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SYNTHESIS OF COMPOSITE MEMBRANE BASED ON GRAPHENE OXIDE AND NANOSTARCH
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Intensive research of nanocomposites contributes to the development of new materials in the fields of medicine,
nanoelectronics, high dielectric materials, energy, biotechnology and information technology. Therefore, the synthesis of
new materials by modifying of grapheme oxide with nanostarch and the study of its properties are of great interest. In this
study, nanocomposite membrane was synthesized by modifying of graphene oxide in a 1:1 volume ratio with nanostarch
and their chemical structures were studied by fourier-transform infrared spectroscopy and ultraviolet spectroscopy.
The results of the study showed the absorption of the etheric bond C=0 in the ultraviolet spectrum at full length was
243 nm. The infrared spectrum showed new etheric bonds O=C-OH at a wavelength of 1150 cm™'. The scanning electron
microscopy analysis indicates that grapheme oxide is homogeneously coated by starch, it means that nanostarch was
successfully polymerized on the surfaces of graphene oxide nanosheets and formed sandwich-like structures. The X-Ray
diffraction analysis indicatedthat the crystalline structure changes to amorphous to a certain extent due to the ester bond
formed between graphene oxide and starch. The electrical properties showed the resistivity of the initial graphene oxide
was p = 5.53-10% Ohm-m and after its modification by starch, the resistivity of the graphene oxide/starch membrane incre-
ased by 2 orders, which was equal to 2.59-10° Ohm-m. According to the results, high dielectric materials are very impor-
tant in electrical and electronics engineering. Therefore, there is no doubt that there will be great interest in this field.

Keywords: graphene oxide, nanostarch, dielectric materials, nanocomposite membrane, resistivity.

1 INTRODUCTION

Currently, the use of composite materials based on
graphene oxide (GO) as a sensitive element of moisture
and gas sensors, as sorbents for cleaning water from
heavy metal ions and various polluting compounds is
being actively researched [1, 2].Some studies have
reported the use of chemically modified GO in the
treatment of cancer and as a tool for cancer gene therapy
based on ribonucleic acid interference [3, 4].

According to the results of many recent studies, it has
been established that modification of GO with biopoly-
mers allows obtaining new materials with the most
improved properties [5]. Among different biopolymers,
starch is very appealing because of its cost effectiveness
and easy availability from different natural sources such
as vegetables and cereals. Besides the nourishing value,
the film forming ability has given to starch a more
remarkable role, for example in food packaging. Films
based on starchare biodegradable and edible therefore,
potential substitutes for many synthetic packaging
materials and pose negligible harm to the environment.
Unfortunately, the starch-based biocomposites have
many disadvantages (e.g. strong hydrophilic character,
poor mechanical properties and low thermal stability)
compared to conventional polymers, which make it
unsatisfactory for practical applications [6—8]. Moreover,
the utilization of nano-sized fillers can also increase

dispersibility in polymer resin and lead to improved
mechanical, thermal and dielectric properties [9-10].
[11] investigated the preparation of antibacterial
GO/starch hydrogel using 2-hydroxyethyl methacrylate
as a cross-linking agent.

The presence of oxygen functional groups in the
chemical structure of GO provides a great opportunity for
surface modification of it [12]. In this regard, modifica-
tion of GO with starch makes it possible to obtain eco
friendly, biodegradable, thermally stable, electroconduc-
tive and improved films with improved mechanical
properties [13-15]. Therefore, obtaining new composite
materials by modifying graphene oxide with starch, is
attracting the attention of world scientists.

Thus, the purpose of this research work was to modify
GO with nanostarch by ultrasonic treatment. The phy-
sico-chemical properties of obtained GO/starch compo-
site membrane are studied during the modification.

2 EXPERIMENTAL SECTION

2.1 Materials

Potassium permanganate (State standard (STST)
5777-84), sodium nitrate (STST 4168-79), sulfuric acid
(STST 4204-77), hydrochloric acid (STST 3118-77),
starch (STST 7699-78), graphite (STST 17022-81),
ethanol (STST 5962-2013), deionized water (STST
52501-2005).
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Figure 1. The GO synthesis scheme

2.2 Methods

2.2.1 Synthesis of GO

Graphene oxide was synthesized based on the
Hammers method used in the research [16]. In order to
do this, a beaker with 1 g of graphite was placed in a
container filled with ice at a temperature equal to 0 °C,
then 23 ml of 94% H,SO. was poured, after that left for
15 min and was continuously stirred on a magnetic
stirrer. NaNOs (0.5 g) was added to the obtained suspen-
sion, 3 g of KMnO4 was gradually added to it with conti-
nuous stirring for 15 min and it was further stirred for
2 hours. Then the temperature was raised to 35 °C and
held for 30 minutes. Further, was added 30 ml of
deionized water, the temperature was raised to 90 °C and
stirring continued for 30 minutes. Finally, 30% H,O,was
added until the color of the mixture changed to light
yellow. After the reaction, the product was filtered with
filter paper and washed several times with 5% HCI to
remove residual metal ions. Finally, deionized water was
neutralized by a centrifuge (Centrifuge 5427R Eppen-
dorf) until pH is equal to 7 (Figure 1).

