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Abstract. The advantages of using waste sources from thermal power plants to
produce unfired bricks bring the dual effect of not losing the wasteland area,
solving the problem of environmental pollution, and creating a source of raw
materials for production. Fly ash and bottom ash from a thermal power plant
are used in the production of unfired bricks in this study. These two raw were
used to substitute cement and crush stone, respectively at several contents in brick
mix proportion. The properties of unfired brick were evaluated according to the
results of physical tests along with compression, bending, abrasion, adhesion,
and pull-out tests. The test results of bottom ash and fly ash showed the quality
and applicability based on physical and chemical properties. Testing on bricks
corresponding to different grades shows that the properties of bricks have a clear
classification.

Keywords: Unfired brick · Fly ash · Bottom ash · Abrasion test · Adhesion test ·
Pull-out test

1 Introduction

The accumulation of unmanaged industrial waste in developing countries is intensifying,
causing negative environmental impacts.However, an effective solution for the beneficial
environment and economy is applying those waste to construction materials. Industrial
waste includes flying ash (FA) and bottom ash (BA), by-products from the thermal power
plant have been widely used as a replacement for cement and aggregate in the production
of concrete blocks and bricks [1]. In fact, FA is used as a lean additive in clay brick,
and it is suggested that the limit of 5% and 20% FA for using as severe and moderate
weather-resistant bricks. However, the defects in the fired clay brick could be reduced
by using FA [2]. For unfired bricks, the study by Freidin [3] showed that by using FA
and BA and under forming pressure of 4 MPa, the bricks had compressive strength of
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3.5–20 MPa and water absorption of 5.8–38.4%. Antoni [4] also found that FA and BA
can substitute 31% cement and 24% sand, respectively for an optimum mix design with
an aggregate/binder ratio of 8.6. The compressive strength obtained at least 19.8 MPa
and the water absorption of 15% with a compaction pressure of 66.9 MPa using a Vibro
compaction method to make hollow concrete blocks. In another research, it was deduced
that the compressive strength of bricks decreases with increasing fly ash content. When
fly ash content substitutes 20–30% of the total binder weight, the strength of bricks is
reduced from1.1 to 1.3 times as fly ash is not used,whereas the effect onwater absorption
is insignificant [5]. Naik [6, 7] specified that compressive strength is improved while
water absorption was reduced by using FA at cement replacement of around 30%. On
the flip side, strength and density decrease when using BA as 25–35%. Thus, the bricks
would be classified as medium-weight products. Even though the drying shrinkage of
bricks increased by adding FA and BA, it yet exceeded the limit. According to Naik [6]
and Naganathan [8], unless the strength of brick is not vital, should avoid completely
replaced sand with BA, such as using as facing brick. Conversely, the combination of
FA and BA met the water absorption limit requirement of bricks. In a recent research,
Balasubramaniam [9] has tried to utilize several industrial waste materials, including BA
to fly ash brick. As a result, the BA mix bricks had slight increase in water absorption
compared to FA bricks due to the hallow particles of BA which leads to porosity. In
general, using byproducts from coal combustion as a replacement of cement and crush
stones seems to be able to produce unfired bricks with good quality, provided that mix
design and compaction are suitable [10].

In this study, the performance of unfired bricks with various contents of FA and BA
as cement and crush stone substitutions was investigated. After collecting data about the
source of materials at Duyen Hai thermal power plant in Tra Vinh province, experiments
were conducted on samples taken from the landfill to determine the physical and chemical
criteria and design the grades of unfired bricks from fly ash and bottom ash. Along with
the compression test, bending, abrasion, adhesion, and pull-out tests were conducted.
Subsequently, the feasibility of utilizing fly ash and bottom ash in unfired bricks was
evaluated based on the performance.

2 Materials and Method

2.1 Materials

The samples of fly ash and bottom ash are mixed samples taken at the landfills of the
thermal power plant with specifications in accordance with the regulations and specified
types of experiments. Samples were taken from at least 5 places in a landfill; each place
takes at least 3 specimens and mixes them together to ensure the most representative
results. The weight of each representative sample is about 1000 kg of fly ash, and about
1000 kg of bottom ash for testing and trial production of about 300–500 bricks.

The binder used in this study was Portland cement PCB40 with an ultimate com-
pressive strength of over 48 MPa, tested according to TCVN 6016:2011 [11]. Mineral
inorganic polymer (MIP) was used as an additive to improve the working performance
of the brick.
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2.2 Method

Parameters for evaluating the usability such as physicochemical properties were tested
according to appropriate standards [12, 13], including water absorption, specific gravity,
chlorite, sulfate, and sulfite contents (Table 1). In fact, the number of experiments that
need to be repeated at least 3 times per sample. Additionally, parameters for environ-
mental impact assessment were the chemical composition of water at BA landfills as
shown in Table 2.

