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Abstract

A new approach to the production of bricks was carried out by using 100% lignite fly ash. The possibility of fly
ash for use as building material was investigated. Pure fly ash and certain amount of mixing water (17.5 mass-
%) were used as body composition for the production of brick samples. This work studied the influence of
treatments of fly ash, so called, sieved —63+40 um fly ash, sieved —40 ym fly ash, ground 5h fly ash and ground
10h fly ash on mechanical properties. Test pieces made of —40 um fly ash showed the superlative strength and
were found to be superior in mechanical strength, especially in compressive strength as compared to red-fired
clay brick, to common clay bricks and to facing bricks daily used in constructional work. The samples made of
other types of fly ashes, in addition, can be superior to red-fired clay bricks and common clay bricks. Other brick
properties can reach the specifications as required by market demands.

1 Introduction

More than 2 million tonnages of fly ash, continuously produced from lignite combustion at the Mae-Moh power
station in northern Thailand, were studied as regards environmental impact and insufficient landfill for deposition.
In Thailand, EGAT, the Electricity Generating Authority of Thailand, a supporter of fly-ash recycling carried out
extensive research on concrete application. Many studies have been conducted on cement and concrete
applications which were authorized and federally approved. This work, therefore, concentrated in use of fly ash
for brick production as an alternative utilization of fly ash. Fly ash itself can be used for brick-making since it

contains suitable ceramic characteristics and properties.

Many works of the other authors dealt with bricks made of fly ash and their results followed the specifications of
bricks daily used in constructional work. U. Hantzsche and W. Schulle [1] found that fly ash-addition into clay
bricks does not improve brick properties. Fly ash bricks were studied by R.L. Day and et al. [2] they used fly ash
from western Canada as a main composition up to 70-100% mixed with bottom ash and NaOH, Na,COs or
Na,SiO; were added for better solidity of brick samples. After firing at 900 and 1000 °C in 3 h, compressive
strength of specimens containing pure fly ash and 10% Na,SiO; additive was almost 9 MPa. Fly ash
constructional materials were prepared by H.D. Deford and G.P Wirtz [3] composing of 95.5% Class C fly ash,
2.0% boric acid, 1.5% polymeric binders, 1.0% lignosulfonate and 12% moisture. Fly ash bodies were extruded
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into honeycomb-shape and fired at different firing temperatures. Their bulk densities were very low, 980 kg/m?.
Strength of 55 MPa can be obtained. N.V. Pak and L.M. Artemova [4] studied fly ash hollow bricks used as wall
bricks. Their body-compositions consisted of 85% fly ash, 15% ferroalloy waste (binders) and 14-16% water,
consequently pressed at 30 MPa and fired at 1000 °C for 16 h. Their brick properties were 16.4 MPa for
compressive strength, 1.4 g/cm? for bulk density, 20.2% water absorption and 25 cycles for freeze resistance.

Fly ash was used for brick-making in South Korea by J.T. Song and S.D. Yun [5]. They prepared 0-100% fly ash
mixing with clay. It was found that brick samples made from 20-60% fly ash and fired at 1250 °C provided very
high bending strength up to 19-20 MPa. A.H.J. Wagener used pure fly ash for fired brick production [6]. In
process, 1% dextrin was added as a binder. It was noted that the products can reach acceptable appearances.
Bricks was manufactured by C.F. Cockrell and H.E. Shafer via fly ash, coarse aggregate, HCl and Na,SiO3 solution
as body compositions [7]. The samples carried very good properties of compressive strength with 1.9-6.1 MPa
after drying and 39.0-53.6 MPa after firing. J.H. Van Wijck and P.].C. Bloem carried out the utilization of fly ash
for facing brick production [8]. The body compositions consisted of Clay 87%, fly ash 13% and BaCO; 0.32%.

The obtainable compressive strength was 45 MPa.