2.2.2 Synthesis of nanostarch

Based on the method described in [17], nanostarch
has been isolated from starch by precipitation with ethyl
alcohol. The nanostarch suspension was obtained by
centrifugation (Centrifuge 5427R Eppendorf) from the
initial suspension (Figure 2).

Figure 2. The water suspension of nanostarch

2.2.3 Synthesis of composite membrane based on

GO/nanostarch

The membrane based on GO/nanostarch was
synthesized, which shown in the scheme Figure 3. First,
1% GO water solution and 1% nanostarch water solution
were prepared. The prepared solutions were mixed for
30 min in a magnetic stirrer in a volume ratio of 1:1.
The resulting solution was processed in an ultrasonic
machine UZTA-0.15/22-0 (Alena, made in Russia) at
45 kHz and 40 °C for 30 min. The treated solution was
poured into a disc-shaped plastic container and dried for
90 min in a drying cabinet at 50 °C.

oL ~~ Nanostarch
N~
08%L) Oco
~LO
Sonication Membrane
u

7
=
o i =

—— e

Figure 3. The GO/nanostarch membrane synthesis scheme
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2.24 FTIR analysis

FTIR analysis of chemical structures of GO and
GO/nanostarch membrane were performed on a spectro-
meter FT-801 (Simex, made in Russia), with resolution
1cm™®. Measurements were conducted in the region
between 450-4700 cm™ according to the standard me-
thod using a single-use universal full internal and mirror-
diffuse reflection with the upper position of the model, at
a temperature 25 °C.

2.25 X-ray diffraction

The crystal structures of GO and GO/nanostarch
membrane were studied via X-ray diffraction on a
X PertPRO diffractometer (Malvern Panalytical Empy-
rean, made in Netherlands) using monochromatized
copper (CuKa), at a scan speed of 0.05° for 10 s, with a
K-Alphal wavelength of 1.54187 A. Measurement in
reflection mode, using an aluminium rectangular multi-
purpose sample holder (PW1172/01), was performed at a
diffraction angle 26 between 10° and 40°, with the X-ray
tube voltage at 45 kV, current intensity at 30 mA, and a
measurement time of each step 0.5 s.

2.2.6 SEM analysis

The surface morphology of GO/nanostarch membra-
ne was studied by scanning electron microscope JSM-
6390LV (Jeol, made in Japan). Measurements were carri-
ed out in high vacuum mode using a secondary electron
detector at an accelerating voltage of 15 kV. The surface
of the nanostarch film is coated with gold to improve the
transfer of electrons. The specimens were mounted on
aluminum pins with carbon tape.

2.2.7 Electrical Characterization

The electrical properties of GO and GO/nhanastarch
membrane were investigated by four-point probes
method. Electrical measurements were made using the
traditional four-probe method, with current measured on
a Keithley 6485 (made in USA) and voltage applied with
a Tektronix PWS2326.

3 RESULTS AND DISCUSSION

3.1 UV analysis of nanostarch

Figure 4 shows the UV absorption spectrum of nano-
starch. New absorption peaks were not observed in the
obtained spectrum. It means that during the synthesis of
nanostarch there was not oxidation process and the
dispersibility of the aqueous solution was very good.
We saw that similar results were obtained in [18].

