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Batujai Dam, Central Lombok Regency and the adhesive materials used are
wheat flour, tapioca flour and cement. The method used to test the water
content and density of the biobriquette was oven, while the calorific value
and the rate of combustion were by heating water from the biobriquette
combustion. The results showed that the biobriquette water content ranged
from 5.138% - 13.953%, density 0.412 g/cm?® - 0.513 g/cm?, calorific value
2984.520 cal - 4476.780 cal, and combustion rate 0.029543 g/s - 0.042431
g/s. Based on the test results, it is known that the addition of adhesive
material causes the water content, density, and combustion rate of the
biobriquette to increase but the calorific value tends to decrease.
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INTRODUCTION

The need for subsidized kerosene for tobacco ovens in the NTB region which uses
13,509 oven units reaches 45 million liters (Wijana & Nurchayati, 2013). The use of this
energy must be immediately balanced with the provision of alternative energy in order to
overcome the scarcity of petroleum energy sources (Elfiano, et al., 2014). If new energy
sources are not found, it is feared that industries that depend on petroleum will experience
an energy deficit (Ayuningtias, 2019). The use of wood as a substitute for kerosene for fuel
is widely used because the price is relatively cheap and easy to obtain. However, if it is
done continuously, it will decrease the potential of wood and cause serious problems for
environmental sustainability.

One of the opportunities as an alternative energy source is biomass by turning it
into briquettes. Biomass is organic materials derived from plants, animals, aquaculture
products and industrial waste (agriculture, plantations, forestry, livestock, and fisheries)
(Supriyatno & Crishna, 2010). Briquettes are solid fuels that are obtained from pressing
relatively small or irregular sized materials (Agustina & Syafrian, 2005). The use of
briquettes can save fossil fuel use and can reduce the impact of carbon emissions (Supatata,
et al., 2013).
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One of the biomass potentials that can be used as briquettes is water hyacinth. In
addition to its very fast growth, water hyacinth also contains many carbon elements,
especially cellulose (CéH10Os)n (Pangga & Ahzan, 2019). The cellulose content of dried
water hyacinth was quite high, namely 64.51% (Fachry, et al., 2010). So that water
hyacinth is very suitable as a raw material for making briquettes.

The quality of briquettes is not only determined by the raw material, but other
factors are the type and composition of the adhesive. The type of adhesive material will
have a different effect on the properties and characteristics of the resulting briquettes due
to differences in the chemical content of the adhesive (Lestari, et al., 2010). The results of
research by Utomo and Primastuti (2013) show that briquettes made from water hyacinth
with tapioca starch adhesive are better than wheat flour. In line with Erlinda Ningsih's
research, et al (2016) on the effect of the type of adhesive on briquettes, it is stated that the
best and meet the SNI among rubber latex, arpus, tapioca starch and sago is tapioca with
an adhesive composition of 20%.

Apart from the type of adhesive, the factor of the amount of adhesive can also affect
the quality of the briquettes (Permatasari & Utami, 2015). Based on research conducted
by Patabang (2011), it is known that variations in the amount of adhesive affect the quality
of the briquettes produced. The results of research by Amin, et al (2017) show that the
value of water content increases with increasing the percentage of adhesive on the
briquettes. However, the heating value reaches a maximum point for 7% tapioca adhesive.
The results of Hendra's research (2011) show that the best characteristics of water hyacinth
briquettes are water hyacinth charcoal briquettes with adhesive at 5%, for mixed briquettes
with adhesive by 12.5%, and water hyacinth biobriquettes with adhesive content of 15%.

The data above informs that water hyacinth is a good raw material for briquettes.
However, Firdaus (2011) explains that 30% of the total area of the Batujai Dam in Central
Lombok has been covered with water hyacinth. This suggests that its utilization has not
been maximized. This inspired me as a researcher to conduct research with the aim of
knowing the effect of the type and composition of the adhesive in making water hyacinth
biobriquettes on the physical properties and combustion rate of water hyacinth
biobriquettes.

METHOD
This research is an experimental research with literacy study. The research design
was carried out in 3 stages, namely.

Stage I: Preparing Tools and Materials

The tools used are O'hauss balance, briquette molder, calorimeter, sieve shaker, molded
cubes, stopwatch, stove oven, thermometer, drum, gas lighter. The material of this
research is water hyacinth which is found in Batujai Dam, Praya, Central Lombok
Regency. The adhesive consists of wheat flour, tapioca flour and cement.

