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ABSTRACT

Nowadays, researchers focus on developing catalytic converters based on activated Article information:

carbon (AC) from organic waste to address environmental concerns. This study Submitted: 28/01/2025

presents a preliminary investigation into the application of catalytic converters Revised: 30/01/2025

through the synthesis of AC from coconut shells, with optimization achieved Accepted: 01/02/2025

through the implementation of fuzzy logic to ascertain the optimal properties of the Published: 15/02/2025

AC, specifically the activation temperature. The fuzzy logic approach has

determined that the optimal activation temperature is 950 °C. The effectiveness of Author correspondence:

this approach is substantiated by the successful synthesis of AC, as evidenced by * -

XRD, FTIR, and SEM-EDX analysis. The findings indicate that fuzzy logic muhamad.ulhakim@ubpkarawan
provides the most accurate activation temperature information, significantly g.ac.id

impacting the AC structure. The resulting yield and bulk density values were

26.29% and 0.519 g/ml, respectively. Proximate analysis indicates that the ash Type of article:

content (4.332%), moisture (7.211%), and volatile matter (16.321%) achieve an

FCC of 72.136%. The iodine number is a crucial parameter in evaluating the B Research papers

potential application of AC for the catalytic converter. The results demonstrated that )

the adsorption performance is achieved in 613 mg/g. In conclusion, the AC [ Review papers
produped_shows C(_)nsiderable potential for use as a_catalytic c_onverter. This This i an open access article under
assertion is substantiated by the successful evaluation of its efficacy in reducing CO the CC BY-NC license
and HC, respectively, by approximately 86.04% and 56.79%. To confirm the -
suitability of the catalytic converter for the vehicle. A series of dynamometer tests

were conducted to verify the catalytic converter's performance. The ensuing test
results exhibited a decline in torque and power values; however, these BY NC

measurements remained within acceptable parameters for typical daily utilization.

Keywords: Coconut shell, Activated carbon, Fuzzy logic, Catalytic converter,
Dynamometer tests.

1. Introduction
Despite the fact that gasoline motors have been meticulously crafted and utilize cutting-edge

technology, a number of studies have indicated that gasoline motors are a significant contributor to
pollution in urban environments. These engines emit a range of toxic gases, including hydrocarbons
(HC), carbon monoxide (CO), and nitrogen oxides (NOx) [1]. The automotive industry has beena signifi-
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cant contributor to air pollution, accounting for approximately 27% of emissions. Consequently, reducing
carbon output in this sector is crucial for attaining global climate stability [2]. To achieve this objective,
several regulations have been established regarding exhaust emission standards for vehicles. These include
the Euro VI standard, the Environmental Protection Agency (EPA) standard in the United States, and the
China VI-b standard [3]. It is, of course, the intention that all vehicles produced must comply with the
relevant exhaust gas standards in their respective regions. Furthermore, to comply with pertinent
regulations, approximately 85% of vehicles currently in production are equipped with catalytic converters
[4].

A catalytic converter is a critical vehicle component designed to transform toxic exhaust emissions
into environmentally friendly gases [5]. Various types of catalytic converters exist, including oxidation
catalysts [6], particulate filter catalytic converters [7], lean NOx trap (LNT) catalysts [8], selective catalytic
reduction (SCR) catalysts [9], and three-way catalytic converters (TWC) [10]. Among these, TWC
demonstrates the highest potential under specific operating conditions [11] as it simultaneously reduces
hydrocarbon (HC), carbon monoxide (CO), and nitrogen oxide (NOXx) emissions in internal combustion
engines, offering a competitive advantage [12]. Gunasekaran et al. [13] reported that TWC can effectively
reduce HC, CO, and NOx emissions by 55%, 38%, and 45%, respectively, while other studies have
indicated reductions of 60% for HC and CO, and up to 70% for NOx [14]. Despite its effectiveness, the
TWC has notable drawbacks, including a stoichiometric operation requirement that compromises the
engine efficiency. Additionally, the cost of certain TWC components poses a financial challenge [15-16].

