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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukace!l ¥ITTBIK FBUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
JoKTOpsI, podeccop, KP ¥FA akagemuri, «Dutoxumushy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexust FhUIBIM aKaJEMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-®apadu areigarsl Kaz¥Y Y-npiy Oipiamm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETiHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, Papmanust Mmektebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus gokropst (PhD, (apmarerr), Pequnr yHHBepCHTETiHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kaszakcran PecnyOmukacer WHgycTpust koHe HWH(PPAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxuaa [IsFsic MeuiHa KoJUIepKiHIH Tpodeccopsl, Xamaap
yauBepcuteTiHig Lsrpic Mmequiuna akynsreti (Kapaun, [Tokxicran) H =21

®A3bIJIOB Cepik /IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSCHl HHCTUTYTHI TUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabOacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust koHe XUMMSUIBIK TexXHOJOTHsS HMHCTHTYTHI (Bimikek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxutun ateranarsr Xumust mHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, podeccop, ¥FA akanemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempa, ¢unocodus noxropsr (PhD, xmmus), Xanplkapallblk Taza jKOHE KOJIaHOAIBI
XMW OJIaFbIHBIH XMHUS KOHE KOpIIaraH opTa OemnimiHiH mpe3uaeHTi (Jlonmon, Aurmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, mpodeccop, akagemuk HAH PK,
npe3uaeHT HaronansHol akagemun Hayk Pecry6mmkn Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop durocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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RAMAN SPECTROSCOPY OF GRAPHENE, GO, RGO

Abstract. Graphene is the main focus of research in many modern fields of science.
Graphene and its derivatives have excellent electronic, optical and mechanical properties,
which have aroused great scientific interest and potential for various applications. Raman
spectroscopy is one of the primary methods for characterizing graphene materials,
as it has significant advantages over other analytical methods. Raman spectroscopy
makes it possible to understand the quality of measured grapheme, including its
structure and conductivity and the presence of impurities. Also, it is a universal tool
for the determination and characterization of chemical and physical properties of these
materials in laboratory conditions and on the scale of mass production. The importance
of this method is such that most published articles on graphene studies have at least one
Raman spectrum. Therefore, we systematically consider the Raman spectroscopy of
graphene, graphene oxide (GO) and reduced graphene oxide (RGO) in this work. We
describe the essential processes of Raman scattering of all modes of the first and second
order in graphene, GO and RGO. In addition, shifts with different accumulation regimes,
multilayer respiration, G and 2D multilayer graphene modes are discussed. Methods for
determining the number of graphene layers, studying the Raman resonance spectra of
single-layer and multilayer graphene and obtaining Raman images of graphene-based
materials are proposed. The vast possibilities of Raman spectroscopy for the study of
the fundamental properties of graphene are described.

Key words: graphene, graphene oxide, reduced graphene oxide, Raman spectroscopy.
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I'PA®EH, I'O, TTO PAMAH/BIK CIHEKTPOCKOITUACHI

Aunnotanus. ['padeH kenTereH 3aMaHayy FhUIBIM CallalapbIHIIAFbl HETI3T1 3epTTey
HBICAH/IBIPBIHBIH Oipi Oonbin Tabbuiaabl. ['padeH koHe OHBIH TYBIHIBUIAPHI Tamalla
ANIEKTPOH/IBIK, ONTHUKAIBIK JKOHE MEXaHUKAIBIK KacHeTTepre He OOJFaHJIBIKTaH,
oJlap YJKCH FBUIBIMU KbI3BIFYIIBUIBIK [I€H 9PTYPIi KOJJAHBICTap/a JKOFaphbl CYpPaHbIC
TynsIpIipl. Paman criekTpockonusichl TpadeH Heri3iHieri Marepuaiapibl 3epTTeyIiH
Heri3ri ojictepiHiy Oipi Oosbil TaObUIAABI, OHUTKEHI OHBIH 0OAacKa aHaJIUTHKAJIBIK
ozlicTepre KaparaHja aiTapibIKTail apThIKIIBUIBIKTApbEI 0ap. OnapbiH €H MaHbI3IbIChI
YIITiHI JalbIHAAYIBIH KapanaibIMIBUIBIFBI )KOHE AJIbIHFAH aK[NapaTThiH YJIKEH KeJeMi.
Paman criekTpocKonuschl rpad)eHHIH CarachliH, Ta3aIbIFBIH )KOHE OHBIH KYPBUIBIMBI MEH
OTKI3TIIITIT1H, COHIal-aK KocnaaapabiH 00ybIH Talaayra MyMKiHIiK Oepeni. CoHbIMEH
KaTap, 3epTXaHalbIK JKOHE OHJIIpIC KaFaainapaa rpadeH Heri3inaeri MarepuanaapabH
XMMUSUTBIK JKOHE (PU3MKaJBIK KAaCHETTepiH aHBIKTAayFa KOHE CHIATTayFa apHaJFaH
omOeban Kypas. byn Tanmay omiciHIH MaHBI3IBUIBIFBI COHINA, TpadeHal 3epTTey
OOMbIHIIIA JKapUsJIaHFAaH MakaiajgapiblH KeMIIilrinae keMm jereHae Oip Paman
crekrpi 6ap. ConnpikTan, Oyt xkyMbicTa 0i3 rpadenHin, rpadeH okcunainig (['O) xone
TOTBIKChI3AanFad rpaden okcuainiH (TI'O) PamaH crieKTpoCKONMSICHIH KYHeni Typae
kapacteipambi3. [padenne, ['O xone TI'O-zme GipiHIIi jKoHE EKiHIII PETTI peKUMIEp
coylneciHiH PaMaHIBIK IIaIbIpaybIHBIH MaHbI3Ib! IporiecTepi cunarranradn. COHbIMEH
Karap, opTYpJii )KUHAKTAY pexXUMIEP] Oap KbUTKYIIap, Kon KadarTel rpadeHHiH G jxoHe
2D pexumaepi Tankeinananapl. Connaii-ak rpadeH KadaTTapbIHbIH CaHbIH aHBIKTaY, Oip
Ka0aTThl )KoHE Kol KabarThl rpadeHHiH PaMaH pe30HaHCTHIK CIIEKTPIIEPiH 3ePTTEY JKOHE
rpad)eH HETi3iHIeri MarepuaifapablH PamMaH KecKiHIEpIH aly dJicTepl YChIHBLIFAH.
I'padennin ipreni KacHeTTEpiH 3epTTEyre apHajraH PamaH CHEKTPOCKOIHUS 9JIiCIHIH
KEH MYMKIHJIIKTEepi CHIIaTTaJIFaH.