Table 1. The properties of FA and BA

Property Unit FA BA

Water absorption % (w/w) 10.23 0.68

Specific gravity – 2.34 1.97

Bulk Density kg/m3 1023 957

Chlorite (Cl−) % 0.007 0.003

Sulfate, Sulfite (SO3) % 0.20 0.03

Fineness modulus – – 2.44

pH – 9.39 9.10

Table 2. Test results of the water at BA landfills

Parameter Testing method Unit Value

pH TCVN 6492–2011 [14] – 7.4

Chlorite (Cl−) TCVN 6194–1996 [15] mg/l 86.0

Total dissolved solids (TDS) TCVN 4560–1988 [16] mg/l 152.9

Total suspended solids (TSS) TCVN 4560–1988 [16] mg/l 29.6

Several mixtures of FA and BA combined with crushed aggregate (CA), cement, and
MIP with different mix designs were cast with the 4-hole hollow brick size of 80 × 80
× 180 mm according to the criteria [17]. MIP was added into the mixes G1-M, G2-M,
G3-M, G5-M, G6-M, G7-M, and G9-M by 2.5% (w/w). Specimens were then cured in
room condition (around 30 °C and humidity of over 95%) for 28 days. After curing, the
specimens with 16 grades were tested for geometrical dimensions, compressive strength
(Rc) and flexural strength (Ru), water absorption, density, abrasivity, adhesion strength,
and pull-out strength according to [17, 18]. For the sake of reliability, values with errors
exceeding 15% on average were eliminated, and the test result is the average of the rest.
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3 Test Result and Discussion

The mix proportions of 16 mixtures are illustrated in the figures to assess their variation
on the properties of the brick. Figure 1 shows the strength, Rc, and Ru of mixes with
different composition ratios of cement, FA, BA, and CA. As seen in Fig. 1, the variation
in the composition ratio has significant effects on the strength. As FA content is over 50%
(w/w), and cement content less than 20% (w/w), the Rc is critically low and practically
unaccepted in accordance with the criteria of 5.0–7.5 MPa. The mixes with high content
of BA are considered to have high strength unless the FA content exceeds 40% (w/w)
as seen in mixes G8 and G9-M. In the case of this study, there is no obvious difference
in using BA instead of CA. The presence of MIP seems to lower the strength when
comparing mixes G1, G2, and G3 to mixes G1-M, G2-M, and G3-M. It could be by the
inhibition of inorganic polymer to some extent the activity of cement. Besides, it can be
observed in Fig. 1 that Rc and Ru have a similar trend.
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Fig. 1. The effect of composition ratios in the mix on Rc and Ru

Figure 2 illustrates the relationships between the density and Rc, and between the
density and water absorption with good regression coefficients of 0.85 and 0.78, respec-
tively. It indicated that bricks with higher density bring up higher Rc, and vice versa
for water absorption. As collating Figs. 1 and 2, it can be deduced that the strength and
water absorption can be presumed by the density. Based on that, with high content of
FA, the mixes have high water absorption and low density. However, all mixes exceed
water absorption criteria of 12% [17] since the high dosages of FA of 40–80% (w/w),
which have a significant effect on the water absorption according to Nguyen [5]. In the
next stage, to avoid cumbrousness in assessment, mixes with high content of FA and
without BA are omitted due to their insufficient strength.

The abrasivity or abrasion volumewas determined by the length of the groove created
on the surface of the specimen after being grinded by the rotating disc under specified
conditions using an abrasive material. The high abrasivity indicates low resistance to
abrasion. In Fig. 3, mixtures with high content of FA and low content of cement have
high abrasivity due to the fine gained structure. MIP seems to have a faulty effect on the
abrasion resistance. The less abrasivity can be found in the mixtures containing much
BA or CA since the coarse-gained BA and CA is stiff and prevents abrasion.
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Fig. 2. The relationships between the density, Rc, and water absorption
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Fig. 3. The effect of composition ratios on the abrasivity

The adhesion of brick and themortar of sand and cement with the strength of 7.5MPa
is shown in Fig. 4. A hard and solid structure of the brick would sustain particles at
the surface from separation. Therefore, the adequate content of cement ensures good
adhesion. Namely, it is noticed that high adhesive strength can be seen in mixes with
cement content of 20% (w/w) and over. Besides, increasing FA content and/or decreasing
BA content can mend the solidity at the surface, and hence, improve the adhesion.
Moreover, the high water absorption of FA, as seen in Table 1, is also a significant
influence. The use of MIP seems to enhance the adhesive strength when comparing
mixes G1-M, and G2-M to mixes G1, and G2 respectively.

The pull-out strength on a bolt anchor driven in the drilled brick is shown in Fig. 5.
It can be considered that the full-out strength of the mixes has a similar trend to the
strength (see Fig. 1), especially the flexure strength. The stiff structure induces friction
and binding on the bolt anchor. Besides, it was observed that mixes G2, G2-M, and
G6-M were broken while drilling; on the contrary, mixes G3, G3-M, G4, G8, and G9-M
were firm and difficult to drill; the rest could be effortlessly drilled.
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Fig. 4. The effect of composition ratios on the adhesion with mortar
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Fig. 5. The effect of composition ratios on the pull-out strength

4 Conclusion

Unfired brick samples were fabricated from FA and BA, then tested for physical and
mechanical properties. The results show some advantages can be seen as follows: most
brick samples have a uniform colour, smooth surface, and few defects. Some mixes
achieve high compressive strength and adhesive strength with appropriate mix propor-
tions. Those mixes are sturdy, difficult to drill, and not broken when drilling. However,
there are still some disadvantages such as some specimens have uneven surfaces due to
unfilled areas and chipped edges. The mixes with high content of FA have low compres-
sive strength and do notmeet the required strength. Allmixes have highwater absorption,
which exceeds the specification for unfired brick. MIP, in this case, showed effects on
improving the adhesion but reducing the strength and the resistance to abrasion.

Therefore, in terms of this study, the quality of the bricks can be temporarily classified
into 3 levels: fine quality includes mixes G4 and G8; acceptable quality includes mixes
G3 and G9-M, and unacceptable quality is the rest. For the effectiveness aspect, mixes
G8 and G9-M are prospective due to the utilization of FA and BA in large quantities and
the less use of cement. It is recommended that positive brick mixes including CP3; CP4;
CP8; CP9-PG need to be studied on mass samples before practical application.
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