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ABSTRACT: This study investigates the utilization of spent anthracite filter media (SAFM) as a sustainable fine
aggregate to partially replace natural sand in cement mortar. The experimental program evaluated the effects of
SAFM replacement at 10%, 20%, and 30% by volume on the flowability, density, mechanical properties, and
chemical durability under aggressive environments (NaCl, MgSO4, and H.SO.). Mortar mixtures were prepared
following ASTM standards with a constant water-to-cement ratio of 0.43. The results revealed that increasing
SAFM content reduced the flow value from 115% (control) to 100% (30SAFM) and slightly decreased the density
from 2136.0 to 2028.0 kg/m? due to the lower specific gravity of SAFM. In contrast, the compressive and flexural
strengths increased significantly by approximately 46% and 21%, respectively, at 30% replacement, indicating
improved interfacial bonding and pore refinement. Durability tests demonstrated that SAFM enhanced resistance
to chloride and sulfate attack, particularly under MgSOa4 exposure, where compressive strength after 90 days
increased by 48% compared with the control. Although all specimens deteriorated under acidic conditions (H2SOa4),
SAFM delayed surface damage and mass loss. The findings confirm that SAFM can serve as an effective and eco-
friendly alternative to natural sand, offering enhanced strength and durability while promoting the circular
economy through waste reuse in sustainable construction materials.
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1. INTRODUCTION

The global construction industry heavily depends
on natural river sand as the main fine aggregate in the
production of mortar and concrete. However,
increasing  urbanization  and  infrastructure
development have accelerated sand consumption to
approximately 50 billion tons per year, making it the
second most consumed natural resource after water
[1]-[5]. Overextraction of sand has led to severe
environmental degradation, including riverbank
erosion, loss of aquatic habitats, and soil instability
[5]-[7]. This crisis underscores the urgent need to
identify and develop sustainable fine aggregate
alternatives in alignment with the United Nations
Sustainable Development Goals (SDGs 11 and 12).

Among the various waste materials investigated,
spent anthracite filter media (SAFM) from water-
treatment plants present a promising candidate due to
their physical durability, angular morphology, and
high carbon content [8]-[14]. During its use in
filtration systems, anthracite gradually accumulates
inorganic and organic contaminants, necessitating
periodic replacement. As a result, large quantities of
discarded SAFM are produced annually, creating
significant disposal challenges and environmental
concerns. In practical operation, the replacement of
exhausted anthracite from water-treatment filters
generates substantial solid waste. A standard dual-
media filtration unit with a surface area of
approximately 40 m? and an anthracite layer depth of

0.6 m produces around 24 m* (= 19.7 t) of spent
anthracite per replacement cycle. For a medium-sized
municipal treatment plant equipped with six filters,
this corresponds to roughly 118 t of SAFM per
replacement, or 20-25 t annually based on a 5-year
replacement interval. Given the extensive number of
municipal and industrial filtration systems operating
across Thailand, the total annual generation of SAFM
waste is estimated to exceed several thousand tonnes,
emphasizing the urgency of developing effective
reuse strategies within the framework of sustainable
and circular construction practices. [15]-[21] This
waste stream is particularly critical in Asia, where the
anthracite filter media market continues to expand
rapidly [22]-[26]. Thus, recycling SAFM for
construction applications could simultaneously
address the issues of waste disposal and sand scarcity.

Previous studies on anthracite and other carbon-
based by-products have yielded mixed results
regarding workability and mechanical performance.
For instance, Li et al. [27] observed that raw
anthracite reduced the flowability of concrete due to
its high porosity, whereas Singh and Siddique [36]
reported strength enhancement in mortars containing
coal bottom ash through improved interfacial bonding.
Celik et al. [28] demonstrated that waste glass fines
increased chloride resistance by refining the pore
network. Compared to these materials, SAFM
exhibits both rough, angular surfaces (beneficial for
mechanical interlocking) and a porous internal
structure (which may enhance internal curing but



International Journal of GEOMATE, Jan., 2026 Vol.30, Issue 137, pp.1-11

reduce flowability). Therefore, it is crucial to balance
these competing effects to achieve optimal
performance.

While numerous studies have examined anthracite
and carbon-rich waste in cementitious materials,
limited work has addressed the direct substitution of
sand with spent anthracite filter media, particularly in
terms of comprehensive mechanical and chemical
durability evaluation. Moreover, no prior research has
systematically correlated SAFM’s physical properties
(specific gravity, porosity, particle morphology) with
its macro-scale effects on mortar performance under
aggressive environments (NaCl, MgSQOa4, and H2SO4).

