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Abstract—Geopolymer-lightweight aggregate concrete was prepared with geopolymer and lightweight aggregate. 

Lightweight geopolymer aggregates were manufactured from fly ash and oil palm shell. Geopolymer aggregates had similar 

or better physical properties, higher mechanical strength, higher dynamic modulus of elasticity, and higher density than 

lightweight clay aggregate.This paper discusses about the various literature reviews in artificial aggregate. The materials 

such as Fly ash, oil palm shell, and alkali activators have been widely used in the study. This would help the readers such 

as civil engineers, architects, technical assistant for quickly getting an idea of artificial aggregate. 
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I. Introduction 

 
The demand for Portland cement is increasing day by day and hence, efforts are being made in the construction industry to 

address this by utilising supplementary materials and developing alternative binders in concrete, the application of geo-

polymer technology is one such alternative.There are two main constituents of geo-polymers, namely the source materials 

and the alkaline liquids. The source materials for geo-polymers based on alumina-silicate should be rich in silicon (Si) and 

aluminium (Al). These could be natural minerals such as kaolinite, clays, etc. Alternatively, by-product materials such as fly 

ash, silica fume, slag, ricehusk ash, red mud, etc. could be used as source materials. The choice of the source materials for 

making geo-polymers depends on factors such as availability, cost, type of application, and specific demand of the end 

users.The most common alkaline liquid used in geo- polymerisation is a combination of sodium hydroxide (NaOH) or 

potassium hydroxide (KOH) and sodium silicate or potassium silicate. 
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II. Source of GLWA 

 

 Fly ash
 Silica fume slag.
 Red mud.
 Ricehusk ash.

 

III. Literature Review 

 

Ammar Motorwala et al.,(2013)consider ALKALI Activated FLY-ASH Based Geopolymer Concrete. They 

were prepared different mixtures with 8M, 10M, 12M and 14M.They conclude higher concentration of 

sodium hydroxide solution results in higher compressive strength of fly-ash based geo-polymer concrete 

and higher the ratio of sodium silicate-to-sodium hydroxide ratio by mass, higher is the compressive 

strength of fly ash based geo-polymer concrete. As the curing temperature in the range of 30°C to 90°C 

increases, the compressive strength of fly ash-based geo polymer concrete also increases 

 
HU Shu-guang et al.,(2009)had prepared Geopolymer-lightweight aggregate refractory concrete (GLARC) with 
geopolymer and lightweight aggregate. The mechanical property and heat-resistance (950 ℃) of GLARC were 
investigated. The effects of size of aggregate and mass ratio of geopolymer to aggregate on mechanical and thermal 
properties were also studied. They conclude GLARC prepared with geopolymer and lightweight aggregate possesses 
excellent heat-resistance property. They recommended for the haydite sand with size of 1.18−4.75 mm, the best 
amount of geopolymer per surface area of aggregate should be in the range of 0.300−0.500 mg/mm2. 

 
Ramin Hosseini Kupaeiet al.,(2013) did research project to produce geopolymer lightweight concrete using two locally 

available waste materials – low calcium fly ash (FA) – as the binder and oil palm shell (OPS) as the lightweight coarse 

aggregate. They finally conclude the increase in molarity between 14 M and 16 M resulted in insignificant strength increase 

and hence14 M is recommended for future works. The mix with 14 M, FA content of 480 kg/m3 and W/FA ratio of 

0.34produced 28-day compressive strength of about 32 MPa is considered as optimum in this investigation. 

 

D.M.A. Huiskes et al.,(2016) had presents the development of a sustainable ultra-lightweight geopolymer 

concrete for both thermal insulating and load bearing purposes. The hardened concrete shows excellence 

performances in terms of mechanical property, thermal property and durability. At a moderate 

compressive strength (10 MPa), an excellent thermal conductivity of 0.11 W/(m·K) is resulted and a higher 

compressive strength (36%) of ULWG is generated by lowering the alkali concentration from 3 to 2 M. 

