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Abstract

In developing countries, the mismanagement of agricultural residues such as rice husks not only exacerbates environmental
pollution but also poses serious health risks. As a byproduct of the rice milling process, rice husks are abundant and largely
underutilized, presenting a significant opportunity for renewable energy generation. This study evaluates and models the thermal
properties of carbonized rice husk charcoal briquettes by analyzing the effects of varying clay soil binder ratios at five levels (0%,
5%, 10%, 15%, and 20%) and applied compaction pressures at three levels (6mm, 12mm, and 18mm) on burning temperature
and duration. It involves a total of 15 treatments arranged using a 5>3 factorial experiment in a completely randomized design,
with three replications for each treatment. The regression polynomial equation and modeling graph were developed to predict the
outcomes of each treatment combination, enabling the identification of the optimal burning temperature and duration based on
experimental findings and the modeling equation. The results showed that the treatment combination of 0% clay soil binder with
a 6mm compaction pressure level resulted in a burning temperature below 110<C, with the low burning temperature lasting less
than 5 minutes, the peak burning temperature of above 965 <C was achieved with 12 mm compaction pressure and a 5% clay soil
binder ratio, while the longest burning duration, exceeding two hours, occurred with 18 mm compaction pressure and a 20% clay
soil binder ratio. In general a lower clay soil binder ratio reduces ash content, increasing burning temperature, while medium
compaction pressure optimizes airflow for peak combustion. Future research could explore alternative binders, compaction
pressures, agricultural residues, moisture levels, and particle sizes to enhance burning temperature and duration.
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1. Introduction

In developing countries, the improper management of ag-  toxins into the air and contaminate soil and water sources [12,
ricultural residues poses serious challenges, including envi- 25, 15].
ronmental pollution and health risks. Accumulated residues, The rice milling process involves removing the husk from
often burned in open areas or dumpsites, release harmful rice grains to produce polished white rice. The husk, which
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constitutes the outer layer of the rice grain, is separated during
milling and often utilized as a byproduct, accounting for ap-
proximately 22% of the total grain proportion. Although
typically regarded as waste, rice husk contains around 75%
organic volatile compounds, making it a valuable resource for
various applications [24, 14]. Organic rice husks and their
varied compositions offer a promising renewable energy
source, ideal for heat generation or biofuel production [20].
The burning of husk can generate a substantial amount of

energy, offering an eco-friendly substitute for fossil fuels [24].

Nevertheless, untreated rice husks pose challenges due to
their bulkiness, irregular shape, high moisture content, and
low energy density, which hinder efficient handling, storage,
transportation, and utilization [4].

Rice husks undergo carbonization to create carbonized rice
husk, a more stable, energy-dense material with enhanced
properties such as increased carbon content, making it a val-
uable fuel source for energy generation [26]. Rice husk is
widely used to produce solid fuel variants such as pellets,
briquettes, and loose forms. After burning, it leads to the
formation of carbonized rice husk and residual rice husk bi-
ochar [13].

Briquettes, which are compressed blocks of coal dust or
flammable biomass materials, represent a significant renew-
able energy solution aimed at mitigating deforestation and the
excessive reliance on wood fuel. By providing a justifiable
and cost-efficient alternative, briquettes play a crucial role in
reducing the strain on forest ecosystems, fostering environ-
mental preservation, and advancing clean energy practices.
Their widespread adoption could serve as an essential step
toward viable development and climate resilience [21, 29].

The briquetting process for carbonized rice husk is influ-
enced by several critical factors. These include the moisture
content, particle size, and presence of impurities in the rice
husk, as well as the type, quality, and rice husk-to-binder ratio
of the binder. Other key parameters include compression
pressure, carbonization temperature and duration, compaction
method, drying technique, and the specifications of the bri-
quetting equipment. Furthermore, operational considerations
such as operator expertise, storage conditions, transportation
logistics, and market demand significantly affect the quality
and feasibility of the briquettes [22, 17].

The selection and quality of the binder utilized in rice husk
briquetting are paramount, as binders function as cohesive
agents that significantly enhance the structural integrity,
mechanical durability, and overall performance characteris-
tics of the briquettes [5]. A suitable binder for rice husk bri-
quetting must be affordable, widely available, and capable of
maintaining the combustion properties of the solid fuel. It
should also not compete with the human food supply. Due to
its adhesive characteristics, clay soil serves as an excellent
natural binder, enhancing the longevity and resilience of the
briquettes. This economical and maintainable approach sig-
nificantly improves the briquettes' quality, making them ideal
for use as cooking fuel and in energy generation [9].
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Compaction pressure denotes the force exerted to consoli-
date the mixture of rice husk and binder into high-density,
solid briquettes during the briquetting process. Achieving the
optimal compaction pressure is pivotal for fabricating robust,
mechanically stable briquettes that resist structural failure.
Excessive compaction pressure may induce over-compaction,
thereby impairing ignition properties, while inadequate
pressure can yield brittle or poorly bonded briquettes prone to
disintegration [30].

