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mortar (AAM) containing basalt powder (BP) and granulated blast furnace slag
(GBFS) were investigated. For the experimental study, alkali-activated mortars
(AAM) containing BP at 8%, 16%, 24%, 32% and 40% substitution rates for GBFS
were developed. Mortars were synthesized with a sodium silicate/sodium hydroxide
ratio of 3.0 for the binder materials and a 0.45 alkali activator-to-binder ratio. The
flow diameters of the fresh mortars prepared using 40x40x160 mm molds were
determined according to the European Federation of Experts in Construction
Chemicals and Concrete Systems (EFNARC) standard. The fresh AAMs were
wrapped in stretch film to prevent evaporation and then kept in an oven at 60°C for
48 hours. The cured samples were evaluated for their mechanical strengths at 3 and
28 days, freeze-thaw effects after 33 and 100 cycles, and microstructures after 100
cycles. According to the results, using 40% BP instead of GBFS caused a decrease
of approximately 15.08% in 28-day compressive strength compared to the reference
sample (100% GBFS). G100 showed a minimum porosity of 15.81% and a water
absorption rate of approximately 7.3%. The G60B40 mixture had the highest
sorptivity capacity with 5.29x10 cm/s0.5, while the G100 mixture showed the
lowest capacity with 3.88x103 cm/s0.5. After 100 freeze-thaw cycles, the G60B40
sample had the largest strength loss of 61.61%, while the G100 sample showed the
lowest strength loss of 9.89%.

1. Introduction

The structure industry is among the most rapidly

byproducts such as fly ash [5], granulated blast
furnace slag [6], silica fume, metakaolin [7, 8],
and marble dust [9] is a separate issue.

expanding sectors worldwide. Portland cement,
the principal binding agent utilized in this
industry, leads to substantial loss of natural
resources and considerable carbon dioxide
emissions. The operations of cement
manufacturing and utilization, which generate
1.35 billion tons of CO: annually, constitute
about 8% of global emissions [1, 2]. Given these
principles, the notion that cement consumption
should be diminished to lower CO2 emissions
underscores the need of sustainable technologies
for producing new materials with decreased CO2
emissions [3, 4] Furthermore,  the
environmentally friendly disposal of industrial

Consequently, the creation of sustainable
alternatives to conventional cement-based
mortars is critically significant [10].

Geopolymers [11] have attracted increasing
attention from researchers as an alternative to
Portland cement, which causes greenhouse gas
emissions during its production. It is regarded as
a minimum two-component, inorganic system,
constituted by a combination of a solid precursor
material in SiO2 and Al2O3 and one or more
alkaline activator solutions [12]. These mortars
are produced by activating silicon-rich solid
precursor materials (metakaolin [13], slag [14,
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15], silica fume, fly ash etc.) with alkali
activators such as alkali hydroxide, carbonate or
silicate [16]. Well-formulated alkali-activated
mortars have a more compact microstructure and
enhanced engineering qualities [17] relative to
mortars or concrete made with conventional
cement. Nonetheless, limiting clinker production
mitigates CO2 emissions and reduces energy
usage [18].

Recently, sustainable mortar or concrete
production has become the focus of researchers.
Wankhede and Ralegaonkar conducted a study to
formulate alkali activated foundry sand mortar
(OAFSM) with foundry waste sand (FWS) for
sustainable solid waste management. Blast
furnace slag fine powder (BFSFP) and fly ash
(FA) were utilized in varying amounts as solid
precursors, while sodium metasilicate (SM)
served as the solid activator. FWS was utilized in
quantities of 0%, 25%, 50%, 75%, and 100% in
lieu of traditional fine aggregate. The study
shown that the blended mixtures significantly
enhanced the mechanical properties of the
mortar. The rise in BFSFP content resulted in
enhanced compressive and flexural strengths
[19].

Mobili et al. synthesized alkali-activated mortar
utilizing copper mine tailings (CMT) and
metakaolin (MK). Findings indicate that utilizing
CMT with 25% MK by mass is appropriate,
achieving a compressive strength exceeding 30
MPa. It was determined that mortars composed
entirely of MK had significant resistance against
sulfate attack [20]. Ma et al. sought to achieve
entirely recycled alkali-activated materials by
substituting ground granulated blast furnace slag
(GGBS)-fly ash and natural sand with waste
concrete fines as binders. Researchers noted that
Waste Concrete Fine (WCF) has significant
alkali activation properties and a filling effect in
mortar. Substituting binders with WCF adversely
impacts geopolymerization and compromises the
microstructure of the paste, whereas substituting
natural sand with WCF enhances the
microstructure of AAM paste by decreasing the
actual water-binder ratio [21].

