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MnO doped graphene specimens were synthesized using a simple and cost-effective
method, i.e. co-precipitation. The characterization of specimens was done through various
techniques, such as X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM), and
Fourier Transform Infrared (FTIR). Single phase pattern on [222], crystallite size, and
d-spacing were confirmed by XRD results. The nanostructure morphology was observed
using SEM. FTIR showed the shifted peaks and changes in the intensity of molecular
bonds of the material. The specimens were sintered for 1 h at various temperatures of
500 °C, 600 °C, and 700 °C. The XRD characterization showed that sintering at 700 °C
resulted in MnO and GO peaks with the highest intensity, but the specimen sintered at 600 °C
had the best grain size of 70.39 nm. The morphology characterization by SEM showed a
change of shape from triangle to nanosphere with agglomeration. The results of FTIR
showed that the shifts in C-O and Mn-O groups were followed by an increase in N-H, C-H,
C=0, C-O, and Mn-O. The results of this study suggest that single-phase MnO doped
graphene was successfully synthesized using the co-precipitation method.

Keywords: characterization, co-precipitation, graphene, MnO, synthesis.

O6pasuel  rpadena ¢ mpumecblo MNO cHHTe3MpPOBAHLI ¢ MCIOJL30BAHMEM IIPOCTOTO I
SKOHOMUYECKN 2(PPEeKTUBHOTO METOAA COBMECTHOTO OCAMKIeHUdA. XapaKTepUCTHUKA 00pasIloB
IIPOBOAMJIACL € TIOMOIILI0O PAa3JIMUYHLIX METOLOB, TAKMX KAK PEeHTreHoBCKasd AUPPaKI(us
(XRD), cranmpyiomiasa s1eKTpoHHasas MUKpocKkonusa (SEM) m nndparpacHoe mpeobpasoBaHie
dypoe (FTIR). Ognodasubiii coctaB B HampaBiaeHuu [222], pasMep KPUCTAIIUTOB U d-WH-
TepBaJl MOATBEeP:;KAeHbl pesyabrataMu XRD. MopdoJornio HAHOCTPYKTYP HAGIIOLAIN C HC-
noab3oBanuem SEM, FTIR mokasanm ¢IBUHYTHIe MUKW U U3MEHEHUS WHTEHCUBHOCTU MOJIEKY-
JIAPHBIX CcBa3eil MmaTepuana. OOpasibl CIeKaaW B TeueHMe 1 uaca IIpU PasJMYHBIX TeMIepa-
typax 500 ‘C, 600 °C u 700 °C. Xaparrepuctuka XRD mokasana, uro cuexanue npu 700 ° C
npuBoguao K MakcuManbHeIM nukam MnO un GO, mO obpasen, cneuenHsil npu 600 ‘C, nmen
ayumnii pasmep sepua 70,39 um. Xaparxrepucrtuka mopdosaorun SEM mokasana nsMeHeHUe
GopMBI OT TpeyroJbHUKA 10 Hanochepsl ¢ arjaomepanueii. Pesyasratel FTIR cBumereabcTBy-
or, uyro caBuru B rpymmax C-O m Mn-O composoxganuces yseanuennem N-H, C-H, C = O,
C-O u Mn-O. PeayabTaThl »TOr0 HMCCIEAOBAHUS JOKA3BIBAIOT, YTO OJHOMASHBIN JernpoOBaH-
ueiii MnO rpaded Obla yCHEIIHO CHUHTE3UPOBAH € MKCIOJb30BAHUEM METOA COBMECTHOI'O
OCAKIEHUA.
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BaactuBocti rpadena 3 gomimkorw MnO, cuHTe30BaHOrO METOAOM CIIiIBOCAMMKCHHS.
M. Ilman Nur Sasongko, Poppy Puspitasari, Sukarni, Cepi Yazirin

