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Abstract: This paper presents a new layered plaster-based material for building purposes. First, a new
manufacturing machine was designed to make the elaboration process easier. This manufacturing
machine and the way it works are described. In this study, perlite and recycled glass wool (RGW)
were added to traditional plaster with the aim of improving the performance of this material. Two
series (with and without perlite) and three different layer configurations were developed and assessed.
Recycled glass wool layered materials were subjected to both physical and mechanical characterisation
to determine their suitability for precast elaboration. The addition of perlite resulted in a significant
improvement in flexural strength. Moreover, the addition of RGW also gave rise to extra flexural
strength when added. The two-layered samples performed better than the one-layered samples.
Mechanical properties increased up to 75% when both the perlite and RGW layers were added.
Potential Global Warming Potential (GWP 100) savings were also analysed, reporting up to 49%
savings. A complementary cost analysis was performed, aimed at establishing potential savings
in production costs; thus, 13–57% potential cost savings were reported. After that, a comparative
analysis within the literature was conducted to contextualise the results obtained in this study.

Keywords: manufacturing process; plaster-based materials; waste management; construction and
demolition waste

1. Introduction

After the COVID-19 pandemic, in 2021, the building sector returned to pre-pandemic
levels not only in most major economies, but also in more emerging economies thus
increasing their use of fossil fuel gases in the process [1].

Population growth led to new constructions and an increase in the demand of re-
sources [2]. As a result, energy consumption rose by 4%, its largest increase in 10 years [3].
In this sense, the Sustainable Development Goals (SDG) have been set in place to try and
reduce this problem within the building sector while improving people’s quality of life
through SDG 7, 9, and 12 [4].

Buildings are responsible for 40% of the world’s energy consumption and related CO2
emissions, which is one of the main factors to be considered in climate change [5]. This
consumption includes both operational and embodied energy. Despite industrialisation
modifying building construction processes, there is still a lack of implementation [6].
Traditional materials like bricks and concrete are still being largely used due to their low
price and good mechanical performance. However, these materials need vast amounts
of energy to be produced and have low thermal conductivity properties [7]. Therefore, it
is necessary to design energy-efficient buildings that use more sustainable materials and
consider the integration of renewable energies sources. Traditional construction methods
must be replaced with precast materials and industrialised buildings to achieve the aim of
minimising environmental impact.
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Operational energy consumption is mostly produced by the air conditioning in build-
ings, especially in housing and office buildings [8]. This is due to a deficiency in the
performance of the building materials and their main properties.

With this context, plaster-based materials have been raised as a major solution and
source of possibilities to improve the hygroscopic conditions inside buildings, as well as
reduce operational energy consumption [9]. Plaster-based materials are versatile, cheap,
and have a good workability, all of which make them suitable to work with. This fact has
led to the development of several experimental studies aimed at improving their main
properties, while maintaining the characteristics that make it suitable.

To reduce this material’s thermal conductivity, the literature shows two schools of
thought. On the one hand, matrix modification which pertains to making the material
foamed or lighter; on the other hand, through differently shaped additions. Foaming is
achieved using chemical additions. A study presented by Capasso et al. used a mixture
of natural solutions to foam the final material [10]. Zaragoza-Benzal dissolved extruded
polystyrene (XPS) and expanded polystyrene (EPS) to lighten their final material [11].
Meanwhile, Umponparanat et al. used aluminium sulphate and sodium bicarbonate as
gas-producing additives to activate the reaction [12]. These reactions produce bubbles
while setting, making the final material more porous. Despite this great advantage, all
these products become flammable following this process and their use in buildings is not
entirely safe. The use of synthetic polymers as a partial replacement in the plaster matrix
also achieves a lighter material as well as reduces its thermal conductivity. Most studied
materials include EPS and XPS. Several studies have used grain-sized polystyrene as a
lightener [13–16]. The main benefits are the apparent density and reduction in thermal
conductivity, although it also produces a considerable decrease in mechanical strength.
Because of this, fibres are the other most studied shaped addition in plaster-based materials.
Its apparent density is slightly bigger than in foamed plasters, but the mechanical properties
are less affected. Natural fibres, such as palm fibre, Posidonia, cellulose, and wood, have
been studied and shown to result in better flexural strength behaviour and a reduction in
thermal conductivity [17–20]. Synthetic fibres have also been widely studied, reporting
a remarkable reduction in thermal conductivity and better mechanical behaviour when
added. Glass fibre is one of the most studied fibres due to its great mechanical performance,
achieving up to a 20% increase in mechanical strength upon addition [21–23]. Polymeric
fibres are also widely studied as they are easy to obtain and have a decent performance.
Even though polymers can be bio-based, most of them are still fuel-based, which does not
contribute to a reduction in energy consumption within its elaboration process [24]. For
this reason, most of the studies have compared its performance in plaster-based materials
with that of natural fibres, thus proving the feasibility of replacing synthetic polymers
with natural ones [25–28]. All the solutions presented have similar elaboration processes,
and the materials sometimes comprise a heterogeneous mixture. Even those chemically
modified composites sometimes have certain difficulties with homogeneous distribution
along the sample. The lack of correct additive distribution within developed materials
presents a terrific opportunity to work on a new elaboration process. Thus, the findings
will have a positive impact on manufacturing processes and cost savings.

