InterPore2023

HERIOT
@ InterPore2023 @WATT
15t% Annual International y 22 - 25 May 2023

Edinburgh, Scotland
Short Courses 21 & 26 May

Conference on Porous Media

r ‘E;f"'"iir"r’

| ®gity of Edinburgh Colrcit

Contribution ID: 356 Type: Oral Presentation

he moisture and temperature evolution in a zeolite
heat storage reactor during cycling: an NMR study

Thursday, 25 May 2023 14:15 (15 minutes)

Society is focusing progressively on the introduction of renewable energy systems to replace fossil fuels which
can play a major role in reducing CO2 emissions [1]. Connected to these renewable alternatives is the inter-
mittent character. Solar energy, as a pollution-free, inexhaustible, and affordable energy resource has vast
potential [2]. However, one of the barriers for solar energy technology is rooted in the mismatch between
energy supply and demand. Therefore, energy storage is proposed as a necessity to address this mismatch.
Thermochemical energy storage is a promising candidate for energy storage as it offers a high energy storage
density and almost no heat loss. Thermochemical heat storage is based on reversible sorption reactions used
to store energy. In this study we have looked at zeolite as a heat storage material due to its high stability
[3]. However most research up to now on packed bed reactors for heat storage has primarily been based
on models where the temperature is measured. In this study we have used a 1.5 T whole-body MRI scanner
(Gyroscan, Philips) in order not only the measure the temperature but also the moisture as this is driving the
heat storage reaction. In order to do so we have made use of a home-built insert which gives is the possibility
to simultaneously measure both the moisture and temperature distribution in our packed-bed reactor. In this
study we have made use of a glass reactor diameter of 60 mm and a length of 75 mm. The material used is the
Zeolite 13X. Both the temperature of the air at the inlet and outlet are measured, whereas we can also control
the RH of the inlet between 0-98% and the the temperature can be up controlled up to 220 oC so we can also
study the recharging. The glass reactor is insulated with 20-30 mm of Rockwool.

From our measurement we see that the temperature front position is ahead of the moisture front position.
Analyzing the moisture front velocities, assuming 1D instant adsorption, results in an accurate prediction of
the front velocity with respect to the measured moisture front velocity. Comparing the temperature front
velocity to moisture front velocity, it has been shown that the temperature front travels faster than the mois-
ture front. That the temperature front leads the moisture front can be understood, since the temperature front
velocity is dictated by the forced airflow velocity and the moisture front velocity is determined by the forced
airflow velocity multiplied by a retardation factor caused by the sorption behavior of zeolite.

Analysing the moisture uptake showed that there is hydration ahead of the moisture front caused by a second
hydration front. This has also been observed in the relative humidity at the outlet, multiple points of increase
are observed, an increase in RH indicates that less water is being adsorbed, which is caused by a front break-
through. This confirms that two fronts are present, a main front and a wall front due to wall channeling
caused by a local higher porosity.
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