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Abstract: Ball milling duration has an important role in the synthesis of calcium nanoparticles.
The duration of this process can influence the properties of the calcium powder. This study
investigates the influence of ball milling duration on the physicochemical properties and
compressibility of snail shell powder. Morphology of the samples shows agglomeration with
irregular shape. The elemental composition of samples mostly calcium (Ca). The phases formed in
the samples are Ca(OH),, the smallest crystallite size of 21.11 nm. The observed functional groups
result shown C-O vibrations of the COs*carbonate group, Ca-O bonds. The compressibility test
shows that the sample with 9 hours milling time has the largest compressibility. Based on the research
conducted, it shows that milling time has an influence on the properties of snail shell powder.
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1. Introduction

The production of calcium powder from natural source
waste is gaining significant attention due to its potential
applications in various fields, including renewable energy
and environmental sustainability?. One crucial step in this
process is the ball milling duration, which significantly
impacts the final properties of the calcium powder 2. Ball
milling is a mechanical process that involves grinding the
snail shell into a fine powder. The duration of this process
can influence the particle size distribution, crystallinity,
and chemical composition of the resulting calcium
powder?.

Ball milling duration has an important role in the
synthesis of calcium oxide (CaQO) nanoparticles. The
duration of the milling process significantly impacts the
size and distribution of the particles, as well as the
crystallinity and surface state of the material?. For
instance, studies have shown that longer milling times can
lead to a decrease in the degree of crystallinity and the

formation of fibrous morphologies rather than particulates.

The optimal milling time depends on the specific

application and the desired properties of the final product®.

In the synthesis of CaO nanoparticles from eggshells, the
milling time was varied to observe the difference on the
size of the produced particle. SEM images revealed that
the smallest average particle diameter was achieved by 20

hours of milling, indicating the importance of controlling
the milling time to achieve the desired particle size
distribution?.

The importance of ball milling time is further
highlighted by the effects it has on the microstructure and
thermal properties of materials. The longer milling times
can lead to a broader particle size distribution, which can
result in varying thermal properties®. In the synthesis of
CaO from by-product calcium sulfate, the milling time
was found to influence the reaction mechanism and the
resulting product properties. The optimal milling time was
determined to be 40 minutes, which resulted in the highest
yield of CaO. Therefore, controlling the milling time is
essential to achieve the desired properties and to avoid
unwanted effects such as agglomeration”. A study on the
characterization of nanocrystalline and amorphous
calcium carbonate from waste seashells found that the
morphology of the powders obtained after different
milling times influenced the content of amorphous
calcium carbonate (ACC) in the final product. The study
concluded that a longer milling time (6 hours) produced a
higher content of ACC, which is important for achieving
specific properties in the final product®. Overall, the ball
milling duration is a critical parameter that must be
carefully controlled to achieve the desired properties in
calcium powder.

Therefore, this study was conducted to analyse the
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effect of ball milling time of 3, 6, and 9 hours on the
physicochemical properties and compressibility of
calcium powder made from snail shell (Achatina fulica).

2. Materials and Methods

This study used snail shells (Achatina fulica) obtained
from a local restaurant in Blitar Regency, Indonesia. The
snail shells that have been obtained are washed and dried,
after drying the snail shells are mechanically crushed so
that they are micro-sized, 300g of snail shells were mixed
with 100ml of acetone and ball milled with a planetary
ball mill (MTI QM-3SP2)?. The milling process was
performed using time variations of 3, 6, and 9 hours. Then,
the samples were dried at 110° C for one hour'?, followed
by crushing for one hour'V. In the next stage, the samples
were calcinated at 1000° C (RMF Quartech 2800) for one
hour'?!3). The crushing was repeated again for one hour',
The prepared samples were characterized to ascertain the
morphology using Scanning FElectron Microscopy -
Energy Dispersive X-ray Spectroscopy (SEM-EDX), FEI
Inspect-S50'Y, the samples surface was covered with a
layer of gold to increasethe sample'sconductivity prior to
observation and the magnification is 100000x, SEM
results were analysed using ImageJ software to determine
the particle size of the snail shell powder samples. X-Ray
Diffraction (XRD), PANalytical E’xpert Pro used to
characterize phase and crystallite size'®, the diffraction
angle used for the scanning ranged between 10° and 90° at
wavelength 1.5406 A. Fourier Transform Infrared (FTIR)
Shimadzu IR Prestige2l used to characterize the
functional groups'®, spectra were obtained over a range of
4000-400 cm!. While the compressibility test was carried
out in accordance with ASTM B331-16, the snail shell
powder was placed in a SS316 mould and loaded with
1000 kgf and 2000 kgf for 90 seconds using a Universal
Testing Machine (ILE IL-904)'7.