This study bridges that gap by providing a
comparative, data-driven evaluation of SAFM as a
fine aggregate replacement in cement mortar. It
investigates the influence of SAFM content (10-30%
by volume) on flowability, density, compressive and
flexural strengths, and long-term durability under
different chemical exposures. The findings not only
extend the wunderstanding of anthracite-based
aggregates but also establish new scientific insight
into how SAFM’s physical characteristics contribute
to pore refinement, improved mechanical
interlocking, and enhanced resistance to sulfate and
chloride attacks. The research thus supports the
circular economy by valorizing a previously
underutilized industrial by-product for sustainable
construction applications.

2. RESEARCH SIGNIFICANCE

This study introduces a sustainable approach to
reusing spent anthracite filter media (SAFM), a by-
product from water treatment plants, as a partial
replacement for natural sand in cement mortar. The
research addresses both the environmental issue of
sand depletion and the disposal of industrial waste
while evaluating the effects of SAFM on workability,
density, strength, and durability under various
exposure conditions. The findings demonstrate that
incorporating 20-30% SAFM enhances mechanical
and durability performance through physical
interlocking and improved packing density, offering
a practical and eco-efficient solution that aligns with
circular economy principles and promotes sustainable
construction practices.

3. MATERIALS AND METHODS

3.1 Materials

Hydraulic cement conforming to ASTM C1157
[29] was used as the primary binder.

Natural river sand with a fineness modulus of 2.6
and a specific gravity of 2.63 served as the reference
fine aggregate, and its grading profile is presented in
Figure 2 for comparison with SAFM.

Spent anthracite filter media (SAFM) was
collected from a water filtration system after being
discarded following its filtration cycle. To ensure
cleanliness and minimize potential contamination, the
SAFM underwent a step-cleaning procedure.The
SAFM was washed with tap water and immersed in a
1 M NaOH solution for 2 hours to remove surface
impurities and organic residues. Mild alkaline
cleaning has been proven effective in eliminating
contaminants from carbon-based filter media without
altering their mineral or physical structure. [30]-[33]

After alkaline soaking, SAFM was washed
multiple times with distilled water.

The cleaned SAFM was oven-dried at 105 + 5 °C
for 24 hours.

The dried media was then sieved to comply with
the ASTM C33 [34] gradation for fine aggregates.

Its physical properties, including specific gravity,
bulk density, and water absorption, were determined
in accordance with ASTM C128 [35] . Tap water,
meeting ASTM C1602 requirements [36] , was used
for mixing.

Fig.1 Spent anthracite filter media (SAFM)

Table 1. Properties of SAFM

Specification Typical Value
Specific Gravity 1.6 g/cm?
Bulk Density (dry) 820 kg/m®
Water Absorption 2-3%
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The particle size distribution of SAFM was
determined using standard sieve fractions, and the
resulting grading curve is presented in Figure 2

SAFM exhibited a broader distribution and a slightly
finer fraction compared with natural sand, although
both materials fall within the acceptable gradation
range for fine aggregates. This ensures compatibility
with mortar production requirements and allows
SAFM to be used as a partial sand replacement
without modifying the mix design framework.

3.2 Mix Proportions

Mortar mixtures were designed with a binder-to-
sand ratio of 1:2.75 by mass, following ASTM C109
guidelines [37] . The water-to-cement ratio (w/c) was
fixed at 0.43 for all mixtures. Natural sand was
replaced with SAFM at 0%, 10%, 20%, and 30% by
volume. Mix proportions are summarized in Table 2.

Table 2. Mix proportions

Mix proportions (kg/m?)
Name Cement FA SAFM Water
(kg) (kg) (kg) (kg)
Control 490 1348 - 210
10SAFM 490 1213 83 210
20SAFM 490 1070 166 210
30SAFM 490 943 249 210

Note: FA : Fine aggregate , SAFM : Spent anthracite filter media
3.3 Specimen Preparation

Mixing was performed using a laboratory mortar
mixer in accordance with ASTM C305 [38]. Mortar
cubes (50 x 50 x 50 mm) were prepared for
compressive strength tests, while prisms (40 x 40 x
160 mm) were cast for flexural strength evaluation.
For flowability testing, fresh mortar was tested using
the flow table method as per ASTM C1437 [39] .
After casting, specimens were covered with plastic
sheets for 24 h and then demolded. All samples were
cured in water at 27 + 2 °C until the designated testing
ages of 28 and 90 days.

