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Abstract

The main objective of this study was the utilization of fly ash (FH) additive in the fired clay brick
mixtures. The effects of FH additions (0, 10, 20, 30, and 40% by weight) incorporated in clay brick
compositions on the physical properties and mechanical strength had been investigated. The green
clay brick specimens were fired at 800-1,000°C to obtain vitreous phase connection. Behavior of
packed particles associated apparent porosity (APP), bulk density (BD) and water absorption (WA)
values were reported, which were directly cased in the compressive strength (CS) of the fired
specimens. The results showed that the APP and WA values were also decreased, while BD values
were improved with an increase in sintering temperatures. The CS of clay brick specimens with 10
and 20 wt% of FH after fired at 1,000°C had higher than of the CS strength standard value as
required by ASTM C62-13a. The optimum FH addition in the fired clay bricks at 1,000°C was
achieved in 10 wt% FH, which confirmed a partial replacement of additive wastes in making fired
clay bricks.
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Introduction

Presently, clay bricks are still used all around the
world as building materials. Clay bricks have
particularly required to have sufficient mechanical-
physical properties as well as excellent thermal
properties (Mufioz et al., 2013). Thailand has
produced clay bricks for construction use from the
past old days. The most of the products are
produced within the household in the rural area,
when mechanization is used in the production

(Phonphuak et al., 2020). Clay bricks should have
good properties such as high densification and low
porosity that cased a good mechanical strength to
endure violent weather and long time without
maintenance (Adeola, 1997; Karaman et al., 2006).
The use of additives in clay brick production is
frequent and depends on the characteristics required
(Cultrone et al., 2005). Fly ash (FH) is a by-product
of coal combustion to generate electricity. The FH
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is a solid waste material with varying color gray-
black, depending on the volume of unburned carbon
(C) and particles. FH can be applied in the
production of solid brick, cement, cellular concrete,
concrete lightweight construction aggregate, and
masonry mortar. In previous studies, many
researchers have investigated the use of FH in clay
brick mixture (Abbas et al., 2017; Eliche- Quesada
et al., 2018; Esmeray and Atis, 2019; Sutcu et al.,
2019). Hossain et al. (2018) reported fly ash (FH),
rice husk ash, and glass cullet as additives in fired
building bricks with tests on the physical;
mechanical and thermal properties and compared
with their respective ASTM standards. It had been
attractively studied to apply these wastes in brick
construction materials, which had reduced waste
and increasing waste value. The dosages of 5-25 wit.
% of fly ash, rice husk ash, and glass cullet in mixed
clay brick after fired at 800-1,000°C in air
atmosphere indicated that the partial replacement of
clay body significantly increased the porosity and
water absorption of clay bricks, but the thermal
conductivity (k) values were improved as 0.67 and
0.95 W/mK.

In a conclusion, the waste materials can be
utilized in making clay brick to economic and
sustainable building materials. The present work
aimed to determine the influence of the
incorporation of fly ash (FH) on the technological
properties of resulting clay bricks were studied

Materials and Methods

In this study, the clay used from the local clay bricks
making in Maha Sarakham Province, Thailand. FH
obtained from a coal power plant in Mae Mo
District, Lampang Province, Thailand. Chemical
elements of raw-materials were measured by using
XRF; Horiba Mesa-500w. The phase analysis of
raw-materials was performed by XRD; Philips Co.,
Eindhoven, Netherlands. Particle distribution values
of clay and FH were measured by laser diffraction

wt.% were introduced in the mixtures of raw-clay as
shown in Table 1.

Each series of specimens was mixed for 30 min
in a ceramic grinding balls-milling to get
homogeneous mixing. Each series was then mixed
with the addition of 20-40% water to supplement the
plastic mixing condition of the mixture. The
rectangle mold dimension of 50x95%30 mm was
applied to extrusion process. Green clay brick
specimens were dried at room temperature for
3 days, and followed at 110+5°C for else 24 h
Strength development of brick specimens were
design in three firing temperatures as 800°C, 900°C,
and 1,000°C in an electrical-furnace for 4 h, with
a heating rate of 2°C/min (45 min soaking time).

The physical performance of prepared such
as WA-water absorption, BD-bulk density, and
APP-apparent porosity of clay bricks was assessed
following the standard of ASTM C373-14a, (2014).
Linear firing shrinkage (LS) were tested with
standard test method according to ASTM C326-09,
(2014). The mechanical property of clay brick
specimens was conducted by measured tests the
methods in (ASTM C773-88, 2011).