3. Result and Discussion

The samples were coded as (SCB), which stood for
snail shell (Achatina fulica) powder, followed by the
number indicating their milling time at the unit of hours.

3.1 Morphology of Snail Shell Powder

Based on Figure 1 SEM results of snail shell powder
samples, agglomeration occurs. The measurement results
using ImageJ software show that Samples SCB-3, SCB-6
and SCB-9 have an average particle size of 123.24 nm,
76.19 nm and 66.12 nm, as presented in Fig. 1.

Fig. 1: Results of SEM test at 100.000x magnification for
SCB-3 sample, b) SCB-6 sample, and ¢) SCB-9 sample

The three test results exhibit a similarity, specifically in
the aggregated irregular shape of the grain'®. The average
grain size becomes smaller with increasing milling time,
albeit not significantly. This reduction of size and
enhancement of grain fineness are attributed to the ball
milling mechanism'®. The ball mill and the vial or milling
cup possess a centrifugal force along their axes, while the
milling cup and the bearing plate or rotating disc rotates
in the opposite direction, resulting in alternating
centrifugal forces and creating a balanced force. This
balanced force is achieved through the counterweight
combined with the bearing plate, generating frictional
force and impact load'?.

The morphology obtained from the sample is
agglomeration in the snail shell powder sample. This
result is caused by the calcination process, a study by
Puspitasari et al., stated that heat treatment or calcination
can cause agglomeration in samples, agglomeration
observed in samples can increase grain size and
potentially contribute to the enlargement of crystallite
size'?. The calcination process results in thermal
decomposition and the release of carbon dioxide, besides
the application of heat causes the crystals in the grains to
enlarge or growth?”. The calcination process is very
influential on the microstructure and morphology of a
powder, because during calcination it causes the particles
to become united so as to make the density increase
(agglomeration), during this process grain boundaries are
formed which is the initial stage of recrystallisation and
besides that there will also be gas that evaporates®).

3.2 Elemental Content of Snail Shell Powder

EDX characterisation was carried out to identify the
elemental composition of the snail shell powder sample
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which aims to analyse the purity of the sample. The results
of EDX characterisation are shown in Fig. 2 and table 1.
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Fig. 2: Spectra EDX of snail shell powder samples.

Table 1. Percentage of constituent elements from the EDX test
for snail shell powder samples.

Element (wt%)
Sample
Carbon (C) | Oxygen (O) | Calcium (Ca)
SCB-3 6.36 44.89 48.74
SCB-6 2.35 46.65 50.99
SCB-9 2.72 43.84 53.44

The SCB-3 sample presents 6.36 Wt% of carbon (C),
followed by 44.89 and 48.74 Wt% of oxygen (O) and
calcium (Ca), respectively. Meanwhile, the SCB-6 sample

presents 2.35, 46.65, and 50.99 Wt% of carbon (C),
oxygen (O), and calcium (Ca), respectively. The last
sample, SCB-9, has 2.72, 43.84, and 53.44 Wt% of carbon
(C), oxygen (0), and calcium (Ca), respectively.

These test results indicate three central constituent
elements from the samples, including carbon (C), oxygen
(O), and calcium (Ca). The presence of other elements,
such as hydrogen (H), is undetected by the EDX, probably
due to their small atomic mass'®. Besides, fluctuations in
the carbon (C) content may arise because of the use of
carbon tape in the sample preparation using'?. Further, the
O element content is predominantly observed'?, along
with the relatively significant oxygen (O). The accelerated
calcium content (Ca) is also identified to be directly
proportional to the length of the milling duration.
Similarly, Fajri et al (2016) uncovered that the
combination of milling time and heat treatment enhances
the wt% percentage of calcium content (Ca)'?.