3.4 Test Methods

* Flowability: Determined using the flow table test
following ASTM C1437 [39].

Fig. 3 Flow Table Test

* Density: Measured according to ASTM C138
[40] by mass-to-volume ratio.

» Compressive Strength: Tested on 50 mm cubes
at 28 and 90 days following ASTM C109 [37]

Fig. 4 Compression Test

* Flexural Strength: Conducted on 40 x 40 x 160
mm prisms using three-point bending per ASTM
C348 [41].

Fig. 5 Flexural Test
3.5 Chemical Durability Tests

Durability assessment was conducted by
immersing 28 day cured mortar specimens in
aggressive solutions for up to 90 days

After 28 days of water curing, the specimens were
immersed in aggressive chemical solutions for 90
days:

* 5% NaCl solution,

* 5% MgSOs4 solution, and

* 3% H>SOs4 solution (by mass of water).

The testing procedure was conducted following
the general guidelines of ASTM C1012/C1012M [42]
for sulfate resistance, with necessary modifications
for mortar cubes. The NaCl and H2SO4 exposure tests
were performed as adapted procedures based on
ASTM C267 [43] to evaluate chemical resistance.
Each container maintained the target concentration,
and solutions were refreshed every 14 days to ensure
consistency. After exposure, the specimens were
visually examined and tested for compressive
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strength to assess deterioration and durability
performance.

MgS0O,. H,S0,. and NaCl Solution

Fig.6 Mortar specimens immersed in MgSO4, H2SOs,
and NacCl solutions

4. RESULTS

This section presents the experimental results of
mortar mixtures in which natural sand was partially
replaced with spent anthracite filter media (SAFM) at
replacement levels of 10%, 20%, and 30%, compared
with a control mortar. The evaluation covers both
fresh and hardened properties, including flowability,
density, compressive strength, flexural strength, long-
term compressive strength under different curing
environments, and damage characteristics under
aggressive solutions.

4.1 Flowability

The flowability of the mortar mixtures decreased
with the increase of SAFM replacement. The control
mortar exhibited a flow of 115%, while the 10%,
20%, and 30% SAFM mixtures demonstrated flow
values of 108%, 104%, and 100%, respectively. As
shown in Figure 7. This reduction is attributed to the
rough texture and high water absorption capacity of
SAFM particles, which hindered the free movement
of cement paste around aggregates.

30SAFM 100
o
5 20SAFM 104
S 10SAFM 108
Control 115
[} 95 100 105 110 115 120
Flow (%)

Fig.7 Flowability

The observed reduction in flowability (115% to
100%) aligns with previous findings by Li et al. and
Rahman et al.,, who reported a 10-15% flow loss
when using porous fine aggregates such as coal
bottom ash or recycled glass. However, the SAFM

mixtures in this study exhibited relatively stable
workability without additional water or admixture,
showing better rheological stability compared with
bottom-ash mortars [44] -[49].

4.2 Density

The density of mortars decreased slightly as the
SAFM content increased, ranging from 2136 kg/m?
for the control to 2028 kg/m? for the 30% SAFM mix.
As shown in Figure 7. This is primarily due to the
lower specific gravity of SAFM (1.60) compared to
natural sand (2.63).

The observed 5% reduction in density is
consistent with previous studies that utilized
lightweight fine aggregates, such as expanded clay
and recycled glass, which typically produce a 5-10%
decrease [50]-[52]. This indicates that SAFM can
achieve moderate weight reduction without
compromising the overall strength performance of the
mortar.
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Fig.8 Density
4.3 Compressive Strength

The compressive strength increased as the SAFM
content rose. The control mixture recorded 20.22
MPa, while the 10%, 20%, and 30% SAFM mixtures
achieved 23.51, 26.74, and 29.60 MPa, respectively.
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Fig.9 Compressive Strength

The increase in strength can be attributed mainly to
physical and mechanical factors, including the
angular and rough surface of SAFM particles, which
improve mechanical interlocking between aggregate
and paste. Additionally, SAFM’s relatively lower
stiffness compared to sand may help distribute stress
more evenly within the mortar matrix.
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In contrast to many porous or waste aggregates
that reduce compressive strength by 5-20% [46] ,
[47], the use of SAFM resulted in a remarkable 46%
strength gain. Similar improvements in compressive
strength have been reported for mortars incorporating
angular fine aggregates such as crushed glass and
ceramics [53],[54] confirming that particle geometry
and interlocking behavior play a dominant role in
load transfer and crack resistance rather than
chemical effects.
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Fig.10 Relationship between density and compressive
strength