8pasku rpadena 3 gomimirorw MnO cuHTE30BaHO 3 BHKOPHCTAHHAM IIPOCTOrO 1 eKo-
HOMiUHO e)eKTHBHOI'0O METOLY CIILJIBHOI'O OCA[KEHHS. XapaKTepPHCTHKAa 3PasKiB IIPOBOAMJIA-
cs 3a JMOIOMOrOI0 PISHMX MeTOHiB, TaKUX fAK peHTreHiscbka mudparmis (XRD), cramyoua
eneKkTponHa Mikpockouia (SEM) i indpauepsone mepersopernsa Pyp’e (FTIR). Opmodasunii
crian y mampamry [222], posmip kpuctamiTie i d-imTepsan nigTBepmiKeHO pesyJbTaTaMU
XRD. Mopdoaoritzo HaHOCTPYKTYP cuocrepiranu 3 sukopucraumnam SEM. FTIR mnoxazas
3CyHYTi miku 1 sMiHM IHTEHCHUBHOCTI MOJIEKYJAPHUX 3B’ A3KiB Marepiany. 3pasKy CIiKalOTh-
ca nporarom 1 rogmem upu pisamx temmepartypax 500 °C, 600 'C i 700 °C. XapakrepucTura
XRD mnoxkasana, mo cuikasasa npu 700 °C npussogmio go makcuMmanpHux nixkis MnO i GO,
ase spasok, cueueHuin npm 600 °C, mas xpamuii posmip sepra 70,39 mm. XapakrepucTura
mopdoiorii SEM nmoxasana aminy ¢opmMu Bing TPUKYTHHKA A0 HaHochepu 3 arjoMepairieio.
Pesyapratu FTIR cBiguars, mo scysu y rpymnax C-O i Mn-O cyuposomxyBanucad 30iabIneH-
uam N-H, C-H, C = O, C-O i Mn-O. PesyanTaTh ILOT0 JOCIIMKEHHS MOKA3YIOThL, IO
oguodasunii geropamuii MnQO rpaden ycminmzo CHHTE30BAHO 3 BUKOPUCTAHHAM METOLY

CITILILHOTO OCagKeHHsd.

1. Introduction

Over the past few years, the development
of alternative materials for high-capacity
and eco-friendly energy storage applications
has been widely studied. Given the ever-in-
creasing use of fossil fuels, many studies
have been conducted to develop energy stor-
age materials for replacing fossil fuels. The
use of manganese oxide by far has been
broadening as the key ingredient in produc-
ing energy storage system due to its good
magnetic properties.

Manganese oxide is a manganese mineral
that can be found in nature and has natu-
rally formed oxides. Manganese oxide has
its uniqueness, such as a very high mag-
netic moment of 0.326 emu/g and a grain
size of 7.7 nm [1]. The smaller the grain
size, the higher the magnetic properties,
meaning that it is suitable for core-shell
lithium-ion battery [1]. As described by [2],
manganese oxide also has a high purity
level, which can be used as an adsorbent for
the removal of dyes from textile waste by
adsorbing molecules and as a very good cat-
ion, i.e. 0.49 a.u. In line with [1], [3]
proved that manganese oxide has excellent
electrochemical properties (61.43 F.g™1) and
potential use in batteries.

Another material that has been exten-
sively studied for the development of en-
ergy storage materials is graphene. Gra-
phene has attracted interest from many re-
searchers due to its unique and remarkable
properties and great potential applications
in many fields, one of which for alternative
energy storage. According to [4,5], gra-
phene oxide is a single graphite oxide sheet
with oxygen-containing functionalities bear-
ing on the basal planes and edges. Graphene
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oxide is obtained by peeling off the graphite
oxide. The oxygen functional group can fa-
cilitate the modification of the surface of
graphene oxide and make it a promising ma-
terial for composites [6].

In [4] conducted a study on MnO doped
graphene, in which graphene was protected
by manganese oxide with a very high mag-
netization of 1.0-10%3 emu/m3 due to the
exchange interactions between impurity
ions mediated by Mn. In the study, MnQ#4-
ions in the KMnO, electrolyte with three
electrons and protons turned intoc MnO. In
[5] conducted a study on the calcination of
MnO, composites and graphene reduction at
500 °C. The research was successful, result-
ing in a material with a reversible capacity
of 900 and 750 mAh that worked well as an
active ingredient for lithium-ion batteries.
In addition to the two methods, others can
be used such as modified Hummers method
[6-9], novel and facile method [10, 11], co-
precipitation methods [12] and so forth.

