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Abstract
The manufacturing of ordinary Portland cement is an energy-intensive process that results in pollution and CO2 emissions, among other issues. There is a need for an environmentally friendly green concrete substitute. Waste products from a variety of sectors can be recycled and used as a green concrete substitute. This decreases the environmental effects of concrete manufacturing as well as energy consumption. The use of solid waste materials for green building is extremely important now and in the future. Green concrete is also in its infancy in terms of manufacturing and application. Academics must intervene by encouraging business implementation. The aim of this review paper is to raise awareness about the importance of repurposing recycled materials and to highlight new technologies for producing green, sustainable concrete.
Key words: construction materials; sustainable composites; green concrete; solid wastes
Introduction
Nine separate mixtures with a water-to - binder ratio (W / B) of 0.8 with differing SPS content ratios of 0, 60 and 100 % were prepared and tested as a partial substitution of the natural fine aggregate with an approximate amount of 0, 20 and 40 % Fly Ash substitution with Portland cement. The properties of the concrete tested were compressive strength and ultrasonic pulse velocity (UPV) at 28-day age. The findings suggest a drop in compressive strength and UPV with increasing concentrations of SPS and fly ash in concrete [1].
Polymer mortar and polymeric composites have been prepared using recycled polystyrene waste and cement dust waste as a filler due to cost and environmental concerns. For comparison, virgin polystyrene and Portland cement are used. To strengthen the adhesion between the filler and the polymer matrix, cement dust was treated with a stearic acid reaction. Composites are made by mixing different quantities of refined and raw cement dust (30, 50, 70, and 90 wt%) with virgin or recycled polystyrene. Mechanical properties, water absorption, and chemical resistance were used to demonstrate the suitability of formulated cement materials as building materials.
Chemical resistance and mechanical properties have improved after a week of immersion in water, 10% sodium chloride (NaCl), and 10% sodium sulphate (Na) solutions, and water absorption has been delayed. The recycled polystyrene composites filled with treated cement dust had the strongest abrasion resistance, weight loss, compressive and bending power, and compressive and bending strength. Chemical resistance and mechanical properties have been improved, and water absorption has been delayed, after regular immersion in water, 10% sodium chloride (NaCl), and 10% sodium sulphate (Na2SO4) solutions. The highest abrasion resistance and lowest weight loss, as well as the greatest compressive and bending strength, were achieved with recycled polystyrene composites packed with treated cement dust. [2].
It is traditional practice to make concrete masonry units, such as concrete blocks or tiles, using portal cement in conjunction with aggregates. The previous technique has combined one section of cement with ten aggregate pieces, conventionally fine and rough aggregates, typically in the shape of sand and gravel or crushed stone. Limited quantities of other materials can be applied to facilitate or postpone reactions or to provide the desired properties to the cement. Portland cement is a mixture of calcium-aluminum-magnesia-silicate. The addition of water to a dry mixture of portal cement results in a series of crystallization reactions that give concrete the strength required for use in construction goods. Due to the complexities of different chemical reactions, a great deal of study has been carried out to assess their effect on cured products, both in reaction conditions and in reactants. Such an investigation has had an impact on the development of standardized quality standards for Cement, as laid out by the American Association for Measuring Materials (ASTM). Materials such as sulfates, retardants, chlorides as accelerators, and pozzolans are among the various chemicals used in the processing of concrete and concrete block items. Although these pozzolans are not of cement quality or binding, they do interact with lime in the presence of water to form cementitious substances. Additives include products such as fly ash, silica dust, and silica-containing materials such as ground concrete, burnt shale, and some slag. Suitable fly ash formulations for the preparation of cement blocks include all of those fly ash compositions set out in ASTM C 618, 'Standard Specification for Fly Ash and Pure or Calcined Natural Pozzolan for use as a natural additive in Portland Cement Concrete [3].
In a global environment where the demand for quality housing is growing with an increased quality of life and a rising population, over-exploitation of natural resources as construction materials is becoming a significant issue. In this case, the incorporation of non-biodegradable waste materials into better construction goods would be highly useful. This report experimentally tested the use of expanded polystyrene mechanically recycled as 50 percent of total EPS for the composite foam concrete panel. The findings of the experimental program have been translated concerning different useful structural behaviors in compression and flexicurity. The use of this foam concrete in combination with cement fiber boards results in a lightweight wall panel that can be used for both load-bearing and non-load-bearing walls in multi-story buildings. These light-weight panels allow for fast construction while also reducing the total weight of the building. [4].
