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Abstract: The 100 mesh and 400 mesh GO materials were synthesized from coconut shell waste-
based graphite using the modified Hummer's method. These GO materials were then subjected to a
calcination process at 950°C, during which they were reduced to reduced graphene oxide (rGO). The
rGO was subsequently composited with Nd2Os using a solid-state reaction method to obtain rGO-
100 mesh/Nd,0; and rGO-400 mesh/Nd,Os materials. rGO-100 mesh/Nd,O3 and rGO-400
mesh/Nd»O3 were characterized using XRD, SEM-EDX, and FTIR. XRD analysis of rGO-100
mesh/Nd,O3 and rGO-400 mesh/Nd.Os revealed a crystalline structure, with diffraction peaks
corresponding to the Nd.Os; phase in the rGO/Nd,Os. FTIR spectra confirmed the presence of
oxygen-containing functional groups, and the emergence of (Nd-O) groups in the rGO/Nd;Os,
indicating the formation of the rGO/Nd,O3; composite. The surface morphology of rGO/Nd.Os
obtained from SEM characterization showed that Nd»Os particles with varying particle sizes

dominated the rGO/Nd0O:s.
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1. Introduction

Graphene is a material composed of a single two-
dimensional layer of carbon atoms bonded together in a
hexagonal structure*?, a promising material with high
specific surface area, flexibility, electronic properties,
conductivity, and good thermal stability®. This is what has
made graphene highly popular for research in recent years.
As a semimetal conductor, graphene and its derivatives
have attracted significant interest in electronic research and
applications, such as in energy storage supercapacitors,
sensors, solar cell applications, and transparent conductive
films, owing to their remarkable physical and chemical
attributes®5-6-7),

Graphene is a single-layer 2D material composed of
carbon with sp? hybridization. When subjected to oxidation,
graphene oxide (GO) gives rise. GO stands as one of the
derivatives of graphene®. GO is oxidized from graphite,
which can be described as a carbon-based substance
consisting of abundant oxygen-containing functional
groups, commonly found at the edges of the GO structure.
The electrical, optical, and chemical properties of GO are

similar to those of graphene. Moreover, GO has the
advantage of being more cost-effective to produce and
having a shorter production time than graphene?.
Environment-friendly  precursors for  producing
graphene-based materials and their derivatives are gaining
attention. Naturally, a variety of carbon sources exist, yet
carbon extracted from mining substances is classified as
non-renewable and environmentally unfriendly resources.
On the other hand, carbon is also present in the shape of
biomaterials obtained from plants, which is more
environmentally friendly'®'912), Several previous studies
have successfully synthesized graphite, GO, and reduced
graphene  oxide (rGO) from  coconut  shell
waste!I1419)16).17).18).19) Eyrthermore, the incorporation of
Nd»O3 into GO constitutes a research area that has been
rarely explored. Among the diverse rare earth metal oxides,
Neodymium Oxide (Nd>O3) possesses distinct applications
owing to its unique catalytic properties, nanoscale surface,
electrical characteristics, additive properties, and good
doping attributes for enhancing the conductive/electronic
capabilities of material®®. The properties of Nd,Os
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particles are anticipated to enhance the attributes and
characteristics of graphene and its biomass-based
derivatives, thus potentially increasing the potential of
biomass-based materials. In this study, the primary
objective is to develop and evaluate a composite material
by integrating GO derived from coconut shell waste with
Nd:0s. Specifically, the research aims to Investigate the
structural transformation of GO into reduced graphene
oxide (rGO) during the solid-state synthesis process at
950°C, and evaluate how variations in GO mesh size (100
and 400 mesh) influence this transformation. Analyze the
interaction between GO and Nd20; during the calcination
process and its impact on the physical and chemical
properties of the resulting composite. Characterize the
obtained composites using XRD, SEM-EDX, and FTIR to
confirm the formation and structural characteristics of the
composites. By achieving these objectives, this study aims
to contribute to the development of environmentally
friendly graphene-based materials with enhanced
properties for various applications.

2. Experimental Procedure

2.1 Materials

Hydrofluoric Acid (HF 40%), Sulfuric Acid (H2SOs),
Potassium Permanganate (KMnO,4), Sodium Nitrate
(NaNOs3), Hydrogen Peroxide (H,0O;), and Neodymium
Oxide (Nd203) (99.9%) of all materials used are Pro
Analyst (PA) chemicals purchased from Sigma Aldrich.