The co-precipitation method is a very
easy method of synthesizing oxide nanopar-
ticles [12]. Moreover, it can result in nar-
row particle size distributions (Cao, 2004).
This method can also improve the crystal
structure and properties of the material. The
improvement of structure and properties can
occur optimally if the synthesis parameters
are controlled, such as precursors, material
preparation, pH, temperature, stirring speed
and time, and surfactant concentration [13].

Sintering is the process of drying and
shrinking to obtain a wider surface area and
increase the purity of nanomaterials [14-19].
Material that has been synthesized is then
characterized to identify changes in proper-
ties and purity. Characterization is divided
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into several types, namely X-Ray Diffrac-
tion (XRD), Scanning Electron Microscopy
(SEM), and Fourier Transform Infrared
(FTIR). XRD result confirms single phase pat-
tern, crystallite size, and d-spacing. SEM aims
to observe the morphology of nanostructure.
FTIR shows the shifted peak and intensity of
the molecular bond of the material.

2. Experimental

The synthesis was conducted using co-
precipitation method. First, 2.9990 gram
MnO powder and 0.0010 gram GO were pre-
pared; an analytical balance manufactured
by Optima Scale was used for the weighing.
The next step was mixing the MnO powder
with 80 ml ethylene glycol using a Cimarec
IT Thermo magnetic stirrer for 1 h. The GO
was then added to the mixture while the
magnetic stirrer was still spinning, and left
stirring for 8 h. The stirring process aimed
to mix MnO and GO thoroughly. In addition
to mixing, stirring also dissolved the MnO
and GO so that GO could enter the molecule
structure of MnO. After that, the mixture
was heated using the magnetic stirrer at
70-80 °C for 2 h until it turned into sol. It
was washed 4 times with 750 ml distilled
water to neutralize the moisture content,
monitored using a pH meter until pH 11
was achieved, and filtered using filter
paper. The washing process with distilled
water aimed at neutralizing the acid solu-
tion. Washing with NaOH was also done for
3 times. The filter paper used to filter MnO
doped GO was dried in the oven at 120 °C
for 8 hours, aiming to produce a dry pow-
der. The next stage was scraping the resi-
due off the dried filter paper and crushed it
for 1 h to break up the MnO doped GO
powder into smaller particles. After crush-
ing, sintering was performed at wvarious
temperatures (500 °C, 600 °C, and 700 °C) for
1 h in a tube furnace (MTI corporation). The
sintering result was then crushed for 1 h.
Scanning electron microscopy (FEI Inspect-
S50) was used for morphological charac-
terization, x-ray diffraction (PANalytical) for
phase characterization, and Fourier trans-
form infrared (IR Prestige 21, Shimadzu) for
oxide group characterization.

3. Results and Discussion

Phase Characterization

The X-ray diffraction analysis aimed to
compare the crystalline phases in the mate-
rial powder and analyze the properties of
the structure, including crystallite size,
phase composition, crystal orientation, and
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Fig 1. Phase identification of raw MnO
and MnO doped graphene with different sin-
tering temperatures.

crystal defects in each identification phase.
The following is the XRD results of MnO
doped graphene with different sintering
temperatures presented in a phase diagram.

Fig 1. shows the structural phase tran-
sitions of the four MnO doped graphene
specimens sintered at different tempera-
tures. The green(l) graph shows the speci-
men not subjected to any treatment (raw
material), the result of which formed the
basis for observing the initial phase changes
of those synthesized and sintered at differ-
ent temperatures. Phase changes occurred
after synthesis under sintering temperature
variations (500 °C, 600 °C, and 700 °C). The
different shift of crystalline intensities (as
shown in Fig. 1) shows the development of
nanoparticles in MnO doped graphene. The
development of these nanoparticles indicates
an increase in the purity level of MnO doped
graphene nanoparticles.

