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Abstract

Effect of various doses of electric arc furnace slag (EAFS) - a by-product of steelmaking recovered
after the oxidizing process - along with water cooled slag and cement kiln dust for the evaluation
of optimum ratio of the added EAFS was studied. Results showed that the compressive strength
of geopolymer specimens increases with EAFS up to 50% then decreases with further slag
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increase, giving an increased mechanical strength than the control by 7.94%, 23.9%, 80.8% and
17.8% at ages of 90 days and 9.49, 32.03, 89.68 and 37.6% at 120 days for replacement by 10,
25, 50 and 75% of EAFS, respectively. It is noticed that the enhancement in strength increases
with EAFS and with curing time; even the full replacement by EAFS leads to further strength gain

more than 10% replacement.
Keywords: geopolymer, GGBFS, EAFS, alkali, activator.

1. Introduction

In 1978, Davidovits [1] introduced the word geopolymer
to describe an alternative cementitious material which has
ceramic-like properties. As opposed to OPC, the manufacture
of aluminosilicate-based geopolymer does not consume
high levels of energy. This geopolymer technology has the
potential to reduce emissions by 80% [2] since high calcining
temperature is not required. It also exhibits ceramic-like
properties with superior resistance to elevated temperatures at
fire. Geopolymer can be produced by combining a pozzolanic
compound or aluminosilicate source material with highly
alkaline solutions [3]. Geopolymer can be thought of as a
new generation binder as a substitute for the calcium silicate
hydrate which are essential component of Portland cement,
whereas cement plants are reported to emit up to 1.5 billion
tons of CO2 into the atmosphere annually [4, 5]. Hence,
environmental preservation has become a driving force behind
the search for new sustainable and environmentally friendly
composites to replace conventional concrete produced from
ordinary Portland cement (OPC).

Geopolymer binders exhibit technological and ecological
advantages in comparison with OPC, and the industrial use of
geopolymer concretes in the production of high performance
building materials is expanding [6]. Different alkaline solutions
based on alkali metal hydroxides, carbonates and silicates have
been used over the past decades for the production of alkali-
activated binders [7]. A strong dependence on the nature
of the alkaline activator in the structural and mechanical
development of these binders has been identified throughout
the literature.

Ferrous slags may be divided into two broad classes: those
arising from the smelting of ores and those formed during
refining of iron into steel. The former is mainly blast furnace
slag, which is produced in very large amounts in many
developed countries as a by-product of the manufacture of iron
in blast furnace. It results from the fusion of limestone flux with
ash from coke, the siliceous and aluminous residue remaining
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after the reduction and separation of the iron from the ore.
The production of iron and slag in a blast furnace involves a
continuous, rather than batch process, with both materials being
produced in molten, homogeneous states. Much of the iron and
steel slag produced around the world are air-cooled slowly,
leading to the formation of a crystalline product. However, if
the molten slag is cooled rapidly, for example by quenching with
water, a granular glassy material is produced. This material, if
collected, dried and ground to sufficient fineness is known to
have latent hydraulic properties [8].

It has been established that the main products of slag
hydration are essentially the same as the principal product
formed when OPC is hydrated [9, 10] that is, calcium silicate
hydrate (C-S-H). The main factors known to influence
the hydraulic activity of slag cement include chemical
composition, glass content, and fineness, activator content,
curing temperature and water/cementitious material ratio
[11]. Ground granulated blast furnace slag (GGBS) has been
used for decades as partial replacement material in concrete
and has well established standards describing their use [11-14]

A moremodern processinvolves the use of electric arc furnace
such as that used by the Libyan Iron and Steel Company. The
electric arc furnace is able to produce very precise alloys when
compared to the older Bessemer and open-heart techniques.
According to the technical bulletin produced by the Libyan
Iron and Steel Company [15], the company produces sponge
iron by the direct reduction of iron ore with locally produced
natural gas. This sponge iron is subsequently converted into
steel in an electric arc furnace, which uses an electric arc to
heat the raw materials. In addition to the sponge iron, several
other materials are added which includes; steel scrap, fluorspar,
limestone and dolomite. The end product of the oxidation
process is steel plus large quantities of slag. This type of steel
slag is known to have similar composition to Portland cement
clinker; having significant quantity of C2S and C3S [16]. This
waste material is traditionally utilized for road bases and as
aggregates in concrete production in many countries [17]. Its
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use as cement replacement material has also been established;
however this is limited by a general lack of understanding of
its hydration process and by its heterogeneity, coarseness and
higher particle density [18, 19].