3.2 FTIR analysis

Figure 5 shows the FTIR spectra of GO, nanostarch
and GO/nanostarch membrane. In the spectrum of GO
obtained by Hammer's method, the OH group at
3250 cm™ and 1650 cm™!, the carbonyl and carboxyl
C=0 group at 1750 cm™', and the C=C bonds of the
aromatic ring at 1450 cm™' are observed. Vibration of
epoxide functional groups at 1300 cm™ C-O, 1050 cm™!
is characteristic of alkoxy bonds [16]. The nanostarch
spectrum shows the spectrum of nanostarch at 2850 cm™!
CH, band, 1430 cm™'group assigned to a symmetric CH;
bending vibration, 1150 cm™' CO band and at 898 cm™',
assigned to C—O-C stretching [18].
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Figure 4. UV spectrum of the nanostarch
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Figure 5. The FTIR spectrum of the GO, nanostarch
and GO/nanostarch membrane

And on the GO/nanostarch membrane, OH group at
3250cm™ and 1650 cm™!, CH group at 2850 cm™',
carbonyl and carboxyl C=0 group at 1750 cm™!, aromatic
ring C=C bonds at 1450 cm™!. Longitudinal vibrations
and deformation peaks, vibrations of epoxide functional
groups at 1300 cm™' C-0, 1050 cm™' C-O showed alkoxy
bonds [18, 19].The wave number of the absorption region
1150 cm™! showed that it is characteristic of the ether
bond formed between the O=C-OH carboxyl group in the
GO molecule and the OH groups in the starch molecule
[20].This means the formation of a new chemical bond
between GO and nanostarch.

3.3 XRD analysis

Figure 6 shows the changes of crystal structures of
GO and GO/nanostarch membrane. They were characte-
rized by XRD diffraction peak detected from X-ray
diffractogram. The 26 = 10.5° corresponds to the charac-
teristic peak of GO (001) lattice plane [16, 21].
Additionally, in the GO/nanostarch membrane diffracto-
gram exhibited the crystal plane of GO/nanostarch mem-
brane at 26 = 13°. This showed that due to the ester bond
between the O=C-O carboxyl group in the GO molecule
and the OH group in the starch molecule, the crystal
structure changed to a certain amount of amorphous
form, and the 20 value decreased.
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Figure 6. The XRD of the GO and GO/nanostarch membrane

Figure 7. The SEM of GO/nanostarch membrane

3.4 SEM analysis

Figure 7 shows the surface morphology of
GO/nanostarch membrane (a) and side micrograph (b).
The thickness of the membrane was about 75 um.
The surface of the membrane is smooth and in some parts
particles formed by the accumulation of nanostarch were
observed (Figure 7a). A layered structure caused by the
incorporation of GO was clearly observed in the cross
section of the membrane (Figure 7b). It is clear that the
GO is homogeneously coated by starch, indicating that
nanostarch was successfully polymerized on the surfaces
of GO nanosheets to form sandwich-like structures.

The cross-section of GO/nanostarch membrane presents
a layer-by-layer formation, which is probably caused by
the flow assembly effect of GO sheets.

3.5 Electrical Characterization

The electrical characterization of the GO and
GO/starch membrane was carried out using Keithley
Picoammeter (Model 6485) by four-point probes method.
According to the obtained results, the resistivity of the
initial GO was p=5.53-103 Ohm'm and after its
modification by starch, the resistivity of the GO/starch
membrane increased by 2 orders, which equal to 2.59-10°
(Figure 8). The increase in the dielectric constant of the
composite with the GO is attributed to interfacial
polarization occurring at the interface between the nano-
starch and GO [22, 23]. In the present study, we can
suppose interfacial and space charge polarization in the
GO loaded matrix. GO contains polar functional groups,
like -OH, -CHO, —CO, and —COOH, which ensures good
bonding and appropriate local electrical contacts that
may lead to a strong interfacial polarization and play a
role in enhancing dielectric constant, whereas, this
polarization in the pure sample may be due to the
immiscible phase of the polymer matrix. The spatial
polarization arising from the trap states results an
accumulation of charge carriers and leading to an
increase of the value of dielectric constant [22, 24].
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Figure 8. The electrical characterization of the GO
and GO/starch membrane