Each phase was characterized by its
peaks. Peak [111], [200], [220], [311] and
[222] represented the peaks of MnO [2], [20]
and [21], while peak [002] represented gra-
phene [6], [22]. The peak that underwent a
shift was peak [222]. This could happen be-
cause the sintering process was done. The
phase growth was caused by the molecular
development of MNO-GO during sintering at
various temperatures of 500 °C, 600 °C, and
700 "C. Peak growth indicates a rapid in-
crease in the purity level of MnO-GO pow-
der. The purity during the sintering process
started to increase when the sintering tem-
perature was 500 ‘C (as shown in the yellow
graph at 40°). The increase was shown by
index [211], but the increase of GO peaks
was not apparent, meaning that the growth
of GO was not found in the development of

Functional materials, 25, 4, 2018
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Table. Intensity, FWHM, d-spacing and Crystallite Size of MnO Doped Graphene Oxide

Sample Material X-Ray Diffraction (correspond to [222] peak)
Intensity FWHM d-spacing (A) Crystalline
(counts) (degree) size (nm)
Raw Manganese Oxide (MnO) 264.33 1.03 2.28 143.44
Manganese Oxide Doped Graphene Oxide 277.69 2.7 2.28 54.75
(MnO-GO) 500°C
Manganese Oxide Doped Graphene Oxide 210.64 2.1 2.72 70.39
(MnO-GO) 600°C
Manganese Oxide Doped Graphene Oxide 584.58 1.7 2.72 85.05
(MnO-GO) 700°C

MnO-GO nanopowder sintered for 1 hour at
500 °C. A very noticeable difference existed
in MnO-GO nanopowder sintered at 600 °C
and 700 'C. Under these sintering tempera-
tures, MNnO-GO nanopowder gradually showed
an increase at 238°2 Th and 383°2 Th. At 600 °C,
the peak intensity of MnO and GO powder
increased. As shown by the position of
23°2Th, the specimen sintered at 600 °C expe-
rienced an increase in GO intensity with
index [002], i.e. 43.80 cts. The MnO peak at
33°2 Th and index [222] had an intensity of
210.64 cts. The MnO-GO specimen sintered
at a 700°C also experienced a similar condi-
tion where the intensity of GO reached
85.90 cts at 23°2Th and index [002], and
that of MnO reached 584.58 cts at 33°2 Th
and index [222]. Peak growth occurred be-
cause the atoms present in MnO-GO
nanopowder that contain electrons reacted
and spread very rapidly. As shown in the
graph, the peaks of specimens sintered at
600°C and 700°C shifted, indicating an in-
crease in the MnO-GO powder successively
(Muhammad Ilman Nur Sasongko). The phe-
nomenon showed that a single phase occurred
at a 700 °C and index [222]. Single phase is a
straight line pulled above some peak intensi-
ties of crystallinity resulted from some vari-
ations in the treatment given and showed
that the cubic structure centered in the MnO
nanopowders contained electrons in each atom
and also a large number in the lattice.

The results of XRD characterization can also
determine the crystallite size of MNO-GO material
using the following Scherer Equation [283, 24]

K-\
d =
Bcosd

where:

d, crystallite diameter; K, constant =
0.89-0.9; A, wavelength = 1.5406 A; B, full-
width half maximum (FWHM)
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The results of calculation using the
above formula are presented in Table.

Table shows that the crystallite size of
specimens sintered at different tempera-
tures. Size variations were affected by the
duration of the crushing process, whereas
the difference in crystalline purity or inten-
sity was influenced by the variations in sin-
tering time. The size variation was evident
in MnO-GO sintered at 700 °C for 1 h with
the highest purity level of 584.58 and the larg-
est crystal size of 85.05 nm among the other
synthesized specimens. The MnO-GO specimen
sintered at 500 °C had the smallest crystal
size of 54.75, and its purity did not in-
crease significantly. The purity level of raw
MnO was 1.833% higher than MnO-GO at
index [211]. The level of purity only in-
creased in MnO, whereas the development of
atoms in GO was not visible. The MnO-GO
specimens sintered at 600 ‘C and 700 °C
experienced different conditions. GO atoms
increased significantly at index [002], and
the development of MnO atoms occurred at
index [222]; the longer the sintering time
and the higher the temperature (according
to the atomic development limit of MnO),
the higher the purity level (Mohammad
Ilman Nur Sasongko). Among the three sin-
tering temperatures, the temperature of
700°C generated a specimen with the best
purity and size, i.e. a purity level of 584.58
cts and 85.05 nm in size. It can be con-
cluded that the use of co-precipitation
method can produce MnO-GO nanopowder
with great purity level and small crystallite
size compared to the raw MnO powder of
micron size. XRD test results.