Cement kiln dust (CKD) on the other hand, is a by-pass
of cement plant production that contains partially calcined
materials with some hydraulic and cementitious properties.
Due to the presence of certain chemical constituents (high
alkali, chloride, and sulphate content), which may cause
problems in kiln operation and cement performance, CKD
usually cannot be returned into the feedstock and has to be
discarded. Alkalis from CKD may activate the hydration of
slag constituents creating a cementitious material in which the
waste material deficiencies will be converted into benefits.

Khater [20] studied the effect of cement kiln dust on alkali
activated slag and studied their resistance against sulphate
attack; results indicates that use of 25% cement kiln dust to slag
materials leads to good enhancement in geopolymer structure.
Effect of cement kiln dust on activation of geopolymer composite
containing phosphogypsum and fly ash results in very good
enhancement in thermal stability up to 1200 °C by using 10 and
20% phosphogypsum was also studied by Khater and Zedane [21].

Khater [22] also studied thermal and acid resistance
of alkali activated slag geopolymer, the results illustrate
that geopolymer materials prepared using alkali activated
slag exhibit considerable changes in compressive strength
with increasing firing temperature from 300-1000°C and
possessing an enhancement in thermal stability as compared to
concrete specimens. Replacement of GGBEFS by 15% air cooled
slag (ACS) resists thermal deterioration up to 1000 °C. It was
suggested to be suitably applied in the refractory insulation
applications as well as for production of concrete nuclear
reactors. On the other hand, geopolymer mixes exhibit low
stability upon subjecting to different concentration from the
mix of nitric and hydrochloric acid in equal ratio (1:1).

The main target of this paper is to study the effect of addition
of various doses of electric arc furnace slag on the expense of
the added water cooled one at constant ratio of cement kiln dust
(25 %) as elucidated from Khater [20], for getting the optimum
ratio of electric arc furnace slag along with water cooled slag
and study their effect on the mechanical and microstructural
characteristics.

2. Experimental procedures

2.1. Materials

The materials, which used in this investigation, are ground
granulated water cooled blast furnace slag (GGBFS), air cooled

Oxide content (%) SiO, Al,03 Fe;03
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electric arc furnace slag sourced from Iron and Steel Factory-
Helwan, Egypt, and cement kiln by-pass dust from Beni-Suef
Cement Factory, Egypt. The chemical compositions of the
starting raw materials are tabulated in Table 1. Slag is formed
from the dominant content of SiO2 and MnO, Fe304, CaO,
and AlpO3. This way the coefficient of basicity, defining the
ratio of base to acid oxides in the slag, is a suitable indicator
for the definition of the oxidative capacity of the slag [23, 24]:

Basicity Coefticient=[CaO+MgO+MnO+...]/[SiO2+A1203] (1)

The use of the term acid and base are of course not those
employed in aqueous solutions: in the present context, bases
are oxygen donors, e.g. Ca, Na and K, while acids, e.g. S and
Cr, both in their (VI) oxidation state, are oxygen acceptors. By
following the above equation, the basicity of water cooled slag
will be equal to 1.0 and basicity of electric arc furnace slag is
0.96; this indicates the increased oxidative capacity of EAFS
than that of water cooled one.

The hydraulic modulus (HM) also is defined as [25]:

M=(CaO + MgO +Al1203)/Si02 (2)

It is suggested that the HM of the slag materials should
exceed 1.40 to ensure sound hydration property, where the
HM of water cooled slag is equal to 1.39 and that of electric
arc furnace slag is equal to 5.02, where the last value reflects
the better hydration properties of electric arc furnace slag and
confirms the latent hydraulic properties of water cooled slag.

The mineralogical composition is represented in Fig. 1; where
ground granulated blast furnace slag materials composed of
amorphous materials and EAFS composed of hematite, mullite
and calcite and minor content of quartz. Cement dust pattern
depicts that it is composed of calcite and a minor content from
halite and sylvite.

*GGBFS
' h
"EW el
| £
A

CKD
bt . 7 - w.w)

T I
10 20

Intensity

cc Ha €

ﬂ_,f\wmuu,

s
26 degree
Fig. 1. Mineralogical composition of starting raw materials [Q: Quartz (SiO5), CC:
Calcite (CaCO3), Sy: Sylvite (KCl), Ha: Halite (NaCl), He: Hematite (Fe;O3),
M: Mullite (aluminum silicate)]

1. dbra  Kiinduldsi alapanyagok dsvdnyos dsszetétele [Q: Kvarc (SiO,), CC: Kalcit
(CaCOs3), Sy: Szilvit (KCI), Ha: Halit (NaCl), He: Hematit (Fe;03), M: Mullit
(alumino-szilikdt)]

TiO, MnO Cl-

SrO BaO L.O.l.