This present work focused on the possibility of brick-production made of Thailand-fly ash, in point of firing 100%
fly-ash samples prepared by compaction. The aim of this study was to investigate the potential use of 100% as-
received fly ash for brick-making in order to keep cost at acceptable levels. Furthermore, fly-ash treatments by
sieving and grinding were carried out in order to investigate whether brick properties can be improved when
compared to as-received fly ash.

2 Experimental Procedure

2.1 Raw material

Fly ash powder came from the Mae-Moh Power Plant in northern Thailand. It contained physical characteristics
as followings; specific gravity 1.9-2.2 g/cm?, specific surface area 2.01-2.08 m%/g, pH 11.9 — 13.0 and total
carbon content 0.2%.

Ground fly ash
Fly ash powder was dryly ground in cylindrical steel-container and alumina balls were used as a grinding media.

The milling processed for 5 and 10 hours. By ground 5h and 10 h, these fly ashes were named as ground 5h and

ground 10h fly ashes, respectively.

Sieved fly ash
Fly ash powder was sieved into 2 particle size ranges. Those were fly ash with particle size less than 40 pm and

with particle size between 40 and 63 pm, called =40 um fly ash and —63+40 pym fly ash, respectively. For fly ash
with particle size larger than 63 pm was not used in this work because of a problem of poor green strength of
brick samples after compaction resulting from large particles.



2.2 Analytic Procedure

With regards to the influence of fly ash on environment, the availability of heavy elements was done by water-
leaching method in accordance with DIN 38414-S4 [9] and determined by using ICP-OES [Inductively coupled
plasma-optical emission spectroscopy]. This data was used to evaluate the quality of fly ash for brick production
as stated by a limitation of toxic contents for waste materials used in construction. The electrical conductivity of
filtrate after water leaching in accordance with DIN 3814-S4 was about 2.90 mS/m. This value was within the

acceptable range when compared to the standard limits of 300 mS/m.

In addition, leaching test of fired bricks was examined in order to evaluate the quality of bricks used for building
material. This test was processed by following a determination of solidification waste [9]. The solidified bricks by
firing and deionised water with a ratio 1:10 were circulated for 24 hours and then heavy metals and anions of the
leached out solution were determined by using ICP-OES as mentioned above. From this solution, pH and

conductivity were also measured.

From the results of availability of cations and anions with consideration to leaching test from fired products, as
given in table 1, it was found that some trace elements containing in as-received fly ash, such as B, Cd, Cr and
Pb, besides samples made of —40 pym in case Pb, can be reduced when solidified by compaction and firing. In
addition cations which are main compositions, in fired products, such as Al, Ca, Fe, K and Na, were decreased.
With regards anions, only SO, % can be reduced that may be due to transformation of sulphate-compounds easily
dissolved into new components while firing. The outcome compounds were solidified in the structure resulting in
lower solubility. In addition, pH and conductivity of fired samples were reduced from 13.0 for pH of as-received
powder to 10.5-7.6 for pH of fired products. The conductivity were also decreased from 2.90 of as-received
powder to 1.1-0.7 mS/m of fired samples. In these case, the availabilities of most elements leached out by water
from as-received fly ash was below limitations required by standards applied on waste materials used in

construction [9]. That served that fly ash can be a candidate to be used for brick-making.



Elements Fired samples with different types of fly ash Powder of as-received
Availability [mg/kg) fly ash
As-received fly ash | Ground 10 h fly ash | Sieved —40 pm fly Availability [mg/kg]
ash
Ag 0.3 0.3 0.3 0.3
Al 3.1 10.4 2.2 7.8
As 0.71 0.75 2.0 0.4
B 2.4 2.2 3.6 15.0
Ba 1.7 1.9 1.3 4.5
Ca 2210 2190 2800 6150
cd 0.03 0.02 0.09 0.04
Co 0.5 0.5 0.5 0.5
Cr 1.1 0.9 1.6 1.6
Cu 0.5 0.5 0.6 0.5
Fe 0.5 0.5 0.5 3.6
K 18.0 17.0 29.9 250.8
Mg 10.0 10.0 13.5 10.0
Mn 0.5 0.5 0.5 0.5
Na 10.0 10.0 12.0 620.0
Ni 0.5 0.5 0.5 0.5
Pb 0.05 0.02 0.1 0.1
Sb 0.05 0.05 0.05 0.05
Si 17.0 12.0 7.6 12.0
Sn 0.5 0.5 0.5 0.5
v 1.9 2.0 2.9 1.0
Zn 0.5 0.5 0.5 0.5
cr 10.0 10.0 10.0 10.0
NO; - 3.0 3.0 3.0 10.0
S0, > 4370.0 4030.0 7500 11900.0

