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In this work, a method of obtaining graphene layers from natural source specifically from
rice husk was developed. A rice husk (RH) was used as a raw material, and potassium hydroxide
was used as activation agent. The graphene layers were obtained after four successive stages:
pre-carbonization, desilication in 1 M NaOH solution, chemical activation and exfoliation of the
carbonized rice husk. The obtained samples were studied using Raman spectroscopy, TEM and
SEM; the Raman peaks evidenced the presence of graphene multilayers in the sample. A detailed
observation of Raman spectroscopy showed that the obtained samples with ratio of 1/4 and 1/5
(RH/KOH) consisted of graphene layers with a high content of amorphous component. The yield of
the product was ~ 3% by weight. This study can provide a new way to the large-scale synthesis of
low-cost single and multi-layered graphene using rice husk or other renewable resources.
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B paHHOW paboTe paspaboTaH MeToh nonyyeHua cnoes rpadeHa U3 NPUPOAHOTo
pecypca. B KauecTBe UCXOA4HOro matepuana UCNonb3oBaHa pucosas wenyxa (PLU), a B kKauecTse
aKTUBMPYIOLLETO peareHTa WCMO/b30BaH TUAPOKCKUA, Kanua. Cnou rpadeHa 6blin mosyyeHbl
nocneaoBaTelbHbIMU CTagUAMK: NpeaBapuTenbHas kapboHusauma, gecununkauma 8 1 M pacrsope
NaOH, xumuyeckan akTMBaLma 1 skchonMaLma KapboHU3MPOBAHHOM PUCOBOIM LWeNYXU. MoNyYeHHble
06pasubl MccneaoBaHbl C UCMONb30BaHWEM PamMaHOBCKOWM CMEKTPOCKOMWUM, MpoCBeYnBatoLLeit
M CKaHWpylolWeln SNeKTPOHHON MWKPOCKONUW. PamaHOBCKME MUKW MNOATBEPAUNN Hanuyue
rpadeHoBbIX MHOrOCNOMHbIX cnoes B obpasue. MoapobHoe HabnwogeHUe C MCNONb30BAaHUEM
PamaHOBCKOM CMeKTPOCKONUM MOKas3ano, 4YTo MosydeHHble 06pasupl cooTHoweHuem 1/4 wu
1/5 (PL/KOH) cocTonT u3 rpadeHoBbIX CI0EB C BbICOKUM COAEPKAHUEM aMOPGHOr0 KOMMOHEHTa.
Bbixoa4, npoaykta coctaBnan ~3 mac.%. ITO UcCnefoBaHWE MOXKeT obecneunTtb HOBbINM Cnocob
KPYNHOMAacIUTabHOro CUHTE3a OAHOCNOWHOrO M MHOFOCNOMHOrO rpadeHa € MCnonb3oBaHUEM
PVCOBOWA ENYXW UK APYrUX BO30OHOBNAEMbBIX PECYPCOB.

KnioueBble cnoBa: rpadeH; pucoBas wenyxa; KapboHusaumsa; sKchonaums; XMMUYecKas
aKTMBaUMA.
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Byn »ymbicTa Tabufm pecypctaH rpadeH KabaTTapblH any a4ici )acanfaH. bactankbl maTepuan
peTiHAe Kypil Kaybi3bl, af aKTUBTEHAipYWi peareHT peTiHAe Kanui r'MapoKCuAi KoNAaHblIFaH.
I'padeH KabaTTapbl caTbiNbl CTAAMAMEH aNblHFaH: anfblH-ana KapboHusauuanay, kapboHusaenreH
Kypiw KaybisbiH 1M NaOH epiTiHgiciHge AecMankaumanay, XMMWUAAbIK aKTUBaALMANAY XoHe
akchonaumanay. AnbiHFaH yarinep PamaH CneKTPOCKONMWA, TPAHCMUCCUA 3KIHEe CKaHupieyui
3N1EKTPOHAbIK MMKPOCKONWA KONAAHbIN 3epTTeniHAi. PamaH cnekTpnepi yariHiH KypambiHAa Ken
KabaTTbl rpadeHHiH, 6ap eKkeHiH pacTagbl. PaMaH CNEKTPOCKONUAMEH TEPEH, 3ePTTEY HITUMKECIHAE,
1/4 aHe 1/5 (KK/KOH) KaTbiHacbiHAa anbiHFaH yarinep rpadeH KabatTapbiHaH KaHe amopdTbl
KeMipZeH TypaTblHbl aHbIKTaNAbl. OHIMHIH, Kannbl WbIFbIMbl ~ 3 Mac.%. byn 3epTTey KyMbICbl KypiLl
KaybI3blHAH Hemece 6acKa Aa KaHapTblAbiMAabl pecypcTtapfaH 6ip KabaTTbl »KoHe Ken KabaTTbl
rpadeHai aykbiMabl CUHTE3AeYAjiH KaHa dAiICiH KaMTybl MYMKIH.