2.2 Synthesis of Coconut Shell Waste-Based GO
Composite with Nd203

In this study, the raw material for the production of
graphene oxide (GO), namely graphite, was synthesized
from coconut shell biomass waste using an optimization
method as described in the research conducted by Sujiono
et al., (2023)?Y. Subsequently, the produced graphite was
oxidized to generate graphene oxide (GO) using a modified
Hummers method based on the research conducted by
Sujiono et al., (2020)*), where the precursor graphite's
particle size was altered to 100 mesh and 400 mesh,
subsequently labeled as GO-100 mesh and GO-400 mesh.
Subsequently, a composite was synthesized by blending
1.5 grams of 100-mesh GO with 0.5 grams of Nd.O3,
followed by milling for 3 hours. The samples were then
subjected to a heat treatment at 950°C for 6 hours for the
calcination. During the calcination process, GO was
reduced to rGO. The same procedure was carried out with
400-mesh GO. The two samples were labeled rGO-100
mesh/Nd,Oz and rGO-400 mesh/Nd2Os,

2.3 Characterization

The crystalline phase composition of the sample was
characterized by X-ray Diffraction (XRD) using a
Shimadzu XRD 7000 Diffractometer (Shimadzu, Japan).
The surface morphology and elements of the sample were
characterized by Scanning Electron Microscopy-Energy

Dispersive X-ray (SEM-EDX) using a JSM-6510LA
instrument. To identify functional groups of the sample,
they were characterized by Fourier Transform Infra-Red
(FTIR) Spectroscopy using a Thermo Scientific Nicolet
iS10 instrument in the 4000-500 cm™' with KBr pellets.

3. Results and Discussion

The crystal structure quality and orientation of the
graphene oxide (GO) derived from coconut shell waste and
the GO combined with Nd,Os3 are illustrated in Fig. 1. The
XRD pattern of GO in Fig. 1 (insert) exhibits an amorphous
structure, yielding two prominent peaks at 26 angles of
approximately 23° and 43°, which correspond to the (002)
and (001) planes, respectively???®. The peak at 26 of
approximately 23° may also be associated with the
arrangement of graphene layers, which is typically uneven
regarding the orientation of stacked graphene sheets'?.
Furthermore, the peak detected at around 43°, associated
with the (001) plane, may indicate a reduction in oxygen
functional groups and flaws within the sample, which
might be further substantiated by FTIR analysis'®.
Before thermal treatment, the diffraction peaks at 23° and
43° suggest that the structure of GO contains disordered
graphene layers and a minor reduction of oxygen
functionalities, displaying characteristics identical to
reduced graphene oxide (rGO), which may have
experienced some reduction during the initial
synthesis'®?. However, after calcination at 950°C, both
peaks disappear, indicating significant changes in the
material's structure.

Figure 1 shows the XRD patterns of the rGO-100
mesh/Nd,O3z and rGO-400 mesh/Nd;0s. According to the
database, three phases have been identified in the rGO-100
mesh/Nd»Oj; sample. Firstly, the Nd,Os phase was obtained,
in accordance with the Powder Diffraction Pattern (PDF)
No. 01-072-8425, appearing at 26 angles of 26.84°, 29.74°,
30.76°, 40.49°, 47.41°, 53.42°, 56.98°, 64.07°, and 74.18°.
The second phase identified was the H3;NdOs phase,
corresponding to Crystallography Open Database (COD)
No. 2106882, with peaks at 26 angles of 15.92°, 27.76°,
28.73°, 32.16°, 36.85°, 40.37°, 42.99°, 48.62°, 49.10°,
51.49°, 59.91°, 65.38°, 71.59° and 78,79°. The third phase,
Carbon (C), in accordance with PDF No. 01-075-0444,
appeared at 26 angles 26.31°, 46.50°, and 54.15°.