The relationship between density and
compressive strength of SAFM mortar mixtures
exhibits a strong inverse correlation (Figure 10). As
density decreases from 2136.0 kg/m* (control) to
2028.0 kg/m® (30% SAFM), the compressive strength
increases from 20.22 MPa to 29.60 MPa, following
the regression model y =—0.0853x + 202.1 with R? =
0.9827.

However, this statistical correlation should not be
interpreted as a causal relationship. The decrease in
density results primarily from the lower specific
gravity of SAFM, whereas the strength enhancement
is more plausibly influenced by physical-mechanical
factors, including improved particle packing, the
angularity of SAFM that promotes mechanical
interlocking, and the modified water-demand
behavior associated with its surface texture. These
mechanisms help distribute stresses more efficiently
and delay crack initiation despite the lower density.

Therefore, the inverse density—strength trend
observed in this study is specific to SAFM mortar and
should not be generalized as a universal rule for all
lightweight or porous fine aggregates.

4.4 Flexural Strength

The flexural strength of the control mix was 1.19
MPa, which increased to 1.44 MPa (approximately
21% higher) for the 30% SAFM mixture. (Figure 11).
This improvement is primarily associated with
mechanical reinforcement effects, where the angular
SAFM particles enhance stress transfer across the

matrix and help delay crack propagation under
bending load.
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Fig.11 Flexural Strength

This 21% strength gain is greater than the <10%
improvement typically observed in mortars
containing recycled glass or ceramic sludge
[55],[56],[57]. The enhanced performance suggests
that SAFM’s shape and surface roughness promote
better particle interlock and mechanical anchoring
within the matrix. resulting in higher flexural
capacity.

4.5 Compressive Strength at 90 Days under
Different Curing Environments

The long-term compressive strength results at 90
days revealed clear differences depending on the
exposure conditions (Figure 12). Underwater curing
(90D-W), the control mortar achieved a strength of
23.7 MPa, whereas the SAFM mixtures exhibited
higher values of 26.2, 29.7, and 32.3 MPa for 10%,
20%, and 30% replacement, respectively. This
consistent increase indicates that SAFM contributes
to better packing and stress transfer efficiency within
the mortar matrix due to its angular shape and rough
surface, which enhances mechanical interlocking
between particles.

When exposed to NaCl solution (90D-NaCl), all
mixtures recorded slightly higher strengths compared
to water curing, with the maximum observed in the
30% SAFM mixture (34.1 MPa). The improvement
can be attributed to the denser physical structure
achieved by SAFM particles that reduce void spaces
and restrict solution penetration. This trend agrees
with previous studies using coal bottom ash and glass
aggregates, where angular particles enhanced the
overall compactness and reduced deterioration
[53],[55].

In contrast, exposure to MgSOa solution (90D-
MgSO.) caused a reduction in compressive strength
across all mixtures. The control dropped to 17.1 MPa,
while SAFM mortars retained relatively higher values
(20.3-25.3 MPa). The better performance of SAFM
mortars is likely due to the tighter packing of fine
particles, which physically slows down the ingress of
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external solutions and minimizes internal stress

concentration.

The most severe deterioration occurred under
H2SO4 immersion (90D-H2SO4), where compressive
strength declined sharply. The control mortar fell to
8.1 MPa, while SAFM mortars maintained slightly
higher values (9.4-11.8 MPa). The reduced damage
in SAFM mixtures can be attributed to their relatively
denser and less permeable structure, which physically
limits solution ingress and surface erosion. Although
all specimens experienced degradation, SAFM
mixtures displayed slower loss of integrity than the
control, indicating improved mechanical cohesion
between paste and aggregate.
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4.6 Damage Characteristics under Different
Environments

The visual inspections of mortar specimens after
90 days of exposure provided additional evidence
consistent with the compressive strength results
(Figure 13). Specimens cured in water (90D-W)
remained intact and dense, with no visible surface
deterioration in all mixtures, indicating that SAFM
incorporation does not weaken the physical integrity
of mortar under non-aggressive conditions. The
consistent surface condition corresponds with the
strength improvement trends observed in Figure 8§,
confirming that SAFM contributes to overall
compactness and cohesion of the hardened matrix.