 
F. Pacheco-Torgal et al.,(2016) presented potential of geopolymer for concrete infrastructure rehabilitation.The use of 

geopolymer as a protective coating material for transportation infrastructures.Those authors mentioned that geopolymeric 

matrix cures to a glassy texture and hence organic paints do not adhere to geopolymer coated surfaces making them also 

graffiti resistant.Geopolymers are even more cost effective and due to its stability at high temperature, They can also be 

used as low toxicity, cost-efficient lining material for trenchless rehabilitation of concrete sewage pipelines. 
 

Yliniemi et al.,(2016) had investicate lightweight geopolymer aggregates were manufactured from fluidized bed 

combustion fly ash and mine tailings using high shear granulation and alkali activation.They conclude LECAs 

required a higher crushing force than the mine tailing geopolymer aggregates, but a lower crushing force than 

fly ash geopolymeraggregates.And that geopolymer aggregates produced better mechanical properties than 

LECAs in hardened mortar and concrete, while the rheology and workability of the fresh material is the same. 
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Andrew Heath et al.,(2013) examines the potential for the use of geopolymer binders as a Portland cement 

replacement in the UK.Geopolymers has focused on the use of industrial by-products. Geopolymer concretes 

based on fly ash and slags can have similar workability to concretes based on PC.They conclude Geopolymers 

have the potential to decrease global carbon dioxide emissions significantly. 

 
NitendraPalankar et al.,(2015) was focussed on development of alternative binder materials to (OPC) due to huge 

emissions of greenhouse gases associated with production of OPC.GGBFS-FA based geopolymer binders are an 

innovative alternative to OPC and Steel slag an industrial by-product obtained from manufacture of steel can be identified 

as an alternative to natural aggregates.They conclude GGBFS-FA geopolymer mixes yielded slightly,steel slag in GGBFS-

FA geopolymer concrete yielded satisfactory results for application in structural and pavement applications. 

 
Le Anh-tuanBuia et al.,(2012) produced Cold bonded lightweight aggregate (LWA) by adding 12–50% ground 

granulated blast furnace slag (GGBS) and/or rice husk ash (RHA) to fly ash (FA) by the pelletization process without 

cement additives.The crushing strength at 28 days of the ternary blends of FA + GGBS+ RHA was in range of 8.1–

8.8 MPa, while that of the binary blends of FA + GGBS, FA + RHA was in range of 15.5–15.7MPa, 6.0–8.1MPa, 

respectively. The aggregate with only FA used showed the lowest crushing strength (5.7 MPa). 

 
Byung-wan Jo et al.,(2007) investigate the properties of the hardened paste of fly ash by alkali activation and to determine 

the possible use of the paste in the production of lightweight aggregates.They conclude The optimal proportions of fly ash 

and binders were 10% cement, 15% sodium silicate, 10% NaOH, and 5% MnO2. The highest compressive strength of 33.9 

MPa was obtained for the fly ash paste cured at room temperature after 24 h of moisture curing at 50 
o
C. 

 
Azizul Islam et al.,(2014) presents the report on the use of optimum level of palm oil fuel ash (POFA), 

ground granulatedblast furnace slag (GGBS) and low calcium fly-ash (FA) with manufactured sand (M-

sand) to produce geopolymer mortar.The compressive strength of geopolymer mortar increases as the 

GGBS content is increased up to 70%. Further increase inGGBS content did not produce desired effect. 

The addition of POFA up to 30% with GGBS produced the highest strength and hence it is recommended 

for strength beyond 60 MPa .  
HarilalB and Job Thomas.,(2013) made Property of concrete from cold bonded aggregate from fly ash and quarry 

dust are studied in this paper. The aggregate are manufactured through polarisation method in different proportion of 

fly ash and quarry dust with ordinary Portland cement as binder.The fly ash aggregate concrete shows less amount 

of water absorption,The compaction factor of concrete is always depends on water cement ratio, When water cement 

ratio increases the compaction factor rate.The concrete containing fly ash aggregates having higher strength. 

 

DewaMade Alit Karyawan et al.,(2017) make cement concrete and asphalt concrete, it requires 60% to 

75% of aggregate in total volume of the mixture.The artificial aggregate is made of power plant waste that 

is mixed with alkali silica, named as fly ash geopolymer. Fly ash-based geopolymer is potentially used as 

an artificial aggregate material for as a replacement aggregate in a concrete asphalt mixture.The quality of 

artificial aggregate can be increased by increasing the compressive strength of the geopolymer paste. 

