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Abstract. In general, firing process in brick manufacturing could affect the properties, colours and
appearance of the brick. The main purpose of this study was to evaluate the effect of different heating
rates on physical and mechanical properties during the firing of standard bricks and bricks
incorporated with cigarette butt (CB). In this investigation, two different heating rates were used:
slow heating rate (2°C min™") and fast heating rate (5°C min™). Samples were fired in solid forms from
room temperature to 1050°C. All bricks were tested for their physical and mechanical properties
including compressive strength, initial rate of absorption and density. Higher heating rates decrease
compressive strength value but slightly increase the initial rate of absorption and density properties
respectively. In conclusion, higher heating rates are able to produce adequate physical and mechanical
properties especially for CB Brick.

Introduction

Brick is one of the most accommodating masonry units due to its properties. The firing process could
affect the physical and mechanical properties, colours and appearance of the manufactured brick.
Many studies have been carried out by manipulating the firing process at different temperature,
utilizing fast firing and traditional firing but most of the research are more focusing on the physical
and mechanical properties of fired clay bricks only [1,2,3]. For instance; studies by Dunham et al [1,2]
investigated shorter firing times in the manufacturing of clay bricks while Dondi et al. [3] compared
the influences of fast firing and traditional firing on physical and mechanical properties of clay bricks.
Therefore, previous research contains very limited discussion on the effect of different heating rates,
particularly on physical and mechanical properties of manufactured fired clay bricks incorporating
with different types of waste. Currently, due to the demand of bricks as building materials, many
researchers have investigated the potential wastes that can be recycled or incorporated into fired clay
bricks. Owing to the flexibility of the brick composition, different types of waste have been
successfully incorporated into fired clay bricks by previous researchers. It is apparently vary from the
most commonly used wastes such as the various types of fly ash and sludge, to rice husk, bagasse,
pineapple leaves, oil palm fruit bunch and cigarette butts [4,5,6,7]. In this study, two types of brick
samples were used: the standard clay bricks and clay bricks incorporated with cigarette butts (CB).
Recycling cigarette butts as an inert component into clay bricks can be a practical solution to one of
the important poltution problems in the world [7]. The main purpose of this work was to evaluate the
effect of slow heating rate and fast heating rate on the physical and mechanical properties and also
appearance of standard bricks (without any incorporation of waste) and bricks incorporated with CB.
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Materials and Methods

In this study, in order to investigate the physical and mechanical properties, standard clay brick and
CB brick samples are prepared in extruded forms. The preparation of the manufacturing standard clay
brick and clay brick incorporated with CB samples were explained in detail in the previous work [7].
In this investigation, standard and fired clay brick samples with 5% of CB content were prepared. The
brick samples were manufactured in three different sizes: cube (100 x 100 x 100 mm), brick (225 x
110 x 75 mm) and beam (300 x 100 x 50 mm), according to the minimum requirements of testing in
compliance with Australian/New Zealand Standard [8]. The brick samples were dried for 24 hours in
the oven at 105°C prior to heating experiments.

Two different heating rates were used: 2°C min™ and 5°C min™'. Samples were fired in solid forms
from room temperature to 1050°C. Heating time required with slow heating rate (2°C min™) is 8.8
hours whilst fast heating rate (5°C min™) used in the firing proces only required 3.5 hours. Physical
and mechanical laboratory tests (compressive strength, initial rate of absorption and dry density) in
accordance with the standard [8] were carried out to determine the performance of clay bricks and CB
bricks fired at these two different heating rates. All results reported are means of three values.

Results

The effects of slow and fast heating rates on the physical and mechanical properties of standard brick
and CB brick are presented in Table 1.