Tyiiin ce3aep: rpaden, rpadeH okcuai, TOTHIKChI3NaHFaH rpadeH okcuiai, Paman
CIIEKTPOCKOITHSICHI.
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PAMAHOBCKAS CIIEKTPOCKOIIUSA 'PA®EHA, I'O, BI'O

AHHoTamus. [padeH SBIIETCS OCHOBHBIM OOBEKTOM HCCIICJOBAHHUH BO MHOTUX
COBpPEMEHHBIX 00JacTsX Hayku. [padeH M ero mpousBoIHbIE 00NAAAI0T OTIIMYHBIMH
JJIEKTPOHHBIMH, ONTHYECKHMH M MEXaHWYECKHMH CBOMCTBaMH, KOTOpBIE BBI3BAJIU
OonbII0l Hay4YHBIH MHTEpEC M OONBIIONW MOTEHIHAN JUIS Pa3iIHMYHBIX MPUIIOKESHUH.
PamaHOBCKasi CIEKTPOCKONUS SIBISIETCS OJTHUM U3 OCHOBHBIX METOJIOB MCCIIEOBAHUS
rpa)eHOBBIX MaTepHAJIOB, TaK KaK HMEET 3HAuMTENIbHbIE MpPEeHMYIIecTBa Iepes
JIpyTUMU aHATUTHYeCKUMHU MeToiaMu. Harbosee BaXKHBIMU U3 HUX SBJISIIOTCS ITPOCTOTA
MpoOOIOrOTOBKK M OONBIION 00beM monydaeMoit wuHpopMmaiuu. PamaHoBcKas
CHEKTPOCKOIUS TIO3BOJIAET TOHATh YHCTOTY W KadecTBO M3MEpeHHOro rpadena,
BKJIKOYAsl €ro CTPYKTYypy M IPOBOAMMOCTb, & TakXKe Hajuuue npumeceil. Takxke
OHA SBJSIETCS YHUBEPCAIbHBIM CPEJACTBOM JUISl ONPEJEICHUS U XapaKTEPUCTUKU
XUMHYECKUX U (PU3UUECKHUX CBOIMCTB ATHX MaTepHaJIOB KaK B JIJAOOPATOPHBIX YCIOBHSIX,
Tak W B MacmTabaX CEepUHHOrO TPOU3BOJCTBA. Ba)XHOCTH 3TOro MeToia TaKoBa,
9TO B OOJBINIMHCTBE OIyOJIMKOBAHHBIX CTAaTel IO HCCIICIOBAHUIO TpadeHa eCTh I0
KpaifHell Mepe OJIMH CIIEKTp KOMOMHAIIOHHOTO paccestHusl. B cTarbe paccmarpuBaeTcs
pamaHOBCKasi criekTpockonus rpadena, okcuna rpadena (I'O) m BoccTaHOBIEHHOTO
okcuga rpadena (BI'O). Onucanbl BaKHBIC MPOIECCHl KOMOMHAIIMOHHOTO PACCESHUSI
CBEeTa BCEX MOJ MepBoro u Broporo mnopsyika B rpadene, 'O u BI'O. Kpome Toro,
00CYXXJaf0TCSl CABUTH C Pa3HBIMU PEXHMaMH HAaKOTUICHHsI, MHOTOCIIOHHOE JIbIXaHUE,
pexxumbl G u 2D MHOrocnoiiHoro rpadeHa. [IpeiokeHbl TakkKe METOIbI OTIPEeIeIICHUSI
KOJJMYECTBa CIIOCB rpadeHa, HCCIeOBaHUS CIEKTPOB PaMaHOBCKOTO pe30HaHca
OJTHOCJIOMHOTO M MHOTOCIIOWHOTO rpadeHa M MOJTy4YeHHUs] PaMaHOBCKUX M300pakeHHH
MarepuaioB Ha ocHoBe rpadeHa. OmnucaHbl MHUPOKHE BO3MOXXHOCTH PaMaHOBCKOM
CHEKTPOCKOIINH 71 M3y4deHHs (PyHIaMEeHTaIbHBIX CBOMCTB rpadeHa.

KioueBsble cioBa: rpaden, okcua rpadeHa, BOCCTAaHOBICHHBIH OKcua TpadeHa,
PaMaHOBCKasl CIIEKTPOCKOIIHSI.