Results and Discussion

The chemical composition of clay and FH was
presented in Table 2. The major chemical components
of clay are silica (SiO), alumina (Al;Os3), ferric
oxide (Fe;0s), potassium oxide (K.0), manganese
oxide (MnO) with slight components of titanium
dioxide (TiO,), and calcium oxide (CaO). The FH
powder includes large dosages of silica, iron oxide,
calcium oxide, and also minor alumina, potassium
oxide, sodium oxide, titanium dioxide, and
manganese oxide. Total weight loss ( LOI) was
observed at 1000°C of clay and FH to estimate
organic matter or carbonate content in the raw

Table 1. Mixing ratios of clay bricks

(Mastersizer 2000+Hydro 2000). The microstructures Samples (Wt%)

analysis of clay and FH were examined and Clay Fly ash (FH)
analyzed using a scanning electron microscope Control 100 0
(SEM: LEO 1460 VP, Zeiss). ; o -

The bricks specimen mixture without and four 3 70 30
kinds of adding amounts of FH at 10, 20, 30, and 40 4 60 40
Table 2. The chemical composition of clay and FH

Compositions (wt%)
Si0, AlLO; FeO; CaO KO NaO  P,Os  TiO,  MnO  MgO LOlI
Clay 60.75 2335 4.85 094 216 - 0.85 2.34 - 4.76
Fly ash 25.67 8.52 2817 2964 277 019 - 0.69 0.22 - 1.74
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materials. It was seen that organic matter in clay,
which had higher than FH. Although high organic
matter in clay implied about the good adhesion
behavior, however black coring effect must be
observed after firing process.

The particle- size distribution measurement
was analyzed due to identifying the size of clay and
FH powder, as shown in Figure 1. The particle-size
curve of clay presented only one peak distribution
with the average particle size D[4,3] about 14.91
pum. Particle-size curve of FH indicated in two peaks
size distribution. The average particle size D[4,3] of
FH was about 36.22 um. It could be presented that
average particle sizes of clay and FH were small that
had good water infiltration. Therefore, it was
a suitable plasticity for clay brick forming process.

The XRD pattern were obtained with a Bruker
D8 Advance diffraction (Cu Ko radiation), patterns
were recorded in 260 between 10 to 80° with a step
interval of 0.04°260 and counting time of 1 sec per
step. In the identification phase of clay and FH
powder, the results indicated that the main
crystalline phase found in clay (Figure 2(a)) was
SiO,: quartz, AlLSi;Os(OH)a4: kaolinite, KAL(AISizO10):
muscovite and Fe.Os: hematite. Whereas FH is an
amorphous silica phase is shown in (Figure 2(b)).

Figure 3 present the SEM-micrographs of clay
and FH revealed. Their particle of clay (Figure 3(a)).
is different in size and agglomerated. For FH is
various particle size spherical in shape (Figure 3(b).

The standard of clay brick further examined
agreeable to the order of linear shrinkage. Besides,
sintering is another important characteristic affecting
the degree of linear shrinkage. Ordinarily, a fired
clay brick must be a shrinkage of less than 8%
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Intensity

26 Qu: Quartz (01-083-0539) 26
Ka: Kaolinite (01-080-0885)
Or: Orthoclase (00-031-0966)
Mu: Muscovite (00-007-0025)
He: Hematite (01-089-8103)

Figure 2. XRD phase identifies (a) clay and (b) FH

(Weng et al., 2003; Karaman et al., 2008; Phonphuak
and Thiansem, 2012; Phonphuak et al., 2016;
Phonphuak, 2017; Njindam et al., 2018). The variation
of LS of the clay bricks as a function of temperatures
and FH content of the ratio is shown in (Figure 4(a)).
This observation is a result of clay bricks were fired
at a temperature of 800°C to 1,000°C. It was observed
that the LS increased with increasing sintering
temperature. The LS values of the clay bricks were
in the range of 3.51-4.23%. While the reference
bricks without any FH additive had equal LS was
3.42-4.18%. The property of the clay bricks in WA
was adjacently related to the APP of the clay bodies
(Cultrone et al., 2005; Kazmi et al., 2016; Phonphuak
and Chindaprasirt, 2018). It is explained that porous
is the hole to absorb the water. Thus, the sample had
high porosity that could absorb high water value.
From (Figure 4(b)) WA of clay bricks decrease with
an increase in sintering temperature. However, the
dosage of FH added increases the WA rate in
a linear manner. Increasing WA causes clay bricks
to adhere to each other and this weakens the wall
strength. Hence, the resistance of clay bricks against
frost also increases with decreasing WA. The study
showed that the WA of clay bricks fired at
temperatures of 800°C to 1,000°C was in the range
of 14.5-24.4%. The results of APP (Figure 4(c))
indicated that the highest porosity was 35.4% fired
at 800°C (addition FH at 40 wt%), and the lowest
porosity was 21.3% fired at 1,000°C (addition FH at
10 wt%). Whereas, the reference bricks without any
FH addition had comparable WA and APP fired at
800-1,000°C between 12.3%-14.5% and 22.6%-
23.2%, respectively. This result showed that a high
percentage of FH in clay bricks caused high porosity
in specimens (Singh et al., 2016). Porosity in brick