Table 1 Physical and mechanical properties of brick samples fired at different heating rates

Heating rates Heating time Mixture Compressive Initial Rate of Average dry
identification strength Absorption density
(IRA)
(°C min™) (hours) (%) (MPa) (kg m? min™) (kg m)
2 8.8 CB (0.0) 17.90 1.00 2124
2 8.8 CB (5.0) 10.05 1.32 1853
5 35 CB (0.0) 16.34 3.57 2134
5 3.5 CB (5.0) 9.40 3.99 1736

Compressive strength. Firing standard clay bricks at fast heating rate (5°C min"') reduced the
measured values gradually but not significantly for compressive strength. Compressive strength
values is 17.90 MPa at 2°C min”, but as the heating rate increased to 5°C min™ the strength slightly
decreased to 16.34 MPa. The results demonstrated that, there were no significant changes between the
heating rates applied. As for CB brick, there was also no significant difference between the
compressive strength of bricks fired at 2°C min™ and 5°C min™, which were 10.05 MPa and 9.40 MPa
respectively. Compressive strength is important for the determination of the load bearing capability of
the brick. Nevertheless, different strengths of brick have different applications. Common minimum
values recommended for characteristic compressive strength for non-load-bearing and load-bearing
fired clay bricks are 3 to 5 MPa and 5 to 10 MPa respectively [9, 10, 11].

Initial Rate of Absorption (IRA). Fast heating rates appear to slightly increase the initial rate of
absorption values of standard brick. Lower results were obtained at 2°C min™ with 1.00 kg m™ min™
but then increased to 3.57 kg m™ min at 5°C min™'. The same increasing trend with CB brick also
was obtained when firing at fast heating rate. The results increased from 1.32 kg m” min to 3.99 kg
m? min” at 2°C min” and 5°C min™ accordingly. According to the Australian Standard [12], IRA
should be between 0.2 to 5 kg m™min™. Low water infiltration into the brick indicates good durability
of the brick and resistance to the natural surroundings.

Dry Density. The increasing trend was observed for the dry density of standard brick as the measured
values increased gradually with fast heating rates. Dry density increased from 2124 kg m>to 2134 kg
m™ at 2°C min” and 5°C min" accordingly. Fast heating rate reduced the porosity and increased the
density of the standard fired clay brick. On the other hand, the value of dry density dropped from 1853
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kg m™ at 2°C min™ to 1736 kg m™ as fast heating rates were carried out at 5°C min™". This effect is
different compared to standard bricks due to the addition of CBs. The formation of the pores could be
attributed to the presence of volatile organic content in the added CB that burnt off during the firing
process. However, the reduction in dry density was a useful result which exhibited the potential use of
the fired clay bricks as light-weight building materials. Low-density or light-weight bricks have great
advantages in construction including, for example, lower structural dead load, easier handling, lower
transport costs, lower thermal conductivity and a higher number of bricks produced per tonne of raw
materials. Light bricks can be substituted for standard bricks in most applications, except when bricks
of higher strength are needed or when a particular look or finish is desirable for architectural reasons.
AccorSding to AS 3700 (2001) [12], the dry density of the standard clay brick is between 1800 to 2000
kgm™.

Appearance. In terms of appearance, firing at 2°C min™ resulted in a better end-product compared to
5°C min™ for both types of fired brick samples. Nevertheless, for standard brick, firing at fast heating
rate (5 °C min™), good results were obtained for cube and brick size samples (Fig. 1), but beam
samples were disintegrated and the tensile strength value was not obtained for the standard brick
samples. For CB bricks sample, owing to the incorporation of CBs into the clay bricks, when the CB
bricks were fired at 5°C min™', there is no major disadvantage to cube, brick (Fig. 2) and beam size
samples, except for the black coring effect inside the brick due to incomplete combustion of the
organic content. In terms of colour, standard brick give more natural red colour compared to CB brick.
However, this could be an advantage for CB brick as nowadays different colour schemed and textures
are available to meet the design criteria.

Fig. 1 Standard bricks fired at 2°C min™ and 5°C min™' Fig. 2 CB bricks fired at 2°C min" and 5°C min”
heating rates heating rates

Conclusion

The research carried out in this study has established that fast heating rate (5°C min’ Y could produce
an equivalent physical and mechanical properties to those produced at slow heating rate (2°C min™),
especially with CB brick samples. All the results determined in this study comply with the
requirement accordingly and some of CB brick results are better compared to the standard brick.
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Therefore, CB brick and fast heating rate should be considered as an option in the brick industry in
order to minimize the manufacturing cost. The changes do not critically affect the properties of fired
clay bricks and significantly reduce environmental pollution, shorter firing duration, thus offering the
potential for greater energy efficiency.
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