Construction has far-reaching social, economic, and environmental consequences. Given the materials used, such effects are dependent on the development of concrete, since it is the most widely used commodity, and its products are linked to the use of Portland cement, which accounts for a large portion of the industry's CO2 emissions. The aim of this project was to investigate the use of recycled rubber in lightweight concrete with metakaolin, with the dual goal of reducing cement consumption while maintaining adequate strength. Metakaolin was created in the lab, and the minimum temperature for kaolin production was determined. Compressive strength, calorimetry, and mortar thermal conductivity measurements were used to evaluate lightweight concrete (in which sand was replaced by rubber). The researchers discovered that metakaolin produced at 800°C is more effective at replacing silica smoke. The 40% rubber mortar has a compressive strength of 20 MPa. This strength in light concrete allows for the production of materials with low cement consumption, such as mortar (22.9 kg of cement/m3/MPa) and concrete (13 kg of cement/m3/MPa). The concrete-rubber results revealed the best thermal conductivity indices, allowing building projects to be constructed more energy-efficiently, lowering their operating costs. [5].
The mechanical properties of a wide variety of structural fine aggregates concrete mixtures is measured by a non-destructive ultrasonic testing process. This research includes about 84 different formulations checked between 3 and 180 days with compressive strengths ranging from 30-80 MPa. The effect of multiple influences on the relationship between ultrasonic pulse velocity and compressive intensity is investigated. These considerations include the form and quantity of cement, the quantity of water, the form of mixture, the initial wetting conditions, the type and volume of aggregate, and the partial substitution of the normal gross weight and fine aggregates with lightweight aggregates. Changing design parameters has a different effect on lightweight and standard weight concretes. The non-destructive ultrasonic pulse velocity test is also used to test the calculation of the mortar's strength properties. A generalized definition is proposed to estimate the compressive force based on the dependence of the ultrasonic pulse velocity on the stiffness and flexibility of concrete, regardless of the shape of concrete and its structure. More than 200 results were analyzed for different types of aggregates and concrete compositions, yielding a high correlation analysis. [6].
Aggregates have low-cost volumes, containing between 66% and 78% of concrete. With growing concern about the unsustainable processing of natural and quality aggregates, the aggregate generated from industrial waste and agricultural waste is a viable new source of building materials. This research was undertaken to assess the feasibility of the use of coconut shells as aggregates in concrete. The use of coconut shells as aggregates in concrete construction not only solves the issue of disposing of this solid waste but also helps preserve natural resources.
The crushed coconut shell aggregate's mechanical strength has been demonstrated. Rough aggregate is often used to represent fresh concrete properties such as density, slump, and 28-day compressive strength of lightweight concrete made from coconut shells. The results showed that the coconut shell aggregate had a high water absorption rate of about 24%, but the crushing value and impact value were comparable to other lightweight aggregates. The coconut shell concrete aggregates had an average fresh concrete density of 1975 kg/m3 and a 28-day cubic compressive strength of 19.1 N/mm2, respectively. It is concluded that crushed coconut shells are ideal for use as a replacement for traditional aggregates in the manufacture of light concrete [7].
In the presence and absence of enhanced additives, two difficult waste materials, CKD and poly(styrene) (PS), were unutilized for the production of lightweight physico-mechanical bricks suitable for subsequent building applications. To maximize the mechanical properties of the substance, various doses of Portland cement, iron slag, and crushed waste glass were mixed with the two main components (CKD and PS). The compressive strength, density, porosity, and water absorption of the various samples were evaluated under various conditions to determine their mechanical stability and physical properties. The microstructure of different sample compositions dependent on different variables has been studied using scanning electron microscopy (SEM), energy-dispersive X-ray (EDX), and spectroscopic analysis (FTIR and XRF). The mechanical strength results show that PS is unable to increase CKD reliability in the absence of other improved additives. In addition to CKD, 5 percent iron slag, 10% Portland cement, 10% ground waste glass, and 3% PS shredded waste were the required ratios for achieving an appropriate composite of feasible integrity. The project product's scheduling has met the recommended value for building construction on outer shielding and internal non-loading walls, ensuring maximum mechanical and physical specifications in compliance with international standards. One of the benefits of this study is that it served two important roles for the environment: it produced a by-product of environmental waste recycling, it was not financially costly, and it did not waste energy during its processing, and it primarily assisted us in getting rid of this waste. [8].
