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WASTE IN THE GEOPOLYMERIZATION 
PROCESS. PROPOSAL OF THE USE OF ASBESTOS 
AND FLY ASHES IN THE PRODUCTION  
OF GEOPOLYMER CONCRETE 

Due to the specific physical, chemical and mechanical properties, the worldwide 
production of geopolymers is increasing systematically. The high mechanical re-
sistance and the low sensitivity to the high temperature result in the application of 
geopolymers in many sectors of economy, especially in civil engineering. Addition-
ally, the low emission of carbon dioxide caused that geopolymers are often called 
„green” material. The wide range of the application of geopolymers requires new 
substances which could be used in their production. From environmental point of 
view, the use of waste products in the production of geopolymers is the best solution. 
Due to the content of silica and aluminum, asbestos dust might be successfully used 
in the synthesis of geopolymers. This article presents the possibility of recycling of 
asbestos waste and coal fly ashes in the production of geopolymer concrete. The 
final product of this method might be used in the construction industry without the 
risk for the environment. The proposed solution enables to utilize the harmful mate-
rial, i.e. asbestos dust in accordance with the waste hierarchy and sustainable deve- 
lopment. 
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1. Introduction 

 Geopolymer is an amorphous, inorganic substance which is synthesized in 
alkaline conditions in the temperature below 100oC [1]. The first-time definition 
of the aforementioned material was introduced by Joseph Davidovits in 1970 [2]. 
Geopolymers are chemically classified as an aluminosilicate in which silica (Si) 
and aluminium (Al) are lined each other by means of oxygen, for example: (-Si-
O-Al-O)n or (-Si-O-Al-O-Si-O)n (Fig. 1) [3, 4].The simplified chemical formula 
of geopolymers might be expressed as the following (1) [5]: 
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Mn{-(SiO2)q-AlO2-} n         (1) 

where: M – alkaline cation, n – polycondensation degree, q – Si/Al ratio. 
 

 

Fig. 1. The structure of aluminosilicate geopolymers [6] 

The production of geopolymers works by shredding and drying of a puz-
zolanic material. After that, material is mixed with the aqueous solution of silicate 
and strong alkaline (Fig. 2). The main mechanism of geopolymerization consists 
of [2, 7]: 

• the digestion of aluminosilicate oxides in aqueous solution of strong alka-
line, e.g. NaOH or KOH, 

• the formation of gel which is a polycondensation product of silicate solu-
tion, silica and aluminium, 

• the hardening of obtained gel. 
Depending on the kind of material and activator used in the production, the 

properties of geopolymers are different. Another factor influencing the properties 
of material is the process conditions. Generally, geopolymers are characterized  
by [8]: 

• the high resistance to compressing and bending, 
• acid and alkaline resistance, 
• the high heat resistance, 
• the low porosity, 
• the frost resistance, 
• the relatively easy processing. 

 The aforementioned properties enable the application of geopolymers in 
many sectors of economy, especially in the construction sector. Geopolymers are 
commonly used in the production of face panels, bricks, tiles and other decoration 
elements. The unique properties also enable their usage as the protective coatings 
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of steel, concrete and ceramics [9]. The usefulness of geopolymers in the con-
struction sector is also caused by the lack of corrosion of steel reinforcement in 
this material and the high adhesion to steel. Additionally, geopolymers are char-
acterized by the relatively low shrinkage during the curing which ensures the  
dimensional stability [10, 11]. For this reason, geopolymers might be treated as 
an alternative solution to Portland cement. 
 

 

Fig. 2. The simplified diagram of the production of geopolymers 

Recently, there has been increased interest in using of geopolymers in the 
environmental engineering. The aforementioned material is used in waste man-
agement more and more often in the production of tanks dedicated storage radio-
active waste. Geopolymers are also applied as a coverage of the surface of landfill 
wastes [12]. 

The increasing application of geopolymers requires new materials which 
could be useful in their production. This paper presents the alternative materials 
used in the synthesis of geopolymers. In this article, the proposition of the appli-
cation of asbestos waste and coal fly ashes in the production of geopolymers is 
also shown. 

