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Abstract
This study aims to synthesis micro-sized carbon material from coconut shell leftovers or wastes using piezoelectric-

based ultrasonication in liquid phase. The micro-sized carbon material produced is then utilized as a filtration

material for Mataram canal water in Yogyakarta. This study begins with synthesizing the micro-sized carbon

material by mixing i) mashed coconut shells, ii) 100 ml distilled water, and iii) 2 grams of detergent into a blender.

The aforementioned materials are blended with mixing time variation of 30 minutes and 60 minutes. The resulted

solution is left alone for a night and then ultrasonicated for 4 hours. The solution is then characterized using

UV-Vis spectrophotometer. The sediments obtained from the carbon materials are characterized using X-ray

diffraction (XRD) for each mixing time variation whereas scanning electron microscopy (SEM) is conducted upon

the micro-sized carbon material with 60 minutes mixing time. The solution and the sediment is poured onto

a filter paper, heated until dry, and fitted to a simple filtration device. Water from Mataram canal is used to

test the Fe filtration ability of the micro-sized carbon material. The water samples before and after filtration are

characterized using atomic absorption spectroscopy (AAS). The UV-Vis results show that increasing the mixing

time of material, increases the absorbance value. Based on XRD results the synthesized micro-sized carbon ma-

terial from coconut shell has an amorphous phase. The SEM result at 60 minutes of mixing time looks like an

irregular bulk material with sizes of about 1 µm to 12 µm with thicknesses of around 0.6 µm to 0.8 µm. The

AAS results indicate that the longer the mixing time, the lower the Fe content in the water samples after filtration.
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Introduction

Water (H2O) is an important chemical com-
pound for the survival of all living beings [1, 2].
Especially for human, clean water is a basic require-
ment that must exist for everyday needs and ac-

tivities. Almost all human activities require clean
water, such as cleaning, cooking, and drinking. In
addition, water is also used in other fields, e.g. agri-
culture [3], fisheries [4], and industries [5]. Hence,
clean water is vitally needed. Based on PERMEN-
KES RI No. 492/MENKES/PER/IV/2010 [6], wa-
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ter that is suitable to be used for the above activ-
ities is water that is odorless, clear, and having no
flavors. To get clean water we can utilize raw wa-
ter sources such as rain water [7], surface water [8],
and sea water [9], which is then processed into clean
water [10, 11, 12] that is suitable to use.

The Mataram canal is a waterway that connects
Progo and Opak rivers on the West and East of
Yogyakarta, respectively. Mataram canal has enor-
mous benefits and historical values for the people
of Yogyakarta and surrounding areas through which
the water flows. Over time the quality of Mataram
canal water has decrease. The water is currently
opaque and does not meet clean water standards
so that the water cannot be utilized properly for
the surrounding community. One way in overcom-
ing this problem is to treat the water to a certain
degree such that it may be clean, clear, and usable
again. A simple method to treat dirty water into
clean water is using macro-size filtration materials,
such as gravel, sand, and charcoal. Moreover, the
development of nanotechnology in the last decade
contributes to the water treatments, such as mi-
crofiltration [13], ultrafiltration [14], nanofiltration
[15], and reserve osmosis [12]. In this study, we ex-
plore filtration material by treating coconut shell
leftovers or wastes into micro-size carbon materials
incorporated into a simple filtration apparatus. Co-
conut shell is known for lowering Fe metals in wells
and rivers [16].

The micro-sized carbon material from coconut
shell is synthesized by liquid sonication exfolia-
tion (LSE) method assisted by surfactant con-
tained in commercial detergent. Two main tools
are used in the synthesis of the micro-sized car-
bon material, that is a blender and a self-custom
made piezoelectric-based ultrasonication appara-
tus. The mixing time of the initial materials using
the blender is varied for 30 minutes and 60 minutes,
and with constant ultrasonication of 4 hours. Fur-
thermore, the solution obtained from the LSE treat-
ment is characterized using UV-Vis spectroscopy
and the sediment obtained is characterized using
XRD. SEM is conducted for the sediment with 60
minutes of mixing time. Finally, the AAS is used to
determine the Fe content in the samples of Mataram
canal water before and after filtration using the
micro-sized carbon material from coconut shell left-
overs or wastes.

Experimental Methods

This study is conducted from the month of
September 2016 through February 2017. The
study is done in Colloids and Soft Matter Labo-
ratory, Physics Education Department, Universitas
Negeri Yogyakarta. The UV-Vis spectroscopy and
XRD is taken in the Chemistry Laboratory, Chem-

istry Education Department, Universitas Negeri
Yogyakarta. SEM is performed in the Testing and
Research Laboratory, Universitas Gadjah Mada.
Finally, AAS characterization is done in Atomic
Physics Laboratory, Physics Education Depart-
ment, Universitas Negeri Yogyakarta.

This study is initiated with synthesizing the
micro-sized carbon material from coconut shell
wastes. The basic materials needed are mashed co-
conut shell, 100 ml of distilled water, and 2 grams
of detergent. These materials are poured into a
blender and then mixed with varying mixing time of
30 minutes and 60 minutes. The solution obtained
is then left to equilibrate for a night. Next, the so-
lution is ultrasonicated for 4 hours. Two kinds of
phases are obtained, that is liquid (on top) and sed-
iment (on the bottom). The liquid is characterized
using UV-Vis spectroscopy, whereas the sediments
are characterized using XRD. SEM is conducted for
the sediment with 60 minutes mixing time using the
blender. The material (liquid and sediment) ob-
tained after the above liquid exfoliation method is
then poured onto a filter paper, which is then in-
corporated into a simple filtration apparatus (left
picture of Figure 1). The filter paper containing
the micro-sized carbon material is heated until dry
(right picture of Figure 1), and ready to be used for
water filtration.

