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Alkali-activated materials made of construction demolition waste as 1 

precursors: A review 2 

3 
Abstract 4 

In recent years, researchers have expressed growing concern regarding the environmental impact 5 

of traditional binders such as lime and cement. This has led to an increased focus on finding 6 

alternative materials that not only meet the demands of modern construction but also align with 7 

international initiatives for eco-friendly building practices. In response to this need, alkali-8 

activated materials have emerged as a promising substitute for conventional binders. However, 9 

the current production processes for alkali-activated materials involve substantial energy 10 

consumption and carbon emissions, presenting a global challenge in the quest for sustainable 11 

construction practices. This paper aims to present a novel proposition: utilizing construction and 12 

demolition waste as a potential precursor for manufacturing alkali-activated materials. Drawing 13 

upon a comprehensive survey and analysis of pertinent literature from diverse sources, this paper 14 

synthesizes a wealth of knowledge. The extensive review encompasses a thorough analysis of 15 

existing research findings, allowing for a nuanced exploration of the utilization of construction 16 

and demolition waste as a viable precursor in the manufacturing process of alkali-activated 17 

materials. Construction and demolition waste typically contains significant amounts of silica and 18 

alumina, making it an attractive and sustainable alternative for alkali-activated materials 19 

production. Moreover, this approach offers the additional benefit of mitigating the environmental 20 

repercussions associated with waste disposal. By providing an extensive overview of existing 21 

literature on the use of construction and demolition waste as a precursor for alkali-activated 22 

materials production, this paper also identifies crucial areas that warrant further research in this 23 

field. 24 
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Nomenclature 28 

GHG Greenhouse gas 
CDW Construction and demolition wastes 
AAM Alkali-activated material 
WCP Waste concrete powder 
WGP Waste glass powder 
WCrP Waste ceramic powder 
WBP Waste brick powder 
RCA Recycled concrete aggregates 
GWP Global warming potential  
LCA Life Cycle Assessment 
 29 
1 Introduction 30 

The construction industry is a significant contributor to global greenhouse gas (GHG) 31 

emissions, making it a key sector of concern. Estimates indicate that the cement industry alone is 32 

responsible for approximately 5% (Benhelal et al., 2021) to 8% (Kajaste and Hurme, 2016) of 33 

global CO2 emissions. These anthropogenic emissions contribute to the accumulation of GHGs 34 

in the atmosphere, ultimately leading to climate warming. Additionally, a substantial proportion 35 

of waste generated during construction and demolition activities can be attributed to the 36 

construction industry (Gomes et al., 2021). Construction and Demolition Waste (CDW) typically 37 

encompasses various materials such as concrete rubble, plastic, glass, wood, metal, and other 38 

types of building waste. Concrete waste accounts for the major portion of CDW (Xiao et al., 39 

2018). Many developing countries have made significant progress in recycling CDW, 40 

particularly through the recycling of concrete aggregates (Ruiz et al., 2020). To effectively 41 

address the increasing volume of CDW resulting from the expansion of urban infrastructure, it is 42 

crucial to incorporate all components of CDW into the recycling cycle. This approach not only 43 

reduces the amount of waste ending up in landfills but also helps conserve natural resources. By 44 

embracing comprehensive recycling practices, the construction industry can play a pivotal role in 45 

minimizing its environmental impact and promoting sustainability. 46 

In recent years, there has been a significant increase in interest in geopolymers and Alkali-47 

activated materials (AAMs) as the latest generation of binders. AAMs are cementitious materials 48 

that form when an intense alkaline solution activates a vitreous or amorphous aluminosilicate 49 

(Moghadam et al., 2019), resulting in a substance with high binding quality (Pacheco-Torgal et 50 

al., 2014). In general, materials with a high concentration of silicon dioxide and aluminium oxide 51 

are suitable precursors for the preparation of AAM binders. Researchers use various wastes for 52 

the production of AAMs, including fly ash (Sun et al., 2022), blast furnace slag (Khater and Abd 53 

el Gawaad, 2016) and basic oxygen furnace slag (Lu et al., 2018), natural minerals such as 54 

volcanic ash and albite (Pelosi et al., 2023), and industrial waste (Fernandez-Jimenez et al., 55 
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2017). Furthermore, the utilization of CDW is gaining momentum, particularly in large cities, 56 

due to programs for the renovation of old construction infrastructure. The selective demolition 57 

approach using the "top-down" method systematically extracts objects suitable for secondary 58 

processing and reuse (Poon et al., 2001). This method not only helps to reduce waste but also 59 

promotes a circular economy by enabling the recovery of valuable resources. Thus, dismantling 60 

concrete structures leads to the formation of high-quality concrete rubble without including other 61 

CDW, which is transported to aggregates processing plants for further processing. At the same 62 

time, waste concrete powder (WCP) is generated alongside the concrete rubble, which accounts 63 

for approximately 30% of the concrete used, depending on the production method (Ma and 64 

Wang, 2013). In addition, this method allows for the separation of generated waste ceramic and 65 

waste brick material for further processing. CDW separation, which has already been 66 

implemented in the construction and dismantling of engineering structures, enables more 67 

efficient use of waste in AAMs since each type of CDW has its own physicochemical properties.  68 

Research on alternative precursors for producing AAM in order to reduce GHG is gaining in 69 

popularity. The process of grinding is crucial in transforming CDW into a precursor, as it 70 

reduces the size of CDW particles, making them more soluble and reactive. According to Huo et 71 

al (2021) to achieve optimal reactivity in an alkaline environment, it is recommended that the 72 

CDW precursors have a size smaller than 125 µm. Hwang et al (2019) proposed that CDW 73 

powders should have a particle size finer than 75 µm. In addition to particle size reduction, 74 

milling can activate the particles mechanically, leading to increased surface reactivity. The use of 75 

waste concrete powder (WCP), waste ceramic powder (WCrP), waste brick powder (WBP), 76 

recycled concrete aggregates (RCA), as well as waste glass powder (WGP) as precursors to 77 

AAM, promotes the development of sustainable construction and the full integration of CDW 78 

into a circular economy. Despite increasing interest in using CDW as a precursor, there is still a 79 

lack of systematic and comprehensive studies into the practical application. By examining 80 

various case studies and analyzing existing research, this review aims to not only uncover the 81 

promising prospects of CDW-based AAMs but also to identify challenges and barriers that might 82 

hinder their widespread adoption. By addressing these knowledge gaps, this review aims to pave 83 

the way for the practical utilization of CDW-based AAMs in diverse industries, thus contributing 84 

to sustainable construction practices and waste reduction. 85 

2. Literature search strategy 86 

The use of CDW has gained considerable attention in recent years due to its potential to 87 

reduce waste and improve sustainability in the construction industry. To provide a 88 

comprehensive summary of the current state of knowledge on the use of CDW as a precursor in 89 
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AAM production, a systematic review was carried out. This is a thorough and reliable method 90 

used to identify literature relevant to the research question. According to open data from the Web 91 

of Science, between 2010 and 2022, there were 116 articles published on the topic of using 92 

CDW as a precursor for AAMs (Fig.1a). There is a growing trend in scientific literature, with a 93 

noticeable steady increase in publications on the topic of AAM. In 2022, the number of 94 

publications on this topic reached 968 sources. However, in the same year, the number of 95 

publications on the use of CDW as a precursor in AAM amounted to 27 sources. To further 96 

categorize and analyze the selected literature sources, they were grouped based on the type of 97 

precursor, the use of CDW as a part of the precursor, as well as the assessment of environmental 98 

and economic profitability. The network analysis in Fig.1(b) illustrates the relationships between 99 

the different selected literature sources. By examining the network, patterns related to the 100 

number of publications (thickness of the line), the clustering of similar topics, and the 101 

identification of influential literature sources can be observed. It is evident that a greater number 102 

of publications on the topic of AAM are related to glass waste and waste concrete, with few 103 

publications dedicated to life cycle assessment and environmental assessment of using CDW as a 104 

precursor for AAM. Additionally, a small number of publications use a mixture of various CDW 105 

as a precursor, apparently opting for specific materials rather than their combination. This review 106 

aims to provide a detailed overview of the recent advances and challenges associated with the 107 

use of CDW as a precursor in AAM production, based on the literature findings. 108 

 
 

(a) Number of publications related to CDW as precursor 
for AAMs: from 2010 to 2022  

(b) Network of using CDW as a 
precursor for AMM in selected 

literature 
Figure 1. Publication trends and network analysis 
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3. CDW generation and management practice 110 
 111 
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CDW is a significant waste stream that varies in quantity per inhabitant from country to 112 

country. This variation is due to differences in the economic and cultural characteristics of each 113 

country, as well as differences in the definitions used to characterize CDW and the methods used 114 

to record data. CDW can be divided into four main sources depending on the stage of the life 115 

cycle of the engineering structure, namely: excavation soil, construction work, repair work, and 116 

demolition work. The distribution scheme is presented in Figure 2. Infrastructure development 117 

requires the fundamental steps of soil excavation. These steps involve manipulating inclined 118 

terrain to create flat land, removing soil to establish foundations for buildings and structures, 119 

filling lowlands to provide vertical distance from water sources, and building embankments to 120 

prevent floods (Katsumi, 2015). In urban areas, where finding new land is challenging, 121 

underground space is often utilized, making excavation a crucial component of infrastructure 122 

construction. Consequently, large quantities of surplus excavated soil are generated. 123 

Luangcharoenrat et al (2019) provided statistical information on the percentage of waste from 124 

construction compared with the total CDW for certain countries. For example, in England, the 125 

proportion of CDW is 32% of the total amount of waste, while in Hong Kong and the 126 

Netherlands it is 28%, and in Australia and the United States it is up to 30%. During repair 127 

works, a large amount of waste is also generated, mainly associated with replacing worn parts, 128 

and finishing work. During the dismantling of engineering structures, the largest amount of old 129 

concrete, bricks, and old cement paste is formed, as well as metal, plastic, and glass waste. A 130 

closed-loop recycling system has been widely accepted in Germany to recycle up to 131 

approximately 91% of the CDW (Tam et al., 2018). By adopting a three-stage crushing process 132 

that includes mechanical scrubbing, heated scrubbing, and chemical and physical treatment, 133 

Japan has been able to achieve an impressive 98% recycling rate for CDW (Huang et al., 2018). 134 

In the USA, a series of successive crushing and screening methods have been adopted to 135 

maximize the utilization of CDW in construction. In China, CDW is usually randomly dumped 136 

or disposed in landfills and the rate of recycling is only about 5% (Huang et al., 2018). 137 

There are two classifications for ceramic waste, depending on their source of raw 138 

materials. The first category consists of fired ceramic waste produced by structural ceramic 139 

factories that exclusively use red pastes for manufacturing products like bricks, blocks, and roof 140 

tiles (Ray et al., 2021). The second category comprises fired ceramic waste that originates from 141 

stoneware ceramics, including floor and wall tiles, as well as sanitary wares. In 2021, world tile 142 

production reached 18.3 million m2, with Asia producing over 74% of the world's ceramic 143 

building materials (ACIMAC/MECS, 2021). According to some estimates, the production of 144 

ceramic tiles results in the formation of WCrP during the final polishing process, at a rate of 19 145 

kg/m2 of the finished product (Cheng et al., 2016). In addition, a significant amount of WCrP is 146 
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generated during the construction, operation, and demolition of engineering structures due to the 147 

fragile nature of ceramic tiles. This creates a large amount of WCrP, which necessitates the need 148 

to find ways to recycle it. WCrP is often used in the production of concrete, but the recycling 149 

rate is very low. When ceramic waste is disposed of in landfills, it has the potential to harm the 150 

quality of the groundwater and soil fertility, particularly due to the presence of toxic metals such 151 

as cadmium, copper, and barium. These metals are often introduced into ceramic material during 152 

glazing and staining processes (Silva et al., 2016).   153 

High-quality RCA is usually used as an alternative filling material for road subgrades 154 

(Zhang et al., 2020a; Poon and Chan, 2006), as a cover layer for landfill (Ng et al., 2022), and as 155 

a replacement for natural aggregates in concrete mixes. Attached mortar (cement paste) is the 156 

main reason for the lower quality of RCA compared to natural aggregates (Thomas et al., 2020). 157 

Recycled aggregate concrete usually has lower strength and durability because it is not resistant 158 

to static and dynamic loads (Thomas et al., 2013). Several aggregate cleaning methods such as 159 

heating and rubbing (Bhasya & Bharatkumar, 2018) and mechanical grinding (Yanagibashi et al. 160 