Morphological Characterization

The SEM was used to analyze and com-
pare the morphology of MnO materials, be-
fore and after synthesis [25, 26]. The analy-
sis aimed to examine whether there was any
change in the morphology of MnO-GO after
undergoing synthesis with different sinter-
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Fig 2. Morphology of manganese oxide (MnO) at 50K magnification: (a) without graphene, (b) MnO
doped graphene with sintering at 500 °C, (¢) MnO doped graphene with sintering at 600°C, and (d)

MnO doped graphene with sintering at 700 °C.

ing temperatures. Morphological changes
that occurred in the synthesized MnO-GO
with variations in sintering temperature as the
results of SEM are shown in Fig. 2.

The different morphologies of MnO-GO
can be seen from the results of SEM at a
magnification of 50K. The results showed
morphological changes in MnO due to vari-
ations in sintering temperature. The
changes were caused by the use of various
sintering temperatures, as stated by [14]
that molecular change occurs due to sinter-
ing. During sintering, drying and shrinkage
are formed due to molecular reactions oc-
curring at room temperature. Under these
conditions the mixed materials have many
characteristics and MnO-GO which corre-
sponds to the sintering temperature range,
starting from 600 °C to 1000 °C.
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Fig. 2a shows the morphology of raw
MnO the one that was not synthesized and
sintered. The SEM results were obtained by
examining the morphology of the raw MnO
at 50K magnification. The results showed
that the raw MnO was triangular with some
parts resembling a trapezium with the
smallest size of 65.39 um and the largest
size of 91.28 um. The difference in the
grain size and shape on the surface indi-
cates that agglomeration occurred as parti-
cles deposited in the membrane of the MnO
grains. The MnO specimens were tested
using SEM to determine the initial size of
MnO powder prior to synthesis.

As shown in Fig. 2b, the morphological
changes in MnO-GO after being sintered at
500°C could be analyzed from the results of
SEM at a magnification of 50K. After the
synthesis process, the initial shape of raw

Functional materials, 25, 4, 2018
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Fig. 3. Difference in oxide groups of manganese oxide (MnQO) doped graphene powder (a) without
graphene, (b) MnO doped graphene with sintering at 500 °C, (c) MnO doped graphene with sintering
at 600 °C, and (d) MnO doped graphene sintering at 700 °C.

MnO (triangular with little dots) turned
into spheres with uneven agglomeration.
The sphere size was not uniform at some
parts of the surface of MnO-GO specimen
sintered at 500 °C; the largest one was
234.9 nm, while the smallest was 502.8 nm.
The changes were influenced by the sintering
temperature (500 °C) and the duration of the
crushing process. The morphological changes
shown in Fig. 2a and 2b indicate that the
synthesis had been successfully done.

The results of SEM at 50K magnification
(as shown in Fig. 2c¢) showed an insignifi-
cant change in the MnO-GO morphology as
a result of sintering at 600 °C, if compared
to the one sintered at 500 °C. However,
larger agglomeration occurred in MnO-GO
sintered at 600 ‘C. The uniformity of the grain
size was not that different from the MnO-GO
sintered at 500 ‘C. The smallest size was 171.4
nm, and the largest one was 501.4 nm. The
changes were affected by the sintering tem-
perature of 600 °C and the duration of the
crushing process. The results indicate that the
process of transforming MnO from micron to
nano hah been successfully performed.

