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Abstract. This article provides an in-depth analysis of the use of non-traditional secondary raw
materials as a partial replacement for silica sand in the autoclaved aerated concrete (AAC). Three
types of foundry sand from different sources and three varieties of waste glass (WG) were selected and
subjected to experimental evaluation at substitution levels of 5 %, 10 %, and 15 %. The experimental
verification reveals that using foundry sand and WG results in physico-mechanical and mineralogical
properties comparable to, and in certain cases superior to, conventional AAC formulations. Conversely,
brown and mixed WG led to the formation of atypical mineral phases, which significantly influenced
the characteristics of AAC. Of the evaluated materials, foundry sand sourced from non-ferrous casting
operations emerged as the most promising alternative, particularly at a 10 % substitution, where
enhanced strength and an optimised microstructure were observed. The article presents a structured
experimental methodology, segmented into three stages: the selection and preparation of secondary
raw materials, a comprehensive assessment of their physico-mechanical properties, and an advanced
microstructural characterisation. The findings underscore the feasibility of using these secondary raw
materials in AAC manufacturing without compromising material performance.
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1. Introduction
Autoclaved aerated concrete (AAC), as one of the
key building materials, is usually prepared as a mix-
ture of highly pure materials: siliceous component
(mostly silica sand), lime, Portland cement, aerat-
ing agent, and other admixtures [1, 2]. Generally,
the dry bulk density of AAC lies within the range of
200–1000 kg m−3. The compressive strength of AAC
increases with density and values range from 1 to
9 MPa [3, 4]. The strength of the final product is
achieved primarily through the hydrothermal treat-
ment during the autoclaving process [5]. Autoclaving
is a process that produces various calcium hydro sil-
icates with molar ratios of CaO:SiO2 ranging from
0.5 to 3.0 with varying amounts of crystal-bound
water due to hydrothermal reactions. The most im-
portant mineral present is tobermorite, which has the
chemical formula Ca4[Si6O18H2] · Ca · 4H2O, abbre-
viated to C5S6H5. It forms plate-like (leaf-like) or
lath-like crystals in a rhombic crystallographic sys-
tem and is a strength carrier [6]. The formation of
the solid macrostructure is strongly influenced by the
solubility of β-silica, silica gel, and Ca(OH)2 in wa-
ter as the hydrothermal synthesis takes place in the
liquid phase. The solubility of Ca(OH)2 decreases
as a function of temperature, whereas the solubility
of SiO2 increases with increasing temperature. The
intersection of the solubility curves of β-silica and

Ca(OH)2 for tobermorite formation corresponds to
a temperature between 174 and 193 °C, with a cor-
responding pressure of 0.8 to 1.3 MPa. The progress
and time of autoclaving depend on the conditions of
tobermorite formation, which are dependent on the
properties of the starting materials, such as chemical
nature, specific surface, CaO:SiO2 ratio, amount of
admixture water, and types and amounts of impu-
rities. The onset of its formation is indicated after
about 8 hours of autoclaving. A significantly longer
autoclaving time (20 to 72 hours) produces xonotlite,
which has significantly poorer strength characteristics
than tobermorite [2, 7].

Recent studies have explored the possibility of utilis-
ing various waste products in AAC production, demon-
strating the feasibility of incorporating diverse waste
materials, offering environmental benefits and poten-
tially improving the characteristics of the final product.
Various industrial wastes, such as fly ash and marble
slurry, have been explored as partial replacements
for traditional raw materials such as sand [8]. These
substitutions can improve AAC’s physico-mechanical
properties, including density, compressive strength,
and water absorption [9]. Utilising waste materials
in AAC production not only addresses environmental
concerns but also contributes to sustainable construc-
tion practices.

