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Abstract

The demand for brick materials is expected to increase rapidly. However, pollutant emission during the firing process becomes a threat to
the human and environment. Therefore, this study is focusing on the release of pollutant gasses during firing manufactured bricks. The
bricks were incorporated with 5% of palm oil waste (palm kernel shell and empty fruit bunches) and fired at different heating rates:
1°C/min, 3°C/min and 5°C/min. All samples were fired until it reached 1050°C and retained for 2 hours soaking time. The gas emission
measured during firing process includes carbon monoxide (CO), carbon dioxide (COz), nitrogen oxide (NO) and sulfur dioxide (SOz2).
The results of estimated total emission (ETE) of gasses were compared to control bricks and palm oil waste brick. The result obtained
has shown that increased heating rates cause decreased in gas emission, especially for CO2 and CO. Therefore, this study determined that
pollutant gasses are least minimal at high heating rates (5°C/min). As a conclusion, several pollutant gasses did not comply with the fed-
eral Clean Air Act’s National Ambient Air Quality Standard (NAAQS) set by Environmental Protection Agency.
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1. Introduction

Brick is an essential building material in the construction field.
According to [1], approximately 60% of bricks were used in a new
housing project, 20% for commercial buildings and 20% for repair
and maintenance. Undoubtedly, brick industry has grown rapidly
all over the world. As a result of these activities, some pollutant
gasses are released from brick-making industries. In the review of
atmospheric emission metrics in clay brick firing technologies,
Akinshipe and Kornelius identify brick industries is one of major
sources of greenhouse gas emission in the world [2]. The pollutant
gasses may derive during firing process in terms of carbon diox-
ides, nitrogen oxides, sulphur oxides, inorganic fluorine and chlo-
rine compounds as well as organic compounds [3-5]. The negative
effects of releasing harmful gasses are not only a threat to the
environment but also have an adverse effect on human health.
Detailed study by [6] showed that fuel released from firing activi-
ties contained dust-bound polycyclic aromatic hydrocarbons
(PAHS) which may exposed to cancer risk.

During the firing process, bricks may experience several changes
which are burning out of carbonaceous matter and combustible
sulfur in the clay, breakdown of carbonates present in the clay and
released of combined water from clay [2]. This may result in vari-
ous pollutant gasses into the environment. To reduce the tempera-
ture required for sintering process, some of the researchers tend to
incorporate organic additives into fired clay brick [7-9]. Due to
the exothermic reaction, organic materials start to oxides and re-
leased several pollutant gasses such as carbon dioxide and carbon
monoxide to the environment [2,10]. Therefore, the federal Clean
Air Act’s National Ambient Air Quality Standard (NAAQS) set

by Environmental Protection Agency was established to standard-
ize air pollutant, known as criteria pollutant into six principle
which are carbon monoxide, lead, nitrogen oxides, particulate
matter, ozone and sulphur dioxide [11]. This standard was estab-
lished to set allowable levels of harmful pollutant in order to pro-
tect human and ecosystem health.

Meanwhile, palm oil production contributes to economic growth
and industrial sector in Malaysia. However, the increase in palm
oil demand has caused thousands of tons of palm oil waste gener-
ated [12]. In general, from fresh fruit bunches, only 10% of the oil
can be produced while the rest generated in the form of empty
fruit bunches (EFB), palm fibre (PF) and palm kernel shell (PKS)
[12]. EFB consists of both chemical nor mineral components, and
relying upon the handling operation on the plant. PKS are the shell
segments left after the nut has been removed after crushing in the
palm oil mill. PKS are a fibrous material and can be without diffi-
culty dealt with in bulk directly from the product line to the end
user [13]. Usually, waste from palm oil process will be disposed
of in landfill. This will give negative impact to the land fertility
and by sending those agricultural wastes to landfills [14-15]. Dis-
posing of through incineration method is not the practical solution
because those wastes will release high methane gas during incin-
eration process that caused several environmental problems [16].
Based on previous studies, incorporation of waste products into
fired clay brick is generously showing convincing result but most
research only focuses on the physical and mechanical properties.
However, concern about the gas emission of air pollutant during
manufacturing is given minimal attention. Production of bricks
results in environmental degradations due to emission of
significant quantities of gaseous and particulate pollutants.
According to [17], firing brick up to 1050°C will emit gases like
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oxides of sulphur (SOx), oxides of nitrogen (NOx), particulate
pollutants and non-respirable suspended particulate matter. The
results revealed that all the pollutants SOx, NOx, RSPM, NRSPM
and SPM (sum of RSPM and NRSPM) were crossing the limits
prescribed by National Ambient Air Quality Standards (NAAQS)
during the operational phase of brick kilns. This study shows that
during firing of brick that fully made of clay and soil already emit
gases that do not comply with the standard.