Introduction. Graphene is a two-dimensional (2d) hexagonal system of sp2 carbon
atoms with solid covalent bonds (Dreyeret al., 2010). Forming the van-der-Waals bonds
graphene can be layered in Bernal or rhombohedral form (Nicolosi et al., 2013). Single-
layer and multilayer graphene can be obtained by micromechanical exfoliation (Kumar
et al., 2021), chemical vapor deposition (CVD) (Fidanova et al., 2019) and epitaxial
growth on the SiC surface (Yazdi et al., 2016), and there are methods such as reduction
of GO, organic synthesis, and subjecting graphene to oxidation, hydrogenation,
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fluorination, and other chemical functionalizations (Stankovichet al., 2007). Graphene
and its derivatives have excellent electronic, optical and mechanical properties, which
have aroused great scientific interest and potential for various applications (Jariwala et
al., 2013).

Inrecent years, interest in studying the fundamental properties of graphene has grown
due to the simplicity of fabrication and identification of structures (Kudaibergenova
et al., 2020). Raman spectroscopy is a relatively simple, non-destructive, non-contact
and fast measurement method for studying the inelastic scattering of light from a
sample surface at room temperature and atmospheric pressure (Scardaciet al., 2021).
Raman spectroscopy plays an essential role in the structural description of materials
based on graphene. Furthermore, it is an indispensable tool for understanding the
actions of electrons and phonons in graphene, which we can obtain by studying Raman
spectroscopy (Ferrari et al., 2013).

Raman spectroscopy has significant advantages over other analytical methods. The
most important of them are the ease of sample preparation and the large amount of
information obtained. Raman spectroscopy is a technique based on light scattering, so
all that is required to collect a spectrum is to point the incident beam exactly at the
sample and then collect the scattered light(Hidayahet al., 2017).

The purpose of this work is to study the exact identification of graphene and its
functional groups using the Raman spectrum method. Because vibrational spectroscopy
provides key information about the structure of molecules, such as the position and
intensity of bands in a spectrum, it can be used to study the molecular structure or
chemical identification of a sample.

Materials and Methods. Chemicals and apparatus. Graphite (purity >99%), sulfuric
acid (H,SO,), sodium nitrate (NaNO,), potassium permanganate (purity > 97%),
hydrazine monohydrate (NH,-NH_*H,O, purity =98%)were purchased from Sigma-
Aldrich.

Graphite, GO and RGO were described using the method Raman spectroscopy. The
measurements were performed using an Omegascope Horiba-AIST-NT system (with a
Raman spectrometer LabRAM HR Evolution) with a 532 nm laser.

Preparation of GO and RGO. Synthesis of GO was performed according to the
modified Hummers method (Hummers et al., 1958), as described in (Kudaibergenova
et al., 2022). The resulting GO solution was washed with HCl and water at pH 1.1, then
centrifuged and dried to constant weight.

The reduction of GO is described in (Kudaibergenova et al., 2022). NH,-NH,*H,O
was added to the colloidal suspension of GO(figure 1). The resulting mixture was stirred,
filtered and dried.
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Figure 1. Schematic image of the synthesis of graphene, GO and RGO.

Results and discussion. Raman spectra of graphite contain bands G (graphite) and
D (disorder). The synthesized GO sheets using the modified Hummers and RGO sheets
also are characterized by Raman spectroscopy (Figurel). It is known (Wuet al., 2018)
that three peaks are present in a typical Raman spectrum of graphene sheets: the first
peak D at 1351 cm-1, the second peak G at 1580 cm™', and the third peak 2D at 2700 cm®
I. The ratio between the intensity of the G and 2D peaks (IG/I12D) estimates the number
of layers (Popov et al., 2013).

This IG/12D ratio is less than unity. The relationship between the D and G peaks
(ID/IG) assesses the imperfection of graphene layers. The prominent Raman signal at
1351 cm™! is attributed to the sp* defects in the sp?® lattice and related to the graphene
structure defects. A 2D peak at 2700 cm ! is attributed to the development of graphene
structure. In the Raman spectrum of RGO, the D, G, and 2D peaks appear at 1358, 1589
and 2709 cm™'. These peaks are associated with the known peaks for GO found in the
literature, and the obtained graphene sheets show strongly broadened D and G bands.
The intensity of the D peak increases after reduction (Hidayahet al., 2017). The most
noticeable in the Raman spectra of graphite materials are the G band appearing in the
region of 1582 cm™, the D band of 1350 cm™!, the D band of 1620 ¢cm™! and the G band
(or 2D) of'about 2700 cm™! (for these the last three bands, this combination frequency is
equal to the frequency obtained using the wavelength of laser excitation at 514.5 nm).
The G band is a doubly degenerate phonon mode of symmetry E, in the center of the
Brillouin zone (BZ), which is a combination for sp? carbon networks. If the G band is
observed in Raman spectra, which means that the sample contains sp? carbon networks.
In contrast to sp® and sp carbon networks show characteristic Raman features at 1333
cm™ and in the range of 1850-2100 cm™ (linear carbon chains) (Kaniyoor et al., 2012).

The D’ band is associated with lattice defects, and therefore these bands are not visible
for highly crystalline graphite (Figure2, Table 1). Thus, the ratio of the intensities ID /
IG for the D-band and G-band widely characterises the number of defects in graphite
materials.

The prominent characteristic peaks in the Raman spectra of graphene and graphite
are G (~ 1580 cm), D (~ 1330 cm™) and G’ (~ 2670 cm™). The G band arises due
to plane vibrations of sp? carbon atoms. Bands G, D and D’ are caused by disorders
resulting from exfoliation. Band D is associated with crystalline disease due to defects
in the lattice, and band G’ is the overtone of band D. Figure 2 shows Raman spectra of
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graphite, graphene oxide (GO), and reduced graphene oxide (RGO). It can be observed
that all three structures have defects (peak D at 1335 cm™!). The presence of defects in
graphene oxide due to violation of m-conjugation leads to GO becoming electrically
nonconducting. Removal of functional groups leads to the restoration of 7 - conjugation
and an increase in the material’s conductivity (Kudaibergenova et al., 2022).