Guo et al. synthesized alkali-activated binders by
amalgamating sulphurous iron ore waste (SIOT)
with metakaolin (MK) and GGBS. The findings
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indicated that alkali activators with an SH
molarity exceeding 10M and a Si02/Na2O ratio
ranging from 0.86 to 1.3 successfully produced
SEM crystalline C-A-S-H gel to encapsulate
SIOT particles, hence offering robust pore-filling
and bonding characteristics. These mixes
exhibited enhanced compressive and flexural
strengths, excellent freeze-thaw resistance, and
diminished drying shrinkage [22]. Yurt and
Bayraktar investigated the effect of alkali
activator concentration in geopolymer mortars
containing waste brick dust. Researchers found
that the highest compressive strength was
achieved in mixtures with a 0.45 NaOH/ (NaOH
+ Na2Si03) ratio and an activation temperature of
60°C [23].

Another experimental research examined the
impact of alkali activators, formulated with 12 M
[24] NaOH and silicate with a silica modulus of
3.22, on the performance of mortars produced by
substituting GBFS and BP. Mrozek et al.
concluded that basalt powder alone could not
synthesize alkali-active products based on their
preliminary trial mixtures. Therefore, they
further tested the mixture by substituting 10%
and 20% of the total binder weight with
metakaolin [25]. Researchers have established
that the influence of BP mixing ratios on material
strength is intricate. Consequently, determining
the correct quantity of BP is essential, as
excessive quantities may result in structural
deficiencies [26, 27].

The substitution rates of BP were established
based on prior research concerning additions like
slag, fly ash, and metakaolin utilized in alkali-
activated systems. Substitution rates ranging
from 10% to 40% were chosen based on existing
literature to evaluate the impact of the lower and
higher thresholds of the BP rate on both fresh and
hardened characteristics. Experimental studies
were conducted using BP at 0%, 8%, 16%, 24%,
32%, and 40%, respectively, instead of GBFS,
according to literature. Laboratory investigations
included flowability testing, 3- and 28-day
compressive-flexural  strength  assessments,
freeze-thaw durability assessment, capillary
water absorption measurement, total water
absorption analysis, porosity determination,
ultrasonic ~ pulse  velocity  tests, and
microstructure assessment.
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The difference of this study from other studies is
that the mechanical strength and freeze-thaw
effect of the environmentally friendly alkali-
activated mortar produced using BP and GBFS
were  evaluated through  comprehensive
experiments.

2. Experimental Research

The flow chart in the Figure 1 shows the steps of
this study.

Pouring into
moldsand
covering
with stretch
film

Granulated
Blast Furnace

)

60 °Coven

/ Super \
| plast\me
curing. 48 h

@ Cwam)
curing time

\ ] { ‘
>

@ 1 - i

Wechanical

and physical
properties

Figure 1. Flow chart
2.1. Material and method

Following the provision of BP and GBFS
identified as binder precursor materials were
ground to 75 pm particle size for 20 hours using
a Los Angeles aggregate abrasion apparatus. X-
ray diffraction (XRD) graph of BP and GBFS is
given in Figure 2. The XRD patterns of the
products were obtained wusing a Rigaku
Miniflex600 diffractometer. Specimens were
irradiated with Cu-Ka radiation at a voltage of 40
kV and a current of 15 mA. XRD investigations
were performed at a wavelength of 1.5406 (A)
within the range of 10 to 90 degrees, with a step
increment of 0.02 degrees and a scanning speed
of 2 degrees per minute. The peaks identified in
the phase analysis of BP include Andesine,
Anorthoclase, Albite, and SiO2, whereas the
peaks associated with GBFS comprise
Akermanite, Merwinite, and Gehlenite. The
inclusion of GBFS, which possesses a high
reactive amorphous content and is abundant in
Si02 and calcium sources essential for AAM
formation, enhances the characteristics of the
binder when combined with BP that has a low
calcium concentration [28, 29].
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Figures 3a and 3c illustrate the FIB-SEM images
of BP and GBFS, respectively, under 5000
magnifications. The FIB-SEM picture of BP
reveals uneven, fractured, and angular particles
with grain sizes of around 3.149 um, 4.805 um
and 4.861um, as depicted in Figure 3a. In Figure
3¢, irregular angled particles are seen in the FIB-
SEM images of GBFS with grain sizes of 9.759
um, 16.45 um and 9.559 pm. Figures 3b and 3d
demonstrate the EDS analyses of BP and GBFS,
respectively. Figure 3b illustrates the weight
distributions of the predominant elements in the
EDS images of BP (O 46.7%, Si 19.7%, and Al
8.8%).