Consequently, this study aims to explore the thermal
properties of carbonized rice husk briquette charcoal by sys-
tematically evaluate the effects of varying clay soil binder
concentrations (0%, 5%, 10%, 15%, and 20%) and compac-
tion pressures (6 mm, 12 mm, and 18 mm). Key parameters,
including burning temperature and combustion duration, are
meticulously analyzed. A prominent aspect of this study lies
in the development of regression models, articulated through
both mathematical equations and graphical representations, to
comprehensively elucidate the dynamic interdependencies
among these factors, offering profound insights into their
influence on carbonized rice husk briquette charcoal perfor-
mance.

2. Material and Method

The study was conducted over a three-year period, from
2021 to 2023, at the Fogera National Rice Research and
Training Center, located in Wereta, Ethiopia. The research
activities took place within the workshop of the Agricultural
Engineering Research Department. The center is geograph-
ically situated at latitude of 11=58' N and a longitude of 37
41' E, with an elevation of 1810 meters above sea level.

2.1. Description of Research Materials

Carbonized rice husk briquetting is a viable and innovative
technology that repurposes agricultural waste, specifically
rice husks, as a renewable energy source. Through carboni-
zation, rice husks are transformed into environmentally
friendly charcoal alternatives, contributing to minimizing
reliance on traditional wood-based charcoal. The process
incorporates several essential components, including a car-
bonizer, hammer miller, mold maker, and cooking stove.

Carbonizer is designed to burn rice husks and produce bi-
ochar through controlled airflow. It features a pyramid shape
with a square base, measuring 56 cm in length and 25 cm in
height. The pyramid includes a 1 cm hole for airflow man-
agement, while a 100 cm-long tube with a 10 cm diameter
serves as the air intake system to regulate oxygen supply
during the carbonization process.

Hammer mill is designed to crush carbonized biochar into
fine powder. The biochar is manually fed through the feed
hopper, which serves as the entry point. A bottom screen
regulates the particle size, ensuring uniformity. The discharge
chute then directs the processed powder into a collection
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container, as illustrated in Figure 1 below.

Figure 1. Hammer Miller and Mold Maker.

Mold maker is shown in Figure 1, consists of a hydraulic
jack, a sturdy frame, and a prism-shaped piston designed to
compress the fermented mixture into briquette charcoal. The
piston measures 3.5 cm square at the base and 10 cm in height,
effectively molding the briquettes within the container. The
mold maker utilizes 36 cubes as molds to produce uniform
charcoal briquettes.

Cooking stoves are optimized to utilize charcoal briquettes
produced from rice husks, offering a bearable cooking fuel
source. Specifically designed for burning the briquettes ef-
fectively, these stoves provide a clean and efficient heat
source for cooking.

The laboratory research materials and instruments utilized
for testing the carbonized rice husk briquette process included
rice husks for charcoal production and clay soil as a binding

agent. Essential equipment comprised a precision balance for
accurate weighing, a plastic bucket for mixing, and a spade for
blending the materials. Further tools included a construction
spoon for shaping, an oven for drying the briquettes mold, and
a K-type thermocouple for precise temperature measurement
during the process.

2.2. Procedure of the Experiments

Rice husks were sourced from the Agricultural Engineering
Research rice milling workshop at the Fogera National Rice
Research and Training Center. After collection, the husks
were sun-dried to achieve the required average moisture
content. Using a carbonizer, the rice husks were burned under
controlled airflow to produce biochar. The resulting biochar
was then ground into a fine powder with a carbonized rice
husk hammer miller machine and stored in a plastic container
for a week to ensure uniformity. The binding agent, clay soil,
was subsequently mixed with the carbonized rice husk pow-
der in varying proportions to prepare the briquetting mixture.
The mixture was prepared by combining 2 kg of milled car-
bonized rice husk and clay soil with 2 liters of water, ensuring
thorough mixing for uniform consolidation. Following a
24-hour fermentation period, the blended biochar and clay
soil were transferred into a prism-shaped mold maker. Using a
hydraulic jack press, the mixture was compressed at levels
ranging from 6 mm to 18 mm, forming charcoal briquettes.
The hydraulic jack was operated by alternately lowering and
lifting it, allowing the biochar and clay binder to compress
while water drained over three to five minutes. The briquettes
were subsequently moisturized and placed on a leveled,
compacted chip wood surface for drying until the required
moisture content was achieved. Once dried, the briquettes,
weighing 300 grams each, were burned using a cooking stove.
The output burning temperature was then recorded with a
K-type thermocouple to evaluate performance.

