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Abstract
Thermal energy storage (TES) has been identified as a breakthrough concept in development of renewable technologies. 
However, the main challenges are related to the development of competitive heat storage materials. Despite the number 
of studies on heat storage materials, the determination of new alternatives for next generation technologies is still open. 
In this regard, this paper presents the results of an experimental study of the physical, thermal and mechanical properties 
of SiC-doped ceramics as potential materials for TES applications. Two kinds of SiC additives (high and low densities) 
were incorporated with different percentages into the clay matrix in order to produce ceramics via the extrusion process. 
The addition of low-density SiC (true density 3.16 g cm−3) led to the increasing of porosity with large pore sizes and the 
decreasing of bulk density. Therefore, the thermal and mechanical properties are decreased up to − 50% for flexural strength 
and − 15% for thermal conductivity when 20 mass% of low-density SiC was used. On the other hand, when high-density 
SiC (true density 3.42 g cm−3) was used, properties of the clay ceramic were strongly improved: i.e., increase in the bulk 
density, decrease in the porosity, increase in the thermal conductivity and increase in the flexural strength. The best material 
was found with the addition of 20 mass% of high-density SiC which had a thermal conductivity of 1 W  m−1  K−1, a specific 
heat capacity of 0.62 kJ  kg−1  K−1 and a mechanical strength of 19.6 MPa. It also showed a high thermal stability after 20 
successive heating/cooling cycles. Hence, this study provided a useful insight into how the SiC modified the microstructure 
and properties of fired clay ceramics. Thus, the current results suggest that clay ceramics with high-density SiC addition are 
promising materials for thermal energy storage applications.

Keywords SiC · Clay · Ceramic · Thermal energy storage · Thermal analysis · Thermal properties · Mechanical strength · 
Microstructure

Introduction

Thermal energy storage (TES) can be considered as a sig-
nificant technology in responding to the intermittency of 
renewable energy sources, in particular for solar energy [1]. 
Typically, the extra production of energy is stored in the 
form of heat/cold and restored at the next period of unavail-
ability. There are different concepts for TES systems, but in 
all cases, a storage media is needed [1–3].

Currently, sensible heat storage is the most developed 
TES concept at the industrial scale, in comparison with the 
latent heat storage and thermochemical energy storage. It is 
mainly used in concentrated solar power (CSP) plants. Sev-
eral implantations are already operating such as ANDASOL 
[4–7], GEMASOLAR [8, 9], Solana Generating Station [10] 
and NOOR I [11]. In such CSP plants, the TES media consist 

 * Doan Pham Minh
doan.phamminh@mines-albi.fr

1 Université de Toulouse, IMT Mines Albi, CNRS, Centre 
RAPSODEE, Campus Jarlard, 81013 Albi Cedex 09, France

2 Institute of Research and Development, Duy Tan University, 
Da Nang 550000, Vietnam

3 PRAYON SA, Service R&D, Rue Joseph Wauters 144, 
4480 Engis, Belgium

4 Innovation, OCP SA, BP 118, 24000 El Jadida, Morocco
5 Chemical and Biochemical Sciences, Mohamed VI 

Polytechnic University, Benguérir, Morocco

http://orcid.org/0000-0001-7770-1487
http://crossmark.crossref.org/dialog/?doi=10.1007/s10973-019-08964-5&domain=pdf