Meanwhile, study by [18] proved that incorporating fly ash into
fired clay brick is acceptable based on the result obtained. The
firing temperature was used up to 1093°C (2000°F) during the
firing brick process. The researchers conducting several testing
such as mercury vapour emission, radon emission, leaching pollu-
tants, polluting landfill, and sequestration of CO2. Based on the
result shown, the mercury vapour emission is -0.081 Ng/h/m?
which is mean fly ash brick do not emit mercury into air but ad-
sorb mercury from air. Testing on carbon sequestration from fly
ash bricks also done and 30% decrease of CO2 that emit to the air
that will bring relief to global warming. Therefore, the study con-
cludes that fly ash brick is safer to be used as building materials.
A study by [19] revealed that incorporation of cigarette butts up to
5% releases several gases to the environment. The researchers
conducted a study to evaluate the effect of different heating rates
on gas emissions and properties during the firing of clay bricks
and clay bricks incorporated with cigarette butts (CBs). The dif-
ferent heating rates used are 0.7°C.min"%, 2°C.min%, 5°C.min™!
and 10°C.min"1. The parameters studied are carbon monoxide,
carbon dioxide, nitrogen oxides, hydrogen cyanide and chlorine.
Based on this research, the results shown was CO with 670.42
ppm.hrkg?, CO2 with 2410.80 ppm.hrkg?, Cl2 with 1.28
ppm.hr.kgl, HCN with 14.83 ppm.hr.kg! and NO with 90.98
ppm.hr.kg. The researcher concludes that higher heating rates
(10°C.min"1) could be resulted in substantial gas emission
Therefore, incorporating PKS and EFB in fired clay brick is an
alternative way to decrease the amount of waste in the landfill and
to utilize the waste to form another product. Furthermore, this
research will focus on the gas emissions that will emit during
manufacturing the brick with waste utilization.

2. Materials and Methods

The materials and method were discussed in this section in order
to measure the potential gas emission from palm oil waste brick.

2.1. Preparation of raw materials

Clay soil was collected from Brick Company located at Yong
Peng, Johor. PKS and EFB were obtained from palm oil plantation
at Kluang, Johor. The raw materials were oven-dried at 105°C for
24 hours to remove its initial moisture. After dried, raw materials
were ground and sieved to yield homogenous size. Fig 1 shows
the raw materials after pass 2 mm sieve.

Fig. 1: Ginded of (a) clay soil, (b) PKS and (c) EFB
2.2. Chemical characterization of raw materials
The characterization of raw materials were conducted with X-Ray

Fluorescence (XRF). This characterization to determine the chem-
ical composition of clay soil and palm oil waste.

2.3. Geotechnical properties of raw materials

Geotechnical properties such as Atterberg limit test and specific
gravity test were performed on clay soil and palm oil waste ac-
cording to [20]. Meanwhile, optimum moisture content was de-
termine according to [21].

1.4. Production control of control brick and palm oil
waste brick

Three types of brick were manufactured which are control brick
(CB) (0%), empty fruit bunches brick (EFBB) and palm kernel
shell brick (PKSB). Selection 5% of palm oil wastes are based on
the best physical and mechanical properties from previous study
[19-20]. As mention in Table 1, the process started by mixing clay
soil with predetermined water for making control brick. The mix-
ture was then pressed using brick machine for the following size;
215 mm x 102.5 mm x 65 mm. The wet brick sample was kept for
24 hours at room temperature followed by oven dried at 105°C for
another 24 hours.

Palm oil waste brick with 5% waste was prepared according to the
previous method for making empty fruit bunches brick (EFBB)
and palm kernel shell brick (PKSB).