Water —Cooled 36.67 1031 050 3882 170 217 1.03 048 057 4.04 004 005 018 328 012 99.96
Slag (GGBFS)
Electric arc furnace 820 0.73 38.89 3952 088 024 034 025 022 814 220 002 003 013 041 99.90
slag (EAFS)
By-Pass Cement 829 284 207 5190 057 209 342 263 014 013 013 6120 - - 19.59 99.90

Kiln Dust (CKD)

Table 1. Chemical composition of starting materials (m %)
1. tablazat A kiinduldsi anyagok kémiai osszetétele (m%)
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2.2. Experimental regime

Geopolymer mixes were made by hand-mixing raw materials
of each mixture passing a sieve of 90 um with the cement kiln
dust for 10 min and a further 5 min with an electronic mixer
as represented in Table 2. The water-binder ratio (w/b) was
0.34 by mass. The paste mixture was cast into 25x25x25 mm
cubic-shaped moulds, vibrated for compaction and sealed with
plastic sheet to minimize any loss of evaporable water.

Mix Water Electric Cement Total Si0,/
no. cooled arc furnace kiln M0/ Al;03
slag slag dust Al;03
(GGBFS)  (EAFS) (CKD)
Al 90 10 25 0.45 3.57 0.08
A2 50 25 25 0.53 3.71 0.09
A3 25 50 25 0.80 4.20 0.12
Ad 75 - 25 0.41 3.50 0.08
A5 - 75 25 2.08 6.54 0.20

Table 2. Composition of the geopolymer mixes (m %)
2. tdblazat Geopolimer keverékek Osszetétele (m%)

All mixes were left to cure undisturbed under ambient
temperature for 24 hour then subjected to curing temperature
of 40 °C with a 100% relative humidity. At the end of the curing
regime, the specimens were subjected to the compressive
strength measurements and then the resulted crushed specimens
were exposed to stopping of the hydration process using
stopping solution of alcohol/acetone (1:1) followed by washing
with acetone as recommended by different investigators [26-28]
to prevent further hydration and for further analysis followed
by drying of the crushed specimens for 24 hr at 80°C, then
preserved in a well tight container until the time of testing.

2.3. Methods of investigation

Chemical analysis was carried out using Axios, WD-XRF
Sequential Spectrometer (Panalytical, Netherlands, 2009).
Compressive strength tests were carried out using five tons
German Briif pressing machine with aloading rate of 100 kg/min
determined according to the ASTM [29]. The microstructure
of the hardened alkali activated water cooled slag was studied
using SEM Inspect S (FEI Company, Netherlands) equipped
with an energy dispersive X-ray analyzer (EDX). The stopping
of the progressed hydration was accomplished by subjecting the
crushed samples to alcohol/acetone mix as recommended by
different investigators [26, 27]. Bonding characteristics of the
alkali activated specimens were analyzed using a Nicolet-6700
Fourier transformed infrared spectrometer FTIR. Test sample
was ground and uniformly mixed with KBr at a weight ratio
KBr: specimen=200:1.The mixture, 0.20 g was pressed to a disk
of 13 mm in diameter for analysis at 8 t/cm?. The wave number
was ranging from 400 to 4000 cm~! [20, 30].

3. Results and discussion
3.1. Effect of electric arc furnace slag on characteristics of
the produced geopolymer

FTIR spectra of 28 days cured (40°C and 100% RH)
geopolymer specimens having various cement dust content
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are shown in Fig. 2. Bands description are as follow: Stretching
vibration of O-H bond at about 3430, 1600 cm-!, stretching
vibration of CO2 located at about 1410 cm!, asymmetric
stretching vibration (T-O-Si) at about 975 cm-! where T=Si or
Al, symmetric stretching vibration of CO2 at about 870cm-,
symmetric stretching vibration (Si-O-Si) in the region 676-
700 cm™! and bending vibration (Si-O-Si and O-Si-O) in the
region of 430-445 cm-1.

