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Abstract. Biomass is one of the agricultural waste that can be used as an alternative fuel substitute that is
converted first into a briquette, the goal is to become an environmentally friendly fuel. Corn cobs and rice
straw are one of the most common types of agricultural products in East Java, therefore alternative fuel
potentials that will be obtained will also be higher. Research conducted that is aimed at finding out the
characteristics of solid fuel (briquettes) include: Braket's heat values, briquette water content, briquette
gray content and drop tests on briquettes using a mixture of corn cobs and rice straw. Variation of a
mixture between corn cobs and rice straw of 1 kg, where 1 kg of corn cob and rice straw uses a mixture
ratio of 90%: 10%, 80%: 20%, 70%: 30%and 60%: 40%by using flour adhesive kanji of 0.001 kg. Also
uses two pressure variations, namely: A = 2500 kPa and B = 5000 kPa used in briquettes. The results of
research from the briquette characteristics such as: the highest heat value using a 90% corn cob mixture
and 10% rice straw obtained at 5546.74 Cal/gram. The most optimal water content uses an emphasis load
of 5000 kPa using a 90% corn cob mixture and 10% rice straw obtained a value of 11.30%. The most
optimal ash content also uses an emphasis load of 5000 kPa using a 90% corn cob mixture and 10% rice
straw obtained a value of 20.58%. While the drop test value on the briquette uses a 5000 kPa pressing load
using a 60% corn cob mixture and 40% rice straw obtained a value of 11.10% the large reduction of
pasticles when dropped from a height.
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1 Introduction

Biomass is an agricultural waste material that can be
used as a solution in overcoming the energy crisis that
occurs. In addition, biomass is a waste produced from
agriculture that can be converted into renewable
energy, so it is often used and used as a power plant or
used in the industrial world [8]. The biomass obtained
needs to be changed in shape into a briquette form,
where the process of making briquettes is carried out
by the process of compaction of organic material so
that it can turn into solid material [9]. The benefits of
biomass that are converted into briquettes can be used
into environmentally friendly fuels [10].

Corn cobs and rice straw are most commonly found in
East Java, because the average work of the surrounding
community is the agricultural sector. Corn cobs can
also reduce sulfur content and have content in
accordance with the SNI briquette standards [2]. Where
the composition in corn cobs has a crude fiber found in
corn cobs quite high at around 33%. While the
composition of cellululosa is 44% and the composition
of lignin is 33.3%, with this content corn cobs can be
used as alternative fuels [7]. In addition, corn cobs and
rice straw are residual waste from agricultural products
that can be used into alternative fuels [4].

The study was conducted [13], namely corn cobs
converted into briquettes made with a pressure of 22.42
kg/cm2 and 44.80 kg/cm2, the ash content and the
resulting heat values are better using greater pressure
variations. The study was also conducted by [1] mixing
corn cobs with rice husks into briquettes, where
variations in the mixture of corn and rice husks are
80:20, 70:30, 60:40 and 50:50. The durability produced
is the maximum when using a variation of 50% corn
cob and rice husk 50% [2]. Corn cobs are mixed with
coconut meat pulp. Research was carried out by [15]
Variations of 80 psi and 90 psi pressure variations,
besides that variations mixed with coconut meat and
corn cobs of 750 grams: 250 grams, 500 grams: 50
grams and 250 grams and 750 grams. The lowest ash
content and the highest heat value using a pressure of
80 psi with a mixture of 750 grams: 250 grams. From
the discussion of several studies of corn cobs using
mixed variations and using larger pressure has not
received better briquette charactericiktic.

Research on rice straw was also conducted [14]
Briquettes made with variations in the size of 5 mm, 10
mm and 15 mm of rice straw, the results obtained
increase in the size of the briquette material can
increase the consumption of briquette energy. The
study was conducted by [11] making rice straw
briquettes with the aim to determine the effect of
temperature, pressure and size of the briquette material,
the results obtained are the temperature increases with
the increase in pressure given and the finer the material
is used in the research process. From some of the
descriptions that have been discussed above, the
research that will be carried out aims to determine the
characteristics of the briquette (solid fuel) includes: the
heat of briquettes, briquette water content, gray content
of briquettes and drop tests on briquettes using a
mixture of corn and straw cobs Rice, variations in a
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mixture of corn cobs with rice straw 90%: 10%, 80%:
20%, 70%: 30%and 60%: 40%using starch adhesive.
Besides using the loading (pressing) of 2500 kPa and
5000 KPA given to the briquette results.