Table 1 Cations and anions available from fired samples prepared by different types of fly ash after water
leaching, compared to from powder of as-received fly ash after water leaching (according to DIN 38 414 — S4)

2.3 Preparation of brick samples
From the previous work of the authors[10], it was found that mixing water content used for granulate
preparation influence on brick properties. The optimum water amount was 17.5 mass-%. Therefore, this

quantity of mixing water was used for granulate-producing in this work. Pure fly ash was used to make



granulates and brick samples, respectively. The different treatments of fly ashes used in this work were, -63+40
pm sieved fly ash, -40 pm sieved fly ash, ground 5h fly ash and ground 10h fly ash.

To make granulates, pure fly ash and 17.5 mass-% water were used. The calculated mixing water amount was
added gradually drop-wise into fly ash. The resulting moist powder were homogeneously mixed with tumbling
mixer for 5 min. The moistened fly ash was then pressed through a 0.7 mm sieve to obtain the granulate. The
granulate was kept in plastic bottle before pressing in order to avoid water loss. After granulation, the granulate
was pressed at applied pressure of 26 MPa into rectangular bar (1.55 cm width x 6.55 cm length). The height of
pieces after compaction depended on the different types of used fly ashes and was approximately 0.8-1.0 cm.
The green bars were dried at 110 °C for 4 h., subsequently fired at different temperatures (900, 950, 1000 and
1050 °C respectively) in an electric kiln at heating rate of 3 °C/min and kept at a firing temperature for 1 h. The

cooling rate was 3 °C/min.

Green density was calculated from direct volume measurement (length-height-width) of unfired samples. After
drying, green pieces were successively weighed and volumetrically measured. Ten pieces were considered for
each sample. After firing, strength of samples was measured with 3-point bending method at room temperature
with a span of 25 mm and a cross-head speed of 2.5 mm/min. The results were evaluated using Weibull
statistics. From each samples, 6 strength measurements could be carried out which was satisfactory to
determine bending strength. Fired articles were also tested with compressive way to investigate compressive
strength. Two fired specimens for each samples were used for this strength-measurement. Water absorption of
fired bricks was determined by weighing samples before and after immersion in cold water for 24 h and in boiling
water for 3 hours as stated by JIS [11]. Bulk density of fired samples was conducted by Hg-porosimetry. After
strength measurement, a broken piece was used for immersion in Hg to determine bulk density. Weight loss was
obtained by weighing the sample-weight before and after firing. Shrinkage was measured directly in length of
brick samples before and after firing. Ten specimens were carried out for each samples for both weight loss and

shrinkage measurements.

3. Results and Discussion

This work presented the process for brick making aiming to use 100% fly ash for the production. Experimental
procedure, therefore, was the main point to form such a pure fly ash into pressed pieces. Making moist
granulates of fly ash, the key point, provided easy forming, good packing and easy handling. Fly ash-granulates
can be produced since fly ash, when adding a definite amount of water, behaves as clay-like material. Such a fly
ash carried some plasticity and therefore can be extruded through sieve into moist granulates. Previous work of
the authors [10] observed an influence of mixing water used for making granulates on mechanical properties. It
was found that the more water-content was used, the longer the granulates was gained providing the higher
green density of brick samples. Photos of granulates were not given in the previous work. Here, for the different
types of prepared fly ash, their granulates showed a little different in length as can be seen in Fig 1. This
resulted in the varied results as discussed as follows.