A3-50%

Transmittance, %

3900 3400 2900 2400 1900 1400 200 400
Wave number, cm

Fig. 2. FTIR spectra of 28days geopolymer specimens having various ratios of EAFS

[1: Stretching vibration of O-H bond, 2: Bending vibrations of (HOH),
3: Stretching vibration of CO,, 4: Asymmetric stretching vibration (T-O-Si),
5: Symmetric stretching vibration of CO,, 6: Symmetric stretching vibration
(Si-O-Si), 7: Bending vibration (Si-O-Si and O-Si-O)]

2. dbra  Kiilonboz6 mennyiségben EAFS adalékot tartalmazé geopolimer probatestek
FTIR spektrumai 28 napos korban [1: Vegyértékrezgés O-H kotés,
2: Deformdcids rezgés (HOH), 3: Vegyértékrezgés CO,, 4: Aszimmetrikus
vegyértékrezgés (T-O-Si), 5: Szimmetrikus vegyértékrezgés CO,,
6: Szimmetrikus vegyértékrezgés (Si-O-Si),
7: Deformdciés rezgés (Si-O-Si és O-Si-O)]

The pattern indicates the growth and the broadness of the
main asymmetric band at about 975 cm-! with EAFS increase
up to 50% and shifted to a lower wave number values reflecting
the increase in the vitreous content with EAFS addition, the
increased intensity with EAFS indicates the growth of the
amorphous content of N-A-S-H gel which has a positive effect
on enhancement in the mechanical properties of the resulting
structure, where the aluminosilicate polycondensation
reactions promoted and increased with EAFS addition up
to 50%, resulting in growth of N-A-S-H gel and the binding
gels (C-(A)-S-H for slag. This is coherent with the increased
intensity of hydration band at about 3400 and 1600 cm-!, where
inclusion of EAFS, with its high hydraulic modulus as indicated
from Eq. (2) and most specifically its role in supplying soluble
Ca?* ions, forming additional CSH phases in addition to N-A-
S-H as well as N-(C)-A-S-H leads extra strengthening of the
matrix structure [31].

The increase in intensity of the Si-O-(Si, Al) asymmetric
band in addition to the shift to higher wavenumber (from 690 to
779 cm!) with increased contents of EAFS up to 50% suggests
the modification of the aluminosilicate framework compared
with solely GGBFS based geopolymers as a consequence
of cation substitution in the non-framework sites [24]. The
bending vibration band at about 430-445 cm! increases also
with EAFS increase.

The appearance of bands in the regions of 1430 cm-1(v C-0),
and 867cm-1(8 C-0O) are typical of CO3?- vibrational groups,
present in inorganic carbonates [32], the increased intensity
of carbonate is mainly due to the carbonate in CKD and
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carbonation of the free alkalis lies within CKD, in addition to
growth of carbonate with EAFS where the carbonates identified
in this raw material do not react significantly under alkaline
activation conditions [24].

The SEM microstructure of 90 days cured geopolymer
specimens having 10 and 50% EAF slag using 25% CKD as
an activator for geopolymerization reaction is shown in Fig. 4.
The micrograph of 10% EAF slag (Fig. 3.a) indicates that the
heterogeneity of the matrix with the dispersing of geopolymer
plates within the structure in addition to calcium silicate
hydrate that formed by the interaction of hydrated lime in CKD
and free calcium ions in slag with dissolved silica forming CSH
which increase the binding characteristics of three dimensional
geopolymer structure. Further increase in the EAFS results
in the increase of CSH and offers more nucleation sites for
geopolymer formation leading to a homogeneous and hard
structure [33], also the increased iron content with EAFS offers
additional balancing cations for the three dimensional network
forming more stable and homogeneous network [3, 34].

Fig. 3. SEM micrograph of 90 days alkali activated geopolymer specimens having (a)
Al containing 10% ACS, (b) A3 containing 50% ACS
3. dbra  Alkdli aktivalt geopolimer mintdk elektronmikroszkdpos képe 90 napos
korban (a) A1 minta, 10% ACS tartalom, (b) A3 minta, 50% ACS tartalom

Fig. 4 shows the compressive strength of geopolymer mixes
that were cured at 40 °C and 100% RH, up to 120 days using
25% CKD as an activator for the reaction. It is known that
the compressive strength of geopolymers is related to the
degree of polymerization, which is strongly affected by the
soluble silicates and aluminates of the geopolymeric system.
The higher the degree of polymerization in the geopolymeric
structure, the higher the obtained compressive strength.