of molten salt (commercially known as solar salt, a mixture 
of  KNO3 and  NaNO3) being used in its liquid form (at tem-
peratures above the melting point) [12]. For example, the 
CSP plant ANDASOL 3 (Spain), which has a forecast gross 
electricity generation of approximately 200 GWh per year, 
uses 28,500 tons of molten salt as TES media [6]. The use of 
molten salt in CSP plants is now well developed. However, 
molten salt has several disadvantages. When used in CSP 
plants, molten salt of high quality is required which leads to 
a high cost of TES media [13, 14]. The type and content of 
impurities that can be found in molten salt, such as chloride 
and sulfate, need to be controlled to limit corrosion effect. 
Some properties of molten salt also need to be improved, in 
particular its thermal conductivity, heat capacity and thermal 
stability [13]. Furthermore, nitrate salts are used for other 
important applications, i.e., fertilizer. The massive use of 
molten salt in CSP plants can therefore affect its current uti-
lization in agricultural activities. In fact, it is predicted that 
CSP plants would lead to nitrate salt consumptions 30 times 
higher than the current worldwide mine production, by 2050 
[15]. In addition, the operating range of temperatures remains 
limited at temperatures between 225 and 600 °C [16, 17] in 
the case of solar salt. Therefore, molten salt cannot be used 
in high concentrating systems using heliostats and central 
receivers at the top of solar towers, where high temperatures 
are usually reached (800–1000 °C) [18]. Hence, despite the 
number of advantages of using molten salts, the development 
of alternative materials for TES is indispensable.

To become a TES medium, alternative materials have 
to comply with many criteria. These include availability at 
the industrial scale, low cost, acceptable eco-balance, high 
thermal stability, good thermophysical properties, high 
mechanical stability, easy processing and high compatibil-
ity with the heat transfer fluids (HTF) [19]. For economic 
and environmental reasons, the valorization of waste and 
by-products in TES materials has been widely studied, as 
previously reviewed by Gutierrez et al. [20]. For example, 
Faik et al. [15] investigated the valorization of asbestos-con-
taining wastes (ACW) and fly ash (FA). The valorization of 
slag from electric arc furnace steelmaking processes was 
also investigated by Ortega-Fernandez et al. [21]. Recently, 
Motte et al. [22] also investigated the compatibility of such 
alternative materials (ACW, FA, electric arc furnace slags, 
converter slags and blast furnace slags) with solar salt as 
the heat transfer fluid. They found that the most challeng-
ing aspect in developing alternative media for TES was the 
production of materials that are easy to process and handle. 
High temperature processes, such as plasma processing, 
have been investigated for the production of those materi-
als. However, it came to an issue due to the high energetic 
and economical cost. Concrete is easy to process and easy to 
handle. It is available worldwide and has interesting proper-
ties for heat energy storage. Some results obtained from a 

pilot scale by Laing et al. [23] suggested that concrete stor-
age technology may be a suitable option for storing sensible 
heat. However, it was shown that the compressive strength 
of concrete decreased from 29 to about 15 N/mm2 after sev-
eral thermal cycles at a temperature of 500 °C [24]. This 
means that the use of concrete as TES material remains lim-
ited to low temperature storage technologies (i.e., typically 
below 400 °C).

In contrast, ceramic materials could be used in high con-
centrating systems due to their thermal stability up to 1000 °C 
[19–25]. They would also be suitable for TES due to their 
easy shaping and handling in the form of bricks, their low 
cost, their high thermal and mechanical stability as well as 
their good chemical inertness. Nevertheless, many ceramic 
materials still have low thermal conductivity and low specific 
heat capacity [19–26]. Hence, the objective of this study is to 
investigate the physical, thermal and mechanical properties 
of silicon carbide-containing fired clay ceramics (SiC/clay) as 
alternative materials for TES. The choice of fired clay ceram-
ics relates to several advantages, including: the worldwide 
availability of clay as starting materials; the low cost of clay; 
the easy handling and shaping of clay-based materials; the 
low environmental impact of clay since it is a natural start-
ing material; the popularity of clay-based products; the high 
thermal and mechanical stability of clay-based ceramics; as 
well as their good chemical inertness. Conventional fired clay 
products (bricks, roof tiles…) are used as construction mate-
rial in civil engineering in all countries [27, 28]. Extrusion 
process allows producing ceramics of controlled shape and 
size. They have generally high mechanical stability and low 
thermal expansion coefficient which are favorable for heat 
energy storage. However, conventional fired clay materials 
have usually low thermal conductivity because they are elabo-
rated for building application [26]. In order to increase the 
thermal conductivity of fired clay materials, the incorporation 
SiC as additives appears as the most promising option. SiC is 
chosen as additive because of its interesting properties for heat 
energy storage: high thermal and chemical stability, excellent 
thermal shock resistance, wide range of thermal conductiv-
ity with possibility of high value, high erosion and corrosion 
resistance, very high hardness and strength [29–34]. Thus, the 
effect of low-density and high-density SiC additives on the 
properties of the clay ceramic will be reported. The implica-
tions of the results will also be discussed for the use of clay 
ceramics as alternative materials in TES systems.