Stage II: Making Biobriquettes

Water hyacinth is cleaned and cut into small pieces (+ 3-5 cm) and dried under the sun for
5x5 hours. Furthermore, the charcoal process uses a drum that is burned. The water
hyacinth charcoal is then crushed and sieved. Water hyacinth charcoal is added to each
adhesive (tapioca, wheat, and cement) which has been prepared at a ratio of 6%, 9%, 12%,
and 15% of the weight of the biobriquette sample and stirred until it becomes a biobriquette
dough. The mixed dough is put into a molder and then dried in a stove oven for 1 hour.
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Stage II1: Biobriquette Testing

The biobriquette was removed and allowed to cool. The resulting biobriquette is then
tested for its physical properties including water content, density and calorific value and
tested for its combustion rate. The methods used to test the physical properties and
combustion rate of the biobriquette are.
Water Content Testing

The water content of the briquettes was determined by oven method until the mass
was constant. Calculation of water content with the formula:

x100%

a
Water content =

a
Information:
a = mass of briquette (g)
b = mass of briquette after oven (g)
Density Testing
The density of the briquettes can be found after the briquette has gone through the
stove oven for 1 hour. Calculation of density using the formula:

_m
Py
Information:

p = density (gram/cm?)

m = mass of biobriquette (gram)
V = Biobriquette volume (cm?)
Calorific Value Testing
The calorific value is determined by heating the water with the briquette sample for
10 minutes. Then calculate the calorific value with the formula:
Q=mxcxAT
Information:
Q = Calorific Value (Joule)

m = Mass of water (kg)
¢ = Specific heat of water (J/kgK)
AT = Change in Temperature (K)
Combustion Rate Testing

The rate of combustion can be found by burning the briquette sample until it burns
out or until the briquette stops burning. Calculation of the rate of combustion with the
formula: Burn Rate = ?
Information:
m = mass of briquette burned (mass of initial briquette - mass of residual briquette) (g)

t = burning time (seconds)

RESULTS AND DISCUSSION

The quality of the briquettes is determined based on testing the physical properties
(water content, density and heating value) and the combustion rate of biobriquette. Good
briquettes must meet predetermined standards. The results of the research on physical
properties and combustion rate of water hyacinth biobriquettes can be seen in Table 1.
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Table 1. The results of testing the physical properties and the combustion rate of

The effect of the type and composition

biobriquettes
Adhesives  Adhesives Water Density Calorific Combustion
Types Composition Content (g/cm’) Value Rate
(%) (Cal) (8/5)
6 % 5.63 0.412 4178.328 3.06 x107°
Tapioca 9% 6.78 0.425 4476.780 3.29 x107°
flour 12 % 7.41 0.454 3879.876 3.54 x1072
15 % 12.95 0.482 3282.972 4.14 x107*
6 % 5.35 0.418 4178.328 3.54 x107°
Wheat 9% 7.35 0.435 3879.876 3.80 x107°
flour 12 % 8.01 0.450 3581.424 4.12 x107?
15 % 13.95 0.501 2984.520 424 x107°
6 % 5.14 0.436 4178.328 2.95 x107°
Cement 9% 7.82 0.470 4178.328 3.01 x10°°
12 % 9.46 0.490 3879.876 3.27 x107°
15 % 13.84 0.513 3282.972 3.59 x10°°

Based on Table 1 above, it can be explained in detail about the effect of the type and
composition of the adhesive on the physical properties and combustion rate of the
biobriquette as follows:

Water Content
The water content is the amount of water present in the briquette after the oven
process. The complete water content of the biobriquette produced can be seen in Figure 2.

14

9
|I|III

) 6% 9% 12% 15%
Adhesives Composition

Water Contrent (%)

®m Tapioca ™ Wheat = Cement

Figure 2. Water Content Percentage Graph

Based on Figure 2 it can be seen that the water content in the biobriquette ranges
from 5.138% - 13.953%. The biobriquette which has the lowest percentage of water content
is the biobriquette with cement adhesive at a composition of 6%. Meanwhile, the highest
water content in biobriquette with flour adhesive is 15%. The percentage of good water
content according to SNI-01-6235-2000 does not exceed 8%. The resulting water content
of the biobriquette that fulfills the characteristics according to the SNI above is biobriquette
with an adhesive composition of 6% and 9% for each type of adhesive, and a composition
of 12% for tapioca adhesive.

The data above informs that the water content of the briquettes is directly
proportional to the adhesive composition used. This is in line with research by
Ristianingsih, et al (2015) which states that the water content of briquettes is higher along
with the more adhesive composition used. Maryono, et al (2013) explained that the
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addition of the adhesive composition causes the briquette to have a higher density so that
the briquette pores will be smaller. Karim, et al (2016) added that the small porous
briquettes cause the water trapped inside it is difficult to evaporate during the oven process.

Apart from the adhesive composition, another factor that affects the water content
in the briquettes is the type of adhesive used. This is due to the chemical substances
contained in different adhesive materials. The best adhesive material is the one with the
least water content, namely cement with a composition of 6%. Cement is a hydraulic
adhesive that hardens when mixed with water. In addition, this adhesive is stronger than
organic adhesives such as tapioca and wheat, but the costs incurred are higher and produce
more ash (Miskah, et al, 2016).

Density
The density of briquettes is the ratio between the mass and the volume of briquettes.
The complete density of the resulting biobriquette can be seen in Figure 3.

