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Abstract: In this work, geopolymer foam composites containing waste basalt fibre (10, 30, and 50%wt) were exposed to elevated temperatures of 200, 400, 600, 800 and
1000∘ C. With an increase in high temperature, the geopolymer foams material exhibits a decrease in compressive
strength and bending strength. When heated above 600∘ C,
geopolymer foams materials exhibit a significant reduction in mechanical properties. It shows clearly with the
naked eye that surface cracks in case of samples containing 10% of basalt filler. However, when increasing fillers
with basalt fibres up to 30% and 50%, the cracking of the
sample surface is no longer visible to the naked eye. Especially when the temperature increases, the mechanical
properties also increase without decreasing in the sample
of 50% by weighing to the binder. The results show that reinforcing the geopolymer foams with basalt ground fibre
improves the mechanical properties at high temperatures.

gate to produce concrete. One of the weaknesses of concrete is its low fire-resistance compared to some other construction materials, and it causes global warming to affect
the production of one tonne of cement generates one tonne
of carbon dioxide [2].
Geopolymer is a break-through material. The production of one tonne of kaolinite-based geopolymeric cement
generates only 0.18 tons of CO2 , compared with 1 tonne
of CO2 for Portland cement (six times less) [3]. Fly ashbased geopolymeric cement has attracted intensive research word-wide because it emits even less CO2 , up to
nine times less than Portland cement.

Keywords: aluminium, compressive strength, flexural
strength, agent powder, basalt fibre

1 Introduction
Cement and their variants are widely used in the construction industry. By 2030, about 4.83 billion tons of cement
will be produced globally [1]. Cement is the primary aggre-
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Figure 1: Maximum application temperature of some insulation
materials [4].

Geopolymer materials have several advantages such
as high durability, suitable fire-resistant and thermal stability, excellent mechanical properties, and resistance to
acid attacks. Low-density geopolymers could be considered as potential materials for applications in many fields
such as thermal insulation, fire resistance and other hightemperature applications (Figure 1). Due to its low thermal
conductivity, geopolymer designed for fire resistance applications could be exposed to high temperature for an extended period.
The construction made of concrete usually has a large
net mass [5]. The use of geopolymers of lower density is
beneficial in term of reduced structural load-bearing with
This work is licensed under the Creative Commons Attribution 4.0
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further benefits of acoustic and thermal insulation [6, 7].
Different foaming agents can be used to synthesise lowdensity geopolymers. Metallic aluminium powder is commonly used and is very reactive in alkaline environments
and react at room temperatures [7–9].
Fibre reinforcement has been used in various hardened binders to improve mechanical properties [10–15].
Reinforced geopolymer adds either steel fibres, glass fibres
or carbon fibres or basalt fibres to carry mechanical properties and for high temperature resistant geopolymer composites [16–19].
This study was conducted to study the physical and
mechanical properties of geopolymers with enhanced
fillers. Evaluating these properties is essential for better
material use purposes.

2 Materials and Methods
2.1 Used materials
During the experiments, the following raw materials were
used: binder, grounded basalt fibre and foaming agent.
The used binder material was Baucis Lk, supplied by České
Lupkové Závody (Czech Republic). This is an inorganic two- Figure 2: Photograph of basalt fibre grounded using the mill.
component aluminosilicate material based on metakaolin
and potassium alkaline silicate solution [20]. Grounded
2.2 Geopolymer synthesis
basalt fibre was used in the experimental work as reinforcement material. To obtain grounded fibres, the stone wool Geopolymers were synthesized using cement and the actiIsover N (manufactured by Saint-Gobain Construction Prod- vator. The materials were homogenized with a stirrer for 5
uct CZ a.s.) was milled (see Figure 2).
minutes. After homogenization, the filler (basalt fibre) and
The preparation of geopolymer coatings was carried aggregate (fine sand) were added to the mixture, and they
out using aluminium powder (foaming agent). This pow- were stirred for a further 5 minutes to full homogenization.
der produces bubbles in the material volume, which in- Aluminium powder was added to the geopolymer slurry
creases porosity and reduces the weight of the geopolymer after 10 minutes of mixing period, and they were mixed
coating. The chemical composition and particle size of the for a further 30 s at high RPM. Immediately after mixing,
aluminium powder are shown in Table 1.
samples were poured into test moulds. The synthesis of
geopolymers was carried out according to Figure 3.
Table 1: The chemical composition and size of the aluminium powAfterwards, the polymer paste was poured into
der.
moulds of dimensions 40×40×160 mm (see Figure 4). In 2
to 8 minutes, geopolymer began to expand (pores formaName Diameter
Al
FeO
SiO
Cu
tion) and finished after 20 to 30 minutes. Samples were
D50
65µm
98%
0.35%
0.4%
0.02% cured at room temperature for 1 to 2 hours, and then the
test specimens cut by hand-saw.
In this work, three samples of geopolymer foams with
different weight percentages of basalt waste fibre (Table 2)
were prepared and tested. All samples were made modules on 40×40×160 mm. They were cured after 28 days at
room temperature. They were heated in a furnace at various temperatures of 200, 400, 600, 800 and 1000∘ C. The
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Figure 3: Schematic flowchart of geopolymer foams processing.

