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ABSTRACT

Energy storing systems can provide leverage to the current supply demand intermittency issue thus increasing energy efficiency. Among many available technologies,
thermochemical energy storage is highly promising. In this work, we investigate, experimentally, for the first time, inductive heating as an approach to direct
coupling of power systems with thermal energy technologies. This system also allows for versatile measurements in rapid multiple adsorption—desorption cycle
control. Adsorption and desorption cycling of the CaCl,-NH;3 adducts is realized in a custom-made setup. Iron wires and waste red mud are investigated as potential
inductive materials. Material performance is evaluated after 1, 2 and 1000 cycles using differential scanning calorimetry, thermogravimetry, scanning electron
microscopy and specific surface area. Waste red mud shows good inductive potential. No material degradation is observed after 1000 cycles in all cases. Samples
heated using waste red mud have a higher maximum absorption capacity (0.304 versus 0.154 gnus/gcaci2) and desorption enthalpy (716 versus 460 KJ/ kgcaci2)
compared to the ones heated using iron wires. This is found to be related to the average specific surface area of samples containing red mud, which is almost double
that of iron ones. We hope the concept presented here can stimulate research in the direction of inductive heating while simultaneously generating new utilization

pathways for waste red mud.

1. Introduction

Thermal energy with different parameters constitute 40-60% of the
final energy consumption in most economies today [1]. Currently, much
attention is focused on its effective use. On the other hand modern,
dynamic lifestyles coupled with an increase in renewable energy pene-
tration in the power production mix have resulted in an increased sup-
ply-demand intermittency issue [2]. This issue can be resolved through
low-cost energy storage technologies capable of accommodating for the
power, energy and seasonality of the demand-side [3]. Hence, thermal
energy storage (TES) is such a technology, that can be used to increase
peak shaving performance of energy networks [3].

There are three types of TES technologies, sensible, latent and
thermochemical. Thermochemical energy storage (TCS) has between 8
and 20 times higher storage density than sensible and latent based TES

technologies[4]. This feature has rendered it a promising prospect and
has resulted in considerable research focus in the past decade. However,
despite efforts, its technology readiness level is still predominantly at the
material stage [5]. TCS faces several issues related to material lifespan
due to poor stability, as well as high material cost [4]. These coupled
with presently inefficient reactor designs hinder the market uptake of
TCS.

This work is focused on domestic applications. In these temperature
ranges (between —50 and 150 °C) sorption reaction pairs are most
promising [6]. In such reactions, the heat stored in chemical and
physical bonds formed between a sorbent and a sorbate could be
restored in the retrieval step giving back the energy. Common sorbents
are salt hydrates, activated carbons, aluminophosphates, zeolites, met-
al-organic frameworks (MOFs) or metal halides, while sorbates are
commonly water vapor, ammonia, ethanol or methano [7]. Ethanol and
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methanol systems are highly toxic and flammable [8]. Ammonia based
systems offer higher energy storage densities than the water-based sys-
tems and more flexibility in the system operating pressures.

Amongst the various reactants types, ammoniates present an
advantage on heat and mass transfer against hydrates because of the
higher pressure levels at which these working pairs operate [9]. A va-
riety of metal halides has been tested as potential sorbents for NH3 based
TES. These include NaBr, CaCly, SrCly, MnCl,, FeCl,. Ammonia sorption
occurs in different temperature ranges for individual halides, so it allows
using thermal energy with very different parameters (temperature) -
also by using their mixtures. Among these CaCly is especially interestng.
It is a waste-type byproduct resulted from hydrometallurgy processes
[10-13] or sodium carbonate production [14]. As such, it’s a broadly
available, low cost and low toxicity option. On the other hand, ammonia
sorption on this chemical compound occurs in a wide range of temper-
atures, which makes it a material with many applications in thermal
energy storage systems.

There are several studies in the literature on the CaCl,-NH3 working
pair. Van der Pal and Critoph performed experimental tests and devel-
oped a numerical model for a reactor consisting of 1 kg of CaCl, and 1 kg
of expanded natural graphite (ENG) [10]. Oliveira et al. and Wang et al.
developed a CaCly-based system for refrigeration purposes (ice making)
[11,12]. Sakamoto and Yamamoto examined the influence of Ti (Tita-
nium) on the heat transfer rate of the solid ammoniated salt (CaCl,-
mNHj3) [13]. CaCly-NH3 was described previously as the TES system and
for the potential NHj3 storage in the form of solid pre-fuel [14]. Ziso-
poulos et al. investigated computationally a heat pump, for domestic
heating and cooling, based on CaCl,-NH3 and found a minimum COP of
3.63 [15].