Improving the thermal conductivity of these materials has a direct impact on the energy
consumption in buildings as the energy required to maintain the correct hygrothermal
conditions is reduced. For new buildings, it is worth trying to use new materials that
perform better while considering the design process. Nevertheless, as most of the energy
demand is by the existing buildings, it is necessary to focus on cheaper, sustainable, and
operational solutions [4,29].

Considering ceilings as one of the places in buildings where the most energy is lost, it
is worth reconsidering the materials used in its construction [30,31]. In this sense, the use
of plaster-based composites in ceilings would be one of the main solutions and strategies
to reduce energy consumption in buildings. Studies show that the addition of different
elements, such as polymers [32] and both natural and synthetic fibres [33,34], is the main
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alternative for decreasing energy demand and reaching the zero-energy goal included in
the SDG [35].

With this, the aim of this work is to design, characterise, and assess the suitability of
a new plaster-based and RGW-layered material for ceiling elaboration. This material is
characterised through a physical, chemical, and mechanical analysis. A new elaboration
process is also presented and validated.

2. Materials and Methods
2.1. Materials, Dosages, and Samples Elaborated

This study was conducted using the elements shown in Figure 1 and are described
as follows:

• E-35 Plaster: Supplied by Placo-Saint Gobain (Madrid, Spain). This binder has a
pureness index of >90% and particle size of Ø0–0.2 mm and main characteristics are
shown in Table 1. Thermal conductivity value is set between 250 and 300 mW/m·K.
This product meets the standard 13279-2:2014 [36] requirements. The material’s main
composition, set using X-ray fluorescence analysis, is as follows: CaSO4 (99.7%), Al
(0.022%), Fe (0.035%), Si (0.068%), Sr (0.157%), and P (0.01%).

Table 1. E-35 Iberyola main properties.

Fire Resistance Thermal
Conductivity pH Granulometry Water Vapor

Diffusion
Flexural
Strength Purity Index

Euro class AY 250–300
mW/m·K >6 0–0.2 mm µ = 6 >3.5 N/mm2 >92%Appl. Sci. 2024, 14, 5055 4 of 15 
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Figure 1. Materials used in this study. (a): E-35 Plaster; (b) Recycled Glass Wool; (c) Expanded Perlite.

• Water: Canal de Isabel II water was used in this study. The Canal de Isabel II is
the public company responsible for the management of the integral water cycle in
the Community of Madrid. The main properties of this water include an average
hardness (25 mg CaCO3/L); pH between 7 and 8.5; and chloride content between 1
and 1.5 mg/L. It also contains other compounds, such as nitrate (0.6 mg/L), nitrite
(<0.05 mg/L), sulphate (5.3 mg/L), calcium (17.8 mg/L), Fe2O3 (0.01 mg/L), and
copper (<0.005 mg/L) [37].

• Perlite (P): Supplied by Semillas Batlle S.A., (Barcelona, Spain). The expanded perlite
is a glassy volcanic rock mainly composed of SiO2, Al2O3, Fe2O3, TiO2, CaO, MgO,
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Na2O, and K2O. Particle size is >Ø2 mm. This material has no reaction when mixed
with plaster and has an impressive performance, both physical and mechanical [38].

