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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 mectamcoperties, the worldwide
production of geopolymers is increasing systeméyicahe high mechanical re-
sistance and the low sensitivity to the high terapee result in the application of
geopolymers in many sectors of economy, espediatiivil engineering. Addition-
ally, the low emission of carbon dioxide caused tfeopolymers are often called
.green” material. The wide range of the applicatafrgeopolymers requires new
substances which could be used in their producoom environmental point of
view, the use of waste products in the productfaggeopolymers is the best solution.
Due to the content of silica and aluminum, asbestss might be successfully used
in the synthesis of geopolymers. This article pnesénhe possibility of recycling of
asbestos waste and coal fly ashes in the produofigeopolymer concrete. The
final product of this method might be used in tbastruction industry without the
risk for the environment. The proposed solutionbdemto utilize the harmful mate-
rial, i.e. ashestos dust in accordance with theeMaigrarchy and sustainable deve-
lopment.

Keywords: asbestos waste, fly ash, geopolymers, recyclingstoaction industry,
civil engineering

1. Introduction

Geopolymer is an amorphous, inorganic substandehwi synthesized in
alkaline conditions in the temperature below@QL]. The first-time definition
of the aforementioned material was introduced ®eph Davidovits in 1970 [2].
Geopolymers are chemically classified as an alusiicate in which silica (Si)
and aluminium (Al) are lined each other by meanexyfgen, for example: (-Si-
O-Al-O), or (-Si-O-Al-O-Si-Oy) (Fig. 1) [3, 4].The simplified chemical formula
of geopolymers might be expressed as the follodngs]:

1 Autor do korespondenciji/corresponding author: Makéjcik, Rzeszow University of Techno-
logy, 8 Powstacow Warszawy Ave., 35-959 Rzeszow, tel.: (17) 8651 80mail: m.wojcik@prz.
edu.pl
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M

n{-(Si02)q-AlO2-}n (1)

where: M — alkaline cation, n — polycondensatiogrde, q — Si/Al ratio.
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Fig. 1. The structure of aluminosilicate geopolysi&]

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

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

the formation of gel which is a polycondensatioadurct of silicate solu-
tion, silica and aluminium,

the hardening of obtained gel.

Depending on the kind of material and activatordugsethe production, the
properties of geopolymers are different. Anothetdainfluencing the properties
of material is the process conditions. GeneralBomplymers 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 appicadf geopolymers in
many sectors of economy, especially in the constnusector. Geopolymers are
commonly used in the production of face panelgkstitiles and other decoration
elements. The unique properties also enable tsagaias the protective coatings



Waste in the geopolymerization process. Proposal... 247

of steel, concrete and ceramics [9]. The usefuloéggeopolymers in the con-
struction sector is also caused by the lack ofaston of steel reinforcement in
this material and the high adhesion to steel. Aaldtly, geopolymers are char-
acterized by the relatively low shrinkage during tturing which ensures the
dimensional stability [10, 11]. For this reasongpelymers might be treated as
an alternative solution to Portland cement.

H,0

materials containing
Al and Si

strong alkaline
(NaOH, KOH)

Mixing of all

hardening
components

activator
(water glass solution)

Geopolymers

Fig. 2. The simplified diagram of the productiongefopolymers

Recently, there has been increased interest irg ugigeopolymers in the
environmental engineering. The aforementioned rater used in waste man-
agement more and more often in the productionrifgtaledicated storage radio-
active waste. Geopolymers are also applied aserage of the surface of landfill
wastes [12].

The increasing application of geopolymers requite® materials which
could be useful in their production. This papersprés the alternative materials
used in the synthesis of geopolymers. In thislastibe proposition of the appli-
cation of asbestos waste and coal fly ashes ipith@uction of geopolymers is
also shown.

