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Intensive research of nanocomposites contributes to the development of new materials in
thefields of medicine, nanoelectronics, energy, biotechnology, information technology. Therefore,
the synthesis of new materials by modifying of graphene oxide (GO) with nanocellulose and the
study of its properties are of great interest. In this study synthesized nanocomposite material
by modifying of graphene oxide (GO) from activated carbon (BAU-A) in a 1:1 volume ratio with
nanocellulose (NC) from hemp stems belonging to the annual plant, and their chemical structure
was studied by FTIR and UV-spectroscopy. The results of the study showed the absorption of the
etheric bond C = O in the UV spectrum at full length 243 nm. The IR spectrum showed all the new
ethericbonds O = C- OH at a wavelength of 1625 cm™. The average particle sizes of GO was 352 nm
and NC was 470 nm in length and 80 nm in width. The SEM analysis indicating the NC as a contact
layer between ultralow thicknesses of the GO layers. The XRD analysis indicated GO-NC composite
film is a substance comprising GO and NC. According to the results, modification of graphene
oxide showed that its scope can be expanded as much as possible.
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HaHoKOMNO3UTTep canacbiHbiH, WHTEHCUBTI 3epTTenyi MeAuuMHa, HaHO3/JEKTPOHMKa,
SHepreTuka, BoTexHonorua, MHGOPMaLUANBIK TEXHONOTMUA CaNanapbiHAA KaHa matepuangap
acanyblHa oacep etveai. CoHAbIKTaH rpadeH oKeugid (FO) HaHouennwonosamer (HLL)
moauduKaumanay apKkbinbl KaHa matepuangap CUHTE3Aey KaHe OHbIH KacueTTepiH 3epTTey
bapblHWa KbI3bIFYWbIIbIK Tyablpyaa. byn 3eptreyae 6enceHgipinreH KemipaeH (BAY-A)
anblHFaH rpadeH OKCUAIH BipXKbINAbIK ©CiMAiKKe KaTaTblH Kapacopa cabafblHaH anblHFaH
HaHouenntonosameH 1:1 Kenemaik KaTblHaCbiHAA MOAMbUKALMANAY apKblibl HAHOKOMMO3UTTIK
maTepuan cuHtesaensi. AnblHFaH HAHOKOMMNO3UTTIH XMMUAIK KYPbINbICbIHAAFbI epeKLenikTepi
ynbTpa Kyarid (YK) »kaHe nHdpakbizbin (MK) cnekTpockonua agictepimeH 3epTTengi. 3eptrey
HaTUKeci bolibiHWa YK crnekTpiHae 243 HM TOANbIK y3blHAbIFbIHAA 3bUpaik C=0 6aiNaHbICTbIH,
KYTbINYbIH KepceTTi. An UK cnekTpiHge 1625cm™ TonKbiH y3blHAbIFbIHAA O=C—OH aHa
adumpnik 6annaHbicTbiH, 6ap ekeHAiriH KepcetTi. O 6enwekTepiHii, opTawa enwemaepi
352 HMm, an HLU, y3biHAbIFbI 470 HM KaHe eHi 80 HM Bonabl. SEM Tangaynapsl 6oibiHwa HL, MO
YyAbTPa KanblHAbIKTafbl KabaTTapbl apacbiHAafbl 6alinaHbic KabaTbl peTiHAe 60NaTbIHABIFbIH
KepceTTi. PeHTreHaik Tangay 6oibiHWwa [O-HL, KOMNO3MLMANBIK NJAEHKACbIHbIH, Kypambl
)afblHaH [0 »kaHe HL, TypaTbiHAbIFbIH KOPCeTTi. ANbIHFAH HaTUXKeNep 6oMbIHIWA rpadeH OKcuaiH
moanbuKaLmanay oOHbIH KONAaHbINY aacblH BapbliHLWa KeHelTyre 601aTbIHAbIFbIH KBPCETTI.
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MHTEHCUBHbIE MCCNenoBaHUA B 06/1aCTM HAHOKOMMO3WUTOB CnocobcTByOT paspaboTke
HOBbIX MaTepuanos B 061aCTM MeAUUMHBI, HAHOINEKTPOHUKN, SHEPreTUKK, BUoTexHONOTUNA,
MHGOPMALMOHHBIX TEXHONOTUIA. MO3TOMY CMHTE3 HOBbIX MaTepuasnoB nyTem MoAudUKauuu
okcuga rpadeHa (GO) HaHOUENNION030M U M3yyeHMe ero CBOMCTB npeacTasBnser 6oabloi
MHTepec. B aTom uccnepoBaHun 6bin CMHTE3MPOBAH HAHOKOMMO3WUTHbLIM MaTepuan nytem
moauoukaumm okcuaa rpadeHa (GO) w3 akTuBuposaHHoro yrna (BAY-A) B ob6bemHOM
cooTHoweHmm 1:1 c HaHouenntonosol (NC) 3 ctebneit KOHONAK, NPUHAANENKALLUX OLHONETHEMY
pacTeHuto. MIx xummyeckaa CTpyKTypa 6bina nsydeHa c nomoubto FTIR n Y®-cnekTpockonus.
PesynbTraTbl uccnenoBaHMA nokasanu nornoweHmne sdpupHol cBasn C=0 B YO-cneKkTpe npu nonHowm
AnviHe 243 Hm, a B K-cnekTpe obHapyKeHbl HoBble 3dupHble cBA3zn O=C-OH Ha AAnHEe BONHbI
1625 cm*. CpeaHuii pasmep yacTuy, GO coctasnan 352 Hm, a NC-470 HM B 4IMHY U 80 HM B LUMPUHY.
AHanns SEM nokasbiBaeT NC Kak KOHTaKTHbIW CNOW MeX Ay CBePXManbiMu ToNlWMHamm cnoes GO.
PeHTreHOCTPYKTYPHbII aHann3 NoKasas, YTo KoMno3uTHas naeHka GO-NC npeacrtasaset coboi
BelecTBo, cogeprawee GO u NC. Mo pesynbTaTam moauduKaumsa okcuaa rpadeHa nokasana,
4YTO 06NaCTb €ro NPUMEHEHNA MOXKET BbITb MaKCMMaNbHO paclMpeHa.