Fig.1 Photograph of granulates (x23) prepared by as-received fly ash (a) 17.5% mixing water (b) 15.0% mixing

water (c) 12.5% mixing water

As mentioned in the previous work of the authors, the more water-content used for granulate preparation, the
longer granulates in size obtained. This longer granulates supplied the higher green density of samples. That is
obvious for such a clay-like particles containing suitable amount of water carried more plasticity leading to longer
extruded granulates. This amount of water when was applied to fly ash powders can give a suitable plasticity
and serve the stronger green pieces after compaction. After drying of pressed articles, the mass became strong
although it had lost its plasticity. With the definite water, 17.5 mass-% water, used in this work was a proper
proportion helping for compaction.
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Fig.2 Photographs of granulates (x23) prepared by different treatments of fly ash with 17.5% mixing water (a)
ground 5 h fly ash (b) ground 10 h fly ash (c) sieved —63+40 pum fly ash (d) sieved —40 pm fly ash

In the contrary, for granulates prepared by the dissimilar kinds of fly ash and with the same amount of water
(17.5 mass-%), the finer fly ash used, the shorter granulates in size gained but the higher green density
received. This assured that not only moisture was a significant parameter but the size distributions played a role
as well. The finer particles needed more water to generate the certain plasticity due to higher specific surface
area. With inadequate water-content used for finer particles, their plasticity was, therefore, limited resulting in
shorter granulates than as-received fly ash after sieve-extrusion despite the same amount of water used.
However, with shorter granulates, their green density situated above as-received fly ash. It may be supposed
that such a fine particles can compact more easily with each other than that of larger particles although shorter

granulates in size.

As reported in earlier work, samples made of as-received fly ash with 17.5 mass-% mixing water contained
higher green and fired density than those of samples made of as-received fly ash with lower amount of mixing
water (15.0 and 12.5 mass-%). At that moment, granulates prepared by the varied amount of mixing water
showed the different length of granulates, as mentioned above. That is, samples prepared by 17.5 mass-%
mixing water showed better properties. This can be implied that probably those longer granulates (more water
used ) provided denser products and effected on mechanical properties subsequently. For this present work,




therefore, granulate-length was observed by SEM and it was found that not only can the longer granulates
generate high green and bulk densities (from the previous work) but shorter granulates, such as, samples made
of —40 um fly ash also can afford higher the densities. It was believed that the mixing water can solely produce
the certain density and in order to attain the higher density. For further attained densities, it relied on the
amount of liquid phase formed by firing and solidified when cooling which act as a cement serving to bind the
mass together.
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Fig.3 Plot of green density of fly ash samples prepared by 17.5% mixing water, after drying at 110 °C for 4 hr

The result of green density of fly ash samples is shown in Fig.3. The role of granulate-length impacting on the
solidification can be seen from the results of green density and bulk density, the higher green density the higher
bulk density. Correspondingly, it can be said that 17.5 mass-% mixing water was suit for compaction better than
smaller amount of water. However, other effect impacting on green and bulk density such as particle size
distribution, was observed. The finer particles showed a lower softening point giving better solidification. But for
ground fly ash , longer grinding-time of fly ash producing finer particle size, illustrated lower both green and bulk
densities than shorter grinding time of fly ash. These may come from more difficulty of very small grain sizes
(ground 10 h) resulting in high grain friction during compaction. These points identified many parameters playing
a role on the received densities. When dried, green samples made of —40 pm fly ash gave a better green
strength in appearance when compared to those made of other types of fly ash. However, dried articles were
brittle and readily damaged if incorrectly handled. As known well, bulk density is one of the most important



properties of pressed bodies since it directly influences bending strength, linear shrinkage and water absorption
[12].
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Fig.4 Plot of bulk density of fly ash samples measured by Hg-porosimeter in relation to firing temperatures

