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Abstract. The significance of adhesive in the production of bio-briquettes
emerges as a pivotal element in attaining success throughout their creation
and utilization. Adhesive assumes a central function in consolidating the raw
components of bio—briquettes into a dense structure that can be efficiently
combusted. The use of adhesives, such as polyvinyl acetate or molasses,
affects the physical and chemical properties of bio—briquettes, including
their mechanical strength, moisture content, and calorific value. This study
aims to optimize the use of adhesives to enhance the durability and
performance of bio—briquettes. The optimum result of this research is bio-
briquette products that use 67 % polyvinyl acetate adhesive, with a durability
of 100 %, moisture content of 3.3 %, density of 1.23 g cm?, and calorific
value of 3 572.67 cal g'.
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1 Introduction

Worldwide cassava production in 2020 was approximately 302 x 10° t [1]. About 8 % to
12 % of cassava is comprised of the peel, which is typically discarded as domestic waste [2].
In other words, there is at least 24 x 10° t of unused cassava peel waste each year [3].
Cassava peel has the potential as a source of fuel, based on research results related to
cassava peel bio-briquettes with calorific value analysis results ranging from 3 700 cal g! to
7 500 cal g! [4-6]. The calorific values of bio-briquettes from several studies are able to meet
the Indonesian national standard with a minimum of 5 x 10% cal g!' [7], as well as the
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standards of several countries such as India and the European Union, which require a
minimum calorific value of 3 000 cal g! to 3 500 cal g! [8, 9].

At present, there are no cassava peel bio—briquette products available in the market,
indicating challenges related to product characteristics that do not yet meet the standards.
One crucial characteristic is the strength of bio—briquettes, as this parameter determines the
performance of bio—briquettes to withstand being dropped, crushed, or impacted during
usage, storage, and transportation [10].

The strength of bio—briquettes can be analyzed using the durability method, where the
bio-briquettes are dropped from a height of 1.85 m to 2 m onto a flat steel plate three to four
times, and the weight of the briquettes that do not break is then recorded. This data provides
an indication of the briquettes' ability to withstand mechanical handling [11-13].

The durability values of bio—briquettes from various raw materials have been studied,
including wheat (Triticum aestivum L.) straw, corn stalk (Dracaena fragrans (L.) Ker Gawl.)
residues, sunflower (Helianthus annuus L.) stalks, elephant grass (Pennisetum purpureum
Schumach), carinata (Brassica carinata A. Braun) straw, oat (Avena sativa L.) straw, and
sawdust. These materials can achieve a durability value of more than 90 % with the
appropriate method [14, 10]. The scarcity of research data concerning bio-briquettes made
from cassava peel charcoal can be attributed to the limited accessibility to production
techniques and associated data on their durability [15].

The objective of this research is to determine the impact of variations in the mass of
polyvinyl acetate and molasses binders on the durability test values of bio-briquettes made
from cassava peel charcoal raw material. In addition to durability analysis, analyses of
density, moisture content, and calorific value of the bio-briquette products are also
conducted.

2 Methods and material

The research was conducted at the Chemical Engineering Laboratory of University of
Muhammadiyah Jakarta 6°10'19.3"S 106°52'21.1"E) in August 2023. Caloric value analysis
was performed using a bomb calorimeter (Leco AC600, United States) at the Forensic
Laboratory of the Indonesian National Police (coordinates: 6°33'07.8"S 106°50'57.3"E).

The initial stage involves collecting cassava peels obtained from traditional markets
(coordinates: 6°14'04.3"S 106°58'25.0"E) Usually, they are gathered in separate containers
from household waste before being sent to the final disposal. The gathered cassava peels are
then washed with water to clean them from soil and other impurities while removing their
outer skins.

The next stage involves drying the cassava peels by sun—drying, followed by
carbonization at a temperature of 400 °C for 1 h using a furnace Nabertherm (Germany). The
resulting charcoal from the cassava peels still has relatively large particles, so it needs to be
size reduced using a blender Miyako (Indonesia) and then sieved (30 mesh) until it reaches a
small and uniform size.