Apart from its implementation in a thermomechanical energy stor-
age (TEMS) system TCM can be used in direct power to heat systems.
Direct connection of power to heat is quite promising, compared to other
options, given the cost and challenges of on demand generation of heat
through electricity coupled with the low cost of TES [16]. Converting
electrical energy directly into heat without any mechanical trans-
formations can also be achieved through direct induction systems.

The originality of the current work lies on the study of new TCS
system based on the inductively controlled under isochoric and isobaric
condition. Induction heating is the process of heating electrically
conductive materials by means of electromagnetic induction. An
important feature of this heating process is efficiency, non-contact,
precise, repeatable process, and by that the heat is generated inside
the object itself, instead of an external heat source via heat conduction.
Recently, the efficiency of direct inductive heating was demonstrated in
organic synthesis (e.g. Suzuki-Miyaura and Heck coupling reactions)
[17]. Just recently, we showed how this method could be used in the
sustainable methane production via carbon dioxide hydrogenation in
Ru-Ni nanocatalysis [18].

In this work, we investigate, experimentally, for the first time,
inductive heating as an approach to the direct coupling of power systems
with thermal energy technologies. This system also allows for versatile
measurements in rapid multiple adsorption-desorption cycle control.
Here we explored a red mud as a potential ferromagnetic material to
generate heat through induction in charging step. And to our best
knowledge this is also the first reported attempt of alumina refinery
waste (red mud) management in the low-temperature thermochemical
heat storage. Red mud (RM) is an industrial waste of the aluminum in-
dustry with a 150 Mt/year worldwide production [19]. Its disposal is
facilitated typically in dykes/dams or alternatively directly in the sea
posing a considerable environmental impact due to its high alkalinity
11.3 £+ 1 and traces of heavy metals [20]. RM has a large content of iron
oxide, 20-50 wt% depending on its origin and processing method
[21,22]. Magnetic separations revealed, y-Fe3O3 in major amounts along
with other matrix incorporated phases, such as FesTiO4, SiOs, and
Al»03, mostly in amorphous form. This magnetically active agglomerate
particle presented anodic functions and was been found to perform well
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Table 1
Prices of low purity metal salts reported in previous TCS studies (source “).

Entry Salt Price USD/Tone
1 CaCl, 100

2 NaBr 700

3 SrCl3 6H,0 650

4 MnCl, 4H;0 1600

5 FeCl, 4H,0 1350

2 https://https://www.made-in-china.com/products-search/hot-china- prod-
ucts/Calcium_chloride_Price.html.

Table 2
The content of principal elements identifed in the RM sample used in this work.

Element (-) o Fe Ca Al Ti Si Na \%

Atomic (%) 53.15 10.77 4.51 5.55 1.75 2.32 1.89 0.05
Weight (%) 14.37 10.16 3.06 2.53 1.42 1.10 0.74 0.04

in Li-ion batteries [23]. Due to the difficulties in Red Mud utilization, its
use in thermal energy storage systems would open up new possibilities
in this area by using its ferromagnetic properties.

In this study, halide salt powder (CaCly) as thermochemical storage
material was mixed with the waste red mud as the inductive element.
CaCly/red mud-NH3 adducts are placed in the cooper coil and rapidly
heated to high temperature by induced currents from the highly
concentrated magnetic field. Under the influence of a heat supply, a
working pair is decomposed into separate components, which can be
stored separately. TCS working pair was inductively cycled as many as
1000 times. The structure and thermal performance were inspected at
various cycling times using followed analytical techniques: temperature-
programmed desorption (TPD), TG, DSC and scanning electron micro-
scopy (SEM) with EDS, analyses.

Direct inductive heating of the in-powder-CaCly,-NHg3 pair lets us
keep mass and heat transfer at efficient levels without any need for
further processing at the material stage such as adsorbent pelletizing or
structuration by introducing an additional porous solid matrix.

2. Materials and methods
2.1. Materials

Material cost is one of the bottlenecks of TCS. Table 1 lists the prices
of low purity salts commonly investigated as candidates in TCS systems.
Among these, CaCly, is the lowest price alternative. To this end it is
selected for this work.

In order to prepare samples for the tests the commercial anhydrous
CaCly (analytically pure, Chempur, CAS 10043-52-4) is first dried at
110 °C for 1 h or calcinated at 500 °C for 1 h.