However, there are still challenges in the recycling of
AAC waste from construction sites [10]. Some studies
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describe successfully utilising concrete slurry waste
(a pollutant from the ready-mixed concrete industry)
in AAC at high contents of up to 60 %, with the
addition of nano-silica and silica fume improving me-
chanical properties [11]. Fine fractions of processed
waste concrete and sorted construction waste have
also shown potential as quartz sand substitutes in
AAC, helping to conserve natural resources [12]. Fur-
thermore, waste from gas cleaning of industrial waste
combustion has been investigated as a partial lime
replacement in AAC production. This waste enhanced
mechanical properties and influenced pore size distri-
bution, while also potentially reducing CO2 emissions
due to its high CaO content [13].

Among the various secondary raw materials ex-
plored for AAC production, waste glass has recently
gained increased attention due to its chemical com-
position and availability. When used as a partial
replacement of aggregate, waste glass can significantly
influence the properties of AAC. Traditional concrete
properties can be negatively affected by WG presence,
including compressive strength and air content, while
also contributing to alkali-silica reactions [14]. When
incorporated as a replacement for silica in AAC mix-
tures, WG can improve compressive strength, with
optimal results achieved at 20 % replacement rate [15].
Adding WG to AAC can also lead to decreased poros-
ity and water absorption, while increasing bulk density,
thermal conductivity, and ultrasonic wave velocity [16].
When used as a partial cement replacement, finely
ground WG can enhance compressive strength prop-
erties, with the level of replacement and particle size
distribution being crucial factors [17]. According to
the statistical yearbook of the Ministry of the En-
vironment, more than 40 thousand tonnes of waste
packaging glass with the code 15 01 07 Glass packag-
ing, 9 169 tonnes of glass construction and demolition
waste with the code 17 02 02 Glass, and 162 403 tonnes
of glass waste from separate collection with the waste
code 20 01 02 Glass have been produced annually in
recent years [18]. The glass waste generated is mainly
used to create new glass products, i.e. it is recycled
in a small circle. The substitution of primary raw
materials used in the glass industry saves natural re-
sources of sand, limestone, feldspars, etc. Due to its
high SiO2 content, glass recyclate could be used as
a substitute for silica sand in building materials.

Furthermore, fibre-like secondary raw materials
have shown a potential to improve physical-mechanical
properties of AAC [19]. Short glass fibres can influ-
ence the initial suspension, foaming behaviour, and
strength characteristics, with fibre orientation and con-
centration playing crucial roles [20]. Additionally, the
partial replacement of siliceous components with var-
ious fibres, such as basalt, rice husk, and granite, has
been studied in order to enhance mechanical and phys-
ical properties while addressing waste management
issues [21]. These advancements in utilising fibre are
expanding the applications of AAC in construction.

Waste foundry sand (WFS) has already been ex-
plored as a sustainable alternative to natural sand in
traditional concrete production. WFS is produced dur-
ing the casting of molten metal into a casting mould
prepared from a moulding compound. During this
process, the sand acquires a black colour. High-quality
sand can be recycled by regeneration, but material
reuse has its limits. If recycling is not possible or is
not performed, the sand becomes waste [22]. Approx-
imately 800 000 tonnes of foundry sand (mostly silica
sand with suitable properties for use in the foundry
industry) are used per year to make moulding com-
pounds for foundries. Less than 10 % is returned to
circulation through the regeneration process. Used
casting moulds that have not been reclaimed remain
unused and account for approximately 70 % of foundry
waste, which is approximately 2 % of the total waste
generated in the Czech Republic [23]. Studies have
shown that replacing up to 20–40 % of fine aggregate
with WFS can enhance the mechanical strength and
durability properties of concrete [24, 25]. However,
higher replacement levels can reduce workability [22].
The use of WFS in concrete production offers envi-
ronmental benefits by reducing natural sand extrac-
tion and addressing waste disposal issues [26]. WFS,
a byproduct of metal casting industries, contains high
silica content, making it suitable for various civil en-
gineering applications [27]. While most studies report
positive outcomes, some cases have shown reduced
material properties when using WFS [26]. WFS in
dosages 20 %, 40 %, and 60 % was also tested as a pos-
sible replacement of silica component in non-AAC.
Authors of this study concluded that the optimal
dosage of WFS is 20 % [28]. The comparison of the
influence of different alternative siliceous components
(WFS and WG) on physico-mechanical parameters
of AAC prepared in otherwise same conditions is not
sufficiently described yet. The hypothesis is that some
amounts of these waste materials can positively impact
the properties of AAC.