Table 2: Composition of geopolymer foams.

Binder
1
1
1

Mix ratio by weight
Activator Grounded basalt
fibre
0.9
0.1
0.9
0.3
0.9
0.5

Aluminium
powder
0.015
0.015
0.015

in a designated room at room temperature or an elevated
temperature until the test requirements were met. The final result value was determined as the average of three
measurements.

2.3.1 Apparent density
Apparent density was calculated with the following equation:

heating rate of the furnace was set to 5∘ C per minute until
Mass
it reached the desired temperature, and the final temperaApparent density =
Volume
ture was kept for two hours. After they were holding them
in the furnace until they lowered room temperature and Where:
Apparent density (Kg/m3 );
then take to test.
Mass is the mass of the specimen (Kg);
Volume is the volume of the specimen (m3 );

2.3 Test procedures
The evaluation of the samples was carried out using mechanical tests, and subsequently, the structure of the
tested samples was analysed. Drying of samples was done

(1)
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2.3.2 Flexural strength and compressive strength
The strength was evaluated by a hydraulic press, universal
Testing Mechanical INSTRON Model 4202 (Figure 5). Flexural strength was calculated from a three-point bending
test on the samples of size 40×40×160 mm [21, 22]. Three
cubes of 40 mm were cut from the test bar, and they were
used for compressive strength testing. Continuously tested
three samples were performed after 28 days.
The compressive strength of geopolymer foams (f cm )
was calculated by the equation:
f cm =
(a)

(2)

Where:
f cm is compressive strength (MPa);
Fmax is the maximum applied load indicated by the testing
machine (N);
Ac is the original cross-sectional area of a specimen in a
compression test (mm2 );
The flexural strength (R mo ) was calculated by the
equation:
R mo =

(b)

Fmax
Ac

3F max L
2bh2

(3)

Where:
R mo is the flexural strength (MPa);
Fmax is the maximum applied load indicated by the machine (N);
b is the average width of the specimen (mm);
h is the average depth of the specimen (mm);
L is span length (mm);

2.3.3 Weight loss
Weight loss was calculated using the equation:
WL =

W0 − W
* 100
W0

(4)

Where:
W L is the weight loss (%);
W0 is the initial mass (g);
W is the remaining mass at any given time(g);

(c)
Figure 4: Prepared samples: a) in moulds of size 40×40×160 mm, b)
after cut by hand-saw c) samples removed from moulds.

2.3.4 Dry shrinkage
Dry shrinkage was calculated using the following equation:
SL =

L0 − L
× 100
L0

(5)
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Figure 5: Universal testing machine INSTRON (Model 4202): a) test set-up for flexural strength b) test set-up for compressive strength.

Where:
S L is the dry shrinkage (%);
L0 is the length of the specimen (mm);
L is the remaining length of the specimen at any given time
(mm);

2.3.5 Water Absorption
Water absorption is used to measure the permeability
of geopolymer foams. The test made on the specimen
(40×40×80) mm. All the samples were kept in room temperature for 28 days before they were tested. Each result
was calculated from the average of three samples. According to ASTM C642 06 regulation, the samples were cured in
an oven at a temperature of 100 to 110∘ C for not less than
24 h and determine the mass A. The samples were soaked
in water for interval 24h. Surface-dry the sample by removing surface moisture with a towel, and determine the mass
B.

Water absorption was calculated using the following
equation:
[︂
]︂
B−A
%=
× 100
(6)
A
Where:
A is the mass of the dry sample (g);
B is the mass of the wet sample (g);

3 Results and discussion
As part of this work, research was carried out that is relevant to building materials and those that have fireproofing
properties. The physical characteristics of the material at
room temperature and subjected to elevated temperatures
were characterized. The density, water absorption, pore
size, compressive and flexural strength were tested, and
the weight loss and shrinkage of the materials after heating were examined. The building material that is to constitute a fire barrier must be characterized by the smallest
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Figure 6: The density of geopolymer foams with increasing basalt waste fibre concentration at room temperature.
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Figure 7: The absorption coeflcient of geopolymer foams with increasing basalt waste fibre concentration.

possible change in physical parameters - otherwise a building disaster may occur during a fire. Compressive and flexural stregth testing will give an answer as to whether the
material will continue to withstand when exposed to high
temperatures.

