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Abstract. Palm oil is one of the major agricultural industries in Malaysia. Due to the poor
management system, the discarded palm oil waste has always been linked to the environment
issues. During processing of palm oil, a considerable amount of solid waste by-products in the
form of fibres, shells, empty fruit bunches and fly ashes are produce rapidly. Therefore, this
study was conducted to incorporate 1%, 5% and 10% of palm oil waste into fired clay brick.
Samples of brick were fired at 1050°C temperature with heating rates of 1°C/min.
Manufactured bricks were tested with physical and mechanical properties including firing
shrinkage, dry density, water absorption and compressive strength. The results demonstrated
that the replacement of 1% up to 5% of palm oil waste had improved several properties,
although, a decrease of performance in certain aspects has also been observed. As a result,
palm oil waste can be utilized in an environmentally safe way into fired clay brick thus
providing adequate properties of fired clay brick.

1. Introduction

Oil palm plantation is one of the successful stories of agricultural industry in Malaysia. From a modest
beginning in the early 1920s, the palm-oil industry developed rapidly where Malaysia is the second
largest palm oil production after Indonesia [1]. From figure 1, production of crude palm oil has
recorded a marginal decrease until December 2016 with 15% to 17.3 million tonnes compared to 19.9
million tonnes in year 2015 [2]. The decrease was due to lingering effects of the El Nino, rejection of
additional palm oil levy in France and low stockpiles [3]. However, it is projected to increase in year
2017 since world palm oil production increase by 5.65 million tonnes or 9.6% compared to last year
with 64.5 million tonnes [1]. This is due to higher fresh fruit bunch processed from newly matured
area especially in Sabah and Sarawak and also a better management of the organization.

Meanwhile, oil planted area in Malaysia as the year of 2015 has reached 5.64 million hectares with
increasing of 4.6% compared to previous year. According to Figure 2, Sabah is still the largest planted
area with 27.4%, followed by Sarawak with 25.5%. Peninsular Malaysia accounted with 47% of total
planted area [4].
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Figure 1. Monthly production of crude palm oil
for the year of 2016 [2].
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Figure 2. Oil planted area by state as at
December 2015 [4].

The nation's pollution dilemma caused by the oil palm sector is increased by an annual crop of 4
million tons of solid waste [5]. A large area is required for the disposal of these palm oil waste
materials. According to [6], one of the problems associated with the production of palm oil is large
quantities of processed residues that have no economic value and it only disposed of by illegal and
uncontrolled open burning which is discouraged by Department of Environment Malaysia.

Table 1. Waste generated during palm oil process [8].

Wastes Quantity of waste generated
Empty fruit bunch 22%

Palm fibre 13.5%

Palm kernel shell 5.5%

Palm oil mill effluent 67%

In the processing of crude palm oil and palm kernel from fresh fruit bunch, the palm-oil industry
produces substantial amount of biomass wastes in the form of fibres, shells and empty bunches which
is higher in fibre content [7]. From the extraction of fresh fruit bunch, palm oil consists only 10% of
the total biomass and the rest 90% are discarded as waste [8]. Currently, shell and fibre are used
extensively as fuel for the production of steam in the palm-oil mills as a means of waste disposal and
energy recovery. Table 1 shows the waste generated during palm oil processing. Palm oil fiber (PF) is
natural fiber extracted from palm oil vascular bundle the empty fruit bunch (EFB) through the retting
process Palm fiber is stable and non-hazardous biodegradable material which can use or processed for
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various purposes such as ceramic, soil stabilization, compaction, brick manufacturing and mattress
erosion control. Palm kernel shell is hard to decompose and has been reused as mulch. According to
[9], approximately 5 tons of palm kernel shell is obtained from 66 tons of fresh fruit bunches. Palm
kernel shell has high grade solid, low ash and low sulphur content.

Meanwhile, empty fruit bunch is the by-product from crude palm oil mill which having low
economic value before more application being developed. Currently, the major application of empty
fruit bunch has extracted the fibre for others industry. By realizing empty fruit bunch has potential as
energy sources, it has been used in clay brick to save energy during firing stage [6], [10].