Grafite (G)
- Graphene oxide (GO)
3000 o =] Reduction graphene oxide (RGO)
2500 -
2000 -
g
£ 1500 4
1000

o Ilixl 2000 3(*”
Raman =hift (cm ")

Figure 2. Raman spectrum of graphene, GO and RGO

Fluctuationsinthe frequencyrange 1500 cm™ are due to the presence of microcrystallite
fragments in the structure. For a qualitative comparison of particle defects, the ID / IG
ratio can be used. However, the intensity of the D and G bands of the studied samples
turned out to be commensurate, and the ID values are slightly higher than the IG values.
This also indicates a rather large number of defects in the sample. ID / IG = 1.03 for GO
and 1.11 for RGO (Table 1). For the graphite the value ID / IG = 0,38.

The G peak refers to tangential C-C stretching vibrations and is sensitive to stresses
in the local structure. Stresses can occur due to bending. In places of greatest curvature,
a decrease in the frequency of oscillations of the G mode is observed. Such a frequency
shift corresponds to tensile strains. Additionally, at the site of the greatest curvature,
an increase in the intensity of the D peak is observed. The D band also indicates the
presence of defects in lattice imperfections or the presence of impurity atoms. More
defects in the structure - a more intense peak. From the ID / IG ratio, the intensity of
one or another type of defect is determined. If the ratio is <1, then the defectiveness is
low, and the quality of the carbon material is high. Graphite has a ratio ID / 1G =0.38.

Group G occurs during the planar vibration of sp? carbon atoms and is a doubly
degenerate (TO and LO) phonon mode (E2g symmetry) in the center of the Brillouin
zone (Mallet-Ladeiraet al., 2014).

In the Raman spectrum of graphite, the most intense narrow peak, G, is at 1563 cm™!
(Figure2, Table 1). In the case of graphite with a large number of defects, a peak D
(disorder peak) appears at 1335 cm™ in the spectrum. The ID / IG ratio is associated with
the size of graphene crystallites in the basal plane, L, (Tuinstraet al., 1970):

La = (2,4 X 10710) }\44laser(ID/IG) -l )

where A is the wavelength of the exciting laser, equal to 514 nm.
We used the “Tuinstra Koenig Relation” ratio method to calculate the crystallite size
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using Raman spectroscopy. To calculate the number of layers of the obtained materials,
we used the practice of the ratio of the intensity of peaks D: G in the Raman spectra
(Table 1) (Tuinstra et al., 1970).

Determination of the thickness of graphene films is one of the most critical tasks in
their diagnosis since the properties of graphene substantially depend on the number of
its layers. Table 1 shows that with an increase in the number of layers, the intensity of
the G line increases while the 2D line broadens and changes its shape. Therefore, an
analysis of the 2D line shape in the Raman spectrum of graphene and an analysis of the
G-line intensity are used to estimate its thickness (Kaniyoor et al., 2012).

According to table 1, the intensity of the band G increases with the increasing
thickness of graphene oxide. These are used in the work of A. Geim to determine the
thickness of graphene materials with less than 10 layers for two-dimensional materials
(Geimet al., 2007).

In the frequency range ~ 2870 cm™, a G’ band appears in the Raman spectrum of GO
(Figure2 and Table 1). The Raman spectrum of graphene oxide differs from the graphite
spectrum in the intensity of the G’-band (~ 2870 cm™). It is because identifying the
number of layers in the graphene structure is carried out on the G’-band. In some cases,
instead of band D, you can use band G’ if the ID / IG ratio is> 1.

The broader and less intense G” band at 2708 cm™ (sometimes called the 2D peak
in the literature) in the RGO spectrum compared to the graphite peak at 2673 cm’!
suggests that the RGO sheets contain more defects than graphite, which also indicates
the ratio ID / IG = 1.11 (table 1). A wide 2D peak for GO was observed at 2670 cm™,
but with a significant increase in peak intensity (Figure2, Table 1). This fact confirms
the increase in the thickness and number of defects in GO due to chemical exfoliation
of graphite during oxidation. For single-layer graphene, the G band appears as a sharp
and symmetric peak, while it becomes wider with increasing thickness in several-layer
graphene (Kudaibergenova et al., 2022).

For example, the single-layer graphene (SLG) of a 2D band has a narrow and
symmetric peak. Figure 2 shows that the 2D peak for GO and RGO becomes wider and
more intense, i.e., with the chemical modification of graphite and reduction, the number
of layers in the material structure increases. Authors (Schuepferet al. 2020) explained
the nature of the expansion of the 2D band. Also gave a detailed description of the
fact that the multi-peak structure of the 2D band is associated with the dispersion of
n electrons. The intensity of the 2D band can be used to distinguish a monolayer from
5-10 stacked layers. The relative intensity ratio between the 2D and G bands depends
on the number of layers. 12D / IG can be used to understand the quality of graphene
samples quickly. (Camposet al. 2017) discussed that the bandwidth D is sensitive to
the effects of the curvature of graphene sheets, as well as some morphological changes,
which are also accompanied by a change in the Raman spectrum.