2004) have been developed to improve the quality of RCA by removing the adhering cement 161 

paste. At these stages of processing, WCP is formed, which mainly consists of old cement paste 162 

and crushed aggregates separated from the surface of the aggregate. The inclusion of WCP in the 163 

CDW recycling cycle has been gaining momentum in the last decade. Instead of being buried in 164 

landfills, this material is being studied for potential use in compact form that can be used in non-165 

structural constructions, such as pavement blocks (Kaliyavaradhan et al., 2020). Currently, the 166 

use of WCP as compacts or partial replacement for cement in concrete mixes (Xiao et al., 2018) 167 

is not widely practiced and is limited to only a few pilot projects. Recycling of WCP is limited in 168 

many countries and most WCPs end up in landfills due to their inferior properties 169 

(Kaliyavaradhan et al., 2020; Kim and Choi, 2012). WCPs are harmful to the environment, and 170 

their disposal leads to the contamination of soil and groundwater.  171 

 172 
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Figure 2. CDW grouping (adapted from Reis et al., 2021) 

4 Characteristics of CDW 173 

4.1 Physical properties 174 

Important in the application of CDW as a precursor of alkali-activated materials is the 175 

particle size resulting from their mechanical grinding. The median particle sizes (d50) of CDW 176 

fine powders are typically less than 60 µm (Table 1). Small particles tend to react positively in 177 

an alkaline environment, providing acceptable AAMs mechanical properties without 178 

pretreatment (Bassani et al., 2019b). The specific gravity of the CDW depends on its 179 

granulometric, chemical and phase compositions, and ranges from 2.38 to 2.90. For clay-180 

originated CDW (WCrP and WBP), the specific gravity averages 2.43–2.63, while for cement-181 

originated CDW (WCP and RCA) it is 2.56–2.71. The specific gravity of the WGP and CDW 182 

powder range from 2.43 to 2.63 and from 2.46 to 2.69, respectively. Water absorption is also 183 

significantly dependent on the nature of the CDW. Higher water absorption values are observed 184 

in RCA and WCP fines and reach around 16% (Table 1), whereas glass and ceramic powder 185 

waste are characterized by the lowest values of water absorption (0.7−4.0). These differences are 186 

due to more porous and less dense particles of cement-originated CDW than the WGP, WBP and 187 

WCrP particles. The high levels of water absorption of CDW-based precursors decrease the 188 

water-to-binder ratio (W/B) and workability of fresh AAM mixtures (Wong et al., 2020). CDW 189 

are characterized by raised pH, higher values (9–12) of which are observed in cement-originated 190 

CDW due to the calcium carbonate content. 191 

Table 1 Summary of the physical properties of CDW as reported in literature (Mahmoodi et al. 192 
(2021a); Fernandez-Jimenez et al. (2017); Komnitsas (2016); Tan et al. (2022b); Ilcan et al. 193 
(2023); Ozcelikci et al. (2023); Giannopoulou et al. (2023); Henao et al. (2023); Villaquirán-194 
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Caicedo et al. (2021); Liang (2022b); Ren et al. (2020); Hwang et al. (2019b); Xuan et al. (2019); 195 
Mohammadinia  et al. (2015); Arulrajah et al. (2013a,b); Arulrajah et al. (2012); Jiménez et al. 196 
(2012); Agrela et al. (2012); Vieira (2020); Disfani et al. (2011); Arisha et al. (2018); Binici 197 
(2007); Samadi et al. (2020); Gencel  et al. (2022)). 198 

Characteristic 
Type of CDW 

WGP WCrP WBP WCP RCA CDW mix 
powder 

Specific gravity 2.43−2.63 2.38−2.89 2.58−2.90 2.58−2.71 2.56 −2.70 2.46−2.69 
Median particle sizes (μm) 
used to manufacture AAMs 9.2−58.7 10.3−48.3 7.0−35.3 2.3−11.6 10.0−48.0 10.8−20.0 

Water absorption, % 1.0−1.8 0.7−4.0 6.9−10.6 10.0−15.8 9.7−13.6  8.8−10.2 
pH 9.6−10.1 N.R. 8.8−10.9 9.9−11.5 9.1−11.8 7.7−8.2 

Notes: N.R. = Not reported. 199 
 200 
4.2 Chemical composition 201 

 202 
Table 2 shows the chemical composition of various CDW used for alkali-activated 203 

materials as a precursor. In the process of geopolymerization, the molar ratio or atomic ratio of 204 

oxides (SiO2, CaO, Na2O and Al2O3) can be utilized as a controlling parameter to determine the 205 

composition of the precursor and activator. Typically, a higher concentration of Si plays a 206 

significant role in generating substantial quantities of alkaline aluminosilicate gels, while the 207 

amount of Al in the precursor governs the formation of the network and chemical structure 208 

(Alhawat et al., 2022). The interdependence of the Si and Al roles in AAMs synthesis leads to 209 

the utilization of the Si/Al ratio as a measure of the relationship between activators and CDW 210 

precursors. The desired Si/Al ratio represents the molar quantities of SiO2 and Al2O3 in the 211 

system, which can vary significantly depending on the reactive characteristics and compositions 212 

of the activators and CDW precursors. Vasquez et al (2016) stated that the optimal Si/Al ratio for 213 

all AAM systems based on CDW is 10. All components and the CDW blend have a high content 214 

of silica, calcium oxide and alumina. WGP contains a higher content of sodium oxide and 215 

titanium oxide. Separated CDW powders contain over 60% silica and alumina, whereas the 216 

CDW mixture according to Abudurehman et al. (2021) contains about 40%. WBP contains a 217 

greater amount of iron trioxide compared to other powders, which is primarily derived from the 218 

presence of hematite during the manufacturing of sintered clay brick waste. Due to the presence 219 

of a significant amorphous phase and a vitreous phase in WBP, its particle size is enhanced, 220 

resulting in improved pozzolanic activity (Tang et al., 2020). WGP contains a high amount of 221 

Na2O which should be taken into account when developing a mix design. 222 

Typical aluminosilicate precursors for the production of geopolymers include fly ash, 223 

blast furnace slag, incinerator bottom ash, ladle slag, metallurgical slag, ceramic waste, high 224 

magnesium nickel slag, mine tailings, construction and demolition wastes, kaolin, and 225 
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metakaolin, the choice of which depends largely on their availability (Liew et al., 2012; Walmiki 226 

Samadhia and Muan, 2015). The ternary diagram of CDW precursor materials is shown in Fig. 3. 227 

It can be seen from the CaO-SiO2-Al2O3 ratio that RCA, WBP, WCrPm and WGP contain a high 228 

level of silica, while the mixture of CDW contains more CaO.  The SiO2 ratio is a critical 229 

parameter in AAMs because it directly influences the chemical reactivity and the resulting 230 

properties of the material. SiO2 is typically the main source of the reactive oxide in AAMs and 231 

its ratio has a significant effect on the degree of geopolymerization that occurs during the 232 

activation process. Thus, it can be concluded that the use of separated CDWs is preferable to 233 

their mixture in terms of the ability to control the activity of reactions. 234 

WGP has the potential to serve as a viable precursor material in the production of AAMs. 235 

WGP poses a significant environmental and economic challenge due to its widespread use in 236 

various industries, making recycling difficult due to logistical issues that render its reuse 237 

expensive and impractical. Consequently, finding effective ways to minimize waste in landfills is 238 

crucial. A possible solution to this challenge is the use of AAMs production to repurpose WGP 239 

as a source of silica in the system, as suggested by Mendes et al. (2021).240 
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Table 2 Chemical composition of various CDW used for alkali-activated materials as a precursor. 241 

Type of 
CDW 

Chemical component (wt%) References SiO2 Al2O3 Fe2O3 MgO CaO K2O Na2O P2O5 SO3 TiO2 MnO ZnO LOIa Others 

WGP 

72.27 1.49 0.62 0.26 11.15 0.51 13.37 − − 0.08 − − − − Robayo-Salazar et al. (2017) 
58.37 3.94 0.15 0.49 6.13 4.66 8.75 − − 2.73 − 2.57 1.85 10.35 Fernandez-Jimenez et al. (2017) 
66.5 0.9 0.3 3.9 10.0 0.2 13.6 − 0.2 0.1 − − 4.3 − Ilcan et al. (2023) 
72.5 0.93 0.25 0.43 10.5 0.20 12.6 − 0.24 − − − 2.15 − Ozcelikci et al. (2023) 
73.4 1.27 0.18 0.18 10.9 0.08 12.8 − 0.10 0.07 − − 0.29 0.03 Ulugöl et al. (2021) 

WCrP 

70.54 9.80 5.39 4.46 8.78 1.37 − −  0.77 0.06 − 0.23 − Komnitsas (2016) 
42.6 15.0 11.6 6.3 10.7 1.6 1.6 0.3 0.7 1.8  − 7.5 0.3 Ilcan et al. (2023) 
49.3 20.0 8.16 3.29 5.16 3.67 1.23 − 0.79 − − − 6.64 − Ozcelikci et al. (2023) 

62.40 14.68 8.58 3.68 1.48 3.76 0.98 − − − − − − − Giannopoulou et al. (2023) 
70.6 19.3 − 0.8 2.0 2.4 − − − − − − 0.6 − Henao et al. (2023) 

WBP 

65.92 20.08 9.10 0.86 0.73 0.97 0.44 − − 1.09  − − − Robayo-Salazar et al. (2017) 
60.31 15.61 7.72 3.05 5.60 4.48 0.56 − − 0.88 0.11 − 0.41 − Mahmoodi et al. (2021a) 
69.87 20.98 3.61 0.39 0.40 2.42 0.59 − 0.33 0.77 0.36 − 0.98 0.28 Likes et al. (2022) 
57.79 14.95 6.00 4.75 8.79 2.80 1.03 0.23  0.85 0.05 − 1.89 − Komnitsas (2016) 
41.7 17.3 11.3 6.5 7.7 2.7 1.2 0.3 1.4 1.6 − − 8.0 0.3 Ilcan et al. (2023) 

WCP 

56.21 10.68 10.39 3.35 15.37 0.36 2.08 − − 0.24 − − − − Robayo-Salazar et al. (2017) 
51.00 10.13 5.36 1.38 26.31 1.78 1.23 − 1.94 0.68 0.10 − 9.9 0.09 Likes et al. (2022) 
23.81 4.16 1.96 8.41 30.33 0.67 0.60 −  0.20 0.08 − 29.60 − Mahmoodi et al. (2021a) 
46.58 9.50 10.02 4.95 17.92 5.55 1.33 − 0.46 − − − − − Sasui et al. (2023) 
13.9 4.8 1.2 4.7 40.4 0.6 0.4 − − 0.2 − − 33.1 − Liang (2022b) 

RCA 

65.37 5.33 2.16 1.91 13.93 0.61 1.19 0.11 − 0.22 0.05 − 9.12 − Limbachiya et al. (2007) 
31.6 4.8 3.5 5.1 31.3 0.7 0.5 0.1 0.9 0.2 − − 21.1 0.2 Ilcan et al. (2023) 
37.4 10.7 3.82 1.29 21.2 2.22 1.96 − 0.54 − − − 19.7 − Ozcelikci et al. (2023) 

64.81 7.77 1.59 1.54 19.14 2.94 1.76 − − 0.45 − − − − Ren et al. (2020) 
68.41 2.44 1.10 2.01 15.01 − 0.45 − 1.06 − − − 6.88 − Abdel-Gawwad et al. (2018) 

CDW mix 
powder 

32.89 6.42 − 1.60 54.43 1.29 0.58 − − − − − − 2.79 Abudurehman et al. (2021) 
60.84 14.70 5.46 1.78 8.34 1.52 1.02 − − 0.61 − − 4.63 − Villaquirán-Caicedo et al. (2021) 
46.10 13.20 8.52 7.62 16.40 2.33 − 0.23 4.02 0.84 0.22 0.07 − 0.41 Bassani et al. (2019a) 
57.7 9.1 4.2 1.7 22.3 2.0 0.6 0.2 1.5 0.6 − − − − Tan et al. (2022a) 
53.0 7.2 3.6 1.5 29.3 1.6 0.6 − 2.2 − − − − − Tan et al. (2022b) 

Notes: LOI = Loss on ignition. 242 
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Figure 3 Ternary diagram of CDW precursor materials 