Given these limitations, researchers have explored alternative catalytic converter technologies based
on activated carbon (AC) [17-21]. AC's porous structure and high surface area of AC make it an excellent
adsorbent material [22]. Hamid et al. [23] demonstrated that AC derived from banana peels could reduce
CO and NOx emissions by approximately 57% and 43%, respectively. Similarly, Fajri and Ghofur [24]
found that the AC from ulin wood reduced CO and HC emissions by 52.23% and 85.63%, respectively.
Sulton and Ghofur [25] further confirmed the effectiveness of AC from alaban wood, achieving reductions
of 75.69% for CO and 81.67% for HC emissions. These studies highlight the potential of AC-based
catalytic converters, particularly doughnut-shaped configurations, which enhance exhaust gas flow and
prevent congestion.

AC can be synthesized from agricultural waste, with coconut shell (CS) emerging as a promising
precursor due to its high carbon content and favorable physicochemical properties [26]. AC derived from
CS is distinguished by its high carbon content and favorable inherent properties [27]. However, the
structural characteristics of AC are highly dependent on synthesis parameters such as heating rate,
activation time, chemical agents, and activation temperature [28-29]. Among these, the activation
temperature plays a critical role in determining the pore structure and adsorption capacity of AC [30]. The
optimal activation temperature typically ranges from 900 to 1000 °C [31], but precise optimization within
this range is required. Therefore, this study aimed to evaluate the influence of activation temperature on
the structural and catalytic properties of AC derived from CS to ensure its suitability for emission control
applications.

Recent studies have explored various approaches to optimize material synthesis parameters,
particularly for the production of activated carbon (AC). Rajkumar et al. [32] demonstrated that fuzzy logic
is an effective tool for optimizing synthesis conditions, providing a systematic framework for identifying
the most suitable parameters. Similarly, Wang et al. (2023) highlighted the advantages of fuzzy logic in
accelerating the optimization process, reducing the computational time, and enhancing the overall process
efficiency [33]. Given these benefits, fuzzy logic has been widely adopted for parameter optimization in
material-processing applications. In this study, fuzzy logic was employed to determine the optimal
activation temperature for AC derived from CS to enhance its physicochemical properties and overall
performance.
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This study presents an initial investigation into the fabrication of AC-based catalytic converters. This
study focuses on examining the characteristics of AC derived from CS that has been optimized at an
activation temperature using fuzzy logic. The characteristics include physical properties, proximate
analysis, and adsorption performance based on the iodine number. Furthermore, this study conducted direct
testing related to the benefits of the AC in reducing exhaust emissions. AC is formed into a catalytic
converter and is applied to vehicles. Furthermore, this study encompassed the execution of additional
evaluative procedures, including power and torque assessments using dynamometer testing. This
evaluation was conducted to assess the performance of the vehicle both prior to and following the
implementation of the catalytic converter. Additionally, this evaluation was undertaken to ascertain the
impact of incorporating an activated carbon-based catalytic converter on vehicle engine performance.
These preliminary tests were conducted as a prelude to the subsequent large-scale production of AC, which
is intended for application as an advanced catalytic converter in the future. The operational principle of the
catalytic converter based on AC depends on its capacity to absorb the toxic gases produced by vehicles.
The authors posit that this research will prove instrumental in identifying AC with optimal properties,
which will have a significant impact on technological advancement. As a catalytic converter, it facilitates
the reduction of air pollution, thereby enabling the creation of environmentally friendly vehicles.

2. Methods
2.1. Fuzzy logic methodology

Fuzzy logic was used to determine the best activation temperature for AC. Previous studies [31] have
demonstrated that AC exhibits optimal activation at temperatures ranging from 900 to 1000 °C. The values
were processed using fuzzy logic to determine the optimal activation temperature. As illustrated in Figure
1, the fuzzy logic process comprises multiple steps. Fuzzy logic is chosen because it is the most powerful
technique for determining the relationship between the input and output. With this approach, fuzzy logic
manages uncertainty and process variability, providing optimal results despite the ambiguous nature of
inputs. This system is effective in improving the efficiency and quality of AC [34].

é )

Decision making
logic

Input Fuzzification

Defuzzification Output

Knowledge Base

Figure 1. Fuzzy logic system.

The initial step in the process entails the transformation of temperatures into fuzzy values through
the utilization of membership functions, such as “low”, “medium”, and “high” [35]. For instance, a
temperature of 900°C could be classified as "low," whereas a temperature of 1000°C could be designated
as “high.” This temperature was maintained for a predetermined duration of one hour during the activation
procedure. The process of converting crisp-valued data into fuzzy data is referred to as fuzzification, also
known as membership function [36]. Equation 1 illustrates the implementation of the triangular
membership function in this study.