The result of bulk density is given in Fig.4. It was found that the density was lowered when firing temperature
was increased for every types of fly ash. This can be explained by an over-firing of brick samples. This effect led
to largely inhomogeneous or abnormal pores resulting from excessive glassy phase formation at the higher
temperature which, in turn, decreased density. At lower firing temperature, a better consolidation of particles
occurred. The fired articles, vitrified masses, were filled with a suitable amount of glassy bonds which can be
attained denser products. All of brick samples, made of —40 pm, —63+40 pm and as-received fly ashes, accessed
the highest density at 900 °C. This happen showed slightly unlike results from the previous work of the authors
for such samples [10]. That was, at 950 °C in prior work, most of brick samples carried the highest density. This
may be explained by an altered procedure for granulate-preparation in that the homogenously mixing time was

reduced from 30 min to 5 min in order to maintain more humidity in granulates.

In addition, the different condition and atmosphere for sample preparation, meant to relative air-humidity in
different day of working in laboratory caused the varied results because the moisture in granulates helped for
compaction. Nevertheless, the actual reason is still inexplicably. In other words, it can be said that the humidity
should be controlled rigorously during process. It was difficult to check correctly such a humidity in the changed
time of granulate-preparation and compaction. Therefore, the authors situated and assumed that in the different



courses of processing, the results can be different to some extent due to the reasons as mentioned above.
However, the mechanical properties should be in the acceptable level and kept on the same trend.

For ground fly ash, the highest densities of both ground fly ashes were at 950 °C. Surrounded by diverse types
of fly ash, brick samples made of—40 um fly ash provided the highest bulk density. In this work, the authors
demonstrated the dissimilar results of samples made of the same -40 uym fly ash but changed period of working.
It was found that even in the same type of fly ash (-40 pm fly ash), brick properties can be changed. The
another reason probably was that fly ash contained varied chemical composition and compounds, even in the
same type of fly ash, leading to inhomogeneous compositions. That can thus result in slightly different softening
point when firing.

The lower densities existed in samples made of ground 5 h fly ash, sieved —-63+40 pm fly ash, as-received fly ash
and ground 10 h fly ash, respectively. This may be supposed that higher green density caused the higher fired
density. However, the effect of green density on bulk density was true only for samples made of both sieved
samples. But for ground fly ash, it can be seen that samples made of ground 10h fly ash gave more slightly bulk
density while they had less green density than samples made of as-received fly ash. As known well, the density
effects on bending strength as can be seen in Fig.5 that samples carrying higher bulk density showed higher
bending strength.

The results of bending strength and compressive strength as a function of firing temperature are given in Fig. 5
and 6. In fact, in rigid or brittle bodies which are typified by most ceramic materials, the actual mode of fracture
is similar independently of the direction or types of stress [13]. In general, the bending strength increased with
increasing firing temperature. For samples made of —40 um fly ash, the bending strength increased from 900 °C
for 8.4-9.3 MPa to 950 °C for 11.7-13.1 MPa and decreased when firing temperature was upper 950 °C. For
samples made of other types of fly ash, their bending strength were maximum at 1000 °C and showed the lower
strength than those of samples made of —40 pm fly ash. It was notified to the lower softening point of —40 pum
fly ash than those of other types of fly ash on account of higher specific surface area. These finer particles
produced a larger amount of amorphous phase when firing that can fill in both open and closed pores leading to
denser products and very high strength

As acknowledged, the strength of bricks varies through wide limits and depends entirely on the amount of glass
which has developed when firing and on the final porosity [13]. In the contrary, brick samples made of —40 pm
fly ash containing higher porosity and bulk density than those of samples made of as-received fly ash, showed
considerably higher both bending and compressive strengths. It was proven that more strength of glassy bond
generated that made strengths rather high even higher water absorption. Interestingly, ground 10h fly ash, finer
particles as well, showed lower bending strength than ground 5h fly ash and as-received fly ash, in almost every
firing temperatures except at 1050 °C. That may be due to their particles were damaged after grinding resulting
in lower tolerant of particles when bent.