 243 
4.3 Phase composition 244 
 245 
Table 3 presents data on the phase composition of various CDW used as precursors for AAMs. A 246 

feature common to all CDW-based precursors is the presence of quartz (SiO2). Cement-247 

originated CDW mainly consist of calcite (CaCO3) and dolomite (Ca,Mg(CO3)2). Besides quartz, 248 

calcite and dolomite, several aluminosilicate phases can be observed in WCP and RCA: 249 

muscovite (KAl2[AlSi3O10(OH)2]), albite (NaAlSi3O8), anorthite (CaAl2Si2O8). In addition, 250 

several crystalline phases (such as portlandite (Ca(OH)₂), kilchoanite (Ca6(SiO4)(Si3O10)), 251 

ettringite (Ca 6Al 2(SO 4) 3(OH) 12·26H2O), pirssonite Na2Ca(CO3)2∙2(H2O) have been detected 252 

in WCP and RCA fines. Clay-originated CDW contains quartz, muscovite, albite, anorthite, 253 

diopside and hematite as major crystalline phases. Mullite (3Al2O3 2SiO2) is one of the most 254 

frequently detected minerals in fired clay materials. Its content depends on the chemical and 255 

mineralogical composition of clays and the firing temperature (Duval et al., 2008). Among all 256 

products of thermal transformations, the most significant role belongs to the amorphous 257 

aluminosilicate component, which is formed from clay minerals as a result of the destruction of 258 

their crystal structure and is characterized by the highest reactivity under alkaline conditions 259 

(Komnitsas and Zaharaki, 2007). WGP precursors have a siliceous amorphous phase, which 260 

indicates their potential for alkaline activation. The crystalline phases included in CDW are 261 

characterized by a variety of chemical activity with respect to alkalis. The alkaline dissolution 262 

potential of aluminosilicate minerals was studied in detail by Xu and Van Deventer (2020) and 263 

Ouffa et al. (2020). In particular, it was found that the dissolution extents of muscovite in NaOH 264 

and KOH are significantly greater than quartz and albite (Ouffa et al., 2020). However, precursor 265 

pretreatment such as calcination could be a promising way to increase the solubility of low 266 
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reactivity phases of CDW and thus promote their alkaline activation to produce high 267 

performance materials. 268 

 269 
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Table 3. Phase composition of various CDW used for AAMs as a precursor. 270 

Type of CDW Phase composition (wt%) References Q Ms Ab An Ca Po Lz Th Cl Pr Mu Dl Wl Cr Di Lr Hm Or Ph Kl Et Sp Am 

WGP 

                      + Robayo-Salazar et al. (2017) 
                      + Ozcelikci et al. (2023) 
                      + Ulugöl et al. (2021) 
                      + Xuan et al. (2019) 

+                      + Manikandan and Vasugi (2022) 

WCrP 

+             + + +        Ozcelikci et al. (2023) 
+  +        +      + +    + + Giannopoulou et al. (2023) 
                      + Ulugöl et al. (2021) 
                      + Yıldırım et al. (2021) 

+    +             +      Komnitsas et al. (2015) 

WBP 

+ + + +             +       Robayo-Salazar et al. (2017) 
+ +  +      + +             Mahmoodi et al. (2021a) 
+             + +         Ozcelikci et al. (2023) 
+  + +       +    +  +       Giannopoulou et al. (2023) 
+  +        +             Ulugöl et al. (2021) 

WCP 

+  + + + +                  Robayo-Salazar et al. (2017) 
+ + + + +     + +             Mahmoodi et al. (2021a) 
+   + + +               +  + Sasui et al. (2023) 
+    +       +        +    Liang (2022b) 
+    +       +            Liu et al. (2023) 

RCA 

+    +                   Ozcelikci et al. (2023) 
+    +       +            Liu et al. (2022) 
+    +                   Komnitsas et al. (2015) 
+    +       +             Abdel-Gawwad et al. (2019) 
+    +       +            Abdel-Gawwad et al. (2020) 

CDW mix powder 

+  +  +              +     Villaquirán-Caicedo et al. (2021) 
+ + +  +  + + +   + +           Bassani et al. (2019a) 
+  + + +                   Robayo-Salazar et al. (2020b) 
+  + +                   + Tan et al. (2022a) 
+  +  +                  + Tan et al. (2022b) 

Notes: Q = Quartz; Ab = Albite; Ca = Calcite; Dl = Dolomite; Ms = Muscovite; An = Anorthite; Hm = Hematite; Po = Portlandite; Pr = Pirssonite; Mu = Mullite; Lz = Lizardite;       271 
Th = Thaumasite; Cl = Clinochlore; Wl = Wavellite; Cr = Cristobalite; Di = Diopside; Lr = Lazurite; Or = Orthoclase; Ph = Phillipsite; Et = Ettringite; Kl = Kilchoanite;                        272 
Sp = Spinel; Am = Amorphous phase. 273 
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5 Utilization of CDW as a precursor in AAMs 274 
 275 
5.1 Reactivity of CDW in alkaline media  276 

The sensitivity of alkali-activated binders to the chemical composition of the precursor, 277 

which is contingent upon the source material of CDW, has been acknowledged (Dacic et al., 278 

2023). The utilization of remarkably amorphous precursors with sufficient reactive glassy 279 

content stands as a crucial determinant in the production of stable alkali-activated binders. 280 

Moreover, the precursor should exhibit a relatively low water demand and facilitate easy release. 281 

In the literature, a mixture of CDW and ground granulated blast furnace slag (GGBFS) is often 282 

encountered as a precursor in AAM (Ali et al., 2023; Dacic et al., 2023; Liang et al., 2022; Khan 283 

et al., 2021). However, recent studies have indicated that a high content of GGBFS (50% of the 284 

total binder) can hinder the actual reaction or performance of CDW in the mixture due to the 285 

higher reactivity of GGBFS in an alkaline media (Khan et al., 2021). Furthermore, Zhang et al., 286 

2020b have shown that replacing GGBFS with WGP cannot improve the compressive strength of 287 

alkali-activated solution-cured under ambient conditions due to the lower reactivity of WGP 288 

compared to GGBFS. When using low-reactivity materials, it is important to consider their dual 289 

nature, meaning that only the amorphous portion of these materials can undergo reactions while 290 

the crystalline part serves as a microfiller (Fort et al., 2020). This composite nature of the 291 

resulting AAMs can give rise to unique characteristics that are not observed in AAM, derived 292 

from high-reactivity precursors. 293 

Analysis of the literature on the use of CDW as precursors shows that the greatest interest 294 

has been shown in WBP (Table 4). This is due to both the availability of the material and its 295 

claimed strength of 25-93 MPa, as well as the possibility of replacing ground blast furnace slag 296 

with WBP up to 80% by weight (Bumanis & Vaiciukyniene, 2021; Hwang et al., 2019), which 297 

has led to further research on these materials. However, there have been issues with using WBP 298 

in the production of AAM due to the low content of amorphous SiO2 and Al2O3 in WBP, as 299 

reports indicate that the amorphous content for SiO2 and Al2O3 ranges from 7.7-13.9% and 9.6-300 

12.9%, respectively, while the remaining oxides are enclosed in crystalline phases (Keppert et al., 301 

2018; Palomo & Fernandez-Jimenez, 2020). According to recent studies by Pommer et al (2021), 302 

CDW materials need to be ground before being used in AAMs. In terms of the particle size of 303 

CDW, it should be noted that coarser particles are less involved in the geopolymerization process 304 

and cause higher porosity of the resulting activated material (Pommer et al., 2021). Higher 305 

porosity leads to reduced thermal conductivity and accelerated transport of water and water 306 

vapor in materials containing larger CDW precursors. Mixtures of different CDWs are being 307 

actively studied as precursors for AAMs. On the one hand, this optimizes the process of 308 
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delivering raw CDW material, which does not require separation into different waste sources. On 309 

the other hand, the heterogeneity of CDW can lead to differences in the physical and mechanical 310 

properties of the final product. Robayo-Salaza et al. (2020) combined various CDW, such as 311 

concrete, ceramic, masonry, and mortar, to create AAM. They found that the resulting CDW 312 

binder achieved a compressive strength of up to 43.9 MPa and was classified as a general use 313 

and low heat of hydration cement according to ASTM C1157. Robayo-Salaza et al. (2020) 314 

suggest that this innovative recycling concept provides a sustainable alternative for using CDW 315 

in situations where it is not possible to separate different types of waste.  316 

Table 4. Recent research on the application of CDW as precursors 317 

Type of 
CDW as a 
precursor  

Dosage ratio Application Remark Reference 

Mixture of 
CDW 

CDW precursor=4.5; OPC=0.5 
AA solution=3.3; Coarse and fine 
recycled aggregate=12.1 

Binder The concrete produced with this 
mixture reported a compressive 
strength of 33.9 MPa at 28 days 

Robayo-
Salaza et 
al, 2020 

WCP WCP/ NaOH ratio=3/1 Mortar It was concluded that WCP can be 
recycled as the precursor to synthesize 
geopolymer binder. 

Huo et al., 
2021 

Mixture of 
CDW 

Na2O/binder ratio and water/binder 
ratio were set as 0.08 and 0.4 by 
weight, respectively. 

Paste 
 

The optimum grinding time for CWD 
is 2 hours. The compressive strength 
after a 28-day curing period is up to 
39.2 MPa. 

Tan et al., 
2022a 

WBP Mix proportion of alkali activating 
solution in mass ratio: NaOH=1; 
KOH=1.4; SiO2=3. 

Mortar The thermal conductivity of the 
developed material is lower than that of 
materials with a similar density range. 
This material has a brick-like 
appearance and can serve as a 
substitute for making bricks from 
CDW for non-structural purposes. 

Wan et al., 
2018 

WBP Mixture of the WBP powder, fly 
ash and ground-granulated blast-
furnace slag 

Paste 
 

The workability, reaction kinetics, 
micro-properties, energy and 
environmental cost of AAC binder 
would be improved with the reuse of 
waste red brick powder 

Liang et 
al., 2022a 

WBP  The reference mix comprised 
100% WBP as a starting material 
and WCS as the fine aggregate. 
The water-to-binder and binder-to-
sand ratios were fixed at 0.4 and 
1:2.75, respectively. 

Paste The measured compressive strength of 
the alkali-activated brick and ceramic 
mortar ranged from 24 to 93 MPa. 

Hwang et 
al., 2019a; 
2019b 

WBP The binder content (456 g), 
aggregate content (1254 g) and 
water to binder (w/b) ratio (0.46) 

Mortar Compressive strength is 36 MPa. Tuyan et 
al., 2018 

Tile WCrP ceramic waste/aggregates=1/4.3 
The water-to-binder ratio is 0.45 

Mortar Compressive strength is 43 MPa. Reig et al., 
2017 

WCrP WCrP to ground blast furnace slag 
ratio = 1/1 

Mortar WCrP precursors and activators in 
alkali-activated mortar can result in 
cost savings of 14%. The compressive 
strength after a 28-day curing period is 
34 MPa. 