3.3 Phase and Crystall Size of Snail Shell Powder

The XRD results are illustrated in Fig. 3. The obtained
Bragg angle, Full Width at Half Maximum (FWHM),
intensity peak, and crystal size are presented in Table 2.
The crystal size was calculated using the Scherrer
Formula in Equation (1)?>%).

d = (K.N)/(PB cos ©) (1)

in which d is the crystal diameter (nm), K represents the
constant (0.9)>*2%, ) is the wavelength (1.5406 A), and B
is the Full-Width Half Maximum (FWHM).
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Fig. 3: Diffractogram of XRD results for SCB-3, SCB-6, and
SCB-9 samples

Table 1. Crystallite size of SCB-3, SCB-6, and SCB-9 samples

X-Ray Diffraction
Sample | Bragg Crystallite size
FWHM
Angle (0) rad) | )
SCB-3 17.05745 | 0.006181956 23.46
SCB-6 18.6749 0.001717404 85.22
SCB-9 17.02405 | 0.006869616 21.11
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The XRD test results were analyzed using the Match!
(v3.9.0.158) application with a reference database from
COD-Inorg REV218120 2019.09.10. The XRD test
results indicated that samples SCB-3 and SCB-9 have
several peaks, namely [001], [100], [101], [102], [110],
[111], [021], [013], and [022], which correspond to the
portlandite phase from the Ca(OH), compound with a
trigonal crystal system (hexagonal axes). The highest peak
was observed at 34.1149°. Another peak in samples SCB-
3 and SCB-9 appeared at 29.3° with the index [104],
corresponding to the calcite phase from the compound of
CaCOs with a trigonal crystal system (hexagonal axes).
The XRD analysis results of the SCB-6 sample indicated
several peaks, including [111], [200], [220], [311], [222],
[400], and [331], matching the lime phase from the CaO
compound with a cubic crystal system. Further, the
highest peak was identified at 37.3490°.

The transformation of the CaO compound to Ca(OH);
can be attributed to the reaction with water vapor in the
air’»??), Conversely, the occurrence of a limited quantity
of CaCOs3 compound can be attributed to the presence of
residual compounds that did not undergo complete
conversion into CaO during the heat treatment
procedure®®. Besides, the minimum CaCOj; content can

also be caused by the reaction of Ca(OH), with CO; in the
air?$?),

3.4 Functional Groups of Snail Shell Powder

The functional groups of Achatina fulica snail shell
powder were analyzed using FTIR spectroscopy. The
FTIR test results are illustrated in Fig. 4.
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Fig. 4: FTIR test results for snail shell powder samples

Based on the results of the X-ray diffraction (XRD) test,
the compounds present in the Achatina fulica snail shell
powder with variations of 3, 6, and 9 hours milling times
are Ca(OH),. The results presented in Fig.5.4 suggest no
significant differences from the samples, so the three
samples are similar. A study presented by Khachani et al
(2014) described that the FTIR of synthesized Ca(OH)»
shows a shallow absorption band at 3642 cm™! due to the

O-H stretching®?. The absorption at 1464, 1080, and 873
cm! represent the different vibrations of C-O from the
COs? carbonate group. Additionally, we observed a slight
decrease in the spectrum at 2352 cm™! due to the presence
of CO, gas®". The emergence of the carbonate group also
represents the contaminant within the CO sample. Other
studies also show relevant findings. The O-H stretching
bond from hydroxide also presents the bonds of Ca(OH),
at around 3628-3649 cm’! wavenumber?’28303235) The
vibration at around 1417-1464, 1041-1091, and 713-924
cm’!' suggest various C-O vibrations from CO;*26
28,30.32.34) The Ca-O vibration was detected at the 393-875
cm’! wavenumber?7-28:32:39),

3.5 Compressibility of Snail Shell Powder

The compressibility test was carried out on Achatina
fulica snail shell samples. The tapped density values were
calculated using Equation (2)39,

p= m/vtapped 2

In which p is the tapped density (g/cm?®), m represents
the solid mass (g), and V is the tapped volume (cm?). The
compressive ratio was calculated using Formula (3)*7.

