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Abstract — The high temperature stability of a chloride mixture, NaCl-KCI-ZnCl, (NaKZn-Chloride), is investigated
to evaluate its potential as a thermal storage material. A thermal storage media should maintain a stable thermal prop-
erties within the temperature range of heat storage. Results from an a priori experiment showed that the NaKZn-chlo-
ride is stable only up the much lower temperature, while its stability limit is reported to be 850 °C in the literature. This
study aims to investigate if the thermal property is changed by the moisture absorbed in the heat storage material. The
effect of moisture content on the thermal properties was measured. The results show that the melting point remains the
same regardless of the amount of moisture absorbed. Meanwhile, the high temperature stability is lower for the moisture
treated samples. The results of this work infer that the loss of a hygroscopic thermal storage media can be reduced by

avoiding its contacts to moisture in designing high temperature thermal storage systems.
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Table 1. Moisture contents of the samples calculated from the mass change

Moisture content (NaKZn-chloride) 0% 6% 24%

o] B H=ol A= &S &<215kaL, NaKZn-Chloride Initial weight (g) 0.51 0.51 0.51

EA 0] 1&YLL) A = H Q=X = et} 5 After exposure to moisture (g) 0.51 0.54 0.63

I}, Moisture absorbed (wt%) 0 5.88 23.53
Table 2. Experimental condition for DSC and TGA measurements

TGA
Crucible (Pan) Al40 pl Al1100 pl
Atmosphere N,

Temperature profile
Heating rate

25 °C (5 min) - Heating - 500 °C (5 min)

Heating - 800 °C (5 h)
10 (°C/min)
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Fig. 1. Temperature profile in the heating-cooling cycle.
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Fig. 2. Weight change of moisture treated sample.
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Fig. 4. DSC result of 0% moisture containing material.
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Table 3. Expected chemical equations of zinc chloride involved with moisture and heating
Section Reaction formula Temperature (°C) Reference Note
H,Op— Hy0p, 0~100
a  ZnCly2H,0 — 2ZnO+2HCl o +H,0 heat [28]
ZnCly2H,0 — B-Zn(OH)CIHHCl, +H,0, heat [28]
Zn(OH)2— ZnO+ H,0 150~175 [25]
b 23-Zn(OH)CI+3Zn0O+4H,01 — ZnCl,+H,0+4ZnO 160~194 [26]
23-Zn(OH)C1+3Zn0O+4 H,01 — 4ZnO+| ZnCl,-0.5 H,0]+0.5H,01 192~219 [26]
Zn0-ZnCl,2H,0 — Zn(OH), ZnCL,#2H,0, 197~225 [28]
b,c ZnClL+H,0+4Zn0O — 5ZnO+2HCIT =5ZnO 194~447 [26]
23-Zn(OH)Cl — 0.5ZnCl,+0.5H,0+Zn0+0.5ZnCl,1+0.5H,01 217~260 [26]
23-Zn(OH)CI+3Zn0O+ 4H,01 — 4ZnO+| Zn Cl,-0.25H,0]+0.75 H,01 220~230 [24]
B-Zn(OH)Cl— 3ZnO+HCl 225 25] C‘ys‘a”i?(% {,“Clpro"ed at
¢ 2Zn(OH)Cl — ZnO+ZnCl,+H,0 227~310 [27]
47n0O+| Zn Cl,-0.25 H,0]+0.75 H,01 — 4.25Zn0+0.5HC11+0.75 Zn Cl,1 =4.25 ZnO 230~ [24] Dry N,
47nO+ Zn Cl,-0.25 H,0]+0.75 H,01 — 5ZnO+2HCIt = 5Zn0O 230~ [24] Humid N,
2ZnCly) y+H,0 = Zn,0Cl,+2HCI 290~ [29] During heating by hydrolysis

2ZnCly) +0.50,g) = Zn,OClyy+Cly oy 290~ [29]  Melt by the oxidation of ZnCl,
ZnCl,+H,0 — ZnO+2HCI 226~400~ [27] Slow rate Appreciable

c,d 4ZnO+ ZnCl, 0.5 H,0]+0.5 H,01 — 4.5ZnO+HCI1+0.5 ZnCl,1 219~602 [26] -
0.5ZnCl,+0.5H,0+Zn0+0.5ZnCl,1+0.5H,01 — 0.5ZnO+HCI1+Zn0O = 1.5Zn0O 350~730 [26] -
Zn(OH), ZnCl,(amorphous) — 2ZnO+2HCl ,, 400~ [28]

d  Zn(OH), ZnCl(amorphous) — ZnO+ ZnCly, tH,0 400~ [28] M01st;trrilg(s)g}t$;20fthe
ZnClz(s)(anhydrous) — ZnClz(D — ZnClz(g) About 500 [28,30] Volatility of ZnCl,

Fig. 10. Sample state of after heating.
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