Figure 3. Morphology of raw materials: (a) clay and

(b) FH



010095-4

Effects of Fly Ash Addition on The Durability and Mechanical Performance of Fired Clay Bricks

affected on good and inferior. It could absorb
thermal conductivity to reduce indoor temperature.
In contrast, it was affected on low compressive
strength value. Especially, the WA of porous fired
clay bodies is indicative of whole apparent porosity.
For ASTM C62-13a, (2013), standard SW grade
bricks must be absorption lower than 17%. Fired
clay brick specimens with the required WA of firing
temperature 900°C and 1000°C of FH additions 10
to 20 wt. %. In general, the BD of fired clay bricks
on several factors which are such as specific gravity
(sg) of raw materials, the manufacturing process,
and thermal performance (Weng et al., 2003). The
BD of bricks was inversely proportional to the
quantity of FH added to the mixture. If pores, voids,
and cavity are reduced, the density and strength of
clay brick increase, and the WA decreases (Sutcu
et al., 2019). The BD of bricks decreased with an
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Figure 4. Effects of FH additions on the physical
properties of specimens: (a) LS; (b) WA,
(c) APP and (d) BD

increase in the dosage of FH from 10 to 40 wt%. BD
of bricks increased with an increase in sintering. As
shown in (Figure 4(d)), the result revealed that the
BD of clay bricks containing FH was in the ranges
of 1.67 to 1.95 g/cmd.

The CS of clay brick is the final significant
engineering indicator for construction materials. For
the ASTM C62-13a, (2013), the strength of brick
must be 17.2 MPa. In this research, the result shows
that the CS greatly dependent on the dosage of FH
addition in the clay brick specimens and the
sintering temperature (Dondi et al., 2002; Sarkar
et al., 2007).

Figure 5 shows the results of CS indicated that
the clay brick specimens decreased with an increase
in the dosage of FH additions in the clay brick
specimens. An increase in CS was due to a decrease
in APP with an increasing sintering temperature.
The results showed that the CS values vary between
9.8 MPa to 18.3 MPa. When FH additions increased
from 10-40 wt% and sintering temperature at 800°C
to 1,000°C. Nevertheless, the CS of clay brick
specimens with 10 wt% and 20 wt% FH additions
and sintering temperature at 1,000°C were the
strength higher than of standard. On the other hand,
the reference group fired clay bricks without any FH
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Figure 5. Effects of FH additions on the CS
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Figure 6. Fractured surface of the specimens
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addition fired at 800°C to 1,000°C, showed a CS of
25.2-29.3 MPa respectively.

As seen from Figure 6, shows the photos of the
fracture surface texture of the unfired brick,
reference bricks, and bricks sintering temperature at
800°C to 1,000°C and different amounts of added
FH 0-40 wt%. The photos show that as FH dosage
increases, the micro-pores of the clay bricks also
increase. This is the key factor in manipulating FH
dosage in addition to the clay body and temperatures
of the firing process to control WA that can affect
CS and BD.

Conclusions

The key findings of using FH in clay brick following
conclusions were researched:

1. The FH additions increased the porosity
and the decreased BD of specimens. However, an
increase in the BD with increasing sintering
temperature.

2. WA value increase as the FH addition
amount increases, while an increase in the sintering
temperature causes a decrease in the WA and APP.

3. The CS of the specimens is decreased by
the addition of the FH. However, the lowest CS
standard in ASTM C62-13a, the strength was 17.2
MPa. In this research, for sintering at 1,000°C, the
CS of fired clay bricks with 10 and 20 wt. % of FH
addition was also acceptable at 18.3 and 17.1 MPa.

4. The addition of FH is economically
recommended in the existing clay bricks
manufacturing plants which use such as clay
compositions. Besides, the FH can be considered as
a likely additive to raw-materials used in the making
of clay bricks.
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