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Study of the NaOH concentration and aluminium compound on the ettringite

formation in fluidized bed combustion (FBC) fly ash geopolymer

Siwanant Thaiwitcharoen and Ubolluk Rattanasak )

Abstract

Fluidized bed combustion (FBC) fly ash contains high amount of calcium sulfate (CaSO,) due to feeding of lime into
the combustion process to capture the SO, gases. The CaSO, can be formed and react with alumina in the FBC fly ash under base
condition resulted in calcium sulf:baluminaié tettringite). Therefore, effect of sodium hydroxide (NaOH) concentration on
ettringite formation in FBC fly ash geopolymer was studied. In addition, the properties of geopolymer was improved by the
addition of aluminium compound. The geopolymer was prepared from FBC fly ash mixed with aluminum hydroxide (AlI(OH),),
sodium silicate and sodium hydroxide solution which AI(OH), could convert the calcium compound in FBC fly ash to calcium
aluminate hydrate and aluminosilicate. 1t exhibited the strength gain of geopolymer. It was found that there is no sign of ettringite
formation when 15 M NaOH was used. Use of AI(OH), not exceed 2.5% by weight of FBC fly ash in geopolymer preparation
gave the compressive strength of 35 MPa at 90 days, while that of AI(OH), at 5% by weight resulted in sodium aluminate

formation and strength reduction.

Keywords : Geopolymer, Fluidized bed combustion fly ash, Ettringite, Aluminium hydroxide

Department of Chemistry and Center of Excellence for Innovation in Chemistry, Faculty of Science, Burapha University
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Microstructure of Alkali-Activated FBC Fly Ash
Composites with AI(OH); and Silica Fume

Ubolluk Rattanasak, Supranee Kaewpirom, Siwanant Thaiwitcharoen and Pattanapong Paisitsrisawat

Abstract—This research aimed to improve the microstructure of
kali-activated FBC fly ash composites, or geopolymer, by blending
t with aluminium hydroxide (AKOH);) and silica fume (SF).
3lended powder was mixed with sodium silicate (Na,SiO;) and 15M
odium hydroxide (NaOH) with Na,SiO;-to-NaOH ratio of 2.
Microstructure of composites was studied by. Scanning electron
nicroscope (SEM). X-ray diffraction (XRD) and Fourier transform
nfrared spectroscopic (FT-IR) analyses were also performed. The
esults showed that aluminosilicate (A1,Si0;) and calciumsilicate
CaSiO,) were detected on XRD patterns owing to the
eopolymerization reaction in composites. Al(OH); and SF helped to
mprove the microstructure of composites showing dense and
omogeneous matrix. A shift in Si-O stretching v1brat10n replied the
saction in the composites.

Keywords—Alkali-activated FBC fly ash, Aluminium hydroxide,
ficrostructure, Silica fume.

I. INTRODUCTION

LY ash is an industrial waste normally used to replace
- Portland cement for concrete production. Pulverized coal
smbustion (PCC) fly ash can be used owing to high burning
:mperature (>1200 °C) and its high glassy phases. However, it
an only partially replace Portland cement since SiO, and
1,05 in fly ash still need Ca(OH), from Portland cement
ydration reaction for its pozzolanic reaction to produce
ilcium  silicate hydrate and calcium aluminate hydrate.
ecently, fluidized bed combustion (FBC) fly ash is increasing
nce FBC is an environmentally-friendly technique for coal
ymbustion process. With low burning temperature of 800-
)0°C, FBC fly ash has low glassy phase and possess very low
yzzolanic property with high content of sulfur and calcium
ympound [1, 2]. Therefore, FBC fly ash is less preferable in
mcrete mixture. This sulfur can react with aluminium
impound (in FBC fly ash) leading to the ettringite formation.
1e growth of ettringite in hardened geopolymer can lead to a
leterious effect on mechanical properties of the material [3].
Alkali-activated fly ash, or geopolymer, are focused with
sreasing research efforts as the need to reduce global CO,
1ssions. Due to excellent mechanical strength and resistance
attack by aggressive environments, these materials represent
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an opportunity to simultaneously improve both environmental
and engineering performance. PCC fly ash and metakaolin are
the effective resource for geopolymer synthesis owing to its
high reactivity than FBC fly ash.

