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ABSTRACT

Carica Papaya or Papaya seed is one of the abundant agricultural
residues that contain carbon atoms. This study evaluated the role of
activated carbon as essential catalyst support. Papaya seeds were dried,

crushed, and activated using sulfuric acid. After being chemically
activated, carbon was physically activated through heating. At 110 °C.
The synthesized activated carbon was then impregnated with NaOH for
contact time variation (180, 240, 300, and 360 minutes) with varying
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Keywords alkaline concentrations (30, 40, 50, and 60%). The synthesized
Activated Carbon supported catalyst on activated carbon was morphologically
Catalyst characterized through SEM. Additionally, the structure and elemental
NaOH composition of the supported catalyst were analyzed with EDX. It was
Papaya Seed found that morphologically, concentration enhanced NaOH dispersion
Support onto activated carbon in positive means with a 20% NaOH

concentration increase by 0.6%. On the other hand, impregnation time
displayed a maximum point, after which the impregnation process did
not proceed significantly from 240 to 360 minutes by 1.25%. Moreover,
impregnated activated carbon also presented an identical trend, with
Sodium and Oxygen substances being impregnated in the same manner
for both impregnation parameter variations. On top of that, the
structure analysis through XRD depicted the potential heterogeneous
solid catalytic performance of NaOH supported with activated carbon
from papaya seed. The findings showed that activated carbon from
Papaya seed with NaOH impregnation has the potential for Biodiesel
production as a heterogeneous catalyst.

This is an open access article under the CC-BY-SA license.

1. Introduction

Currently, over sixty-seven percent of global energy is supported by nonrenewable energy
sources [1]. The rapid depletion of fossil fuel sources demands fast and readily available renewable
energy sources to fulfill their constantly increasing demand. Biofuel, as an alternative to fossil fuel,
has a lower carbon footprint [2]. Biomass that acts as a source of biofuel has a wide variety of
potential biofuel products [3]. With more than 17,000 islands [4], Indonesia has substantial plants or
biomass available. This enormous availability of biomass residues is still a tiny amount of energy
utilized [5]. The area covered with biomass is almost 3 million hectares and its biomass waste
potential for energy production is nearly 50,000 MW [6].

One of the readily available and abundant biomass sources in Indonesia is papaya. It is proven by
being one of the most Papaya-producing nations among Brazil, Mexico, and India [7]. Papaya is one
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of the five major tropical fruits ranked after Banana, Mango, and Pineapple [8]. One underutilized
residue from the papaya tree is its seed. Papaya seed contains compounds that remain underutilized
for value-added applications. The content of Papaya seed is shown in Table 1 [9].

Table 1. Papaya Seed Components

Papaya Seed Components
Contents Fat Protein Ash Carbohydrates Liquids
Percentage 9.5 8.5 1.47 9.44 71.89

Table 1 shows that Papaya seed contains carbohydrates and ash, which comprise approximately
ten percent of its seed, consisting of carbon atoms that can be converted into activated carbon. The
use of papaya seeds as raw material for activated carbon synthesis has been studied. Its further use
as an adsorbent is also widely understood for dying material, toxic material, and heavy metal
adsorptions [10], [11], [12].

Another function of activated carbon, besides the mentioned application studies, is catalyst
support. Catalyst support from activated carbon has advantages such as its high surface area,
abundance, and ease of preparation [13], [14]. The catalyst support is necessary for heterogeneous
catalysts to enhance catalyst performance by maximizing the contacting area of catalyst material to
reactants [15]. Among catalytic reactions, transesterification extensively utilizes heterogeneous
catalysts. Its product is methyl ester or Biodiesel, one of the biofuels synthesized from natural raw
materials. The use of essential heterogeneous catalysts in such reactions, namely CaO, NaOH, KOH,
and other necessary materials, has been investigated extensively.

Until now, research on activated carbon from Papaya seed as essential catalyst support has not
been comprehensively investigated. This research aimed to analyze and evaluate the performance of
papaya seed-based activated carbon for catalyst support function.