• Recycled glass wool (RGW): Provided by URSA, S.A. (Madrid, Spain) [39]. The
glass wool is mainly composed of sand, soda ash, dolomite, limestone, ulexite, and
anhydrite, and it is a widely used for insulation in buildings. This material comes from
construction and demolition waste, thus this application extends its useful life. Its
regular thickness is around 30–50 mm but for this study, the glass wool was manually
divided into 5–10 mm thick layers.

• The samples are named as follows: E-00-A-LL, where E is for E-35 plaster used, 00 is
for water/plaster ratio, A is for aggregate, depending on whether it contains perlite,
and LL corresponds to the number of RGW layers and its position. This can be 1L for
one layer, 2L for two layers, and 1LU for a sample with the layer on top. Table 2 shows
dosages and amounts of material used along with their configurations.

Table 2. Samples dosages, composition, and configuration. Weight in grams.

Name E-35 Plaster (g) Water (g) Perlite (g) RGW Layer (Nº of Layers) Configuration

E-0.7 1000 700 - - (A)
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30 × 40 × 2 cm3

Impact, surface hardness, and flexural strength tests to
determine mechanical and complementary physical

properties requires by EN 12859:2012 and EN
14246:2007 [44,45] standards. For this, Proeti, S.A.,
(Madrid, Spain) bending test equipment was used.

2.2. Manufacturing Process

This study presents a new manufacturing system developed to reduce the elaboration
time and simplify the process. This structure is placed over the sample mould and moved
along the sample on rails with a pouring hopper to homogeneously distribute the plaster.
Through a four-step process, the sample is produced. Figure 2 shows, in a longitudinal
cross-section, the distinct parts of the machine.
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Figure 2. Cross-section of the manufacturing system developed.

The four-step process is shown in Figure 3 and consists of the following:

• Step 1: The structure is placed such that the pouring spout is at the beginning of the
mould. Plaster is then poured into the hopper and as it falls, the structure moves along
the mould until it reaches the end, creating the first layer.

• Step 2: The middle layer material is placed on the roller.
• Step 3: The structure moves back until it reaches the beginning while the middle layer

is being laid. The weight of the roller presses down on the middle layer material, thus
ensuring a homogeneous placement.

• Step 4: Plaster is again poured into the hopper and as it falls, the structure moves along
the mould until it reaches the end, creating the second layer. Optionally, a second
roller, provided with kraft paper, can be placed and used for a more attractive finish
and extra bending strength.
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After Step 4, the structure is placed outside the mould. Once the sample is set, the
framework is removed and sample is taken out of the mould to let it dry.

2.3. Sustainability and Opportunities

Raw material cost analysis was conducted. First, the manufacturing process costs,
including the materials and resources needed, were determined using unitary prices. For
this, the amount of raw materials required was set, and then the costs were obtained.

On the other hand, aimed at maintaining the sustainability of this new material, an
environmental analysis was conducted to quantify CO2 potential savings following the Life
Cycle Assessment (LCA) standard ISO 14040 [46]. This standard states four analysis phases
as follows: goal and scope definition, inventory analysis, Life Cycle Impact assessment, and
interpretation. As different amounts of perlite and RGW do not affect the environmental
results, the LCA considers any binders and additives. For this study, a cradle-to-gate
assessment was the most relevant, as it covers the phases from extraction to manufacturing.

This procedure has been previously validated in the literature [47]. The environmental
product declaration (EPD) data of RGW, E-35 plaster, and expanded perlite were used to
calculate the environmental benefits derived from this new composite production. Fur-
thermore, the Intergovernmental Panel on Climate Change 2023 report (IPPC) was used to
calculate GWP 100 potential savings [48].

Once the EPD for each component was obtained, precise measurements were required
to set the amount of material used during the elaboration process of this new material. To
calculate the CO2 emissions associated with each element, information within the different
EPDs and components quantities were taken. With this, the CO2 emissions associated to
each component produced were set.

3. Results
3.1. Physical–Mechanical Properties

As this material is going to be used for ceiling elaboration, the EN 14246 [45] standard
mechanical requirements were assessed. Apparent density, shore C hardness, and thermal
conductivity results are shown below.

3.1.1. Physical Characterisation

After sample elaboration, the main physical properties were collected and are shown
in Table 4.

Table 4. Physical values obtained from physical characterisation tests.