Polyvinyl acetate (technical grade, Fox Indonesia) adhesive is mixed with variations of
67 %, 68 %, 69 %, 70 %, and 71 % of the charcoal mass. Then, 15.23 g of cassava peel
charcoal is mixed with each variation of adhesive until homogenous. The results of several
previous research indicate that plyvinyl acetate has been used as an adhesive, however, within
a lower composition range, it has not shown durability analysis results. Therefore,
experiments need to be conducted within a broader composition range [16, 17]. Other
products use molasses (Total Sugar As Invert 57.85 % to 62.80 %, Brix 84 %, density
1 428.57 kg m™) adhesive mixed with variations of 35 %, 36 %, 37 %, 38 %, and 39 % of
the charcoal mass. Then, 15.23 g of cassava peel charcoal is mixed with each variation of
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adhesive until homogeneous, A similar approach was taken with molasses-based adhesive.
In this study, preliminary experiments were conducted with a range of adhesive compositions
from low to high, and it was found that the selected range as the observed variable was able

to form strong product molds [18, 19].

The next step is the molding of cube—shaped bio—briquettes using a molding tool
measuring 2.5 cm x 2.5 cm % 2.5 cm, which is a standard commercial size [20]. The molding
process is done by hand pressure because using pressure—enhancing tools like hydraulic
would make it difficult to release the resulting product from the mold. The bio—briquette
cubes are then dried for 24 h for subsequent characteristic analysis. The research flowchart

is shown in Figure 1.
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Fig.1. Flowchart of cassava peel bio—briquette research using polyvinyl acetate or molasses adhesive.



BIO Web of Conferences 104, 00014 (2024) https://doi.org/10.1051/biocont/202410400014
34 ICON-BEAT 2022 and 4" ICoN-BEAT 2023

2.1 Tools and materials

The materials used in this research include cassava peel, polyvinyl acetate, and molasses. The
equipment used in this study are sieves, furnaces (Nabertherm, Germany), ovens (Memmert,
Germany), porcelain crucibles, digital balances (Adam Nimbus, United Kingdom), briquette
molds, and the bomb calorimeter (Leco AC600,United States).

2.2 Analysis

The product analysis is primarily focused on durability, density, and moisture content. For
calorific value analysis, only one sample is selected to determine if its value falls within the
standard product range. This section provides a more detailed explanation of the methods and
calculation procedures for each analysis.

2.2.1 Durability

Durability is a measure of a briquette's ability to withstand destructive forces such as
compression, impact, and friction during handling and transportation. The production of fine
particles or dust during use, transportation, and storage can have adverse health and
environmental impacts.

The durability analysis is conducted through the following steps: first, weighing the initial
mass of the bio-briquette sample (m1); subsequently, dropping the sample from a height of
2 m three times onto a solid surface. The next step involves weighing the sample again (m2)
and calculating the durability value using Equation (1) [10].

Durability (%) = Z—j x 100 % 1)

Where,
ml = Mass of bio—briquette before being dropped (g)
m2 = Mass of bio—briquette after being dropped (g)

2.2.2 Density

Density is an important observed variable for the purposes of bio-briquette storage and
transportation. Bio-briquette products with high density are preferred as fuel because they
have high calorific value and good combustion characteristics. Density analysis is carried out
by weighing dry bio—briquette samples and measuring the dimensions of the bio—briquette
cube; subsequently, density is calculated using Equation (2) [21].

p== O]
Where,
p = Density (g cm™)
m = Mass (g)

v =Volume (cm?)

2.2.3 Water content

Water content analysis is conducted to assess the quality of bio—briquettes, which is related
to their durability, combustion capability, and storage. The procedure involves weighing the
bio-briquette sample before drying, then placing the sample in an oven at 105 °C for
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3 h. Afterward, the sample is cooled in a desiccator until it reaches room temperature for
weighing. Subsequently, the water content is calculated using Equation (3) [22, 7].

ml-m2

Water content (%) = — X 100% 3)

Where,
ml = Sample mass before drying (g)
m2 = Sample mass after drying (g)

3 Result and discussion

The results of this study reveal the characteristics of bio—briquette products with varying
percentages of adhesive mass. For comparison, data from commercial coconut shell bio-
briquette samples were used, as shown in Table 1.

Table 1. Characteristics of coconut shell bio-briquette based on commercial samples and
SNI 01-6235-2000.

Observed
Number variable (unit) Value
1 Durability (%) 99.95 to 100
2 Density (g cm™) 0.97 to 1.00
3 Water content (%) 0.00 to 8.00

The characteristics of bio-briquettes with variations in polyvinyl acetate binder can be
seen in Table 2. The range of polyvinyl acetate percentage used ranged from 67 % to 71 %
with a 1 % interval. This range was chosen because below 67 % binder percentage, the
product couldn't adhere completely, leaving non—adherent fragments on the mold. On the
other hand, with a binder percentage above 71 %, it became difficult to mold as it was too
soft, resulting in inconsistent product dimensions.

