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Abstract. A successful preliminary study was conducted to examine the charac-
teristics of activated carbon derived from yellowfin tuna fishbone using the car-
bonization method due to its ease and efficiency. Surface morphology and ele-
mental composition analysis of activated carbon was performed using SEM-
EDX, while XRD techniques were used to determine crystalline properties and
the impact of carbonization temperature on material properties. The study find-
ings indicated a strong correlation between carbonization temperature and the
morphology and crystallinity of activated carbon. The surface morphology of
carbon samples carbonized at 600 °C had higher impurity concentration com-
pared to those synthesized at 700 °C and 800 °C. However, increasing the tem-
perature resulted in a rougher surface formation. The XRD analysis revealed that
an increase in carbonization temperature up to 800 °C contributed to higher car-
bon crystallinity due to better alignment of carbon chains, leading to a reduction
in spacing between planes and the removal of disorganized carbon.

Keywords: Activated Carbon, Yellowfin Tuna Fishbone, Straightforward Car-
bonization Technique

1 Introduction

Activated carbon is a widely used and effective adsorbent in water treatment processes,
owing to its high surface area and porous structure. Carbon-hydroxyapatite, a carbon-
based material produced by heating materials containing carbon and calcium at high
temperatures, has emerged as an alternative adsorbent that offers superior adsorption
power and surface area compared to other adsorbents, including activated carbon [1]-
[5]. Raw materials for this process include charcoal from various sources, such as ani-
mals, plants, waste, or minerals, that contain carbon [6], [7].

To generate carbon, a carbon source material undergoes thermal decomposition, also
known as carbonation. This process begins with dehydration to remove water from the
raw material [8]. Next, the organic matter breaks down into carbon elements in the form
of charcoal through the process of carbonization in an oxygen-free environment without
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the use of chemicals [9], [10]. The large amount of human consumption waste has at-
tracted researchers to increase research that utilizes this waste as an adsorbent source
to reduce environmental pollution [11].

Heating animal bone waste at high temperatures not only generates carbon but also
hydroxyapatite components, which consist of calcium, phosphate, and oxygen [12],
[13]. The presence of hydroxyapatite is evident in the XRD results showing a crystal
pattern [14]. As the combustion temperature rises, the carbon content decreases, and
the powder turns white, indicating the formation of calcium [15]. This is due to the
conversion of the organic component, carbon, into the primary inorganic component of
bones, which is calcium.

Yellowfin tuna, a highly valued fish, is typically found in the upper layers of ocean
waters [16]. It is a popular fish in Indonesian seas and commands a high selling price.
However, only the flesh of the fish is typically used to make canned tuna meat, resulting
in roughly 50% - 60% of the fish being discarded as waste. Tuna fish bones, which
make up a significant portion of this waste, pose a major environmental pollution con-
cern due to their large size [17]. In this study, we synthesized activated carbon from
yellowfin tuna fishbone using a carbonization technique and analyzed the effect of car-
bonization temperature on the crystalline properties and surface morphology.

The novelty of this study lies in the use of yellowfin tuna fishbone as a raw material
for the production of activated carbon through the carbonization process. This approach
addresses the issue of waste management while also producing a valuable adsorbent.
Furthermore, the impact of different carbonization temperatures on the crystalline prop-
erties and surface morphology of the resulting activated carbon from tuna fishbone is
investigated, providing insight into the optimal conditions for producing high-quality
adsorbent materials from this waste source. This study presents a potential solution to
the growing environmental pollution problem caused by the large amounts of waste
generated by the tuna industry.

2 Method

Initially, the waste tuna bones are cleansed to remove dirt, such as soil, leaves, and
other debris that adheres to the remaining tuna meat. Afterward, the bones are boiled at
50 °C for an hour to soften any residual meat. Subsequently, the bones are sectioned at
the joints to extract surplus fat from the tuna marrow. Following this, the bones are sun-
dried for a week until they become brittle. The resulting fish bone powder is pulverized
with a hammer and hard mill blender. This powder is then heated at 110 °C for 10 hours,
yielding activated carbon with a dark black hue, apart from the samples carbonized at
800°C, which possess a slightly greyish tint, as indicated in Fig. 1. Additionally, the
fish bone powder undergoes carbonization in a muffle furnace at 300, 400, and 500 °C
for an hour, creating activated carbon samples labeled C300, C400, and C500, respec-
tively. Lastly, the carbon powder is passed through an 80 Mesh sieve.
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Fig. 1. The carbonized sample of C600 (a), C700 (b), and C800 (c).