In the Raman spectra of the materials we obtained, there is a wide line at 826 cm™!
for graphite and an intense band at 833 cm™ for GO and 835 cm-1 for RGO (Figure 2),
which is shifted to the high-frequency region by 53 cm compared with a band at 782
cm! in the works, referred to C — H bending vibration of the ring (Camposet al. 2017).
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Table 1. Analysis of Raman spectra of graphite, GO u RGO

Sumple |Raman shift | Intensity |Pik identification I/, |L/I; |Crystallite size|L /I
(em™) L, (nm)
Graphite | 1563 1420 G 0.38 |0.61 |44.08 -
1335 540 D
1030 670 C-H
826 1260 CH,
2440 430 D+D”
2673 870 2D
GO 1561 2950 G 1.03 |0.51 16.26 2.1
1337 3040 D
1040 1620 C-H
833 2000 CH,
1800 1450 D’(light scattering on
the linear defects)
2670 1500 2D
2870 1600 G’
2992 1620 2D’ (D+G)
RGO 1583 2350 G .11 10.29 |15.09 -
1341 2600 D
1040 1040 C-H
835 1480 CH,
2708 680 2D
2946 700 2D’ (D+G)

The lines located in the regions of 1031 and 1073 c¢cm 'were assigned to the C — C
stretching associated with the respiration of the phenyl ring and possibly belong to the
vibrations of the side groups (Kudaibergenova et al., 2022). The line at 1030 cm—1 in
the Raman spectrum of graphite was assigned to plane vibrations of the CH, groups of
the ring. The line located at 1040 cm™ in the Raman spectrum of GO m RGO is also
due to stretching processes associated this line with C-C antisymmetric stretching along
the macromolecular chain. The position of this Raman line shifts toward lower values.
In our case, this band is present in the region of 1040 cm™ for GO and RGO (Figure2,
Table 1).

In work (Kudaibergenova et al., 2022), it was reported that the D line in graphene
at 1336.1 cm™! indicates that the graphene plate consists of 3-5 layers and can reflect
compression deformation, crowding, or cohesion of the side groups. We are inclined
to assume that the D peak in our Raman spectra of graphite at 1335 cm™ and the high-
intensity peaks at 1336.5 cm™ - GO and 1341 cm™ - RGO also reflect similar phenomena
(Figure 2, table 1).

The 2D peak is the overtone of the D peak, and the 2D peak is the overtone of the D
peak. 2D and 2D’ peaks are activated only if there are defects. The band at ~ 2440 cm’!,
presented only in the Raman spectrum of GO in Figurel we interpreted as D + D" (Table
1). The D + D" band was first represented in graphite. This band is a combination of a
D-phonon and a phonon belonging to the LA branch, visible at ~ 1100 cm™ in defective
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samples when measured by visible light and called the D" peak and is denoted as D +
D" (Mallet-Ladeira et al., 2014).

Thus, we have revealed the origin of the two-resonance two-phonon D + D" peak,
which can provide useful information for functionalization in determining the number
of layers in graphene (Schuepferet al. 2020). Raman peak at 2946 cm™ in the RGO
spectrum in Figure2 is associated with the D + G combination mode, and is also caused
by the disorder of the structure and is often referred to in the literature as 2D’ (Kaniyoor
et al., 2012). Raman spectra show the structural characteristics of the material and
information about defects, stacking of graphene layers and final crystallite sizes. Raman
peaks D and D’ are characterized by disorder, and the G’ band (Overtone of the D band),
is always observed in samples without defects (Hidayah et al., 2017). The identification
of these bands is necessary for understanding the mechanism of the formation of new
forms of sp? carbon materials. The most obvious difference in the intensity of the G’
band(or 2D-band) in2700 cm™', which in graphene exceeds the G band in intensity, and
in graphite, this ratio reverses (Kudaibergenova et al., 2022).

Another example of the high sensitivity of the Raman spectrum to the structure of
materials with lattice distortion at the crystal edge is the appearance of a rather intense
shoulder at 1800 cm™ in the Raman spectrum of GO, which indicates the presence
of carbon in the sp? state and the existence of linear defects at the crystal boundary
(Hidayah et al., 2017). We found that the ratio of the peak intensities of the D and D
‘line intensities caused by the appearance of sp? hybridization is ID / ID’= 2.1 (Table 1),
which indicates the presence of linear defects at the GO boundary.

GO reduction was carried out using hydrazine, which led to a change in the structure
of the material, which Raman spectra of graphite, GO and RGO (Figure 2).

The G peak corresponds to the high-frequency phonon E, . The D peak is due to the
vibrational modes of the six-atom rings and refers to the A]g symmetry. The intense peak
G, which relates to vibrations of the graphite lattice, showed a high-frequency shift of
the G band in the Raman spectrum of RGO (1583 cm™') compared with the G position
of the graphite band (1562 cm™) and GO (1561 cm™), which indicates an increase in the
concentration of free charge carriers (Kudaibergenova et al., 2022).

The blue shift of the G peak in the spectrum compared with the G band of graphite
(1562 cm™) and GO (1561 cm™) increases the phonon energy Ezg. The increase in the
frequency of the G line in the RGO spectrum (1583 cm™!, Table 1) with increasing
electron concentration is explained by the fact that the more electrons are in the m *
band, the stronger is the contribution of the electron energy to the phonon energy E,A
quantitative expression for the change in the energy of the G line with a change in the
carrier concentration was obtained in the work (Hidayah et al., 2017).

Conclusion. In this study, we described the synthesis of RGO in two stages,
consisting of the preparation of GO from graphite by the modified Hummers method,
followed by the chemical reduction of GO with hydrazine monohydrate. The location of
the 2D band showed that the resulting GO appears to be multilayer, and also, the shifted
position of the 2D band confirms the presence of functional oxide groups that interfere
with the stacking of graphene layers. It was also found that after the reduction of GO to
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RGO, a small amount of functional oxide groups remains, which leads to the binding
of RGO. And the high intensity of the D band indicates that RGO has more isolated
graphene domains than GO, and also due to the removal of oxygen fragments from GO
after reduction. According to the results of Raman spectroscopy, it can be revealed that
GO was successfully synthesized and chemically reduced using hydrazine hydrate.