2. Waste materials used in the production of geopolymers 

The wide range of the application of geopolymers requires searching for new 
materials which might be used in their synthesis. In literature, there are some 
works concerning the use of different substances in the production of geopoly-
mers. Pacheco-Torgal et al. [13] used waste from the tungsten mine in the synthe-
sis of geopolymers. Other studies indicated the usefulness of volcanic tuff, rice 
husk ash, cinder, sludge from water treatment, soft clay and marginal lateritic soil 
in the geopolymerization process [2, 5, 14-18]. Such obtained geopolymers are 
characterized by the high resistance to compression. The production of geopoly-
mers with the use of fly ashes and shredded car tyres or coffee grounds was also 
tested [19, 20]. 
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 But the most of papers are related with the application of fly ashes. The use-
fulness of ashes in geopolymerization is associated with the content of reactive 
aluminosilicate. Research carried out by Mikuła and Łach [2] showed that geo-
polymers containing fly ashes are characterized by the high resistance to heat. 
 Due to the content of reactive silica and aluminium and the small amount of 
calcium, asbestos might be used in the production of geopolymers. Asbestos is  
a fibber material classified to hydrated aluminosilicate. Depending on the chemi-
cal formula, asbestos minerals are divided into two classes: serpentine and amphi-
boles (Tab. 1) [21]. 

Table 1. Kinds of asbestos 

Kind of asbestos Name of mineral Chemical formula 

serpentine chrysotile (Mg, Fe)3Si2O5(OH)4 

 
 

amphiboles 

tremolite Ca2(Mg, Fe)5Si8O22(OH)2 

actinolite Ca2(Mg, Fe)5Si8O22(OH)2 

cummingtonite (Mg, Fe2+)7Si8O22(OH)2 

grunerite (Mg, Fe2+)7Si8O22(OH)2 

riebeckite Na2(Mg, Fe2+)3Fe3+
2Si8O22(OH)2 

anthophyllite (Mg, Fe2+)7Si8O22(OH)2 

 
 The specific physical and chemical properties have enabled the application 
of asbestos in many sectors of economy. The culmination of its worldwide pro-
duction is dated 70’ and 80’s [22]. Although, the production of asbestos in Europe 
is forbidden, a lot of waste containing this mineral could be in the environment. 
The resistance to different conditions caused that asbestos is non-degradable and 
might remain in the environment for a long time. 

In order to reduce the harmful impact of asbestos waste on the environment 
and the human health, new recycling methods are required. The promising solu-
tion might be the application of properly prepared asbestos dust in the production 
of geopolymers.  

3. Utilization of asbestos waste in the production of geopolymers 

The proper utilization of asbestos waste is necessary from the economic and 
environmental point of view. Although there is a ban of the usage of asbestos in 
many countries, the worldwide production is estimated on 2 thousand tons [23]. 
Even though there are developed new recycling methods, the utilization of asbes-
tos is still insufficient.  

Asbestos waste might be used in the production of geopolymer concrete 
which could be applied in the construction sector. But before the application of 
asbestos in the geopolymerization, waste has to be properly prepared (Fig. 3). 
Firstly, asbestos should be shredded and grounded by means, for example ball 
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mills. Due to the harmful influence of asbestos dust on the human health, the 
whole process should be undergone in sealed conditions. Afterwards, such ob-
tained material should be thermally converted and grounded again. After prepara-
tion, obtained asbestos ash is stored in a silo.  

The application of coal combustion by-products also demands previous  
preparation consisting of shredding and grinding (Fig. 4). The aforementioned 
processes might increase the whole efficiency of the production of geopolymers. 
Afterwards, the grounded ash is also stored in a container. 

 

 

Fig. 3. Initial preparation of asbestos waste 

 

 

Fig. 4. Initial preparation of coal fly ashes 

The proposition of asbestos recycling in the production of geopolymers is 
shown in Fig. 5. Firstly, properly prepared asbestos and fly ashes are transported 
to the mixing chamber with the use of screw feeder. The aforementioned ingredi-
ents are mixed together in order to obtain the mixture of loose materials. The  
mixing process is conducted in the dry conditions.  

