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ABSTRACT

Graphene and the composites and nanocomposites based on it are considered to be the most advanced
materials today. Using it, it is possible not only to improve the properties of existing materials, but also
to obtain completely new materials. For the last few years, work on graphene has been actively
underway, resulting in improved materials, new technologies and the development of sensor
technology. However, it should be noted that the synthesis of graphene with an ideal structure is a
rather difficult and costly process, which is why it is being replaced by graphene oxide (GO)
structures.The goal of our work was to obtain graphene oxide by the most common intercalation
method, which is proposed in the literature and takes place in two stages. The next stage of the research
was obtaining of graphene oxide corrugated granules by simultaneous spray-dryer method, for which
Lab Granulator was used. We observed, that during the granulation process various size layers of GO
arise. Size of granules ranged from ~5 nm to 500 nm. Above mentioned method gives the possibility to
scalable produce defined size corrugated granules of GO. The identification and structural-
morphological study of the obtained materials was carried out by XRD, SEM, UV and Raman spectral
methods.
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INTRODUCTION

With the beginning of the new century, the development of nanotechnologies became a decisive
task of scientific research, and carbon turned out to be one of the principal directions of this concept,
due to the unique property of its atoms - to form a long chain (catenation) and along with that to
include other atoms and groups of atoms.

In the history of nanotechnologies, the discovery of carbon nanostructures: fullerenes and carbon
nanotubes at the end of the 20th century, and the method of obtaining graphene in the 21st century
[1] were most important. In 2010, among the the Nobel Prize laureates in Physics, Konstantin
Novoselov and Andre Geim, from the groups of scientists from the University of Manchester, who
discovered graphene in 2004, were named [2,3].
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Graphene, the world's thinnest material, is an organic matrix consisting of hexagons with carbon
atoms on the vertices [4]. Since its discovery, many studies have been focused on new ways of obtaining
this material, its physical and chemical properties, and the manufacture of new graphene-based
nanomaterials. However, it should be noted that the synthesis of graphene with an ideal structure is a
rather difficult and costly process, which is why it is being replaced by graphene oxide and reduced
graphene oxide structures [5,6].

The term graphene oxide refers to graphene particles that have molecules or functional groups
attached to the edge or carbon chain, such as: hydroxyl, phenol, carboxyl, carbonyl, aryl, ether,
phosphorous-bearing, etc. Unlike graphene, carbon in graphene oxide is in sp® hybridization and
contains a large number of oxygen-containing groups, which allows it to be functionalized [7].

Graphene oxide is an excellent platform for obtaining both graphene and reduced graphene oxide
and their chemically (covalently) modified materials. Graphene oxide itself is considered as graphene
that has been modified with a set of oxygen-containing groups capable of replacing organic or inorganic
functional groups. Such covalent modifications change both its electronic structure and adsorption
properties and are widely used in sensors [8,9].

Graphene oxide, due to its layered structure, is well dispersed in water and polar and non-polar
organic solvents (ethylene glycol, dimethylformamide, M-methylpyramidon, and tetrahydrofuran).

There are four principal ways to synthesize graphene oxide: that of Staudenmaier, Hoffmann,
Brodie and Hummers; researchers are, however, trying to obtain a product of stable quality with less
cost and minimal processing.

MATERIALS, SYNTHESIS AND METHODS

Methods: In the i work, several advanced material characterisation equipment was used.

The X-ray diffraction analysis of the synthesized materials were carried out on DRON-3M.

The Raman spectroscopy analysis was done on a Witec UHTS 300, using a 532 nm laser with 1.5 mW
power intensity under the conditions: filler single spectra, magnification: 50x, integration time 0.5 s;
532 nm excitation laser at room temperature.

Optical absorption spectra of Graphene oxide solution were taken from an ultraviolet visible
spectrophotometer (UV, Shimadzu UV-3600).

An SD-1000 laboratory spray granulator was used for granulation, particle size control and other.

The Scanning Electron Microscope (SEM) Sigma 300 (Zeiss) with resolution 1 nm, was used for analysis
of morphology.

Synthesis of graphene oxide - Synthesis of graphene oxide was conducted by modified Hummers
method. 500 ml flask placed into a water bath (30-35°C), 2 g natural graphite was added into a mixture
of 50 ml 98% H:SOs+ and 6 g KMnOQOa and the solution was stirred during 1 h. Then temperature
increased to 70°C and stirred during 1 h, after this added 200 ml H20 and 20 mL 30 % H:0O. Obtained
graphene oxide suspension was filtered, washed and centrifuged to removal the waste graphite.
Obtained product was dispersed in water by sonication. Resulting stable suspensions of graphene oxide
was granulated by spray-dryer method for preparing of corrugated granules.
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Granulation of graphene oxide -The reduced graphene oxide suspension was mixed on a magnetic
stirring and delivered by a peristaltic pump to the granulation zone at a speed 10-20 ml/min. The
granulation zone temperature is kept within 40-150°C. The suspension was dispersed by the air
compressed up to 3 atmospheres. The produced granules are collected in a receiver, and for final
removal of the solvent, it was additionally dried in the vacuum oven.