2. Waste materials used in the production of geopginers

The wide range of the application of geopolymeguit@s searching for new
materials which might be used in their synthegisliterature, there are some
works concerning the use of different substancetbénproduction of geopoly-
mers. Pacheco-Torgal et al. [13] used waste frauthgsten mine in the synthe-
sis of geopolymers. Other studies indicated théulrsess of volcanic tuff, rice
husk ash, cinder, sludge from water treatment,cdaftand marginal lateritic soll
in the geopolymerization process [2, 5, 14-18]./5abtained geopolymers are
characterized by the high resistance to compres$ioa production of geopoly-
mers with the use of fly ashes and shredded ces tyr coffee grounds was also
tested [19, 20].
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But the most of papers are related with the appba of fly ashes. The use-
fulness of ashes in geopolymerization is associaiéd the content of reactive
aluminosilicate. Research carried out by Mikuta &adh [2] showed that geo-
polymers containing fly ashes are characterizethbyigh resistance to heat.

Due to the content of reactive silica and alummiand the small amount of
calcium, asbestos might be used in the productiageopolymers. Asbestos is
a fibber material classified to hydrated alumirioaile. Depending on the chemi-
cal formula, asbestos minerals are divided into¢iasses: serpentine and amphi-
boles (Tab. 1) [21].

Table 1. Kinds of asbestos

Kind of asbestos Name of mineral Chemical formula
serpentine chrysotile (Mg, F8)i205(OH)4
tremolite Ca(Mg, Fe)}SisO22(OH)2
actinolite Ca(Mg, Fe)}SisO22OH)2
amphiboles cummingtonite (Mg, F&)7SigO22(OH)2
grunerite (Mg, F&)7SigO22(OH)2
riebeckite NaMg, F&*)sFe*2SigO2(OH)2
anthophyllite (Mg, F#&)7SigO22(OH)2

The specific physical and chemical properties henabled the application
of asbestos in many sectors of economy. The cutioimaf its worldwide pro-
duction is dated 70’ and 80’s [22]. Although, thieguction of asbestos in Europe
is forbidden, a lot of waste containing this minexauld be in the environment.
The resistance to different conditions causeddbbestos is hon-degradable and
might remain in the environment for a long time.

In order to reduce the harmful impact of asbestastevon the environment
and the human health, new recycling methods angirext; The promising solu-
tion might be the application of properly prepassthestos dust in the production
of geopolymers.

3. Utilization of asbestos waste in the productionf geopolymers

The proper utilization of asbestos waste is necg$sam the economic and
environmental point of view. Although there is anlmd the usage of asbestos in
many countries, the worldwide production is estadabn 2 thousand tons [23].
Even though there are developed new recycling nastttbe utilization of asbes-
tos is still insufficient.

Asbestos waste might be used in the productioneopglymer concrete
which could be applied in the construction sedBut before the application of
asbestos in the geopolymerization, waste has tprdyeerly prepared (Fig. 3).
Firstly, asbestos should be shredded and groungedelans, for example ball
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mills. Due to the harmful influence of asbestostdus the human health, the
whole process should be undergone in sealed conslitiAfterwards, such ob-
tained material should be thermally converted andmded again. After prepara-
tion, obtained asbestos ash is stored in a silo.

The application of coal combustion by-products afmands previous
preparation consisting of shredding and grindingy.(B). The aforementioned
processes might increase the whole efficiency efpitoduction of geopolymers.
Afterwards, the grounded ash is also stored inndatoer.

sealed conditions

o~ ; " thermal
R
conversion

asbestos waste i
asbestos
ash
storing in
a silo
Fig. 3. Initial preparation of asbestos waste
electrostatic
precipitator
‘ ] S storing in
— shredding — grinding ——» a sili

coal fly ash

Fig. 4. Initial preparation of coal fly ashes

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

In the production of geopolymers, the alkaline sotuof sodium hydroxide
(NaOH) might be applied. The NaOH in the form alk#s is transported to the
mixing chamber by means of a screw feeder. Afteigjasodium hydroxide is
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mixed with the aqueous solution of sodium silicatel tap water. The mass ratio
of sodium silicate to sodium hydroxide should bé¢hi@a range of 2.0:1.0-2.5:1.0.