Researchers reported that the FBC fly ash can be used as a
source material for producing the alkali-activated FBC fly ash
composites [4]-[6]. This composite is an alumino-silicate
compound prepared by incorporating high alkaline and sodium
silicate solutions under low heat curing. The composite can be
used as cementitious binders and products with no high
strength requirement, in addition to an effective method to
recycle FBC fly ash [7]-[8].

Since the calcium compounds in FBC fly ash can react with
aluminium and silicon compounds in FBC forming alumino-
silicate and  caicium-silicate in composite, therefore, this
rescarch added the external AI(OH); and silica fume (high
amorphous Si0O,) into the mixture in order to increase the
product and improve the chemical properties of the
composites. Due to AI(OH); used, the ettringite formation in
composites was controlled by using high concentration NaOH
of 15 molar [9]. Al(OH); and silica fume should increase the
reactivity of raw materials and react with calcium, aluminium
and silicon compounds in FBC fly ash obtaining the additional
products. This would result the composites in good
microstructure and chemical properties.

Therefore, this research studied on the use of AlI(OH); and
silica fume in alkali-activated FBC fly ash. Microstructure and
chemical reaction were focused.

II.LEXPERIMENTAL PROCEDURE

A. Materials

Sub-bituminous FBC-fly ash was obtained from small
power plant and used as a source material for composite
synthesis. Chemical composition of this FBC fly ash
determined by X-Ray fluorescence (XRF) is shown in Table I.
FBC fly ash had quartz (SiO,), alumina (Al,0;) as can be the
starting material for the synthesis. High CaO content of 42.2 %
was detected due to the addition of lime to absorb sulfur. This
fly ash had the particle size (D50) of 28 um. It had high glassy
phase owing to the low burning temperature of 900°C.
Morphology of FBC fly ash was analyzed by X-ray diffraction
(XRD) as shown in Fig. 1. AI(OH); and silica fume (SF) were
also used as the additional source of aluminium and silicone
compounds for composite synthesis. Sodium hydroxide
(NaOH) pellet was dissolved with distilled water to provide 15
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M NaOH solution. In addition, Na,SiO; solution (30%wt SiO,
and 9%wt Na,O) was used as alkali activator.

TABLEI
CHEMICAL COMPOSITION OF FBC FLY ASH
Compositions Yowt
Sio; 215
AlLOs 8.0
F6304 69
Ca0 422
NaO 29
TiO; 24
MgO 038
SO, 1.8
TABLE I
MIX PROPORTIONS OF COMPOSITES (GRAMS)
Samples FBCflyash Al(OH) SF Na,SiO3 15 M NaOH
Control 20 - - 20 20
2.5A1 39 1 - 40 20
3.75SF 385 - 1.5 40 20
2.5A1_3.75SF 375 1 1.5 40 40
A SO, A
0O ALO,
® CaCo,
O Cal0
% CaSo, o
O Fe,0,
A
10 20 30 40 50

2Theta (deg)

Fig. 1 XRD pattern of FBC fly ash

B. Composite Preparation

Al(OH); and SF were used to replace FBC fly ash in
nixture as shown in Table II. For preliminary study, percent
eplacements of 2.5%wt AI(OH); and 3.75%wt SF were
hosen owing to high strength gain of composites. All powdery
aaterials were ground with ceramic ball mills (500 rpm) for 2
r resulting in the particles with average sizes in range of 5-7
m. 100% FBC fly ash composite was used as the control.
tend powders were thoroughly mixed with 15 M NaOH and
12,S10; (Na,Si03-to-NaOH mass ratio of 2) for 3 min before
asting in plastic mold. Specimens were then removed the air
ubble using vibrating machine for 10 sec and cured in 65°C-
ven for 24 hr. Hardened specimens were kept in 25°C-
hamber and tested the properties at the age of 30 days. SEM,
RD and FT-IR analyses were performed on the ground
omposites.

SiO, A
CaCo, A
CaSo,

Cacium silicate
Aluminosiicate
Sodium silicate

> o D

2.5A_3.75SH

_ Control

-

kL

.