Figure 2. Procedure of Carbonized Rice Husk Briquetting burning from starting and final stage.

2.3. Experiment Design

The study methodically investigates the effects of clay soil
binder ratios and compaction pressure levels on the burning
characteristics of carbonized rice husk briquettes, including

their burning temperature and duration. A factorial experi-
mental design was adopted, featuring three levels of applied
compaction pressure (6 mm, 12 mm, and 18 mm) and five
ratios of clay soil as a binding agent (0%, 5%, 10%, 15%, and
20%). This 3 x 5 full-factorial design enabled the analysis of
15 treatment combinations, with each combination replicated
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three times, resulting in a total of 45 experimental units. The
response variables—burning temperature and burning dura-
tion—were measured for each experimental unit to evaluate
the thermal performance of the briquettes. Statistical methods
were used to analyze the main effects of the clay soil binder
and compaction pressure, as well as their interaction effects.

2.4. Variables and Data Collection

The research study centered on the thermal properties and
quality of carbonized rice husk briquetting charcoal during
combustion, specifically examining burning temperature and
burning duration.

2.4.1. Independent Variables

The independent variables in this study consist of the
characteristics of rice husk, the ratio of clay soil binding agent,
and the level of applied compression pressure.

The rice husk was selected as the raw material for the ex-
periment. It was meticulously cleaned to remove any foreign
materials and dried to reduce the moisture content, directing
for better and more complete carbonization. Successively, the
paddy husk was changed into biochar through the process of
carbonization [23].

Clay soil was specifically chosen as the binding agent for
rice husk briquettes due to its easy availability. When com-
bined with carbonized rice husk powder, it forms a cohesive
mixture for compressed charcoal briquettes. In this experi-
ment, five levels of clay soil binding ratios were tested with
carbonized rice husk powder: 0% and 100%, 5% and 95%, 10%
and 90%, 15% and 85%, and 20% and 80%.

The accurate application of compression pressure is crucial
for consolidating the mixture of carbonized rice husk and
binding material, ensuring the production of durable and
resilient charcoal briquettes. Through the use of a hydraulic
jack, the compaction level was meticulously regulated to
reach the targeted density and structural strength of the bri-
quettes. This meticulous control assurances that the briquettes
not only retain their shape and quality but also burn efficiently.
In this study, three specific levels of applied compaction
pressure were selected, namely 6mm, 12mm, and 18mm.

A total of fifteen treatment combinations were conducted in
this study, involving the clay soil binding agent in conjunction
with applied compaction pressure levels. These combinations
include 0% and 6mm, 5% and 6mm, 10% and 6mm, 15% and
6mm, 20% and 6mm, 0% and 12mm, 5% and 12mm, 10% and
12mm, 15% and 12mm, 20% and 12mm, 0% and 18mm, 5%
and 18mm, 10% and 18mm, 15% and 18mm, and 20% and
18mm. Each combination was replicated three times to ensure
the reliability and consistency of the results.

2.4.2. Dependent Variables

The variables under observation for the charcoal briquettes
focus on the thermal attributes of carbonized rice husk bri-
quettes. These encompass burning temperature, duration of
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burning at that temperature, and the application of regression
models to develop predictive equations and graphical repre-
sentations. These metrics are fundamental for evaluating the
efficacy and functionality of the briquettes as a fuel source.

In the study, the burning temperature of charcoal derived
from carbonized rice husks was examined in relation to dif-
ferent independent variables. Factors such as the composition
of the rice husk, compaction pressure level of the briquettes,
and binder of clay soil material ratio combustion were con-
sidered. The carbonization process, which entails heating the
rice husks in the absence of oxygen, results in the conversion
of the organic material into a more carbon-rich and ener-
gy-dense form.

The transformation of rice husks into carbonized bri-
quetting charcoal not only enhances burning efficiency but
also contributes to reducing emissions associated with tradi-
tional fuels. To measure the burning temperature of the car-
bonized rice husk charcoal accurately, a K-type thermocouple
was utilized to record the temperature at 1-second intervals.
The recorded temperature values were then extracted from the
thermocouple storage and transferred to a computer in Excel
format. Each treatment involved replicating the temperature
measurements three times.

The duration of burning temperature is the length of time
that a carbonized rice husk briquetting charcoal maintains a
specific temperature during combustion. This duration is
influenced by the density of the briquettes and the presence of
binders during the burning process. The time of duration
recorded starting from the beginning to the end of the life span
of the burning of briquetting charcoal. The time of duration
was recorded by the K-type thermocouple device during re-
cording temperature. Simultaneously, it is also recording the
duration of the burning temperature at the time of the burning
the briquetting charcoal. The data collected provides insights
into the efficiency and effectiveness of the briquettes in
maintaining a consistent heat output. Analyzing these tem-
perature fluctuations can help in optimizing the formulation of
the briquettes.

