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regarded as a waste material. In this study, the effect of using phosphorus slag as a partial
replacement for natural sand on the compressive strength and workability of concrete was
investigated. For this purpose, concrete mixtures incorporating various replacement levels
of phosphorus slag (0, 5, 7.5, 10, 12.5, 15, 20, 30, 40, 50, and 60 percent by weight of sand)
were produced, and compressive strength tests at ages 7, 14, and 28 days as well as slump
tests were performed in accordance with ASTM C39 and ASTM C143 standards. The
results indicated that incorporating limited amounts of phosphorus slag led to a significant
increase in compressive strength and an improvement in the microstructure of the concrete.
At 28 days, the specimen containing 7.5% phosphorus slag (PS-7.5) exhibited the highest
compressive strength, reaching 28.32 MPa, which represents an increase of approximately
6.3% compared to the control concrete (26.62 MPa). Conversely, when the replacement
percentage exceeded 20%, the compressive strength showed a decreasing trend. The slump
test results similarly demonstrated a continuous increase in the workability of fresh concrete
with increasing phosphorus slag content; the slump increased from 40 mm in the control
specimen to 70 mm in the mixture containing 60% slag. Overall, the findings revealed that
replacing approximately 7.5% of natural sand with phosphorus slag provides a desirable
balance between compressive strength, fresh concrete workability, and environmental
sustainability, and this range may therefore be considered optimal for producing structural
concrete. This study is the first to employ phosphorus slag as a replacement for natural

sand.
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Introduction

Research Summary: This research was conducted to examine the effects of using
phosphorus furnace slag as a partial replacement for natural sand on the mechanical and
rheological properties of concrete. Phosphorus slag is an industrial by-product generated
during the production of yellow phosphorus and is commonly disposed of without practical
use, which leads to environmental concerns. The primary objective of this study was to
evaluate the feasibility of incorporating this material into concrete production to develop
sustainable and high-strength concrete, while simultaneously reducing the consumption of
natural resources and addressing issues related to industrial waste disposal. The increasing
demand for concrete in the construction industry, together with the excessive and often
uncontrolled extraction of natural sand, has resulted in environmental degradation and
ecological imbalance. In contrast, the chemical and metallurgical industries generate
substantial quantities of waste materials each year, such as various types of slag, the
accumulation and disposal of which present serious environmental challenges. Addressing
these two issues concurrently highlights the importance of reusing industrial by-products in
concrete applications. Phosphorus slag, which contains compounds such as CaO, SiO:, and
Fe20s, exhibits favorable physical and chemical characteristics that make it a promising
candidate for the partial replacement of fine aggregates in concrete.

Method

In this study, a series of concrete specimens was prepared in which natural sand was
partially replaced by phosphorus slag at levels of 0, 5, 7.5, 10, 12.5, 15, 20, 30, 40, 50, and
60% by weight. The concrete mix proportions were determined in accordance with the
guidelines of ACI 211.1-91. Compressive strength tests and slump measurements were
conducted following the procedures specified in ASTM C39 and ASTM C143, respectively.
Cube specimens with dimensions of 150 x 150 mm were cured under standard laboratory
conditions and tested at curing ages of 7, 14, and 28 days.

Results

The test results demonstrated that the incorporation of limited amounts of phosphorus slag
enhances the density of the cement paste and improves the compressive strength of concrete.
At 28 days, the sample containing 7.5% slag (PS-7.5) exhibited the highest compressive
strength, reaching 28.32 MPa—approximately 6.3% higher than that of the control sample
(26.62 MPa). However, replacement levels exceeding 20% resulted in a reduction in
strength, primarily due to a decrease in the active cementitious phase, dilution of the paste
matrix, and weakened cohesion within the Interfacial Transition Zone (ITZ) between the
paste and aggregates. Furthermore, slump test results indicated that increasing the
phosphorus slag content markedly improved the workability of fresh concrete. The slump
value rose from 40 mm in the control mix to 70 mm in the sample containing 60% slag. This
observation highlights the lubricating effect of the fine slag particles and the reduction of
internal friction between aggregates, both of which contribute to enhanced workability of the
concrete.
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Conclusions

The results suggest that replacing approximately 7.5% of natural sand with phosphorus slag
achieves an optimal balance among compressive strength, workability of fresh concrete, and
environmental sustainability. This proportion of slag not only enhances the mechanical
performance of concrete but also serves as an effective approach for reducing the extraction
of natural resources and managing industrial by-products. When replacement levels exceed
20%, a significant decline in concrete strength and internal cohesion is observed. Therefore,
a replacement range of 5 to 10% is recommended as the most appropriate interval for
producing sustainable and environmentally friendly structural concrete.
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