KnioueBble cnosa: rpadeH; okcug rpadeHa; akTUBUPOBAHHbLINA Yrosb; HaHOLLEN0/1033;
HaHOKOMMO3UT.



(2021) Chem Bull Kaz Nat Univ 3:14-20

UDC 544.77.022

https://doi.org/10.15328/cb1238

Synthesis of nanocomposite material through modification of

graphene oxide by nanocellulose

K. Akatan**
A.K. Battalova'?

, T.K. Kuanyshbekov'?
, R.B. Abylkalykova*

, S.K. Kabdrakhmanova'?
, A.K. Nasyrova'

, A.A. Imasheva*? ,
, Zh.E. Ibraeva*

1Sarsen Amanzholov East Kazakhstan University, 18/1 Bitibaeva str., 070002 Ust-Kamenogorsk, Kazakhstan
2Scientific Center of Composite Materials, 79 Nurmakov str., 050026 Almaty, Kazakhstan

3Satbayev University, 22a Satbayev str., 050013 Almaty, Kazakhstan

“Abay Kazakh National Pedagogical University, 13 Dostyk ave., 050010 Almaty, Kazakhstan

*E-mail: ahnur.hi@mail.ru

1. Introduction

Recently, graphene, graphene oxide (GO) and carbon
materials have attracted the attention of scientists, due to their
unique physical-mechanical, electronic characteristics, high
thermal conductivity, hardness and strength and excellent
adsorption properties [1]. One of the main reasons is that the
membrane made of graphene oxide is widely used in the
production of sensors, sensors, supercapacitors sensitive to
moisture, temperature, organic gases [2].