Ramagiri 
& Kar, 
2021 

WCrP SiO2/Na2O = 1, 
WCrP to Aggregates and Activator 
ratio is 1/2.7/4.9 

Mortar The coarser particles are less involved 
in geopolymerization process and 
causing the higher porosity of the 

Pommer et 
al., 2021 
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resulting activated material. 
 318 
5.2 Processing routes  319 

Fig. 4 illustrates the step-by-step sequence of the mix design algorithm with CDW as a 320 

precursor. As already mentioned, the phase composition of the CDW mixture is very variable 321 

and depends on the raw construction material and the management (separation) of waste at the 322 

construction site. First, CDW material is collected at the construction site and depending on 323 

waste management practices in each specific country, it can be collected separately by waste 324 

category or as a mixture of CDW.  Once collected, it is taken to the AAM production site, where 325 

it needs to be dried at a temperature of around 80ºC to remove any moisture (Liang et al., 2022a). 326 

Next, the dried CDW goes through a two-step crushing and milling process to convert it into a 327 

powder form. The first step involves using a jaw crusher with a 1mm spacing to crush the 328 

material, and then it is subjected to an hour-long ball milling process (Ozcelikci et al., 2023).  329 

Further, the existing molecular weight of the CDW powder elementals has to be obtained based 330 

on the XRF analysis, and the existing molar ratios of SiO2/Al2O3 and also the Na2O/SiO2 ratios 331 

have to be calculated using the wt.% of CDW precursor in the AAM system (Mahmoodi et al., 332 

2021a). Robayo-Salazar et al (2020a) drew attention to the aluminosilicate composition of the 333 

geopolymeric precursor, which had a molar ratio of 7.2 for SiO2/Al2O3. Reig et al (2013) 334 

determined that the optimum SiO2/Na2O molar ratio is 1.6 and the water to binder (w/b) ratio is 335 

0.45, at which the best mechanical properties of AAM are observed. A close optimal w/b=0.46 336 

was also observed by Tuyan et al. (2018), and Rakhimova and Rakhimov (2015) reported an 337 

optimal molar ratio SiO2/Na2O of 1.5. In case the workability of the mixture is unsatisfactory, it 338 

is necessary to reconsider the optimal CDW powder particle size, as the particle size affects the 339 

reactivity and water absorption of the mixture. It may also be necessary to reconsider the 340 

liquid/solid ratio to achieve better workability of the mixture. In addition, it is necessary to 341 

reconsider the molar ratios of the phase composition of the mixture, as the chemical composition 342 

of the CDW may be variable. Additionally, the NaOH molarity should be adjusted. The 343 

maximum amount of NaOH used in AMM studies usually does not exceed 12 wt.%, while the 344 

optimal molarities of NaOH concentration is 9M (Ouda & Gharieb, 2020; Gorhan & Kurklu, 345 

2014). 346 
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Figure 4.  The mix design algorithm (adopted from Mahmoodi et al., 2021a) 

 347 
5.3 Factors affecting properties of alkali-activated CDW  348 

Multiple factors greatly influence the synthesis of AAB, such as the origin of precursor 349 

materials, their constituents, quantity, and particle size, as well as the alkaline activators' type 350 

and composition, the amount of free water, and the duration and type of curing (Ibrahim and 351 

Maslehuddin, 2021). The fresh properties of geopolymers, such as workability, stability, and 352 

flowability, generally lag behind those of normal concrete due to the highly viscous nature of the 353 

silicate mixture components. The workability of geopolymers based on CDW relies on the 354 

aluminosilicate source, while the impact of alkaline liquid concentration and the silicate-to-355 

hydroxide ratio appears to be more significant (Mahmoodi et al., 2020). Keppert et al. (2018) 356 

employed WCrP as a precursor and concluded that the flow curves exhibited thixotropic 357 

characteristics in precursor-activator dispersions, demonstrating pseudoplastic (shear-thinning) 358 

behavior. The yield stress of pastes decreased with the increasing dosage of alkali activator, 359 

indicating a transition to a more fluid state. This aligns with expectations as higher silicate 360 

solution content enhances the solubility of precursor particles. According to Mostafa and 361 
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Allahverdi (2016), the initial fresh properties and subsequent hardened characteristics of AAM 362 

are significantly affected by the composition of the source materials. Assessing the workability 363 

of AAM fresh pastes involves a crucial parameter known as the setting time. Liang et al. (2022a) 364 

used WBP as a replacement for fly ash as a precursor and observed that pastes containing WBP 365 

had a shorter setting time compared to the control paste. WGP was used as a replacement for fly 366 

ash (Samarakoon et al., 2020) or slag (Huseien et al., 2020) as a precursor in AAMs, resulting in 367 

increased set times. The increase was due to the physical properties of WGP, which made more 368 

water available in the fresh AAM. Nano WGP also extended the set times when used as a 369 

replacement in AAMs. There was a significant correlation between the dissolution rate of soluble 370 

species from precursors, the reaction rate of geopolymerization, and the setting times. When 371 

using CDW as precursors, it was found that a higher concentration of alkalis promotes faster 372 

dissociation of the precursors and earlier setting of the geopolymer mixtures. In addition, at an 373 

increased SiO2/Al2O3 ratio, the interaction between aluminate and silicate species during the 374 

precipitation phase intensifies, resulting in accelerated polycondensation and decreased setting 375 

times (Yaseri et al., 2017). It was found by Mahmoodi et al (2021b) that the higher content of 376 

Na2O in the CDW powder may have initiated the quicker dissolution of silico-aluminates, which 377 

led to a rapid generation of heat when anhydrous precursor particles reacted with the alkaline 378 

solutions, thus causing a speedy coagulation stage. 379 

The type and duration of curing play significant roles in determining the properties of 380 

AAM (Alhawat et al., 2022). The curing conditions have a direct impact on the polymerization 381 

mechanism, the quality of the polymeric product, and the subsequent strength development. In 382 

the past, various methods such as ambient temperature (Ramagiri et al., 2021; Robayo-Salaza et 383 

al, 2020), elevated temperature (Huo et al., 2021; Tuyan et al., 2018) and steam curing 384 

(Rakhimova and Rakhimov, 2015), as well as water ponding (Wan et al., 2018) have been 385 

employed to cure AAMs synthesized with different CDW precursors. However, it is important to 386 

note that low-Ca precursor materials are particularly sensitive and typically require heat curing 387 

within the range of 40 to 120°C in order to achieve sufficient strength (Alhawat et al., 2022). 388 

Normally, increased molarity of the alkaline activator has a beneficial effect on the 389 

compressive strength of the CDW-based AAMs. At the same time, very high molarities of the 390 

activating solution may result in residual alkali concentration that remains unreacted, which 391 

negatively affects the mechanical strength (Komnitsas et al., 2015). CDW mixtures activated 392 

solely with low molarity NaOH solutions (from 4 M to 8 M) demonstrate low mechanical 393 

strength and durability performance (Ilcan et al., 2024). In addition, in this case there is a low 394 

resistance against water ingress and low freeze-thaw resistance. The observed negative effects 395 
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can be mitigated by the inclusion of slag and microsilica, due to their high reactivity, promoting 396 

the formation of calcium-based gel structures (Ilcan et al., 2024). 397 

The characteristics of AAMs heavily depend on the fine nature of the precursor. When 398 

the precursors have finer particles, they exhibit enhanced reactivity and stronger 399 

geopolymerization, resulting in the production of a more robust paste with a denser 400 

microstructure (Alhawat et al., 2022). This is primarily due to the increased specific surface area 401 

attained through the finer source materials, which accelerates the reaction rate by facilitating 402 

faster dissolution. As a consequence, the setting time is shortened, and strength development 403 

occurs earlier. Nevertheless, achieving improvements in mechanical and durability properties 404 

necessitates striking a balance between the higher water requirement and the fineness of the 405 

source materials. According to Tan et al (2022a), the optimal grinding time is considered to be 2 406 

hours, based not only on the optimal particle size of CDW (D90 is 63.2 µm) but also on the 407 

rational use of electrical energy for production efficiency from a carbon emission perspective. 408 

Longer grinding duration increases the compressive strength of the AAMs synthesized with 409 

CDW mix powder and promotes the formation of a more densely packed structure due to 410 

reactive SiO2 and Al2O3 in CDW particles and accelerated gel formation (Tan et al., 2022a). 411 

Pommer et al. (2021) utilized WCrP as a precursor material and discovered that the precursor 412 

exhibited the most favorable mechanical performance when particles retained on a 0.5 mm sieve 413 

were removed. This removal led to a higher geopolymerization rate. On the other hand, the 414 

inclusion of coarser particles in the WCrP precursor resulted in increased porosity, which 415 

subsequently impacted on the transport properties of AAMs. Specifically, it led to lower thermal 416 

conductivity and faster moisture transport.  417 

AAMs made of CDW as precursors are characterized by a high tendency to efflorescence 418 

(Tan et al., 2022b). One of the main factors for this is the relatively low Al availability of CDW 419 

precursors, which leads to a high content of free alkali cations. In addition, AAMs are produced 420 

by activating low-reactivity CDW-based precursors under circumstances of high alkalinity. The 421 

addition of Al-rich materials (e.g., metakaolin) provides efflorescence mitigation in CDW based 422 

AAMs by decreasing the number of free alkalis and N-A-S-H gels formation as reported by Tan 423 

et al. (2022b). 424 

 425 

6 Environmental and economic sustainability 426 

6.1 Life cycle assessment   427 

The use of CDW for the production of new construction materials undoubtedly brings 428 

benefits both in terms of resource conservation and reducing the amount of waste disposal in 429 

landfills. Scientists undertake Life Cycle Assessment (LCA) based on ISO 14040/14044 to 430 
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quantitatively evaluate the benefits of such CDW recycling (Kravchenko et al., 2024; 431 

Besklubova et al., 2023). The replacement of Portland cement with industrial waste and by-432 

products in the production of AAMs is expected to make a sustainable construction material, and 433 

this claim can be supported by conducting a thorough LCA analysis. The environmental 434 

sustainability of AAMs is mainly related to their precursors and activators (Cunningham & 435 

Miller, 2020). The calculation carried out by Liang et al (2022) showed that the inclusion of 436 

WBP reduced the energy consumption in the preparation of AAMs. For a binder based on 40 wt.% 437 

WBP, the overall energy savings were about 55% compared to a reference sample containing 438 

GGBS and fly ash. Such energy savings are significant considering the large volumes of 439 

construction materials produced. According to the authors, incorporating WBP as a solid 440 

precursor in AAM production is a viable strategy to lower energy consumption and develop eco-441 

friendly binders, a concept that was similarly emphasized in the research of Irshidat et al (2021). 442 

Furthermore, a study conducted by Mahmoodi et al. (2022) demonstrated a significant decrease 443 

in embodied energy and CO2 emissions when utilizing a ternary precursor consisting of WBP, 444 

WCrP, and WCP, resulting in reductions of approximately 86% and 76% respectively compared 445 

to OPC binder. Similarly, Fort et al. (2018) found that using WBP alone as a precursor in AAM 446 

resulted in a reduction of the consumed energy and GHG emissions by 63% and 81% 447 

respectively. In another study by Migunthanna et al (2021), a mixture of alkali-activated paste 448 

with superior mechanical properties exhibited a reduction in the consumed energy and GHG 449 

emissions by 85% and 78% respectively when compared to a cement paste. Ramagiri & Kar 450 

(2021) proved that WCrP as a precursor for AAMs warrants a higher dosage of sodium silicate 451 

and sodium hydroxide, thereby increasing the environmental impact. According to Robayo-452 

Salazar et al (2022), the use of CDW in AAMs has a carbon footprint that is 44% lower than 453 

reference concretes made with 100% Portland cement. This classification indicates that these 454 

AAMs are more environmentally friendly than conventional concretes. 455 

Tan et al (2022a) found that the process of CDW milling substantially increased the 456 

embodied CO2 of the CDW geopolymer product, with an increase in emissions of approximately 457 

10% for every hour of milling. The GHG emissions per unit strength were slightly reduced when 458 

using AAM made from CDW powder due to its higher strength. This suggests that a longer 459 

milling process can lead to greater environmental benefits for CDW. However, when the milling 460 

exceeds 2 hours, geopolymers exhibit an increased carbon footprint indicating that the efficiency 461 

of the milling duration gradually decreases. Therefore, the practical application of CDW in 462 

AAMs needs to consider the optimal milling time and the environmental friendliness of the raw 463 

materials. The contribution of material transportation to the Global Warming Potential (GWP) 464 

emphasis the need to reduce transportation distances in order to decrease fuel consumption. Thus, 465 



 21 

the recycling of CDW in large cities with short distances between the center and the production 466 

areas, as in the case of Hong Kong, is promising according to the sensitivity analysis of GWP to 467 

distance (Hossain, 2017). 468 

6.2 Cost savings 469 

The analysis of the economic feasibility of using CDW depends heavily on the 470 

infrastructure location and local waste management practices. For example, Ramagiri & Kar 471 

(2021) assessed the cost of using CDW as a precursor for AAMs in the Telangana market, in 472 

India. The results showed that using WCrP as a precursor in AAM production is more expensive 473 

than using fly ash due to the electricity costs involved in preparing WCrP through crushing, 474 

grinding, and sieving processes. On the other hand, Huseien et al. (2019) calculated the energy 475 

consumption required to prepare one tonne of WCrP, fly ash, and ground blast furnace slag, 476 

showing values of 1.1, 0.2, and 2.4 GJ/t, respectively, for Malaysia. The results indicate a 477 

reduction in the production cost of AAMs when using WCrP instead of ground blast furnace slag, 478 

which is commonly used in practice. The use of WGP to replace ground blast furnace slag was 479 

also calculated as saving up to 13% of costs in the Malaysian market (Huseien et al., 2020). In 480 

contrast, an analysis of the Chinese market showed that the use of WGP in AAMs can reduce 481 

costs by up to 37% compared to traditional cement use (Xiao et al., 2021). 482 

 483 

7 Future directions and challenges 484 

While the utilization of CDW powders as precursors is an optimal approach for 485 

processing construction waste, there are still areas that require significant improvement. One 486 

such area is enhancing the reactivity of CDW, which is largely dependent on particle size. 487 