2. Materials and methods
2.1. Materials characterisation
The materials used to prepare the AAC samples were
lime, cement, and calcium sulphate as the binding
mixture. Basic properties of input raw materials are
stated in Tables 1–5.

In terms of siliceous components, silica sand was
partially replaced with foundry sand and WG. Prop-
erties of samples with three types of foundry sand
with different chemical compositions were compared
with samples containing the three types of WG from
separate collections. The WG came from separate
collections of different colours and purities, classified
according to the Czech legislation under the waste
catalogue as group 20 “Municipal waste” (household
and similar trade waste, industrial waste, and waste
from authorities) including components from separate
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Oxides CaO + MgO MgO SiO2 Fe2O3 Al2O3 SO3 CO2 CaO free
Content [%] 93.00 0.58 0.54 0.13 0.23 0.35 3.89 85.70

Table 1. Chemical composition of CL 90-Q V7 lime.

Properties Units Values
Residua on 0.2 mm mesh % 0.08
Residua on 0.090 mm mesh % 5.88
Reactivity t60 minutes 7.5
Tapped density kg m−3 915

Table 2. Physical properties of CL 90-Q V7 white
lime.

Compound Content in %
Clinker 90.61
Limestone 6.31
SO3 2.39
Cl- 0.04
Na2O 0.65

Table 3. Composition of CEM II/A-LL 52.5 R.

collections under the group 20 01 and components
from separate collections under the group 20 01 02
“Glass” [29].

A lime of the CL 90 class with a reactivity of R5
and a grain size of P1 according to EN 459-1 [30],
which meets the conditions for use in the production
of aerated concrete, was used.

Silica sand with a content of more than 70 % of
silica dioxide was used as the siliceous component.
The siliceous component was milled to a fineness of
about 2 600 cm2 g−1 using a ball mill, in order to
achieve a comparable particle size distribution for all
the materials used. The particle sizes of the secondary
raw materials used are shown in comparison with the
reference material in Figures 1 and 2.

This raw material was partially replaced at three
different rates (5 %, 10 % and 15 %) with a potentially
suitable waste material (WFS and WG). Then it was
mixed with water and tempered to a temperature of
45 °C before mixing.

Aluminium powder with a fineness of 88.1 % and
a subsieve fraction of 90 µm was used as the aerating
agent. Recycled return slurry sludge (RRS) was used
to better simulate real production conditions and the
objectivity of using non-traditional secondary raw
materials in production. The flue-gas desulphurisation
gypsum (FGDG) with a purity of 92–96 % was used to
improve the early stages of hydration. The reference
mixture design is shown in Figure 3. The secondary
raw materials, WFS and WG, were added as a partial
substitute for siliceous sand in amounts of 5 %, 10 %,
and 15 %.

Properties Units Values
Initial set min 168
Final set min 236
Specific surface area cm2 g−1 5 730
Density kg m−3 3 120
Hydrating heat (7 days) J g−1 355

Table 4. Physical parameters CEM II/A-LL 52.5 R.