RESULTS AND DISCUSSION

The goal of our work was to obtain graphene oxide by the most common intercalation method,
which is proposed in the literature and takes place in two stages, as follows: 6 g of graphite taken for
synthesis (pre-activated or pyrolytic) is added to 50 ml of concentrated sulfuric acid and water bath,
(t=27-35°C ) under mechanical stirring, potassium permanganate is added in small portions during 1
hour. After raising the temperature to 70 °C in the water bath, 100 ml of distilled water and another
100 ml after 30 minutes of removing from the stirrer are added. After adding 20 ml of hydrogen
peroxide, the resulting mixture turns yellowish-golden, and after filtering and washing in a centrifuge,
we get a brown-color 6% suspension of graphene oxide. Drying is carried out at a low (50-70 °C)
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Fig. 1. XRD (a) and Raman (b) of graphene oxide

In Figure 1a, a peak at 10° is observed which shows the presence of GO. Whereas the Raman
spectroscopy results in Figure 1b show a “D” peak at 1590 cm™ and a “G” peak at 1350 cm-?, which
confirmed the lattice deformation. In the UV spectra (Figure 2b), the main peak at 230nm and the
shoulder peak at 300nm stand for m-r* transitions of C=C bond from graphitic carbon of GO and n-*
transitions of C=0 bond from oxidized carbon of GO respectively.

The next stage of the research was obtaining of graphene oxide by spray-dryer method. Graphene
oxide microspheres were obtained by this method. Its morphology was studied By SEM (Figure 2a) and
UV spectroscopy. The images proves that different size, corrugated granules of the graphene oxide
were obtained. Graphene oxide has excellent features such as large surface area, high stability, and
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layered structure. Therefore, the graphene oxide granules obtained by the above-mentioned method
make their homogenization in different matrices (Polymer, ceramic and etc.) much easier.
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Fig. 2. SEM (a) and UV (b) of graphene oxide

Conclusion

Graphene and its derivatives are promising materials used as fillers in polymers, ceramics, etc. The
field of application of composites containing graphene structure is very wide. The present work deals
with the synthesis of graphene oxide granules. The obtained materials identification and structural-
morphological characterization were undertaken using XRD, SEM, UV and Raman spectral methods.
Simultaneous spray-dryer method gives the possibility to scalable produce defined size corrugated
granules of GO.
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Lebmdol 0eros 393479L BoD03s-B9dbolzol 0bLGHoGHMGHO
SBLEGHMIAHOo

30553960 s LBy sx39dbgdYo 333MBOGHIO0 s BbMIMI3MDOEIO0 ML Y39wsBY
9mf0bs39 Bobogds 0m3egds. Fobo godmygbgdom Fglsdwgdgaros s6s BbMEME SMLYdNIEO
3L 0oL M30L90gOOL 25X MIGBYDS, 56539 BLOVI0sE b slsergdols d9ddbs. dmerm
65896009 farol 563s3wmdsdo  gMexgbHg FMTomds 5dBHoIMo© F0dEobsMgmdL, Mol
0900929053 39dxMdILBs Folvengdo, S0 Fgdbmema0gd0 s obzoMsms LgblmGwmo
3996mmy05. 099939, 9965 500603bML, HMA 4M913960L 0 MEMO bGHOMIEOHOL Lobomgbo
15305 OMMWO S dZ0MIPPOMJOO 3MMEJLOS, MOl 2sdmE bgds dobo Rsbsgargds
30553960L mJbool LEM®WIGHMOGBom. h3gbo Lodmdomli dobsbo ogm acMsxzgbol mJlools
dogds g30wsHg 3930390 gOI0 06@ 9635053000 9900 M©Om, 6Hmdgeos
0900m0035H909)0s  o@IMsGHMSd0 s 3080bsMgmdL MM g@eds. 3330l 99dgyo
93530 04m 3653960l MmJlool AMmBMMgdol FoEgds JOMNOOMMEO A5536J3939-250MMOOL
3900mEOom, Mobm30Ls3 39dMYgbgdmwo 0dbs WIBdMEOSGHMMmOMMO OB MWsGHMMo.  B39b
©5353300©0m, O™ 3M56)s300L 3MmEgldo Fodmoddbs aMongbol mdioo bbgzswalbgs
bmdol 396900. gM9bMwgdol Bmds dgMygmds ~5 63-sb 500 63-dg. BgIMI©bodbymo
9900m©0  2M553960L MmJLoO FMWROOMIOMEO FEMBEgdOL oLTEHIO0MYOSO FoMmBmgdol
99L53gdEMBSL  0dg3s. FoLYdVIEo  Fobogdol 0IBEH0B0IHE0S S LEAMWMIGHWOED-
9O BMEMma0mHo Iguogus gobbm®dEogws MHgbgabom, ggddH®mbamo dozmOmlzm3om,
M GHO500LRIO0 S M5Bl B3gdBHOMEo FgoMPIdOm.
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