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Abstract. The fabrication lightweight aggregates in recent years has included the addition of 
industrial by-products in the expanded clay manufacture as modifier agents of the expansion 
capacity, and also as a destination for the disposal of waste and residues in countries where 
lightweight concrete is used for the construction of high-rise structures. This article provides a 
review of the use of by-products as additives in the production of lightweight aggregates from 
expanded clay available in the literature. As a methodology, the bibliographic search was used 
through the consultation of specialized databases such as Sciencedirect and other documentary 
sources of open access scientific journals in several countries. The selection criteria for 
documents were specified according to the frequency the by-product use. 58 references on 
investigations by-products addition to the lightweight aggregates production were revised. In 
conclusion, the study of the use of Colombian byproducts as additives in the expanded clay 
aggregates production is suggested as a research subject due to the absence of articles related to 
this topic. 

1. Introduction 
This article reviews the addition of secondary materials such as by-products, waste and residues to the 
process of manufacturing lightweight aggregates from clay. The raw materials used for the lightweight 
aggregates production are natural minerals such as clays, slate and shales, to which are added known 
by-products such as flying ash, blast furnace slag and others [1]. The expanded clay aggregate is a 
product used in a constructions large number due to its lightweight properties, high strength and 
durability [2]. Being one of the main problems the waste generated minimization by the industries 
processes in the lightweight aggregates production; it’s possible to include industrial by-products, 
waste and residues to be used in the construction industry and other applications [3-10]. Some of the 
main wastes used for the lightweight aggregates manufacture have been sewage sludge [11,12], 
industrial sludge [13], flying ash [14-16] and bottom ash from the incinerator [17-19], Mining residues 
[20-24]. The use of the aforementioned byproducts has a positive environmental impact and 
contributes to a more circular economy. 

2. Process of lightweight aggregates production by clay expansion 
Clay is the raw material for the lightweight aggregates production and is processed by forming 
appropriate size granules, with low density but with high resistance when they’re sintered at high 
temperatures. The expanded clay aggregate production consists of the raw materials mixture, 
agglomeration or union of particles, hardening and sintering. 
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Figure 1. Clay expanded in the production 
process of light aggregates. 

 
The lightweight aggregate produced from clay can be seen in Figure 1. The product must meet a 

series of specifications to be considered a lightweight aggregate. Worldwide there are numerous 
companies dedicated to the production of lightweight aggregates, for example, Leca (United 
Kingdom) and Fibo (Scandinavia) [25]. 

3. Mechanisms of clay expansion 
The expanded clays study to be used as lightweight aggregates has a beginning with the work of Riley, 
1951 [26], who studied the relationship between the chemical composition of clays and the ease of 
expansion based on the relationship SiO2, Al2O3 and fluxes (CaO, MgO, FeO, Fe2O3, K2O and Na2O), 
in a ternary diagram. Later studies developed by Cougny, 1990 [27], included other factors that allow 
predicting the clay's expansibility, in particular temperature and presence of materials that generate 
gases during the sintering process. 

Recently in 2016, Dondi [28,29] studied the effect of the by products addition on the clay's 
expansibility. The clay must contain enough gas-producing components and must reach the 
pyroplasticity at the point where the gas begins to form. The gas can be developed by a series of 
reactions, as shown in Table 1: 

 
Table 1. Reactions involved in the expansion of the lightweight clay aggregate. 

Process Temperature 
Volatilization of sulfides 400 °C 
Decomposition of crystallization water from clay minerals 600 °C 
Combustion of carbon-based compounds 700 °C 
Carbonate decarbonation 850 °C 
Reaction of Fe2O3, causing the release of oxygen 1100 

4. By-products addition to the lightweight aggregates production process of expanded clay 
The methodology used was the consultation of specialized databases such as Sciencedirect and other 
sources of open access scientific journals. A search strategy for the by-products use, as an additive in 
the lightweight aggregates manufacture was established. 

Table 2 shows the related revised references. In addition, the most commonly used materials were 
established based on the frequency of use. In Table 2, it can be seen that flying ash is the most recently 
studied by-product, then there are ashes from the agro-industry, such as oil palm ash, kiln bottom ash, 
and by-products from large industries like aluminum, glass and dust captured in air pollution control 
systems. 
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Table 2. Research on the addition of industrial by-products to the 
production of aggregates. 