Currently, graphite is used as a raw material in the
synthesis of GO. However, as a result of comparative studies,
the value of the fixed layer diameter of 78-92% of activated
carbon is on average L, =0.75 nm, and the number of carbon
atoms in each layer is 15-18. When the carbon content exceeds
92%, the diameter of the stable layer immediately increases by
1 nm, and the number of carbon atoms in each layer becomes
more than 30. Also, the structure of activated carbon differs
from graphite in that it is not crystalline, but mesomorphic, it is
a flat hexagonal lattice of carbon atoms with open carbon chains
connected peripherally to conduct functional groups. This
allows the scattered carbon atoms to combine during strong
oxidation to form closed-chain, crystalline layers [3]. Activated
carbon is also the most suitable source of raw material for the
synthesis of graphene oxide due to its low cost compared to
graphite, high adsorption capacity and high surface area.

Despite the universal nature of GO, the main disadvantage
is that the structure is unstable in a humid environment [4,5].
To eliminate this shortcoming, at present, the modification of
graphene oxide with various substances is widespread.

The production of graphene with bio-tribological
properties necessary for the biomedical industry was studied

by chemical modification of GO using hydrazine hydrate [6],
dimethylhydrazine [7], hydroquinone [8], NaBH, [9].

Recently, the production of new nanocomposites by
modification of GO with nanocellulose has become animportant
area of research of nanomaterials. [10-12] studies have shown
that the dielectric constant of the nanocomposite obtained by
ultraviolet reduction of cellulose nanoparticles films and GO in
a nitrogen medium has increased to 88.9. It is known that the
adsorption capacity of nanocellulose and graphene oxide
membrane for RhB textile dye is 86.4 mg/g [13].

In the study, the chemical structure of the nanocomposite
synthesized by mixing GO from BAU-A activated carbon and NC
from hemp stalks in a ratio of 1: 1 (volume) was studied by FTIR
and ultraviolet spectroscopy.

2. Experiment

2.1 Materials

The study included activated carbon of BAU-A brand
(GOST ST 6217-74), sulfuric acid (H,S0,) 94% (GOST ST 4204-77),
sodium nitrate (NaNO,) (GOST ST 4168-79), potassium
permanganate (KMnO,) (GOST ST 5777-84), hydrogen peroxide
(H,0,) (GOST ST 50632-93), hydrochloric acid (HCI) (GOST ST
3118-77) and all reagents were used without additional
purification.

2.2 Methods

2.2.1 Synthesis of GO from activated carbon

GO is synthesized from activated carbon by the Hammers
method. Preparation of GO consists of the following sequence:
the flask is filled with 6 g of activated carbon, which is placed in
an ice bath with a temperature of 0°C and stirred continuously
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for 15 min, dripping 23 ml of 94% H_SO,. To the resulting
suspension is added 3 g of NaNO,, then during the stirring the
mixture gradually is added 18 g of KMnO, with maintaining the
temperature below 20°C for 2 h, after then temperature is
raised to 35°C and keep for 30 min. Then after adding the
deionized water, the temperature of the mixture rose to 90°C.
Finally, 30% H,0, is added until the mixture changes color to
light yellow. At the end of the reaction, the product is filtered
and washed several times in 5% HCl solution to remove residual
metal ions. Finally, neutralized with deionized water
until pH = 6-7.

2.2.2 Extraction of cellulose from hemp stalks

The cellulose used for modification was isolated from
hemp stalks (Cannabis Ruderalis Janisch) on the basis of
organosolvent oxidation [14].

2.2.3 Synthesis of nanocellulose

To obtain NC, the 1 g of the original cellulose was weighed,
cellulose with 64% H,SO, acid was obtained as a ratio of
1:10 (g/mL) and was titrated gradually at 0-5°C. After complete
mixing of the cellulose and acid, heat the mixture at 40°C in a
water bath, stirring vigorously for 1 h. The resulting suspension
is separated in a centrifuge (OPn-8, Russia) with a speed of 6000
rpm, stirring for 15 min. The obtained nanocellulose is dialyzed
in deionized water until the pH is 5-7.

