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ABSTRACT

Much Oil quantities inside bleaching earth (B) could be recycled to use. Hence, the
objective of this research was a study the fuel briquette (FB) production from B mixed with
biomass. The properties of FB was studied, i.e., heating value (HV), ash, fixed carbon, volatile
matter and moisture. The ratio of B: husk (H): the mixtute of tapioca starch and torch (TST) was
determined at 80:0:20, 70:20:10, 60:20:20 and 50:20:30. FB was dried by oven compared with
the sun drying. Results showed the HV of FB increased with'the increment of H quantity except
at the H quantity of 30%. Both drying methodicould decrease. moisture content of FB to the
suitable level at 7-15% (d.b.). The suitable mixed ratio.for FB production was 60:20:20. This
mixed ratio gave the good fuel properties corresponded. with the standard, excepting, the quantity
of ash and fixed carbon.
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INTRODUCTION Briquette shaping is formed by extrusion for a

Currently, Biomass is‘wildly used and dense, homogen-eous product because of good
continuously growing as an energy souree in physical pro-perties, easy to feed and handle.
domestic and industries [1, 2].Many countries Chumphon, Thailand has much palm oil plants
give to interest more and more tecycling into that bring about a lot of residual materials for
renewable energy [3-6]. Major advantages of example palm shell, palm fiber, and palm
biomass fuel have cheap resource, reduction of empty fruit bunch. Bleaching Earth is one of
biomass containing waste, low content of ash, the residual materials in palm oil production
carbon (C), nitro-gen (N) and trace elements|[7]. process. Bleaching Earth is clay that uses to
Many current research studies on this area, filter palm oil step and inside bleaching earth
Yumak et al.[8] exposed in different types of consist of much oil quantities. Many researches
brique-ttes product from soda weed to be used [13,14] revealed informa-tion to applying
as a rural fuel source. Munawar et al. [9] bleaching earth into any function such as filter
studied in biomass pellet made from solid to reduce the amount of steryl glucosides in
waste oil palm industry such as oil palm empty biodiesel and use to recyclable catalytic system
fruit bunch, oil palm frond, oil palm shell, and for synthesis. Forming process composes of
oil palm mesocarp. Saidur [7] reported in using many factors such as press forcing and
biomass as a fuel for boilers in industries. composition for mixing. In this study,
Including, Othman et al.[10] supported composition for mixing consists of husk,
evidence that could be recycled the plants to be bleaching earth and lubrication in various
reused as boiler. Addition, many agricul-tural proportions before pressing. Tapioca starch and
residues such as crops, husk, durian peel, torch are lubricants that use in cold pressing
potato pulp, wood chips, palm shell and oil methods. Hence, the objective of this study
palm empty fruit bunch were recycled [11,12]. was investigated the fuel briquette production
Shape of biomass can make in varieties formats that it was made of bleaching earth mixed with
such as pellets, cubes, cylindrical and briquette. biomass. Finally, we report and discuss in fuel
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briquette that was investigated the properties of
fuel, i.e., heat-ing value (HV), ash, fixed
carbon, volatile matter and moisture.

MATERIALS AND METHODS

Preparation of bleaching earth and
husk

Bleaching earth (B) used in this study was
obtained from palm oil plant, Chumphon,
Thailand. Most ingredients of B have waste oil
about 40% by weight. This waste oil was
adsorbed by soil. The husk (H) obtained from
rice mill in Chumphon province. Both B and H
may have the contaminations, e.g. pebbles,
scraps of wood, leaves, which these contami-
nations were eliminated by visual inspection.

Preparation of the liquid mixture
between paste tapioca starch and torch

Paste tapioca starch was mixed with torch
in ratio 1:1 and resulted in a liquid mixture of
paste tapioca starch and torch (TST). TST was
used to connect between the B and H for the
strength of FB.