In the production of geopolymers, the alkaline solution of sodium hydroxide 
(NaOH) might be applied. The NaOH in the form of flakes is transported to the 
mixing chamber by means of a screw feeder. Afterwards, sodium hydroxide is 
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mixed with the aqueous solution of sodium silicate and tap water. The mass ratio 
of sodium silicate to sodium hydroxide should be in the range of 2.0:1.0-2.5:1.0. 
Such obtained solution is mixed with the previous prepared mixture of asbestos 
dust and coal fly ashes. The required mixing time of both ingredients should be 
approximately 20 minutes. At this stage, the homogenous and density plastic mass 
might be obtained. Depending on the application, the obtained product is properly 
formed and fired.  

 

 

Fig. 5. Scheme of the use of asbestos and coal fly ashes in the production of geopolymers 

4. Summary 

The alternative solution for the utilization of asbestos could be its application 
in different sectors of economy. Due to the specific physical properties and chem-
ical composition, asbestos waste might be applied in the production of geopoly-
mer concrete. Geopolymers used in the construction industry are characterized by 
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the lack of the corrosion of reinforcement and the high adhesion degree to steel. 
Additionally, the geopolymer concrete has much better strength characteristics 
than portland concrete.  

Recently, there has been increased interest in the application of different frac-
tion of waste in the production of geopolymers. Fly and bottom ashes, volcanic 
tuff or tungsten mine might be successfully used in the geopolymerization pro-
cess. Referring to research carried out by different authors, the application of as-
bestos waste and coal fly ashes in the production of geopolymers was proposed. 
The aforementioned solution enables to utilize two problematic waste in line with 
legal requirements. The previous processing of asbestos waste reduced its harmful 
impact on the human health and on the environment. Additionally, the synthesis 
of geopolymers with the use of waste demands twice less of energy and emits 
eight two times less carbon dioxide in comparison to traditional ingredients [2]. 
By means of the advantageous environmental characteristic, geopolymer concrete 
is often called as „green concrete”. 

The proposition is a new solution in both waste management and materials 
science. This method is innovative and has never been applied before. However, 
the further detailed research is necessary in order to examine the mechanism of 
process and the influence of asbestos on the characteristics of geopolymers. 
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ODPADY W PROCESIE GEOPOLIMERYZACJI. PROPOZYCJA 
ZASTOSOWANIA PYŁU AZBESTOWEGO I POPIOŁU LOTNEGO  
W PRODUKCJI BETONU GEOPOLIMEROWEGO 

Streszczenie  

 Specyficzne właściwości fizykochemiczne oraz mechaniczne skutkują systematycznym wzro-
stem światowej produkcji geopolimerów. Wytrzymałość mechaniczna oraz niska podatność na dzia-
łanie wysokiej temperatury determinują możliwość zastosowania geopolimerów w wielu dziedzi-
nach gospodarki, w szczególności w sektorze budowalnym. Dodatkowo, niska emisja dwutlenku 
węgla na etapie produkcji powoduje, że geopolimery są traktowane jako materiał ekologiczny. Sze-
rokie spektrum zastosowania geopolimerów wymaga poszukiwania nowych materiałów przydat-
nych do ich produkcji. Z ekologicznego punktu widzenia najkorzystniejszym rozwiązaniem jest  
zastosowanie w procesie syntezy geopolimerów produktów odpadowych. Ze względu na obecność 
w swoim składzie krzemu i glinu, pył azebestowy może wykazywać przydatność do wytwarzania 
geopolimerów. Artykuł przedstawia propozycję recyklingu odpadów azbestowych i popiołu lotnego 
ze spalania węgla w produkcji betonu geopolimerowego. Końcowy produkt zaproponowanej me-
tody może być zastosowany w budownictwie, bez negatywnego wpływu na środowisko. Przedsta-
wiona propozycja umożliwia utylizację szkodliwego materiału, jakim jest pył azbestowy, zgodnie  
z hierarchią postępowania z odpadami oraz zasadą zrównoważonego rozwoju. 
 
Słowa kluczowe: odpady azbestowe, popiół lotny, geopolimery, recykling, budownictwo, inżynie-
ria lądowa 
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