Information about the authors:

Sugurbekova Gulnar — Doctor of Chemical Sciences, Leading Researcher,
Ecostandart.kz LLP, Kabanbay batyr Ave 53, Astana, Kazakhstan, sugurbekova.g.55@
gmail.com, https://orcid.org/0000-0002-6894-7247,

Kudaibergenova Rabiga — PhD doctoral student specializing in chemistry, Taraz
Regional University named after M.Kh. Dulaty, st. Tole bi 60, Taraz, Kazakhstan, Tel.:
+77476741776 rabi_07@bk.ru, https://orcid.org/0000-0003-0759-1539;

Murzakassymova Nazgul — master of chemistry, Senior teacher, department of
«Chemistry and chemical technology», Taraz Regional University named after M.Kh.
Dulaty, st. Tole bi 60, Taraz, Kazakhstan, https://orcid.org/0000-0003-0329-6137;

Kantarbaeva Saule — master of chemistry, Senior teacher, department of «Chemistry
and chemical technology», Taraz Regional University named after M.Kh. Dulaty,
meirhanovna@mail.ru, https://orcid.org/0000-0001-5566-1672;

Altynbekova Dinara — masterofchemistry,Senior teacher, department of «Chemistry
and chemical technology», Taraz Regional University named after M.Kh. Dulaty, st.
Tole bi 60, Taraz, Kazakhstan, https://orcid.org/0000-0002-8489-320X.

REFERENCES

Campos J.L.E., MirandaH, Rabelo C., Sandoz-Rosado E., Pandey S., Riikonen J., Cano-Marquez A.G.,
Jorio A. (2017) Applications of Raman spectroscopy in graphene-related materials and the development of
parameterized PCA for large-scale data analysis, Journal of Raman Srectroscopy. https://doi.org/10.1002/
jrs.5225 (in Eng.).

Dreyer D.R., Park S., Bielawski C.W., Ruoff R.S. (2010) The chemistry of graphene oxide, Chemical
Society Reviews, 39:228-240.https://doi.org/10.1039/B917103G (in Eng.).

Ferrari A.C., Basko D.M. (2013) Raman spectroscopy as a versatile tool for studying the properties of
graphene, Nature Nanotechnology, 46:235-246. https://doi.org/10.1038/nnano.2013.46 (in Eng.).

Fidanova T., Petrov S., Napoleonov B., Marinova V., Petrova D., Rafailov P., Lin S.H., Dimitrov
D. (2019) Single and multilayer graphene grown by CVD technique: Characterization for electro-optical
applications, AIP Conference Proceedings, 2075:020017. https://doi.org/10.1063/1.5091134 (in Eng.).

Geim A.K., Novoselov K.S. (2007) The Rise of Graphene, Nature Materials, 6:183-191. http://dx.doi.
org/10.1038/nmat1849 (in Eng.).

Hidayah N.M.S., Liu W.W., Lai C.W., Noriman N.Z., Khe C.S., Hashim U., Lee HC (2017) Comparison
on graphite, graphene oxide and reduced graphene oxide: synthesis and characterization, AIP Conference
Proceedings, 1892:150002. https://doi.org/10.1063/1.5005764 (in Eng.).

Hummers W.S., Offeman R.E. (1958) Preparation of Graphitic Oxide, Journal of the American Chemical
Society, 80:1339-1339. http://dx.doi.org/10.1021/ja01539a017 (in Eng.).

Jariwala D., Sangwan V.K., Lauhon L.J., Marks T.J., Hersam M.C. (2013) Carbon nanomaterials for
electronics, optoelectronics, photovoltaics and sensing, Chemical Society Reviews, 42:2824-2860. https://
doi.org/10.1039/C2CS35335K (in Eng.).

78



Volume 4, Number 453 (2022)

Kaniyoor A., Ramaprabhu S.A. (2012) Raman spectroscopic investigation of graphite oxide derived
graphene, AIP Advances, 2:032183. https://doi.org/10.1063/1.4756995 (in Eng.).

Kudaibergenova R., Ualibek O., Sugurbekov E., Demeuova G., Frochot C., Acherar S., Sugurbekova
G. (2022) Reduced graphene oxidebased superhydrophobic magnetic nanomaterial as high selective and
recyclable sorbent for oil/organic solvent wastewater treatment, International Journal of Environmental
Science and Technology. https://doi.org/10.1007/s13762-021-03722-3 (in Eng.).

Kudaibergenova R.M., Nurlybayeva A., Kantarbayeva S.M., Matniyazova G.K., Baibazarova E.,
Sugurbekova G.K. (2020) Unique properties of graphene, News of the Academy of sciences of the Republic
of Kazakhstan, 4(442):80—88.https://doi.org/10.32014/2020.2518-1491.68 (in Eng.).

Kumar V., Kumar A., Lee D.J., Park S.S. (2021) Estimation of Number of Graphene Layers Using
Different Methods: A Focused Review, Materials, 14:4590. https://doi.org/10.3390/ma14164590 (in Eng.).

Mallet-Ladeira P., Puech P., Toulouse C., Cazayous M., Ratel-Ramond N., Weisbecker P., Vignoles
G.L., Monthioux M (2014) Raman study to obtain crystallite size of carbon materials: A better alternative
to the Tuinstra—Koenig law, Carbon, 80:629-639. https://doi.org/10.1016/j.carbon.2014.09.006 (in Eng.).

Nicolosi V., Chhowalla M., Kanatzidis M.G., Strano M.S., Coleman J.N. (2013) Liquid Exfoliation of
Layered Materials, Science, 340(6139):1226419. https://doi.org/10.1126/science.1226419 (in Eng.).

