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Introduction: Decarbonising the cement industry

The global construction industry is under increasing pressure to decarbonise, innovate, and adapt to the changing climate.
Cement production alone is responsible for nearly 8% of global CO, emissions, a figure driven by the energy-intensive nature
of dlinker production and the calcination of imestone. In this context, new research is pointing to promising altemative
Sulphate Cement (BMSC), a binder systermn that shows exceptional mechanical and durability properties whike offering a
lower-carbon alternative to Ordinary Portiand cament (OPC).

This arficle summanseas findings from a research project focused on devaloping Reactive Powdear Concrete (RPC) using
BMSC as the primary binder. The objective was twofold: to explore a new ceamentitious system with sirong technical
performance and to support giobal efforts toward sustainable construction by reducing CO, amissions through innovative

Development and performance of BMSC-Based Reactive Powder Concrete

BMSC is a temary system composed of light-bumt magnesia, magnesium sulphate and water. Unlike OPC, its production
does not rely on high-temperature kins or carbon-intensive raw matarids such as limestons. This alone offers a significant
reduction in embodied carbon. Whan combined with supplementary materials like circulating fluidised bed combustion
(CFBC) ash, a by-product from power plants, BMSC transforms into a vehicle for both emissions' reduction and industrial
waste vaporisation. In the laboratory, various mix dasigns weare developed and tested using BMSC, CFBC ash, cilric acid
as a set retarder and supearplasticisers to enhance fiuidity. To further improve tensile strength and ductility, stedl fibres
weare added in varying proportions. The resulting RPC mixes were evaluated for compressive and flexural strength, water
resistance, shrinkage and microstructure through X-ray diffraction (XRD) and scanning eleciron microscopy (SEM).

The optimal mix without steal fibres achieved a 28-day comprassive strength of 99.2 MPa and flexural strength of 23.2
MPa. With the inclusion of 2% stedl fibres, thesa increased to 119.1 MPa and 25.3 MPa, respectivaly. Water resistance
was also notably improved. The softening coefficient, a measure of strength retention after water exposure, increasad from
0.88 {without fibres) to 0.95 {with fibres). SEM images revealed a dense, compact microstructure with reducad formation
of deleterious magnesium hydraxide [Mg (OH),] phases, which are typically associated with durabiity issues in
magnesia-based systams.

The curing regme also played a significant rale in performancs oplimisation. The maost effective method involved a
combination of ambient curing for seven days, thermal curing at 70°C for another seven days, followed by 14 days of
standard curing. This sequence produced compressive and fiexural strengths of 108.8 MPa and 22.0 MPa, respectivaly
suitable for high-strength, long-span infrastructure applications.
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FIGURE 1: PRHEPARATION OF HASIC MAGNESEIM SULFATE CEMENT-BASED RPC
Sustainability and practical implications

temperatures than OPC, reducing fossil fual consumption. Second, it diminates the nead for limestone calcination, cne
of the largest sources of CO, in traditional cement manufacturing. Third, incorporating CFBC ash not only enhances
of BMSC-based RPC are therefore substantially lower than conventional altematives, especially when used in projects that

This research has dear implications for sustainable nfrastructure devalopment, particularly in regions facing rapid
urbanisation and dimate vuinerabiliies. By leveraging localy available matarials and indusirial by-products, BMSC-basad
systams can support low-carbon construction sirategies that are both cost-affective and technically sound. These solutions
are critical for emerging economies looking to expand infrastructure responsibly without compromising environmental goals.