Materials and experimental methods

Raw materials

The clay that was used in this study was extracted from a 
clay quarry in Southwest France. The clay was ground into 



particles of 3 mm using a rolling mill. The silicon carbides 
(SiC) that were used as additives in the fired clay ceram-
ics were commercial products obtained from SICAT and 
SAINT-GOBAIN Companies (France). They were named 
SiC_LD and SiC_HD, respectively. The main characteris-
tics of the starting materials are summarized in the results 
section.

Processing of the clay ceramics

The clay ceramics that were investigated in this study were 
made of clay, SiC additives and water. The mixtures were 
prepared in a kneading bowl by the mixing of clay with 5, 
10, 15 or 20 mass% of SiC additives. They were subjected 
to kneading for 5 min with a gradual addition of water up to 
25 mass%. The mixtures were then extruded using a bench 
extruder (Reber) composed of a pipe and a crank activated 
piston. They were pushed in the pipe and released across a 
die as clay blocks of 60 × 30 × 10 mm3. The clay blocks were 
dried at 25, 65 and 105 °C for 24 h at each temperature in 
an electrical oven (Memmert). Samples with desired three 
dimensions for various characterizations were then prepared 
from the dried blocks using P80, P120, P180 and P280 abra-
sive papers (CarbiMet, Buehler). Finally, fired clay ceramics 
were obtained by heat treatment of the samples in an electri-
cal furnace (Controller P320, Nabertherm). They were fired 
under air atmosphere at a temperature of 950 °C using a 5 °C 
 min−1 heating rate and kept at this temperature for 1 h. This 
firing temperature is required for clay densification. Then, 
sample was freely cooled down to room temperature.

Analyses and characterizations

Different analyses and characterizations were performed 
with the raw materials and final fired clay ceramics. Typi-
cally, the elemental composition of the clay was determined 
using X-ray fluorescence analysis (Epsilon 3-XL, PANalyti-
cal). The particle size distribution was measured via laser 
granulometry analysis (Mastersizer 3000, Malvern). Ther-
mogravimetry coupled with differential scanning calorim-
etry (TG-DSC) was carried out with a Q600 apparatus (TA 
Instruments) in the temperature range of 30–1100 °C (5 °C/
min) under the air atmosphere. The percentage of SiC addi-
tives was determined by subtracting the mass loss of the clay 
ceramic. This was done since the thermal behavior of the 
SiC additives within the clay matrix is different from that 
out of the clay matrix.

The specific surface area was determined by gas sorption 
analysis (nitrogen) using a MICROMETRICS TriStar II 3020 
instrument. They were calculated from the desorption isotherm 
via BET method. The true density was obtained by helium 
pycnometry analysis (ACCUPYC 1330, Micrometrics). On 
the other hand, the bulk density was measured using a water 

absorption technique. The measurements were taken with sam-
ples of 30 × 30 × 5 mm3. Typically, the samples were intro-
duced in a vacuum chamber and maintained under a residual 
pressure of 30 kPa for 4 h. Some water was then introduced in 
the vacuum chamber up to partial immersion of the samples. 
The samples remained partially immerged under the same 
residual pressure of 30 kPa for 2 h. Subsequently, the samples 
were subjected to full immersion in the water. The full immer-
sion of the samples was maintained for 24 h. The atmospheric 
pressure was finally restored in the vacuum chamber. The 
samples remained immerged at atmospheric pressure for 24 
more hours.