However, processes like crushing and separation involved in achieving the desired particle size 488 

distribution are energy-intensive, leading to increased costs and higher GWP in AAM production. 489 

Therefore, it is crucial to carefully observe the optimal grinding time and particle size 490 

distribution of CDW powders, as well as to optimize waste separation management on 491 

construction sites. For example, Waste Concrete Powder (WCP) is generated partially during the 492 

dismantling of engineering infrastructure and at concrete aggregate recycling plants, where old 493 

cement paste is separated from the surface of Recycled Concrete Aggregates (RCA). Managing 494 

this type of CDW only requires sieving, which can significantly reduce costs in AAMs 495 

production. Despite its potential benefits, the use of WCP as a precursor in AAMs is relatively 496 

rare compared to Waste Ceramic Powder (WCrP) and Waste Brick Powder (WBP), which are 497 

often studied in the literature as replacements for traditional precursors. The limited use of WCP 498 

may be attributed to the reactivity of WCP, which depends on the carbonation period of the 499 

concrete and the content of non-reactive aggregates. Further research is needed to establish 500 
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reliable comparisons among different CDWs as precursors under constant laboratory conditions 501 

to determine the optimum composition of AAMs. Currently, studies have mainly provided 502 

comparative data for the use of a single type of CDW replacing fly ash or ground blast furnace 503 

slag. Addressing these challenges and conducting comprehensive research will enable more 504 

effective and efficient utilization of CDW powders as precursors in AAM production, leading to 505 

reduced costs and improved environmental outcomes in the construction industry. 506 

 507 

8 Conclusion 508 

The escalating volume of CDW, particularly in densely populated urban areas, underscores 509 

the urgency of finding optimal processing solutions. In recent years, the use of CDW as a 510 

precursor in the production of AAM has gained significant traction as a promising approach to 511 

reduce GWP and decrease the cost of AAM production, while also capitalizing on resource 512 

conservation opportunities. This review focuses on the latest scientific literature, which provides 513 

compelling evidence supporting the feasibility of employing CDW as a precursor. By 514 

consolidating the findings of CDW research papers published since 2010, the following 515 

conclusions can be drawn: 516 

• When processed to the optimal particle size, both CDW as a composite material and its 517 

individual components such as WCP, WCrP, WBP, RCA, and WGP exhibit remarkable 518 

strength as precursors for AAM.  519 

• Alkali-activated binders' stability hinges on the chemical composition of CDW precursors, 520 

emphasizing the importance of amorphous content. Low-reactivity materials like WGP 521 

exhibit a dual nature, resulting in unique characteristics compared to high-reactivity 522 

precursors. WBP attracts interest due to availability and strength claims, but challenges arise 523 

from its low amorphous content, requiring grinding before use. Coarser CDW particles 524 

increase porosity, affecting thermal conductivity and water transport. Mixtures of different 525 

CDWs optimize raw material delivery but introduce heterogeneity. 526 

• Curing conditions, including ambient temperature, elevated temperature, steam curing, and 527 

water ponding, play vital roles in determining AAM properties, particularly for low-Ca CDW 528 

precursors that require heat curing for sufficient strength. The fine particles of CWD enhances 529 

reactivity, accelerates geopolymerization, shortens setting times, and promotes earlier strength 530 

development of AAM. However, achieving optimal mechanical and durability properties 531 

involves balancing water requirements with the fineness of source materials. 532 

• Preliminary estimations suggest that utilizing CDW precursors can lead to a 44% reduction in 533 

carbon footprint and a 37% decrease in costs compared to the use of traditional cement.  534 
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 535 

It is essential to conduct further comparative research to fine-tune waste management 536 

practices and establish a closed recycling loop for CDW powders within the construction 537 

industry. This comprehensive review underscores the potential of CDW as a valuable resource 538 

for sustainable AAM production. By optimizing the use of CDW and integrating it into a 539 

circular economy framework, the construction industry can significantly contribute to waste 540 

reduction, cost efficiency, and environmental conservation. 541 

Conflict of Interest  542 

The authors declare no conflicts of interest relevant to this study. 543 

Acknowledgement 544 

This work was supported by the Russian Science Foundation (Grant No. 19-79-10266, 545 

https://rscf.ru/project/19-79-10266/). 546 

REFERENCES  547 

Abdel-Gawwad H.A., Heikal E., El-Didamony H., Hashim F.S., Mohammed A.H., 2018. 548 
Recycling of concrete waste to produce ready-mix alkali activated cement. Ceramics 549 
International, 44 (6), 7300 - 7304. https://doi.org/10.1016/j.ceramint.2018.01.042. 550 

Abdel-Gawwad H.A., Mohammed M.S., Zakey S.E., 2020. Preparation, performance, and 551 
stability of alkali-activated-concrete waste-lead- bearing sludge composites. Journal of 552 
Cleaner Production, 259, 120924. https://doi.org/10.1016/j.jclepro.2020.120924. 553 

Abdel-Gawwad H.A., Rashad A.M., Heikal M., 2019. Sustainable utilization of pretreated 554 
concrete waste in the production of one-part alkali-activated cement.Journal of Cleaner 555 
Production, 232, pp. 318 - 328. https://doi.org/10.1016/j.jclepro.2019.05.356. 556 

Abudurehman, A., Stabile, P., Carroll, M. R., Santulli, C., Paris, E., 2021. Mineralogical and 557 
chemical characterization of CDW as function of particle size and thermal treatments for 558 
potential recycling. Detritus, 15, 40-50. https://doi.org/10.31025/2611-4135/2021.15097. 559 

ACIMAC/MECS, 2021. World production and consumption of ceramic tiles. 560 
(https://www.ceramicworldweb.com/en/tag/acimac). 561 

Agrela F., Barbudo A., Ramírez A., Ayuso J., Carvajal M.D., Jiménez J.R. Construction of road 562 
sections using mixed recycled aggregates treated with cement in Malaga, Spain (2012) 563 
Resources, Conservation and Recycling, 58, pp. 98 - 106. 564 
https://doi.org/10.1016/j.resconrec.2011.11.003 565 

Alhawat, M., Ashour, A., Yildirim, G., Aldemir, A., Sahmaran, M., 2022. Properties of 566 
geopolymers sourced from construction and demolition waste: A review. Journal of Building 567 
Engineering, 50, 104104. https://doi.org/10.1016/j.jobe.2022.104104. 568 

Ali, H.A., Sun, K., Xuan, D., Lu, J.X., Cyr, M., Poon, C.S., 2023. Recycling of high-volume 569 
waste glass powder in alkali-activated materials: An efflorescence mitigation strategy. Journal 570 
of Building Engineering, 65, 105756. https://doi.org/10.1016/j.jobe.2022.105756. 571 

https://doi.org/10.31025/2611-4135/2021.15097
https://www.ceramicworldweb.com/en/tag/acimac
https://doi.org/10.1016/j.jobe.2022.104104
https://doi.org/10.1016/j.jobe.2022.105756


 24 

Arisha A.M., Gabr A.R., El-Badawy S.M., Shwally S.A. Performance evaluation of construction 572 
and demolition waste materials for pavement construction in Egypt (2018) Journal of 573 
Materials in Civil Engineering, 30 (2), 04017270. https://doi.org/10.1061/(ASCE)MT.1943-574 
5533.0002127 575 

Arulrajah A., Ali M.M.Y., Disfani M.M., Piratheepan J., Bo M.W. Geotechnical performance of 576 
recycled glass-waste rock blends in footpath bases (2013a) Journal of Materials in Civil 577 
Engineering, 25 (5), pp. 653 - 661. https://doi.org/10.1061/(ASCE)MT.1943-5533.0000617 578 

Arulrajah A., Piratheepan J., Bo M.W., Sivakugan N. Geotechnical characteristics of recycled 579 
crushed brick blends for pavement sub-base applications (2012) Canadian Geotechnical 580 
Journal, 49 (7), pp. 796 - 811. https://doi.org/10.1139/T2012-041 581 

Arulrajah A., Piratheepan J., Disfani M.M., Bo M.W., 2013b. Geotechnical and 582 
geoenvironmental properties of recycled construction and demolition materials in pavement 583 
subbase applications. Journal of Materials in Civil Engineering, 25 (8), pp. 1077 - 1088. 584 
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000652 585 

Bassani M., Tefa L., Coppola B., Palmero P., 2019b. Alkali-activation of aggregate fines from 586 
construction and demolition waste: Valorisation in view of road pavement subbase 587 
applications. Journal of Cleaner Production, 234, pp. 71 – 84. 588 
https://doi.org/10.1016/j.jclepro.2019.06.207. 589 

Bassani M., Tefa L., Russo A., Palmero P., 2019a. Alkali-activation of recycled construction and 590 
demolition waste aggregate with no added binder. Construction and Building Materials, 205, 591 
398 – 413. https://doi.org/10.1016/j.conbuildmat.2019.02.031. 592 

Benhelal, E., Shamsaei, E., Rashid, M. I., 2021. Challenges against CO2 abatement strategies in 593 
cement industry: A review. Journal of Environmental Sciences, 104, 84-101. 594 
https://doi.org/10.1016/j.jes.2020.11.020. 595 

Besklubova, S., Kravchenko, E., Tan, B. Q., & Zhong, R. Y., 2023. A feasibility analysis of 596 
waste concrete powder recycling market establishment: Hong Kong case. Environmental 597 
Impact Assessment Review, 103, 107225. https://doi.org/10.1016/j.eiar.2023.107225. 598 

Bhasya, V., Bharatkumar, B. H., 2018. Mechanical and durability properties of concrete 599 
produced with treated recycled concrete aggregate. ACI Materials Journal, 115(2), 209-217. 600 
doi:10.14359/51701239. 601 

Binici H., 2007. Effect of crushed ceramic and basaltic pumice as fine aggregates on concrete 602 
mortars properties.Construction and Building Materials, 21 (6), pp. 1191 – 1197. 603 
https://doi.org/10.1016/j.conbuildmat.2006.06.002 604 

Bumanis, G., Vaiciukyniene, D., 2021. Mechanical properties of alkali activated material based 605 
on red clay and silica gel precursor. Environmental and Climate Technologies, 25(1), 931-606 
943. https://doi.org/10.2478/rtuect-2021-0070. 607 

Cheng, Y.H., Huang, F., Liu, R., Hou, J.L., Li, G.L., 2016. Test research on effects of waste 608 
ceramic polishing powder on the permeability resistance of concrete. Materials and structures, 609 
49, 729-738. https://doi.org/10.1617/s11527-015-0533-6. 610 

Cunningham, P.R., Miller, S.A., 2020. Quantitative assessment of alkali-activated materials: 611 
environmental impact and property assessments. Journal of Infrastructure Systems, 26(3), 612 
04020021. https://doi.org/10.1061/(ASCE)IS.1943-555X.0000556. 613 

Dacic, A., Kopecskó, K., Fenyvesi, O., Merta, I., 2023. The Obstacles to a Broader Application 614 
of Alkali-Activated Binders as a Sustainable Alternative—A Review. Materials, 16(8), 3121. 615 
https://doi.org/10.3390/ma16083121. 616 

https://doi.org/10.1016/j.jes.2020.11.020
https://doi.org/10.2478/rtuect-2021-0070
https://doi.org/10.1617/s11527-015-0533-6
https://doi.org/10.1061/(ASCE)IS.1943-555X.0000556
https://doi.org/10.3390/ma16083121


 25 

Disfani M.M., Arulrajah A., Bo M.W., Hankour R., 2011. Recycled crushed glass in road work 617 
applications. Waste Management, 31 (11), pp. 2341 – 2351. 618 
https://doi.org/10.1016/j.wasman.2011.07.003 619 

Duval D.J., Risbud S.H., Shackelford J.F. Mullite, 2008. Ceramic and Glass Materials: Structure, 620 
Properties and Processing, pp. 27 - 39. https://doi.org/10.1007/978-0-387-73362-3_2. 621 

Fernandez-Jimenez, A., Cristelo, N., Miranda, T., Palomo, A., 2017. Sustainable alkali activated 622 
materials: Precursor and activator derived from industrial wastes. Journal of Cleaner 623 
Production, 162, 1200-1209. https://doi.org/10.1016/j.jclepro.2017.06.151. 624 