2 Methods

The method used in this study is the experimental
method during the research process, while the research
test site was tested in the ergonomics laboratory and
the laboratory of the automation and robotics system
for 3 months. The following is a hydraulic pressing
tool on the briquette material used in Figure 1. The
additional tool used is a pounding device, sieve with a
mesh 50 and a briquette mold with a height of 6 cm
and a diameter of 2 cm.

Caption:

1) Pressure Gauge  4) Fulida Hose,
2) piston house 5) Pump house

3) Piston 6) Briquette mold

Fig. 1. Briquette pressing tool.

The material used by corn cobs and rice straw as
biomass as shown in Figure 2. water and starch. The
material is obtained from the rice field area in
Arosbaya District, Bangkalan Regency.

(b)

(a)

Fig. 2. Carbonized biomass (a) corn cob, (b) rice straw.

Testing process

The testing process is a parameter of determining the
characteristics and quality of the briquettes. The testing
process carried out is heat values, water content and
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ash content are standard SNI No.1/6235/2000
(Iskandar et al., 2019). In addition, testing was also
carried out using ASTM D 440-86 R02, which was the
process of testing the briquette [5].

Briquette heat value

Calorimeter bomb tools are used to determine the
amount of heat values contained in briquettes (solid
fuel). The test was carried out at the Bakar Motor
Laboratory, Universitas Brawijaya in Malang. The tool
can determine the amount of heat released by the
briquettes (solid fuel) using oxygen and the volume
used is also fixed [13].

Briquette water content

The process of weighing briquettes before dried and re
-weighing briquettes after dried, the purpose is to
determine the water content contained in the briquette
material [6]. The process of weighing the material
using a digital scale. From these data, it is included in
Equation 1 (Salim, 2016).

BA-BK x100
K

% water content = B

(1)
Information:
BA= initial weight of the sample before dried (gram)

BK = dry weight after drying (gram)

Briquette ash content

The ash content in the briquette is measured by
weighing the weight on the briquette, then inserting it
into the furnace up to 5500C for 4 hours, after being
obtained then weighed and enter data in Equation 2 [3].

%PAC =2x100

Information:

PAC = ash content (gram)

D = the weight of the combustion ash (gram)
B = Briquette weight before burning (gram)

2

Drop test

Drop test is a test conducted on briquettes to determine
the strength of the briquette, where the testing process
is dropped using a height of 200 cm. After the testing,
the largest fraction of the briquettes was taken and
weighed again. Calculation of the number of broken
briquettes that are lost can use equation 3 [3].

mA-mE +100%

- ®

missing particles =

Information:
mA = Briquette weight before being dropped (gram)
mB = weight after after being dropped (gram)

3 Result and Discussion

Research on making briquettes (solid fuel) was
carried out using a biomass mixture, namely corn cob
and rice straw, both ingredients were mixed and using
a mixture variation and given a pressure load of 2500
kPa and 5000 kPa. From the results obtained, testing of
briquettes, the aim is to determine the characteristics of
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briquettes (solid fuel) such as the heat value of
briquettes, briquette water content and briquette drop
test.

Briquette heat value

[9] The value of heat in the briquette is a test carried
out on the briquette material in order to obtain a large
heat from each of the briquettes produced, the results
of the magnitude of the heat of the heat in the mixture
of corn and rice straw are shown in Figure 4. The
highest heat value uses a mixture 90% corn and 10%
rice straw obtained at 5546.74 Cal/gram, while the
lowest heat value using a 70% corn cob mixture and
30% rice straw obtained at 4879.87 Cal/gram. The heat
value is influenced by the amount of rice straw mixed
in corn cobs, where the heat value continues to decline
by adding rice straw by 20% and 30%. But by adding
rice straw by 40% of the heat value has increased
greater than a mixture of 30% rice straw. The
difference in heat value is caused by the water content
contained in each of the briquettes produced, therefore
the water content in the briquette can have a significant
effect on the heat value [15]. In addition, one of the
low heat values in the briquette is also due to the large
amount of ash composition [3].

