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Abstract: Electrical dan magnetic properties of graphene-derivatives materials are strongly influenced by
their physical properties. Here we report a study on physical properties of reduced graphene oxide (rGO)
prepared from two different raw materials, namely coconut shell (rGO-s) and graphite mineral (rGO-c, produced
by Graphenea Inc.). rGO-s was prepared by carbonization method followed by mechanical exfoliation. While
both samples have the same density of about 1.9 g/cm3, rGO-c has more porous compared to rGO-s. Specific
surface area in rGO-c was also obtained much larger than that of rGO-s. Examinations on particle size and
surface morphology show that rGO-c has homogenous particles which consist of transparent thin sheets, while
rGO-s has rather heterogenous particles that look like dens stacked sheets. The presence of C and O was
confirmed at the observed morphology. The difference in physical features was found to influence the obtained
electrical conductivity of the samples. rGO-c has higher conductivity than rGO-s. Estimation on gap energy
(Eg) indicates that rGO-c and rGO-s have Eg in the range of semiconducting materials. The study provides a
better understanding on physical properties of coconut shell-derived rGO to further revise synthesis method to
improve quality of the obtained rGO.

Keywords: coconut shell; density; porosity; reduced graphene oxide.

*Corresponding author: retno.asih@its.ac.id, darminto@physics.its.ac.id

http://dx.doi.org/10.12962/j24604682.v16i2.6712
2460-4682 c©Departemen Fisika, FSAD-ITS

I. INTRODUCTION

Carbon compounds derived from biomass have become po-
tential alternatives to minimize the use of unrenewable min-
ing coals in many industrial applications. Because of its or-
bital hybridization and bonding nature, carbon has several al-
lotropes that have different physical properties. Graphene,
fullerenes and carbon nanotube (CNT) are carbon’s allotropes
with sp2 hybridization, while diamond is the allotrope with
sp3 hybridization [1]. One of the graphene derivatives that has
mixed sp2/sp3 hybridization is reduced graphene oxide (rGO).
rGO has a graphitic structure as that of graphene with some
defects, oxygen, and hydrogen on its sheet [2,3]. Thus, rGO
can have a wide range of properties which in some cases yield
better performance as a chemical sensor [4,5], supercapacitor
[6-8], hydrogen storage [9], photovoltaic cells [10,11], and
so on. rGO has been prepared from natural resources using
several methods including carbonization, pyrolysis and hy-
drothermal [12-15]. Natural resources provide a new insight
to synthesize carbon-based compounds which is environmen-
tally friendly without exploiting mining materials. However,
the challenge is that the obtained carbon materials tend to
have poor porous structure and vague morphology. Therefore,
study on physical properties of the compounds is the key to

improve synthesize method applied. It is also necessary as a
base to discuss the observed magnetic and electrical properties
of the obtained materials.

The biomass of coconut shells is rich in carbon which is
about 70% of the total elements [16]. It also has high hard-
ness and exhibits high volatility and low ash content [17], thus
carbon compound derived from coconut shell is expected to
bring in the high specific surface area [18]. Moreover, coconut
shell is relatively easy to be found as Indonesia is the third-
largest producer of coconut in the world [19]. In the present
study, we prepared the rGO-like phase from a coconut shell.
Physical properties of the synthesized rGO (rGO-s) were then
compared to those of the commercial rGO (rGO-c) which was
prepared from graphite. Variation in physical properties is ex-
pected to differ in the observed magnetic and electrical proper-
ties. Thus, we also examined the electrical conductivity of the
samples. Despite rGO-c has a better porous structure, defined
morphology and higher specific surface area than rGO-s, both
samples possess the same density, and their gap energy was
found to be in the range of semiconducting compounds. Re-
sults in this study provide a better understanding of the phys-
ical properties of coconut shell-derived rGO to further revise
the synthesis method applied to produce rGO with good qual-
ity.
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FIG. 1: Particle size distribution of (a) rGO-c and (b) rGO-s
analyzed by Particle Size Analyzer (PSA).