2.2. Sample preparation and treatment
The raw materials were weighed to the nearest gram,
except for aluminium, which was weighed to the near-
est microgram. The aerating agent was prepared
by mixing the aluminium powder with lubricating
soap (0.3 ml) in 75 ml of distilled water. The sus-
pension prepared in this way was then stirred until
the aluminium was completely dispersed in the water.
Six mixtures were produced in which siliceous sand
was partially replaced (at 5 %, 10 %, and 15 %) by
a water suspension of secondary raw material. The
amount of water contained in the suspension has been
chosen to ensure the consistency of fresh mixtures
remains constant. The dry ingredients, i.e. cement,
lime, and gypsum, were added to the homogenised
liquid ingredients in the container. All the compo-
nents were mixed for 3 minutes. In the last stage
of mixing, the aluminium powder was added in the
form of a prepared suspension. The beaker contain-
ing the suspension was stirred for 1 minute on high
speed. After the mixing, the suspension was dosed into
moulds and cured in a laboratory climatic chamber at
40 °C for 24 hours. After the pre-hardening process
of the samples, the autoclaving process took place.
The autoclaving cycle was set to 10.5 hours, includ-
ing isothermal endurance for 7 hours with a vapour
pressure of 1.15 MPa.

2.3. Material testing
AAC is characterised by compressive strength ex-
pressed in N mm−2 and bulk density expressed in
kg m−3. These two properties are dependent on each
other. In general, the higher the bulk density of a ma-
terial type, the higher its compressive strength [31].
In the production of aerated concrete, the aim is to
achieve the highest possible strength while achiev-
ing the lowest possible bulk density, while the mini-
mum declared compressive strength must be met and
the maximum declared bulk density must not be ex-
ceeded [32].

Determining the dry mass of AAC was carried out
according to EN 772-13 [33] as determined by EN 771-
4+A1 [34]. However, the dry mass can also be de-
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Oxides Unit REF Foundry sand Waste glass
WFS1 WFS2 WFS3 WG1 WG2 WG3

SiO2 % 73.28 89.18 84.45 84.29 69.29 65.41 67.90
Al2O3 % 3.55 2.73 3.34 3.96 1.61 1.98 1.81
Fe2O3 % 1.05 1.02 1.53 2.07 0.61 1.07 1.14
CaO % 0.33 0.17 0.52 0.45 11.24 10.53 10.99
MgO % 0.16 0.03 0.55 0.39 1.30 2.00 1.53
Na2O % 0.62 0.45 0.53 0.46 13.16 12.57 13.13
K2O % 1.16 0.81 0.74 0.78 0.43 0.67 0.52
SO3 % 0.05 0.04 0.01 0.02 0.11 0.00 0.03
TiO2 % 0.16 0.05 0.11 0.25 0.07 0.10 0.08
MnO % 0.04 0.01 0.02 0.02 0.02 0.03 0.04
P2O5 % 0.01 0.00 0.02 0.00 0.01 0.02 0.02

Table 5. Results of X-ray fluorescence analysis: chemical composition of raw materials expressed in oxides.

Figure 1. Comparison of particle size distribution of siliceous component based on waste foundry sand and reference
siliceous sand.

Figure 2. Comparison of particle size distribution of siliceous component based on waste glass and reference siliceous
sand.

termined using EN 678 [35]. The principle of both
tests is identical, but EN 678 [35] is adapted to the
AAC technology, whereas EN 772-13 [33] describes
the general procedure.

The compressive strength of the test specimens
was determined according to EN 772-1+A1 [36] as

determined by EN 771-4+A1 [34]. However, the com-
pressive strength can also be determined according to
EN 679 [37]. The principle of both tests is identical,
but EN 679 [37] is adapted to the AAC technology,
whereas EN 771-4+A1 [34] describes the general pro-
cedure.
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Figure 3. Reference AAC mixture.

The compressive strength and the bulk density of
AAC (and also of other foamed and gas-silicates) can
be correlated by means coefficient of the construc-
tive quality (CCQ), which is calculated as follows:
CCQ = fc

Ddry
· 100 [-], where fc is the compressive

strength and Ddry is the dry bulk density [38]. It
is an indicator of the interaction of the basic charac-
teristics. It can be considered as a tool for an effective
evaluation of results and serves as a quality indicator.