3 Results and Discussion

3.1 X-Ray Diffraction (XRD)

XRD testing was performed on all samples to identify their crystal structure, and the
Match application was used to determine the crystal size. Fig. 2 displays the diffraction
patterns of carbon samples that were burned at different temperatures of 600, 700, and
800 °C. Although the three samples showed mostly similar diffraction patterns, there
were minor differences in the intensity of some peaks. Overall, the three carbon samples
produced from tuna bones exhibited an amorphous structure with crystalline peaks at-
tributed to the hydroxyapatite crystalline phase (JCPDS PDF# 09-0432). The diffrac-
tion peak at 2theta 25.95° in the C600 sample showed a low intensity, which increased
by approximately 90% in the C700 sample. However, the intensity of this peak de-
creased in the C800 sample by approximately 92%. Increasing the carbonization tem-
perature can decrease the quality of crystallization when it reaches a steady temperature
limit. However, this does not apply to other peaks that had increased intensity as the
carbonization temperature reached 800 °C. The diffraction peak at 2theta 33.52°
showed a significant increase in intensity in the C800 sample, surpassing the intensity
value at the diffraction peak at 2theta 31.63°. This suggests that carbonization temper-
ature is highly effective in enhancing the crystalline properties of activated carbon [18],
[19].

The XRD data is a useful tool for analyzing the structural properties of materials,
particularly their crystal structures. However, it is important to note that XRD data only
provides information on the crystalline phase of the material, and not on its amorphous
content. In addition, the peak broadening observed in the XRD data may also reflect
the degree of crystalline order in the sample [20]. Therefore, it is important to use com-
plementary techniques such as Raman spectroscopy or transmission electron micros-
copy to obtain a more complete understanding of the crystal structure of the materials.
Nonetheless, the results from this study provide valuable insights into the effect of car-
bonization temperature on the crystalline properties of activated carbon derived from
tuna bones, which can be useful for the optimization of the production process and the
design of new materials with tailored properties.
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Fig. 2. XRD pattern of C600, C700, and C800 samples

Characterization by XRD showed that the resulting compounds were in the form of
hexagonal crystals with crystal sizes obtained of 91.14, 78.22 nm, and 51.95 nm re-
spectively by calculation using the Debye Scherrer equation (1):
K2
f-cosf
1)

where D is the average of crystal size, K is the shape factor (0.9), A is the X-ray wave-
length (0.15406 nm), B is the line broadening at full width at half maximum (FWHM =
0.02783) on the 20 scale in radians and 0 is the Bragg angle of the peak in degrees.

The diffractogram shows that all of the compounds produced were hexagonal crys-
tals. The values for "a" and "c¢" represent the lattice parameters of the hexagonal unit
cell. The lattice parameters are different for each sample, with C600 havinga=9.72 A
and ¢ = 6.89 A, C700 having a=9.81 A and ¢ = 6.87 A, and C800 having a = 9.29 A
and ¢ = 6.81 A. The carbonization temperature does not affect the crystal structure of
the activated carbon. This is because the crystalline phase formed has already been
crystallized at 500 °C. This means that the crystal structure remains the same even if
the temperature is increased beyond 500 °C. However, as mentioned in the previous
paragraph, the carbonization temperature can affect the crystalline quality of activated
carbon, with increasing temperature leading to a decrease in crystalline quality beyond
a certain limit [21].
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3.2 Scanning Electron Microscope (SEM)

The effect of carbonization temperature on the morphological structure of the activated
carbon produced was investigated by SEM analysis of samples C600, C700, and C800.
Fig. 3 (a, b) displays the SEM image of sample C600 with magnification of 1000 and
2500 times, revealing a lumpy morphology with a relatively rough and solid surface.
However, the surface has cracks or breaks that form narrow gaps between them, and
impurities attached to the surface associated with calcium elements. The cracks provide
an advantage in increasing the surface area of the active surface, thus increasing poros-
ity. Imagel calculations show a pore/gap size of 1-2 um, placing it in the macroporous
category. High carbonization temperatures favor the formation of well-ordered and
penetrable pore channels [22]. while extra high temperatures may plug the pore-mouth,
distort the pore-channels, and destroy the pore-structure of biomorphic porous carbon
[23]. Carbonization temperature significantly affects the pore structure of activated car-
bon and is linked to increased density of activated carbon, where the volume of carbon
deposits increases with higher carbonization temperatures [24].