Additionally, the weight distributions of the
predominant elements in the EDS pictures of
GBFS (O 44.2%, Si 13.6%, and Ca 22.6%) are
illustrated in Figure 3d. The chemical contents of
BP and GBFS samples are given in Table 1. For
chemical analysis, the main oxides similar to
cement are given. Elements such as hydrogen,
carbon, sulphur and Cl are not included in the
report. All dry materials used in this study are
shown in Figure 4. Fine material for the tests was
sourced from river sand in the Elazig (Palu)
region. The specific gravity of the sand within the
0-4 mm range was 2.63, and the water absorption
rate was 1.96. Figure 5 illustrates the gradation
graph of the aggregate.
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Figure 2. XRD graph of BP and GBFS

A 12M NaOH solution was made using sodium
hydroxide pellets. Sodium silicate solution with
a silica modulus of 3.22 was used. The sodium
silicate liquid utilized in all AAM combinations
comprised the following mass percentages:
62.0% H20, 28.425% SiO2 and 8.835% NaxO
resulting in a silica modulus (Si02/Na20O) of 3.22.
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Figure 3. FIB-SEM/EDS images of a-b) BP and c-d)
GBFS

Table 1. Chemical analysis results of BP and GBFS

Component % Component % Component
name BP GBFS
Si0, 48.10 38.95
ALO3 15.86 15.78
Fe,O3 9.00 0.91
CaO 7.23 36.37
MgO 7.35 6.35
Na,O 4.09 0.43
K>O 1.78 0.56
SO3 0.06 -
Specific 2.63 2.89
Gravity

100 0\
90 \
80
70
£ 60
%“ 50
2 40
A3 \
20 \\
10 Na,
0 \
100 10 1 0.1 0.01 0.001
Size, mm

Figure 5. Gradation curve of river sand

The newly mixed mortar poured into the molds
was covered with stretch film to inhibit air
infiltration. Hardjito et al. asserted that while

compressive  strength at elevated curing
temperatures improves with age, there is no
considerable enhancement in strength at curing
temperatures over 60°C or durations surpassing
48 hours [30]. Furthermore, a study conducted by
Temuujin et al. indicated that heat curing at 40°C
and 80°C, along with a 48-hour curing duration,
are critical criteria for geopolymerization [31].
Therefore, a temperature of 60°C and a duration
of 48 hours were favored in this investigation.
The samples were stored in a stretch-covered
manner in room settings until mechanical and
physical testing days of 3 and 28 days.

The mixing ratios of the prepared AAMs,
utilizing an activator/binder ratio of 0.45, are
presented in Table 2. The water/binder ratio is
fixed and is 0.20. The quantities of water and SP
in all mixes are specified at 116 kg/m® and 8
kg/m?, respectively. In this study, a fixed
water/binder ratio was used. The manufacture of
the mixture commenced with manual blending of
the dry constituents (fine aggregate and binders)
for one minute until uniformity was achieved.
Subsequently, pre-weighed sodium hydroxide,
sodium silicate, water, and superplasticizer were
incorporated into the dry mixture and blended at
low speed for 1 minute, followed by medium
speed for 2 minutes. The application of fresh
mortar was conducted utilizing flow-cone
experiments to assess filling capacity.

Table 2. Mix amounts of AAMs for 1 m*

Series BP GBFS Sand Alkaline
(kg) (kg) (kg) activator
NS NH
G100 0 580 1277.53 19575 65.25
G92B8 46.4 533.6 127336 195.75 65.25
G84B16 92.8 487.2  1269.18 195.75 65.25
G76B24 139.2 440.8 1265.01 195.75 65.25
G68B32 185.6 3944 1260.83 195.75 65.25
G60B40 232 348 1256.66 195.75 65.25

2.1.1. Fresh properties

The flow-cone test was conducted in accordance
with the EFNARC standard [32].