The mineralogical composition of the samples was
determined using the Empyrean X-ray diffractometer
from Malvern PanAnalytical. The results of the X-ray
diffraction analysis were evaluated quantitatively us-
ing the Rietveld quantitative analysis. Calcium fluo-
rite, as an inert standard, was added to the sample at
an amount of 20 %. The monitored minerals and the
amorphous component in the samples are calculated
by the intensity of the isolated peaks compared to
the peak intensity for calcium fluoride with HighScore
measurement software.

3. Results and discussion
As the basic characteristics of AAC are dry bulk den-
sity and compressive strength, it was necessary to
start the testing process with these properties.

The samples with 10 % replacement of foundry sand
WFS1 and with 10 % replacement of mixed WG did
not reach a bulk density of 450 kg m−3. None of the
samples exceeded the specified maximum bulk density
(as seen in Figure 4). For the samples where silica sand
was replaced with foundry sands WFS2 and WFS3,
which originated from the production of iron castings,
an increasing trend in bulk density was observed as the
replacement dose of silica sand increased. However,
for foundry sand WFS1, an initial decrease in bulk
density was observed, followed by an increase. For the
samples where silica sand was replaced with brown
(WG2) or mixed waste glass (WG3), a slight initial
decrease in bulk density was followed by a significant

increase. The bulk density of the samples with pure
WG increased steadily.

The compressive strength of most samples increased
with increasing bulk density, but some samples de-
viated from this trend. For example, the samples
containing 10 % of foundry sand WFS1, or WG2 re-
placements showed higher strength at lower bulk den-
sity.

The compressive strength of the specimens (Fig-
ure 5) showed an increasing trend with the replace-
ment of silica sand with WFS2 foundry sand, but it
was not enough to increase the bulk density. Con-
versely, the compressive strength of the samples with
silica sand replaced by foundry sand WFS3 showed
an increase with a relatively constant value of bulk
density.

Samples containing foundry sand exhibited com-
pressive strength values closely aligned with those of
the reference sample. No substantial variations were
observed, except for the WFS1 sample with a 10 %
replacement, which slightly deviated.

The samples containing WG as a replacement for
silica sand showed lower strengths than the reference
sample. However, the sample with 15 % WG replace-
ment bucked this trend, achieving higher values than
the reference sample and significantly higher values
than the other samples with WG replacement. The
samples with a pure WG replacement achieved values
of compressive strength that were lower, but still close
to those of the reference samples.

The coefficient of the constructive quality (Figure 6)
of the samples in which silica sand was replaced with
foundry sand fluctuated closely around the values
obtained for the reference sample. With the exception
of the sample with 10 % of foundry sand, WFS1 did
not show any significant fluctuations to higher or lower
values.

The results of the basic testing of the physical and
mechanical properties show that the samples with
the highest percentage of silica sand replaced by each
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Figure 4. Dry bulk density.

Figure 5. Compressive strength of all samples.

of the secondary raw materials used in this study
did not differ significantly from those with lower re-
placement percentages, i.e. they showed very similar
physical-mechanical properties. The exception was
the sample with 15 % of waste mixed glass WG3,
which significantly deviated from the samples with
lower replacement percentages.

The values of the physical and mechanical properties
of the samples with higher replacement percentages
came out favourably and were not significantly differ-
ent from those of the samples with lower replacement
percentages.

The investigation of the mineral composition of
the samples was carried out by an X-ray diffraction
analysis, which was performed only qualitatively at

this stage.
First, basic minerals commonly found in AAC were

studied: quartz, tobermorite, alite, anhydrite, and
calcite. Of particular importance is the occurrence
and content of tobermorite.

Tobermorite crystallises in an orthorhombic struc-
ture, forming plate-like or sheet-like crystals. It is
formed during the autoclaving process according to
the following reaction: 3 Ca(OH)2 + 2 SiO2 (dissolved
silica) → non-crystalline CSH + SiO2 → C5S6H5 (to-
bermorite) [39].