2. Research Methodology

2.1. Materials

In this research, the utilized materials were Papaya seed from the local market of Lhokseumawe,
H2S04 (98% purity) Merck used as an activating agent, sodium hydroxide (NaOH) Merck, litmus
paper, and distilled water. On the other hand, the apparatus employed were analytical balance,
hotplate, magnetic stirrer, volume pipette, filter paper, oven, furnace, porcelain cup, beaker glass
(Pyrex), Erlenmeyer (Pyrex), volumetric flask, and sieve mesh 80.

2.2. Procedures

The procedures conducted in this research were first activated carbon preparation from Papay
seed, followed by NaOH impregnation on the synthesized activated carbon. After that, the NaOH-
impregnated activated carbon was characterized. The diagram of the research methodology is shown
in Fig. 1.

1) Activated Carbon Preparation

The primary procedure in this research involved synthesizing activated carbon from papaya seeds
and impregnating it with a primary chemical. Collected papaya seed was washed and dried under the
sun's light for two days. Then, the dried papaya seed was mashed and sieved with 80 mesh size. To
synthesize activated carbon, the dried papaya seed needed to be activated. This study managed
chemical activation for activating carbon. [16] employed acid such as sulfuric acid. Dried papaya
seed was soaked and stirred in a 10% sulfuric acid mixture for 3 hours to achieve a rough, irregular
surface in addition to its cavities for surface improvement [17]. After being soaked in an acidic
mixture, the activated carbon was dried in an oven at 110°C for 12 hours and then rinsed with
distilled water to neutralize its pH. To evaporate water, synthesized activated carbon was dried in an
oven at 110°C for 2 hours.

2) NaOH Impreganation

The synthesized activated carbon from papaya seed was then impregnated with sodium
hydroxide. The method was based on [18], [19], [20]. Fifteen milliliters of NaOH mixture with
varying concentrations of 30%, 40%, 50%, and 60% (wt/wt) was mixed with 10 grams of activated
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carbon. Moreover, the duration of the impregnation step also varied to 180, 240, 300, and 360
minutes, stirring at room temperature. After impregnation, the catalyst with activated carbon support
was dried in an oven at 110°C for 12 hours. To enhance the activity of metal on the activated carbon
support, the dried supported catalyst was calcined at 300°C for 1 hour, under which it was proven to
synthesize outstanding products of supported carbon properties, such as dispersed chemicals and
morphology [16], [21].

3) Supported Catalyst Characterization
The synthesized supported NaOH catalyst on activated carbon was characterized quantitatively to
observe its morphological information and existing substance. Scanning Electron Microscope-
Energy Dispersive X-ray spectroscopy (SEM-EDX) was conducted on the samples to comprehend
such knowledge. The instrument utilized for analysis was Thermo Fisher Scientific with Oxford
Instruments software. X-Ray Diffraction (XRD) was used to determine the crystallinity of the
samples.
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Fig. 1. Designated Research Procedure

3. Results and Discussion

3.1. Impergnation Time Effect

The impact of the impregnation process on the morphology of the synthesized NaOH-
impregnated activated carbon catalyst was analyzed. Fig. 2 shows the effect of the duration of
impregnation on morphology with 1500 times magnification.

From Fig. 2. a-d, it can be seen that the accumulation of Sodium particles improved as the extent
of the impregnation process proceeded. This can be observed from increasing bumps on the surface
of activated carbon [22]. The increasing sodium particle numbers as more time is provided for
impregnation time was observed to contribute to a positive correlation between the number of
impregnated particles. This is also proved by [23], whose study impregnated carbon dioxide with
varying impregnation times. Although an increasing trend was observed in NaOH dispersion, the
impregnation process at 360 minutes did not show a significant increase compared to 300 minutes.
This was due to the tendency of solute to be desorbed from the surface of a solid [24].

Despite the increasing amount of NaOH being impregnated onto activated carbon with increasing
duration time, the percentage of NaOH on the activated carbon was decreasing. This is shown in
Fig. 3., which shows EDX analysis results.
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Fig. 2. Effect of 40% NaOH impregnation time on activated carbon morphology at 1500x magnification, (a)
180 minutes, (b) 240 minutes, (c) 300 minutes, (d) 360 minutes
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Fig. 3. Present Components of Impregnated AC with 40% NaOH (a) 240 minutes (b) 360 minutes

It can be inferred from Fig. 3. a and b that there is a decrease in NaOH content by 1.25% on
activated carbon as the impregnation time increases from 240 to 360 minutes. This was possibly due
to rising impurities in the samples that affected the depleting weight percentage of NaOH.
Removing the impurities percentage, it still can be interpreted that proceeding impregnation time did
not affect the impregnation significantly with the presence of maximum capacity for chemical
dispersion. This phenomenon was also observed by [25], with their findings showing gradual
loading on chemicals and becoming saturated on the surface of carbonous material.