——7 days —=—28§ days

——90 days ——120 days

3 &
8 8

Compreesive strength , MPa
1]
8

_\/—\

5.00

o 10 20 30 40 50 60 70 80
EAF slag added, %

Fig. 4. Compressive strength of alkali activated slag geopolymer specimens using
various ratios of EAFS

Kiilonboz6 mennyiségben EAFS adalékot tartalmazo geopolimer prébatestek
nyomészildrdsdga

4. dbra

It is found that the compressive strength of geopolymer
specimens increase with EAFS up to 50% then decrease with
further slag increase, giving an increased mechanical strength
than the control by 7.94%, 23.9%, 80.8% and 17.8% at ages
of 90 days and 9.49, 32.03, 89.68 and 37.6% at 120 days for
replacement by 10, 25, 50 and 75% of EAFS, respectively. It is
noticed that the enhancement in strength increases with EAFS
with curing time; even the full replacement by EAFS leads to
further strength gain more than 10% replacement.
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Fig. 5. Schematic structure of geopolymer skeleton charge balanced with calcium and
iron cations
Geopolimer viz sematikus szerkezete, kalcium és vas kationok

toltésegyensillyal

5. dbra

This can be explained by the high alkali content that lie
within CKD and leads to the increase of pH of the medium
and so the degree of polymerization of the resulting product,
also EAFS is much harder than water cooled grains due to the
high iron content as represented clearly in Table 1. The effect of
combination of 50% EAFS in addition to 25% GGBFS in a mix
likely causes a higher strength since the anhydrous part of the
EAFS contributes strongly to strength as compared to water
cooled grains [35]. It is also likely that this is attributed to the
fact that Ca?+, Fe3* are capable of acting as charge-balancing
cations within the geopolymeric binder structure [3,34].

The efficiency of the EAFS geopolymer pastes were
computed based on the equation proposed by Atis [36] for fly
ash concrete. The equation was based on the normalization
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of the compressive strength of concrete with the quantity of
cementitious materials. The equation for the same curing
conditions and for the same water to binder ratio at specific
curing age, is as follows:

(foe )

r[a

k= +1

Where, k is the efficiency factor of EAFS, ¢ is the quantity of
total cementitious binder (s), fa is the quantity of EAFS, r is
the replacement ratio of EAFS (i.e., 0.3 for 30%, 0.5 for 50%
replacement), f.(t),, is the compressive strength of geopolymer
mix containing any EAFS at time t, fis compressive strength of
EAFS at time t.

From Fig. 6, the efficiency factor of the geopolymer pastes
increases gradually with the increase of the EAFS content
up to 50% giving an efficiency value of 2.88% after 120 days,
while decreases with 75% EAFS reaching the value of 2.36%.
This is coherent with the increased hydraulic modulus of
EAFS (HM=5.02) than water cooled slag (HM=1.39) which
positively increases the efficiency factor ratios as represented
in Fig. 6, which in turn reflects the better hydration properties
of electric arc furnace slag while confirms the latent hydraulic
properties of water cooled slag. However, the basicity of water
cooled slag which is equal to 1.0 and basicity of electric arc
furnace slag is equal to 0.96; indicating the increased oxidative
capacity of EAFS than that of water cooled slag.

-_

1

= 7days m 28days

90days = 120days
8 ’) ‘78
7

Efficiency factor of EAFS, %
0

10 25 EAF slag, % 50 75

Fig. 6. Efficiency factor of alkali activated slag geopolymer specimens using various
ratios of EAFS.
6. dbra  Kiilonbozé mennyiségben EAFS adalékot tartalmazo geopolimer prébatestek
hatékonysdgi faktorai

A series of five Na (K)-PSS polymer compositions were
determined statistically from the oxide ratios of the five mixing
geopolymer specimens as indicated in Table 2, where using
50% EAFS gives higher values of total M,O/AL O3, total M,0/
SiO, and Si0,/ALO; equal to 0.80, 0.12 and 4.20, respectively,
which ascribed to the strength increase with EAFS up to 50%.
It was suggested that the optimum range of oxide molar ratios
[37, 38]: 0.2<M,0/Si0,<0.48, 3.3<Si0,/Al,03<4.5 resulting in
three dimensional networks with a more branched structure
and so homogeneous and compact structure formed.

A higher strength geopolymer is associated with a more
desirable internal microstructure [39]. Mechanism of
geopolymers involves the polycondensation reaction of
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geopolymeric precursors i.e. alumino-silicate oxide with alkali
polysilicates yielding polymeric Si-O-Al bond [40-43].