Popov V.N., Lambin P. (2013) Theoretical Raman intensity of the G and 2D bands of strained graphene,
Carbon, 54:86-93. https://doi.org/10.1016/j.carbon.2012.11.006 (in Eng.).

Scardaci V., Compagnini G. (2021) Raman Spectroscopy Investigation of Graphene Oxide Reduction
by Laser Scribing, Journal of Carbon Research, 7(2):48.https://doi.org/10.3390/c7020048 (in Eng.).

Schuepfer D.B., Badaczewski F., Guerra-Castro J.M., Hofmann D.M., Heiliger C., Smarsly B., Klar P.J.
(2020) Assessing the structural properties of graphitic and non-graphitic carbons by Raman spectroscopy,
Carbon,161:359-372. https://doi.org/10.1016/j.carbon.2019.12.094 (in Eng.).

Stankovich S., Dikin D.A., Piner R.D., Kohlhaas K.A., Kleinhammes A., Jia Y., WuY., Nguyen S.B.T.,
Ruoff R.S. (2007) Synthesis of graphene-based nano sheets via chemical reduction of exfoliated graphite
oxide, Carbon, 45:1558—-1565. https://doi.org/10.1016/j.carbon.2007.02.034 (in Eng.).

Tuinstra F., Koenig J.L. (1970) Raman Spectrum of Graphite, The Journal of Chemical Physics,
53(3):1126-1130. https://doi.org/10.1063/1.1674108 (in Eng.).

WulJ.B., Lin M.L., Cong X., Liu H.N., Tan P.H. (2018) Raman spectroscopy of graphene-based materials
and its applications in related devices,Chemical Society Reviews, 47:1822-1873. https://doi.org/10.1039/
C6CS00915H (in Eng.).

Yazdi G.R., lakimov T., Yakimova R. (2016) Epitaxial Graphene on SiC: A Review of Growth and
Characterization, Crystals, 6(5):53.https://doi.org/10.3390/cryst6050053 (in Eng.).

79



Volume 4, Number 453 (2022)

MA3MYHbI

K.T. bucemb6aeBa, A.C. XagueBa, E.H. Mammanos, I.C. CabbipbaeBa,

B.M. HypaunoaeBa

KYPIEJI TEOJIOI MSUJIBIK )KAFJAWIA TTIOJIMMEPJIIK EPITIHAIMEH
MYHAM/IBI BIFBICTBIPY YIEPICTHIH 3EPTTEIIY ..o, 5

b. Kakpin, b. AckanoBa, A. bakeIT, K. Myca0ekoB
KA3AKCTAH MOHTMOPUJIJIOHUTI HET'T3IHAE ®U3NOJIOTI'MAJIBIK
BEJICEH/II BUOHAHOKOMITIO3UTTEPIL AJIY..oovviiiiiieieeeeeeeeeeeeeeece 14

M. Kymaoek, C.A. Tynraraposa, I.H. Kaymenoa, A. Manataesa, C.0O. Koros
TABUTU I'A31bI KOMITO3UTTI Ni-Co-Zr KATAJIN3ATOPJIAPBIHJIA
ITAPIIAJIZIBI TOTBIKTDBIPY......couiiiiiiiiiiiiinieeeenecese e 26

HI.C. Ucnam, X.C. Papuxosa, C.b. PricnaeBa, A.2K. KepumkyJioBa,

ML.A. KoxkailicakoBa

MOTOP OTBIHBIHAH KYKIPT KOCBUJIBICTAPBIH TEPEH, DBTEKTUKAJIBIK
EPITKILLITEPMEH BOJIIT AJTY....ccciiiiiieeiie ettt ettt ve e snnee s 37

I'H. KaamaraeBa, I.®. CarutoBa, C.A. Cakubaena, /I./I. Acbli10exoBa,

K.K. lllyxanosa

LIIMHA PETEHEPATBI OH/IPICIHJE MAU OHEPKOCIBIHIH IECIIE
OHIMIEPTH TTAVTATIAHY. ..ot eee s eeseeesees 46

7K. Kacenoga, C. Ko:xkabekoB, 9. ’Kybanos, A. Fanbimikan
AJIKNJI ®DYMAPATTAP MEH OKTAJIELIEH-1-HIH, COITIOJIMMEPJIEPIH
CUHTES3JIEY JKOHE BEPTTEV ..ottt 58

P.M. Kynaiioeprenosa, H.C. Myp3akacsimoBa, C.M. Kantap6aeBa,
J.T. Antein0exoBa, I.K. CyrypoexoBa
I'PA®EH, T'O, TTO PAMAH/IBIK CITIEKTPOCKOITUSCHI.........ccveieiieeeee 69

A. Kanbip0aesa, JI. Ypa3skeaauesa, P. Tonipoeprenos, I'. lllalimepaenoBa

KA3AKCTAH PECITYBJIMKACBIHIAAFBI «TACTBI T¥3» KEH OPHBIH/IAFBI

AK.H. Kopran6exoB, A.A. OredaeB, P.M. Myxamenos
«TOIIBIPAK-OCIMIIK» ) KYUECIHAE AYBIP METAJIAAPABIH X XUHAJIYbBI
HKOHE TAPATIVDBL. ...ttt e 88

K.M. Maxaun6etoBa, J.K. AcembaeBa, /I.E. Hypmyxan6etoBa, E.JK. 'adoayinuna,
M. LnusicKbI3bI

145



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

B.K. Myana6exoBa, A.M. TokrapoBa, P.A. U3tenueBa, M.b. ATbIxaHoBa,

A. A. CeliniMmxanoBa

KOMITO3UTTIK ¥HJIAPbIH CAITACBI MEH KAYITICI3AII'TH

BAKBITIAY.....c. ettt ettt sttt et e et e et e et eessseessseesnbaesnseesnseenn 107