CR = ((h — hy)/hy) x 100 (3)

Where CR shows the compressive ratio (%), ho is the
height at zero pressure (mm), and h, is the solid height
(mm). The compressibility was calculated using Formula
@),

Be =—1/V(9v/0p) “

Where B represents the compressibility value (m?N or
Pa!), V is the initial volume (m?), 9}, is the difference in
volume before and after applying pressure (m?), and 9,
is the difference in pressure before and after applying
pressure (N/m? atau Pa). The value of the compression
modulus was calculated using Equation (5)*.

Ke=-=V(@p/dy) (5)

Where K. represents the compression modulus value
(N/ m? atau Pa), V is the initial volume (m?), dp the
difference in pressure before and after applying pressure
(N/m? atau Pa), and 0, is the difference in volume before
and after applying pressure (m?3).

The results of density, compression ratio,
compressibility, and compression modulus tests are
illustrated in Fig. 5.
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Fig. 5: Histogram a) tapped density, b) compression ratio, c)
compressibility and d) compression moudulus of snail shell
powder samples.

The data presented in Figure 5 a), and b), showed that
with a load of 2000 kgf, the obtained density and
compression ratio are higher than from the load of 1000
kgf. This increase can be attributed to the dwelling time of
90 seconds. The progression of material density may be
induced by dynamic loading, where a specific dwelling
time is applied'”.

In addition, the data shown in Figure 5 c¢) and d) showed
that signify that the samples have lower compressibility at
2000 kgf than the compressibility at 1000 kgf loading. In
contrast, the compression modulus for a load of 2000 kgf
is higher than that under a load of 1000 kgf. This aligns
with the correlation indicated by the compression modulus
equation, which is the reciprocal of the Equation for the
modulus of compression3$39).

In general, the garnered data indicate the effects of
crystallite size on the density, compression ratio,
compressibility, and compression modulus. The largest
crystallite size of 85.22 nm was observed in the SCB-6
sample, followed by the SCB-3 sample, with a size of
23.46 nm, while the smallest size of 21.11 nm was found
in the SCB-9 sample. The larger crystallite size is directly
proportional to larger density values, but it is inversely
proportional to the compression ratio, as illustrated in
Table 4. The greater crystallite size leads to lower
compressibility values, yet it is inversely proportional to
the compression modulus.

The calculated compression ratio results align with the
study from Yu et al (2020), reporting that a high
compression ratio represents better compressibility of the
sample’?. Similarly, Hamad et al (2015) uncovered that
finer and smaller particles tend to fill the gaps between
larger particles, resulting in higher compressibility*?.
Meanwhile, Oikonomou et al (2013) asserted that better

particle size enhances the compressibility of the powder*".

4. Conclusion

The morphology of the snail shell powder sample
shows agglomeration with irregular grain shape, the
average grain size decreases with increasing ball milling
time. The elemental composition of snail shell powder is
mostly calcium (Ca) and oxygen (O), and there is carbon
(C) content in the sample. The phases formed in the snail
shell powder sample are Ca(OH),, CaCO3 and CaO, in the
9-hour milling time sample has the smallest crystallite size
of21.11 nm. The observed functional groups include O-
H stretching, various C-O vibrations of the CO;*
carbonate group, Ca-O bonds. The compressibility test
shows that the sample with 9 hours milling time has the
largest compressibility. Based on the research conducted,
it shows that milling time has an influence on the
morphology, elemental content, phases formed, crystallite
size and compressibility of snail shell powder.
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Nomenclature
d crystallite size (nm)
K constant (0.9)
A wavelength (1.5406 A)
p Full-Width Half Maximum (rad)
0 bragg angle (°)
p tapped density (g/cm®)
m solid mass (g)
Vippea  tapped volume (cm?)
CR compression ratio (%)
ho height at zero pressure (mm)
hy solid height (mm)
Be compressibility value (m%N or Pa!),
14 initial volume (m?)
Ay difference in volume before and after
applying pressure (m®)
p difference in pressure before and after
applying pressure (N/m? atau Pa)
K. compression modulus value (N/ m? atau Pa)
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