 

R Irfanita et al.,(2017) investigate the effect silicon carbide (SiC) as an aggregate on the mechanical strength 

and microstructure of the geopolymer composites. Synthetic SiC was produced from rice husk ash and coconut 

black carbon calcined at 750oC for 2 hours. They conclude the bulk density and porosity of composites 

increase with the increase of SiCconcentration.The XRD examination of the composites showed that the 

addition of SiC did not change the amorphous structure of geopolymers. The addition of commercial and 

synthetic SiC particles were found to improve the magnitude of flexural strength of composites. 
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F. Colangelo et al.,(2018) investigated the properties of thermally insulating geopolymer composites that were 

prepared using waste expanded polystyrene as lightweight aggregate. They conclude Compressive and 

flexural strengths decreased with increasing EPS content. The addition of an organic resin to the geopolymer 

significantly increased both compressive and flexural strengths. The production of geopolymer matrix EPS 

composites that are lightweight thermally insulating materials with excellent mechanical properties. 

 

Francesco Colangelo et al.,(2015) study on the recycling of municipal solid waste incinerator fly ash by means 

ofcold bonding pelletization is presented. The ash comes from an incineration plant equipped with rotaryand 

stoker furnaces. The pelletization process uses cement, lime and coal fly ash as components of the binding 

systems. They proved to be suitable for the manufacture of concrete-based products depending on process 

variables (type of binder,granules composition, type of pelletization etc.), it is possible toproduce artificial 

aggregates of satisfactory physico-mechanicalproperties for concrete-based facilities of average performance. 

 
P. Chindaprasirt et al.,(2007) investigate workability and strength of geopolymer mortar made from coarse lignite high 

calcium fly ash. They concluded that the flow of coarse lignite high calcium fly ash geopolymer mortar depended on 

the concentration of NaOH and sodium silicate. Increases in NaOH and sodium silicate concentrations reduced the 

flow of mortar. The workable flow of geopolymer mortar was in the range of 110 ± 5–135 ± 5%. 

 

U. Johnson Alengaram et al.,(2013) carried out on the use of oil palm kernel shell (OPKS) as lightweight 

aggregate (LWA). OPKS is a waste material obtained during the extraction of palm oil by crushing of the palm 

nut in the palm oil mills.They conclude OPKS can be termed as LWA as it has low specific gravity in the range 

of 1.17–1.6.Using crushed OPKS and lime stone powder, a compressive strength up to 48 MPa. The aggregate 

interlock property of OPKS contributed to higher shear strength in OPKSC compared to NWC. 

 

Michael Yong JingLiu et al.,(2014) used traditionally fly ash to replace cement as binder in the geopolymer 

concrete. The utilization of palm oil industrial waste materials known as palm oil fuel ash (POFA) and oil 

palm shell (OPS) that as binder and coarse aggregate in geopolymer concrete. They conclude The 

compressive and tensile strength of the OPSGC increased with the POFA content up to 20%. Both the 

splitting and flexural tensile strengths of the OPSGC showed acceptable values for LWAC. 

 

Ramin Hosseini Kupaei et al.,(2014) presents the experimental results of an geopolymer lightweight 

concrete using two locally available waste materials—low calcium fly ash (FA) and oil palm shell (OPS)—

as the binder and lightweight coarse aggregate. They conclude OPSGPC specimen produced using OPS 

treated with 20% PVA solution produced the 28-day compressive strength of about 30MPa. Almost all the 

specimens achieved about 60% and 80% of the 28-day compressive strengths in7days. 

 

VI.CONCLUSION 

 

These review papers suggest that light weight artificial aggregate was preformatted under various situation. 

Thus the light weight artificial aggregate concrete is one of the best innovation for modern design engineers 

to build modern building. Hence the light weight artificial aggregate concrete was helps to minimizing the 

weight of concrete, increasing durability and strength and it was used to reduce environment impact. 
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