Following this operation, the mass of the samples was 
measured under three different conditions. It was measured 
under water by hydrostatic weighing, under air after wet wip-
ing and under air after drying at a temperature of 105 °C for 
24 h. In this way, the bulk density of the samples (ρBulk) could 
be calculated from Eq. 1, where Wh is the hydrostatic mass, 
Ww is the wet mass, and Wd is the dry mass.

The percentage of porosity (ε) was also determined from 
the results of the three different measurements. In fact, it was 
obtained from Eq. 2 using the hydrostatic mass (Wh), the wet 
mass (Ww) and the dry mass (Wd) of the samples.

The microstructure of the SiC/clay ceramic was observed 
by scanning electron microscopy (SEM) using a Philips XL 
30 instrument. The samples were embedded in a solidifying 
epoxy resin and polished before the observations in back scat-
tered imaging (BSI) conditions.

The thermal properties of the SiC/clay ceramic were deter-
mined using a transitory plane source method (TPS 2500, Hot 
Disk AB). The analyses were performed at room temperature 
with duplicate samples of 30 × 30 × 5 mm3. The thermal con-
ductivity and the volumetric heat capacity were determined 
after the tests using algorithms of the Thermal Constant Ana-
lyzer software. Finally, the specific heat capacity of the sam-
ples was calculated from the volumetric heat capacity and the 
bulk density.

The mechanical properties of the SiC/clay ceramic were 
measured in an Instron 5800R machine. The measurements 
were taken using a three-point bend testing fixture (load span 
of 40 mm and a 500 N load cell). The specimens with dimen-
sions of 60 × 10 × 5 mm3 were subjected to a constant displace-
ment rate of 1 mm  min−1 until the fracture.
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The flexural strength of the SiC/clay ceramic (σf) was 
estimated from Eq. 3, where FMax is the maximum force, L 
is the loading span, B is the breadth, and H is the height of 
the flexural samples [24].

The consecutive thermal charge/discharge cycles were 
simulated using TG-DSC analysis. Figure 1 shows the pro-
cedure of this test. The first heating/cooling cycle represents 
the firing process of the clay ceramic (see “Processing of the 
clay ceramics” section) under  N2 atmosphere to avoid SiC 
oxidation. Following this step, the fired clay ceramic was 
submitted to 20 successive heating/cooling cycles under air 
atmosphere. For each cycle, the sample was heated from 30 
to 700 °C in order to keep lower than the oxidation tempera-
ture with the controlled heating rate of 5 °C  min−1. Then, 
the furnace was freely cooled down to 30 °C before moving 
to the next cycle. This test allowed evaluating the thermal 
stability of the elaborated ceramic under air atmosphere as 
heat transfer fluid in a TES system.

Results

Characterization of the raw materials

Table  1 shows the elemental composition of the clay, 
obtained by XRF analysis. The results indicate a predomi-
nance of silicon and aluminum oxides. Lower concentrations 
of calcium, iron, potassium and magnesium oxides can also 
be observed. The elements from organic substances that can-
not be detected by XRF, such as C, H, O, N or S, account 
for 8 mass%.

The specific surface area (SBET) and the true density of 
the raw materials are given in Table 2. It can be observed 
that SiC_HD has a lower specific surface area than SiC_LD. 
However, the results confirm that SiC_HD has a higher den-
sity than SiC_LD.

Figure 2 shows the particle size distribution of the SiC 
additives that are used in the study. The results indicate that 
SiC_HD has a particle size distribution ranging from 10 to 
100 µm with an average particle size of 30 µm. On the other 
hand, SiC_LD has a wider particle size distribution ranging 
from 100 µm to 1000 µm. Its average particle size is equiva-
lent to 375 µm.