2.1.2. Mechanical tests

The fresh AAMs were cast in dimensions of
40x40x160 mm, adhering to ASTM C348 [33],
from which both flexural and compressive
strengths are obtained. The compressive
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strengths were assessed by exposing the split
samples to ASTM C349 [34]. The following
equations (1) and (2) were employed to compute
the strength values.

_3PL
f~ 2bn2

(1)

_ P
GC_Z

2)

In Eq. (1), o5 demonstrates stress at the midpoint

of the beam (MPa), P indicates force at the centre
of the load deflection curve (N), L shows distance
between two support rollers (mm), b is the beam
width and 4 are the beam height (mm).

In equation (2), 6, compressive strength (MPa),
A represents the sample's cross-sectional area (40
mm?), and P is the maximum refraction load (N).
and

2.1.3. Sorptivity, water

density tests

absorption

Measurements of sorptivity, density, and water
absorption were conducted after 28 days on
samples measuring 50x50x50 mm (Figure 6).
Considering the ASTM C1585 standard [35],
sorptivity experiments were performed.

Figure 6. Sorptivity test specimens

2.1.4. Freeze-thaw test

Fifty freeze-thaw cycles were performed on
eighteen samples using freeze-thaw testing
apparatus (Figure 7), in compliance with ASTM
C666 standards [36]. The operational principle of
one cycle is as follows: the temperature of the
mixes declined from +20 to -20 °C during a 6-
hour duration, while the samples were immersed
in water for 2 hours during the thawing process.
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Figure 7. Freeze-thaw test device

2.1.5. FIB-SEM/EDS test

Surface morphologies of the materials were
determined using FIB-SEM. Scanned areas were
analysed by EDS using an Oxford Instruments
AZtec EDS instrument.

3. Results and Discussion

3.1. Flow-cone test

Flow-cone experiments were performed to assess
the workability and consistency characteristics of
six fresh mortars using GBFS and BP. As seen in
the Figure 8, the reference sample, G100 (100%
GBFS, devoid of BP), demonstrated the greatest
flow diameter of 260 mm, signifying superior
workability compared to all other mixes. A rise
in BP proportion and a drop in GBFS quantity
resulted in a progressive reduction in flow
diameter. The findings demonstrated that the
mixtures with 32% and 40% BP exhibited
satisfactory workability, albeit hey fell beyond
the spreading ranges outlined by EFNARC. The
flow-cone diameters of the mixtures with 0, 8,
16, and 24% BP conformed to the slump flow
reference values of 240-260 mm as proposed by
EFNARC.

The diminished reactivity of BP relative to GBFS
has resulted in decreased flowability,
necessitating additional water or activator to get
comparable fluidity [27]. In this study,
"reactivity" denotes the diminished chemical
activity of BP in comparison to GBFS. The
reductions in fluidity cannot be exclusively
ascribed to chemical activity; the physical
characteristics of BP, including increased
specific surface area and roughness, are also
significant. An increased quantity of BP
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enhances the total surface area, hence elevating
water requirements. In this study, a fixed
water/binder ratio was used.

300
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E 250 b
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k] 217
% 208
£ 2001
=
£
=
E
= 150
100 T T T T T T
G100 (92-B0% (i84-B16 i76-824 (i68-B32 (60-B40
Series Names
Figure 8. Flow-cone values
3.2. Mechanical experiments

Figure 9 illustrates 3- and 28-days average
compressive  strength values for mortar
combinations including BP and GBFS. The
compressive strength at 3 and 28 days diminishes
with increasing BP concentration, except for the
sample containing 8% BP, which exhibits an
increase. This aligns with the research conducted
by Rashad et al. [37], which indicates that
prolonging the curing duration enhances the
resultant compressive strength value. It is
observed that the compressive strength values
obtained at 28 days are higher with the increase
in BP contribution, contrary to the value reported
in [38].

