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1. Introduction

Growing environmental concerns related to the extraction
of natural aggregates and the increasing volume of
industrial waste have strongly motivated the use of
alternative materials in pavement preservation. Slurry seal,
as a highly effective cold preventive maintenance
treatment, plays a crucial role in reducing life-cycle costs
and mitigating environmental pollutants. However,
distresses such as raveling, bleeding, stripping, and rutting
are frequently observed in these overlays, primarily
stemming from inappropriate mix design, poor adhesion
between the bitumen and aggregates, and the selection of
substandard mineral fillers. The mineral filler, comprising
particles smaller than 0.075 mm, significantly affects the
adhesion, abrasion resistance, and deformation behavior of
the asphalt mastic. Simultaneously, the extraction of
natural limestone aggregates leads to severe environmental
consequences, including vegetation destruction, landscape
alteration, and dust generation, while high-quality natural
resources are becoming increasingly limited and
expensive. Conversely, the rapid growth of urbanization
and industrial activities has resulted in a massive
accumulation of industrial wastes, exceeding landfill
capacities. Foundry waste, particularly from CO2 molding
sand processes, represents a significant industrial by-
product that is typically discarded. Utilizing such materials
in pavement engineering not only conserves natural
resources but also resolves waste disposal challenges.
Furthermore, the incorporation of nanomaterials,
specifically silver nanoparticles (Ag NPs), has emerged as
a promising approach to enhance the microstructural
integrity, thermal stability, and mechanical resistance of
bituminous mastics due to their high surface area and
unique physicochemical properties. Despite these
potentials, limited research has addressed the combined
effects of foundry waste fillers and nanosilver in cold

asphalt mastics. Therefore, this study evaluates the
technical feasibility, microstructural characteristics, and
functional performance of replacing natural limestone
filler with foundry waste filler and improving the mastic
behavior using nanosilver in slurry seal applications.

2. Methodology

A comprehensive laboratory matrix was designed to
evaluate the combined effects of foundry waste filler and
nanosilver on slurry seal mastics. The primary binder used
was a cationic slow-setting emulsion (CSS-1h), selected
for its excellent compatibility with slurry seal applications
and ambient-temperature workability. The natural filler
consisted of industrial limestone powder (calcium
carbonate dominant), while the foundry waste filler was
obtained from recycled CO, molding sand, processed, and
sieved to pass the 0.075 mm sieve. Silver nanoparticles
(Ag NPs) with an average particle size of 40—70 nm and
>99% purity were utilized as the nano-modifier. The
aggregate gradation was designed according to the ISSA
TB-112 standard for Type Il slurry seal. The experimental
matrix included five levels of natural filler replacement
with foundry waste filler (0%, 25%, 50%, 75%, and 100%)
and three residual binder contents (8.0%, 8.5%, and 9.0%).
In the nano-modified series, nanosilver was incorporated
at a fixed dosage of 10% by the total weight of the filler.
To ensure uniform dispersion, the nanosilver was pre-
mixed with the dry filler in a high-speed mixer for 3
minutes, subsequently added to the emulsion at 60-70°C,
and stirred using a hotplate magnetic stirrer for 10 minutes.
Chemical and microstructural characterizations of the
fillers and mastics were conducted using X-ray
Fluorescence (XRF) for elemental composition, X-ray
Diffraction (XRD) for crystalline phase identification,
Fourier Transform Infrared Spectroscopy (FT-IR) for
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functional group analysis, and Field Emission Scanning
Electron Microscopy (FESEM) for surface morphology
evaluation. Performance-related indicators were assessed
through standardized slurry seal functional tests, including
the Wet Track Abrasion Test (WTAT) for abrasion
resistance, the Wet Cohesion Test for adhesion and setting
time, and the Loaded Wheel Test (LWT) for deformation
and rutting resistance, all consistent with ISSA and ASTM
evaluation frameworks.

3. Results

XRF and XRD results confirmed a fundamental
compositional and structural difference between the fillers.
The natural filler exhibited a carbonate-dominant nature
with highly crystalline Quartz and Calcite phases,
indicating physical stability but lower chemical reactivity.
In contrast, the foundry waste filler was highly rich in
silica and iron-bearing phases (e.g., Magnetite and
Hematite, with Fe, O3 reaching 45.3%), exhibiting a
semi-amorphous structure that indicates a higher surface
reactivity potential and stronger initial adhesion with the
bitumen.