The addition of Al2O3 (used to lime the mass) to the
system CaO-SiO2-Al2O3-H2O also produces hexago-
nal C3AH12 (katoite) or C4AH13, which transforms
into cubic C3AH6 [40].
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Figure 6. Coefficient of constructive quality values.

Figure 7. Change in peak intensity of 11 Å tobermorite at position 7.9° 2Theta for mixture with sand replaced by
foundry sand WFS1.

Based on the above reaction, the amount of katoite
(Ca3Al2[(OH)4]3), which crystallises in the square sys-
tem, was also monitored [41]. This mineral forms when
aluminium reacts with calcium hydroxide [42]. The
amount of clinotobermorite was also monitored [43].
It is a mineral belonging to the group of tobermorites
with the chemical formula Ca3(SiO4)O, crystallising
in a monoclinic system [44].

Due to the increased Na2O content in the WG,
the occurrence and amount of albite in the structure
was also monitored. Albite is a mineral belonging
to the group of feldspars with the chemical formula
NaAlSi3O8, crystallising in a ternary system [45].

In particular, the change in intensity of the most
significant peak of 11 Å tobermorite at position
7.9° 2Theta was monitored. Since this 11 Å tober-

morite peak is relatively isolated from other peaks
for tobermorite and other minerals that are present
in the AAC, a change in the amount of 11 Å tober-
morite formed can be predicted from the change in
its intensity.

For the samples in which silica sand was replaced by
WFS (Figures 7–9), there was an increase in the peak
intensity of 11 Å tobermorite at position 7.9 °2Theta
compared to the reference sample, i.e. an increase in
the amount of tobermorite in the samples with higher
replacement percentages. The increase in intensity
was mostly correlated with the replacement percent-
age. This phenomenon can be attributed to the fact
that there was more silica dioxide present in all types
of WFS than in the reference sand. Using different
types of glass as a substitute for the silica component

202



vol. 66 no. 2/2026 Silica sand substitutes in autoclaved aerated concrete: Utilisation of . . .

Figure 8. Change in peak intensity of 11 Å tobermorite at position 7.9° 2Theta for mixture with sand replaced by
foundry sand WFS2.

Figure 9. Change in peak intensity of 11 Å tobermorite at position 7.9° 2Theta for mixture with sand replaced by
foundry sand WFS3.

in AAC can result in a change in microstructure [43].
The morphological changes may explain the changes in
the behaviour of the samples with a higher content of
WG. Slight fluctuations can be explained by statistical
error, however, some samples deviated significantly
from the trend in material behaviour.

In the case of the mixtures containing WG1, no sig-
nificant change in the intensity of 11Å tobermorite at
position 7.9° 2Theta, i.e. in its amount, was observed.
The peaks for the mixtures with silica sand replaced
by pure WG oscillate around the peak of the reference
mixture (Figure 10).

In the case of the mixtures containing brown glass
waste, a decrease in the intensity of 11 Å tobermorite
at position 7.9° 2Theta, i.e. a decrease in its amount,
could be observed, see Figure 11. The decrease was
barely noticeable in the case of 5 % and 10 % replace-
ments, and significant in the case of the 15 % replace-

ment. This decrease for the 15 % replacement corre-
lates with a slight decrease in compressive strength.

In the case of mixtures containing WG3 (Figure 12),
a decrease in the intensity of 11 Å tobermorite at
position 7.9° 2Theta, i.e. a decrease in its amount,
could be observed. The decrease was minimal in the
case of 5 % replacement, but more pronounced in the
case of 10 % and 15 % replacements.

The results for the mixtures containing brown WG
showed an anomalous behaviour – the decrease in the
intensity of 11 Å tobermorite did not correspond with
the trend in compressive strength. The sample with
5 % replacement had a peak intensity of 11 Å tober-
morite very similar to that of the reference mixture,
while the compressive strength was similar to the sam-
ple with a 15 % replacement, which in contrast had
the lowest peak intensity of 11 Å tobermorite.