Iron wires (100 mg) and/or an RM (100 mg) were employed as
ferromagnetic component. RM is found to be able to potentially replace
iron as the inductive active material. The RM sample used in this study
was sourced from the company “Aluminium of Greece” and particularly
from its production facilities located in Boeotia, Greece. It contains as
much as 40% iron oxide, a significant quantity of silica (15.78%), some
amount of aluminum and calcium oxides (11.79% and 10.97% respec-
tively) as seen in Table 2[24,25]. X-ray powder diffraction (XRD) and
scanning electron microscope (SEM) analysis is conducted to identify
the most crystalline phases of iron (III) oxide, such as hematite
(a-Feg03), maghemite (y-FexO3) and magnetite (Fe3Oy4).

As expected (Fig. 1), the predominant minerals of the RM tested is
hematite (a-FepO3), but the relative amounts of calcite (CaCO3), can-
crinite (Nag(AlgSigO24)((CaCOs3)3)), and corundum (as a crystalline form
of Al;,O3) are also relevant. It means that iron in the RM is in the form of
hematite and andradite, calcium exists mainly in the form of calcite and
cancrinite, aluminum in the form of corundum, and sodium comes
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Fig. 2. The TES installation with inductive heating for CaCl,/NHj3 processing.

mainly from cancrinite.

SEM analysis shows that RM is composed of a mixture of loose coarse
and fine particles with varying degrees of agglomeration (Fig. 1). The
average particle size of the RM is below 20 pm. In addition, the
elemental analysis relating to Fig. 3 is reported in Table 2, confirms that
the prominent constituent of red mud is found to be iron with its oxides,
which is in accord with the elemental composition analysis of red mud
by using XRD. High iron content indicates that the analyzed RM origi-
nated form a Bayer processing, which constitutes the majority of
aluminum production [30,31]. It was found that the iron element on the
RM surface is strongly associated with iron vanadium oxide (seen as
green color on the EDS map) and hematite (red color on map), which
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Fig. 3. Inductive heating profiles for the ferromagnetic components (Fe wires
and dust) and the red mud.

have regular and sharp-edged shapes respectively. EDS signatures of Ca
and Al accompanied by Si, Ti, Na, and V indicate the presence of specific
minerals sodium aluminosilicate, aragonite, calcite, boehmite and
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perovskite.

2.2. Isochoric and isobaric TES equipment with inductive heating

A custom-made experimental setup is used for NH3 adsorption/
desorption tests (Fig. 2). A coil is wrapped around the glass reactor and
connected to a custom-made in-lab inductive heating system consisting
of a controller with enabled an automatic on/off function at different
time intervals. The maximum induction heating power is 100 W. A total
of 100 mg of sample are introduced in the glass reactor. For inductive
heating ferromagnetic components are introduced directly into CaCls.
Formally, CaCly:Fe mass ratio for samples FV, F1, FK and F1KS was 1:1
(CaCly:Fe molar ratio 1:1.985). For samples RV, R1, RK and R1KS, CaCly:
RM mass ratio was also 1:1 (CaCly:Fe molar ratio 1:0.202 due to lower Fe
content in the RM).

The experiments were conducted under isochoric conditions (con-
stant volume), established through a manometer that monitors pressure
changes. It was also considered experiments at constant pressure,
enforced through a gas syringe, with a capacity of 100 mL. Due to the
ease of ensuring a constant volume the isochoric conditions were
selected. Ammonia adsorption was completed when the pressure value
of the manometer stabilized. Average adsorption equilibration time in
this system was 1 h, which was in agreement with previous literature
reports.

TES systems have long lifetimes and are expected to operated
without considerable maintance for up to 25 years. One of the bottle-
necks of TCS systems is long term stability and performance. For a TCS
system to reach commercialization it should be extensively cycled. To
this end the lab setup is used to evaluate the long term stability of the
material through thermal cycling. To avoid ammonia leaks during
extensive cycling, the system is refilled with ammonia every ~100
cycles.

Inductive heating allows for rapid and efficient heating/cooling. A
complete NH3 adsorption/desorption is carried out after 90, 400 and
900 sec in the case of the iron wires, iron dust and RM respectively. The
inductive behaviour of ferromagnetic components is a complex issue
which depends on the composition, shape and granularity of the indi-
vidual material. which explained the difference between iron wires and
dust [26]. Iron wires are selected based on their higher performance.
The longer heating rate in the case of RM reflects its magnetic properties.
The magnetic susceptibility of RM is in the range of hematite, which is
the primary iron phase identified in RM [27]. The magnetic perme-
ability of magnetite (iron wires) is between 2.5 and 16 times that of
hematite [28]. Nevertheless, these heating profiles indicate that RM
could potentially replace iron dust and even iron wires with proper
processing and insulation (Fig. 3).