Table 1: Ratio mixture used

Mixture Percentage Clay PKS EFB Water
(%) (@ @ @ (mL)
Control
brick 0 2800 0 0 476
PKSB 5 2710 90 0 518
EFBB 5 2730 0 70 493

2.5. Estimated total emission of control brick and waste-
brick

The estimate total emission was determined by means of calculat-
ing the total area under the curve divided by the mass of brick
(ppm/kg).

Different heating rates were applied during firing process;
1°C/min, 3°C/min and 5°C/min. The final temperature was set to
1050°C with 2 hours soaking time. The gas detector (YES Air Gas
Detector) was equipped with sensors of carbon monoxide (CO),
carbon dioxide (COz2), nitric oxide (NO) and sulfur dioxide (SO2).
The gas emissions were collected every 30 minutes at tempera-
tures of 200°C, 300°C, 400°C, 500°C, 600°C, 700°C, 800°C,
900°C, 1000°C and 1050°C. The initial reading at 100°C should
not be taken as to allow water vapour released from the brick
body. At the end of the test, the emission results were employed to
derive the total estimated emission of gases. Fig 2 until Fig 4
shows the colour changes during firing stage according to temper-
ature level.

Fig. 2: Control brick after fired at different temperature
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Fig. 4: EFB brick after fired at different temperature
3. Results and discussions

3.1. Properties of raw materials

Table 2 shows the chemical composition of raw materials used in
the study.

From the results, clay soil is high in SiOz, Al203 and Fe203 with
55.70%, 24.40% and 4.46%, respectively. Minor content was rec-
orded as MnO, CaO and Na2O with 0.04%, 0.25% and 0.79%,
accordingly. Similar result also shows that PKS is high in SiOz,
Al203 and Fe203 with 47.10%, 16.19% and 10.59%. Meanwhile,
CaO, K20 and TiO is the lowest chemical composition in PKS.
Although the chemical composition of each POW is slightly dif-
ferent, due to clay flexibility, this waste is greater potential to be
incorporated into fired clay brick.

Meanwhile, chemical compositions of empty fruit bunches are
reported in terms of fibre content. From Table 3, lignin for EFB
was comparatively low at 20%. Cellulose was reported high with
38.1%. Meanwhile, the content of hemicellulose of EFB is 35%.
Ash content in EFB found to have very low ash content with
1.5%. According to several studies, incorporation high cellulose
waste into fired clay brick would help to improve several physical
and mechanical properties [21-22].

Table 2: Chemical composition of raw material

Table 3: Fibre content of EFB

: — . Ash

Fibre Lignin Cellulose Hemicellulose ST
(%) (@ @ (@)

EFB 20 38.1 35 1.5

3.2 Geotechnical Properties of raw materials

The Atterberg limit test was carried out to assess the physical properties of
soil used in the study. According to Table 4, the soil indicates liquid limit
of 52%. The plasticity index was determined to be 25.2%. In keeping with
Unified soil classification system, the soil used in this study can be charac-
terised as clayey silt. High plasticity of clay soil isimportantin
the production of brick as it promotes the development of plasticity, mak-
ing it easy throughout extrusion and increase homogeneity in clay bodies.
Meanwhile, the specific gravity for soil determined as 2.56.

Table 4: Classification of clay soil

Soil physical properties Results
Liquid limit (%) 52.00
Plastic limit (%) 26.9
Plasticity index (%) 25.2
Degree of plasticity High plastic
Type of soil Clayey silt
Specific gravity 2.56

. Concentration (%)

Oxide content Clay soil PKS
SiO, 55.70 47.10
Al,O3 24.40 16.19
Na,O 0.30 0.94
K,0 2.24 0.25
FEQO?, 4.46 10.59
CaO 0.25 0.20
MgO 1.20 0.93
P205 n.a 0.88
TiO, 0.94 0.79
MnO 0.04 1.16
SO3 n.a 1.56

Cr,03 n.a 2.2
ZnO n.a 157

n.a = not availabe

3.3. Estimated Total Emission of manufactured brick

In this investigation, the effects of different heating rates on Esti-
mated Total Emission (ETE) were determined. According to [26],
the increase in temperature during firing process will increase the
release of contaminated gases into the atmosphere, while the high
heating rates could reduce the release of gas. Therefore, the rec-
orded results in Table 5 will be discussed accordingly.