Figure 3 shows the TG curves of the raw materials under 
air atmosphere. For the clay, a number of mass losses are 
observed when increasing the temperature. These are attrib-
uted to the dehydration at temperatures between 30 °C and 
200 °C, dehydroxylation of the clay minerals at temperatures 
between 400 °C and 650 °C and decarbonation of calcium 
carbonates at temperatures between 650 °C and 850 °C [26, 
35]. It can be observed that the thermal behavior of the SiC 
additives is relatively similar. They are both stable at tem-
peratures up to 800 °C and subjected to oxidation into SiO 
and  SiO2 at temperatures above 800 °C [36, 37], leading to 

Fig. 1  Procedure for SiC/clay 
ceramic firing and thermal 
stability testing
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Table 1  Elemental composition of the clay with the concentrations of silicon, aluminum, calcium, iron, potassium and magnesium oxides

Sample Concentration/mass%

SiO2 Al2O3 CaO Fe2O3 K2O MgO

Clay 57.1 14.5 8.92 6.20 3.04 2.21

Table 2  Specific surface area and true density of the starting materi-
als used in this work

Powder Clay SiC_LD SiC_HD

True density/g cm−3 2.69 3.16 3.42
SBET/m2 g−1 24 29 < 3



mass increase. It is important to note that the oxidation rate 
of SiC_HD is very low in comparison with that of SiC_LD.

Thermal behavior of the SiC/clay ceramic

Figure 4 shows the dependence of the percentage of SiC 
additives on the firing temperature of the Si/clay ceramics. 
In accordance with the thermal behavior of the raw mate-
rials, the percentage of SiC additives is not modified at 
temperatures up to 800 °C. An increase in the percentage 
of SiC additives can be observed at higher temperatures of 
800 °C to 1100 °C. This corresponds to the oxidation of the 
SiC additives in the clay ceramic, which is associated with 
a mass increase. However, the results also show that the 
increase in the percentage of SiC_HD is much lower than 
the increase in the percentage of SiC_LD. This means that 
the clay ceramics that are doped with SiC_HD have a greater 
thermal stability than the clay ceramics that are doped with 
SiC_LD. It is important to note that the densification of the 

clay matrix starts at a temperature of approximately 850 °C 
[38]. This is the reason why it is mandatory to fire the SiC/
clay ceramics at this temperature despite the partial oxida-
tion of SiC additives.

Bulk density (ρBulk), percentage of porosity (ε) 
and SEM analysis

Figure 5 shows the bulk density (ρBulk) of the fired SiC/
clay ceramics. The addition of SiC_LD decreases their bulk 
density, despite the higher density of the SiC_LD additive 
(i.e., 3.16 g.cm3) than that of the fired clay ceramic (i.e., 
1.94 g.cm3). This can be attributed to the large particle size 
of the SiC_LD additive. In fact, the SEM micrographs in 
Fig. 6 indicate that the SiC_LD additive conserves its large 
particle size of approximately 375 µm during the firing 
step. Hence, the large particles of SiC_LD limit the den-
sification at temperatures above 800 °C. This also corre-
sponds to a significant increase in the volume fraction of 
pores, as shown in Fig. 7. In contrast, the average particle 
size of SiC_HD additive is approximately of 30 µm, which 
was much smaller than that of SiC_LD. It also has a higher 
density (i.e., 3.42 g.cm3) than that of the SiC_LD additive. 
Therefore, the ceramic doped with SiC_HD additive has a 
higher bulk density with a smaller volume fraction of pores 
than the ceramic doped with SiC_LD additive. This was 
confirmed by the SEM observations (Fig. 6) along with the 
evolution of the percentage of porosity (ε) (Fig. 7). SEM 
analyses of polished ceramics without or with 10 mass% of 
SiC addition show the presence of macro-porosity within the 
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samples. The analysis of all images of each sample (Fig. 6) 
showed that macro-porosity was more frequently observed 
in the sample doped with SiC_LD than that doped with 
SiC_HD. In Fig. 7, the addition of SiC_LD leads to linear-
like increase in the percentage of porosity (ε). As shown in 
Figs. 3 and 4, SiC_LD was easier to be oxidized under air 
atmosphere and it was possible that during the densification 
at 950 °C, SiC_LD was partially oxidized to release CO 
and  CO2 as gas products. Gas emissions conducted to the 
increase in total porosity of SiC_LD-containing ceramics. 
On the other hand, SiC_HD was only slightly oxidized up 
to 950 °C when it was incorporated in clay matrix (Fig. 4). 
Gas products must be not notably formed during the den-
sification of clay–SiC_HD mixture. In addition, SiC_HD 
was non-porous and had higher true density compared to 
the initial clay. Thus, the addition of SiC_HD decreased the 
total percentage of porosity of the corresponding ceramics.
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In summary, SiC_HD had smaller average particle size 
and was more resistant to air oxidation compared to SiC_
LD. Thus, ceramics prepared with SiC_HD had higher bulk 
density and lower volume fraction of pores compared to 
those prepared with SiC_LD. It is important to note that 
the bulk density is one of the predominant parameters in the 
evaluation of a monolithic material for TES application. It is 
proportional to the energy density stored by the monolithic 
material. Thus, it is preferable to use SiC_HD for the elabo-
ration of fired clay ceramics as TES materials.