For specimens exposed to NaCl solution (90D-
NaCl), neither control nor SAFM mortars showed
significant surface scaling, spalling, or cracking.
However, SAFM mixtures—particularly at 20% and
30% replacement—displayed smoother and more
compact surfaces with fewer visible voids than the
control. This suggests that the angular and rough
SAFM particles enhance the mechanical interlock
between components, which helps resist the surface
pressure and minor stress induced by salt
crystallization. Similar visual resistance to chloride-
related surface damage was reported by Rahman et al.
[53] in mortars with recycled glass, where the
physical compactness of the mix contributed to
reduced deterioration compared with natural-sand
mortars. Under MgSOa exposure (90D-MgSOs), all

specimens developed slight surface roughness and
minor discoloration, but deterioration was more
severe in the control mixture. SAFM mortars
maintained comparatively uniform and stable
surfaces. The improved appearance can be explained
by the denser packing of SAFM particles, which
physically reduces permeability and prevents
localized stress concentration at the paste—aggregate
interface.

Control-90D-W 30SAFM-90D-W

Fig.13a Surface appearance of control and 30 %
SAFM mortars after 90 days of exposure to different
environments.

Control- 90D-H,S0, | | 30SAFM- 90D-H,SO, |

Fig.13b Surface appearance of control and 30 %
SAFM mortars after 90 days of exposure to different
environments.

In contrast, the specimens exposed to H:SOa
(90D-H2S0s4) exhibited the most severe surface
deterioration. All samples showed erosion and
rounding of cube edges, particularly in the control and
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10% SAFM mixtures, where surface material
detached easily under slight pressure. The 20% and
30% SAFM mortars still displayed substantial
damage but retained better physical cohesion, with
less fragmentation and slower loss of corners. The
enhanced surface integrity is likely due to the more
compact structure formed by SAFM’s angular
particles, which physically limit acid penetration and
slow the rate of surface erosion. Comparable findings
have been noted in mortars containing dense ceramic
fine aggregates, which showed improved resistance to

disintegration through enhanced interparticle bonding.

Overall, the visual examination confirms that
SAFM  provides mechanical and physical
improvement rather than chemical alteration. The
mortars containing 20-30% SAFM exhibit visibly
more cohesive and uniform surfaces under both
chloride and sulfate exposure, supporting the
quantitative strength data. However, all materials
remain susceptible to severe damage under prolonged
acid conditions, indicating that mechanical
compactness alone is insufficient for extreme
chemical environments.

5. DISCUSSION

The experimental results demonstrate that the
incorporation of spent anthracite filter media (SAFM)
as a partial replacement for natural sand significantly
influences the fresh and hardened properties of
cement mortar. Overall, SAFM enhances mechanical
strength and durability while moderately reducing
workability and density. These effects are primarily
governed by the physical and mechanical
characteristics of SAFM—particularly its angularity,
surface roughness, and low specific gravity.

5.1 Workability and Density

The flow reduction observed with increasing
SAFM content (from 115% to 100%) indicates higher
internal friction and water absorption due to the
irregular particle shape and rough surface of SAFM.
Despite the reduction in flow, all mixes maintained
workable consistency.

The density of mortar decreased slightly
(approximately 5%) as SAFM replaced natural sand,
attributed to SAFM’s lower specific gravity (1.60
versus 2.63 for sand). Similar reductions have been
reported in mortars containing lightweight fine
aggregates. The decrease in unit weight may be
advantageous for producing lightweight or non-
structural mortars where reduced dead load is
desirable.

5.2 Compressive and Flexural Strength

Contrary to many waste-based aggregates that
often reduce strength due to weak particle-matrix

bonding, SAFM increased compressive strength by
approximately 46% and flexural strength by 21% at
30% replacement. This improvement is primarily
attributed to mechanical interlocking and enhanced
stress distribution within the matrix, promoted by the
angular geometry and rough texture of SAFM
particles. These physical characteristics increase load
transfer efficiency and crack resistance under
compressive and flexural loading. Comparable
improvements have been reported in mortars
containing crushed glass and ceramic fines, where the
particle morphology plays a critical role in enhancing
mechanical properties.

5.3 Long-Term Strength and Durability

The 90-day compressive strength results under
different curing environments confirmed the
beneficial effects of SAFM. Under both water and
NaCl curing, strength consistently increased with
higher SAFM content, reaching 34.1 MPa at 30%
replacement. The improved performance is attributed
to the physically denser matrix created by the
compact arrangement of SAFM particles, which
reduces voids and limits the ingress of external
solutions.

