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Abstract: One of the biggest problems facing humanity irrrégears is the environmental pollution from indasand
municipal waste. Global efforts are being madeddress these problems on a community-wide basresTgre a major
problem as the amount of waste increases in priopdit the demand for new cars. It is thereforeesal to develop
new environmentally and economically sound mettodsecycling a waste tyre. From an economic pointiew, the
use of waste material is irreplaceable. The aithefpresent paper is to utilize waste tyre fataies filler which will
use as a reinforcement in a geopolymer matrix. gé@polymer Baucis L 160 (cement and activator)fabdcs with a
purity of 52% were used for the manufacturing. &leantage of this material is its customized emvirental, economic
and social benefit for various areas of industries.

1 Introduction Such a material then exhibits very surprising prigs,

The term geopolymers refers to inorganic polymeriguch as water solubility, non-flammability, andisesnce
materials which are prepared by the polycondensatié® temperatures of about 1000 °C. their fire resise [2,3].
reaction of basic aluminosilicate materials in asiba  The geopolymer polymer Parament®, used to repair th
environment at normal temperature and pressurelfig Los Angeles airfield, and the geopolymer polymer
reaction is referred to as geopolymerization. composite carbon / Geopolymit®, used for fire-resit

Geopolymers belong to the group of mineral compositining of the aircraft cabin, have been developedthe
materials of unconventional composition, which aeey ~ construction industry [1,5].
similar to inorganic materials - zeolites. Geopolymer and carbon fibre composites have been

Essentially, geopolymers are defined as calcium-fréleveloped for aeronautics and Formula 1 cars. These
alkaline aluminosilicates most commonly prepared b§omposite materials are used in thermally strepaets of
alkaline activation of metakaolin with sodium otamsium the monopost, e.g. exhaust systems [4]. o
hydroxide solution or water glass. The term geomely On the basis of customized users or applications, o
was first used in 1979, when this material wasmiateby research focuses on the manufacturing of geopolymer
prof. Joseph Davidovits, who described the geopetyas composites for major applications, sales volumerketa
a material [2]. share according to growth rate of each Global glyoper

Essentially, a geopolymer is an amorphousustomized applications (Figure 1) [2].
aluminosilicate material consisting of tetrahedral
aluminium and siliceous units condensing at room
temperature to form equilibrium structures in thesence
of a monovalent alkali metal ion [3].
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2 Characterization of material

I investigation- a work methodology
I I 2.1 Geopolymer as a matrix

The geopolymer mixture compounds of cement
(Table 1) and activator Baucis L 160 has a wellrobaf
mixing ratio, which is indicated on the packages, ddso
I I I in the product materials of the mixture. The rdtip this

. . mixture is 5 parts by weight of cement to 4 paytsveight
O I I I of activator, which can be seen in Figure 2 asnal fi
— . . I homogenization of both components.
m B
ZdlE 20‘15 2{!‘15 2I]r17 ZdlB 20‘19 ZDIZQ 212;21 20’22 20‘23 ZD‘ZJ Table 1 Chen1 Cal COerOStIOn Of gwpdym Cm]t BauCIS
. Application & Geography — HEE Part 5: Eurcpe WM Others - Lleo [4]
' ! - Composition Volume [%]
Figure 1 Global customized geopolymer applications NaO 9.24
(y.2013-2024) [2] MO 1
We _presented following the key pI_ayers who deahwit Agizéis éggz
worldwide geopolymers manufacturing and production SiCs 0,44
[2]: K20 0,61
» PCI Augsburg GmbH (Basf), CaC 10,0¢
e Schlumberger Limited, TiO2 0,97
*  Wagner Global, FeC 0,8¢
« ASK Chemicals, X 99,2¢
» Milliken Infrastructure Solutions, o .
«  INOMAT GmbH, By homogenization of the Baucis L 160 cement aed th
e Wilne activator was produced a g_eopolymer mixture (Fi@)re
. Ze obo}m d which was subsequently relnf_orced at a percenthf@op
. Ecocem ’ 5%, 10% and 15% of the fabrics from waste tyres.

«  Ceske lupkové zavody,
* Alchemy Geopolymer,
* Fengyuan Chemical.

The automotive industry is going through a difftcul
period due to customs, Brexit, economic conditiand
very strict environmental legislation in Europe .[3]
Nowadays, tyres are valuable source of raw matdtial
focuses on the emerging material from amounts cieke
or processes, for most materials, some percentage o
input material is lost during processing, due tooeal of
the rubber component, a metal fabric. Using wagtest
only for recycling itself makes no sense. Over 100
independent companies in all EU member States arq
recycling tyres across Europe [2,3]. There are man
companies involved in collecting and processing
information on the recovery or disposal of wastedyin

the world, and in Europe. One of the main orgaropatis The production of one tonne of traditionally censent