\ ifx<a
== ifa<x<b (1)
_ Jb-a
Meriangular (%) = § c—x ifb<x<b
c—b' .
0 otherwise
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The selection of triangular membership functions is driven by their numerous advantages, including
straightforward interpretation, ease of use, and intuitive representation [37]. The triangular membership
function offers flexibility and efficiency, rendering it particularly well suited for scenarios in which the
effective temperature range (e.g., 900-1000 °C) can be delineated with a lower limit, an optimal
temperature, and an upper limit. In the context of AC synthesis, the use of a triangular membership function
ensures that the system operates at the optimal temperature, thereby yielding optimal outcomes. This is
achieved by considering the chemical and physical characteristics that affect the activation process.

A knowledge base comprising “If-Then” rules is employed, such as “if the temperature is low, then
the carbon quality is low” or “if the temperature is high, then the carbon quality is optimal.” The decision-
making logic processes these rules using fuzzy operations, such as AND and OR, to produce fuzzy outputs.
The fuzzy results were then converted to crisp values through defuzzification. For example, the centroid
method is used. The final output is an optimal temperature recommendation that can be used to set the
activation temperature [38].

2.2.  Chemicals and Instrumentations

The primary raw material used in this study was CS, which was collected from Karawang, West
Java. Chemical activation was performed using phosphoric acid (HsPO.) and deionized water to enhance
the porosity of the carbonized materials. Microporosity characterization was conducted through iodine
number analysis, which required hydrochloric acid (HCI), sodium thiosulfate (Na2S.0s), and starch. All
chemicals were purchased from Merck and used as received.

The instrumentation utilized in this study included a muffle furnace (Naberthem) for carbonization,
along with a crucible and lid for sample containment. A 200-mesh sieve filter was used to ensure a uniform
particle size distribution. Proximate analysis of the activated carbon was conducted to determine the ash
content, moisture content, volatile matter, and fixed carbon content (FCC). Further structural, chemical,
and morphological characterizations were carried out using X-ray diffraction (XRD) with a MiniFlex
Benchtop Diffractometer, Fourier-transform infrared (FTIR) spectroscopy using a Bruker Alpha Il, and
scanning electron microscopy-energy dispersive X-ray (SEM-EDX) with a Hitachi TM SU-3500.

Copper (Cu) powder and polyvinyl alcohol (PVA) were used as binding agents for the catalytic
converter. The activation process was conducted at various temperatures and durations to optimize the
physicochemical properties of the activated carbon. The final samples were comprehensively characterized
to assess their structural integrity, surface chemistry, and morphological features. These analyses provide
crucial insights into the properties and performance of CS-derived activated carbon, particularly for its
application in catalytic converter fabrication.

2.3. Preparation of activated carbon materials

Activated carbon (AC) was synthesized from CS through a chemical activation process using
phosphoric acid (HsPO4) as the activating agent, as illustrated in Figure 2. Initially, the CS was crushed
into small pieces and thoroughly washed with deionized water to remove any impurities. The cleaned
material was then subjected to solar drying for approximately three days, followed by oven drying at 110
°C for 5 h to eliminate any residual moisture. After drying, the CS was ground into a fine powder and
sieved using a 200-mesh filter to ensure a uniform particle size distribution.

The sieved material was immersed in 50 mL of phosphoric acid solution and stirred at 600 rpm for
1 h to facilitate chemical treatment. Subsequently, the impregnated material was filtered and dried at 100
°C for 5 h. The dried sample was then subjected to an activation process at a temperature determined by
fuzzy logic analysis, with an estimated processing time of 1 h. This optimized activation step aimed to
enhance the physicochemical properties of the resulting activated carbon.
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Figure 2. Activated carbon preparation process from CS.

2.4. Characterization and physical properties

The structural, chemical, and morphological properties of AC were analyzed using XRD, FTIR, and
SEM-EDX. XRD analysis was conducted to determine the crystallinity or amorphous nature of the
synthesized AC, employing Cu-Ka radiation (A = 0.15406 A) over a diffraction angle range of 10°-80°.
FTIR spectroscopy was utilized to identify surface functional groups within the AC, with spectral data
collected in the mid-infrared region (4000-500 cm™), following the methodology described in previous
studies [40]. SEM-EDX analysis was performed to determine the elemental composition of the AC and to
assess the effectiveness of the synthesis process [41].