II. EXPERIMENTAL METHODS

The commercial product of rGO (rGO-c) was bought from
Graphenea Inc. It was prepared from graphite by the modi-
fied Hummer method. Chemical and thermal reduction pro-
cesses were applied to form rGO from graphite oxide [2, 3].
The synthesized rGO (rGO-c), on the other hand, was pre-
pared from biomass of coconut shell by the carbonization
method [21, 23]. The old coconut shell was cleaned by re-
moving husks adhered on its surface. The cleaned shell was
carbonized yield in charcoal flakes which were then grounded
and sieved to get homogeneous charcoal powders. Further-
more, the powders were sonically exfoliated in the medium
of distilled water to form a thinner graphitic layer. Physical
properties of the samples, rGO-c, and rGO-s were then exam-
ined. Brunauer-Emmett-Teller (BET) theory was applied to
identify porously and to measure the specific surface area of
the samples. The measurement was carried out using Quan-
tachrome Instruments Nova 1200e Surface Area & Pore Size
Analyzer. The density of the powders was analyzed using a
pycnometer. Particle size analyzer (PSA, Zetasizer Nano ZS
Malvern) was used to examine particle size distribution of the
powders in distilled water. The surface microstructure and its
elemental distribution of the powders were also checked using
a Scanning Electron Microscope (SEM) with Energy Disper-
sive X-ray (EDX) spectroscopy. To estimate the gap energy
of the samples, optical spectra obtained by the Uv-Vis spec-
trophotometer (Genesys 10S) in the wavelength range of 200-

TABLE I: Porosity and specific surface area of the samples
examined by BET, and density of the samples measured

using a pycnometer.

P o r o s i t y Specific Density
Sample Porous Porous surface area

volume (cc/g) diameter (nm) (m2/g) (g/cm3)

rGO-s 0.18 2.44 298.53 1.95
rGO-c 1.29 10.82 475.72 1.91

800 nm were analyzed using the Tauc Plot method [20]. The
electrical conductivity of the samples was determined from
V-I data obtained by a four-point probe method.

III. RESULTS AND DISCUSSION

Analyses on phase and functional groups presented in the
samples have been reported in [22, 23]. Two broad peaks at
2θ of about 24◦ and 43◦ were observed in XRD patterns of the
samples, indicating the presence of the rGO-like phase. Spec-
tra of Fourier Transform Infrared (FTIR) also confirmed that
both samples have similar functional groups of C=C, C=O, C-
O, C-H, and O-H. However, qualitative analysis of the spectra
suggested that rGO-s has a higher percentage of oxygen func-
tionality, which is twice as large as that of rGO-c [23].

Table I summarizes porous characteristics, specific surface
area and density of the samples in the powder form. The den-
sity of both samples was found to be quite similar, which is
1.91 and 1.95 g/cm3 for rGO-c and rGO-s, respectively. The
volume and diameter of porous presented in rGO-c are much
larger compared with that of rGO-s. rGO-c has approximately
1.29 cc/g porous with a diameter of 10.82 nm, while rGO-s
has about 0.18 cc/g porous with a diameter of 2.44 nm. These
porous features will directly affect the specific surface area of
the samples. The more porous presented in the sample, the
larger the surface area will be obtained. rGO-c and rGO-s
have a specific surface area of approximately 475 m2/g and
298 m2/g, respectively. Characteristics of large porous and
high specific-surface-are are essential in carbon-based materi-
als for their potential applications.

The specific surface area is related to the particle size of the
samples. Small particles tend to have a large specific surface
area, and vice versa, large particles have a small surface area.
Fig. 1 illustrates the particle size distribution of rGO-c and
rGO-s examined by PSA. A single peak at 200 nm was ob-
served in rGO-c. This indicates that rGO-c has homogenous
particle-size-distribution. It also implies that the morphology
of rGO-c is like thin sheets, thus no other peak signifying a
thickness of the sheets can be seen. In the case of rGO-s, two
broad peaks are observed at 105 nm and 615 nm in the distri-
bution spectrum. It suggests that the particle-size distribution
of rGO-s is not quite homogeneous. A small peak at 105 nm
might indicate the thickness of the particle, and a high peak at
615 nm could be related to a cross-sectional area of the parti-
cle. To confirm these suggestions, the surface morphology of
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(a) rGO-s (b) rGO-c

FIG. 2: Surface morphology of (a). rGO-s and (b). rGO-c observed by Scanning Electron Microscope (SEM). Inset in (a) is the
close view of a spot in the image.

FIG. 3: Optical absorbance spectra of rGO-c and rGO-s
obtained from UV-Vis spectroscopy.

the samples was examined, and the results are shown in Fig.
2.