Sample Surface Hardness (Shore C) ρ (kg/m3) ∆ ρ λ (mW/m·K) ∆ λ

E-0.7 85.0 ± 4 1100.0 - 300.00 -
E-0.7-P 89.0 ± 3 1000.0 −9% 225.00 −25%
E-0.7-1LU 85.0 ± 3 798.6 −27% 216.67 −28%
E-0.7-2L 88.0 ± 3 736.1 −33% 203.85 −32%
E-0.7-P-1LU 89.0 ± 4 580.6 −47% 183.24 −39%
E-0.7-P-2L 87.0 ± 2 555.6 −49% 146.83 −51%

Surface hardness was measured using a Baxlo Shore C durometer (Barcelona, Spain).
As RGW was placed at the top of the 1LU samples, surface hardness measurements are
similar to those without the RGW layers. The main difference occurs when RGW is placed
in the middle of the sample. E-0.7-P obtained the highest value (89 ± 3 Shore C) and E-0.7
attained the lowest value (85 ± 4 Shore C). This property remained almost the same for all
the samples depending on perlite addition.

Apparent density and thermal conductivity are the most important physical properties
as they establish the suitability and viability of developing and commercialising this
material. There exists a correlation between both values. The bigger the apparent density,
the higher the thermal conductivity. In this study, the apparent density was reduced by
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up to 49% in E-0.7-P-2L (555.6 kg/m3) compared to E-0.7. The addition of RGW led to a
27–33% reduction in apparent density. In terms of apparent density, there is no significant
difference observed whether one or two RGW layers were added.

Regarding thermal conductivity, there is a progressive decrease as the RGW was being
added. This difference increased when both perlite and RGW were added. E-0.7’s thermal
conductivity value (300 mW/m·K) was the highest, while E-0.7-P-2L (146.83 mW/m·K)
was the lowest. This leads to a potential thermal conductivity reduction of up to 51%.
Perlite addition reduced this value by up to 25%, while RGW reached a 32% reduction.
With this, all the samples assessed passed the EN 14246 standard [45] requirements related
to thermal conductivity. These results will be discussed and compared with the literature
results in the Discussion section.

3.1.2. Flexural Strength

Figure 4 shows three samples of each dosage elaborated and assessed following the
EN 14246 standard [45] requirements, while the test results are shown in Table 4.
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First, all the assessed samples passed the minimum load required in EN 14246 [45], set
at 0.18 kN. The flexural behaviour is linked to the apparent density and thermal conductivity.
The RGW addition had a slight impact on flexural strength, increasing the performance
of E-0.7-2L up to 12%. Samples containing two RGW layers performed better than those
with one. When the RGW layer was placed at the top of the sample, a lower interaction
between the plaster and RGW was achieved, leading to a similar performance to those
samples without RGW.

On the other hand, samples containing two RGW layers with plaster placed in the
middle produced a greater interaction and a better performance. As both sides of the RGW
layers are connected to plaster, the strength significantly increased.

The perlite addition resulted in a flexural strength increase of up to 77%. When added,
perlite homogeneously mixed with the plaster, leading to a strong structural connection.
As shown in Table 5, when both the elements, perlite and RGW, are added, the flexural
strength is slightly lower than E-0.7-P. As the thickness remains the same (2 cm), a higher
RGW volume results in the sample using less plaster than in the samples without RGW.

Despite this slight decrease, the values achieved are over the standard required values.
The E-0.7-P-2L value obtained is 0.51 kN, increasing the flexural strength value up to 75%
when compared to E-0.7. Furthermore, E-0.7-P-1LU obtained a value of 0.43 kN, which is
49% higher in terms of flexural strength than E-0.7. None of the samples surpassed E-0.7-P,
but samples containing both perlite and RGW achieved similar values. Again, these results
confirm this material’s suitability for precast elaboration.
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Table 5. Sample sizes and tests performed.

Sample Load (kN) Average (kN) ∆ Load EN 14246 Min.
Value [45] Passed Test

0.26 YES
E-0.7 0.29 0.29 - 0.18 kN YES

0.31 YES

0.50 YES
E-0.7-P 0.52 0.51 ↑ 77% 0.18 kN YES

0.50 YES

0.33 YES
E-0.7-1LU 0.30 0.31 ↑ 2% 0.18 kN YES

0.31 YES

0.30 YES
E-0.7-2L 0.32 0.32 ↑ 12% 0.18 kN YES

0.34 YES

0.40 YES
E-0.7-P-1LU 0.43 0.43 ↑ 49% 0.18 kN YES

0.45 YES

0.52 YES
E-0.7-P-2L 0.49 0.50 ↑ 75% 0.18 kN YES

0.50 YES

3.2. Cost Analysis

A cost analysis derived from product manufacturing was conducted and the profitabil-
ity was studied. After that, an analysis of the CO2 emissions derived from the production
of the material was conducted, establishing the environmental impact during the produc-
tion process.