For rGO-400 mesh/Nd,Os, two phases were identified.
Firstly, the Nd>Os3 phase was obtained, in accordance with
the Powder Diffraction Pattern (PDF) No. 01-072-8425,
appearing at 26 angles of 26.84°, 29.74°, 30.76°, 40.49°,
47.41°, 53.42°, 56.98°, 64.07°, and 74.18°. The second
phase identified was the H3NdOj; phase, corresponding to
Crystallography Open Database (COD) No. 2106882, with
peaks at 26 angles of 15.92°, 27.76°, 28.73°, 32.16°, 36.85°,
40.37°, 42.99°, 48.62°, 49.10°, 51.49°, 59.91°, 65.38°,
71.59° and 78,79°. The absence of the carbon phase in the
rG0O-400 mesh/Nd,Os3 is due to the reduction in particle
size and the diminished carbon concentration following the
calcination process, which results in peak broadening and
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a decline in peak intensity, potentially rendering the peak
undetectable relative to the prominent Nd>O3; peaks. As a
result, the carbon diffraction peak becomes undetectable or
difficult to interpret in the rGO-400 mesh/Nd203
diffraction  pattern®?®).  Moreover, the rGO-100
mesh/Nd:0s and rGO-400 mesh/Nd-Os composites show
the absence of characteristic rGO peaks in the XRD
analysis. This absence is due to the dominance of the
diffraction peaks from Nd.Os, which overshadow the
weaker diffraction signals from rGO. Specifically, the

crystal peaks of Nd-Os tend to be sharper and more intense
compared to the semi-amorphous peaks of rGO%27,
Furthermore, it is recognized that the synthesis procedure
or thermal treatment can substantially influence the
structure and properties of rGO'??Y. The disappearance of
these peaks may be attributed to the increased amorphous
nature of graphene after calcination, where the interaction
between graphene oxide and Nd»Os disrupts the regularity
of the graphene layers®). This transformation is consistent
with the formation of rGO, as confirmed by FTIR results.
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Fig. 1: Diffractogram pattern of rGO-100 mesh/Nd203 and rGO-400 mesh/Nd20s and insert: GO-100 mesh and GO-400 mesh
based on coconut shell waste

Furthermore, FTIR was conducted to identify functional
groups and describe the molecular structure of GO based
on coconut shell waste graphite, as well as rGO/Nd»0Os.
From the FTIR spectrum of rGO 100-mesh and rGO 400-
mesh, it can be discerned that patterns of interconnected
carbon and oxygen functional groups have formed within
the wavenumber range of 4000 cm to 500 cm!. The
spectrum of GO based on coconut shell waste, shown in
Figure 2, exhibits a hydroxyl O-H group stretching

vibration band corresponding to the residual water
intercalated between the GO sheets, the presence of
carboxyl C=0O and C-O and also stretching vibration of
functional groups at the edge of the GO sheets carbonyl
functional groups (—C=0). The absorption peak also relates
to the epoxy C—OH stretching vibration band?®-*?), The
comparison of functional groups between coconut shell
waste-based GO and GO synthesized from commercial
graphite can be observed in Table 1.

- 3007 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 11, Issue 04, pp3005-3014, December, 2024

0-H

GO-100 Mesh

} .
L0}

GO-400 Mesh

C-0 c.oH

Transmittance (a.u.)

6LvE < vve

8.6l
102

Wl} 80
> 6851
}

zom)

I I I
3500 3000 2500

I I
2000 1500 1000

Wavenumbers (cm™)
Fig. 2: FTIR spectrum of GO-100 mesh and GO-400 mesh based coconut shell

Table 1. Comparison of functional groups or bond types and wavenumbers of GO-based coconut shell waste with GO based

commercial graphite

31).

Wavenumbers (cm™)

Functional Groups

Functional Groups®? Wavenumbers (cm™)

GO-100 mesh ~ GO-400 mesh
O-H 3424 3419 O-H 3414
-C=0 1708 1704 -C=0 1735
C=0 1589 1578 C=0 1556
CcC-0 - 1207 C-0 1248
C-0OH 1077 1002 C-OH 1050

Figure 3 illustrates the absorption peak positions of
rGO/Nd,0O3 in the FTIR spectrum. The FTIR
characterization results show significant changes in the
chemical structure of graphene oxide (GO) after
calcination at 950°C and the formation of a composite with
Nd:Os. Before calcination, the FTIR spectrum exhibited a
strong peak around 1500 cm™, corresponding to the
vibration of C=0 groups®. This peak indicates a high
concentration of oxygen-containing groups within the GO
structure, a characteristic feature of this material®?.