2.4.3. Data Analysis

The analysis of the correlation between time and tempera-
ture in a burning carbonized rice husk briquetting charcoal
scenario was conducted using SPSS and Minitab 21 statisti-
cal software. Visual representation of the data was achieved
through a regression model, with time and temperature plot-
ted on the x-axis and y-axis respectively. The equation, de-
termined by calculating the slope, time, and intercept, indi-
cated the initial temperature of the charcoal at the beginning
of the experiment. This comprehension of the relationship
can offer valuable insights for chefs seeking to regulate the
cooking process when utilizing charcoal grills. Furthermore,
meticulous control and consideration of environmental fac-
tors such as airflow, humidity, and the charcoal type were
integrated into the experimental design.
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3. Result and Discussion

3.1. Regression Model of Burning Time and
Temperature

The temperature of charcoal was modeled using regression
analysis with time and temperature variables. Initially, a linear
regression model was used, but the complex nature of the
burning process required a switch to a polynomial regression
model. The burning temperature and the duration of burning
time are affected by the applied compaction pressure level and
the binding clay soil agent ratio. The relationship between
clay soil binding agent ratios and compaction pressure levels
is decisive for optimizing the charcoal briquetting process.
Detailed data collection, including precise monitoring of
temperatures with advanced sensors, has provided valuable
insights. The intricate nature of charcoal burning calls for a
nuanced optimization approach, especially through the use of
a polynomial regression model to accurately capture the
process complexities.

3.2. Effects of Clay Soil Binding Agent Ratios at
6 mm Compaction Pressure Level

In the modeling equation 1 and figure 3 below, a strong
correlation is observed between the compaction pressure level
at 6 mm compaction pressure level and absence of clay soil
binding (R=2= 98.95%). Low burning temperature (<110<C)
and short burning time (<5 minutes) associated with binding
agent. Inadequate compaction pressure and no binding agent
result in incomplete combustion, weak structure, and de-
creased burning temperature and time.

o
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Temperature (oC)
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Time(s)
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Figure 3. Interaction Effects of Zero Clay Soil Binding at 6 mm
Compaction Pressure Level on Burning Temperature and Burning
Temperature Duration.
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In Figure 4 and Modeling Equation 2, the increase in the
clay soil binding ratio to 5% significantly influenced burning
temperature and duration. At this clay soil percentage, the
regression line closely matched the observed values,
achieving an impressive R2value of 92.30%. The burning
temperature peaked above 965 <C, accompanied by a burning
duration exceeding 1.67 hours. The subsequent reduction
and stabilization of the burning temperature, as illustrated in
Figure 4, is attributed to variations in clay soil composition,
heat retention properties, and the material's structural integ-
rity.

T° = 36.98 — 0.38t + 5.13x1073t? — 4.3x107°t3 (1)

T° = 86.14 + 0.87t — 3.08x107*t2 + 107t (2)
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BOO
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Tirne(s)
Figure 4. Interaction Effects of 5% Clay Soil Binding ratio and 6 mm

Compaction Pressure Level on Burning Temperature and Burning
Temperature Duration.

In modeling equation 3 and figure 5 provided below, the
independent variables of the applied compaction pressure level
of 6 mm and the binding clay soil agent ratio of 10% exert a
profound influence on both the burning temperature of bri-
quetting and its duration. The findings demonstrate a coeffi-
cient of determination value of 73.70%, indicating that a con-
siderable portion of the variations in burning temperature and
duration can be attributed to the specified independent variables.
This level of determination indicates a moderately strong rela-
tionship between these factors and the outcomes measured.

T° =339.5 + 0.478t— 1.12x107*t2 + 10-¢t3 (3)
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Figure 5. Interaction Effects of 10% Clay Soil Binding ratio and 6

mm Compaction Pressure Level on Burning Temperature and

Burning Temperature Duration.

At a clay soil binding ratio of 15%, the R? value of 85.5%
signifies a strong correlation between burning temperature and
burning time. In this experimental treatment, both burning tem-
perature and burning time outperformed all other treatments,
with the burning temperature surpassing 972 degrees Celsius and
the burning duration exceeding 1.70 hours. The figure 6 displays
a distinct parabolic shape, indicating a gradual decline in tem-
perature rather than a sudden decrease. The exceptional perfor-
mance in both burning temperature and duration is attributed to
the meticulous balance of applied compaction pressure levels
with the percentage of clay soil binding ratio.