While transparent thin sheets with homogeneous thickness
and size were observed in rGO-c, stacked flakes-like particles
with heterogeneous sizes were found in rGO-s. It can be seen
in the close view on a spot of the image shown in the inset
of Fig. 2(a). From the morphology images, one can notice
that there are more porous in rGO-c than rGO-s. Stacking
sheets or flakes in rGO-s tends to look denser than those in
rGO-c. These somehow consistent with the results suggested
by PSA and Surface Area & Pore Size Analyzer. Elemen-
tal analysis by SEM-EDX on the observed surface shows the
presence of C and O elements in rGO-c, and C, O and K ele-
ments in rGO-s. Relative quantities of each element obtained
from SEM-EDX measurement are shown in Table II. Both
samples contain a similar amount of C and O which are about
80 wt% and 20 wt%, respectively. A small amount (0.8 wt%)
of potassium (K) is observed in rGO-s. The existence of K is
predicted since rGO-s was synthesized from the coconut shell.

TABLE II: Relative quantities of elements presented in the
surface morphology obtained from SEM with EDX

spectroscopy.

Element rGO-s rGO-c
(wt%) (at%) (wt%) (at%)

Carbon (C) 78.4 83.1 74.4 79.5
Oxygen (O) 20.8 16.6 25.6 20.5
Potassium (K) 0.8 0.3 - -

However, this element can be eliminated by heating process
and/or dissolution in acid. Thus, a thermal reduction is neces-
sary to prepare a rGO-like phase from biomass in addition to
mechanical exfoliation.

The physical features of the samples influence their elec-
trical and magnetic properties. Our previous studies reported
that magnetization of the rGO-like phase synthesized from co-
conut shell strongly depends on defects [22,23]. The magne-
tization enhances when the concentration of defect increases,
and this can be tuned by controlling temperature applied in the
thermal reduction process [22]. The saturation magnetization
of rGO-s is larger than that in rGO-c as rGO-s has more de-
fects compared with rGO-c [23]. In this case, a contribution
from magnetic impurities has been subtracted. Here, electri-
cal conductivity (σ) of rGO-c was found to be one order larger
than that of rGO-s, in which σ is about 28 S/m and 4 S/m for
rGO-c and rGO-s, respectively. By evaluating σ at the ele-
vated temperature between 30◦C and 100◦C with 10◦C step,
we found that gap energy is approximately 0.30 eV for both
samples. Furthermore, gap energy was also examined from
optical absorption spectra measured by UV-Vis spectrometer.

Fig. 3 displays the absorption spectra of rGO-c and rGO-s
solution with the same concentration within the wavelength
range of 200-800 nm. The first edge peak at ∼230 nm was
observed in both samples. This peak indicates π-π∗ electron
transition of aromatic C-C. Maximum absorption occurs at the
same wavelength of 290 nm in the samples. This peak implies
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the presence of n-π* transition originated from C=O. By ap-
plying the Tauc Plot method [20], plot of photon energy (in
eV) and (αhν)2 (in [eVcm−1]2), gap energy was estimated to
be 0.31 eV and 0.37 eV for rGO-s and rGO-c, respectively.
These values agree with those calculated from V-I data and
are in the range of gap energy of semiconducting materials. It
indicates that the obtained rGO-like phase can be potentially
applied in technologies required semiconductor compounds,
such as solar cell.

IV. SUMMARY

Investigation on physical properties has been done on
reduced graphene oxide (rGO)-like phase prepared from
biomass of coconut shell (rGO-s) and the commercial prod-
uct (rGO-c). The density of rGO-c and rGO-s was found
to be ∼1.9 g/cm3. Analysis of porous characteristics shows
that rGO-c has more porous of about 1.3 cc/g with a diame-
ter of 10.8 nm compared to rGO-s which has 0.2 cc/g porous
with a diameter of 2.4 nm. The specific surface area in rGO-
c was also obtained much larger than that of rGO-s. rGO-
c and rGO-s have a specific surface area of ∼298 m2/g and

∼475 m2/g, respectively. Examinations on particle size and
surface morphology show that rGO-c has homogenous par-
ticles which consist of transparent thin sheets, while rGO-s
has rather heterogeneous particles that look like dens stacked
sheets. Moreover, the presence of C and O was confirmed at
the observed morphology. These physical features were then
found to influence the obtained electrical conductivity of the
samples. rGO-c has higher conductivity than rGO-s. Estima-
tion on gap energy (Eg) from both data, electrical conductiv-
ity, and optical absorption spectra, indicates that rGO-c and
rGO-s have Eg in the range of semiconducting materials. To
enhance the porous and specific surface area, thermal reduc-
tion followed by chemical and mechanical exfoliations is sug-
gested to prepare rGO from coconut shell.
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