In addition to structural characterization, the physical properties of AC were evaluated through yield
and bulk density measurements. The AC yield was calculated using Equation 2, defined as the ratio of the
final AC weight to the initial weight of raw coconut shell, expressed as a percentage [42]. Bulk density was
determined using Equation 3, adapted from Muleta (2024) [43], with slight modifications. The AC sample
was weighed and placed in a graduated cylinder, followed by the addition of liquid until the sample was
fully submerged. The total volume of the cylinder, including the AC, was then recorded to determine the
bulk density. These analyses provide insights into the physicochemical properties of AC and its suitability
for further applications.

. Weight of activated carbon
Yield (%) = —= ©®

x 100% 2)

Weight of raw material (g)

mass of activated carbon (g)

Bulk density = 3

volume of sample in the cylinder (ml)

2.5. Fixed carbon content

Proximate analysis was conducted to determine the fixed carbon content (FCC), along with ash
content, moisture content, and volatile matter. These analyses were performed in accordance with ASTM
standards, specifically ASTM D2866 [44] for ash conten, D2867 [45] for moisture content, and D5832
[46] for volatile matter determination.. The FCC was calculated using Equation 4 [47], providing insight
into the carbonization efficiency and quality of the produced activated carbon.

FCC (%) = 100% — (%A + %M + %V) 4)
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where %A, %M, and %V indicate the percentages of ash, moisture, and volatile matter, respectively.
Accordingly, to calculate the FCC, it is necessary to obtain the aforementioned values.

To determine the ash content, 1 g of AC was placed into a crucible and heated to 650 °C for
approximately 3 h. Thereafter, the remaining AC was weighed, and the ash content was calculated using
Equation 5 [48]. The moisture content was then determined using a series of steps. Initially, the crucible
was weighed, and then 1 g of AC was placed into the crucible. The weight is recorded. The crucible was
then heated at 150 °C for approximately 2 h and cooled to room temperature. Subsequently, the crucible
with the AC inside was weighed again, and the moisture content was calculated using Equation 6 [49],
where m,, represents the weight of the crucible, m, signifies the weight of the crucible with the AC inside
prior to the heating treatment, and m, denotes the weight of the crucible with the AC inside following the
heating treatment.

Weight of remaining activated carbon (g)

Ash (%) = x 100% (5)

Initial weight of the activated carbon prior to heating (g)

Moisture (%) = % x 100% (6)
1~ 1o

The procedure for determining the volatile matter, as described by Fito in 2023 [50], was as follows:
1 g of AC was heated at 950 °C for ~ 10 min. The sample was then cooled to room temperature.
Subsequently, the sample was weighed to observe the change in weight resulting from the heating
treatment. The volatile matter was calculated using Equation 7.

Volatile (%) === x 100% @)

Where A weight of the sample after the heating treatment, C is the weight of the sample before the heating
treatment, and B is the weight of the crucible used during this phase.

2.6. lodine number determination
The iodine number was analyzed according to ASTM D4607 [51]. The iodine number was
determined through a series of steps, beginning with weighing 1 g of AC. The sample was then transferred
to an Erlenmeyer flask containing 10 ml of 5% hydrochloric acid and boiled for approximately 30 s. The
solution was then cooled to room temperature. An iodine solution with a concentration of 0.1 M and volume
of 100 ml was introduced. The solution was then agitated for approximately 30 s. The mixture was filtered,
and the filtrate was set aside for further analysis. The remaining 50 ml of filtrate was titrated with 0.1 M
sodium thiosulfate until the solution exhibited a light yellow coloration. The solution was then titrated with
starch as an indicator until it displayed a blue coloration, which was repeated until a colorless solution was
achieved. The iodine number is employed as a means of observing the extent of microporosity present in
AC [52]. The quantity of iodine adsorbed per gram of AC was determined using Equation 8 [53]. The
microporosity of AC is a crucial factor in determining its efficacy for the adsorption of small molecules. A
higher iodine number indicates a greater degree of microporosity in the AC [54-55]. For catalytic converter
applications, the high microporosity of AC represents a significant advantage, given that the fundamental
operational principle of AC-based catalytic converters is the adsorption of noxious molecules present in
motor vehicle exhaust gases, thereby rendering the resulting exhaust gases more environmentally friendly
[20].
[(N1%12693)—(2.2%N1*126.93x5)]
M

lIodine Number =

@)