Regarding how much money these new configurations can save compared to commer-
cial precast materials, the base prices of each material were established and are presented in
Figure 5. This study has considered the commercial prices in the calculation of production
costs, since it is not possible to access the prices that different producers have with various
companies. Even using commercial prices, the potential savings are significant and may
therefore be increased when considering supplier prices.
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Considering the amount of material needed for the sample elaboration, a potential 49%
could be saved just by adding RGW to this material. Moreover, the perlite addition would
lead to a potential 57% in savings. On the other hand, in addition to the costs derived from
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the material, we must estimate both the fixed and variable indirect costs derived from the
manufacturing, which may be defined as follows:

• Variable indirect costs: These may change according to the demand, and they include
the payment of electricity, bills, and salaries.

• Fixed indirect costs: These are costs such as utilities, which may include security
services, maintenance, cleaning, and insurance.

All these costs may vary according to the facilities and means of the company manufac-
turing the product, considering that the resources may change depending on the company.

3.3. Potential CO2 Emissions Savings through LCA

An analysis of the carbon footprint has been conducted using various materials’ EPDs.
This document contains information about every single process the different elements go
through during their elaboration, i.e., energy consumption, chemical processes involved,
and transport.

A total of 1 m3 of final material was used per unit and the results are shown in
Table 6. As expected, the perlite replacement in the plaster-based material led to an 18%
reduction in embodied carbon emissions. Despite perlite also producing emissions during
its manufacturing process, these emissions are lower than those of plaster. The RGW
addition led to another decrease of up to 11–13% in the samples without perlite, depending
on the layers placed, although the results were similar.

Table 6. Embodied carbon analysis and potential savings.

Plaster (kg) Water (kg) Perlite (kg) RGW (kg) CO2 (kg/m3) ∆ of CO2

E-0.7 647.06 452.94 - - 45.29 -
E-07-P 530.46 371.32 10.83 - 37.13 −18%
E-0.7-1LU 527.93 369.55 - 2.53 40.23 −11%
E-0.7-2L 496.16 347.31 - 6.53 39.56 −13%
E-0.7-P-1LU 521.62 365.13 10.65 2.55 32.67 −28%
E-0.7-P-2L 486.23 340.36 9.92 6.53 30.49 −33%

Emissions of the samples with both perlite and RGW additions were reduced up
to 28–33%. Again, most of the reduction was caused by perlite, while the RGW layers
led to a slight 5% decrease in CO2 emissions when an extra layer was added. E-0.7-P-2L
achieved the lowest emissions, placing this sample as the most sustainable material in this
study. Plaster had the greatest environmental impact in all the samples, which means that
a reduction in its use will always lead to a better environmental performance.

There are other variables that significantly affect this analysis. A reduction in the
samples’ apparent density has a significant impact on the stages of construction, including
transportation and installation. During the useful life stage, thermal conductivity con-
tributes to reduced energy consumption, which is still mainly achieved with materials
from non-renewable sources. This further produces a significant reduction in embodied
carbon emissions.

4. Discussion

Following evaluation, the results can be compared and discussed with other studies
found in the literature. To contextualise these results, thermal conductivity, apparent
density, and flexural strength are compared. Thermal conductivity and apparent density
are strongly linked, as can be seen in Figure 6.
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ues. [49]: Sheep wool; [50]: Groundnut and coir; [51]: Typha angustifolia; [52]: Microencapsulated
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Own elaboration.

This chart demarcates three key regions based on potential material suitability. The red
zone encompasses values exceeding the established maximum as dictated by EN 14246 [45].
The red dashed line represents the limiting values. The black dashed line implies the
E-0.7 reference point. The blue area encompasses materials with values that are within
the standard range but exceed the E-0.7 reference, indicating a relative decline in one or
both properties. Finally, the green zone highlights materials that could potentially enhance
E-0.7 performance.