T° = 322.7+ 0.721t — 2.72x107*t2 + 1075 ¢3 (4)

1200
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Figure 6. Interaction Effects of 15% Clay Soil Binding ratio and 6

mm Compaction Pressure Level on Burning Temperature and
Burning Temperature Duration.
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The applied compaction pressure level of 6 mm and a clay
soil binding ratio of 20% significantly effect on the burning
temperature and burning time of briquetting, as evidenced by
the strong correlation with the R? value of 95.30%. This high
R? value indicates a predictable and strong relationship
between burning temperature and burning time, suggesting
that an increase in burning temperature is likely to result in a
corresponding increase in burning time. The regression
model equation 5 provided, along with figure 7, further
elucidates this relationship, offering insights into the precise
effects of the compaction pressure level and clay soil bind-
ing ratio on the burning characteristics of the briquettes.

T° = 162.1+ 0.693t — 2.51x107*t2 + 107¢t3 (5)

El
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Figure 7. Interaction Effects of 20% Clay Soil Binding ratio and 6

mm Compaction Pressure Level on Burning Temperature and
Burning Temperature Duration.

Figure 8 illustrates the combination interaction between
varying percentages of clay soil binding ratios and a constant
applied compaction pressure level of 6 mm. The output data
reveal diverse correlations and models for burning tempera-
ture and burning time duration across the range of binding
ratios. Notably, the burning temperature reaches its peak at a
clay soil binding ratio of 15%, followed by 5%, 20%, 10%,
and 0%, with the latter producing the lowest temperature. This
demonstrates that applying a compaction pressure of 6 mm
alongside a 15% clay soil binding ratio achieves the most
balanced and optimal results, with the highest burning tem-
perature and prolonged burning time duration. Accordingly,
this combination is recommended for maximizing both
burning temperature and duration. These findings are con-
sistent with those reported by [10, 6, 28, 19].
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Figure 8. Interaction Effects of 0%, 5%, 10%, 15% and 20% Clay Soil Binding Ratios and 6 mm Compaction Pressure Level on Burning

Temperature and Burning Temperature Duration.

3.3. Effects of Clay Soil Binding Agent Ratios at
12 mm Compaction Pressure Level

The modeling results reveal a significant association be-
tween the compaction pressure level of 12 mm and the per-
centage ratios of clay soil binding agent (0%, 5%, 10%, 15%,
and 20%) in relation to the burning temperature and burning
time duration of carbonized rice husk briquetting charcoal.

The regression modeling equation 6 and accompanying
figure 9 illustrate that utilizing a compaction pressure of
12mm with a clay soil binding ratio of zero leads to insignif-
icant burning temperature and burning duration outcomes.
The coefficient of determination value of 81.22% indicates a
moderately strong correlation between these variables. In
circumstances where no binding agent is incorporated, the
carbonized rice husk briquetting charcoal structures exhibit
poor cohesion and lack strength, impeding their capacity to
achieve the required burning temperature. The analysis re-
veals that this treatment combination does not produce burn-
ing temperatures surpassing 160 degrees Celsius or burning
durations exceeding 33.34 minutes.

Regression modeling, as presented in Figure 10 and Equa-

tion 7, highlights a significant positive correlation between a 5%

clay soil binding agent ratio and both the predicted burning
temperature and duration of carbonized rice husk briquetting
charcoal. The model demonstrates a strong alignment with
experimental data, supported by an R=2value of 91.17%, in-
dicating a robust correlation. Utilizing a 12 mm compaction
pressure combined with a 5% clay soil binding agent ratio
emerges as an optimal configuration, delivering favorable

burning temperature outcomes and an extended burning du-
ration of approximately 1.67 hours.

T° = 23.76 + 0.228t — 1x107*t* + 107%t> (6)
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Figure 9. Interaction Effects of 0% Clay Soil Binding ratio and 12
mm Compaction Pressure Level on Burning Temperature and
Burning Temperature Duration.

T° =314 + 0.727t — 2.36x107*t2 + 1073 (7)
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Figure 10. Interaction Effects of 5% Clay Soil Binding ratio and 12
mm Compaction Pressure Level on Burning Temperature and
Burning Temperature Duration.

T° =785.3 + 0.03t — 8.8x10™°t2 + 1076t3 (8)
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Figure 11. Interaction Effects of 10% Clay Soil Binding ratio and 12
mm Compaction Pressure Level on Burning Temperature and
Burning Temperature Duration.

In modeling Equation 8 and Figure 11, the burning tem-
perature and burning time results are analyzed at a 10% clay
soil binding agent ratio under an applied compaction pressure
level of 12 mm. The regression model demonstrates a strong
coefficient of determination, with an R=2value of 92.30%,
indicating a robust correlation between the anticipated burn-
ing temperature and burning duration. The burning tempera-
ture exhibited a significant peak during combustion but de-
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creased rapidly following the peak output.

T° = 285 + 0.68t — 2.79x107*t2 4+ 10763 (9)
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Figure 12. Interaction Effects of 15% Clay Soil Binding ratio and 12
mm Compaction Pressure Level on Burning Temperature and
Burning Temperature Duration.