The recorded maximum compression strength
exceeded the reference sample (G100) in the 3
and 28 -day ages G92B8 reached 53.06 and 54.77
MPa, respectively. The incorporation of 40 %BP
relative to the reference sample resulted in a
reduction of 15.08 % in the 28-day compressive
strength. In reference to Figure 8, an increase in
BP quantity elevates the overall water demand by
diminishing fluidity. This enhances the porosity
of the mixture. Figure 9 further substantiates this
scenario. Therefore, this action adversely
affected compressive strength.

52

70

| [ ]3days [I0 28 days

60+

|53.47

Xy
5306

|s1.00

D sam
‘40.58
s3.34

[
1

~sias

pressive Strength, MPa
2 s
1 1
4631
|4-1.2(1
|se1
s

Com
[%)
=

1

o T T T o T
G100 GG2-B08 G84-Ble G76-B24 Go68-B32 G60-B40

Series Names

Figure 9. Compressive strength of specimens

3 and 28 -day flexural strength of the samples is
shown in Figure 10. While the 3-day flexural
strength varies between 2.95 and 3.46 for all
series, the flexural strength of the 28-day series
varies between 3.35 and 4.66 MPa. The BP ratio
exhibited a somewhat declining tendency at early
ages, whereas it demonstrated a little increase in
28-day strengths. Accordingly, B40 exhibited a
14.7% decrease in 3-day flexural strength
compared to the G100 control mixture. However,
the highest flexural strength of 28 days was seen
in the G60-B40 sample. The flexural strength in
this sample was measured as 4.66 MPa. The
G60B40 sample with the highest BP ratio
showed a 33.9% increase compared to the G100
control mixture.

As a result, the lowest 3-day flexural strength
was measured as 2.95 MPa in the G60-B40
sample, while the highest 28-day flexural
strength was determined in this sample. This
indicates that the BP contribution gives the
sample resistance over time. Celikten and
Cavusoglu's study revealed that 24-hour
composites achieved almost 85% of their final
strength after a span of 7 days. They indicated
that these examples could be utilized in
applications necessitating early formwork
removal, such as the prefabrication sector [39].
In contrast to prior research, the diminished early
age strength of mixes incorporating BP in this
study is attributed to their material composition,
the low early age reactivity of BP, and the
gradual advancement of the geopolymerization
process.
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Figure 10. Flexural strength of specimens

3.3. Water absorption, and

sorptivity properties

density

Figure 11 illustrates the apparent porosity and
water absorption values of AAMs with varying
concentrations of GBFS and BP. G100 exhibited
the lowest porosity at 15.81% and a water
absorption rate of around 7.3%. As the BP ratio
escalated from 8% to 40%, both porosity and
water absorption values consistently rose. In the
G60-B40 sample, porosity attained 20.15%,
while water absorption approximated 9.9%. With
the augmentation of BP content, porosity
escalated. Enhanced porosity resulted in elevated
water absorption values. This indicates that the
mixture became more permeable and porous at
32% and 40% BP levels.

10

m  Apparent porosily (%)
I Water absorption (%)

204

)

Apparent porosity (%)
Water absorption (%

G100 G92-B0O8 G84-Bl6 (76-B24 (G68-B32 G60-B40

Series
Figure 11. Porosity and water absorption

The apparent density and saturated surface-dry
density (SSD) of the geopolymer samples are
shown in Figure 12. This figure is important
because it demonstrates that changes in BP ratios
do not significantly alter the density of the
samples. The stability of the density values
implies that the replacement of BP does not
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adversely impact the structural integrity of the
matrix. This substantiates the appropriateness of
BP as an additional material in alkali-activated
systems. Moreover, the observed trend aligns
with the findings of Servadei et al., hence
corroborating the credibility of the results [40].
The apparent density values for the incorporation
of 8%, 16%, 24%, 32%, and 40% BP by weight
are 2.57 g/em?, 2.58 g/em?, 2.61 g/cm?, 2.63
g/cm?® and 2.63 g/cm?, respectively.

The increase in the basalt ratio contributed to the
increase in the apparent density value. This is
parallel to the study of Venyite et al [41].
Specimens G68B32 and G60B40 had the highest
apparent density values at 2.63 g/cm?, whilst
G92B8 displayed the lowest at 2.57 g/cm?. With
the increase in BP concentration, slight
reductions in SSD are noted. The reduction is
1.71% relative to G100 in the G60B40 sample
exhibiting the greatest BP level. The minimum
apparent and SSD densities in G60B40 indicate a
weaker structure, corroborating a reduction in
compressive strength.