Another concern is palm oil fuel ash (POFA). POFA is the ash produced from the husk fibres and
shells during palm oil burning. Currently, shells and fibre wastes are utilized widely as fuel for the
production of steam in palm oil mills. However, about 5% of ash weight is engendered after
combustion process. This ash is amassed from the boiler and directly dumped onto open fields close to
the mill. Hence, disposal of this waste becomes equipollent compulsory.

Agreeing by [11], 998 million tonnes of agricultural waste is produced every year and in Malaysia
itself, 1.2 million tonnes of agricultural waste is disposed of in landfills annually. Waste material from
agricultural activities would cause environmental pollution and this waste must be managed properly
to eliminate the effect towards the environment. Other than that, health implication of poor waste
management can be very damaging to the people.

1.1. Incorporation Waste into Fired Clay Bricks

Reduction of dumped waste and towards environment sustainability can be ensured by appropriate
consumption or recycling of these materials. Incrementing world population and life demand are
persistently raising the price of crude materials and reducing the natural resources. Along with this
line, researches have been concentrated to utilise waste materials as a potential alternative in the
construction industry.

Brick is the man-made building materials that have been used since the early human civilisation.
Bricks are broadly used for construction, civil engineering work and landscape design since it has an
attractive appearance, strength and durability, fire and weather resistance, thermal and sound
insulation. The quality of brick usually depends on the composition of raw materials, production
method, firing method and firing temperature [12]. Because of the versatility of clay, when it mixed
with water, clay mineral give a plastic mass that can be formed by pressure and fired in a furnace [13].
This firing process transforms the clay into a building component in high performance of properties.

Fired clay brick can describe as common, facing or engineering brick. Common brick has no visual
finish and ordinarily used for general building work particularly when brickwork is to be rendered,
plastered or unseen in the finished work. It is also widely used as interior wall surface or exterior
walls that are below the ground level. Facing brick are manufactured to give an attractive finish. It was
intended to be used in both structural and non-structural masonry, where appearance required. The
colour which may be uniform or multi coloured resulted from the mixes of clay used and the firing
condition. Facing brick is available in a wide range of colours, textures, smooth, light or sandy. It
often applies to the top or the surface of the wall for ecstatic factor. Engineering bricks usually are
dense, strong, used to support heavy loads, and also where the effects of impact damage, water
absorption or chemical attack that needs to be minimised. Moreover, they are further subdivided into
facing and common according to their properties.

2. Materials and method

2.1. Materials

Clay soil was supplied by a brick manufacturer located at Yong Peng, Johor. Upon delivery, clay soil
was oven dried at 105°C for 24 hours. Dried clay soil was crushed and ground to yield homogenous
size pass through a 500 pm sieve.
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Meanwhile, palm oil waste was collected from palm oil mill plantation at Kluang, Johor. Palm oil
wastes used in this study consists of palm kernel shell (PKS), palm oil fuel ash (POFA), palm fibre
(PF) and empty fruit bunch (EFB). Palm oil wastes also were oven dried to keep constant mixing
water content during brick manufacturing. The samples of PKS, PF and EFB need to be crushed and
ground pass through 4.75 mm and retained at 2.36 mm nominal sieve. Meanwhile, POFA was sieved
to remove the leftover of nutshells and fibres which are not completely burned during burning process
in boiler. Figure 3 to figure 6 shows different type of palm oil waste used in this study. The chemical
composition of clay soil and palm oil waste were analysed using X-Ray Fluorescence (XRF).

©
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Figure 3. Palm oil fuel ash. Figure 4. Palm kernel shell.

Figure 5. Palm fibre. Figure 6. Empty fruit bunch.

2.2. Methods

The geotechnical properties of clay soil and palm oil waste such as soil classification and specific
gravity test were determined according to British Standard [12]. Soil classification is necessary to
analysed because it define or classify type of soil or predict soil performance when combining with
waste. This test covers the determination of plastic limit, liquid limit and plasticity index. Meanwhile,
specific gravity test was performed using small pyknometer method. Distilled water was used as a
standard for density bottle fluid. However, samples contain salts such as palm oil waste, kerosene was
used as fluid. Before conducting a trial mix of control brick and clay-POW brick, necessary amount of
water need to determine in order to achieve adequate plasticity of the mixture. Adequate water can
minimize absence of cracking during drying and firing process. Optimum moisture content can be
performed by Standard Proctor Test according to British Standard [13].