The polynomial regression model, as represented by
Equation 9 and Figure 12, demonstrates the effect of a 15%
clay soil binding agent ratio under an applied compaction
pressure level of 12 mm on the dependent variables: burning
temperature and burning duration of carbonized rice husk
briquetting. With an R=3value of 83.9%, the model effectively
explains the variance in burning temperature relative to time
duration, highlighting its predictive strength for temperature
changes and optimization of the briquetting process. This
predictive capability facilitates precise adjustments to manu-
facturing parameters, enhancing both the quality and effi-
ciency of the final product.

The regression model detailed in equation 10 and illustrated
in figure 13 provided offers a precise representation of the
association between the burning temperature of carbonized
rice husk briquettes and the duration of burning, with a nota-
bly high R=value of 94.4%. The coefficient of determination
demonstrates a strong correlation between the burning tem-
perature and the duration of burning, accounting for the ap-
plied compaction pressure of 12 mm and the inclusion of a 20%
clay soil binding agent. The high R=salue underscores that the
variability in burning temperature is predominantly explained
by the burning duration, signifying a robust predictive rela-
tionship.

T° = 438.7 + 0.344t — 1.17x107* t? + 107> (10)
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Figure 13. Interaction Effects of 20% Clay Soil Binding ratio and 12 mm Compaction Pressure Level on Burning Temperature and Burning
Temperature Duration.

—12 mm and 0% clay
1001 —12 mm and 5% clay
—12 mm and 10% clay
12 mm and 15% clay
901 —12 mm and 20% clay
801
701
—
O
L ani
@
|
=5
B 501
1S
@
3
o 401
|
301
201
101
14

T T T T | T 1 I
1 1001 2001 3001 4001 SO01  BOD1 700
Time (S)

Figure 14. Interaction Effects of 0%, 5%, 10%, 15% and 20% Clay Soil Binding Ratios and 12 mm Compaction Pressure Level on Burning
Temperature and Burning Temperature Duration.
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The grouping figure 14 illustrates the association between in-
creasing percentages of clay soil binding ratio and a constant
applied compaction pressure level of 12 mm. The outputs for
burning temperature and burning time duration display varied
correlations and models across the range of binding ratios. The
combination modeling results reveal that the burning tempera-
ture peaks at a clay soil binding ratio of 5%, which at a minimum
clay soil binding of 5% is the output of burning temperature of
the carbonized rice husk briquetting charcoal maximum yield,
and at 20% of clay soil binding agent ratio the burning temper-
ature a little bit deviates from 5% clay soil binding ratio at the
commencement stage. Hence, the burning duration in this
treatment is extended, leading to a gradual reduction in the
burning temperature, which sets it apart from other treatments
that endure longer burning periods of more than 1.95 hours. At
10% and 15%, the clay soil binding agent reaches peak position
but immediately falls down, not staying more time at peak
burning temperature. While the binding ratio of clay soil at zero
percent, the output of the burning temperature, and the duration
of the burning period are very low, it is already valueless. From
the treatments, a 5% clay soil binding agent ratio resulted in the
maximum burning temperature, while a 20% clay soil binding
agent ratio ensured a longer burning duration. At the minimum
clay soil binding ratio and a medium level of compaction pres-
sure, the burning temperature output was highest. This outcome
demonstrates that a lower clay soil binding ratio minimizes ash
content, leading to a significantly higher burning temperature.
Additionally, the medium compaction pressure optimizes den-
sity and porosity, ensuring adequate airflow and achieving the
highest burning temperature. This finding is consistent with the
studies conducted by [11, 7, 27, 1, 29, 3].

3.4. Effects of Clay Soil Binding Agent Ratios at
18 mm Compaction Pressure Level

The modeling results indicate a sturdy association between
the compaction pressure level of 18 mm and the proportion of
clay soil binding agent at various percentages (0%, 5%, 10%,
15%, and 20%) of the burning temperature and duration of
carbonized rice husk briquettes. This implies that the different
treatment combinations exhibit significant correlated effects.

In the modeling equation 11 and modeling figure 15 pre-
sented, the compaction pressure at 18 mm without a clay soil
binding ratio results in a coefficient of determination of
78.95%. However, with a burning temperature of approxi-
mately 700 degrees Celsius, the maximum burning time du-
ration is 41.67 minutes. This treatment combination is deemed
unfeasible due to inadequate strength in briquetting and sub-
standard structure formation.

T° = 396.3 + 0.458t — 3.34x107*t? + 10753  (11)

63

Temperature (oC)

rd s . wun o - o
= =1 =1 = o o =
= = = = = = =

=
=

(=]

0 500 1000 1500

Time(s)

2000 2500

Figure 15. Interaction Effects of 0% Clay Soil Binding ratio and 18
mm Compaction Pressure Level on Burning Temperature and
Burning Temperature Duration.