Fort, J., Vejmelková, E., Keppert, M., Rovnaníková, P., Bezdička, P., Černý, R., 2020. Alkaline 625 
activation of low-reactivity ceramics: Peculiarities induced by the precursors' dual character. 626 
Cement and Concrete Composites, 105, 103440. 627 
https://doi.org/10.1016/j.cemconcomp.2019.103440. 628 

Fort, J., Vejmelková, E., Koňáková, D., Alblová, N., Čáchová, M., Keppert, M., ... & Černý, R., 629 
2018. Application of waste brick powder in alkali activated aluminosilicates: Functional and 630 
environmental aspects. Journal of cleaner production, 194, 714-725. 631 
https://doi.org/10.1016/j.jclepro.2018.05.181. 632 

Gencel O., Nodehi M., Hekimoğlu G., Ustaoğlu A., Sarı A., Kaplan G., Bayraktar O.Y., Sutcu 633 
M., Ozbakkaloglu T., 2022. Foam Concrete Produced with Recycled Concrete Powder and 634 
Phase Change Materials. Sustainability (Switzerland), 14 (12), 7458. 635 
https://doi.org/10.3390/su14127458. 636 

Giannopoulou I., Robert P.M., Sakkas K.-M., Petrou M.F., Nicolaides D., 2023. High 637 
temperature performance of geopolymers based on construction and demolition waste. Journal 638 
of Building Engineering, 72, 106575. https://doi.org/10.1016/j.jobe.2023.106575 639 

Gomes, R.I., Farinha, C.B., Veiga, R., de Brito, J., Faria, P., Bastos, D., 2021. CO2 sequestration 640 
by construction and demolition waste aggregates and effect on mortars and concrete 641 
performance-An overview. Renewable and Sustainable Energy Reviews, 152, 111668. 642 
https://doi.org/10.1016/j.rser.2021.111668. 643 

Gorhan, G., Kurklu, G., 2014. The influence of the NaOH solution on the properties of the fly 644 
ash-based geopolymer mortar cured at different temperatures. Composites part b: engineering, 645 
58, 371-377. https://doi.org/10.1016/j.compositesb.2013.10.082. 646 

Henao Rios L.M., Hoyos Triviño A.F., Villaquirán-Caicedo M.A., de Gutiérrez R.M., 2023. 647 
Effect of the use of waste glass (as precursor, and alkali activator) in the manufacture of 648 
geopolymer rendering mortars and architectural tiles. Construction and Building Materials, 649 
363, 129760. https://doi.org/10.1016/j.conbuildmat.2022.129760. 650 

Hossain, M. U., 2017. Life cycle assessment of recycled construction materials: methodology 651 
framework development and results evaluation. Hong Kong Polytechnic University – PhD 652 
Dissertation. 653 

Huang, B., Wang, X., Kua, H., Geng, Y., Bleischwitz, R., Ren, J., 2018. Construction and 654 
demolition waste management in China through the 3R principle. Resources, Conservation 655 
and Recycling, 129, 36-44. https://doi.org/10.1016/j.resconrec.2017.09.029. 656 

Huo, W., Zhu, Z., Chen, W., Zhang, J., Kang, Z., Pu, S., Wan, Y., 2021. Effect of synthesis 657 
parameters on the development of unconfined compressive strength of recycled waste 658 
concrete powder-based geopolymers. Construction and Building Materials, 292, 123264. 659 
https://doi.org/10.1016/j.conbuildmat.2021.123264. 660 

Huseien, G.F., Hamzah, H.K., Sam, A.R.M., Khalid, N.H.A., Shah, K.W., Deogrescu, D.P., 661 
Mirza, J., 2020. Alkali-activated mortars blended with glass bottle waste nano powder: 662 

https://doi.org/10.1016/j.jclepro.2017.06.151
https://doi.org/10.1016/j.cemconcomp.2019.103440
https://doi.org/10.1016/j.jclepro.2018.05.181
https://doi.org/10.1016/j.rser.2021.111668
https://doi.org/10.1016/j.resconrec.2017.09.029
https://doi.org/10.1016/j.conbuildmat.2021.123264


 26 

Environmental benefit and sustainability. Journal of cleaner production, 243, 118636. 663 
https://doi.org/10.1016/j.jclepro.2019.118636. 664 

Huseien, G.F., Sam, A.R.M., Shah, K.W., Mirza, J., Tahir, M.M., 2019. Evaluation of alkali-665 
activated mortars containing high volume waste ceramic powder and fly ash replacing GBFS. 666 
Construction and Building Materials, 210, 78-92. 667 
https://doi.org/10.1016/j.conbuildmat.2019.03.194. 668 

Hwang, C. L., Yehualaw, M. D., Vo, D. H., Huynh, T. P., Largo, A., 2019(a). Performance 669 
evaluation of alkali activated mortar containing high volume of waste brick powder blended 670 
with ground granulated blast furnace slag cured at ambient temperature. Construction and 671 
Building Materials, 223, 657-667. https://doi.org/10.1016/j.conbuildmat.2019.07.062. 672 

Hwang, C., Yehualaw, M., Vo, D.H., Huynh, T.P., 2019(b) Development of high-strength alkali-673 
activated pastes containing high volumes of waste brick and ceramic powders. Constr. Build. 674 
Mater. 218, 519–529. https://doi.org/10.1016/j.conbuildmat.2019.05.143. 675 

Ibrahim, M., Maslehuddin, M., 2021. An overview of factors influencing the properties of alkali-676 
activated binders. Journal of Cleaner Production, 286, 124972. 677 
https://doi.org/10.1016/j.jclepro.2020.124972. 678 

Ikeda, K., Kinoshita, H., Kawamura, R., Yoshikawa, A., Kobori, O., Hiratsuka, A., 2011. 679 
Production of High-Strength Glass-Ceramics from Industrial Wastes Using Phase Equilibrium 680 
Diagram of CaO-Al2O2-SiO2 System. Journal of Solid Mechanics and Materials Engineering, 681 
5(5), 209-218. https://doi.org/10.1299/jmmp.5.209. 682 

Ilcan H., Sahin O., Kul A., Ozcelikci E., Sahmaran M., 2023. Rheological property and 683 
extrudability performance assessment of construction and demolition waste-based 684 
geopolymer mortars with varied testing protocols. Cement and Concrete Composites, 136, 685 
104891. https://doi.org/10.1016/j.cemconcomp.2022.104891. 686 

Ilcan H., Demirbaş A., Ulugöl H., Şahmaran M., 2024. Low-alkaline activated construction and 687 
demolition waste-based geopolymers. Construction and Building Materials, 411, 134546. 688 
https://doi.org/10.1016/j.conbuildmat.2023.134546.  689 

Irshidat, M.R., Al-Nuaimi, N., Ahmed, W., Rabie, M., 2021. Feasibility of recycling waste 690 
carbon black in cement mortar production: Environmental life cycle assessment and 691 
performance evaluation. Construction and Building Materials, 296, 123740. 692 
https://doi.org/10.1016/j.conbuildmat.2021.123740. 693 

Jiménez J.R., Ayuso J., Agrela F., López M., Galvín A.P. Utilisation of unbound recycled 694 
aggregates from selected CDW in unpaved rural roads (2012) Resources, Conservation and 695 
Recycling, 58, pp. 88 - 97. https://doi.org/10.1016/j.resconrec.2011.10.012 696 

Kajaste, R., Hurme, M., 2016. Cement industry greenhouse gas emissions–management options 697 
and abatement cost. Journal of cleaner production, 112, 4041-4052. 698 
https://doi.org/10.1016/j.jclepro.2015.07.055. 699 

Kaliyavaradhan, S. K., Ling, T. C., Mo, K. H., 2020. Valorization of waste powders from 700 
cement-concrete life cycle: A pathway to circular future. Journal of Cleaner Production, 268, 701 
122358. https://doi.org/10.1016/j.jclepro.2020.122358. 702 

Katsumi, T., 2015. Soil excavation and reclamation in civil engineering: Environmental aspects. 703 
Soil science and plant nutrition, 61(sup1), 22-29. 704 
https://doi.org/10.1080/00380768.2015.1020506. 705 

Keppert, M., Vejmelková, E., Bezdička, P., Doleželová, M., Čáchová, M., Scheinherrová, L., ... 706 
& Černý, R., 2018. Red-clay ceramic powders as geopolymer precursors: Consideration of 707 

https://doi.org/10.1016/j.jclepro.2019.118636
https://doi.org/10.1016/j.conbuildmat.2019.07.062
https://doi.org/10.1016/j.conbuildmat.2019.05.143
https://doi.org/10.1016/j.jclepro.2020.124972
https://doi.org/10.1299/jmmp.5.209
https://doi.org/10.1016/j.cemconcomp.2022.104891
https://doi.org/10.1016/j.conbuildmat.2023.134546
https://doi.org/10.1016/j.conbuildmat.2021.123740
https://doi.org/10.1016/j.jclepro.2015.07.055
https://doi.org/10.1016/j.jclepro.2020.122358
https://doi.org/10.1080/00380768.2015.1020506


 27 

amorphous portion and CaO content. Applied Clay Science, 161, 82-89. 708 
https://doi.org/10.1016/j.clay.2018.04.019. 709 

Khan, M. N.N., Kuri, J.C., Sarker, P.K., 2021. Effect of waste glass powder as a partial precursor 710 
in ambient cured alkali activated fly ash and fly ash-GGBFS mortars. Journal of Building 711 
Engineering, 34, 101934. https://doi.org/10.1016/j.jobe.2020.101934. 712 

Khater, H. M., Abd el Gawaad, H. A., 2016. Characterization of alkali activated geopolymer 713 
mortar doped with MWCNT. Construction and building materials, 102, 329-337. 714 
https://doi.org/10.1016/j.conbuildmat.2015.10.121. 715 

Kim, Y. J., Choi, Y. W., 2012. Utilization of waste concrete powder as a substitution material for 716 
cement. Construction and building materials, 30, 500-504. 717 
https://doi.org/10.1016/j.conbuildmat.2011.11.042. 718 

Komnitsas K., 2016. Co-valorization of marine sediments and construction and demolition 719 
wastes through alkali activation. Journal of Environmental Chemical Engineering, 4 (4), 4661 720 
– 4669. https://doi.org/10.1016/j.jece.2016.11.003. 721 

Komnitsas K., Zaharaki D., 2007. Geopolymerisation: A review and prospects for the minerals 722 
industry. Minerals Engineering, 20 (14), pp. 1261 - 1277. 723 
https://doi.org/10.1016/j.mineng.2007.07.011 724 

Komnitsas K., Zaharaki D., Vlachou A., Bartzas G., Galetakis M., 2015. Effect of synthesis 725 
parameters on the quality of construction and demolition wastes (CDW) geopolymers.  726 
Advanced Powder Technology, 26 (2), 368 – 376. https://doi.org/10.1016/j.apt.2014.11.012. 727 

Kravchenko, E., Lu, W., Sauerwein, M., Wong, A. H., 2024. Life cycle assessment of waste 728 
materials in deep cement mixing for land reclamation in Hong Kong. Environmental Impact 729 
Assessment Review, 105, 107398. https://doi.org/10.1016/j.eiar.2023.107398. 730 

Liang G., Liu T., Li H., Wu K., 2022b. Shrinkage mitigation, strength enhancement and 731 
microstructure improvement of alkali-activated slag/fly ash binders by ultrafine waste 732 
concrete powder. Composites Part B: Engineering, 231, 109570. 733 
https://doi.org/10.1016/j.compositesb.2021.109570. 734 

Liang, G., Luo, L., Yao, W., 2022a. Reusing waste red brick powder as partial mineral precursor 735 
in eco-friendly binders: Reaction kinetics, microstructure and life-cycle assessment. 736 
Resources, Conservation and Recycling, 185, 106523. 737 
https://doi.org/10.1016/j.resconrec.2022.106523. 738 

Liew, Y.M., Kamarudin, H., Al Bakri, A. M., Luqman, M., Nizar, I.K., Ruzaidi, C.M., Heah, 739 
C.Y., 2012. Processing and characterization of calcined kaolin cement powder. Construction 740 
and Building Materials, 30, 794-802. https://doi.org/10.1016/j.conbuildmat.2011.12.079. 741 

Likes, L., Markandeya, A., Haider, M.M., Bollinger, D., McCloy, J.S., Nassiri, S., 2022. 742 
Recycled concrete and brick powders as supplements to Portland cement for more sustainable 743 
concrete. Journal of Cleaner Production, 364, 132651. 744 
https://doi.org/10.1016/j.jclepro.2022.132651. 745 