Thermal properties

Figure 8 shows the evolution of the thermal conductivity of 
the SiC/clay ceramics as a function of SiC content. In gen-
eral, SiC is known as a good thermal conductor and its ther-
mal conductivity can vary in a large range [39]. The addition 
of SiC into the fired clay matrix was to improve the low 
thermal conductivity of this material. For our ceramics, the 
thermal conductivity slightly decreased with SiC_LD addi-
tion. This can be explained by the increase in the porosity 
due to SiC degradation (Fig. 7). On the other hand, SiC_HD 
addition allowed increasing the thermal conductivity of the 
corresponding ceramics. The thermal conductivity of the 
ceramic containing 20 mass% of SiC_HD reached 1.00 W 
 m−1  K−1 or 33.3% higher than that of the non-doped ceramic. 
This matches well with the results of the bulk density and 
porosity in Figs. 5 and 7. Typically, the SiC_HD additive can 
be considered as a relevant additive for the improvement of 
the thermal conductivity of fired clay ceramics.

Figure 9 shows the evolution of the specific heat capac-
ity of the synthesized ceramics. SiC addition did not lead to 
a notable change in the value of the specific heat capacity 
of the initial non-doped ceramic, which was stable around 
0.65  kJ  kg−1  K−1. This value was already found in the 

previous work using the clay sampled from the same region 
[26, 38]. We suppose that SiC additives used in this work 
had similar specific heat capacity compared to that of the ini-
tial non-doped ceramic. SiC particles embedded in the clay 
matrix probably did not create new chemical bonds within 
this matrix. So, the specific heat capacity did not vary with 
different SiC contents.

Flexural strength

The dependence of the flexural strength on the percentage 
of SiC additives is presented in Fig. 10. The results show 
that the non-doped ceramic has a relatively high flexural 
strength of 13.4 MPa. The addition of SiC_LD results in 
a significant decrease in the flexural strength. This can be 
attributed to the large particle size of the SiC_LD addi-
tive, along with the increase in the pore volume fraction 
(see Fig. 7). On the other hand, the addition of SiC_HD to 
the clay ceramic results in a significant increase in the flex-
ural strength. The flexural strength of the fired clay ceramic 
increases from 13.4 MPa to 20.0 MPa using a 20 mass% 
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addition of SiC_HD. This is due to the fact that SiC_HD 
contained smaller particles (i.e., 30 µm) than that of SiC_LD 
(i.e., 375 µm). These particles could be easily integrated 
within the clay matrix, as observed by SEM analysis. This 
was associated with an increase in the bulk density (Fig. 5) 
and a decrease in porosity (Fig. 7) that reduced the structural 
defects of the initial non-doped ceramic. For TES applica-
tion, ceramics of high mechanical stability are required to 
build robust monolithic media.