Briquette heat value

1111

90%:10% 80%:20% 70%:30% 60%:40%

Corn cobs : rice straw

cal/gram

Fig. 3. The results of the heat value in the briquette

Briquette water content

The results of the water content contained in the
briquette material are shown in Figure 5, where the
water content produced by imposing an emphasis load
of 5000 kPa is more optimal than using an emphasis
load of 2500 kPa for all variations of the briquette
material mixture used. The water content uses the
lowest 2500 kPa pressing load using a 90% corn cob
mixture and 10% rice straw obtained a value of
12.86%, while the highest uses 80% corn cob mixture
and 20% of rice straw obtained a value of 22.00%. The
water content uses the lowest 5000 kPa pressing load
using a 90% corn cob mixture and 10% rice straw
obtained a value of 10.30%, while the highest uses a
70% corn cob mixture and 30% of rice straw obtained
a value of 15.00%. The temperature used is different in
the carbonization process using corn cobs and rice
straw, so the results of the water content obtained in
briquettes also have different values. In addition, the
size of the water content contained in the briquette is
strongly influenced by the size of the suppression load
given, where the greater the burden of the briquette
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pressing will produce a relatively low amount of water
[15]

“ Briquette water content
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Fig. 4. The results of the water content in the briquette

Ash content

Ash content is a substance that cannot be burned again
so that it leaves the remaining burning of the briquettes
(solid fuel), the results of the test of the ash levels are
shown in Figure 5. The value of the ash content uses
the emphasis load of 5000 kPa the results are more
optimal than using the pressing load of 2500 kPa for all
variations in the briquette material used. Where the
value of ash content is smaller, the higher the quality
and quality of the briquettes produced. The ash content
produced at the highest 2500 kPa emphasis uses a 70%
corn cob mixture and 30% rice straw obtained a value
of 32.00%, while the lowest uses a 90% corn cob
mixture and 10% rice straw obtained a value of
23.35%. The ash content produced at the highest 5000
kPa pressing uses a mixture of 70% corn cob and 30%
rice straw obtained a value of 25.45%, while the lowest
uses a 90% corn cob mixture and 10% rice straw
obtained a value of 20.58%. The result of ash content is
influenced by a mixture of corn cobs and rice straw
that have been used, where the less number of
additional rice straw to corn cobs, the higher value of
ash levels will be obtained. The ash content produced
by briquettes is getting smaller in the briquettes will
produce a very high heat value. Therefore the ash
content can be influenced by the heat value contained
in the briquette [13].

Briguette Ash content
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Fig. 5. The results of the ash content in the briquette

Briquette drop test

Drop test briquette aims to determine the level of
resistance of briquettes to shocks during the
transportation process and storage of materials [5], the
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results of the drop test test on the briquette are
supported in Figure 6. The drop test produced with an
emphasis load of 5000 KPA is more Maximum
compared to using an emphasis load of 2500 kPa for all
variations in the briquette material used. The greater
the emphasis given, it will increase the level of density
in each briquette particle, besides that the briquette
constituent particles will also be stronger and the more
bound to each other [3].

The drop test value continues to decrease with a
reduction in a mixture of corn cobs and the increase in
the number of mixed rice straw. The highest 2500 kPa
pressing load uses 90% corn cob mixture and 10% rice
straw obtained a value of 33.33%, while the lowest
uses a 60% corn cob mixture and 40% rice straw
obtained a value of 16.28%. The highest emphasis of
5000 kPa using a 90% corn cob mixture and 10% rice
straw obtained a value of 28.21%, while the lowest
uses a 60% corn cob mixture and 40% rice straw
obtained a value of 11.10%. The drying process in the
briquette can also affect the size of the drop test results,
because the binder used can be maximally binding if
the drying is done optimally.

Briquette drop test

50

40

30 4

20 A 2500 kPa
10 A 5000 kPa

particle reduction (%)

90%:10% 80%:20% 70%:30% 60%:40%
Corn cobs :rice straw

Fig. 6. The results of the drop test in the briquette

4 Conclusion

Research on briquettes (solid fuel) that has been
carried out using agricultural biomass (mixture of corn
and rice straw cobs) and 2500 kPa briquette
suppression load and 5000 kPa concluded including the
highest heat value using a mixture of 90% corn cobs
and 10% rice straw obtained by 5546.74 Cal/gram,
then using a slight mixture of rice straw can increase
the resulting heat value; The most optimal water
content uses the emphasis load of 2500 kPa using a
90% corn cob mixture and 10% rice straw obtained a
value of 12.86%. While using 5000 kPa also uses a
90% corn cob mixture and 10% rice straw obtained a
value of 10.30%; The most optimal ash content at the
emphasis load of 2500 kPa uses a 90% corn cob
mixture and 10% rice straw obtained a value of
23.35%. Whereas the pressure of 5000 kPa uses a 90%
corn cob mixture and 10% rice straw obtained a value
of 20.58%; The drop test uses an emphasis load of
2500 kPa using a 60% corn cob mixture and 40% rice
straw obtained a value of 16.28%. Whereas using an
emphasis load of 5000 kPa using a 60% corn cob
mixture and 40% rice straw obtained a value of 11.10%
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reduction in briquette particles when dropped from a
height.
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