Not only did amount of mixing water generating different granulate length have an influence on compaction
resulting in good mechanical strength as mentioned in earlier work, but also the particle size distribution of fly
ash effected the bending strength. Such very small particles reacted with each other more readily, improving
strength significantly. In order to conform this fact, as-received fly ash was ground for 5 and 10 h aiming to
reduce particle size and to build better homogeneously powders. Moreover, by grinding process no residues were
left behind as sieved fly ash did since all of fly ash was used. But it was found that with over-grinding (10 h
grinding time), fly ash particle may be damaged leading to weaker products than ground 5 h fly ash and as-

received fly ash.
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Fig.5 Plot of bending strength of fly ash samples in relation to firing temperatures

The results of compressive strength is given in Fig. 6. Surprisingly, the results of compressive strength of both
samples made of —40 pm fly ashes showed a little deviation of result from bending strength. At 900 and 950 °C
for samples made of —40 um fly ash (2), their bending strength were higher than those of samples made of —40
pm (1) but lower in compressive strength. However as mentioned above, the fracture of brittle solids such a
ceramic bodies does not depend on the direction or types of applied load. This was probably because bricks
samples contained invisible flaws or pores that can cause the weak points resulting in lower acceptance of applied

compressive force.
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As increasing firing temperature, the compressive strength of samples made of both —40 pm fly ashes and as-
received fly ash increased up to 950 °C and decreased when firing to 1000 °C and again increased with
temperature up to 1050 °C. For samples made of ground 5 and 10 h fly ashes and —63+40 um fly ash, their

compressive strengths increased with increasing firing temperatures.

In addition, samples made of as-received fly ash presented a higher compressive strength than those of samples
made of both ground fly ashes and —-63+40 um fly ash. This indicated the weakening of ground fly ash resulting
in easily broken product. To obtain finer particles by grinding was not a good way to get a higher compressive
strength. However, the compressive strength for every type of fly ash was satisfactory high and can be superior
to red-burnt clay bricks and common bricks as referred by building brick standards.

The red-burnt clay-brick showed the compressive strength at room temperature of 3-10 MPa [14]. and common
clay brick specifications as definite by JIS with consideration in compressive strength is 10-15 MPa [11].
Mechanical properties of clay brick type MZ gel [15] produced by brick plant in Austria was notified the
compressive strength of 50.0 MPa and water absorption in the range of 17.9-18.2%. Some facing brick can be
accepted at very high compressive strength about 52.5 MPa [13]. By follows these values, the samples made of
—40 um fly ash and fired at 950 °C can be parallel to those boundaries of facing bricks. It was obvious that other
types of fly ash also attained those margins of red-burnt clay bricks and common clay bricks. As a matter of fact
that as-received fly ash composed of many glassy compounds and fluxing agents such as hematite. These very



low softening point compounds can generate bonded products which were strong in compression. In addition,

mullite, one of powerful compounds providing high strength was additionally observed by XRD in as-received fly

ash.

Samples Standard deviation (o) of bending strength at different firing temperatures

900 °C 950 °C 1000 °C 1050 °C
As-received fly ash 0.25 0.34 0.85 0.30
Sieved -63+40 um fly ash 0.18 0.40 0.26 0.42
Sieved -40 pm fly ash 1 0.3 0.97 1.19 0.57
Sieved -40 pm fly ash 2 0.54 1.85 0.41 1.24
Ground 5h fly ash 0.41 0.57 0.79 0.27
Ground 10h fly ash 0.15 0.20 0.46 0.36