WAL N

WD10mm  SS45 x1,000  10pm  — SEl 20KV WD10mm  SS45 x2,500  10pm
25 Mar 2022 600 25 Mar 2022

(a) (b)
Fig. 3. SEM image of C600 sample with magnification of 1000 times (a) and 2500 times (b).

Activated carbon is a widely used adsorbent material in various applications, including
water treatment, air purification, and gas separation [25]. Its efficiency as an adsorbent
depends on the pore structure, which is influenced by the carbonization temperature
during its production [26]. Therefore, understanding the effect of carbonization tem-
perature on the pore structure of activated carbon is crucial for optimizing its perfor-
mance. The results from SEM analysis and ImageJ calculations in this study provide
valuable insights into the pore structure of activated carbon produced at different car-
bonization temperatures. The findings indicate that the morphology of activated carbon
is strongly dependent on the carbonization temperature, which affects the pore size,
surface area, and pore connectivity. This knowledge can be used to tailor the production
process of activated carbon to achieve the desired pore structure and optimize its per-
formance in various applications.
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Fig. 4. SEM image of C700 sample with magnification of 1000 times (a) and 2500 times (b).

Fig. 4 (a, b) depicts the SEM image of sample C700 at 1000 and 2500 times magnifi-
cation, respectively. Increasing the carbonization temperature of activated carbon re-
sults in a change in the surface morphological structure formed in the C700 sample.
This change is evident in the level of surface roughness, with a reduction in the size of
gaps or cracks on the active surface of the chunks. As the volume of narrow spaces in
the gap decreases, density increases. The increase in carbonization temperature from
600 to 700 °C leads to a reduction in pore size, as values of 700-800 nm are obtained
through measurements, which still belong to the macroporous category. However,
measuring the grain size of activated carbon yields a size of 30-40 um. While adding
temperature can speed up the reaction, excessively high temperatures above 700 °C
may result in the formation of ash that can close the pore. Increasing carbonization
temperatures release more volatiles and form more macroporous, leading to a decrease
in yield and a decrease in the size of the carbon grains. Fig. 5 (a, b) also shows the SEM
image of sample C800 at 1000 and 2500 times magnification, where a hollow and po-
rous structure is formed on the side of the surface of activated carbon granules. Addi-
tionally, several roughness points were identified on each side of the surface, which can
be attributed to the effect of carbonization temperature contributing to the agglomera-
tion of carbon elements.

The reduction in pore size with increasing carbonization temperature can have a sig-
nificant impact on the performance of activated carbon in various applications. For in-
stance, the pore size distribution of activated carbon is crucial for adsorption processes,
where smaller pores can selectively adsorb smaller molecules, while larger pores can
adsorb larger molecules [27]. In addition to pore size, the surface area and porosity of
activated carbon are also important factors that affect its performance. Higher surface
area and porosity lead to increased adsorption capacity and improved efficiency. There-
fore, optimizing the carbonization temperature is necessary to achieve the desired pore
size, surface area, and porosity, depending on the intended application [28]. Further-
more, the SEM images and analysis provide valuable information for understanding the
effect of carbonization temperature on the morphological structure of activated carbon,
which can help in designing and improving the production process of activated carbon.
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Fig. 5. SEM image of C600 sample with magnification of 1000 times (a) and 2500 times (b)

4 Conclusion

The carbon samples synthesized from tuna bones exhibited an amorphous structure
with crystalline peaks characteristic of the hydroxyapatite crystalline phase. The car-
bonization temperature of tuna bones did not affect the crystal structure of the activated
carbon since the crystalline phase had already formed at 500 °C. However, increasing
the carbonization temperature from 600 to 700 °C resulted in a decrease in pore size.
Although increasing the temperature can accelerate the reaction, excessively high tem-
peratures, such as those above 700 °C, can lead to the formation of ash, which can clog
the pores. Higher carbonization temperatures result in the release of more volatiles and
the formation of more macropores, leading to a decrease in yield and a reduction in the
size of carbon grains. These findings are consistent with the SEM image of sample
C800 in Figure 5 (a, b), which reveals the presence of a hollow and porous structure on
the surface of activated carbon granules, with several roughness points on each side
that can be attributed to the agglomeration of carbon elements due to the effect of car-
bonization temperature. Future research could explore the potential applications of tuna
bone-derived activated carbon in various fields, such as wastewater treatment, gas pu-
rification, and energy storage. Further studies could investigate the specific properties
of the carbon samples, such as their adsorption capacity, pore size distribution, and
surface area, and compare them with those of other commercially available activated
carbons.
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