30 40 50
2Theta (deg)

-
(=]
N
o

Fig. 2 XRD patterns of composites
III. RESULTS AND DISCUSSIONS

A. XRD pattern

XRD pattern of composites are shown in Fig. 2. Numerous
sharp peaks of crystalline phases were detected in the control
and composites. Height of sharp peaks decrease with addition
of AOH); and SF, e.g. at 29° 26 owing to the conversion of
CaCO; to calcium silicate compound. In addition, calcium
silicate can be found af 32° 20. Comparing with original FBC
fly ash, the composites had broad peak from 24-38° 26 with
sharps peaks replying the conversion to semi-crystalline
material during the geopolymerization process [6, 10].
Amorphous phases of composites resulted in the disorder of
chemical structure. In addition to calcium silicate, alumino-
silicate and sodium silicate compounds were found in the
composites. Sodium silicate was occurred in the presence of
high alkali concentration and amorphous silica (e.g. silica
fume). It was highly detected in composite with both AI(OH),
and SF (2.5A1_3.75SF sample).

B. FT-IR spectra

FT-IR spectra of FBC fly ash and composites were recorded
in wavenumber range of 3000-400 cm™ as shown in Fig. 3. In
general, the absorption band was related to the vibration at a
specific configuration of chemical bonding. The oxide
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Fig. 3 FT-IR spectra of composites

:c'nﬁpound_‘s’_ of Si and Al, which were the product of the
eaction, were focused on the composites.

For Fig. 3, fly ash showed the distinct band near 460 cm™
1scribing to the O-Si-O bending mode [11]. The Si-O-Si and
5i-0-Al stretching vibration was detected at the wave number
ange of 1200-950 cm™. The Si-O-Si stretching vibration was
nore prominent than the O-Si-O bending mode. The vibrations
issigned to bending (H-O-H) and stretching of (-OH) groups
vere observed in 1600 and 3450 cm™ regions, respectively.

In composites, Si-OH stretching mode was found at 850
:m™. The stretching modes were sensitive to the Si-Al
;omposition of the framework and could shift to a lower
requency with increasing number of tetrahedral aluminum
iwoms [12]. In addition, Si-O vibration at 1100 cm™ in fly ash
hifted to lower wavenumber of 1000 cm™ replying the
themical bonding change in composites. This can be due to
he change of heat of formation (AHy) from Si-O bond in SiO,
orm to new Si-O bond in composites.

C Micr:gstructure

Fig 4 shows the microstructure of composites. For control
vith only FBC fly ash, non-homogeneous and loose matrix
vas found. Owing to low reactive FBC fly ash with crystalline,
nreacted FBC fly ash particles was also seen with fluffy-like
urface. Reaction with alkali solution occurred on fly ash
urface. Fly ash composes of crystalline phases in the interior
nd a glassy phase of silica and atumina at the surface layer
[3]. This glassy phase plays an important role in gel
yrmation due to the high solubility in the alkaline solution
14].

Use of 2.5% AI(OH); provided more dense and
omogeneous matrix than control and that of 3.75% SF
}.75SF sample). AI(OH); could result in the alumino-silicate
rrmation leading to dense composite. AI(OH); dissolved in
rong alkali solution forming aluminate ion. This jon can react
ith silica and calcium compounds in FBC fly ash to form
umino-silicate and calcium aluminate hydrate (CAH),
;spectively [3].

Fig. 4 SEM micrographs of composites

With 3.75% SF in composite, silica fume (SiO,) can react
with 15 M NaOH and calcium oxide forming calcium silicate
hydrate. In addition to product compounds, the unreacted fly
ash particles were also found. Reaction occurred at the surface
of fly ash and silica fume and resulted in the binding property

1469



World Academy of Science, Engineering and Technology 79 2013

f the material. Several microcracks and pores were seen.
dwing to high reactivity of silica fume, many types of product
:an be formed, e.g. plate-like products in the composite matrix
ind fly ash holes. Denser matrix was detected comparing with
he control.

Addition of both AI(OH); and SF in the mixture
2.5A1_3.75SF sample) also resulted in denser matrix
:omparing with the control. However, cracks and more
rystalline compounds occurred. It could be due to high
ontent of active reactants (AI(OH); and SF) in mixture
eading to higher formation of zeolite (crystalline compounds).
Joth cracks and zeolite formation were unpleasant
equirement for composites that caused the low physical
iroperties, e.g. low compressive strength [15].

IV. CONCLUSIONS

Microstructure of -alkali-activated FBC fly ash composites
an be improved by using of-Al(OH); and SF. Homogeneous
.nd denser matrix was obtained. A shift of Si-O vibration was
ound replying the chemical bonding change in composites.
\lumino-silicate, calcium silicate and sodium silicate were
iroduct from the reaction. In addition, cracks and zeolite were
ormed that could hinder the physical properties of
omposites.
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