0.60

0.40
0.20 I
0.00

6% 9% 12% 15%
Adhesives Composition

Density (g/cm3)

B Tapioca = Wheat ® Cement

Figure 3. Biobriquette Density Graph

Based on Figure 3 above, it can be seen that the type and composition of the adhesive
material has a different effect on the density of the biobriquette. The resulting biobriquette
density ranged from 0.412 g/cm® - 0.513 g/cm®. Biobriquette which has the lowest density
is biobriquette with tapioca adhesive at 6% composition. Meanwhile, the highest density
of cement adhesive is at the composition of 15%. The resulting biobriquette density has
met the density standard for commercial briquettes, which is above 0.4 g/cm?®. The
resulting density value of the biobriquette was higher as the composition of the adhesive
was used. This is due to the higher water content which causes the mass of the biobriquette
to be bigger with the volume of biobriquette that is kept constant. This is in line with the
research of Iriany, et al. (2016) which states that the higher the addition of adhesive causes
the briquette density to be higher because the adhesive will enter the briquette pores.
Fatmawati, et al, (2014) explained that the lower the density of a briquette, the easier it is
to burn, but it is brittle and easily destroyed due to too many air voids. Meanwhile,
briquettes with high density will increase the calorific value, but briquettes are difficult to
burn (Afriyanto, 2011).

Calorific Value

The calorific or heating value is the amount of heat energy released or generated by
a fuel through the combustion reaction of the fuel. The calorific value is the main
parameter in determining the quality of the biobriquette produced. The higher the calorific
value, the better the briquette quality. The complete calorific value of the resulting
biobriquette can be seen in Figure 4.
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Figure 4. Biobriquette Calorific Value Graph

Based on Figure 4 above, it can be seen that the type and composition of the adhesive
has a different effect on the calorific value of the biobriquette produced. The calorific value
of biobriquettes ranges from 2984.520 calories —4476.780 calories. The biobriquette which
has the lowest calorific value is the biobriquette with flour adhesive at a composition of
15%. Meanwhile, the highest calorific value in biobriquette with tapioca adhesive is at 9%
composition. This is because the calorific value is influenced by the water content of the
briquettes. The higher the amount of briquette water content, the lower the calorific value
produced. This is because the calorific value produced by the briquettes is first used to
evaporate the water trapped in the briquette before producing heat which 1s used as
combustion heat (Ismayana & Afriyanto, 2012).

Combustion Rate
The rate of combustion is the speed at which the briquettes burn out. The complete
combustion rate value of the resulting biobriquette can be seen in Figure 5.
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Figure 5. Biobriquette Combustion Rate Graph

Based on Figure 5 above, it can be seen that the type and composition of the adhesive
material has a different effect on the combustion rate of the resulting biobriquette. The
combustion rate of water hyacinth biobriquettes ranged from 0.029543 g/s - 0.042431 g/s.
Biobriquette with the lowest combustion rate is biobriquette with cement adhesive at a
composition of 6%. While the biobriquette with the highest combustion rate was the
biobriquette with wheat flour adhesive at a composition of 15%. The burning rate of the
biobriquette is directly proportional to the adhesive composition used. This is in line with
the results of Hendra's research (2011) that the combustion rate of biobriquettes is higher
as the more adhesive composition is used. The higher the combustion rate of the
briquettes, the faster the briquettes will burn out. This is because the combustion which
should be the briquette calorific value is used to evaporate the moisture content of the
briquette. The more the adhesive composition, the higher the biobriquette water content.
As a result, more water will be evaporated during the combustion process. This causes the
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briquettes to lose a lot of mass in a short time which results in the briquettes having a
higher combustion rate.

CONSLUSSION

The results showed that the lowest water content value was owned by cement
adhesive biobriquette 6% with a value of 5.138%, the highest was wheat flour adhesive
biobriquette 15% with a value of 13.953%. The lowest density was owned by 6% tapioca
adhesive biobriquette with a value of 0.412 g/cm?’, the highest was in the cement adhesive
biobriquette 15% with a value of 0.513 g/cm?®. The lowest calorific value is owned by
wheat flour adhesive biobriquette 15% with a value of 2984,520 calories, the highest is
tapioca adhesive biobriquette 9% with a value of 4476,780 calories. The lowest burning
rate was owned by 6% cement adhesive biobriquette with a value of 0.029543 g/s, the
highest was for 15% wheat flour adhesive biobriquette with a value of 0.042431 g/s. The
addition of adhesive causes the water content, density and combustion rate of the
biobriquette to increase but the calorific value tends to decrease.

RECOMMENTATION

Suggestions that can be recommended from this research are that in the
preparation, manufacturing and testing stages of biobriquettes, it is recommended to be
carried out simultaneously and obtain the same treatment to minimize the impact of
environmental factors in the form of temperature and humidity which cannot be
ascertained to be always the same at the time of research because it utilizes sunlight. In
addition, there is a need for further study of water hyacinth biobriquettes with different
variables to produce a value that is in accordance with the Indonesian National Standard
(SND).
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