Generally, ETE values for all types of brick reduced significantly
with increasing of heating rates from 1°C/min to 5°C/min except
for NO and SOz, which increased according to heating rates in
certain bricks. As mention by [26], increasing heating rates could
decrease the emission of gases, however, ETE for gases NO and
SOz is increased possibly due to incomplete combustion or meas-
urement error.

In this study, it shows that ETE for all manufactured bricks defi-
nitely decreased with increasing heating rates. From Table 5, ETE
for CB 0% is estimated to decrease from 1555.6 to 58.1 ppm.hr/kg
(CO), 5387.3 to 899.2 ppm.hr/kg (CO2) and 59.7 to 2.3 ppm.hr/kg
(SO2). Meanwhile, emission for NO was increased from 23.4 to
80.2 ppm.hr/kg.

Another observation for PKSB 5% shows that ETE for all gases
were decreased from 69.14.6 to 82.9 ppm.hr/kg (CO), and 13834.6
to 4094.5 ppm.hr/kg (CO2) except for NO and SOz which in-
creased from 24.2 to 56 ppm.hr/kg and 0.1 to 7.8 ppm.hr/kg, re-
spectively.

The same trend for ETE was observed from EFBB 5% which
decreased in all gases except for NO. In case for EFBB 5%, ETE
values were decreased from 11300.3 to 95.4 ppm.hr/kg (CO),
20051.3 to 5326.7 ppm.hr/kg (CO2) and 4.9 to 2.1 ppm.hr/kg
(SO2) except for NO with 37.3 to 57.4 ppm.hr/kg.

Comparable reduction patterns for ETE results were discovered
for each types of fired clay brick samples. Most of the ETE values
decreased substantially at 5°C/min accompanied by 3°C/min, and
1°C/min. Nevertheless, at 1°C/min and 3°C/min, notably higher of
CO and COzwere discovered for EFB and PKS bricks in compari-
son to control brick because of the addition of waste which offers
more organic content and yields more porous brick. The develop-
ment of the pore system allows the oxidation process to be extra
complete, as a result ensuing in the release of higher gas emission
[8]. However, considerably lower emission can be accomplished
with higher heating rates (5°C/min). In line with the National Am-
bient Air Quality Standard (NAAQS), the gas emission from palm
oil waste bricks mostly complied with the standard despite the fact
that some of the gases do no longer comply with the standard.
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Table 5: Estimated Total Emission (ETE) of manufactured brick

Hf;te':g id el\r:It:}(:éja:E on Estimated Total Emission (ETE) (ppm.hr/kg)
°C/min (%) [efe) CO, NO S0,
1 CB 1555.6 5387.3 24.3 59.7
3 CB 715 2073.9 69.3 6.5
B CB 58.1 899.2 80.2 2.3
1 PKSB 6914.6 13834.6 24.2 0.1
3 PKSB 85.7 11368.2 43.7 7.7
5 PKSB 82.9 4094.5 56.0 7.8
1 EFBB 11300.3 20051.3 37.3 4.9
3 EFBB 41.3 10935.3 41.3 3.0
5 EFBB 95.4 5326.7 57.4 2.1

4. Conclusions

The outcomes presented a beneficial information with regards to
the control brick, EFB brick and PKS brick with different heating
rates (1°C/min, 3°C/min, and 5°C/min) and their effects on the
estimated total emissions (ETEs). Based on the outcomes
acquired, it indicates that the potential gases that emit from the
EFB and PKS bricks are CO, COz, NO and SO.. The results
additionally discovered that incorporation 5% of palm oil waste
into fired clay brick does not emit high pollutant gasses to the
surroundings. The ETE trend indicates that the higher heating
rates, the lower of gas emission could be produced.

In terms of heating rates, the results indicate that rapid heating
rates (5°C/min) significantly reduced the ETEs values. In the
assessment, it was predicted that low level of water vapour within
the pore system generously improved oxygen accessibilities.
Under this circumstances, higher gas emission attributed to the
free water vapour in the pore system, thus completely oxidise the
organic content inside the brick. Incorporating of EFB and PKS in
fired clay bricks is a good selection because it can reduce the
amount of this waste from being disposed to the landfill where it
will lead to solving and the environmental problem also land
insufficiency.
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