2.3. Brick manufacturing

The trial mix was prepared to determine suitable percentage of palm oil waste content for brick
manufacturing. The ratio of palm oil waste was calculated based on specific gravity of the samples.
The sample was started by mixing clay soil and clay-waste sample with predetermined water. The
mixture was then pressed into mould for the following size; 215 mm x 102.5 mm x 65 mm with
pressure of 3000 psi. The wet brick sample was kept for 24 hours at room temperature followed by
oven dried at 105°C for another 24 hours. The dried bricks finally were fired in a furnace at 1050°C
with heating rates of 1°C/min. Control brick with zero waste also was prepared for control purpose.
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The manufactured bricks were designed as control brick (CB) for brick without waste, palm kernel
shell brick (PKSB), palm oil fuel ash brick (POFAB), palm fibre brick (PFB) and empty fruit bunch
brick (EFBB). The manufactured clay bricks then went through a series of test including physical and
mechanical properties such as firing shrinkage, dry density, water absorption [14] and compressive
strength [15].

3. Results and discussion

3.1. Characterization of raw materials

The clay soil presents a typical composition and mainly consists of Silica (SiO,), Alumina (Al,Os3) and
Ferric Oxide (Fe,O3) with 55.7%, 24.4% and 4.46% respectively. Minor contents in clay soil consist of
Sodium Oxide (Na,0O) and Calcium Oxide (CaO) with 0.3% and 0.25% respectively. Palm Oil Fuel Ash
(POFA) was found high in Silica (SiO,), Ferric Oxide and Calcium Oxide (CaO) content with 32.7%,
13.36% and 11.1% respectively. This significant amount of Silica in POFA is greatly contributing to the
pozzolanic reaction thus increased the binding between clay soil particles [16], [17]. Meanwhile,
chemical compositions in Palm Kernel Shell (PKS) were high in Ferric Oxide (Fe,O;), (SiO,) and
Calcium Oxide (CaO) with 34.37%, 22.58% and 14.3% respectively. Chemical composition test also
found that Silica (Si0,), Ferric Oxide (Fe,Os), Calcium Oxide (CaO) and Sulphur Trioxide (TiO,) are
the major element present in both Palm Fibre (PF) and Empty Fruit Bunch (EFB). The concentrations are
22.58%, 10.13%, 15.00% and 7.38% for PF and 25.4%, 15.84%, 13.33% and 7.56% for EFB. It can be
concluded that major chemical composition of palm oil wastes are extremely similar to clay soil and high
silica in raw materials is beneficial to increase strength of bricks [18].

Table 2. Chemical composition of raw materials.

Oxides Clay soil PKS POFA PF EFB
Si0, 55.7 22.58 32.7 26.9 25.4
AlLO; 24.4 9.08 3.32 9.8 8.27
Na,O 0.3 0.37 NA NA 0.31
K,0 2.24 2.14 15.9 8.46 7.41
Fe,0; 4.46 34.37 13.36 10.13 15.84
CaO 0.25 14.3 11.1 15.0 13.33
MgO 1.2 1.88 2.34 3.19 4.25
P,0s NA 1.65 NA 6.07 0.87
TiO, 0.94 0.79 NA 1.28 1.59
MnO 0.94 0.16 NA 0.19 0.51
SO, NA 1.56 3.65 7.38 7.56
CuO NA NA NA 0.2 0.15
Cr,0; NA 0.2 NA 0.15 0.4
ZnO NA 0.3 NA NA NA

3.2. Properties of manufactured brick

3.2.1. Firing shrinkage. The addition of palm oil waste into fired clay brick has changed the shrinkage
of the clay bricks where total shrinkage was increased with increasing of palm oil waste. The results in
figure 7 have shown that the addition of 10% of palm oil waste might result in various pore sizes after
firing thus increased the shrinkage values of bricks. By comparing different types of palm oil waste,
the presence of EFB demonstrates highest shrinkage compared to PKS, POFA and PF into the
mixture. It was found that cellulose fibre in EFB absorbed the water the within the existing particles
and became the leading cause of the increased need for water thus resulted in the increased firing
shrinkage of brick. This data obtained was in good agreement with the results reported by [19],
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controlling shrinkage during firing process could minimize deforming of sample due to excessive
shrinkage.
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Figure 7. Firing shrinkage of POW brick.