3.1 Characterization of materials in room
temperature
The addition of fibres contributes to the increase in the
geopolymer foam density. However, it is not a significant
increase (Figure 6). Furthermore, the addition of the fibre
leads to reduced water absorption (Figure 7).
The fibre content also affects the pore size (Figure 8).
The smallest pores occur in samples with a 50% fibre content (Figure 8c), the largest in samples with a content of
10% (Figure 8a).
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Figure 8: Pores size of geopolymer foams with various content of reinforcing fibre a) 10%, b) 30%, c) 50 % (total image width: 40 mm).

3.2 Characterization of material subjected
to elevated temperature

mer composites – both increase with the temperature.
The fastest growth is visible at high temperatures, above
400∘ C. In the case of density changes, a slight decrease
All samples exhibit a colour change after heating from was observed in all samples at a temperature of 400∘ C. The
200∘ C to 1000∘ C as follow: grey at 200∘ C, blackish-grey highest density changes at increasing temperature were
from 400∘ C to 800∘ C, yellowish-grey at 1000∘ C (Figure 9). observed in samples with less (10% and 30%) fibre content.
There are visible cracks on samples containing 10% which Shrinkage is associated with the chemical nature of the mawere heated up to 600, 800 and 1000∘ C (Figure 9a). Sam- terial from which geopolymers are made. At high temperaples reinforced with a larger amount of basalt fibre tend ture there is a transformation from an amorphous to a crysto crack less (Figure 9b and 9c). It is clearly seen that the talline phase. This happens following the crystallization of
fibers contribute to a change in the transfer of stress associ- amorphous sodium aluminosilicates into nephelin.
ated with sintering the material and thus inhibit the propaFigures 14 and 15 show changes in strength (compresgation of cracks from the places where these stresses arise. sion and flexural, respectively) depending on the temperThe temperature of the material has a significant in- ature. The increasing dependence of strength on the temfluence on the absorption coefficient. It decreases rapidly perature in the range from 400∘ C to 1000∘ C was observed.
at 200∘ C, 400∘ C, and 600∘ C. However, at 600∘ C, 800∘ C, However, samples with a temperature of 200∘ C than 400∘
1000∘ C, it doesn’t decrease, and it’s stable (Figure 10). This C were characterized by much higher strength. This is paris particularly evident in the case of a sample with 50% ticularly evident in the case of samples with a lower fibre
fibre content, where coefficient doesn’t decrease at range content (10% and 30%). Samples with 50% fibre content
from 400∘ C to 1000∘ C. A similar situation occurs in the are characterized by the highest strength at temperatures
case of weight loss of tested samples at different tempera- above 400∘ C. At 1000∘ C, a sudden increase in strength
tures (Figure 11). Weight loss increases in range from 200∘ C in the sample with a 50% fibre content was observed (at
to 600∘ C. A further increase in temperature does not result 1000∘ C the compressive strength is 83.61% higher than
in weight loss. The weight loss of unreinforced and the low compressive strength at 200∘ C). Samples reinforced with
fiber content samples is associated with the evaporation of a higher fiber content are characterized by higher bending
water and gases in the pores, which are much larger than strength due to the smaller number of pores, which drathose of samples reinforced with more fibers. For the same matically affect the strength of the material, increasing its
reason, there is a significant change in the water absorp- fragility. In addition, the crystallization of aluminosilicate
tion of samples with low (or no) fiber content.
mentioned above occurs at a high temperature, which furTemperature also has a significant impact on the ther promotes mechanical strength.
density (Figure 13) and shrinkage (Figure 12) of geopoly-
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Figure 9: Colour change and cracks occurrence of geopolymer foams with different content of basalt waste fibre a) 10%, b) 30% and c) 50%
after heating at various temperatures.

Figure 10: The absorption coeflcient of geopolymer foams with
different content of basalt waste fibre at high temperature.

Figure 11: Weight loss of geopolymer foams with different content of
basalt waste fibre at high temperature.

4 Conclusions
The results showed that the reinforcement of geopolymers
with different content of basalt fibres influences the me-
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Figure 12: Shrinkage by the length of geopolymer foams with different content of basalt waste fibre at high temperature.

chanical properties of the obtained composites. The high
fibre content improves practically all of the tested parameters, making the material also stable at very high temperatures. Through the reinforcement of the geopolymer composite with the right amount of basalt fibres, it’s possible
to obtain heat-resistant material. The research showed the
influence of the content of introduced fibres in the formation of pores, crack propagation and in the formation of
structural changes of the material, which ultimately result
in its mechanical properties.
The obtained results are promising and lead us to further research towards the development of fireproof composite materials based on geopolymers.
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Figure 13: The density of geopolymer foams with different content of
basalt waste fibre at high temperature.
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