Table 2 Standard deviations (o) of fly ash samples regarding to bending strength

From the measurements of both bending and compressive strengths, the variation of their values can be seen in

the form of standard deviation that were difficult to add concurrently all deviations in one graph. As shown in

table 2, there were some extent of variation in measurement but not high. It can be in acceptable level.
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Fig.7 illustrates the results of water absorption of fly ash samples after firing. In all cases, with an increase in
firing temperature, the water absorption increased. This indicated that more volatile matters can be removed
with increasing firing temperature as can be seen in Fig. 9. When firing, readily burnable matters produced
porosities leading to high water absorption. Samples made of as-received fly ash showed the lowest water
absorption and samples made of —40 um fly ash, -63+40 um fly ash, ground 5 h fly ash and ground 10 h fly ash,
respectively appeared the higher water absorptions for testing with cold water. It was possible that it contained
more burnable material within the small particle range. It was found that the most alkalies as well as alkali earth
oxide contents as well as sulphate components were more concentrated in the finer-size fraction (<30 pm) [16].
These alkalies can be easily burnt out. The same as fine particles (-40 pm fly ash), volatile matters containing in
ground particles can be removed without doubt due to the opening of cenospheres probably resulting in more
possibility of volatility. In addition, it was supposed that an over-firing caused inhomogeneous solidification and
subsequently many open pores were left behind in fired specimens. Obviously, samples made of —40 pm and
ground 10 h fly ashes were assumed that had lower softening points than the others and over-firing can be
happened in such a cases. Therefore, higher water absorption can be observed.
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In the contrary, samples made of sieved —40 um fly ash yielded the lowest water absorption and samples made
of —63+40 pm fly ash, ground 5 h fly ash, ground 10 h fly ash and as-received fly ash, respectively gave the
higher water absorption after testing with boiling water. It meant to the well binding mass of samples made of —
40 pum fly ash that can be more resistant to the entering of boiling water into the whole parts.



As follow brick-standard of common clay bricks, it was stated that water absorption of bricks should not higher
than 18% after storing in cold water for 24 hours and should not higher than 23% in boiling water for 3
hours[11]. For red-burnt clay brick, water absorption in cold water for 24 hours should lower 20%[14]. All of
samples fried at 900 and 950 °C, can attain the standard noting for testing with boiling water. But for dwelling in
cold water for 24 hours, water absorption of samples made of as-received fly ash, both sieved —40 pm fly ashes, -
63-40 um fly ash and ground 5h fly ash ranged within the limit based on the requirement of approximately
18%(+0.5-1.5) after firing at 900 and 950 °C. However, all results of water absorption for samples fired at 900
and 950 °C, can conform the standards as required by ASTM for both building and facing bricks, type MW [17].
For interesting case, especially in samples made of —40 pm carrying very high strength both in bending strength
and compressive strength, their water absorption is higher than those of the others. That may be the stronger
structure occurring when firing, although the porosity was higher. The suitable firing temperature should
accordingly be 900-950 °C to attain mechanical strength and water absorption as required by brick specifications.

ASTM Minimum Compressive Maximum Cold Water Maximum 5 hour Boiling
Standard Strength [MPa] Absorption (%) Absorption (%)
Avg of 5 brick | Individual Avg of 5 bricks | Individual | Avg of 5 bricks Individual
C62 SwW 21.0 17.5 13.3 16.0 17.0 20.0
MW 17.5 154 19.4 22.5 22.0 25.0
NW 10.5 8.75 No limit No limit No limit No limit
C216 SW 21.0 17.5 13.3 16.0 17.0 20.0
MW 17.5 154 19.4 22.5 22.0 25.0

Table 3 Physical properties of building bricks (C 62) and facing bricks (C 216) [17]

The results of weight loss is provided in Fig.9. With increasing firing temperatures, the weight loss increased for
every types of samples. Samples made of —40 um fly ash showed the highest weight loss resulting from more
volatile contents as mentioned above. From the result of total carbon content measured from as-received fly ash,
the total amount was 0.2%. This value was somewhat low indicating very few burnable carbon containing in as-
received fly ash. However, the results of weight loss showed that there were other elements burnable. When
compared to clay-bricks, fly ash bricks had lower weight loss resulting in readily for firing without cracking of
products. Moreover, fly ash bricks formed by compaction can be processed in shorter time than those of clay-
brick which consumed the time of drying and firing resulting from slow drying and firing rates.
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Fig.9 Plot of weight loss of fly ash samples in relation to firing temperatures

