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ABSTRACT

The aim of this research is to know the effect of binders
variation such as starch, used oil, coconut shell tar to the
properties of sawdust briquette for instance volatile meter,
ash content, fixed carbon content, water content, heating
value, specific weight, and density. By composition 50%
matrix and 50% binder, Sawdust crushing first in order to
get 20 mesh, after that sawdust briquettes was made using a
briquette pressing device with a pressure of 30 kg/cm?® The
result of the analysis obtained that sawdust briquette using
all variation of binders have heating value more than 4000
Cal/gr, that mean these briquette already meet the
requirement for briquette production.Briquette with used oil
as binder having better physical and mechanical properties
compared by adhesive from starch and coconut shell tar.

Key words:Sawdust briquette, Binder, starch, used oil,
coconut shell tar

1. INTRODUCTION

Indonesia is a developing country with agriculture and
plantation sectors as the main priority in their development.
Usually, agriculture and plantation sector always produce
biomass waste. Biomass waste rarely be used maximally.
Biomass and waste biomass can become source of
alternative energies to substitute energies from fossil
fuels[1].Recently, renewable energy sources should be
effectively utilized in order to meet the rapidly increasing
energy demand and has an even more important role.
Research about sawdust and neem powder as binder give
result that neem powder as binder for briquette form sawdust
can increasing the strength and having a little reduction in
burning rate[2]. The main advantage using biomass as
source of bioenergy products is have low bulk density,
particularly for sawdust and wood chip[3]. Characteristics of
different biomass briquettes such as sawdust, rice husks,
peanut shells, coconut fibers and palm fruit fibers has done
by Chin and Siddiqui[4]. The research applying differences
die pressures for their experimentally. The result shows that
the sawdust briquette has better overall handling
characteristics than other.

5352

Another research about process to made briquette from
biomass already done by Li and Liu[5], using high pressure
in range between 28 MPa to 138 MPa, the performance of
binderless briquette show thatthe strongest logs are made
with the oak sawdust, cottonwood sawdust next and the least
log with pine sawdust. Yaman et al.[6]have done research
how to produce fuel briquettes from olive refuse and paper
mill waste using difference pressure which was at range
between 150MPa to 250 MPa.These research to obtain the
maximum heating value, minimum ash content and
maximum compressive strength optimization. The optimal
values obtained for the studied briquetting process
parameters are a compression force of 588.6 kN, a sawdust
mass of 46.66% and a drying temperature of 22°C [7].

Zhang et al. [8]have declared that the briquette strength is
improved by adding the bentonite, coal tar and/or
polypropylene amide into rice straw-based binder. Ndiema
et al. [9]have investigated and concluded that die pressure
has a considerable effect on the size of biomass. Mani et al.
[10]have investigated the specific energy required to produce
the compact corn stoverbriquette and reported that the
density increases with increase in pressure.

Binders or adhesive on briquette production from
biomass,might have apositive outcome on the strength of the
wood pellets, in a similar way to the adhesive resin used in
the production of particleand fiber-boards. Starch, protein,
fiber, fat/oil, lignosulfonate,bentonite and modified cellulose
have been investigated as bindersto positively influence the
durability of densified products[11]-[14].

The lower moisture content of sawdust briquette can
produce lower cost as well[15]. Mechanical properties of
sawdust briquette depend on press machine, type of wood
and quantity of binder[15]. Material and process variables
that could additionally influence the physical and
mechanical characteristics of briquettes are compacting
pressure, moisture content, particle size distribution of
biomass raw material and temperature[16].

Wijianto et al. [17]have done research about mechanical
characteristic of kokas briquette using variation of binder,
the result of these research show that briquette with binder
from tar have good quality and better impact
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pressure.Briquettes produced with the three binders (starch,
enhanced treated biosolids and microalgae) show that
briquette those containing the microalgae binder were found
to be most durable, with a higher energy value, slower mass
loss during briquette combustion, and a higher afterglow
time[18].

High quality and storable briquettes can be produced from
the blend of carbonized corncobs and cassava starch, corn
starch and gelatin [19]. Tars obtained from bio-briquettes
and from biomass-free briquettes reduces the amount of
sulfur. The aromaticity of bio-tars was found to be lower
than that of the tars from the biomass-free briquettes. They
therefore contribute less to carcinogenicity, but they have
more oxygenated groups[20].

2. RESEARCH METHODOLOGY

The first step of this research is to design and manufacture a
briquette molding machine Fig. 1. This tool works by using
hydraulic power. These briquette molding machine
consisting of die and punch with briquette dimension@1 in
and 1 in high. In the next step is crushing sawdust and then
filters it into 20 mesh. Mixing with binders is done by
combining 50% of sawdust that has been meshed and 50%
of binder. Variation of adhesive are starch, tar and used oil.
After becoming a dough, then briquette is molded with a
pressure of 30 kg/cm®. One process of molding can be
produce 25 briquettes.

Drying is done until the water content in the briquettes is
less than 20%. Laboratory test is done to obtain percentage
of volatile meter, fixed carbon, percentage of dust, water
content, specific weight, and heating value every
combination of briquette specimen.