However, after the calcination process and the
formation of the composite with Nd.Os, the intensity of the
peak at 1500 cm™ drastically decreased. This reduction
indicates that most oxygen-containing groups, particularly
the C=0O groups, were either removed or significantly
diminished during calcination. This change is consistent
with the transformation of GO into rGO, where the
majority of oxygen groups are eliminated during the

calcination process®>*4. A new peak emerged around 1600
cm!, corresponding to the vibration of carbon double
bonds (C=C). The presence of this peak suggests that the
graphitic structure of graphene begins to form after oxygen
reduction, consistent with the formation of rGO. This C=C
peak indicates that most oxygen bonds have been removed,
and the resulting graphene has better carbon-carbon bond
conjugation®). Meanwhile, new absorption peaks appear,
indicating the formation of the rGO/Nd,O3 composite,
particularly the Nd-O functional group®®)%", and several
new peaks have emerged, such as C—N, C=C, and C=C=C
303839 Tn addition, new peaks related to oxygen groups in
a different range after calcination were also detected,
indicating the presence of additional oxygen groups
formed due to the interaction between graphene and Nd.Os.
These peaks suggest that although most of the oxygen has
been reduced, the rGO/Nd20Os composite retains some new
oxygen groups, which may originate from the chemical
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reaction between Nd2Os and the residual oxygen groups in
graphene oxide during the calcination process.
A comparison of bond types and wavenumbers between

rGO-100 mesh/Nd;O3 and rGO-400 mesh/Nd;O; with
those based on the literature is presented in Table 2.

O-H C=C c=C C-0 C-N Nd-O
C=C=C
rGO-100 mesh/Nd, 0,
Al &
=
L o
i o)
1)) :
8 ?
o GO-400 h/Nd,O :
3 £ TCOAMmNGO, N A A
c | 2 ~ &2
2 = |2 (5 R
o ;
= e
! [
g |
] /
- T T T — T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm™)

Fig. 3: FTIR spectrum of rGO-100 mesh/Nd20;

and rGO-400 mesh/Nd203 based coconut shell waste

Table 2. A comparison of bond types and wave numbers of rGO/Nd203 with bond types and wave numbers based on literature.

Wavenumbers (cm)

Functional Functional Wavenumbers Ref
Groups rGO-100 mesh rGO-400 mesh Groups (cm'l) elerence
/Nd203 /Nd203

O-H 3434 3427 O-H 3444 Sabir et al.,2

C=C=C 2112 2112 C=C=C 2190 Jehad et al.,*)
c=C 1910 1910 Cc=C 1900 Jehad et al.,%9
C=C 1630 1630 c=C 1620 Sabir et al.,??
Cc-0 1275 1279 C-0 1299 Sabir et al.,??
C-N 957 957 C-N 1034 Sabir et al.,2

Nd-O 479 480 Nd-O 411;533 Suhailath et al.,3®

Subsequently, the surface morphology of the 400 mesh exhibit granular-shaped particles characterized

rGO/Nd,O3 after the calcination process was examined
using SEM. Figure 4 shows the morphology and particle
distribution between rGO-100 mesh/Nd>O3 (a,c,e) and
rGO-400 mesh/Nd;O3 (b,d,f). It is observed that the
morphology of the rGO/Nd>O3 forms particle structures,
where the GO precursors with grain sizes of 100 mesh and

by a varied size distribution. The particle distribution on
the surface of the rGO-100 mesh/Nd2O3 ranges from 0.1
pm to 0.90 um, with an average of (0.48 = 0.01) pm, and
on the rGO-400 mesh/Nd>O3 from 0.15 um to 0.60 pm,
with an average of (0.44 = 0.01) pm.
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Fig. 4: Surface morphology and distribution particles of rGO-100 mesh/Nd203 (a,c,e) and rGO-400 mesh/Nd20s (b,d,f)

Differences in particle distribution between the rGO-100
mesh/Nd>O; and rGO-400 mesh/Nd,O3 occur during
calcination. The calcination process in both samples is
assumed to significantly contribute to particle restructuring,
affecting the size distribution after the calcination process.
Additionally, differences in the initial precursor grain size
of the GO are considered a significant factor in providing
a different foundation for particle growth during the
synthesis stage, creating variation in particle distribution
between the two samples*®. Although SEM images may
not reveal significant morphological differences between
rGO and Nd,Os, the particle size measurements encompass
dimensions and distribution closely associated with the

morphological  structure. ~ Furthermore,  additional
characterization, such as EDX analysis and mapping,
provide further confirmation regarding the chemical
differences and distribution of composite elements
between rGO and Nd,Os in the samples.