Within this framework, the research data points were plotted and compared with the
existing literature. As illustrated in Figure 6, the E-0.7-P-1LU material does not satisfy the
minimum apparent density-to-thermal conductivity ratio required for ceiling applications.
While this does not necessarily negate its potential as a building material, its suitability
for such applications warrants revaluation. Materials incorporating cellular glass [57] and
microencapsulated phase change material (PCM) [52] exhibit a similar trend, suggesting
a better fit for partition walls. Materials containing mineral wool [55] and plastic cable
waste [56] exhibit a performance comparable to that of E-0.7, with slightly higher thermal
conductivity. Natural additives like Typha angustifolia [51] and cork [53] result in a
significant decrease in thermal conductivity; however, their apparent density surpasses the
values obtained in this study. Chicken feathers [54] display a performance equivalent to
that of E-0.7, offering no improvement in either property. Finally, the remaining natural
additives, sheep wool [49] and groundnut and coir [50], exhibit similar apparent densities
to those of the RGW and perlite composites evaluated here, but with inferior thermal
conductivity values.

Figure 7 shows the mechanical performance over apparent density values for both the
current research samples and those in the literature.
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The areas are again highlighted following the Figure 6 criteria. All the materials
compared are over the minimum rate requirements of the standard. The closer and higher
to the Y axis the point is, the better the material’s performance. Again, the chicken feathers
studied by Ouakarrouch et al. [54] performed worse than the rest of the materials analysed.
Samples with perlite and RGW performed the best once again, with E-0.7-P-2L being
the best sample of all those studied. The perlite addition significantly improves flexural
strength, while the mineral wool studied by Villoria et al. [56] also attained better flexural
strength performance. When compared with E-0.7-1LU and E-0.7-2L, sheep wool and
cellular glass performed similar to E-0.7-P-1LU, although their apparent density was higher.

5. Conclusions

This study investigated the development and characterisation of a novel plaster-
based layered composite incorporating recycled glass wool (RGW) and perlite. A series of
mechanical and physical tests were conducted to evaluate the material’s performance. The
obtained results were then analysed and compared with the relevant literature.

• Perlite addition significantly enhanced the investigated physical and mechanical
properties. This demonstrates its effectiveness as a lightweight filler for plaster-
based materials without compromising performance. Furthermore, perlite’s ease of
acquisition and minimal pre-use treatment make it an ideal choice for this application.

• Recycled glass wool (RGW) improved the composite’s bulk density, flexural strength,
and thermal conductivity. Notably, the RGW exhibited no degradation after its initial
service life, demonstrating its suitability and effectiveness for this application.

• The newly designed manufacturing system facilitated reduced production times,
enhanced material homogeneity, and greater versatility in producing samples of
varying sizes. Large-scale implementation of this system would translate to ease of
production, potentially leading to significant business opportunities when combined
with raw material cost savings.

• Four composite formulations were evaluated. As all the formulations, except E-0.7-
P-1LU, satisfied the EN 14246 requirements for ceilings, all the formulations can be
employed in the construction of partition walls when reinforced with cardboard. The E-
0.7-P-2L sample exhibited the most significant improvement across all the investigated
properties, while E-0.7-1LU displayed the least improvement.
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• Regarding flexural performance, all the composite samples demonstrated improved
flexural resistance exceeding the minimum regulatory requirements. RGW played a
critical role in significantly enhancing flexural strength across all samples, with perlite
contributing an additional 10% increase.

• The conducted cost analysis revealed a potential reduction in the final material cost
compared to conventional ceilings. Even a minor reduction in plaster usage signifi-
cantly impacted the purchase price per sample. The E-0.7-P-2L formulation achieved
the most substantial cost savings, reaching up to 49% on the final product price.

• This study demonstrated a potential reduction in embodied carbon emissions of up to
33% in the E-0.7-P-2L sample. Plaster has a high embodied carbon footprint, limiting
the sustainability of this versatile material. The analysis results confirm a significant
improvement in embodied carbon values, promoting a more sustainable construction
approach aligned with sustainable development goals.

This study was conducted regarding the application of the aforementioned material
in ceiling elaboration. Within this context, some properties could be assessed to fully
characterise this material. Complementary to that, X-ray diffractometry as well as SEM
could also be performed for a better understanding of this material’s behaviour.
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