2.2.4 The particle size of NC and GO suspensions

The average particle size was determined by Zetasizer
NanoZS 90 (Malvern, UK) Dynamic laser light scattering. To do
this, aqueous suspension was processed at 30 kHz for 10 min
using an ultrasonic dispersant U-sonic UZTA-0.15/22-0 (Alena,
Russian).

2.2.5 Modification of GO with NC

To synthesize of GO modified with NC (GO-NC), the two
are combined in an equimolar ratio of 50:50 mL:mL and
processed by ultrasound at a frequency of 45 kHz (UZTA-0.15 /
22-0, Russia) at a temperature of 25°C for 30 min (Figure 1). The
fully mixed mixture was poured into a flat plastic surface and
dried at room temperature for 48 h. As a result, a film with a
thickness of 38 um was formed. The samples were stored in the
crystallizer to prevent sorption of water vapor and carbon
dioxide in the air.

2.2.6 UV spectroscopy

The absorption characteristics of the obtained GO, NC and
GO/NC nanocomposite in the UV region were recorded on a
spectrometer PE5400-UF at a temperature of 25°C in the range
of 190-1100 nm (cuvette thickness 10 mm) every 5 nm.

2.2.7 FTIR spectroscopy

FTIR analysis was performed on a spectrometer FTIR FT-
801 (Simex, Russian), with a resolution of 1 cm® and a
wavelength 450-4700 cm™? according to the standard method
using a single-use universal full internal reflection and mirror-
diffuse reflection with the upper position of the model, at a
temperature of 25°C and the number of scans 100.

2.2.8 SEM

The morphology of GO/NC nanocomposite was examined
under a scanning electron microscope. The surface morphology
of GO/NC nanocomposite was examined by SEM Quanta 200i
3D (FEITM Netherlands). Measurements were carried out in
high vacuum mode using a secondary electron detector at an
accelerating voltage of 15kV. The surface of GO/NC
nanocomposite is coated with aluminum to improve the
transfer of electrons. The specimens were mounted on
aluminum pins with carbon tape.

2.2.9 XRD

The crystal structures of GO/NC nanocomposite was
studied by X-ray diffraction on X'PertPRO diffractometer
(Malvern  Panalytical Empyrean, Netherlands) using
monochromatized copper (CuKa) radiation with a scan
step of 0.02°, K-Alphal [A] 0.1542. The measurement angle was
10-45°, the X-ray tube voltage was 45 kV, the current intensity
was 30 mA, and the measurement time at each step was 0.5 s
and an aluminium rectangular multi-purpose sample holder
(PW1172/01) was used for the measurmentin reflection mode.

3. Results and Discussion

3.1 The particle size of NC and GO suspensions

In Figure 2, it can be seen that the average particle size of
the GO was 352 nm (Figure 2a), average particle size of NC was
470 nm in length and 80 nm in width (Figure 2b).

Figure 1 — Scheme of obtaining GO-NC nanocomposite film
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Figure 2 — The particle size of GO (a) and NC (b) suspensions

3.2 UV spectroscopy

Figures 3a-3b show the absorption spectra of GO and NC
in the ultraviolet region. In Figure 2a, under the influence of n-nt
* bonding of aromatic rings in the chemical structure of GO, UV
has an absorption of 204 nm in the region. This was found to be
well consistent with the research results [15-16]. The absorption
spectrum in the UV region of 231 nm, shown in Figure 2b,
confirms the synthesis of cellulose nanoparticles. The study [17-
18] corresponds to the indicators given in the works.
Absorption of GO-NC nanocomposite in the UV region was
observed at a wavelength of 243 nm (Figure 2c). This indicates
that the ether C=0 carboxyl bond is associated with valence
stretching [19-20].