Such obtained solution is mixed with the previotspared mixture of asbestos
dust and coal fly ashes. The required mixing tirhbath ingredients should be

approximately 20 minutes. At this stage, the homoge and density plastic mass
might be obtained. Depending on the applicatiom ottained product is properly

formed and fired.

coal fly ash
asbestos waste }—’ initial processing initial processing
L J v
storing in | mixing of solid | storing in
a silo g ingredients N asilo
v
. : mixing with
sodium preparation of | s
hydroxide alkaline solution aqueous
d ~ substances
sodium
silicate v

geopolymer strength tests
concrete =

application
in a construction
sector

Fig. 5. Scheme of the use of asbestos and coasHegs in the production of geopolymers

4. Summary

The alternative solution for the utilization of askos could be its application
in different sectors of economy. Due to the spegifiysical properties and chem-
ical composition, asbestos waste might be appligtié production of geopoly-
mer concrete. Geopolymers used in the construstoiustry are characterized by
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the lack of the corrosion of reinforcement and hifgh adhesion degree to steel.
Additionally, the geopolymer concrete has muchdrestrength characteristics
than portland concrete.

Recently, there has been increased interest aytplkcation of different frac-
tion of waste in the production of geopolymers. &hd bottom ashes, volcanic
tuff or tungsten mine might be successfully usethi& geopolymerization pro-
cess. Referring to research carried out by diffeaeithors, the application of as-
bestos waste and coal fly ashes in the producfigeopolymers was proposed.
The aforementioned solution enables to utilize prnablematic waste in line with
legal requirements. The previous processing ofsdiebavaste reduced its harmful
impact on the human health and on the environnfaditionally, the synthesis
of geopolymers with the use of waste demands tese of energy and emits
eight two times less carbon dioxide in comparisoiraditional ingredients [2].
By means of the advantageous environmental chaistategeopolymer concrete
is often called as ,green concrete”.

The proposition is a new solution in both waste ag@ment and materials
science. This method is innovative and has neven beplied before. However,
the further detailed research is necessary in dalexamine the mechanism of
process and the influence of asbestos on the dbastics of geopolymers.
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ODPADY W PROCESIE GEOPOLIMERYZACJI. PROPOZYCJA
ZASTOSOWANIA PYLU AZBESTOWEGO | POPIOLU LOTNEGO
W PRODUKCJI BETONU GEOPOLIMEROWEGO

Streszczenie

Specyficzne wiciwosci fizykochemiczne oraz mechaniczne skuglayjstematycznym wzro-
steméwiatowej produkcji geopolimeréw. Wytrzymatbomechaniczna oraz niska podathna dzia-
tanie wysokiej temperatury determigunozliwo$¢ zastosowania geopolimeréw w wielu dziedzi-
nach gospodarki, w szczegéecow sektorze budowalnym. Dodatkowo, niska emisjattenku
wegla na etapie produkcji powoduje geopolimery straktowane jako materiat ekologiczny. Sze-
rokie spektrum zastosowania geopolimeréw wymagayldwania nowych materialéw przydat-
nych do ich produkcji. Z ekologicznego punktu widize najkorzystniejszym rozwzaniem jest
zastosowanie w procesie syntezy geopolimeréw pridgukdpadowych. Ze wzgllu na obecni@

w swoim skfadzie krzemu i glinu, pyt azebestowyzmeovykazywa przydatné¢ do wytwarzania
geopolimerdw. Artykut przedstawia propozyeogcyklingu odpaddw azbestowych i popiotu lothego
ze spalania wgla w produkcji betonu geopolimerowego. i¢owy produkt zaproponowanej me-
tody maze by zastosowany w budownictwie, bez negatywnego wplgraérodowisko. Przedsta-
wiona propozycja umidiwia utylizacje szkodliwego materiatu, jakim jest pyt azbestowyopanie

z hierarchi postpowania z odpadami oraz zagaéwnowaonego rozwoju.

Stowa kluczowe:odpady azbestowe, popiét lotny, geopolimery, réogk budownictwo, igynie-
ria ladowa
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