Under MgSO. exposure, all mortars exhibited
some reduction in strength, but SAFM mixtures
retained higher values (20.3-25.3 MPa) than the
control (17.1 MPa). The enhanced stability is likely
due to the compact aggregate skeleton, which
minimizes expansion and cracking under sulfate
pressure.

In the H2SOs environment, all specimens
deteriorated significantly; however, SAFM mortars
maintained slightly higher residual strength (9.4-11.8
MPa) compared to the control. The improvement
arises from the tighter particle packing and surface
cohesion of SAFM mixtures, which physically slow
the rate of surface erosion even under severe acidic
attack.

5.4 Surface Integrity and Damage Behavior

Visual observations after 90 days support the
mechanical  findings. Under  non-aggressive
conditions, all specimens remained intact and dense.
In NaCl and MgSO+ exposure, SAFM mortars
exhibited smoother and more uniform surfaces than
the control, indicating better resistance to surface
stress and physical degradation. Under H>SOa
immersion, although severe erosion occurred in all
specimens, the 20% and 30% SAFM mortars
displayed less fragmentation and better retention of
shape.

The improved durability of the SAFM-mortars
under NaCl and MgSOas exposure is likely driven by
physical densification and reduced permeability
rather than chemical alteration. The angular texture
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and particle interlocking of SAFM minimize pore
connectivity, thereby restricting ion transport and
mitigating internal cracking. In MgSOs exposure, the
denser matrix delays the formation of expansive
products, resulting in less surface scaling and higher
residual strength. However, under H2SO4 immersion,
the marginal improvement indicates that the physical
barrier effect of SAFM alone is insufficient to resist
strong acid dissolution, emphasizing this limitation.
These findings agree with recent observations that
enhanced durability in modified mortars mainly
originates from pore refinement and ion-diffusion
control, while additional chemical stabilization is
necessary for acid resistance. [57]

The optimal performance was achieved at 20—
30% SAFM replacement, which provided the best
balance between strength gain and manageable
workability loss. From an engineering perspective,
SAFM is suitable for applications requiring moderate
strength and enhanced durability, such as masonry,
plastering, and lightweight repair mortars. However,
its performance in highly acidic conditions remains
limited, suggesting that protective coatings or
supplementary binders may be required for such
environments.

Further research should examine the long-term
dimensional stability, water absorption, and field
performance of SAFM mortars under real exposure
conditions. Investigations into thermal behavior,
drying shrinkage, and acoustic performance may also
broaden the potential applications of SAFM as a
sustainable fine aggregate.

6. CONCLUSION

Based on the experimental findings, the following
conclusions are drawn:

Flowability and Density: The incorporation of
SAFM reduced flowability from 115% (control) to
100% (30SAFM) and decreased density from 2136.0
to 2028.0 kg/m?® due to the lower specific gravity and
rough, angular surface of SAFM particles.

Compressive Strength: Compressive strength
improved from 20.22 MPa (control) to 29.60 MPa
(30SAFM)—an increase of approximately 46%,
attributed to enhanced interfacial bonding and
microstructural densification.

Flexural Strength: Flexural strength increased by
21%, from 1.19 MPa (control) to 1.44 MPa
(30SAFM), indicating better stress transfer and crack-
bridging capacity.

Durability under Aggressive Environments (90
days):

e NaCl: Strength increased up to 34.1 MPa,
showing improved chloride resistance.

e MgSOs: SAFM mixtures retained 20.3-25.3
MPa, up to 48% higher than control (17.1
MPa).

e H.SOs4: All mixtures deteriorated, but
30SAFM retained higher residual strength
(=11.8 MPa) and reduced surface erosion.

Overall, the findings from this study demonstrate
the technical feasibility and sustainability benefits of
using spent anthracite filter media (SAFM) as a
replacement for fine aggregate in cement mortar. By
integrating  waste reuse with  performance
enhancement, the findings contribute to reducing
sand dependency and promoting circular construction
practices. The established correlations between
SAFM content and mechanical durability behavior
provide a reference for practical implementation in
eco-efficient mortars. Future research should expand
on large-scale applications, evaluate long-term field
performance, and explore synergy  with
supplementary cementitious materials to further
optimize environmental and mechanical outcomes.
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