ETRA (European Tyre Recycling Association), whichyenerates 0,55 tonnes of chemical @0d requires an
collects information, processes, evaluates andndhe  5qgitional 0,39 tonnes of gth fuel emissions for baking

population about new possibilities for recovery aisé of 5 grinding, accounting for a total of 0,94 tonaes
this commodity. o o CQ. Other studies reported that the cement industry
Some of the applications studied in Global Geopelym gmitted in 2000, on average, 0,87 kg of @D every kg of

Figure 2 Homogenization of geopolymer composite material
[authors own processing]

report are: _ cement produced. In general, the cement industry
*  Automotive and Aerospace Industries, contributes about 7% of the total worldwide,@tnissions
*  Building Materials, [4]. This is the aim of our research and one of rtiast
» Transportation, preferred advantage of used of geopolymer as axnmgtr
» Others. manufacturing of reinforced composites.

~2 o~
Copyright © Acta Tecnologia, www.actatecnologia.eu



- International Scientific Journal about Technologies
Volume: 6 2020 Issue: 1 Pages: 1-4

Acta Tecnologia
ISSN 2453-675X

ECO - FRIENDLY CUSTOMIZED GEOPOLYMER COMPOSITE MATERIALS
Lucia Knapc¢ikova; Annamaria Behtinova; Marcel Behtin; Patrik Kas¢ak

2.2 Fabricsfrom waste tyres as a filler 3 Results and discussion

Requirements for dismantling, reusing and recycling After 28 days of geopolymer setting, we tested the
vehicles, and for their components, should be mated geopolymer composite material and determined the
into the design and manufacture of new vehicless Thstrength characteristics, namely strain at breakl an
Directive lays down measures and objectives wherglongation at break. Figure 4 shows a final sanufle
firstly, the prevention of vehicle waste, as weltlae reuse, geopolymer composite material.
recycling and other forms of recovery of End-Ofelif
components and their components, are reduced tzeed
waste disposal [2,3]Last but not least, to improve
environmental protection by all economic operators
involved in the life cycle of vehicles and in padiar
operators directly involved in the processing a-eftlife
vehicles. Figure 3 represents sample of fabrias fnaste
tyres after vibrating screens separation. The pigi52%.

—
\IV\—--?.

Figure 4 Geopolymer reinforced with fabrics from waste tyres

[authors own processing]

Table 2 Bending Sress of tested geopolymer composites
materials [authors own processing]

.,.Mv,mmmr;mymlm""";" Fmax Anmax Bending stress at
e, (N) (mm) maximal Bending
load (MPa)
Figure 3 Fabrics from waste tyres after vibrating screens .
e paration [authorsy(;wn o Redline | 19825 0.5¢ 5.11¢
Brown line 1906.5¢ 0.8¢ 4.74¢
The main function of fibres in tyres is to provitte Green line 2068'4: 0.7 > 741
performance stability of the car through the reegiir Blue l”?e 1512.4 0.6 4.00¢
operating conditions. They represent special deaigh Irreg#.Ia.myt 13.15928 | 11.00214 14.89615
operating categories for a given car [3,5]. Engutiigh coetlicien
performance is one of many examples. The fabrics ggi‘;?gg 245.75260 0.07365 0.73031
composition was mainly derived from the presence of Median 1867 5: 0.6 2,90
cellulose and polyamide PA 6, also polyamide PAf6r6 : : :
medium performance tyres. Polyesterterephthald&d ),P ;
polyethyleneenaphthalate (PEN), and aramid areresfe = t
to as high performance tyre fibres [6]. They asoalsed Q s ( 4
to make commercial truck tyres [7]. The variousorel = /’
end-of-life vehicle measures should be harmonized t 2 1
minimize the environmental impact of end-of-lifehices, =
thus contributing to protecting, preserviagd improving - '
the quality of the environment and saving energg, an %
consequently, ensuring the smooth functioning & th -
internal market and avoid restricting competitioitie EU @

community.
After mechanical testing/bending stress (Table 2,

Figure 5) at maximal bending load we obtained tsguat

4 tested samples for each % of filler were prepated
samples. Geopolymer composite material reinforced b
10% of waste tyre fabrics has value of 5,747MPa of
bending stress by maximal bending forge<2068,46 N.
For comparison, the 15% of filler has value of 4,00Pa

by 1512,49 N of maximal bending load. This differeris
due to homogenization of geopolymer composites
material.

Elongation [%6]
Figure 5 Dependence of elongation on bending stress
[authors own processing]
Legend:
Red line- 1% fabrics from waste tyres,
Brown line- 5% fabrics from waste tyres,
Green line-10% fabrics from waste tyres,
Blue line- 15% fabrics from waste tyres.

Based on the results we can say that the 10% giropor

of waste textiles has the highest strength valbesn a
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Based on the achieved results, we conclude that

geopolymers can be considered as prospective @iateri

meeting demanding technical as well as ecological

requirements.
They are materials capable of competing technically

with Portland cements and ecologically superidh&m.
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