The EDX elemental mapping, as depicted in Fig. 5 and
detailed in Table 3, illustrates the percentage ratios of Nd,
O, and C elements after the synthesis process at a
calcination temperature of 900°C. This indicates
differences in carbon content between the rGO-100
mesh/Nd>O3; and rGO-400 mesh/Nd,Os composites. This
might be attributed to differences in the grain size of GO;
a smaller grain size in rGO-400 mesh/Nd,Oj3 results in a

- 3010 -



Synthesis and Characterization of Coconut Shell Waste-Based Graphene Oxide Composite with Nd,O3 via Solid-State Reaction

larger surface area compared to rGO-100 mesh/Nd,Os.
This has the potential to influence reactivity and
combustion ease during the calcination process in rGO-400
mesh/Nd,Os, thus reducing the presence of remaining
carbon elements*?.

Figure 5 also displays EDX analysis and elemental maps
of the rGO-100 mesh/Nd>Os3 (ab,c,g) and rGO-400
mesh/Nd,Os (d,e,f,h), demonstrating variations in carbon
content. These differences are attributed to the diverse

——————— 10 pm CK C———10 pm

——————— 10 pm CK C———10 pm

OKa

v
B
<]
S
|
NdMa NdMb
— NdLa

Counts

000 100 200 300 400 500 600 700 800  9.00

keV

10.00

grain sizes in the GO before combining with Nd»Os.
Therefore, during the calcination process, larger grain sizes
will retain a higher amount of carbon elements*®. This
supports the previous SEM and XRD regarding the
formation of a composite between rGO and Nd,Os3, which,
although it may not be apparent at the particle morphology
level, can be identified through more in-depth chemical
analysis.

O K 1upm Nd L

Ndla

OKa

NdMa NdMb

Counts
8
=
|
— NdLb

10.00

500 600 700 800 9.00

0.00 100 200 300 400
keV

Fig. 5: The element map surface area of (a,b,c) rGO-100 mesh/Nd20s3 (d,e,f) rGO-400 mesh/Nd203 (g) EDX rGO-100
mesh/Nd203 and (h) EDX rGO-400 mesh/Nd203

Table 3. EDX percentage of elements present in rGO-100 mesh/Nd>O3 and rGO-400 mesh/Nd>O3

Name Elements Mass% Atom%
8.78 28.25
rGO-100 mesh/Nd203 o 22.02 53.20
Nd 69.20 15.54
5.05 20.73
rG0O-400 mesh/Nd:03 17.06 52.62
Nd 77.89 26.65
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4. Conclusion

GO-100 mesh and GO-400 mesh have been successfully
synthesized using a modified Hummer's method, and rGO-
100 mesh/Nd,O; and rGO-400 mesh/Nd,Os3 have been
successfully synthesized using a solid-state reaction
method. XRD analysis indicates a crystalline structure with
diffraction peak formation of Nd>O3; and H3NdOs phase for
the GO-400 mesh/Nd,Os, and for the GO-100 mesh/Nd,O3,
phases Nd»Os3, H3NdOs, and Carbon (C) are formed. The
FTIR spectrum of GO confirms the presence of oxygen
compound functional groups, namely O-H group
stretching vibration band, carboxyl C=0, C-O, stretching
vibration of carbonyl functional groups (-C=0) and also
epoxy C-OH stretching vibration band, which are
characteristic features of the graphene oxide spectrum.
Meanwhile, the FTIR spectrum for rGO-100 mesh/Nd»Os
and rGO-400 mesh/Nd,Os3 shows several new absorption
peaks, such as a C=C peak, indicating that most oxygen
bonds have been removed. The resulting graphene has
better carbon-carbon bond conjugation, C=C=C, C=C, C-
N, and Nd-O, indicating the formation of functional groups
of Nd,Os in the sample. Furthermore, the surface
morphology of rGO/Nd,Os3 obtained from SEM-EDX
characterization reveals that the rGO/Nd,Os; has been
successfully produced but is still dominated by Nd,O3
particles.
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