Water samples from Mataram canal is inserted
into the filtration apparatus which is filtered and
then gathered on a plastic container. The water be-
fore and after filtration is characterized using AAS
in order to determine their Fe content.

Figure 1: The simple filtration apparatus (left) and the
micro-sized carbon material from coconut shell leftovers
(right).

Results and Discussion

The UV-Vis spectroscopy is done for the liquid
phase of the material resulted from the LSE treat-
ment for 30 minutes and 60 minutes of mixing time
using the blender. The UV-Vis results may be ob-
served in Figure 2.

The UV-Vis characterization result shows that
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the longer the mixing (blending) time, the greater
the absorbance values. The wavelength at maxi-
mum absorbance or an absorbance peak is obtained
only for 60 minutes (1 hour) of blending time shown
by the (blue) dashed-line in Figure 2 at about 235
nm. This peak indicates the existence of graphene
oxide (GO) material from the carbon source of co-
conut shell. However, no peak is observed for 30
minutes of blending time which is shown by the
(red) solid-line of Figure 2. This means that half
an hour of blending time is not enough to produce
micro-sized or GO materials.

Figure 2: Graph of UV-Vis spectroscopy results with
variation of mixing time of the materials.

XRD characterization is performed to determine
the crystalline phase of the sediment obtained. The
characterization is conducted using Cu source with
wavelength of 1.54060 Å and the 2θ that ranges
from 2◦ to 80◦. Figure 3 shows the XRD patterns
of the coconut shell carbon materials without blend-
ing (a) and with variation of mixing time [(b) and
(c)]. Overall, the three graphs in Figure 3 show
XRD patterns which are similar. This is because
the material comes from the same source of coconut

shell. Moreover, no sharp peaks may be observed
from all of the XRD patterns which indicate that
the materials are amorphous. It can also be seen
that increasing the mixing time decreases the XRD
intensity.

Figure 3: XRD pattern with blender time variation (a)
without blender (b) 30 minutes (c) 60 minutes.

Figure 4: SEM results of the micro-sized carbon material from coconut shell with 60 minutes of mixing time.
The magnifications used are (a) 1000× and (b) 3000×.
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SEM is performed to determine the surface mor-
phology, shape, and also size of the micro-sized car-
bon material, especially with 60 minutes blending
time. The characterized sample is magnified with
1000 times and 3000 times magnifications. Figure
4(a) is the SEM result with 1000× magnification
showing the distribution of the micro-sized carbon
materials with various sizes and shapes. In Figure
4(b) i.e. 3000× magnification, more obvious chunks
of coconut shell carbon can be observed with grain
sizes of approximately 1.27 µm to 12.5 µm and gran-
ular thicknesses of about 0.576 µm to 0.829 µm.

In this study, the water which is intended for
filtration comes from Mataram canal with volume
of 250 ml. Mataram canal water is being filtrated
via a simple filtration device which consists of co-
conut shell carbon material without blending, co-
conut shell carbon material with 30 minutes blend-
ing time, and micro-sized coconut carbon material
with 60 minutes of blending time. Characterization
of the Mataram canal water concerning the Fe con-
tent before and after the aforementioned filtration
treatments is conducted through the AAS test. The
results are given in Figure 5.

Figure 5: AAS results of the Fe content for Mataram
canal water samples before and after filtration treat-
ments.

Figure 5 shows the Fe content in Mataram canal
water sample before filtration as much as 1.253 ppm
meaning that in every 1 liter of the Mataram canal
water sample there is about 1.253 mg Fe in it. After
filtration using a simple filtration tool made from
coconut shell carbon material and reinforced with
a filter paper it can be seen that the Fe content
decreases considerably. The Fe contents using co-
conut shell carbon material without blending, with
30 minutes blending, and with 60 minutes blending
become 0.3042 ppm, 0.1753 ppm, and 0.0894 ppm,
respectively. Hence, the longer the mixing time of
the materials, the smaller the Fe content produced
via filtration.

This is due to the smaller sizes (micro-size) of
the coconut shell carbon materials as the mixing
time in the blending process is increased so that

the surface area of the carbon materials becomes
larger such that more Fe metal ions are absorbed
by the carbon materials. Moreover, water impuri-
ties can also be trapped in the pores of the carbon
materials. This is due to the iron (Fe2+) ion which
is lacking in two electrons causing the ion to be pos-
itively charged and allowing it to be trapped in the
pores of the coconut shell carbon materials. Then
there may be a cation exchange between Fe ions
with ions located on the surface of the carbon ma-
terial pores causing bonding between the surface of
the carbon pores and the Fe metal ions.

Conclusion

Micro-sized carbon material from coconut shell
leftovers or wastes has been produced via the
LSE method and used as a filtration material for
Mataram canal water. UV-Vis spectrophotometer
characterization shows a peak at 235 nm for 60 min-
utes of blending time and increase of absorbance
values as the mixing time is increased from 30 min-
utes to 60 minutes. XRD results show that the
sediments of the micro-sized carbon materials are
amorphous with decreasing diffraction intensities as
the blending time is increased. SEM results for 60
minutes of blending time show irregular chunks of
carbon material of various shapes and sizes of about
1.274 µm to 12.502 µm and thicknesses of about
0.576 µm to 0.829 µm. Finally, AAS results indi-
cate that increasing the mixing time of the materials
resulted in the decrease of the Fe content of the wa-
ter sample from 1.253 ppm before filtration to 0,089
ppm after filtration with 60 minutes blending time.
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