3.2. Concentration Significance

The concentration of solute effects on the impregnation process with variation from 30 to 60% to
the synthesized solid’s morphology is presented in Fig. 4.
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Fig. 4. Effect of 6-hour NaOH impregnation concentration on activated carbon morphology at 1500x
magnification (a) 30% (b) 40% (c) 50% (d) 60%

It is observed from Fig. 4. a-d that the solute concentration of NaOH during the impregnation
process positively disperses the primary chemical. From Fig. 4. a-d, the impregnated NaOH rose as
more NaOH was added to the solution. This is supported by [26], who observed an increasing trend
of dispersing chemicals onto solids as solute concentration rose. Despite the rising dispersion of
NaOH on the activated carbon, a reduction in the uniformity of dispersing material was exhibited.
This was due to many basic chemicals being dispersed to several external spots of activated carbon
surface instead of evenly distributed [27]. This phenomenon is distinguished from Fig. 3c-d at 60%
NaOH. This was possibly from the impurities during the sample preparation and other study parts.
The existence of impurities is confirmed in Fig. 5, which is the EDX analysis of impregnated
activated carbon with NaOH.
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Fig. 5. Present Components of AC for 6 hours Impregnation (a) 40% NaOH (b) 60% NaOH

It is evident from Fig. 5. a and b that impurities existed in the characterized samples. The
impurities were identified as magnesium, silica, sulfur, and aluminum. Apart from presented
impurities, NaOH particles dispersed onto activated carbon climbed as the solute (NaOH)
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concentration advanced. In particular, Na weight percentage progressed by 0.6% from 31.5% to
31.7% as NaOH concentration as a solute in impregnation solution increased from 40% to 60%.
This is coherent with findings by [28] that stated chemical concentration affected impregnated
material onto the solid’s surface in a positive trend.

3.3. Structure Analysis

The resulting graph of NaOH-impregnated activated carbon is shown in Fig. 6. The span of 26
angle was conducted in the range of 0° to 80°.
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Fig. 6. XRD Analysis on 60% NaOH Impregnated AC at 360 Minutes Impregnation

The structure analysis on impregnated activated carbon with 60% NaOH at 360 minutes shows
broad peaks in the range of 26 between 40° and 50°. Moreover, it also exhibits sharp peaks between
30° and 40°. This is potentially contributed by amorphous structure reflection of the solid’s (002)
dan (100) planes [29]. Hence, NaOH dispersed solid particles' structure was determined to be
amorphous rather than crystalline [30]. This structure property possesses great performance as a
solid heterogeneous catalyst that enhances more reactants to be contacted onto the catalyst's surface
[31]. Apart from that, the broadening hump around 20° corresponded to a (002) peak with a small
fraction of crystallite, a reflection of aromatic layers [32]. This might be due to some impurities
during catalyst impregnation and a small amount of sulfuric-containing compounds left over during
rinsing. This finding potentially affects the performance of synthesized impregnated activated
carbon in transesterification reaction, which was proven to perform more catalytic activity [33].

4. Conclusion

Using papaya seed as a support material for NaOH as a catalyst shows promise due to positive
morphological, compositional, and structural findings. Based on the variation of time and elemental
concentration during impregnation, these two parameters affected Sodium compound dispersion
onto solid particles. NaOH concentration positively affected the dispersion process, while
impregnation time experienced a maximum point after which the primary compound did not
significantly impregnate activated carbon. Moreover, the structure of impregnated activated carbon
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was found to carry substantial performance as a heterogeneous solid catalyst with a porous material
to enhance more contacting area. Other potential biomass residues should be explored for their
valorization, ensuring more hygienic handling and preparation. Furthermore, Further development
could involve optimizing papaya seed-derived activated carbon for industrial transesterification
reactions in biodiesel production.
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