Consecutive thermal charge/discharge cycles

The results above demonstrated the interest of incorporation 
of SiC_HD into the clay matrix to obtain highly perform-
ing ceramics for TES application. SiC_HD addition allowed 
increasing both the mechanical stability and thermal con-
ductivity, which are two main criteria researched for val-
orizing clay-based ceramics in TES application. But other 
parameters are also favored by SiC_HD addition including 

the decrease in porosity and the increase in bulk density, 
without significant modification of specific heat capacity. 
The ceramic containing 20 mass% seemed to be the most 
interesting by its mechanical, physical and thermal prop-
erties. It had the highest thermal conductivity, the highest 
bulk density, the lowest porosity and the equivalent specific 
heat capacity and mechanical stability compared to other 
SiC_HD-containing ceramics. So this ceramic was selected 
for the simulated thermal charge/discharge cycles in accord-
ance with the test procedure shown by the Fig. 1.

Figure 11 shows the mass loss of the fired clay ceramic 
that is doped with 20 mass% of SiC_HD during 20 heating/
cooling cycles under air atmosphere. For each cycle, the 
thermal behavior of the ceramic is identical to each other. 
When the furnace temperature reached 700 °C, the mass loss 
was recorded at around 0.6 mass%. But when the furnace 
was cooled down to 300 °C, the sample mass was restituted 
to 100%. In reality, this is due to the change of the density 
of the air with the temperature. In fact, a supplementary 
TG analysis under the same conditions was conducted with 
sapphire and the same mass oscillation was observed. After 
20 heating/cooling cycles, there was no mass loss and the 
sample was completely conserved. The results suggest that 
the fired clay ceramic, doped with 20 mass% of SiC_HD, is 
a thermally stable material that is appropriate for a use in 
TES systems.

Conclusions

For the first time, the physical, thermal and mechanical 
properties of SiC/clay ceramics have been investigated. The 
properties of the clay-based ceramics were improved by 
SiC addition in view of thermal energy storage application. 
Salient conclusions arising from this study are summarized 
below:
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Fig. 11  Simulated thermal 
charge/discharge cycles of 
fired clay ceramic doped with 
20 mass% of SiC_HD under air 
atmosphere using TG analysis
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1. The SiC/clay ceramics studied in this work showed a
high thermal stability with the temperature. In fact, the
SiC additives remained unchanged in the clay ceramic at
temperatures up to 800 °C. The morphology of the SiC
additives was also conserved after firing of the Si/clay
mixtures.

2. The addition of high-density SiC (SiC_HD) allowed sig-
nificantly increasing the bulk density and the thermal
conductivity (up to 33%) of the initial clay ceramic (non-
doped ceramic). This could be explained by the intrinsic
properties of the high-density SiC used and the decrease
in the volume fraction of pores by SiC incorporation.

3. The addition of both low-density SiC and high-density
SiC in the clay ceramic resulted in a similar evolution
of the specific heat capacity. In fact, the specific heat
capacity of the clay-based ceramics depended on the
composition of the additives. The silicon and carbon
elements of both SiC used in this work led to a same
improvement of the specific heat capacity.

4. The addition of low-density SiC decreased the mechani-
cal strength of the clay ceramic due to the increase in the
volume fraction of pores in the final ceramics. On the
other hand, the high-density SiC allowed increasing the
mechanical strength. Adding a 20 mass% of high-density
SiC led to 45.5% of the improvement of the mechanical
strength.

The clay/SiC ceramic that contained 20 mass% of high-
density SiC had a thermal conductivity of 1 W  m−1  K−1, a 
specific heat capacity of 0.62 kJ  kg−1  K−1 and a mechanical 
strength of 19.6 MPa. The resulting material also showed a 
high thermal stability after 20 successive heating/cooling 
cycles. Hence, the current results suggest that clay ceramics 
with high-density SiC additives can be a promising material 
for thermal energy storage application.
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