TyitiH ce3aep: rpadeH; Kypil Kaybi3bl; KAPOOHM3aLMA; IKCHONALMA; XMMUATBIK AKTUBALMA.
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1. Introduction

Graphene is a single layer two-dimensional carbon
structure, the surface of which is laid out in regular hexagons
with sides of 0.142nm and carbon atoms at the vertices.
Graphene is a semimetal with a small overlap of the conduction
and valence bands. Currently, much attention is paid to graphene
because of its unusual and potentially useful properties such as
high electrical and thermal conductivity, the dependence of
electronic properties on the presence of attached radicals of
different nature on the surface of graphene, an adjustable band
gap, quantum Hall effect, extremely high mobility of charge
carriers, high elasticity and good electromechanical
characteristics. These properties allow using it in future as the
basis for new nanomaterials with improved mechanical,
electrical and thermal physical characteristics, as well as an
element of nanoelectronic devices [1]. The researches on
electronic properties of thin films by Geim and Novoselov have
enabled the development of a new stage in the life of
graphene [2]. They showed the unique electronic properties of
graphene, which gave a new impetus for researchers to further
their studies. If in 2007 were published 797 articles devoted to
graphenes, in 2008 there were 801 publications, in 2016 their
number has already exceeded 1000 titles [3-5].

For several years, since the discovery of the first method for
the obtaining of graphene based on the mechanical splitting of
graphite layers, the efforts of many research laboratories have
been aimed at developing new, more effective approaches to
solving this problem. Many methods, such as liquid-phase
separation of graphite, its oxidation, graphene synthesis by

chemical vapor deposition, epitaxial growth of graphene on a
metal surface, thermal decomposition of carbide, obtaining of
graphene in an electric arc, have been used to obtain
graphene [3,4]. However, these methods are very time-
consuming and have a low yield of graphene. Therefore, the
search for new, simpler and cost-effective methods for the
synthesis of graphene is an actual task. A promising method can
be to obtain graphene layers from agricultural wastes.
Agricultural wastes, e.g., rice husks, poplar tree, saxaul, corncob
and apricot stones are usually decomposed by burning, which
produces ash residues used as sorbents. Among these materials,
rice husks have high sorption potential [5] and their stocks are
huge in the Republic of Kazakhstan and other countries.
Therefore, the obtaining of graphene from rice husks opens the
possibility of developing various applications due to its
inexpensive, simple and scalable production.

2. Experiment

In this work, rice husk (RH), which is a multi-tonnage and
renewable waste was used as a raw material. KOH was used as a
typical chemical reagent to induce porosity. This method of
obtaining graphene oxide from rice husk was different from the
one reported in [6-8]. The carbonized rice husk containing
graphene was obtained in four successive stages: pre-
carbonization, desilication, activation and exfoliation of the
carbonized rice husk (CRH) (Figure 1).

2.1 Pre-carbonization of RH

Firstly, the RH was washed several times with distilled
water to remove impurities, and then dried at 110°C for 1 h.
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Figure 1 — lllustration of the process of obtaining graphene layers

The pre-carbonization of RH was carried out in a rotating
reactorin aninert medium at 250-300°C, with an argon delivery
rate of ~ 5 cm3/min, the carbonization time was 45 min [9].

2.2 Desilication of CRH

The resulting samples of CRH (60 g) were desilicated in 3 L
of 1 M NaOH solution and heated to 110°C for 3 h to remove
Si0,, then they were let to settle. The solution was decanted to
remove sodium silicate. After that the solution was washed 5-7
times with distilled water (through boiling- sedimentation-
decantation) to reach the equilibrium of pH ~7 and dried in hot
air oven for at least 2 h at 110°C [10].