By-product References 
Slag [30] 
Mining and steel slag byproducts [4] 
Palm ash [4,31] 
Flying ash [4,20,32] 
Kiln bottom ash (FBA) [4,18] 
Bayer process byproduct (red mud) [33,13] 
Dust product of the control of air pollution (APC) [34,35] 
Sand [36] 
Stone dust [37] 
Glass [38,39] 
Byproduct of granite sawing [40] 
Ashes of automotive plastics [41] 
Flying ash with high carbon content (HCFA] [46] 
Rejection of sepiolite (SEP) [42] 
Tailings of low iron in silicon [43] 
Ferrochrome slag [44] 

 
Table 3 has the revised references on the waste and residues addition to the aggregate production 

process. The definition of waste or residue is taken according to the original articles reviewed. 
The most mentioned material is the sewage sludge which appears nine times in the search, probably 

associated with the large number of treatment plants existing around the world. Secondly, there is slag 
incineration of urban solid waste and fine clays sedimented in ports and canals, in all three cases they 
are wastes that accumulate in large volume and must be reused in some process to avoid being 
destined to a landfill. 
 

Table 3. Revised researches on the addition of waste and residues to the 
aggregate production process. 

Waste or Residue References 
Heavy metal sludge and paper, marine clay [4] 
Sludge treatment plant [4,5,12,20], [45-49] 
Mullite wool waste [50] 
Washing of aggregate sludge, sediment rich in clay [5] 
Grinding and polishing granite sludges, Porcelain tile mud [6] 
Incineration slag from MSW [51-53] 
Amber glass waste [54] 
Sludge made of steel [10] 
Masonry rubble [55] 
Aluminum recycling waste (NMP) [56] 
Fine clay sediments [57,58] 
Washing of aggregate sludge from a gravel pit [20,45] 
Waste containing boron (MBW) [21] 
Sludge from granite and marble (COR) [42] 

 
Table 4 shows that Asia, with Taiwan and China lead the study of the addition of by-products, 

waste and residues to lightweight aggregates, on the other hand, Europe is represented by the United 
Kingdom, Spain, Portugal and Germany. The main focus of research is the use of waste sludge from 
treatment plants for the two regions. The rest of the world is dedicated to researching the by-products, 
waste or residues that have the highest volume per country or possibly the worst environmental 
liability, such as the United Kingdom and Iran with red mud. 
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Table 4. Number of revised articles per country and topic. 
Number of 

articles  Country Byproduct, waste or residue References 

8 Taiwan Residual sludge, fly ash, fine clay sediments, 
municipal incineration ash [10,12,14,46,52,53,57,58] 

6 China Fly ash, iron tailings, ferrochrome slag, sewage 
sludge [16,43,44,47,49] 

5 UK Residual sludge, red mud, bottom ash, fly ash [11,13,17,19,38] 
4 Spain Mining waste, coal ash, sewage sludge [5,20,42,45] 
3 Portugal Ashes for incineration, Pollution control wastes [7,34,35] 

3 Germany Sludge from steel, rubble from masonry, sand 
sludge [55,] 

3 Australia Automotive plastic waste, glass waste [15,41,54]  

2 South 
Korea Kiln bottom ash, sewage sludge [37,48] 

2 India Flying ash [4,9] 
2 Malaysia Oil palm ash [3,31] 
1 Italy Various [6] 
1 France Polyurethane [8] 

1 Hong 
Kong Ash bottom kiln [18] 

1 Turkey Boron waste [21] 
1 Slovenia Various [22] 
1 Holland Various [32] 
1 Iran Red mud [33] 
1 Tunisia Sand [36] 
1 Lithuania Various [50] 
1 Latvia Aluminum waste [56] 
1 Vietnam Glass [39] 
1 Egypt Granite sawdust waste [40] 

5. Conclusions 
From the consulted articles it was found that the most investigated by-product corresponds to fly ash, 
being the result of the combustion in thermoelectric plants. Among the waste and residues, the residual 
mud is the most studied to be used as an additive in the production of lightweight aggregate of 
expanded clay, followed by the incineration slag and clay sediments. 

58 references on investigations of the addition of by-products, waste and residues to the production 
of lightweight aggregates were revised. 

Research around the world is structured as follows: Asia is a leader, with Taiwan and China in the 
study of the addition of by-products, waste and residues of lightweight aggregates, on the other hand, 
Europe is represented by the United Kingdom, Spain, Portugal and Germany. The main focus of 
research is the use of waste sludge from treatment plants for the two regions. The rest of the world is 
dedicated to researching the by-products, waste or residues that have the highest volume per country. 

In the search, articles developed with materials from Latin America were not observed. In 
particular, Colombia is not represented despite having a very important agroindustry that generates a 
large quantity of tons of byproducts, such as oil palm, coffee cisco or rice chaff. In conclusion, the 
study of the use of Colombian byproducts as additives in the production of expanded clay aggregates 
due to the lack of articles related to the subject is suggested as a research topic. 
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