Limbachiya, M.C., Marrocchino, E., Koulouris, A., 2007. Chemical–mineralogical 746 
characterisation of coarse recycled concrete aggregate. Waste Management, 27(2), 201-208. 747 
https://doi.org/10.1016/j.wasman.2006.01.005. 748 

Liu M., Hu R., Zhang Y., Wang C., Ma Z., 2023. Effect of ground concrete waste as green 749 
binder on the micro-macro properties of eco-friendly metakaolin-based geopolymer mortar. 750 
Journal of Building Engineering, 68, 106191. https://doi.org/10.1016/j.jobe.2023.106191. 751 

Liu M., Wu H., Yao P., Wang C., Ma Z., 2022. Microstructure and macro properties of 752 
sustainable alkali-activated fly ash mortar with various construction waste fines as binder 753 

https://doi.org/10.1016/j.clay.2018.04.019
https://doi.org/10.1016/j.jobe.2020.101934
https://doi.org/10.1016/j.conbuildmat.2015.10.121
https://doi.org/10.1016/j.conbuildmat.2011.11.042
https://doi.org/10.1016/j.jece.2016.11.003
https://doi.org/10.1016/j.resconrec.2022.106523
https://doi.org/10.1016/j.conbuildmat.2011.12.079
https://doi.org/10.1016/j.jclepro.2022.132651
https://doi.org/10.1016/j.wasman.2006.01.005


 28 

replacement up to 100%. Cement and Concrete Composites, 134, 104733. 754 
https://doi.org/10.1016/j.cemconcomp.2022.104733. 755 

Lu, T.H., Chen, Y.L., Shih, P.H., Chang, J.E., 2018. Use of basic oxygen furnace slag fines in 756 
the production of cementitious mortars and the effects on mortar expansion. Construction and 757 
Building Materials, 167, 768-774. https://doi.org/10.1016/j.conbuildmat.2018.02.102. 758 

Luangcharoenrat, C., Intrachooto, S., Peansupap, V., Sutthinarakorn, W., 2019. Factors 759 
influencing construction waste generation in building construction: Thailand’s perspective. 760 
Sustainability, 11(13), 3638. https://doi.org/10.3390/su11133638. 761 

Ma, X., Wang, Z., 2013. Effect of ground waste concrete powder on cement properties. 762 
Advances in Materials Science and Engineering, 2013. https://doi.org/10.1155/2013/918294. 763 

Mahmoodi, O., Siad, H., Lachemi, M., Dadsetan, S., & Sahmaran, M., 2020. Optimization of 764 
brick waste-based geopolymer binders at ambient temperature and pre-targeted chemical 765 
parameters. Journal of Cleaner Production, 268, 122285. 766 

Mahmoodi, O., Siad, H., Lachemi, M., Dadsetan, S., Sahmaran, M., 2021(b). Development and 767 
characterization of binary recycled ceramic tile and brick wastes-based geopolymers at 768 
ambient and high temperatures. Construction and Building Materials, 301, 124138. 769 
https://doi.org/10.1016/j.conbuildmat.2021.124138. 770 

Mahmoodi, O., Siad, H., Lachemi, M., Dadsetan, S., Şahmaran, M., 2022. Optimized 771 
Application of Ternary Brick, Ceramic and Concrete Wastes in Sustainable High Strength 772 
Geopolymers. Journal of cleaner production. 338, 130650. 773 
https://doi.org/10.1016/j.jclepro.2022.130650. 774 

Mahmoodi, O., Siad, H., Lachemi, M., Sahmaran, M., 2021(a). Synthesis and optimization of 775 
binary systems of brick and concrete wastes geopolymers at ambient environment. 776 
Construction and Building Materials, 276, 122217. 777 
https://doi.org/10.1016/j.conbuildmat.2020.122217. 778 

Manikandan, P., Vasugi V., 2022. Potential utilization of waste glass powder as a precursor 779 
material in synthesizing ecofriendly ternary blended geopolymer matrix. Journal of Cleaner 780 
Production, 355, 131860. https://doi.org/10.1016/j.jclepro.2022.131860. 781 

Mendes, B.C., Pedroti, L.G., Vieira, C.M.F., Marvila, M., Azevedo, A.R., de Carvalho, J.M.F., 782 
Ribeiro, J.C.L., 2021. Application of eco-friendly alternative activators in alkali-activated 783 
materials: A review. Journal of Building Engineering, 35, 102010. 784 
https://doi.org/10.1016/j.jobe.2020.102010. 785 

Migunthanna, J., Rajeev, P., Sanjayan, J., 2021. Investigation of waste clay brick as partial 786 
replacement of geopolymer binders for rigid pavement application. Construction and Building 787 
Materials, 305, 124787. https://doi.org/10.1016/j.conbuildmat.2021.124787. 788 

Moghadam, M.J., Ajalloeian, R., Hajiannia, A., 2019. Preparation and application of alkali-789 
activated materials based on waste glass and coal gangue: A review. Construction and 790 
Building Materials, 221, 84-98. https://doi.org/10.1016/j.conbuildmat.2019.06.071. 791 

Mohammadinia A., Arulrajah A., Sanjayan J., Disfani M.M., Bo M.W., Darmawan S. 792 
Laboratory evaluation of the use of cement-treated construction and demolition materials in 793 
pavement base and subbase applications (2015) Journal of Materials in Civil Engineering, 27 794 
(6), 04014186. https://doi.org/10.1061/(ASCE)MT.1943-5533.0001148 795 

Mostafa V., Allahverdi, A., 2016. Influence of calcium aluminate cement on geopolymerization 796 
of natural pozzolan. Construction and Building Materials, 114, 290-296. 797 

https://doi.org/10.1016/j.cemconcomp.2022.104733
https://doi.org/10.1016/j.conbuildmat.2018.02.102
https://doi.org/10.3390/su11133638
https://doi.org/10.1155/2013/918294
https://doi.org/10.1016/j.jclepro.2022.130650
https://doi.org/10.1016/j.conbuildmat.2020.122217
https://doi.org/10.1016/j.jobe.2020.102010
https://doi.org/10.1016/j.conbuildmat.2021.124787
https://doi.org/10.1016/j.conbuildmat.2019.06.071


 29 

Ng, C.W.W., Ng, C.L., Ni, J., Guo, H., Zhang, Q., Xue, Q., Chen, R., 2022. Analysis of a landfill 798 
cover without geomembrane using varied particle sizes of recycled concrete. Journal of Rock 799 
Mechanics and Geotechnical Engineering. https://doi.org/10.1016/j.jrmge.2022.09.004. 800 

Nguyen, H.P., Mueller, A., Nguyen, C.T., 2021. Development and characterization of 801 
lightweight aggregate recycled from construction and demolition waste mixed with other 802 
industrial by-products. Construction and Building Materials, 313, 125472. 803 
https://doi.org/10.1016/j.conbuildmat.2021.125472.  804 

Ouda, A. S., Gharieb, M., 2020. Development the properties of brick geopolymer pastes using 805 
concrete waste incorporating dolomite aggregate. Journal of Building Engineering, 27, 806 
100919. https://doi.org/10.1016/j.jobe.2019.100919. 807 

Ouffa N., Benzaazoua M., Belem T., Trauchessec R., Lecomte A. Alkaline dissolution potential 808 
of aluminosilicate minerals for the geosynthesis of mine paste backfill (2020) Materials 809 
Today Communications, 24, 101221. https://doi.org/10.1016/j.mtcomm.2020.101221 810 

Ozcelikci E., Kul A., Gunal M.F., Ozel B.F., Yildirim G., Ashour A., Sahmaran M., 2023. A 811 
comprehensive study on the compressive strength, durability-related parameters and 812 
microstructure of geopolymer mortars based on mixed construction and demolition waste. 813 
Journal of Cleaner Production, 396, 136522. https://doi.org/10.1016/j.jclepro.2023.136522. 814 

Pacheco-Torgal, F., Labrincha, J., Leonelli, C., Palomo, A., Chindaprasit, P., 2014. Handbook of 815 
alkali-activated cements, mortars and concretes. Elsevier. Woodhead Publishing. 816 

Palomo, A., Fernandez-Jimenez, A., 2020. Low-Calcium, Porous, Alkali-Activated Materials as 817 
Novel pH Stabilizers for Water Media. 818 

Pelosi, C., Occhipinti, R., Finocchiaro, C., Lanzafame, G., Pulidori, E., Lezzerini, M., et al., 819 
2023. Thermal and morphological investigations of alkali activated materials based on 820 
Sicilian volcanic precursors (Italy). Materials Letters, 335, 133773. 821 
https://doi.org/10.1016/j.matlet.2022.133773. 822 

Pommer, V., Vejmelková, E., Cerný, R., Keppert, M., 2021. Alkali-activated waste ceramics: 823 
Importance of precursor particle size distribution. Ceramics International, 47(22), 31574-824 
31582. https://doi.org/10.1016/j.ceramint.2021.08.037. 825 

Poon, C.S., Ann, T.W., Ng, L.H., 2001. On-site sorting of construction and demolition waste in 826 
Hong Kong. Resources, conservation and recycling, 32(2), 157-172. 827 
https://doi.org/10.1016/S0921-3449(01)00052-0. 828 

Poon, C.S., Chan, D., 2006. Feasible use of recycled concrete aggregates and crushed clay brick 829 
as unbound road sub-base. Construction and building materials, 20(8), 578-585. 830 
https://doi.org/10.1016/j.conbuildmat.2005.01.045. 831 

Rakhimova, N.R., Rakhimov, R.Z., 2015. Alkali-activated cements and mortars based on blast 832 
furnace slag and red clay brick waste. Materials & design, 85, 324-331. 833 
https://doi.org/10.1016/j.matdes.2015.06.182. 834 

Ramagiri, K.K., Kar, A., 2021. Environmental impact assessment of alkali-activated mortar with 835 
waste precursors and activators. Journal of Building Engineering, 44, 103391. 836 
https://doi.org/10.1016/j.jobe.2021.103391. 837 

Ray, S., Haque, M., Sakib, M.N., Mita, A.F., Rahman, M.M., Tanmoy, B.B., 2021. Use of 838 
ceramic wastes as aggregates in concrete production: A review. Journal of Building 839 
Engineering, 43, 102567. https://doi.org/10.1016/j.jobe.2021.102567. 840 

Reig, L., Sanz, M.A., Borrachero, M.V., Monzó, J., Soriano, L., Payá, J., 2017. Compressive 841 
strength and microstructure of alkali-activated mortars with high ceramic waste content. 842 
Ceramics International, 43(16), 13622-13634. https://doi.org/10.1016/j.ceramint.2017.07.072. 843 

https://doi.org/10.1016/j.jrmge.2022.09.004
https://doi.org/10.1016/j.conbuildmat.2021.125472
https://doi.org/10.1016/j.matlet.2022.133773
https://doi.org/10.1016/j.ceramint.2021.08.037
https://doi.org/10.1016/S0921-3449(01)00052-0
https://doi.org/10.1016/j.conbuildmat.2005.01.045
https://doi.org/10.1016/j.jobe.2021.103391
https://doi.org/10.1016/j.jobe.2021.102567
https://doi.org/10.1016/j.ceramint.2017.07.072


 30 

Reig, L., Tashima, M.M., Borrachero, M.V., Monzó, J., Cheeseman, C.R., Payá, J., 2013. 844 
Properties and microstructure of alkali-activated red clay brick waste. Construction and 845 
Building Materials, 43, 98-106. https://doi.org/10.1016/j.conbuildmat.2013.01.031. 846 

Reis, G. S. D., Quattrone, M., Ambrós, W. M., Grigore Cazacliu, B., Hoffmann Sampaio, C., 847 
2021. Current applications of recycled aggregates from construction and demolition: A 848 
review. Materials, 14(7), 1700. https://doi.org/10.3390/ma14071700. 849 

Ren P., Li B., Yu J.G., Ling T.C., 2020. Utilization of recycled concrete fines and powders to 850 
produce alkali-activated slag concrete blocks. Journal of Cleaner Production, 267, 122115. 851 
DOI: 10.1016/j.jclepro.2020.122115. 852 

Robayo-Salazar R.A., Rivera J.F., Mejía de Gutiérrez R., 2017. Alkali-activated building 853 
materials made with recycled construction and demolition wastes. Construction and Building 854 
Materials, 149, pp. 130 – 138. https://doi.org/10.1016/j.conbuildmat.2017.05.122. 855 