Another anomaly was the results for the samples
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Figure 10. Change in peak intensity of 11 Å tobermorite at position 7.9° 2Theta for mixture with sand replaced by
WG1.

Figure 11. Change in peak intensity of 11 Å tobermorite at position 7.9° 2Theta for mixture with sand replaced by
brown glass waste.

Figure 12. Change in peak intensity of 11Å tobermorite at position 7.9° 2Theta for mixture with sand replaced by
WG3.
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Figure 13. Comparison of tobermorite content in samples with 15 % of siliceous component replaced.

Figure 14. Comparison of amorphous phase content in samples with 15 % replacement of siliceous component.

containing mixed WG, where the intensity of the
11 Å tobermorite peak decreased significantly with
increasing replacement percentage, but despite this,
the strength increased. The sample with 15 % of silica
sand replaced by WG showed the lowest peak intensity
while exhibiting the highest strength of the set.

Following these findings, a quantitative Rietveld
analysis focused mainly on tobermorite, and amor-
phous phase content was examined. Results are shown
in Figures 13 and 14.

The results indicate that the WG2 and WG3 had
a rapid influence on the decrease of tobermorite in
the samples. This phenomenon is also associated with
the increase in other mineral phases. The fine-milled
amorphous glass present in the WG3 samples trans-
formed into clinotobermorite, accounting for 8.4 %
of the total sample. Clinotobermorite is structurally
related to tobermorite 11 Å. The difference between
these two minerals is the structural disorder of clino-
tobermorite, in which the infinite calcium polyhedral
layers parallel to (001) are connected through double
silicate chains [46]. The structure of the mineral is not
only monoclinic as the structure of a normal tober-
morite 11 Å, but also triclinic. This disorder results in

a higher hardness of the clinotobermorite compared to
tobermorite 11Å. Clinotobermorite formation is also
connected with slightly higher amount of CaO in the
chemical composition of the input raw material [47].

The decrease in tobermorite content is caused by the
formation of another phase called katoite during the
autoclaving process. Katoite is a crystalline form of
C-A-S-H and is the primary hydration product formed
during the autoclaving process [42]. The samples with
WG2 and WG3 contained higher amount of anhydrite
and calcite. They are created during the autoclav-
ing process from monosulfoaluminate and ettringite
phases, which are unstable during the autoclaving
process [48].

4. Conclusion
The experimental investigation confirms that the par-
tial replacement of silica sand with selected types
of foundry sand and WG can be successfully imple-
mented in the production of AAC without compromis-
ing its fundamental material properties. The studied
substitutions at rates of 5 %, 10 %, and 15 % demon-
strated favourable performance in terms of both dry
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bulk density and compressive strength, with all sam-
ples exceeding the minimum quality requirements de-
fined by the constructive quality coefficient thresh-
olds. Among the tested secondary raw materials, the
foundry sands WFS2 and WFS3, originating from fer-
rous casting processes, yielded stable and predictable
behaviour with increasing substitution rates, maintain-
ing strength while allowing a controlled rise in bulk
density. Notably, the sample with 15 % mixed WG
(WG3) substitution showed an improvement in com-
pressive strength, surpassing even the reference sam-
ple. X-ray diffraction analyses confirmed the forma-
tion of key crystalline phases, primarily tobermorite,
which remains the critical strength-contributing min-
eral in AAC. The presence of additional phases such
as katoite points to complex hydration pathways in-
troduced by the inclusion of alumina-rich secondary
materials. Importantly, no detrimental mineral phases
were detected that would suggest incompatibility or
reactivity-related instability within the system. From
a material engineering and sustainability perspective,
the findings strongly support the possibility of incor-
porating industrial by-products and municipal waste-
derived materials in AAC composition. In addition,
significant economic and environmental benefits result
from the reduction of the consumption of primary
raw materials. Further research should focus on the
long-term durability, life cycle assessment, and opti-
misation of curing conditions of incorporating waste
materials into commercial AAC production.
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