4 CONCLUSION

Synthesized nanocomposite membrane by modifying
of graphene oxide (GO) in a 1:1 volume ratio was obtai-
ned. Their chemical structure was studied by FTIR and
UV-spectroscopy. The results of the study showed the
absorption of the etheric bond C=0 in the UV spectrum
at full length 243 nm. The FTIR spectrum showed all the
new etheric bonds O=C-OH at a wavelength of
1150 cm™!. The SEM analysis indicating the GO is
homogeneously coated by starch, indicating that nano-
starch was successfully polymerized on the surfaces of
GO nanosheets to form sandwich-like structures.
The XRD analysis indicated this showed that the crystal-
line structure changes to amorphous to a certain extent
due to the ester bond formed between GO and starch.
The electrical properties showed the resistivity of the
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initial GO was p=5.53-1030hm'm and after its
modification by starch, the resistivity of the GO/starch
membrane increased by 2 orders, which equal to
2.59-10° Ohm-m. Obtained composite is dielectric and
from the above results, we can assume that these
membranes can be used in the field of electronics.
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I'PA®EH OKCHUAI MEH HAHO-KPAXMAJI HET'T3IHJIEI'T
KOMITO3UTTIK MEMBPAHAHBIH CUHTE3I
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HaHoxoMnosutTepai KapKbIHIABI 3epTTEYy MEOUIMHA, HAHODJIEKTPOHHMKA, JKOFaphl JAMAJIEKTPIIIK Marepuaiiap,
SHEpreTHKa, OMOTEXHONIOTHS JKOHE aKIapaTThIK TEXHOJIOTHSAIAp cajlajapblHJia )KaHa MaTepuaiapibl JaMbITYFa bIKIAJ
ereni. CoHIBIKTaH rpad)eH OKCHIIH HAHOKpaxXMalIMeH MOAH(UKaMsIIay apKbLUIE )KaHa MaTepHajiapasl CHHTE3IeY )KOHE
OHBIH KaCHETTEpiH 3epTTey YJIKSH KBI3BIFYIIBUIBIK TyIbIpansl. Bys 3epTreyne HAaHOKOMIO3HTTIK MeMOpaHa rpadeH
okcunin 1:1 kenemIiK KaThIHACHIHAA HAHOKpaxXMalMEH MOJHM(HKAIMAIAY apKbUIBl CHHTE3ICIIl KOHE OJApIbIH
XUMHSUTBIK KYPBUIBIMAAPEI HH(pPa KbI3bUI XKAHE YIbTpa KYJITiH-CIIEKTPOCKONHNS apKbLIbI 3ePTTEIAL. 3epTTey HOTHKeIepi
ynbTpakynrid crekrpraeri C=0 s¢upiik 6aitmanbichl 243 HM TONBIK Y3BIHIBIKTAFBI )KYTBUTYBIH KopceTTi. H(pa Kp3bLT
CNEKTPi TONKBIH y3bIHABIFEI 1150 cM™ Gomatein O=C-OH sxaHa »>upnik Gaiinansicrapasl kepcerti. CkaHepJeyri
ANIEKTPOHIBIK MHKPOCKOII TaJiaybl rpad)eH OKCUJIIH KpaxMalMeH OIpTeKTi KanTalFaHblH KepceTeli, OyJ1 HaHOKpaxmai
rpadeH OKCHJI HaHOMAPaKTApPBIHBIH OETTEpiHAE COTTI IOJIMMEpJICHIN, COHABHY TIPi3Ai KypbUIbIMIAp TY3UITeHIH
Oinnipeni. Penrren nudpakromerpi Tangayel rpadeH OKCHAI MEH KpaxMal apachlHOa TY3UIreH Kypzaeii 3dupsiik
OailylaHBICTBIH apKachlHIa Oenrini Oip Aopexene KpUCTANABIK KYpPBUIBIMHAH aMOp(ThIFa ©3repeTiHiH KOpCeTTi.
DNeKTpiik KacueTTepi 6acTankbl rpadeH OKCHIHIH MeHIIKTI kexeprici p =5,53-10° OM'M koHe OHBI KpaxmajiMeH
TYpIEHIIpyIcH KeliH rpadeH OKCHII/KpaxMal MeMOpaHaChIHBIH KEAEPTici 2 peTKe 0CKEHiH KopceTTi, o1 2,59-10° Om M-
re TeH 00JIbI. 3epTTey HOTHKENIepi OOUBIHIIA XKOFApBI AUITESKTPIIIK MaTepHAIAAP IIEKTPOTEXHUKA JKOHE dIICKTPOHUKAIA
oTe MaHbI3bl. COHIBIKTAH OYJI calara IeTeH KbI3bIFyLIBUIBIKTEIH 30 OO0JIaThIHBI CO3CI3.

Tyiiin co3dep: epaghen okcuodi, HAHOKPAXMAI, OUDEKMPIIK MAMePUandap, HaHOKOMHOZUMMIK MeMOPAnd, MeHWiKmi
Kedepei.

CHUHTE3 KOMHO?»I/H.[I/IOHHOFI MEMBPAHBI
HA OCHOBE OKCHUJA TPA®EHA U HAHOKPAXMAJIA
T. Kyanbimoéexos?, 7K. Cargoanun?, E. Kacaceinos?), H. Kaiibipoexkos?), K. Akaran'?),
C, Kaoapaxmanosa®®, H. Kanraiil?, %K. Toaenos”, M. Tyxaerenosa®, M. Beiicedexon?