Where, N: represents the normality of the iodine solution (N), N: denotes the normality of the sodium
thiosulfate solution (N), S refers to the volume of sodium thiosulfate (mL), and M indicates the mass of
activated carbon (g).
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2.7. Fabrication of an Activated Carbon-Based Catalytic Converter

The AC-based catalytic converter was constructed using a doughnut-shaped model, with
specifications and measurements presented in Figure 3(a). The manufacturing process necessitated the
incorporation of supplementary materials, such as Cu powder and PVA. Cu powder is essential for
maintaining the stability of the catalytic converter and exhibits high thermal conductivity [56], whereas
PVA functions as a binding agent, to enhance the structural integrity of the catalytic converter [57].The
AC-based catalytic converter was fabricated by combining AC, Cu powder, and PVA in an 80%:15%:5%
(16:3:1) ratio. Figure 3(b) shows the mold of the manufactured catalytic converter. To evaluate the efficacy
of AC-based catalytic converters in reducing vehicle exhaust emissions, direct testing was conducted. This
assessment involved positioning the catalytic converter within the vehicle exhaust system, as shown in
Figure 3(c). Gas analyzer instruments were used to measure the performance. This initial investigation
examined AC's potential of AC as a catalytic converter by focusing on CO and HC emission analyses.
Furthermore, vehicles equipped with catalytic converters are subjected to dynamometer testing to
determine their performance. In this instance, the assessment concentrates on the engine output, specifically
whether there has been a significant decrease in performance. If the engine does not exhibit such a
reduction, the catalytic converter can be implemented in motor vehicles and subjected to further evaluation
on an industrial scale.

@) ff)/ ®)

Figure 3. Fabrication of the AC: (a) Design and dimensions of the catalytic converter, (b) catalytic converter based
on activated carbon fabricated in this work, and (c) illustration of the catalytic converter in the exhaust.

3. RESULT AND DISCUSSIONS

3.1. Fuzzy logic and proximate analysis

Fuzzy logic serves as an effective methodology for determining the optimal conditions for AC
synthesis. A critical component of this approach is the triangular membership function, which is employed
to identify the optimal activation temperature. Figure 4 illustrates the findings of this study. The results
indicate that 950 °C (medium-membership function) is the most suitable activation temperature for
producing high-quality AC. This finding corresponds to the optimization membership function, which
exhibits a membership degree of 1. Conversely, the low- and high-membership functions demonstrated low
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or negligible membership degrees. By utilizing fuzzy logic in AC synthesis, the process is not only
optimized but also provided with a robust framework for decision making in uncertain situations. This
method integrates expert knowledge and experimental data, resulting in more reliable and consistent
results. Furthermore, the triangular membership function utilized in this study offers a straightforward yet
efficient approach to model the relationship between the activation temperature and AC quality, rendering
it particularly advantageous for industrial applications.

Input Membership Function {Temperature)

1 | Low ' " Medium ' ' " High]
= 0.8 ‘*H_H - 7
0 ~
E o6l - .
=
5 0.4} e i
E
502 i
i} .
o 4l -

800 810 820 830 840 850 860 a70 880 890 1000

Temperature
Output Membership Function (Optimization)

1 [Low ' ' ' ' ' ' Medium " Highl]
= S
'_E "'\-.H.H. F, Y
w08 HH"‘-R 7
o S
Eo06 ' .
= .
5 0.4} ~ ]
5021 ]
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=] 0 .

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Optimization

Figure 4. Fuzzy membership function: (a) Input (temperature), (b) Output (optimization)

3.2.  Chemical analysis

AC was produced at an activation temperature of 950 °C. Table 1 displays the results of the
proximate analysis of the generated AC. The results revealed an AC yield of 26.29%, indicating that
approximately one-quarter of the initial coconut shell material was successfully transformed into AC
through the multi-stage synthesis process. Furthermore, the bulk density of the AC was measured at 0.519
g/ml, which represents the density of the final product. Ifa et al. (2021) suggested that AC derived from
natural coconut components typically has a bulk density ranging from 0.31 to 0.52 g/ml [58]. This finding
confirms the effectiveness of the synthesis method employed in this study, which uses fuzzy logic to control
the production process.

Table 1. AC characteristics derived from CS with an activated temperature of 950 °C.