(@) Design of briquette molding
—— y
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(b) Construction of briquette molding machine
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(¢) Briquette molding
Figure 1: Briquette molding machine
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Figur 2: Briquette

Proximate analysis is an analysis conducted by testing the
briquettes to obtain the chemical composition of the
briquettes. This analysis includes water content, volatile
matter content, ash content, and fixed carbon content.
Volatile content is a number of substances that can evaporate
as a result of decomposition of compounds other than water
contained in briquettes. Ash content is the amount of
remaining ash resulting from the briquette burning process.
High ash content can reduce the heating value of the
briquettes so that the quality of the briquettes will decrease.
Fix carbon is a fixed carbon content in briquettes after the
water content, volatile matter, and ash content are separated.

The heating value shows the amount of heat energy
produced from the combustion process per unit mass of a
fuel. The heating value determines the quality of a fuel
where the higher the heating value, the better the quality of
the briquette. The heating value can be obtained from
various methods, one of which is by using the bomb
calorimeter method. Water content is the amount of water
contained in briquette. Briquette water content is the amount
of water contained in each mass unit of the briquette. The
water content of the briquette greatly affects the quality of
the briquettes where the smaller the briquette's water content
the higher the briquette's calorific value so that the quality of
the briquettes is better.
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Briquette density is a comparison between the density of
briquettes with the density of water (1gr/cm® or 1000 kg/m®).
The specificity of the briquette affects the heating value of
the briquette so that the greater the specific gravity of the
briquette, the greater the heating value of the briquette.
Density is the ratio between mass and object volume.
Briquette density is influenced by the shape, size, and
content of the briquettes themselves. Density affects the
combustion process. The greater the density of the object,
the greater its specific gravity, so the combustion rate will be
longer. Density also affects the size of the heating value. The
greater the density and the greater the specific gravity, the
greater the caloric value [21-22].

This research refers to the quality standard of briquettes so
that the briquettes produced can be classified as good quality
briquettes or not, as can be seen at table 1.

Table 1:Quality Standard for Briquette

Testing parameters Requirement
Percentage of Water content <20 %
Percentage of dust content 14-20 %
Heating Value > 4000 kal/gram
Pressure strength > 20 kg/cm®

3. RESULT AND DISCUSSION

In order to get results in accordance with standards, it is
necessary to using standard test number. Testing standards
are the process of ensuring the quality of product samples
against certain standard requirements.

Tabel 2:Standard testing number for briguette

Testing Name Standard Test Number
Volatile matter test ASTM D-3175
Ash content test ASTM D-3174
Fixed carbon test ASTM D-3172
Water content test ASTM D-3173
Heating value test ASTM 2015
Specific gravity test ASTM D-2395
density ASTM B-311-93
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Figure 3: Result for testing of saw dust briquette with variation of
adhesive are tar, used oil and starch.
(a) Water content test, (b) VVolatile meter test, (c) Ash content, (d)
Fixed carbon, (e) Density, (f) Heating value

Fig. 3 shows the results of several sawdust briquette
tests.According of fig. 3(a), it is clear that briquettes with
adhesives from used oil have more percentage of water
content. This briquette causes a longer for drying, compared
to briquettes from tar and starch as their adhesives. Starch
briquettes have the least moisture content, so it is fast in the
drying process. This is in line to the percentage volatile
meter fig. 3 (b) and density fig. 3(e) of the briquette. Indeed,
the high percentage of volatile meter can showing that
briquettes will be more flammable. On the other hand,
briquette with the highest ash content is found in briquettes
with tar as adhesive fig. 3(c). High of percentage ash content
will cause a decrease in briquette quality because it will
reduce the heating value.

The density of Briquette with used oil as adhesive is also
higher 3(e). As can be seen from fig. 3(d), briquette with
adhesive from used oil have lowest percentage of fixed
carbon, which is reach 0.86%, compared with others
adhesive that reach more than 6%. In line of this result, so
with low fixed carbon, comparable to high heating value,
which reaches above 7000 Cal/gr. Briquettes with tar as
adhesive have a lower heating value which is 5763.4 Cal/gr
followed by briquettes with starch as adhesive.

With a heat values more than 4000 Cal/gr of the entire
briquette specimens, so that the briquettes from this research
are feasible to be mass produced and can be substitute for
fuel derived from oil and gas.

4. CONCLUSION

According on the results of research and analysis above, the

following conclusions can be obtained:

1. In proximate testing, the highest volatile matter content
was obtained in the testing of briquettes with used oil
as adhesives at 89.79% and the smallest levels of
volatile substances were obtained on tar as adhesives at
84.01%. The largest ash content was obtained in the
briquette test with tar as adhesive at 4.9% and the
smallest ash content was obtained at starch as adhesive
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at 1.34%. The highest bonded carbon content was
obtained in the testing of briquettes with tar adhesive of
8.74%, and the lowest bound carbon content was
obtained in used oil adhesives of 0.86%.

2. The greatest water content was obtained in the testing
briquettes with oil adhesive at 5.41%, and the smallest
water content was obtained at tar adhesive at 2.35%.
The highest heating value was obtained from the
testing of teak sawdust briquettes with oil adhesive of
7143.67 Cal/gr, and the smallest heating value was
obtained from the starch adhesive glue of 4689.45
Cal/gr. The water content and heating value of
briquettes with variation of adhesive from tar, starch
and used oil have met the briquette quality standards.

3. The largest specific gravity was obtained in testing
briquettes with used oil adhesives of 0.61 and the
smallest specific gravity obtained on tar adhesives of
0.54. The largest mass meeting was obtained in the
testing of briquettes with oil adhesives of 0.49 gr/cm®,
and the smallest specific gravity was obtained on tar
adhesives of 0.31 gr/cm®,
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