T° = 546.4 + 0.337t — 1x107* t2 + 1073 (12)
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Figure 16. Interaction Effects of 5% Clay Soil Binding ratio and 18
mm Compaction Pressure Level on Burning Temperature and
Burning Temperature Duration.

In the modeling presented in equation 12 and figure 16, the
effects of an applied compaction pressure of 18 mm and a clay
soil binding ratio of 5% on the burning temperature and
burning duration of carbonized rice husk briquette charcoal
were analyzed. The coefficient of determination (RZindicates
a moderate correlation of 70.79%, comparing observed values
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with predicted outputs. While the actual burning temperature
values show some deviation from the predicted model output,
the burning duration.

The polynomial regression model equation 13 and figure 17

displays the compaction pressure applied at 18 mm and the 10%

clay soil binding agent, showcasing their interaction effects
on the burning temperature and burning time duration of the
carbonized rice husk briquetting charcoal. In this regression
modeling treatment, the coefficient of determination value is
95.28%, indicating a strong correlation between the variables,
which indicates that the regression model is a reliable tool for
predicting and controlling the burning characteristics of the
charcoal. Even this harmonized treatment combination gives a
good burning temperature, and the burning temperature lasts
more than 1.9 hours.

T° = —42.38 4+ 0.896t — 2.58x107*t2 + 1076t (13)
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Figure 17. Interaction Effects of 10% Clay Soil Binding ratio and 18
mm Compaction Pressure Level on Burning Temperature and
Burning Temperature Duration.

The polynomial regression model equation 14 and corre-
sponding figure 18 visually represent the combined effect of
compaction pressure at 18 mm and the inclusion of a 15% clay
soil binding agent on the burning temperature and burning
duration of carbonized rice husk briquettes. The high coeffi-
cient of determination value of 87.56% in this regression
analysis indicates a significant and healthy relationship be-
tween the predicted burning temperature and the duration of
burning. This correlation recommends that as the compaction
pressure and clay soil content are optimized, both the burning
temperature and duration can be effectively controlled to en-
hance the performance of carbonized rice husk briquettes.
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T° = —35.66 + 1.186t — 5.07x107*t? + 107° t3 (14)
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Figure 18. Interaction Effects of 15% Clay Soil Binding ratio and 18
mm Compaction Pressure Level on Burning Temperature and
Burning Temperature Duration.

T° = 2.38 + 0.582t — 1.57x107*t? + 107°t3 (15)
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Figure 19. Interaction Effects of 20% Clay Soil Binding ratio and 18
mm Compaction Pressure Level on Burning Temperature and
Burning Temperature Duration.

The polynomial regression model equation 15 and the
Figure 19 that goes with it show how the compaction pressure
at 18 mm and a 20% clay soil binding agent effect the tem-
perature at which carbonized rice husk briquettes burn and
how long they burn for. The R=2value of 82.17% in this re-
gression analysis indicates a significant and moderate rela-
tionship between the predicted burning temperature and the
duration of burning. The high R2value of 82.17% in the re-
gression analysis indicates that the model can effectively
capture and explain a substantial portion of the variability in
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burning temperature and duration based on the input varia-
bles.

The results presented in modeling Figure 20, which main-
tained a constant compaction pressure level of 18 mm while
varying the clay soil binding percentages (0%, 5%, 10%, 15%,
and 20%), indicate that the burning temperature reaches its
peak at a clay soil binding ratio of 5%. This ratio corresponds to
the optimal output for achieving the maximum burning tem-
perature yield. Additionally, a notably high burning tempera-
ture is observed at a clay soil binding ratio of 10%. At lower
clay soil ratios, the briquettes retain higher amounts of fixed
carbon and lower ash content, improving their combustion