3.3 FTIR spectroscopy

Figure 4a shows FTIR of the initial GO. The FTIR spectrum
of GO in Figure 4, shows a broad peak appeared at 3226 cm™
and at 1420 cm™ attributed to the stretching vibration mode of
O-H bond. The band observed at 1723 cm™ was assigned to the
stretching vibration of C=0 bonds in the carbonyl and carboxyl
groups. The band at 1585 cm™ corresponds to the stretching
vibration and deformation peaks of the aromatic ring C=C
bonds. The epoxy functional groups are shown at 1249 cm™ as
C-0 stretching vibration and at peak 1054 cm™ is attributed as
stretching vibration of C—0 alkoxy bonds [21-23].

Figure 4a shows the IR spectrum of nanocellulose. The
absorbance region in the wavenumber 900 cm™ is assigned to

Figure 3 — Absorption spectra of GO (a), NC (b) and GO-NC (c) nanocomposites in the ultraviolet region

Figure 4 — FTIR spectra of GO (a), NC (b) and GO-NC (c) nanocomposites
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the deformation of glycoside C—H bond. The absorption peaks
in the cellulose molecule, which are observed at 1100 cm?,
1430 cm?, 2880 cm™, consequently, they are associated with
the symmetrical and asymmetric signals stretching vibration of
the C-O, CH,, C-H groups. The broad absorbance band appearing
in the range from 3300 cm™ to 3500 cm™ is characterized to the
valence stretching vibration of the O—H groups. It can be seen
that the results of the study are in good agreement with the
work [24,25].

Figure 4c shows the IR spectra of the GO-NC nanocom-
posite. One of the significant changes in the IR spectrum is the
occurrence of valence stretching vibration of the ether carboxyl

C=0 bond in the absorption region of 1625 cm™. That is, an
etheric 0=C—OH bond is formed between the OH group in the
cellulose molecule and the carboxyl groups in the GO molecule.
This is consistent with the results of the study [19-21].

3.4 SEM analysis

Figure 5 shows surface morphology of the GO-NC
nanocomposite film. The SEM images indicating the CNF as a
contact layer between ultralow thickness of the GO layers.
Some of the GO sheets were inserted perpendicular (standing)
to the membrane surface, while most of the GO assem
horizontally on top of the CNF. It can be seen that the results of
the study are well consistent with the literature [26].

Figure 5 — SEM images of GO-NC nanocomposite film

3.5 XRD analysis

Figure 6 shows the changes of crystal structures of GO, NC
and GO-NC composite films were also characterized by XRD.
Figure 4a four diffraction peaks detected from all X-ray

Figure 6 — XRD patterns of the GO (a), NC (b) and GO-NC
composite film (c)

diffractograms. The 26 = 10.5° corresponds to the characteristic
peak of GO (001) lattice plane (Figure 4a) [27]. In the figure 4b,
they are equal to 26 =15.8 (1-10), 16.2 (110), 22.5 (200), 34.2
(004), and the crystal structure of the molecule is characteristic
of two chains monoclinic unit per unit cell cellulose | B [28].
Additionally, in the figure 4c GO-NC composite film exhibited
the (200) crystal plane of NC at 26=22.5°, Further, the peak
occurring at 20 = 10.21° (001) indicates that the composite film
also retains the characteristics of GO. It can be proven that the
GO-NC composite film is a substance comprising GO and NC.

4. Conclusion

Based on the obtained results, for the first time GO was
synthesized from activated carbon-BAU-A and modified with
NC to obtain the nanocomposite GO-NC. The obtained GO and
NC average particle sizes of the GO and NC were 352 nm, 470
nm in length and 80 nm in width. According to the FTIR
spectrum, an etheric O = C— OH bond between the OH group in
the NC molecule and the carboxyl groups in the GO molecule
formed. The absorption signal at 243 nm in the ultraviolet
region observed in the GO-NC nanocomposite showed that the
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IR spectrum is associated with C=0 stretching vibration of
carboxyl groups characterized by a wavelength of 1625 cm™.
The SEM analysis showed the NC as a contact layer between
ultralow thickness of the GO layers. The XRD analysis indicated
GO-NC composite film is a substance comprising GO and NC.
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