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Abstract. The current work presents the effect of alkali concentration on fly ash based geopolymer
material. In this work geopolymer material was prepared with a fixed Si/Al ratio (1.85: 1) and
varied solid to water ratio and NaOH concentration. All samples were tested to establish the role of
alkali on the strength. Samples prepared with 8M of NaOH showed the highest compressive
strength. In this regards, Fourier transform infrared spectroscopy (FTIR) results support this
observation where broad band becomes sharper and shifts towards lower wavenumbers. In XRD the
broad hump slightly shifted towards higher values which indicate the formation of new product.
These findings show that to obtain required processing time at desired mechanical strength for a
specific application of geopolymer, the suitable concentration of alkali must be established.

Introduction

Geopolymer is a new materials with the microstructure of amorphous to semi-crystalline three
dimensional aluminosilicate [1]. It is produced through a polymerization reaction between various
aluminosilicate oxides with silicates solution or alkali hydroxide solution forming polymerized-Si —
O — Al — O- bonds. The development of geopolymers offers green alternative material which acts as
a binding agent in concrete or coating material. During polymerization process, the synthesis
parameters such as Si/Al ratio, solid/water ratio, alkali concentration, curing temperature and curing
time determine the final properties of geopolymer material [2].

There are three possible reaction mechanisms that may take place to produce silicate and
aluminate species in the formation of geopolymer material. The polymerization mechanism consists
of dissolution, hydrolysis and polycondensation steps. The first two steps, dissolution and
hydrolysis, take place simultaneously in alkaline condition [3]. In dissolution, step silicate and
aluminate convert into ions (Si** and Al") and in hydrolysis these ionic species react with water.
Then species react with each other and undergo a polycondensation reaction to form a polymer
network [3].So far the effects of NaOH concentration on the physical and mechanical properties of
concrete are reported, where geopolymer is used only as a binder in the presence of sand and
aggregates.

In this paper our interest is to examine the properties of different concentrations of NaOH
although, so much work is done on the different concentration of NaOH, but this paper showed with
a higher solid to water ratio as compared to the reported literature.

Experimental

Materials and Methods Fly ash was obtained from nearby coal power station and sodium
hydroxide (Laboratory grade) 99 % pure, was supplied by R and M chemicals. The chemical
composition of fly ash is given in Table 1.
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Table 1: XRF data analysis of fly ash

SiOz Ale3 Fe203 CaO MgO KzO SO3 NazO TiOz PzOs BaO SrO MnO
) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | () | (%) | (%)

43.34 | 20.77 | 12.41 | 1113 | 3.75 | 198 | 145 | 095 | 0.88 | 032 | 0.17 | 0.12 | 0.11

Method of mixing/geopolymer synthesis In the preparation of NaOH solution, NaOH pellets
was dissolved in distilled water in a volumetric flask for 3 different concentration 4M, 8M, and
12M and the NaOH solution prepare at least before one day. The Si/Al ratio is fixed (1.85:1) for all
experiments whereas solid to water ratio of 3, 4, 5 were maintained for geopolymer synthesis. Fly
ash and NaOH were mixed in the mixer for 4 minutes. Then geopolymer paste was poured into a
vacate mold, for setting time (ASTMC191), and the remaining paste was poured in 50 x 50 x 50
mm cube mold compressive strength (ASTM C109) and cured the mold at room temperature and
60 °C for 1 day, 7 days, and 28 days.

Result and Discussions:

Effects of NaOH concentration on compressive strength The compressive strength of
synthesized geopolymer specimens at three different NaOH concentrations and three different
solid/water ratios are shown in Fig. 2. The results of compressive strength (S/W 5:1) shows that M
NaOH concentration gives high compressive strength (45 MPa) as compared to 4M (12.5MPa) and
12M (32.7MPa). At low concentration (4M) of NaOH, the dissolution was low, less leaching of Si™*
and Al took place and produced a material which had low compressive strength, whereas the drop
in compressive strength at high concentration (12M) could be due to the large amount of Na" ion
present in the cavities which prevent the formation of complete networks. Hence, the defect
structure could be generated due the excess amount of Na" ion. A similar observation is reported
where the strength is decreased for the sample prepared above 10M NaOH [5]. The drop in strength
is attributed to the lower degree of geopolymerization.
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FTIR Results The FTIR results of fly ash and alkali activated fly ash after 28 days of curing at
room temperature are shown in Fig. 5, the difference observed between FTIR spectra of fly ash and
spectra of geopolymeric material concerning the band attributed to the asymmetric stretching
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vibrations of Si — O — Si and Al — O — Si [6]. This band appeared in FTIR spectra of fly ash at
1082.36 cm™ and becomes sharper and shifts to lower frequencies[7, 8], which indicate the
formation of a new product (amorphous aluminosilicate gel phase), but the intensity of these peaks
does not depend on the degree of crystallization [9]. The sample with 8M of NaOH (mix 2) shows
largest shift in magnitude i.e. from 1082.36 to 985.19 cm™ compared to samples of 4M (mix1) and
12M (mix3) 993 cm™ and 995 cm™, respectively. These results also favor the compressive strength
results which show that sample prepared at 8M NaOH gives the highest strength.

XRD Results The XRD analysis was used to confirm the crystalline and amorphous character of
the phases formed during the alkali activation .Fig 4a and 4b shows the XRD patterns of original fly
ash and geopolymeric material(mix1,mix2 and mix3).It can be seen that the major crystalline peaks
originally existing in fly ash are also present in the synthesized geopolymer which indicate that
there is a presence of undissolved fly ash particles in the geopolymeric material and also indicating
that the crystalline phases are also not involved in the geopolymerization , but present in the form of
inactive fillers [10].
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Amorphous phases in raw material are reactive and involved in geopolymerization reactions [11,
12]. Fly ash shows a broad hump with a few sharp peaks indicating that amorphous phases
(alumina) are dominant at large quantities and crystalline phases (silica) are found in small
quantities. By comparing the XRD pattern of fly ash and geopolymeric material, the broad hump
registered between 20=20° and 30° attributed to the amorphous phase of fly ash ,is slightly shifted
towards higher values (26=25°-35°) indicating the dissolution of fly ash and the formation of new
amorphous phase [13, 14].

Conclusion Alkali concentration is proved to be crucial parameter. In this work, sample prepared
with 8M of NaOH showed the highest compressive strength. FTIR results support this observation
where broad band become sharper and shift towards lower wavenumber. The changes in
wavenumber suggest that the formations of more order aluminosilicate networks are formed. From
this study the slightly shifting of peak is detected as the 20 change from 25° to 35°which shows the
formation of new amorphous phase.
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