2.3 Activation

A series of 5 samples of the dried CRH was mixed with
crushed KOH at different temperatures and ratios (Table 1). The
mixtures were compacted in an iron crucible, and the crucible

J@
1 — Argon cylinder, 2 — mass flowmeter, 3 — temperature
controller, 4 — carbonization reactor, 5 —iron crucible.

Figure 2 — Schematic diagram of self-built carbonization setup

was annealed at 850°C for 2 h. To avoid oxidation, argon was
supplied at a rate of 5 sccm (standard cubic centimeter per
minute). After activation treatment, the resulting samples were
washed with distilled water several times to reach the
equilibrium of pH ~7, and the filtered samples were dried at
100°C for 24h. The schematic diagram of self-built
carbonization setup is shown in Figure 2.

2.4 Exfoliation

The exfoliation process of the CRH was carried out in a
solution of hydrogen peroxide (H,0,, 37%) for 48 h, to remove
amorphous carbon from the samples. After exfoliation process,
the resulting samples were washed and dried with the
procedure described above. The yield of the product was ~ 3%

by weight.
3. Results and Discussion

Ko and Day [11] reported the effect of pre-carbonization
during the two-stage continuous carbonization process on the
final properties of carbon nanomaterials. The progression of
pre-carbonization and carbonization were monitored through
measurements of density, elemental composition, mechanical
properties, and the stacking height of the carbon layer plane.
Therefore, we pre-carbonized our RH before carbonization in
an inert atmosphere. The surface area of the resulting samples
were investigated on the analyzer “Sorbtometr M” by low-
temperature nitrogen adsorption method (BET-method). The
standard calculations of CRH shows that surface area of samples
lies from 270 to 350 m?/g.

In the case of silicon, containing carbon composites the
use of alkaline agents such as NaOH or KOH is an extra way to
obtain mesoporous materials due to washing out from the
matrix the water-soluble Na or K silicates formed by the
reaction:

Table 1 — The investigation of optimal ratio and temperature for obtaining graphene layers

Number of Ratio of CRH/KOH, Temperature, 1./1,p 1,/1, Number of
sample g/e °C layers
1 1/4 650 - -
2 1/4 750 - -
3 1/1.5 850 - -
4 1/4 850 2.06 0.29 7-8
5 1/5 850 1.57 0.39 4-5

BecTHuK KasHY. Cepua xummyeckan. — 2018. — No2(89)



Seitzhanova M.A. et al. 15

2MeOH +5i0, > Me,Si0, + H,0

where (Me = Na, K), and SiO, serves as a template for pore
formation. So we used 1 M NaOH solution to obtain porous
materials [12].

Potassium hydroxide is a known hydroscopic material
letting the carbonization reactions to occur at substantially
lower temperatures (its melting point is 380°C) compared to
standard pyrolysis which, is governed mostly by radical
processes leading in turn to disproportionation reactions
yielding tar formation. The purpose of potassium hydroxide is
therefore to provide both carbon retention (higher yields, e.g.,
less amount of volatiles are formed as hydrocarbon tar) and
high surface area.

Although the KOH activation is a well-known method to
generate the pore network in carbons, the activation
mechanism has not been well understood because of the
complexity due to the large number of variables in both the
experimental parameters and the reactivity of different
precursors used. In a general view, the interaction of carbon
and KOH starts with solid—solid reactions and then proceeds via
solid—liquid reactions including the reduction of potassium (K)
compound to form metallic K, the oxidation of carbon to carbon
oxide and carbonate, and other reactions among various
active intermediates [13].

The real reaction processes and activation mechanisms
are variable depending not only on the activation parameters
(i.e. amount of KOH, activation temperature, etc.), but also on
the reactivity of various carbon sources.

To determine the optimal temperature of the KOH/CRH
mixture for obtaining graphene, we took three samples and
heated them at 650°C, 750°C and 850°C (Table 1).

We carbonized the rice husks with the addition of KOH in a
ratio of 1/1.5 (sample No. 3), 1/4 (sample No. 4) and 1/5 (sample
No. 5) at 850°C. Samples obtained at temperatures of 650°C
(sample No. 1) and 750°C (sample No. 2) largely retained the
amorphous phase of carbon (Figure 3). A sample obtained at
850°C showed the presence of a graphite phase. Calculation
data for graphene layers based on Raman spectroscopy indi-
cate a decrease in the number of layers with an increase in
the RH/KOH ratio from 1/4 to 1/5.