Comparative XRD Patterns of Natural and Waste Fillers
100 Natural Filler (Quartz)

—= Waste Filer (Magnetite]

Figure 1: XRD patterns of natural and foundry waste
fillers

FT-IR analysis revealed the presence of Fe-O bonds in the
waste filler. More importantly, the combination of waste
filler and nanosilver strengthened active functional
interactions within the mastic, specifically enhancing the
Si-O-Si networks and indicating the formation of a more
stable structural matrix with increased hydrogen bonding
potential. FESEM imaging showed that while the natural
filler had a relatively smooth and uniform surface, the
waste filler possessed rougher surfaces, higher texture
irregularity, and micro-porosities resulting from the rapid
cooling in the casting process. The addition of nanosilver

effectively filled these micro-voids, significantly
improving particle distribution, reducing nano-scale
agglomeration, and enhancing the overall structural
integrity of the mastic. Overall, the mixture containing
50% waste filler with nanosilver (NWFP50) demonstrated
the most balanced response. This optimal blend reflected
improved wet cohesion, reduced deformation tendency in
the LWT, and more favorable abrasion resistance in the
WTAT compared to other replacement levels and the
control sample.

4. Conclusion

Foundry waste filler, when used as a partial replacement
of natural filler and combined with nanosilver, can
significantly enhance the structural and functional
performance of slurry seal mastics while strongly
supporting sustainability goals. The microstructural
analyses (XRF, XRD, FT-IR, and FESEM) proved that the
siliceous and iron-rich semi-amorphous nature of the
foundry waste provides excellent surface reactivity. The
incorporation of silver nanoparticles effectively mitigated
the potential drawbacks of the waste filler's heterogeneous
surface by improving particle dispersion, filling micro-
voids, and reinforcing the bitumen-filler interfacial
transition zone. The optimum observed condition in this
study corresponded to the mixture containing 50% foundry
waste filler and 10% nanosilver, which yielded the highest
resistance to abrasion, rutting, and moisture damage.
These findings highlight the potential of utilizing
industrial by-products in producing high-performance,
environmentally sustainable cold-applied slurry seal
asphalt, thereby reducing the ecological footprint of
natural aggregate extraction and diverting industrial waste
from landfills. However, this study was primarily
conducted under controlled laboratory conditions. Future
work is highly recommended to examine different
nanosilver dosages and to validate the long-term durability
of these nano-modified mastics under field-like cyclic
loading, environmental exposure, and freeze-thaw cycles.
Additionally, conducting a comprehensive Life Cycle
Assessment (LCA) and techno-economic analysis is
suggested to fully quantify the environmental and financial
benefits of scaling this sustainable pavement preservation
technology for widespread industrial application.
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Performance Evaluation of Slurry Seal Mastics Containing Foundry Waste and Silver Nanoparticles
Vahid Bagheri Mofrad Mahmood Jazayeri Moghaddas Amin Tohidi Hassan Divandari Mehdi Mahdavi Adeli

Abstract Considering the growing environmental concerns associated with natural aggregate extraction and the
increasing accumulation of industrial waste, this study aimed to evaluate the technical and functional performance of
bituminous mastics used in slurry seal surface treatments incorporating foundry waste filler and silver nanoparticles.
Mixtures were formulated with varying replacement levels of natural filler by waste filler (0-100%), with and without the
addition of silver nanoparticles (10% by weight of total filler), across three residual bitumen contents. The prepared
mixtures were subjected to physical, chemical, and microstructural characterization using X-ray Fluorescence (XRF), X-
ray Diffraction (XRD), Fourier Transform Infrared Spectroscopy (FT-IR), and Field Emission Scanning Electron
Microscopy (FESEM). Performance was assessed through Wet Track Abrasion, Wet Cohesion, and Loaded Wheel tests.
Results showed that the waste filler, characterized by siliceous and iron-rich phases, provided good surface reactivity.
The incorporation of silver nanoparticles enhanced particle dispersion, structural cohesion, and abrasion resistance. The
optimal performance was achieved with the mixture containing 50% waste filler and silver nanoparticles. These findings
highlight the potential of utilizing industrial by-products in producing high-performance, environmentally sustainable
cold-applied slurry seal asphalt.

Key words Slurry seal, Foundry waste powder, Silver nanoparticles, Bitumen emulsion, FESEM test.
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