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2 Low-carbon cement
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Figure 1. Flowchart of methodology.

> Hemicarboaluminate
¢ Monocarboaluminate
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Table 1. Cement partial replacements and cement physical properties.
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Table 2. Cementing materials chemical compositions.
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Table 3. Sand.properties.
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Figure 2. Recycled clay; (a) uncalcined, (b) calcined under 850° for 1 hour.
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Figure 3. SEM image of recycled clay.
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Figure 4. Particle size distribution of sand.
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Table 4, Nomenclature and specification of binder.
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7 Air-Permeability Apparatus
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Table 5. Mix design of cement-based mortar samples.
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Table 6. Mix design of clinker-basedmortar samples.
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Figure 5. Fineness of cement.
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Figure 15. SEM image of mortar containing new cement.
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ABSTRACT

To mitigate environmental impacts and increase energy efficiency in the cement production process,
alternative materials to clinkersare now:used in cement, allowing for the production of a larger amount of
composite cement with identical properties-{from a certain amount of clinker produced by the cement factory.
This is achieved through the appropriate combination of low-carbon and environmentally friendly materials.
The aim is to produce cement that not only uses accessible resources but also reduces carbon emissions. In this
study, recycled minerals (recycled clay (RC) and ground granulated blast-furnace slag (GG)), calcined clay
(CC), and limestone (LS) powder were used as partial replacements for cement/clinker to create low-carbon
cement. The properties of fresh mortar and compressive strength tests were considered. Accordingly, 16 mixes
were prepared, including 5 mortar mix designs containing CC, LS powder, and recycled materials as a cement
replacement, and 9 mix designs containing CC, LS powder, and recycled materials as a clinker powder
replacement, along with two reference mixes. The/results showed that the compressive strength of the mixes
containing RC at different ages was similar to-that ofsmixes containing CC. Based on the results, the
compressive strength of the mixes containing RC andsLS with 30% replacement decreased by about 20%
compared to the reference mix. Meanwhile, the reduction.in“compressive strength of the 35% replacement
mixes containing recycled minerals was less than 10%.

KEYWORDS
Calcined clay; recycled; green mortar; low-carbon cement; ground granulated blast-furnace slag.
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