Yield (%) Bulk density (g/ml) Ash (%) Moisture (%)  Volatile (%) FCC (%)
26.29 0.52 4.33 7.21 16.32 72.14

The ash content of the AC produced in this study was determined to be 4.653%. This value
substantiates the quantity of residues remaining after the combustion of the material. This ash content value
was determined as part of the evaluation of the purity level of the obtained AC. The moisture content was
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determined to be 12.348%. This finding indicates that the AC produced retains moisture content at this
level. Finally, the volatile matter content indicates the presence of material components that are prone to
buoyancy during combustion. The AC produced exhibited a volatile matter content of 39.863%. The
evaluation of these values led to the conclusion that the FCC of the manufactured AC was 72.136%. This
value is within the acceptable range stipulated by Ni’mah et al. (2024), who established that the FCC
percentage of AC produced must fall within a minimum of 65% to be deemed successful, as referred to in
SNI 06-3730-1995 [59].

3.2. XRD, FTIR and SEM-EDX Analysis
To support the proximate analysis results, XRD, FTIR, and SEM-EDX were conducted. XRD

characterization revealed that the AC had an amorphous structure. The diffraction peaks observed at 26 =
22° ( Figure 5) further substantiate this finding. This assertion is further substantiated by the conclusions
presented by Ahmad et al. (2022), who posited that AC possesses an amorphous structure, as substantiated
by the peak at 26 of approximately 22°. Additionally, a secondary pattern is identified in this graph at 26
of approximately 30°, precisely at 34°. The observed peak was attributed to the characteristic diffraction
pattern of calcite [60]. The finding of an amorphous structure is further corroborated by Prakash (2021),
who revealed broad and sharp peaks in XRD characterization indicating an amorphous structure for AC
[61].

5000

22 — AC derived from Coconut Shell
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Figure 5. The XRD pattern of the AC derived from the coconut shell.

FTIR analysis was employed to assess the AC characteristics. The results of the FTIR
characterization are illustrated in Figure 6, which presents the functional group patterns. FTIR spectra were
recorded in the transmittance mode within the range of 500-4000 cm*. The predominant functional groups
identified in AC include O-H, C-O, and C-H [62]. These functional groups are attributed to oxidation and
reduction processes occurring during activation [63]. Ge et al [64] further demonstrated that each functional
group corresponds to a specific wavelength region. For instance, the -OH stretching vibration appears at
approximately 3000-3700 cm- [64], while the C—H stretching vibrations of alkanes, alkenes, and aromatics
are observed within the range of 2800 — 3000 cm™ [65]. The absorption peak around 1600 cm is associated
with N-H bending vibration [66], whereas the peak at 1380 cm™ corresponds to the C—H bending vibration
[67]. Additionally, the C-O stretching vibrations in ethers, esters, and phenols are detected within the range
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of 1000-1300 cm™ [68], and the C—H bending vibrations are observed between 650-1000 cm™ [69].
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Figure 6. FTIR pattern of AC derived from coconut shell.

The functional groups identified in the FTIR patterns produced in this study are listed in Table 2.
The identification of all the functional groups required by AC indicates successful synthesis in this study.
Nevertheless, the presence of additional peaks indicates that the purity of the produced AC is compromised
by impurities.

Table 2. Functional groups of AC produced from coconut shell by FTIR analysis.

Wavenumber (cm?)  Type of vibration Functional group Ref.
3446 O-H stretching Hydroxyl (Alcohols, Phenols) [64]
2970 C-H stretching Alkanes, Alkenes, Aromatics [65]
2930 C-H stretching Alkanes, Alkenes, Aromatics [65]
2867 C-H stretching Alkanes, Alkenes, Aromatics [65]
1585 N-H bending Amines, Amides [66]
1381 C-H bending Alkenes, Aromatics [67]
1261 C-O stretching Ethers, esters, and phenols [68]
1056 C-O stretching Ethers, esters, and phenols [68]
1031 C-O stretching Ethers, esters, and phenols [68]
1011 C-O stretching Ethers, esters, and phenols [68]

877 C-H bending Aromatics, Alkenes [70]
804 C-H bending Aromatics, Alkenes [70]
755 C-H bending Aromatics, Alkenes [70]

In addition, SEM-EDX characterization was conducted to ascertain the morphological characteristics
of the AC and the elemental content. The morphological structure of the synthesized AC is depicted in
Figure 7, and the elemental content is summarized in Table 3. The figure shows that the morphological
structure of the produced AC was uneven, with pores of different sizes. The identified pores confirmed the
efficacy of the production process, as pores are the primary characteristic of AC. This observation is further
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substantiated by the finding that the AC produced is exceptionally suitable for catalyst applications.
According to Adeleye (2021), the presence of a substantial pore distribution in AC plays an important role
in enhancing the effectiveness of the catalyst in absorbing vehicle exhaust pollutants [71]. EDX analysis
showed that the carbon (C) content of the AC produced was approximately 72.4%, which was a good trend
in the AC synthesis process. However, other materials were identified. These materials may be impurities.