efficiency and heat generation capabilities, which result in
higher burning temperatures. However, the longest duration of
sustained high burning temperature was recorded at the max-
imum clay soil binding ratio of 20%. In this specific treatment
combination, the briquettes achieved more than two hours of
sustained high burning temperature. This phenomenon can be
attributed to the combination of a highly compacted pressure
level and a high clay soil binding ratio of 20%, which together
produce a denser matrix that enhances the material's thermal
stability and allows it to withstand extended exposure to high
temperatures. The findings are reliable with those of scientists
suchas [2, 17, 8, 29, 18, 16].
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Figure 20. Interaction Effects of 0%, 5%, 10%, 15% and 20% Clay Soil Binding Ratios and 18 mm Compaction Pressure Level on Burning
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Figure 21. Interaction Effects of 0%, 5%, 10%, 15% and 20% Clay Soil Binding Ratios and 6mm, 12mm and 18 mm Compaction Pressure
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The overall polynomial regression modeling in Figure 21
illustrates the combined effect of compaction pressure levels
(6 mm, 12 mm, and 18 mm) and clay soil binding agent ratios
(0%, 5%, 10%, 15%, and 20%) on the burning temperature
and burning duration of carbonized rice husk briquettes. A
total of 15 treatment combinations were analyzed. The peak
burning temperature was observed at the treatment combina-
tion of a 6 mm compaction pressure level with a 10% clay soil
binding agent ratio. For an extended burning duration, the
peak burning temperature was recorded at the treatment
combination of a 12 mm compaction pressure level with a 5%
clay soil binding agent ratio. Moreover, a burning temperature
duration exceeding two hours was achieved at the treatment
combination of an 18 mm compaction pressure level with a 20%
clay soil binding agent ratio. These findings highlight the
significant influence of compaction pressure and clay soil
binding agent ratios on the burning temperature and duration
of carbonized rice husk briguettes.

4. Conclusion and Recommendation

The object of the study was evaluating and modeling the
effect of clay soil binding ratio and compaction pressure level
on the carbonized rice husk briquetting charcoal burning
temperature and duration. The parameters are burning tem-
perature and burning time duration of the carbonized rice husk
briquetting charcoal on the factors of applied compaction
pressure levels 6mm, 12 mm, and 18mm combined with the
binding clay soil ratio of 0%, 5%, 10%, 15%, and 20%.

At a compaction pressure level of 6 mm without the inclusion of
a clay soil binding agent, the coefficient of determination (R
value, which indicates a strong correlation, was 98.95%. Under
this treatment, the insufficient compaction pressure combined with
the absence of a binding agent resulted in incomplete combustion,
a fragile briquette structure, and reduced performance, with a
burning temperature of less than 110<C and a burning duration of
less than 5 minutes. In contrast, a treatment combination of a 6 mm
compaction pressure level with a 15% clay soil binding ratio
yielded an R3value of 85.50%, indicating a moderate correlation.
This combination achieved a balanced and optimal outcome,
producing the highest burning temperature exceeding 972<C and
an extended burning duration surpassing 1.70 hours.

In the treatment combination of a 12 mm compaction
pressure level with a zero percent clay soil binding agent ratio,
the coefficient of determination (R= is 81.22%, reflecting a
moderate correlation. This combination produces a burning
temperature that stays significantly low, under 160<C, and a
brief burning duration, restricted to just 41 minutes. In con-
trast, the treatment combination of a 12 mm compaction
pressure level with a 5% clay soil binding agent ratio achieves
an R=3value of 91.17%, denoting a strong correlation between
burning temperature and burning duration. This combination
produces a maximum temperature nearing 1000<C and ex-
tends the burning duration to approximately 1.67 hours. Fur-
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thermore, the treatment combination of an 12 mm compaction
pressure level with a 20% clay soil binding agent ratio ex-
hibits an impressive RZvalue of 94.4%, indicating a high level
of correlation. This combination delivers a burning duration
that exceeds 1.94 hours.

Under the treatment combination of an 18 mm compaction
pressure level with no clay soil binding agent, the regression
model indicates brief burning temperature duration of ap-
proximately 41.67 minutes. The highest burning temperature
is attained with an 18 mm compaction pressure level and a 5%
clay soil binding ratio, reflected by a moderately high R=value
of 78.95%. Meanwhile, the treatment involving an 18 mm
compaction pressure level and a 20% clay soil binding ratio
achieves the longest burning duration, surpassing two hours.
This combination also demonstrates a strong correlation, as
evidenced by an R=value of 82.17%.

In general across the 15 treatment combinations, the high-
est burning temperature was recorded with a 6 mm compac-
tion pressure level and a 10% clay soil binding ratio. For
prolonged burning duration, the peak burning temperature
was achieved at a 12 mm compaction pressure level combined
with a 5% clay soil binding ratio. Moreover, a burning dura-
tion exceeding two hours was observed with an 18 mm
compaction pressure level and a 20% clay soil binding ratio.

Based on the findings, it is advisable to prioritize the
treatment combinations of a 6 mm compaction pressure level
with a 10% clay soil binding ratio and a 12 mm compaction
pressure level with a 5% clay soil binding ratio to achieve the
highest burning temperatures. For extended burning durations,
the treatment combination of an 18 mm compaction pressure
level with a 20% clay soil binding ratio is recommended.
Future research could focus on evaluating alternative binder
materials, varying compaction pressures, and utilizing diverse
agricultural crop residues as potential sources for briquetting
charcoal. Furthermore, examining different moisture content
levels and particle sizes may offer valuable insights into en-
hancing the burning properties and overall efficiency of the
briquettes.
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