Table 2. Characteristics of bio—briquettes from cassava peel charcoal with variations in the mass
percentage of polyvinyl acetate binder.

Observed variable N Mean + sdv
Durability (%) 5 99.942 +0.0346
Density (g cm™) 5 1.144 £ 0.0899
Water content (%) 5 2.954 + 0.6865

The characteristics of bio-briquettes with varying molasses binders can be seen in
Table 3. The range of molasses percentages used ranged from 35 % to 39 %, witha 1 %
interval. This was because at binder percentages below 35 %, the product couldn't adhere
properly and left non—adherent fragments in the mold. On the other hand, in products with
binders above 39 %, it became difficult to mold them due to excessive softness, resulting in
inconsistent product dimensions. Bio—briquette products with 50 % molasses adhesive have
a low density ranging from 0.81 g cmt0 0.91 g cm™ and a high moisture content exceeding
the Indonesian National Standard (SNI — Standar Nasional Indonesia) standard, which is
more than 8 % [23].
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Table 3. Characteristics of bio-briquettes from cassava peel charcoal with variations in the
mass percentage of molasses binder.

Mean + sdv
99.936 + 0.0266
1.006 £ 0.0181
5.314 £0.1891

Observed variable
Durability (%)
Density (g cm™)
Water content (%)

wn|wn|wn|Z

The statement discusses the examination of two different adhesives, polyvinyl acetate,
and molasses, for the purpose of forming a solid and intact cube. It was discovered that the
bio-briquette using polyvinyl acetate adhesive contained the most adhesive material, making
up more than half of the briquette's total mass. However, when considering the cost of
production, this approach is less economically efficient because polyvinyl acetate is a
commercially priced adhesive and is considerably more expensive than molasses [24].

The durability of bio-briquettes using polyvinyl acetate adhesive or molasses is generally
quite high. In the case of polyvinyl acetate adhesive with a content of 67 %, 70 %, and 71 %,
the durability meets the standard. Furthermore, for bio—briquettes using molasses adhesive
with a content of 35 %, 36 %, and 39 %, They generate durability test results that align with
the specified standards.

The density analysis results indicate that the addition of polyvinyl acetate adhesive
significantly increases the density of bio-briquette products, with the highest value reaching
1.25 g cm™. Meanwhile, molasses adhesive produces bio-briquettes with values that are
relatively close to the standard, ranging from 0.96 g cm™ to 1.03 g cm™>.

The results of the water content analysis show that both adhesives meet the SNI standard,
which requires values to be lower than 8 %. Bio—briquettes with polyvinyl acetate adhesive
have a lower moisture content, approximately 2 % to 4 %, compared to molasses adhesive,
which has a moisture content in the range of 5 %. The trend of increasing the amount of
adhesive influences a decrease in moisture content in both types of adhesives.

The calorific value testing of bio—briquettes was only conducted on samples considered
to have optimum characteristics based on previous test parameters such as durability, density,
and moisture content. The test results using the Leco AC600 bomb calorimeter yielded a
calorific value of 3 572.67 cal g™! for samples with 67 % polyvinyl acetate binder. This value
already meets the Indian standard of a minimum of 3 000 cal g”' and the European Union
standard of 3 500 cal g”!' but does not yet meet the Indonesian national standard (SNI) of 5
000 cal g'!. Meanwhile, samples with a 35 % molasses binder had a calorific value of 2
903.57 cal g”!, which does not meet any standard.

A higher density produces more compacted material, which enhances durability, durable
briquettes are obtained using high moisture content biomass [25]. Bio—briquettes with lower
density tend to have higher moisture content because there is less empty space to retain water.
Low moisture content enhances calorific value. Therefore, these three characteristics are
crucial to understand [26, 27].

4 Conclusion

The optimum result of this research is bio—briquette products that use 67 % polyvinyl acetate
adhesive, with a durability of 100 %, moisture content of 3.3 %, density of 1.23 g cm™, and
calorific value of 3 572.67 cal g!. After understanding the adhesive effects on the durability
of bio-briquettes, future research will focus on optimizing the calorific value of bio-briquettes
from a mixture of several types of raw materials. One avenue for exploration involves
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investigating a diverse range of biomass feedstocks and their potential combinations to
formulate briquette compositions with optimized calorific values.
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