Figure 7. SEM of AC derived from coconut shells.

Table 3. Percentage of elements in AC with 950 °C activation temperature.

Element
Characteristics -
O Na Si K Total
Weight (%) 72.4 8.8 0.9 17.7 0.2 100
Atomic (%) 83.1 7.6 0.5 8.7 0.1 100

3.3. lodine number and vehicle performance

The iodine number test was used to evaluate the efficacy of the produced activated carbon (AC).
This method, as highlighted by Cendekia et al. [72], assesses AC's adsorption capabilities of AC. The test
results provide crucial information regarding the ability of the material to eliminate pollutants from water-
based solutions. Several factors, such as surface area, pore size distribution, and surface chemistry, can
affect AC's adsorption capacity of AC. Comprehending these aspects is essential for enhancing AC's
performance of AC in water treatment and developing more efficient adsorbent materials.

This study utilized the iodine number test to measure AC's effectiveness of AC as a catalytic
converter. The generated AC exhibited an iodine number of 613 mg/g, which is consistent with the medium
standard for gas adsorption application. To showcase its gas absorption abilities, the AC was shaped into a
doughnut-like catalytic converter and directly evaluated for its capacity to absorb exhaust gases,
particularly CO and HC. The test results, illustrated in Figure 8, demonstrate a substantial reduction in CO
exhaust emissions by approximately 86.04% and a significant decrease in HC emissions by approximately
56.79%. These findings suggest AC's potential of AC to reduce vehicle exhaust gas levels and its suitability
for large-scale industrial production. Additionally, the results support the notion that fuzzy logic can
effectively determine the optimal AC conditions.

Further testing was conducted to assess the impact of the AC as a catalytic converter on the vehicle
engine performance. This study aimed to determine whether incorporating an AC-based catalytic converter
would result in decreased engine performance.
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Figure 8. Comparison of exhaust emissions with and without a catalytic converter based on activated carbon.

A dynamometer was used to compare the power and torque values of the vehicle before and after
integrating the AC-based catalytic converter. The results of this investigation are presented in Table 4.The
test outcomes indicated that the catalytic converter led to a reduction in torque and power values. However,
catalytic converters continue to have a positive impact on vehicle performance, particularly in mitigating
exhaust emissions. The observed decrease in torque and power performance remained within acceptable
limits, making this a viable option for everyday use.

Table 4. Vehicle performance testing through a dynamometer test.

Sample Torque (Nm) Power (HP)
Without catalytic converter 14.94 8.70
With catalytic converter 14.57 8.58

HP= horse power

4. Conclusions

This study demonstrated that fuzzy logic provides valuable insights into the optimization of AC
synthesis, particularly in the context of temperature-based activation. Utilizing the triangle membership
function, this fuzzy logic method demonstrated that 950 °C is the optimal activation temperature, leading
to the realization of the most desirable properties in AC. Preliminary testing was conducted to investigate
the characteristics of the AC based on the findings. The testing procedures entailed a series of proximate
analyses, including the determination of ash content, moisture content, volatile matter, and FCC. The
outcomes of these analyses were expressed as 4.332%, 7.211%, 16.321%, and 72.136%, respectively.
Subsequently, the AC was subjected to iodine humber testing, a method used to ascertain its adsorption
performance. The iodine humber was 613 mg/g, confirming the efficacy of the AC for gas adsorption.
The effectiveness of the AC was demonstrated through its implementation as a catalytic converter, which
was subjected to direct testing to determine its capacity to reduce CO and HC exhaust gases. The
experimental findings revealed that the AC-based catalytic converter exhibited a significant reduction in
CO and HC levels by 86.04% and 56.79%, respectively. To confirm the suitability of the catalytic
converter for the vehicle, a series of dynamometer tests was performed. The ensuing test results exhibited
a decline in torque and power values; however, these measurements remained within acceptable
parameters for typical daily utilization. These findings are hypothesized to serve as a foundation for the
large-scale production of AC-based catalytic converters in industrial settings.
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