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Cement is known as the main building material in concrete
production. Due to its high cost and environmental pollution and
damage during the production process, researchers are always
searching for suitable alternatives to cement. Silica fume waste
powder from the sandblasting factory, due to its silica content, can
be a suitable substitute and was the subject under investigation in
the present study. 164 specimens were prepared to measure and
evaluate the effect of substituting 5%, 7.5%, and 10% by weight of
cement with silica waste powder in two mix designs of 410 and 460
kilograms per cubic meter. The 90-day compressive strength of
concrete with 5% substitution in the 460-kilogram mix design
showed an increase of 10% in strength, and in other mix designs, no
significant change in strength was observed, indicating the
acceptability of silica waste powder as a suitable substitute for
cement in terms of strength. The water absorption percentage of
concrete decreased significantly by 20% with the increase of silica
waste powder due to its fine structure and filling the pores and voids
of concrete. Based on the results, if silica waste powder, which itself
is an environmental problem in the industry, can be used as a
cement substitute, it is possible to use 5% less cement in concrete
economically and help prevent environmental pollution.
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EXTENDED ABSTRACT

Introduction

Utilizing industrial waste materials as partial replacements for traditional constituents
in concrete production offers both economic and environmental benefits. Cement
production accounts for approximately 8% of global CO2 emissions, so any reduction in the
amount of cement used can lower the carbon footprint of concrete. Various waste materials
that have been investigated as possible cement replacements include fly ash, slag, recycled
concrete aggregates, and silica fume among others.

This study aimed to evaluate the potential for utilizing waste silica powder from
sandblasting operations as a partial replacement for cement in concrete mixtures.
Sandblasting is widely used for surface cleaning and preparation in various industries.
The abrasive silica sand particles become worn down during blasting, generating fine
silica powder waste that is difficult and costly to dispose of properly. If shown to be
feasible, using this waste silica powder as a cement replacement could offer economic
gains through reduced cement costs as well as environmental benefits through industrial
waste utilization.

Methodology

For this study, two normal-strength concrete mixtures with target compressive
strengths of 250 kg/cm2 and 300 kg/cm?2 at 28 days were designed according to the
Iranian concrete code. 164 specimens were prepared to measure and evaluate the effect
of substituting 5%, 7.5%, and 10% by weight of cement with silica waste powder in two
mix designs of 410 and 460 kilograms per cubic meter. Eight concrete mixtures were
produced with 0%, 5% and 10% replacement of cement weight with waste silica powder
by mass while maintaining a constant water-to-cementitious materials ratio of 0.39 and
0.35, respectively. Ordinary Portland cement (OPC), silica fume that wastes from
sandblasting machines, crushed stone coarse aggregates, and potable water were used
without any chemical admixtures.

A total of 168 concrete specimens were cast to evaluate the influence of silica powder
addition on key properties of fresh and hardened concrete. 48 cylinder specimens (150 x
300mm) were cast to measure compressive strength at 28 and 90 days. 72 cubic
specimens (150mm cubes) were cast for compressive strength testing at 7, 28 and 90
days to evaluate strength development over time. Another 48 cubic specimens (50mm
cubes) were cast for water absorption testing at 7, 28 and 90 days to assess the effect on
concrete permeability.

Fresh concrete properties measured included slump and unit weight. Compressive
strength was determined according to ASTM C39. Water absorption tests were
performed according to ASTM C642. Electron microscopy imaging of polished concrete
sections was performed to visually examine the microstructure.
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Results and discussion

Replacing 5% of cement weight with silica powder did not significantly impact the
workability, density or 28-day compressive strengths of the concrete mixtures, indicating
that up to 5% replacement is feasible without adverse effects. The silica powder acted as
a filler, reducing voids in the concrete and decreasing water demand. However, the data
presented in Figure 1 demonstrates that replacing 10% of the cement led to a 22%
decrease in slump due to the fineness of the silica particles, indicating the optimum
replacement level is around 5%.
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Figure 1. Slump test.

Water absorption of the concrete decreased with the use of silica powder due to its filler
effect as can be observed in Figure 2 which can improve durability.
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Figure 2. Absorption Test.

Figure 3 visually confirms that the 90-day compressive strengths were higher than at
28 days, suggesting a slow but steady reaction between the silica and cement over time.
Electron microscopy images showed that the silica powder reduced voids in the concrete at
5% replacement but caused micro cracks at 10% replacement likely due to shrinkage of the
cement paste.
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Figure 3. The variation of compressive strength over age.

Conclusion

The results of this study indicated that waste silica powder from sandblasting has the
potential as a partial replacement for cement in concrete mixtures. Up to 5% replacement
by weight of cement showed no significant effects on workability, strength or permeability,
suggesting this level of replacement is feasible without negatively impacting performance.
Higher replacements of 10% started to decrease workability and strength, indicating an
optimum replacement level of around 5%. The key findings are as follows:

1-

Replacing up to 5% of the cement weight with silica powder did not notably affect
the workability of the concrete mixtures. However, a 10% replacement led to a
22% reduction in slump likely due to the fineness of the silica particles.

The concrete density initially increased with up to 5% replacement but decreased
at 10%, suggesting an optimum replacement level.

Water absorption of the concrete decreased with the addition of silica powder due
to its filler effect, which can improve durability.

The 28-day compressive strengths were not significantly impacted by 5% cement
replacement but started to decrease at 10% replacement.

The 90-day compressive strengths were higher, indicating a slow but continuous
reaction between the silica powder and cement hydration products over time.
Microscopy images showed that the silica powder reduced voids and porosity at
5% replacement but also caused microcracking at 10% replacement likely due to
shrinkage of the cement paste.

In summary, utilizing waste silica powder as a partial cement replacement at dosages
up to 5% offers economic and environmental benefits through reduced cement needs and
industrial waste utilization, without negatively affecting concrete properties.
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