D Apparent density
| sawrated surface-dry density

Density (g/em’)

Gl

GU2-10E GiEd-B16 GiT6-1124 G68-1832 Ge0-1340

Mix 1D

Figure 12. Density of samples

Sorptivity is a characteristic employed to readily
ascertain porosity. This feature denotes water
absorption and transfer via capillarity [42].
Figure 13 illustrates the sorptivity coefficients
samples. This figure illustrates that an increase in
the BP ratio and a decrease in GBFS resulted in
an elevated sorptivity coefficient. The sample
exhibiting the highest sorptivity coefficient is
G60B40, with a value of 5.29x10 cm/s’>. The
minimum sorptivity coefficient value recorded
for G100 was 3.88x107* cm/s®>. The observation
that GBFS exhibits the lowest water absorption
coefficient aligns with findings from prior
investigations [29, 43].
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3.4. Freeze-thaw resistance

Numerous researchers have put the mortars
acquired to freeze-thaw testing across multiple
cycles [44-46]. This investigation involved 18
samples with diverse BP contents (0-40%)
exposed to 33 and 100 cycles, respectively.
Figure 14 illustrates the mean weight variation
following the cycle. Following 33 cycles,
reductions of 1.87%, 2.09%, 2.1%, 2.2%, 1.93%,
and 1.89% were seen in the G100, G92BS,
G84B16, G76B24, G68B32, and G60B40 series,
respectively. There was no change in weight
from 33 to 100 cycles.

300 B 0 cyeles [ 33 cycles I 100 cycles

200 H

100

Avarage weights after F-T cycles

G100

G92B0OR GR4B16
Mix TD

Figure 14. Average weights after F-T cycles

G76B24  G68B32 GGOBA0O

The ultrasonic  pulse velocity (UPV)
methodology serves as a quality control method
for products intended to be composed of similar
concrete, as it readily identifies both inadequate
compaction and variations in the water/cement
ratio [47]. Figure 15 illustrates the UPV
measurements prior to and after to every 33 and
100 freeze-thaw cycles. As the number of freeze-
thaw cycles increased, a decrease in the UPV
values of all series was detected. Following 100
cycles, the UPV values for the G100, G92BS,
G84B16, G76B24, G68B32, and G60B40
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combinations were recorded as 1881, 1697,
1620, 1555, 1125, and 808 m/s, respectively. The
UPV of the G100 mixture diminished by 11.7%.
The UPV of the G92B8 combination containing
8% BP diminished by 15.7%. The UPV of the
G84B16 combination containing 16% BP
diminished by 18.22%. The reduction in the UPV
of the 24% BP mixture was 17.7%. The
reductions in the 32% and 40% BP mortars were
39.4% and 54.86%, respectively.

[ Jocyeles [ |33cycles [ 100 cycles
2000 =
4 i =
rE
1500
E
;1 1000 -
-
500
0 T T T T T T
G100 G92B08  GB4Bl16  (G76B24 GO68B32 G60B40
Mix ID
Figure 15. Average UPV before and after F-T
cycles

Figure 16 shows compressive strength prior to
and following 100 freeze-thaw cycles, along with
the percentage changes in the mixtures.
Following 100 freeze-thaw cycles, strength
decreases of 9.89%, 28.66%, 27.88%, 37.5%,
49.81% and 61.61% were recorded in samples
G100, G92B8, G84B16, G76B24, G68B32, and
G60B40, respectively. The freeze-thaw impact
resulted in a substantial 61.61% reduction in
strength when the BP ratio reached 40%. After
100 freeze-thaw cycles, the significant decrease
in strength was observed as the BP ratio (40%)
increased, consistent with the highest decrease in
UPV values (54.56%).
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Figure 16. Change of compressive strength after F-
T cycles
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A correlation is evident among Figure 14, Figure
15 and Figure 16, illustrating the relationship
between mass loss, UPV, and the drop in
compressive strength following multiple freeze-
thaw cycles. Figure 14 shows that only a small
amount of material was lost. This small drop in
weight showed that all AAMs had good
structural stability after F-T cycles. However, the
increase in mass loss with increasing BP
replacement rate indicates that the matrix has
poor long-term durability at high BP rates. Figure
15 illustrates UPV results indicating progressive
declines following 33 and 100 F-T cycles, in
alignment with the mass loss trend. UPV
readings exhibited substantial reductions when
BP content escalated.

