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Introduction

Wllzne:y The change from fossil energy resources to renewable energy resources needs higher
efficiency in energy conversion and utilization. Concentrated solar power (CSP), Absorber Heat storage
enables the utilization of electricity and heat, using solar radiation as input. Here . -.
thermal energy storage is a key component. [1] Thermal energy storage is needed also

for high efficiency compressed air energy storage (CAES) to store electricity energy
without loss of heat in process. In comparison to most commonly used water or molten
salt storage, thermochemical storage materials provide ten times or even higher
storage capacities per mass or volume and the ability to store heat for longer times
without the need of insulation [2]. Recently published results state Ca(OH), to be useful Reflecter

for higher temperature levels [3]. Figure 2:
CSP principle with heat storage

Figure 1: Consumption

Concentrated solar power plant

Materials and methods

The reaction we investigated is the following reversible reaction: CaO + H,O & Ca(OH), + heat. We used 1 N,

a simultaneous TGA/DSC System to analyze heat fluxes and changes in sample mass during hydration

and dehydration experiments (Figure 3). Dried nitrogen has been used as purge gas at a flow rate of 50 —
mL/ min. For dehydration, we additionally used a humidified separate nitrogen flow. The humidity of the
mixture gas was measured at the oven outlet and used for calculation of the water vapour partial pressure

Inside the TGA/DSC oven. Further details can be found in [4]. outlet -
hygrometer TGA/ DSC 1 2'””'“”'
Investigations on the cycling stability of the Ca(OH), were done by multiple measurements of the -~ |

Integrated hydration heat fluxes of one sample during consecutive dehydration/hydration cycles. The
temperature program used for dehydration of the samples prior to the hydration was set to ramp up from
35 °C to 600 °C at 5 °C/ min, and then to cool down at -5 °C/ min to 35 °C. The hydration process was
conducted at different temperatures between 35 °C and 450 °C and the moist nitrogen gas was switched flask with glass wool
on after a settling time of 5 min to start the hydration of the sample. The moist nitrogen gas flow was
varied from 25-150 mL/ min, corresponding at 35 °C to a water vapor pressure in the oven ranging from
12-21 hPa during hydration.
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Figure 3:
Experimental setup

Results and discussion
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—¥— normalised enthalpy
—&— normalised mass Cyc|e measurements

During the full hydration and dehydration, the hydration enthalpies of CaO and the dehydration enthalpies of Ca(OH),
were measured over 22 cycles, respectively. Apart from a few outliers, CaO/Ca(OH), showed an increase in heat
storage capacity and weight with an increasing number of cycles (figure 4). The slope of both parameters was very
similar. The condensation enthalpy was calculated with the weight difference between two cycles and was compared
with measured enthalpy. We were able to count out the condensation enthalpy as the sole factor of the enthalpy
Increase. The calculated condensation enthalpy equals 46 % of the total enthalpy after 22 cycles. This value is in good
agreement with calculations based on literature enthalpy data (42 %). [5] Furthermore, we noticed a decongestion of
CaO/Ca(OH), when cycling, together with an increasing volume, leading to a more porous structure.
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Figure 4.
Cycle measurements

]

(245 ]

et
{9890
0K

Completeness measurements
We also studied the hydration of CaO at different temperatures between 35 °C and 450 °C and at water vapour flow
rates between 25 mL/ min and 150 mL/ min. Figure 5 shows that the normalized completeness of hydration (CH) is
located in the field of 0.9 to 1.0 in a temperature range of 35 °C to 250 °C. Above 100 °C the CH fluctuates much more,

normalised completeness of hydration

. . : : 0,85 - . )
with two outliers at 150 °C and 200 °C. Above a temperature of 250 °C no hydration was measured and evaluated with i x ; :;’j[:::gz ot
exception of one hydration at 350 °C and water vapour flow rates of 150 mL/ min with CH of 0.80 (undrawn). @ Hydration at100°C
0,80 - ® Hydration at 150°C
A Hydration at 200°C
@ Hydration at 250°C
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g 1.2 - linear plot at 50°C B Peak power Completeness hydrations (CH) measurements
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é figi| s inear plot at 250°C 4 Figure 6 shows the normalized peak power versus to the water vapor flow rate. In the temperature range between 35 °C
o and 100 °C, a linear response of peak power and water vapour flow rates can be identified. Above 100 °C the peak power
%‘ L e b shows no such correlation. At 150 °C there appears no correlation with the water vapour flow rate and the highest peak
2 06 - 2T | power was given. The experiments conducted at the water vapour flow rates of 125 mL/ min and 150 mL/ min showed the
= highest peak power. Measurements above temperatures of 150 °C showed lower peak power.
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Conclusions
0,0 | | I I 1 1 |
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water vapour flow rate/ mLmin” = The CaO/Ca(OH), thermochemical storage system shows good cycle stability, which is needed for high
temperature applications.
Eieq;krlig\;ver * The hydration was completed in a wide temperature range between 35 °C and 250 °C and offered the highest

normalised peak power at temperatures in range of 150 °C.

= Above 250 °C, the hydration seemed to be largely inhibited, which leads to an unsatisfying discharging
characteristics.
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