Following the heating step using the induction coil is a cooling step
(600 sec) to ambient conditions using an electric fan. After 1000 cycles,
the material is extracted from the glass reactor and subjected to
temperature-programmed desorption (TPD), TG, DSC and scanning
electron microscopy (SEM) with EDS, analyses.

Additionally, a second set of tests are conducted with the material
placed in the reactor in tightly sealed tube. CaCl, is first impregnated
with NHj for 1 before sealing. The ratio CaCl, to ferromagnetic ratio is
identical to that of the unsealed systems.

2.3. Temperature-programmed desorption TPD

The TPD measurements are carried out in a quartz reactor using NH3
as a probe agent (NH3-TPD). The NHj is adsorbed on the samples at
25 °C for 30 min after purification of catalyst surface in flowing He at
500 °C for 60 min. The temperature programmed desorption of NH3 was
carried out in the temperature range 25-500 °C using a linear growth of
temperature (27 °C min~1) and a thermal-conductivity detector.
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2.4. DSC and TG analyses

Thermogravimetric analysis was performed on TGA/DSC 3+ (Met-
tler-Toledo) instrument. The TGA-DSC measurements in the range of 30
to 350 °C or 1100 °C are performed with the linear heating rate of
20 °C-min~! with a flow of synthetic air and nitrogen (80 mL~min’l).

2.5. Scanning electron microscopy (SEM)

The Phenom XL (Thermo Fisher Scientific, USA) Scanning Electro
Microscope (SEM), equipped with the secondary electron (SE) detector
fixed to the magnifications of 1000X and 4000X, is used to map the
surface morphology and analyse the chemical composition of the
samples.

2.6. X-ray powder diffraction (XRD)

Powder aggregates are analyzed in terms of the phase composition
by means of Philips X-ray powder diffraction X'Pert system (CuKa ra-
diation). Measurements are carried out in the 260 angle range of 5-90° for
2 h, with a step size of 0.001. Phases are identified using the X'Pert
HighScore Plus software, and compared with data from the International
Centre for Diffraction.

3. Results and discussion

CaCly is both hygroscopic and deliquescent meaning it can absorb
moisture from the air, to the point of converting to liquid brine[29]. In
fact, an oxygen content of 25% is identified on the surface of the com-
mercial anhydrous CaCly, through EDS analysis (Fig. 4). After drying the
oxygen content is still 11.1%. Water adsorption results in the absence of
grain boundaries, and consequentially in a continuous structure with a
reduced porosity. The water-induced agglomeration of CaCl, is well
known and described in the literature and can inhibit ammonia trans-
port [30].

Both dried and undried samples are treated with ammonia at 110°C
for 1 h followed by another 1 h at ambient temperature. However, even
after exposure to ammonia (virgin CaCly), reflected by the N content,
traces of water are still present on the CaCl, surface. What is surprising is
the nitrogen, and hence ammonia, content is higher in the undried
sample. This could suggest that above a certain threshold the water
content does not affect ammonia absorption.
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Fig. 5. SEM images of commercial undried CaCl, (a), dried CaCl, (b), CaCl, dried and treated with NH3 (c¢) and undried CaCl, treated with NH3 (d).

Water content is also identified via SEM (Fig. 5). A porous surface
area is visible in the dried CaCl,. On the contrary, undried CaCl; has a
visually denser, skull like morphology. Chemical composition analysis of
individual spots confirms that the more skull-like sectors are linked to
water agglomerates, while the middle size structures, or small cubic
formations could be assigned to ammonium rich CaCly adducts. This
effect may block ammonia transport through the pores. Exposure to
ammonia is evident in the form of crystallites of varying sizes that cover
the porous surface.

Interestingly, extended cycling did not diminish the absorption ca-
pacity. The TPD-profiled after 1 and 1000 (1 K) cycles are almost
identical (Fig. 6). The TPD profiles indicate that NH3 adsorption takes
place in two different phases forming a low and high-temperature peak.
The maxima for these peaks can slightly differ depending on the indi-
vidual samples. What is notable is that the peak desorption temperatures
decrease with increasing number of cycles. This is probably because
cycling increases porosity (see below) and therefore enhance mass

transfer.