Preparation of FB sample

Fig. 1 showed the component of miXing and
forming FB machine. This device ¢onsisted of
two main parts namely mixing unit.and
forming unit. Mixing unit had'the funetion for
stir and mixture. Aspect of mixing unit was
rectangular tank at top #€gion and cylindrical
tank at bottom area. Rectan-gular tank had the
width, length and height about41.5, 49.5 and
18 cm, respectively. The radius and length of
the cylindrical tank were 24 and'41.5 cm,
respectively. Total volume of both tanks was
74505.78 cm’. The stir blades about 15 blades
were installed inside cylindri-cal tank and were
driven by 0.75 kW motor at the revolution
velocity of 940 rpm. For forming unit, this unit
constituted compres-sive screw and cylinder.
The compressive screw was installed inside the
compressive cylinder. The diameter of screw
and cylinder were 4.3 and 4.5 cm, respectively.
The length of screw and cylinder were 20 cm.
A 0.75 kW motor was used to drive the
compressive screw. The fuel compression used
the revolution velocity of 20, 30, 40 and 50
rpm for the quest of a suitable revolution
velocity. The appropriate velocity estimated
from the length ratio of FB and the amount of
FB production. The length ratio and number of
FB received from five repetitions. In prepara-
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tion of FB sample, the B, H and TST which
obtained from previous process were mixed in
determined ratio as followed 80:0:20, 70:20:10,
60:20:20 and 50:20:30 for the quantity of B, H
and TST, respectively. All mixtures were
stirred about 20 minutes. Then, all ingredients
were formed into the FB by compression from
compressive screw. After through the forming
process, the FB had the outside and inside
diameter about 4.5 and 1.2 cm, respectively.
Then, this FB was cut to obtain the length of
10 cm that was the suitable length for testing
fuel properties. This length referred from the
ASTM standard [1,2]. Finally, the FB sample
was dried from the initial moisture content of
27-29% (d.b.) until its moisture content
remained about 8-15% (d.b.). Drying method
in this study was compared with two methods
namely sun drying for 8 hours and hot air
drying (hot air0ven) at 100°C for 6 hours. The
moisture content of EB obtained from five
repetitions. The FB sample after drying were
inspected the propérties of fuel.

Fuel.properties measurement

The FB $#ple was examined the properties
of fuel by the examination method followed
the standard of ASTM D7582 and D5865 [1,2].
The fuel properties analyzed in term of
moisture content, the heating value (HV), ash,
fixed carbon and volatile matter. All FB
samples were sent to analyze at the Thailand
Institute of Scientific and Technological
Research (TISTR). Analysis result was shown
by the average value of two repeti-tions.

RESULTS AND DISCUSSION

Revolution velocity for fuel compression

Fig. 2 showed that the effect of revolution
velocity on the FB length ratio and the amount
of FB production. The length ratio of FB
increased with the revolution velocity and the
amount of FB production for every the ratio of
B:H:TST in this study. This changed length
ratio caused from the increase of the velocity
of compressive screw. The maximum and
minimum FB length ratios were 29 and 65.2
cm/minute for the revolution velocity of 10
and 50 rpm, respectively.
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Compressive
cylinder

Fig. 1 Component of mixing and forming FB mac-
hine: a) mixing unit; b) forming unit; and c)
overall mixing and forming FB machine.

Fig. 3 presented that the FB length after
compression at the revolution velocity of 10,
20, 30 40 and 50 rpm. Before testing fuel
properties, the FB was cut to obtain the suita-
ble length at 10 cm. Aforementioned FB
length, the revolution velocity of 10 and 50
rpm gave the least and maimum amount of FB
production about 180 and 391 pieces per hour,
respectively. However, the lowest revolution
velocity could adequately produce themumber
of FB for testing fuel propertiess Thus, the
revolution velocity of 10 rpm was suitable for
producing FB sample.

Fig. 4 showed that the FB sample before
drying and after drying. The FB sample before
drying was black color as shown in Fig. 4a.
Sun drying and hot air drying was used in this
study to compare the effect of different drying
method on fuel properties. Sun and hot air
drying spent the drying time of 6 and 8 hours
for the moisture content reduction of FB in the
range of 8-15% (d.b.) [17,18,19]. The color of
FB changed from black to gray for both drying
method as shown in Fig. 4b.

Fuel properties

Fig. 5 represented that the moisture con-tent
of FB for each mixed ratio after drying by hot
air and sun drying. The FB had the initial
moisture content about 40-45% (d.b.). The hot
air drying could remove the moisture of FB
more than sun drying. Because of hot air drying
in oven Stir tank Compressive cylinder Stir
blade

could easily control the drying condition,
1.e., drying temperature and air velocity, while
those drying condition in sun drying hardly
controlled. The moisture transfer from FB
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decreased with the increase of H quantity. The
mixed ratio of 50:20:30 had the highest
moisture content about 10-15% (d.b.) after
drying because there was the highest husk
quantity which was obstacle the movement of
moisture. The FB at mixed ratio of 60:20:20
had the lowest moisture content about 6-9%
(d.b.) after drying.
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Fig. 2 The effect of the reyolution velocity on the
length ratio of FBdand the amount of FB
production.
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However, both drying process could dec-
rease the FB moisture content to appropriate a
range at around 8-15% (d.b.) [17,18,19].
Damirbas [17] reported that the moisture
content of FB obtained the effect from the
pressure of fuel compression. The moisture
could be removed from FB during compres-
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sion process. The appropriate moisture content
in FB will facilitate for fuel compres-sion.