Robayo-Salazar R.A., Valencia-Saavedra W., de Gutiérrez R.M., 2020b Construction and 856 
demolition waste (Cdw) recycling—as both binder and aggregates—in alkali-activated 857 
materials: A novel re-use concept. Sustainability (Switzerland), 12 (14), 5775, 1-18. 858 
https://doi.org/10.3390/su12145775. 859 

Robayo-Salazar, R., Valencia-Saavedra, W., Mejía de Gutiérrez, R., 2022. Reuse of powders and 860 
recycled aggregates from mixed construction and demolition waste in alkali-activated 861 
materials and precast concrete units. Sustainability, 14(15), 9685. 862 
https://doi.org/10.3390/su14159685. 863 

Robayo-Salazar, R.A., Valencia-Saavedra, W., Mejía de Gutiérrez, R., 2020a. Construction and 864 
demolition waste (CDW) recycling-As both binder and aggregates-In alkali-activated 865 
materials: A novel re-use concept. Sustainability, 12(14), 5775. 866 
https://doi.org/10.3390/su12145775. 867 

Ruiz, L.A.L., Ramon, X.R., Domingo, S.G., 2020. The circular economy in the construction and 868 
demolition waste sector–A review and an integrative model approach. Journal of Cleaner 869 
Production, 248, 119238. https://doi.org/10.1016/j.jclepro.2019.119238.  870 

Samadi M., Huseien G.F., Mohammadhosseini H., Lee H.S., Abdul Shukor Lim N.H., Tahir 871 
M.M., Alyousef R. Waste ceramic as low cost and eco-friendly materials in the production of 872 
sustainable mortars (2020) Journal of Cleaner Production, 266, 121825. 873 
https://doi.org/10.1016/j.jclepro.2020.121825 874 

Samarakoon, M.H., Ranjith, P.G., De Silva, V.R.S., 2020. Effect of soda-lime glass powder on 875 
alkali-activated binders: Rheology, strength and microstructure characterization. Construction 876 
and Building Materials, 241, 118013. https://doi.org/10.1016/j.conbuildmat.2020.118013. 877 

Sasui S., Kim G., Nam J., Alam S.F., Eu H., Lee Y., Ahmad M., 2023. Alkali activation of waste 878 
concrete powder: Effects of alkali type and concentration. Ceramics International, 49 (10), 879 
16260 - 16271. https://doi.org/10.1016/j.ceramint.2023.01.224. 880 

Silva, R.V., De Brito, J., Dhir, R.K., 2016. Performance of cementitious renderings and masonry 881 
mortars containing recycled aggregates from construction and demolition wastes. 882 
Construction and Building Materials, 105, 400-415. 883 
https://doi.org/10.1016/j.conbuildmat.2015.12.171. 884 

Subasi, S., Ozturk, H., Emiroğlu, M., 2017. Utilizing of waste ceramic powders as filler material 885 
in self-consolidating concrete. Construction and Building Materials, 149, 567-574. 886 
https://doi.org/10.1016/j.conbuildmat.2017.05.180. 887 

https://doi.org/10.3390/ma14071700
https://doi.org/10.3390/su14159685
https://doi.org/10.3390/su12145775
https://doi.org/10.1016/j.jclepro.2019.119238
https://doi.org/10.1016/j.conbuildmat.2015.12.171
https://doi.org/10.1016/j.conbuildmat.2017.05.180


 31 

Sun, Y., Liu, Z., Ghorbani, S., Ye, G., De Schutter, G., 2022. Fresh and hardened properties of 888 
alkali-activated slag concrete: The effect of fly ash as a supplementary precursor. Journal of 889 
Cleaner Production, 370, 133362. https://doi.org/10.1016/j.jclepro.2022.133362. 890 

Tam, V.W., Soomro, M., Evangelista, A.C.J., 2018. A review of recycled aggregate in concrete 891 
applications (2000–2017). Construction and Building materials, 172, 272-292. 892 
https://doi.org/10.1016/j.conbuildmat.2018.03.240. 893 

Tan J., Cizer Ö., Vandevyvere B., De Vlieger J., Dan H., Li J., 2022b. Efflorescence mitigation 894 
in construction and demolition waste (CDW) based geopolymer. Journal of Building 895 
Engineering, 58, 105001. https://doi.org/10.1016/j.jobe.2022.105001 896 

Tan, J., Cizer, O., De Vlieger, J., Dan, H., Li, J., 2022a. Impacts of milling duration on 897 
construction and demolition waste (CDW) based precursor and resulting geopolymer: 898 
Reactivity, geopolymerization and sustainability. Resources, Conservation and Recycling, 899 
184, 106433. https://doi.org/10.1016/j.resconrec.2022.106433. 900 

Tang, Q., Ma, Z., Wu, H., Wang, W., 2020. The utilization of eco-friendly recycled powder from 901 
concrete and brick waste in new concrete: A critical review. Cement and Concrete 902 
Composites, 114, 103807. https://doi.org/10.1016/j.cemconcomp.2020.103807. 903 

Thomas, C., De Brito, J., Cimentada, A.I.A.I., Sainz-Aja, J.A., 2020. Macro-and micro-904 
properties of multi-recycled aggregate concrete. Journal of Cleaner Production, 245, 118843. 905 
https://doi.org/10.1016/j.jclepro.2019.118843. 906 

Thomas, C., Setién, J., Polanco, J., Alaejos, P., De Juan, M.S., 2013. Durability of recycled 907 
aggregate concrete. Construction and building materials, 40, 1054-1065. 908 
https://doi.org/10.1016/j.conbuildmat.2012.11.106. 909 

Tuyan, M., Andiç-Çakir, O., Ramyar, K., 2018. Effect of alkali activator concentration and 910 
curing condition on strength and microstructure of waste clay brick powder-based 911 
geopolymer. Composites Part B: Engineering, 135, 242-252. 912 
https://doi.org/10.1016/j.compositesb.2017.10.013. 913 

Ulugöl H., Kul A., Yıldırım G., Şahmaran M., Aldemir A., Figueira D., Ashour A., 2021. 914 
Mechanical and microstructural characterization of geopolymers from assorted construction 915 
and demolition waste-based masonry and glass. Journal of Cleaner Production, 280, 124358. 916 
https://doi.org/10.1016/j.jclepro.2020.124358. 917 

Vasquez, A., Cárdenas, V., Robayo, R. A., de Gutiérrez, R.M., 2016. Geopolymer based on 918 
concrete demolition waste. Advanced Powder Technology, 27(4), 1173-1179. 919 
https://doi.org/10.1016/j.apt.2016.03.029. 920 

Vieira C.S. Valorization of Fine-Grain Construction and Demolition (C&D) Waste in 921 
Geosynthetic Reinforced Structures (2020) Waste and Biomass Valorization, 11 (4), pp. 1615 922 
- 1626. https://doi.org/10.1007/s12649-018-0480-x 923 

Villaquirán-Caicedo M.A., Mejía de Gutiérrez R., 2021. Comparison of different activators for 924 
alkaline activation of construction and demolition wastes. Construction and Building 925 
Materials, 281, 122599. https://doi.org/10.1016/j.conbuildmat.2021.122599. 926 

Walmiki Samadhia, T., Muan, N., 2015. Development of Geopolymer from Fly Ash and 927 
Metallurgical Slag. In Advanced Materials Research, 1123, 127-130. Trans Tech Publications 928 
Ltd. https://doi.org/10.4028/www.scientific.net/AMR.1123.127. 929 

Wan, K. T., Sivanathan, A., Kastiukas, G., Zhou, X., 2018. Acid resistance of lightweight brick 930 
powder based alkali activated material from construction and demolition wastes. Preprints. 931 
doi:10.20944/preprints201806.0387.v1. 932 

https://doi.org/10.1016/j.jclepro.2022.133362
https://doi.org/10.1016/j.conbuildmat.2018.03.240
https://doi.org/10.1016/j.resconrec.2022.106433
https://doi.org/10.1016/j.cemconcomp.2020.103807
https://doi.org/10.1016/j.jclepro.2019.118843
https://doi.org/10.1016/j.conbuildmat.2012.11.106
https://doi.org/10.1016/j.compositesb.2017.10.013
https://doi.org/10.1016/j.apt.2016.03.029
https://doi.org/10.4028/www.scientific.net/AMR.1123.127


 32 

Wong C.L., Mo K.H., Alengaram U.J., Yap S.P., 2020. Mechanical strength and permeation 933 
properties of high calcium fly ash-based geopolymer containing recycled brick powder. 934 
Journal of Building Engineering, 32, 101655. https://doi.org/10.1016/j.jobe.2020.101655 935 

Xiao, J., Ma, Z., Sui, T., Akbarnezhad, A., Duan, Z., 2018. Mechanical properties of concrete 936 
mixed with recycled powder produced from construction and demolition waste. Journal of 937 
Cleaner Production, 188, 720-731. https://doi.org/10.1016/j.jclepro.2018.03.277. 938 

Xiao, R., Zhang, Y., Jiang, X., Polaczyk, P., Ma, Y., Huang, B., 2021. Alkali-activated slag 939 
supplemented with waste glass powder: Laboratory characterization, thermodynamic 940 
modelling and sustainability analysis. Journal of Cleaner Production, 286, 125554. 941 
https://doi.org/10.1016/j.jclepro.2020.125554. 942 

Xu H., Van Deventer J.S.J. The geopolymerisation of alumino-silicate minerals (2000) 943 
International Journal of Mineral Processing, 59 (3), pp. 247 - 266. 944 
https://doi.org/10.1016/S0301-7516(99)00074-5 945 

Xuan D., Tang P., Poon C.S., 2019. MSWIBA-based cellular alkali-activated concrete 946 
incorporating waste glass powder. Cement and Concrete Composites, 95, 128 – 136. 947 
https://doi.org/10.1016/j.cemconcomp.2018.10.018. 948 

Yanagibashi, K., Yonezawa, T., Iwashimizu, T., Tsuji, D., Arakawa, K. and Yamada, M., 2004. 949 
A new recycling process for coarse aggregate to be used concrete structure. Environment-950 
Conscious Materials and Systems for Sustainable Development, Proceedings of RILEM 951 
International Symposium, 137-143. doi:10.1617/2912143640.016. 952 

Yaseri, S., Hajiaghaei, G., Mohammadi, F., Mahdikhani, M., Farokhzad, R., 2017. The role of 953 
synthesis parameters on the workability, setting and strength properties of binary binder based 954 
geopolymer paste. Construction and Building Materials, 157, 534-545. 955 
https://doi.org/10.1016/j.conbuildmat.2017.09.102. 956 

Yıldırım G., Kul A., Özçelikci E., Şahmaran M., Aldemir A., Figueira D., Ashour A., 2021. 957 
Development of alkali-activated binders from recycled mixed masonry-originated waste. 958 
Journal of Building Engineering, 33, 101690. https://doi.org/10.1016/j.jobe.2020.101690. 959 

Zhang, B., He, P., Poon, C.S., 2020b. Optimizing the use of recycled glass materials in alkali 960 
activated cement (AAC) based mortars. Journal of Cleaner Production, 255, 120228. 961 
https://doi.org/10.1016/j.jclepro.2020.120228. 962 

Zhang, J., Ding, L., Li, F., Peng, J., 2020a. Recycled aggregates from construction and 963 
demolition wastes as alternative filling materials for highway subgrades in China. Journal of 964 
Cleaner Production, 255, 120223. https://doi.org/10.1016/j.jclepro.2020.120223. 965 

 966 

https://doi.org/10.1016/j.jclepro.2018.03.277
https://doi.org/10.1016/j.jclepro.2020.125554
https://doi.org/10.1016/j.jobe.2020.101690
https://doi.org/10.1016/j.jclepro.2020.120228
https://doi.org/10.1016/j.jclepro.2020.120223

	Nomenclature
	1 Introduction
	2. Literature search strategy
	3. CDW generation and management practice
	4 Characteristics of CDW
	4.1 Physical properties
	4.2 Chemical composition
	4.3 Phase composition

	5 Utilization of CDW as a precursor in AAMs
	5.1 Reactivity of CDW in alkaline media
	5.2 Processing routes
	5.3 Factors affecting properties of alkali-activated CDW

	6 Environmental and economic sustainability
	6.1 Life cycle assessment
	6.2 Cost savings

	7 Future directions and challenges
	8 Conclusion
	Conflict of Interest
	Acknowledgement
	REFERENCES