D Bocmouno-Kazaxcmanckuii ynusepcumem um. C. Amansconosa, Yemo-Kamenozopcek, Kazaxcman
2 Hayunbiii yenmp Komno3uyuonnvix mamepuanos, Anmamot, Kazaxcman
%) Satbayev University, Aamamut, Kazaxcman
4 Kazaxckuii nayuonanvHwlii yuusepcumem um. anv-@apabu, Anmamot, Kazaxcman

HHTeHCcHBHBIE HCCIeI0BaHNST HAHOKOMIIO3UTOB CIIOCOOCTBYIOT pa3pabOTKe HOBBIX MaTepHajioB B 00JIACTH MEIUINHEI,
HAHORJIEKTPOHHUKH, MaTEePHaloB C BBICOKOW AMAJIEKTPUYECKON NPOHHUIIAEMOCTHIO, 3HEPreTHKH, OMOTEXHOJIOTHH U
nHpopManmoHHbIX TexHoJoruid. I[loaToMy cHHTE3 HOBBIX MarepualioB NyTeM MoaudHKaluuu okcuaa rpadeHa
HAaHOKpPaxXMaJIOM M M3Yy4EHHE €ro CBOHCTB MNpPEACTAaBIAIOT OonblION MHTepec. B maHHON paboTe CHHTE3MPOBAHEI
HAaHOKOMITO3UTHBIE MEMOpPAaHBI IyTeM MOAN(UKAIMN OKcHa rpadeHa B 00beMHOM COOTHOMIEHHH 1:1 HaHOKpaxManom
M M3y4€Ha UX XMMHYECKas CTPYKTypa MeTOIaMH WHPPaKPACHOH U YIbTpadHOIETOBON CIIEKTPOCKONUIMH. Pe3ynbraThl
HCCIIeIOBaHMs TI0Ka3al, 4To norjomieHue 3¢upHoit cBs3u C=0 B ynbTpaduosIeTOBOM CHEKTpPE Ha IOJHOM JJIMHE
coctaBmio 243 uM. B uH@pakpacHom crektpe oOHapyxkeHbl HOBbIe 3¢upHble cBsisn O=C-OH mnpu ummHe BOJIHBI
1150 cm L. AHaM3 ¢ OMOMIBKO CKAHUPYIOIIEH 3IEKTPOHHOM MUKPOCKOIIMH TTOKA3bIBAET, 4TO OKCHJI Tpad)eHa OJHOPOIHO
TIOKPBIT KPaxMaJIOM, 3TO 03Ha4YaeT, YTO HAHOKPaxmMaJl yCIENIHO MOJIMMEPU30BAIICS Ha TOBEPXHOCTH HAHOJMCTOB OKCH/1a
rpadena u oOpazoBall COIHIBMY-NIOJOOHBIE CTPYKTYpHl. PeHTreHo(as3oBbIii aHaIM3 MOKasal, YTO KpHCTaJUIM4ecKas
CTPYKTypa B OIIPEAETIEHHOI CTENEeHH M3MEHsETCs Ha aMOp(HYI0 HM3-32 00pa3oBaHUs CIOKHOIDUPHON CBSI3U MEXKAY
OKCHIOM Tpad)eHa 1 KpaxMasioM. DJIeKTPUIECKHE CBOMCTBA MOKa3allH, YTO yIeIbHOE CONPOTUBIICHUE UCXOIHOTO OKCH/Ia
rpadena cocrasuio p = 5,53-10° Om M, a mocne ero MoaMQUKALUK KPaxMajaoM YyAeldbHOE CONPOTUBJIEHIE MeMOPaHbI
okcuyl rpadeHa/KpaxMaln yBeIHuuIoch Ha 2 opsaka 1 cocTaBuio 2,59-10° Om-m. CorilacHo pe3yibTaTaM, MaTepuaibl
C BBICOKO#1 TM3JIEKTPUYECKON TPOHUI[AEMOCTBIO OUEHb BaXKHBI B JJIEKTPOTEXHUKE U DJIEKTPOHHKE. [109TOMY HET HUKaKUX
COMHEHHH B TOM, YTO HHTEPEC K 3TOH 001acTH OyaeT OOIBIINM.

Kniouesvie cnosa: oxcuo zpaqbeHa, HAHOKpaxmai, ()MQﬂGKmpulteCKl/le mamepuansbl, HAHOKOMNO3UMHAs M€M6paHa,
y()e.fleOQ conpomuejieHue.
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