Mn [-(Si - O,), -Al - O]n .wH,O

where M is the alkaline element, z is 1, 2 or 3 and n is the
degree of polycondensation [41]. Davidovits suggested that
certain synthesis limits existed for the formation of strong
products; satisfactory compositions lay in the range M,0/SiO,
0.2 to 0.48; SiO,/AL0s, 3.3 to 4.5; H,O/M,0, 10-25; and
M,0/AL,03, 0.8 to 1.6 [40, 42, 43]. The geopolymeric alumino-
silicate has been grouped in three families depending on the
atomic ratio Si/Al that may be 1, 2 or 3 [43]. Amorphous to
semi-crystalline three dimensional alumino-silicate structures
are of the poly(sialate) type (Si-O-Al-O-), the poly(sialate-
siloxo) type (Si- O-Al-O-Si-O-), and the poly(sialate-
disiloxo) type(Si-O-Al-O-Si-O-Si-O-) [40].

On the contrary, using 75% EAFS gives total M,O/ALOs3,
total M,0/SiO, and SiO,/AL,O3 equal to 2.08, 0.20 and 6.54,
respectively, the increased previous ratios results in lowering
in strength where the formed geopolymer structure is of two
dimensional chains from poly-sialate disilioxy rather than the
three dimensional network formed by using 50% EAFS, in
addition to the pessimum effect of the increased iron content as
stated by Daux et al. [44] where, dissolution of aluminosilicate
precursors containing significant levels of network-forming
Fe3+ under slightly alkaline conditions, reprecipitation of
dissolved Fe was much faster than the reprecipitation of Si and
Al It is therefore most likely that any reactive Fe present during
geopolymerization behaves similarly, and reprecipitates very
rapidly as hydroxide or oxyhydroxide phases and so lowers the
alkali activator content necessary for the activation.

4. Conclusions

1. In the presence of Ca contained ingredients (slag) as a
result of geopolymer coexistence and C-S-H phase and
maximal geopolymer strength was reached.

2. Cement kiln dust has high alkalis content and free lime
that can efficiently be utilized in the activation of industrial
slag wastes results in the production of environmentally
friendly cementing materials that can be applied in various
building purposes.

3. Uses of electric arc furnace slag can be effectively used up
to 50%, while further increase leads to increase in the iron
content that will precipitate as hydroxide and lower the
medium alkalinity.

4. Using 50% EAFS results in the growth of the amorphous
content of N-A-S-H gel and the binding gels (C-(A)-
S-H which has a positive effect on enhancement in the
mechanical properties of the resulting structure.

5. The effect of combination of 50% EAFs in addition to 25%
GGBFS in a mix as is likely to cause a higher strength values,
also the Ca2*, Fe3+ are capable of acting as charge-balancing
cations within the geopolymeric binder structure.

6. The compressive strength of geopolymer specimens
increase with EAF slag up to 50% then decrease with
further slag increase, giving an increased mechanical
strength than the control by 7.94%, 23.9%, 80.8% and
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17.8% at ages of 90 days and 9.49, 32.03, 89.68 and 37, 6%
at 120 days for replacement by 10, 25, 50 and 75% of EAFS,
respectively.

7. It is noticed the enhancement in strength increase with
EAFS with curing time; even the full replacement by
EAF slag leads to further strength gain more than 10%
replacement.

8. The efliciency factor of the geopolymer pastes increases
gradually with the increase of the EAF slag content up to
50% giving an efficiency value of 2.88% after 120 days, while
decreases with 75% EAFS reaching the value of 2.36%.
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Elektrokemence salak hatasa geopolimer kompozitok
tulajdonsagaira

A cikk bemutatja olyan geopolimerek tulajdonsagainak vizs-
galatait, amelyekben elektrokemence salak, vizzel hiit6tt ko-
hésalak és cement kemencehamu optimalis aranyat keresik.
Az eredmények szerint a geopolimer nyomészilardsaga no az
elektrokemence salak 50%-0s adagolasaig. Megfigyelhetd,
hogy az utdkezelési idd novelésével az elektrokemence
salakot tartalmazé geopolimerek nyomészilardsaga né. A
cement kemencehamu nagy alkali-oxid és szabad mész tar-
talma hatékonyan segiti eld a geopolimerek hidrataciojat.
Kulcsszavak: geopolimer, kohdsalak, kemencesalak, alkali
aktivalas
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