549.
ergy Storage, 2019, 24:100794. [19] Ushak S, Suarez M, S Veliz, et al. Characterization of calcium
[11] Wong-Pinto LS, Milian Y, Ushak S. Progress on use of nanopar- chloride tetrahydrate as a phase change material and thermody-
ticles in salt hydrates as phase change materials [J]. Renewable namic analysis of the results[J]. Renewable Energy, 2016, 95:
Sustainable Energy Rev., 2020, 122:109727. 213-224.
[12] st Wb, 220, 45 SR ERES SE LK & SR AR it e

Calcium Chloride Hexahydrate Phase Change Material with Enhanced
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Abstract: Calcium chloride hexahydrate (CaCl, -

6H,0) has a phase change temperature of approximately

29 °C and a phase change latent heat of about 180.0 — 190.8 J/g. It is widely used in building materials owing

to the high latent heat, low cost and non—toxicity. However, CaCl,*6H,0 has some disadvantages in practical

applications, such as poor heat storage performances and serious degradation. Characterized by differential

scanning calorimetry (DSC), atomic force microscopy (AFM) and X-ray diffraction (XRD), the latent heat

storage capacities, morphologies, and structures of CaCl,*6H,0 before and after modification were compared.

The results show that the latent heat storage capacity has been improved significantly, from the initial value of
158.6 J/g to 194.8 J/g, through precise water control in CaCl,-6H,0.
Key words: Phase change materials; Hydrated salt; Calcium chloride hexahydrate; Step dilution method;

Latent heat storage capacity