With regards to shrinkages both in width and length, fired samples made of —40 um fly ash gave higher
shrinkages than those of other bodies. Remarkably, for samples made of —40 pym fly ash and fired up to 1000 °C,
they showed slightly warping in appearance possibly due to over-firing or too much quantity of glassy phases as
well as more volatile matters was burnt out leading excessive shrinkage. It can be seen in Fig.9 that from 950 °C
to 1000 °C firing, the weight loss increased outstandingly. However, their shrinkages did not exceed 3%, rather
low when compared to firing shrinkage of clay bricks within the range 2.5-10% [18].

These works brick samples made of every types of fly ash can be used in brick production in accordance with
firing specifications at 900 and 950 °C. Especially, samples made of —40 um fly ash and fired at 950 °C, provide
very high strength parallel to facing bricks 11.7-13.1 MPa for bending strength and 48.2-56.3 MPa for
compressive strength. Their water absorption and bulk densities were 19-20% and 1.7-1.74 g/cm?, respectively.
Brick samples made of fly ash needed to be improved in point of water absorption. That will be done in next
work. For samples made of the other types of fly ash, they gave good strength as well, that can be comparable
to red-burnt clay bricks and some types of common bricks as mentioned above.



Property As-received Fly Ash Ground 5h Fly Ash Sieved —40 pm Fly Ash Clay Brick [19]

Firing 900 | 950 | 1000 | 900 | 950 | 1000 | 900 | 950 | 1000 | 910 | 950 | 1000
temperature

[°C]

Bending 6.9 8.3 9.8 7.4 8.5 8.9 93 | 13.1 | 114 | 11.2 | 146 | 15.0

strength [MPa]

Compressive | 349 | 38.1 | 35.0 | 33.8 | 37.0 | 38.2 | 48.7 | 56.3 | 50.8 | 174 | 24.2 | 24.7
strength [MPa]

Bulk density | 1.62 | 1.62 | 1.62 | 1.6 | 1.64 | 1.62 | 1.74 | 1.74 | 1.68 | 1.75 | 1.76 | 1.83
[g/cm?]

Table 4 Comparison of brick properties in brick samples made of 100% fly ash and bricks made of clay

As a comparison, the compressive strengths of fired samples made of every types of fly ash were higher than
clay-bricks as reference in table 2, but their bending strength were lower. That was probably due to the different
shape of particles between fly ash and clay. For fly ash, their particles are spherical in shape that can be more
resistant the compressive forces but weak when bent, than those of clay particle which mostly are flaky and
sheet-like particles but stronger in bending. For most case of brick utilization, bricks usually subject to
compressive forces more than other kinds of energies. Therefore, it was one of good characteristics of fly ash

serving very high compressive strength on account of their particle shape.

4 Summary
Fly ash as a by product of lignite combustion produced by an electric power plant in northern part of Thailand

(Mae-Moh Power Plant) provided good properties of fired products.

1. As-received fly ash, ground 5 h fly ash, ground 10 h fly ash, sieved -63+40 um fly ash and sieved —40
pm fly ash can be used for producing brick samples with regards to brick specifications of red-burnt clay
bricks, common clay bricks and facing bricks.

2. The highest bending and compressive strength can be obtained by using —40 ym fly ash as a body and
fired at 950 °C, 13.1 MPa for bending strength and 56.3 MPa for compressive strength.

The suitable firing temperature should be in the range of 900-950 °C for every types of samples.

4. Most samples had a low weight loss, not more than 4% for the maximum firing temperature when
compared with clay bricks that made it easy for firing.

5. Most samples had a low shrinkage, not more than 3% when compared with clay bricks.

With shaping by compaction, the shorter time for drying and firing were obtained.
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