3.2.2. Dry density. The result in figure 8 shows that the density of palm oil waste brick was inversely
proportional to the percentages of palm oil waste added in the mixture. As a result, there was a linear
decreased in dry density.

1950 4
—e— PKSB

- 1900 —s— POFA
2 1850- PFB
9 18001 —4— EFBB
Z 1750
2
8 1700
>
Z 1650

1600

15504 , : : :

0% 1% 5% 10%
POW (%)

Figure 8. Dry density of POW brick.

It was found that the dry density was decreased with an increasing amount of palm oil waste
ranging from 1% to 10%. In the meantime, different types of palm oil waste show different pattern of
dry density where EFBB is lighter compared to other palm oil waste brick (with addition 1% to 10%
of EFB). This is because of the characteristic of EFB and PF itself which is high in organic matter,
could be eliminated during sintering process. This is similar to [20] that weight loss could be due to
elimination of the organic matter from the clay and residue using combustion and to the removal of
water content from clay mineral due to dehydroxylation reactions in the clay. Meanwhile, POFAB is
likely high compared to others palm oil waste brick due to the fineness of the POFA particles which is
eventually filling the voids between clay particles.

3.2.3. Water absorption. Figure 9 shows a correlation between the increasing percentages of palm oil
waste which tend to increased water absorption. Increasing the percentages of POWs from 1% to 10%
into fired clay brick resulted in an increment of water absorption. The same pattern of water
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absorption for different types of palm oil waste is quite similar with the result in firing shrinkage
where POFAB absorb low water during 5 hours boiling test compared to PKSB, PFB and EFBB.
Meanwhile, it can be seen in the case of incorporation 5% and 10% of PF and EFB, there are narrow
differences in the water absorption; however both bricks still absorb high water content. This may
happen because the elimination of the organic matter from the brick bodies during sintering process
created numerous pores inside the brick.
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Figure 9. Water absorption of POW brick.

3.2.4. Compressive strength. Figure 10 shows that brick with higher percentage of waste obtained
lower strength. It is expected that PFB and EFBB contain high organic matter thus leave pores inside
brick during sintering process. By comparing different of POWs, waste contains lower organic content
such as POFA achieved higher compressive strength compared to waste with high organic content.
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Figure 10. Compressive strength of POW brick.

This might be due to a significant amount of silica in POFA is believed to contribute towards the
pozzolanic reaction during hydration thus improving binder with clay soil.
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4. Conclusion

The brick in this study was manufactured from clay and potential palm oil waste (PKS, POFA, PF and
EFB) by controlling the optimum ratio/percentages of waste into fired clay brick. Initial examination
on the brick appearance found that there are minimum defects such as minor crack and no bloating
were observed after firing. Regarding physical and mechanical properties, incorporation of palm oil
waste to the clay body increases the required water content for maintained the plasticity of the
mixture. Shrinkage of the brick is firmly increased to the expected stabilization effect of cellulose-
fibre which is mostly due to very high water content. The study has found that all the manufactured
POWs brick were under allowable limit of shrinkage and size variation of the brick samples were
virtually uniformed. The results indicated that is possible to incorporate 1% up to 10% of palm oil
waste into fired clay brick, which fulfills several limit standards and possesses mechanical properties
similar to those of control brick. However, incorporation of 20% and 30% of palm oil waste has found
to be failed due to major disintegration effect during sintering stage. It is noteworthy that 20% palm oil
waste content and above has a significant effect on the poor structure which leads to black coring
effect and causing poor surface texture of brick. However, this could be improved by increasing
mixing times or prolongs firing time in the next stage.

The recycling of these agricultural wastes may present clear advantages from economical and
technological aspect which are the reduction of costs related to use of alternative raw materials,
reduction of consume of virgin raw materials, the obtainment of porous bricks with insulating ability
when organic waste is used and the obtainment of bricks with excellent mechanical properties of using
palm oil waste.
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