With respect to sorption capacity the base values of virgin iron
containing samples is in proximity with literature reports (Fig. 7). The
issue is that all these values are quite distant from the theoretical
adsorption capacity at room temperature observed, which for CaCl, is
1.228 gnus/gcaciz [31]. There are currently ongoing efforts to improve
capacity particularly in the field of ammonia synthesis [32]. Results
show that sorption capacity is also increased with cycling. The amount
of NH3 adsorbed is about 47% higher after 1000 cycles in the case of iron
and 146% in the case of RM (Fig. 8.a). This effect is most likely related to
the availability of the ammonia excess in pretreatment (fatigue tests)
that removes residual water adsorbed at the CaCl, surface coupled with
increased porosity, which increases surface availability. Competition
between water and ammonia results in replacing water agglomerates
with ammonia formations. As a result, ammonia blocks CaCl, surface
from water sorption and enables easier ammonia adsorption. Interest-
ingly, this effect cannot be observed even after intense drying because
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Fig. 8. SEM snapshots of virgin CaCl, (dried CaCl, exposed to ammonia).

CaCly surface without NHs surface protection immediately attracts
water from the environment. To compare the energy levels of the
products obtained by the reaction of CaCly with two different sorbents
(ammonia and water), the Gibbs free energies of the two processes at
30C were calculated using equation (1):

A,G=AH-TA,S, m

where the enthalpy of reaction A,H and the change of entropy of the
reaction A, S have been found in the literature [33,34,35,36]. Obtaining
for reactions

CaClz L] 2H20 -+ 2H20(g) = CaClz L] 4H20

CaClz [ 2NH3 + 2NH3 (g) = CaClz (] 4NH3
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That for ammonia reaction A,G is —3.9 kJ and for water sorption is
—36.01 kJ. This indeed verifies that in a surface where ammonia has not
been adsorbed the salt attracts water faster. This is further evidenced by
the NH3-TPD profiles of the virgin CaCl, samples (Fig. 6, black lines)
where the low temperature desorption peak is non present in the case of
RM and barely visible in iron. This indicates the presence of a barrier of
skull-like structures both to absorption and desorption phases. In fact in
SEM images of virgin CaCl, cubic shapes can be visualized, which, tend
to be a part of the extensive network of the large, not well-defined skull-
like surface structure (Fig. 8). Oxygen traces are identified through
chemical composition analysis in marked areas (Fig. 8, middle).
Although CaCl, dehydration is anticipated at high temperatures, that is
only partial, which is a well-known effect in CaCl, chemistry.

In the case of the sealed sample, adsorption capacity is increased but
by much lower rates; 36% and 82% for iron and red mud respectively.
This is probably due to the fact excess ammonia was introduced every
150 cycles in the unsealed samples to avoid potential losses. However, in
the tightly sealed experiment, the sample is exposed to a stable level
ammonia. The highest adsorption capacity of 0.306 gnus/gcacl2 is ach-
ieved in the R1K sample. This value is 1/3 of the highest theoretical
level. Nevertheless, is still quite promising even accounting for the mass
of the RM (~50%). In fact, studies using covalent organic frameworks to
enhance the absorption capacity of CaCl; report values below that [37].
It is certainly not the highest value currently reported [38], but given the

fact that this is achieved by simple mixing and no complex material
engineering is required makes RM a potential by-product for ammonia
capture related applications.

Further to the NH3-TPD TG and DSC analyses of the virgin and NH3
cycled CaCly samples are also conducted (Fig. 9). Unlike NH3-TPD,
where the NHs3-CaCly adducts in situ directly under the NH3-TPD
experiment, in the TG and DSC, the NH3-CaCl, samples are removed
from the TES installation analyzed without any further processing. In
fact contrary to adsorption capacity desorption enthalpy, measured by
DSC, is slightly lower after extensive cycling. This effect is of analogous
magnitude in both RM and iron (Fig. 8 left). This is probably due to
water absorption by CaCl; during transfer from the custom made cycling
setup to the measurement apparatus.

Contrary to the TDP in the DSC only a single high temperature signal
at 220°C is observed. The low-temperature effect observed in NH3-TPD
is absent. Most likely the NH3-CaCl, adducts removed from the TES
system slightly decomposed before TG and DSC testing. Similarly to
NH;3-TPD a slight shift in the desorption peak maxima towards lower
temperatures is observed when comparing the cycled samples with base.