Green cement and sustainability
Much research has been done to make adjustments to the cement manufacturing process to reduce greenhouse gas emissions from its manufacture. Approximately 50% of industrial pozzolana (cold ash or iron slag) has been suggested in the cement, thereby decreasing the emissions of carbon dioxide resulting from the burning of fuels into concrete clinker and also reducing pozzolan concrete mixing water [9]. The research competed in providing alternatives to traditional cement, and it used a type of industrial pozzolana, which is fly ash that is collected by special filters from combustion gases in electric power plants by burning coal. Where this ash is fine and the US produces about 70 million tonnes per year. Also, to the value of minimizing CO2 emissions in natural or industrial pozzolana use [10]. 
Experiments also show that several significant qualities are the characteristics of this form of cement, such as its strength in soil and groundwater sales and resistance to natural factors, its low porosity, permeability, and thermal cracks, which influence conventional cement [11].  A team of Australian researchers sought to produce a new mixture of cement, using magnesium oxide with "Portland cement" to replace part of the limestone [12]. Consequently, the heating furnace temperature drops to about seven hundred degrees Celsius, which can be obtained by burning biofuels and some other fuels with lower carbon emissions. Despite the importance of this proposal, it soon turned out to be ineffective in reducing emissions, as the process of producing magnesium oxide is done by heating magnesium carbonate, and this process causes the emission of large quantities of carbonate gas [13].
Cement manufacturing is considered one of the developmental and strategic industries because it is directly related to the construction and reconstruction works, where cement is used as a hydraulic binder from building materials [14]. The cement industry may result in severe diseases as it contains compounds such as carbon, hydrogen, suspended particles, phosphorous, dust, smoke, fog, fumes, and others [15]. When cement kilns are used to destroy components of hazardous waste, careful assessment of alternative disposal pathways is required, adherence to strict environmental, health, and safety standards, and no harm to the final product [15]. All these reasons have prompted most countries of the world to adopt the idea of ​​sustainability and green buildings. Green buildings are buildings that provide a better life for people and take into account environmental standards at every stage of construction, design, implementation, operation, and maintenance, thus reducing the harmful environmental impact of the building on societies [16]. Sustainability is based on three main concepts, and the matter can only be correct by taking into account its variables; the economy, society, and the environment [16]. Green buildings are an integrated system that contributes through its ability to provide the consumption of types of cement that contribute to increasing the life span of the building, improving human health, and preserving the ecosystem in a way that reflects positively on the economy and productivity [17]. Various studies have proposed to replace harmful types of cement with a by-product of rice husk as a partial substitute for ordinary Portland cement. Several studies have suggested optimal values ​​for replacing rice husk ash, from 10% to 20%, which showed a significant improvement in the strength of the resulting mixed concrete [18]. However, these optimum values ​​depend heavily on the burning preparation of rice husk ash that adversely affects the amorphous silica components and, consequently, the pozzolanic activities of the rice husk ash in the concrete [18]. A potential approach to converting rice husk to improved, highly reactive rice husk ash is provided by controlled combustion and milling. The results showed that mortar or concrete containing rice husk ash showed a notable reduction in mass loss when exposed to the hydrochloric acid solution and a significant decrease in the expansion of alkali, silica, and sulfate [19]. It is worth noting that around the world, 100 million tons of by-products are obtained from rice fields. Rice husk ash also has a good reaction when used as a partial substitute for cement. In another study, the results revealed that ash of coconut husk and rice husk used as alternatives to concrete, and it is one of the best sustainable and environmentally friendly products [20]. The mixed formulation had 20% coconut husk ash and 20% rice husk ash had 15.3% greater compressive strength than the reference formulation after 180 days. The mixtures of coconut husk ash and rice husk ash showed the highest compressive and pulling efficiency for all aging periods tested. Rice husk ash has a similar chemical composition to many organic fibers. Rice husk ash is composed of cellulose(C5H10O5), lignin (C7H10O3), hemicellulose, silicon dioxide (SiO2), and holocellulose [21]. Rice husk ash can differ according to the source and the processing type. The heating technique can also alter the overall chemical composition of the ash [22]. 
Silicates are one of rice husk ash's most essential components. During the firing process, the ingredients evaporate, and the only constituent left is silicates. Silicates are the component that gives the ability to react pozzolanic to rice husk ash [23].
Conclusion
Replacing cement with large quantities of fly ash and silica dust to develop new green cement and cohesive materials; It improves the use of renewable raw materials and alternative fuels by producing or improving cement with less energy consumption during manufacturing. The use of appropriate alternatives to Portland cement, particularly in industries such as fly ash, iron slag, and silica dust is very vital to minimize pollution. Also, attempts to use efficient recycling materials as an alternative to concrete aggregates, such as recycled aggregates, are becoming very significant.
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