Fig. 6 showed that the volatile matter
content of FB for each mixed ratio after drying
by hot air and sun drying. The quantity of
volatile matter increased with the decrease of
B and the increase of TST. The incremental
volatile matter content may cause from the
increase of torch quantity that was ingredient
in TST. Torch was a material which could
easily enkindle. The different drying method
did not significantly affect with the volatile
matter quantity, excepting, at the mixed ratio
of 80:0:20 for sun drying that showed the
lower volatile matter quantity. The volatile
matter quantity of FB for both drying method
was in the range of 40-54%. This volatile
matter quantity was similar with the other
biomass [20]. In general, FB or biomass
desired the high quantity of volatile matter
because the high volatile matter content
affected the increase of heating value.
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Fig. 5 The moisture content of FB for each mixed
ratio after drying by hot air and sun drying.
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Fig. 6 The volatile matter content of FB for each
mixed ratio after drying by hot air and sun

drying.

Fig. 7 presented that the fixed carbon
content of FB for each mixed ratio after drying
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by hot air and sun drying. The content of fixed
carbon did not significantly

difference for both drying method. The
fixed carbon content did not obviously change
with the mixed ratio of FB by the fixed carbon
content in both drying method had increased
trend when the TST quantity increased to 30%.
In good fuel should has the high fixed carbon
content which it implied the fuel could burn for
long duration. FB in this study had the low
fixed carbon about 4-8.4% when compare with
the standard (not less than 15%) [21] and the
other biomass, e.g., cane trash, rice husk and
rice straw [20]. The lowest fixed carbon
content found at the mixed ratio of B about
80%.
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Fig. 7 The fixed carbon content of FB for
each mixed ratio after drying by hot air and sun
drying. Fig. 8 represented that the ash content
of FB for each mixed ratio after drying by hot
air and sun drying. The quantity of ash
decreased with the reduction of B quantity in
fuel. This result showed that the B was poor
fuel. The increment of the quantity of H and
TST could increase to burn the FB and resulted
in the ash content diminished. The ash content
of FB was in the range of 27-48%. This result
corresponded with the research of Suhartini et
al. [22]. Their result showed that the ash
content about 34-40%. However, FB in this
study had still the ash content lower than the
criterion (not more than 20%) [21]. The
different drying method did not significantly
influence with the ash quantity, excepting, at
the mixed ratio of 80:0:20 for hot air drying
that showed the higher ash quantity.

Fig. 9 showed that the HV of FB for each
mixed ratio after drying by hot air and sun
drying. The distinct drying method did not
significantly affect with the HV, excepting, at
the mixed ratio of 80:0:20 for sun drying that
showed the lowest HV about 2,910 kcal/kg.
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The HV of FB increased with the increase of H
quantity due to the HV of H higher than B and
TST. Furthermore, this increment of HV
corresponded with the increase of volatile
matter content. The maximum HV was 3,800
kcal/kg at the mixed ratio of 60:20:20 for hot
air drying. However, the HV of FB decreased
at mixed ratio of 50:20:30. The decreased
result of HV indicated the B quantity should
not less than 60%. Moreover, the decrease of
HV may be explained the moisture content in
FB. Beker [23] accounted that the decrease of
the calorific values of briquette due to the
increase of moisture content within briquette.
The HV of FB in this study was higher than the
criterion (not less than 3,000 kcal/kg) [21],
excepting, at the mixed ratio of 80:0:20 for sun

drying.
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8 The ash content of FB for each mixed ratio
after drying by hotdair and sun drying.
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Fig. 9 The heating value of FB for each mixed ratio
after drying by hot air and sun drying.

CONCLUSIONS

The Bleaching earth could be used the
mixture for producing FB. The FB was
produced by the mixing and forming FB
machine. In forming process, the suitable
revolution velocity for compression was 10
rpm which the machine could produce the
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amount of FB about 180 pieces per hour. The
suitable mixed ratio of fuel briquette was
60:20:20 for the quantity of B, H and TST,
respectively. This mixed ratio gave the
maximum HYV, the high quantity of volatile
matter and the low quantity of ash. However,
the other properties should be improved, i.e.,
the moisture content should be decreased, the
fixed carbon quantity should be increased.
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