The reduction in wave velocity signifies the
formation of microcracks and interior structural
degradation following F-T exposure. Figure 16
illustrates that the AAMs with 24%, 32%, and
40% BP underwent considerable strength
degradation following 100 cycles. The control
mix, G100, exhibited a strength reduction of
9.89%, but the 40% BP substitution levels
resulted in more significant mechanical
degradation. The reduction in compressive
strength is closely associated with the UPV
behaviour, hence validating the reliability of
UPV as a non-destructive testing method.

3.5. Microstructural analyses

Microphotographs obtained from FIB-SEM
analyses of G100 and G60B40 AAMs after 100
F-T cycles are shown in Figures 17a-17b. As
seen in Figure 17a, the FIB-SEM image of the
G100 sample reveals a compact structure
consistent with the compressive strength, porosity,
orptivity coefficient and water absorption values.
As seen in Figure 17a, the FIB-SEM image of the
G100 sample reveals a compact structure
consistent with its compressive strength,
porosity, and water absorption values. Figure 17b
presents a microphotograph of the G60B40
sample, revealing microcracks with dimensions
0f2.028 um, 3.455 um, 9.931 pm, and 5.841 um.
This image, as seen in the compressive strength,
porosity, water absorption, and sorptivity results
of G60B40, reveals a weaker microstructure than
G100. Three distinct particle types were
identified within the matrices of both samples:
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entirely unreacted particles, particles that
exhibited partial reaction, and interlocking
particles that fully converted into geopolymer gel
[48].

EDS analyses of G100 and G60B40 AAMs
performed after 100 F-T exposure are given in
Figures 17c-17d. The dominant elements
detected in G100 are O (41.5%), Si (13.9%), Ca
(13.5%), and Al (4.5%). The dominant elements
in G60B40 mortar are O (46.3%), Si (14.1%), Ca
(14%), and Al (4.7%). Ca, Si, and Al were
predominantly detected in the matrix, supporting
the formation of the C-A-S-H gel. The presence
of GBFS, a high-calcium precursor material, in
both EDS pictures accounts for the elevated Ca
levels in the structure. This signifies that a gel
structure rich in Ca, characteristic of alkali-
activity, predominates the matrix, with the
ensuing strengths contingent upon this gel
structure. Prior research on basalt stone cutting
waste demonstrates the emergence of both C-
(N)-ASH gel (i.e., Ca-modified N-A-S-H gel)
and C-A-S-H gel in these samples, attributable to
the dissolution of calcium and its involvement in
gel formation [49].

Figure 17. FIB-SEM/EDS images of a)-c) G100 and
b)-d) G60B40 samples after F-T cycles

4. Conclusion

This study focused on the evaluation of the
workability, mechanical, physical
microstructure, and durability properties of
alkali-activated mortars (AAM) containing
basalt powder (BP) and granulated blast furnace
slag (GBFS). Prismatic samples measuring
40x40x160 mm were produced for the
experimental study. In these samples, BP was
incorporated into the GBFS substitution at 8%,
16%, 24%, 32%, and 40%. The results are
presented below.
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* Increasing the BP content in the mixtures
resulted in a decrease in fluidity.

* Adding up to 24% BP to a W/B ratio of 0.20
met the EFNARC criteria.

* Based on the 28-day compressive strength, the
highest compressive strength was measured at
54.77 MPa in the G92B8 sample, while the
lowest compressive strength was measured at
44.98 MPa in the G60B40 sample.

* Increasing the basalt powder content in the
mixture increased both porosity and water
absorption.

* A significant change in the average weight of
the samples was recorded after 100 freeze-
thaw cycles.

* However, after 100 freeze-thaw cycles, the
greatest strength loss occurred in the G60B40
sample, at 61.61%, while the least loss was
measured in the G100 sample, at 9.89%.

* Increasing the BP ratio in the mixture caused
a decrease in the UPV values of the samples.

* The addition of BP negatively affected the
microstructure of the matrix and reduced the
resistance of the samples against F-T cycles.

As a result, this study recommends that BP
should not be used more than 16% by weight in
GBFS-based AAM
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