A quick and accurate way to determine the number of
layers of graphene is of a great importance in accelerating the
study of this material. As in the previous works [14-15], we
determined the number of graphene layers obtained by
employing the proposed method.

It is well known, that the typical Raman spectrum of
graphene exhibits three peaks: peak D at 1351 cm™, peak G at
1580 cm™, and peak 2D at 2700 cm™. The ratio between the
intensities of peak G (/) and peak 2D (1), I /I, gives an estimate
of the number of layers [16]. For monolayer graphene, this ratio
is less than unity. The ratio between the intensities of peak D (/)
and peak G (I), 1,/1, evaluates the defectiveness of graphene
layers. Figure4 shows Raman spectra of graphene layers
obtained from CRH (samples No.4 and No.5). The maximum

ISSN 1563-0331

number of graphene layers is less than ten (Table 1) as indicated
by the ratio between the peaks’ intensities / /I, . It was
shown [17] that the ratio of / /I, = 1.3 corresponds to three
layers of graphene, whereas the authors of [18] found that
I, /1,,=1.8-2.4 corresponds to 5-10 layers of graphene.

According to Raman spectra, high-quality graphene
multilayer was not found in samples 1, 2, and 3 (Figure 3), in
contrast to samples 4 and 5. These results indicate that in our
method, a CRH/KOH ratio of 1/4 and 1/5 at 850°C should be used
during the preparation.
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Figure 3 — Raman spectra of samples No. 1,2 and 3
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Figure 4 — Raman spectra of sample No.4 and No.5

To identify surface morphological features of sinthesized
samples, we have used scanning electron microscopy (SEM).
Studies were conducted on the microscope Quanta 3D 200i
Dual System, FEIl. Samples have a complex structure, however,
they exhibit a characteristic macrostructure and texture of the
surface. Figure5 shows SEM-images of the samples of
sinthesized samples.
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Figure 5 — SEM-images of the CRH

As shown in Figure 5, obtained samples of carbon material
have a developed surface, and this method generally does not

clledax32\genesis\genmaps.spe 03-Feb-2018 05:38:47
LSecs: 30

affect the macrostructure of the samples, which is determined ] Element Wt% At%
by the original structure of the RH. However, carbonization and C 76.64 88.59
chemical activation increase the specific surface of samples, as 45 o 6.56 5.69
shown in previous studies [19]. Mg 1.03 0.59
Figure 6 shows the data of elemental analysis of the sample. b - ‘S; ;(3)3 (1)3471
The sample conta.lns small amounts c?f.smf:on (compared to the ent — = o
feedstock). Thus, in the process of desilication, a small amount of Fe 372 217

2.2

silicon (~ 4 wt%) remains in the samples.
Next, the structures of graphene layers were analyzed by
transmission electron microscopy (TEM) using a JEM-2100 (JEOL, 11 -

Matrix Correction | ZAF

Japan) instrument with high stability of high voltage and beam o mg b Fe

. . Fe K Fe
current along with an excellent electron-optical system. A TEM o ok, e, : . . . .
image of graphene obtained from CRH by activation with KOH is 0.00 200 400 Cemraty oy 1000 1200 o0
shown in Figure 7. Samples have defects and inclusions of an
amorphous carbon component, but there are sections of layers Figure 6 — Elemental composition of the sample No.5

without defects with a homogeneous surface structure.

200 nm 1 pm

Figure 7 — TEM microimages of the graphene layers
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4. Conclusions

A method of obtaining graphene layers from rice husk was
developed. Graphene layers were obtained from rice husk by
potassium hydroxide activation followed by alkaline desilication.
Rice husk samples were subjected to carbonization at the
following conditions: 2 h of activation time, 850°C and ratio of
rice husk/KOH (wt/wt) was 1/5. Concentration of NaOH
desilication solution was 1 M. The obtained samples were
studied using Raman spectroscopy, TEM and SEM; the Raman
peaks put in evidence the presence of graphene multilayers in
the sample. A detailed observation by Raman spectroscopy
showed that the obtained samples No. 4 and 5 consisted of
graphene layers with a high content of amorphous component.
The yield of the product was ~ 3% by weight. Nevertheless, this
method appears promising for the production of high quality
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graphene layers, since the layers observed in the images of the
TEM have an edge structure with domains of several nanometers
in addition to topological defects and nanoscale pores. The
obtained results show the possibility of obtaining graphene by a
simple, cost-effective and scalable method, by carbonization the
CRH with KOH.
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