Fig. 2d shows that a more considerable
difference in agglomeration existed in MnO
sintered at 700 'C than those sintered at
500 °'C and 600 °C. The agglomeration oc-
curred formed small groups with differ-
ences in shape and size. The specimen sin-
tered at 700 'C had the smallest grain of
152.5 nm and the largest one of 152.5 nm.
The morphological changes were influenced
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by the sintering temperature (700 "C) and
the duration of the crushing process. It can
be concluded that the transition of MnO
from micro to nano was successful. Great
differences in the size and shape of the
grains on the coated surfaces showed that
large agglomeration occurred after having
been synthesized by sintering at 700 °C.
This could occur due to the synthesis
method, sintering temperature, uneven
crushing, and crushing duration.

Characterization of Oxide Groups

The FTIR analysis was conducted to ana-
lyze the oxide clusters in MnO, before and
after the synthesis with ariations in sinter-
ing temperature (500°C, 600°C, and 700°C).

Fig. 3 shows the FTIR spectrum of the
MnQO specimens; the line 3a represents the
raw MnO-GO, and the lines 8b, 3¢, and 3d
represent the MnO-GO sintered at 500°C,
600°C, and 700°C, respectively. As shown in
Fig. 3, one peak shifted and decreased. N-H
group occurred at 3500-3400 cm ™! [27], while
an increase in -OH occured at 3386.85 cm™1
[27]. At 2821.80 cm-1, the -CH group was
stable. An increase in GO due to manganese
oxide resulted in an increase in hydroxyl and
carbonyl/carboxyl groups. The sintering tem-
perature caused a decrease in N-H group and
an increase in -OH and -CH groups, as shown
by the green line [28, 29].

At 1732 cem-1, C=0 group decreased
consecutively [29]. A decrease occurred in
C=C group at 1633 cm™l, C-O group at
1361.74 cm™1, C=0 epoxide group at 1000 cm™1,

807



M. Ilman Nur Sasongko et al. /| Properties of ...

and CO group at 940-948.89 cm™! [27,30].
The presence of mostly C-O and C-C groups
indicates that graphene oxide began to enter
into the lattice of MNO as shown in 3b-3d at
1732 em™! to 940 em™! [27,29]. It was influ-
enced by the mixing of MnO and GO powder and
various sintering temperatures (500 °C, 600 C,
and 700 °C).

As represented by 8a-3d, C-H group at
665.44-651.94 cm'! was deformed due to
sintering and ethylene glycol as a binder
[27]. At 638.44-607.58 cm-1, the specific vi-
brations of Mn-O bonds could be superposed
[80, 381]. The positions of 472.56 ecm™1 to
418.55 em ! included at ~500, where its
intensity decreased with the increase of MnO
content [30-32]. [31] also explained that high
MnO content existed at 418.55 cm™! to
638.44 cm™1L.

4. Conclusions

The results of phase characterization ob-
tained from XRD have led us to conclude
that the sintering process at 700°C for 1 h.
produced the best MnO-GO among other
treatments, i.e. sintering 500°C and 600°C.
The XRD analysis showed that the MnO-GO
sintered at 700°C was a single phase with
the highest intensity of 584.58 counts in
MnO and 85.90 counts in GO. The crystal-
lite size was 85.05 nm, but still a nanome-
ter-scale particle.

The morphology of raw MnO was trian-
gular, and MnO-GO was in the form of
nanospheres. The morphological difference
showed a change from micro to nano at 50K
magnification. The MnO-GO sintered at
700°C had the smallest crystallite size of
152.5 nm and the largest crystallite size of
361.3 nm. The MnO-GO sintered at 500°C
had the smallest crystallite size of 234.9 nm
and the biggest crystallite size of 502.3 nm.
The MnO-GO sintered at 600°C had the
smallest crystallite size of 171.4 nm and the
largest crystallite size of 501.4 nm.

The results of the FTIR analysis on the
oxide groups of the synthesized MnO-GO
sintered for various sintering temperatures
showed that the shift in C-O and Mn-O was
due to the temperature variations, followed
by an increase at 3386.85 em™1, 2821.80 em 1,
940-1732 em™1, and 418.55 ecm™! to 638.44 em™1,
i.e. -OH, C-H, C=0, C-O, and Mn-O. In fact,
a difference in temperature was the contrib-
uting factor to the characterization of oxide
groups; the more varied the temperatures,
the more visible the shift and the increase
in oxide groups.
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