Interestingly, the inductive heating of the NHj3 treated samples with
red mud appeared more efficient than heating with iron wires, even
though the ferromagnetic component of red mud is relatively low. A fine
structured red mud allows for a better, more uniform, and efficient heat
transfer within the TES system.
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Fig. 10. CaCl, sample used in the TES cycling.

This is reflected by the on average, higher surface area in the RM
samples (Fig. 10), which suggests better mass transfer and thus
enhanced ammonia transport in CaCl,.

A more pronounced pore network of NH3 adducts is evident in red
mud samples in agreement with BET measurements (Fig. 12). Higher
porosity should provide more space for NHgz to diffuse and bind CaCly,
increasing overall sorption capacity and improving mass transfer. In
fact, absorption capacities (Fig. 7) suggests that TES activity follows the

a.2 Sample 6
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surface area rank of the samples (Fig. 10). Looking at the RM-CaCl,
combinations (RV, R1, R1KS), one can see that from the virgin case the
surface area is substantially higher than in the case of iron (Fig. 12). The
exception is the R1K, the CaCl,-RM combination, which has a high ac-
tivity and a low surface area. High surface area samples after NHj
treatment could be active enough to easier absorb water and as a result
agglomerate, resulting in a decreasing surface area.

Apart from porosity and surface area the thermal conductivity (i.e.
heat transfer) of the inductive material can also effect the process. In
fact, hematite crystals, identified in XRD analysis of RM, have higher
thermal conductivity in comparison with CaCl, [28,29].

Overall, skull like structures are somewhat present in the iron con-
taining samples, unlike in RM. There is no considerable degradation of
the porous structure. Higher magnifications reveal the formation of
needle-like large-scale acicular structure, particularly after 1000 cycles
(Fig. 12, middle, bottom). Instead, for the red mud-containing samples,
fine particles are found to be deposited on the smooth and tight amor-
phous surface with not-so-well-defined pores (Fig. 11). The tightly
sealed iron sample appears to be quite similar to the virgin CaCl; sample
(Figs. 5 and 12). Skull-like structure is still frequent, particularly at
higher magnifications, just as in the virgin samples. This is more
apparent in the case of iron than in RM. On the contrary, both in iron and
RM containing samples, continuous unsealed cycling results in the for-
mation of a highly porous structure of ammonia-CaCl, adducts.

4. Conclusions

Thermochemical energy storage is a promising technology that can
help mitigate demand-supply intermittency issues. Here we investigate

c.1 Sample 8

b.2 Sample 7

c.2 Sample 8

Fig. 11. SEM scans of RM-CaCl, combinations after cycling. Left to right: R1, R1K, R1KS. Top row magnification is 1000x and bottom 4000x.
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Fig. 12. SEM scans of iron samples after cycling. Left to right: F1, F1K, F1KS. Top row magnification is 1000x and bottom 4000x.

experimentally, for the first time, inductive heating (IH) as a tool for
direct power to heat conversion. Among other advantages, IH allows for
versatile measurements in rapid multiple adsorption—desorption cycles
that have never been used in the TES conversion measurements. Such
measurements mimic the natural conditions in actual installations much
better than the measurements under the systems heated slowly with the
external heat source.

CaCly-NH3 is chosen as a material due to the low cost and huge
surplus of CaCly. RM, a disregarded waste of the aluminum industry, and
iron wires are used as inductive materials. The following major con-
clusions are derived from our investigation:

e RM shows satisfactory performance as an inductive material when
compared to iron.

Material showed no signs of degradation after 1000 adsorption/
desorption cycles under isochoric conditions. Long-term stability of
the system requires further research, but the lack of changes during
the testing period allows to believe that the system will also maintain
stability over a longer period of operation.

Samples containing RM showed improved sorption capacity with
respect to iron; 0.304 versus 0.154 gnus/gcaci2) and desorption
enthalpy (716 versus 460 KJ/ kgcaci2)-

This is found to be related to the higher specific area, on average, of
samples containing RM.

Overall, we showed that inductively heated TES with NH3 could be
operated in in-powder-CaCl, with no need of palletizing. Moreover, the
system supported by the thermoelectric element could form a close
battery-like strategy capable of generating electric power. We hope this

work can serve as an onset for more research in inductive thermo-
chemical systems as well as further investigation in the use of RM as an
inductive material. Future more thorough investigation towards this
direction is quite promising.
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