H.C. Myp3akacbimoBa, M.A. I'aBpuiienko, H.A. bexkTeHnos,

P.M. Kynaiioeprenosa, I A. CeiiTOexoBa

MOANOUKAIUAITIAHFAH KOMIPIE AYBIP METAJIJIAPIbIH
COPBLUSICBIH BEPTTEVY....iiiiiiiiiiiietee e 118

A.A. Ortebaes, /K.H. Kopranoexos, P.M. Myxameaon
KOKOHIC JAKbUIJAPBIHAAFBI AYBIP METEJIJIAP/bI
BUOTECTIIIEY....iiiiiiiie sttt ettt ettt eeva e s veesvaesabe e asessvaessseasnnesnnaens 126

KA. Caiinay, H.2K. Aamac, K. Tomrraii, A.A. AnioHrapon

TiO, KATAJIMTUKAJIBIK BETI APKbIJIbI BUOOTBIHHAH TJIMIEPOJI/IbI
AZICOPBIUAJIAY ITPOLIECCIH TEOPUAJIBIK T¥PEFBIJAA 3EPTTEV.............. 136

146



Volume 4, Number 453 (2022)

COLEPKAHUE

K.T. Bucem6aeBa, A.C. XanueBa , E.H. Mammausos, I.C. Ca6bip0aeBa,

b.M. Hypan6aeBa

HUCCIIEJOBAHUME IMTPOLIECCA BBITECHEHU A HE®TU [TOJIUMEPHBIMUA
PACTBOPAMMU B CJIOXKHBIX TEOJIOTMYECKUX YCJIIOBUSMX...........cceuveean. 5

b. Kakpin, b. AckanoBa, A. bakbiT, K. MycabekoB

PASBPABOTKA ®U3NOJIOTUYECKN AKTHBHbBIX BUOHAHOKOMIIO3MTOB
HA OCHOBE KA3ZAXCTAHCKOI'O MOHTMOPHUJIUIOHUTA........ccccoviiiinnne. 14

M. Kymaoek, C.A. Tynraraposa, I.H. Kaymenosa, A. Manataesa, C.O. Koros
Ni-Co-Zr KOMITO3UTHBIE KATAJIU3ATOPBI ITAPLIMAJIBHOI'O
OKUCJIEHWSA ITPUPOJHOTI'O TABA ..o 26

HI.C. Ucnam, X.C. PapukoBa, C.b. PeicnmaeBa, A.7K. KepumkyJioa,

M.A. KoxkaiicakoBa

WU3BJIEYEHUE COEJJUHEHWI CEPBI '3 MOTOPHOI'O TOITJIUBA
[TTYBOKUMMU OBTEKTUUYECKHNMU PACTBOPUTEIAMMU. ..o 37

I'H. KanamaraeBa, I.®. CarutoBa, C.A. Cakubaena, /I./I. Acbli10exoBa,

AK.K. lyxanoBa

UCIIOJIL30BAHUE COITY TCTBYIOIIUX ITPOAYKTOB MACJIOXKUPOBOI
ITPOMBIIIIJIEHHOCTH B ITPOM3BOACTBE ILIMHHOI'O PET'EHEPATA........... 46

7K. Kacenoga, C. Ko:xka0ekos, 9. ’Kybanos, A. Fanbimikan
CHUHTE3 U UCCJIEAJOBAHUE 'PEBHEOBPA3HBLIX COITOJIMMEPOB
AJIKNJT ®YMAPATOB C OKTAIELIEHOM-1.....oooiiiiiiiiiiicceeeeee e 58

P.M. Kynaiioeprenosa, H.C. Myp3akacsimoBa, C.M. Kantap0aesna,
A.T. Aarbin0exoBa, I.K. Cyryp0exoBa
PAMAHOBCKAS CITEKTPOCKOIIUSA 'PA®EHA, T'O, BI'O......ccceevvieieiienee. 69

A. KaabipOaeBa, /I. YpaskenaueBa, P. Tanup0Oeprenos, I'. [llaiimepaenoBa
OUUCTKA TEXHUYECKOI'O XJIOPUJIA HATPUA MECTOPOXIEHU A
«TACTBI T¥3» PECITYBJIMKM KABAXCTAH....c.eiiiiieieeeeeeeeeeeeeeeeee 80

K.H. KyprantekoB, A.A. Yredaes, P.C. Myxamenos

HAKOIUIEHUME U1 PACITPEJIEJIEHUE TSKEJIBIX METAJIJIOB B CUCTEME
CTTOUBA-PACTEHHED ...ttt 88

147



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

K.M. Maxan6eroBa, J.K. Acembaesa, /I.E. Hypmyxan6erosa, E.JK. I'a0nyinna
M. LiusicKbI3bI
KO3bE MOJIOKO - ITOJIHOHEHHOE BUOJIOTMYECKOE CBIPLE..................... 96

B.K. Myana6exoBa, A.M. TokrapoBa, P.A. U3tenueBa, M.b. ATbIxaHoBa,
A.A. CeiigiMmxanoBa
KOHTPOJIb KAYUECTBA U BE3OITACHOCTU KOMITO3UTHOU MVYKH......... 107

H.C. Myp3akacbimoBa, M.A. I'aBpuiienko, H.A. bexkTeHnos,

P.M. Kynaiioeprenosa, I.A. CeiiTOexoBa

NCCIEAOBAHUE COPBIIUHN TSXKEJBIX METAJIJIOB

HA MOAVOUIHUPOBAHHOM VYITIE.......cooiiiiiiiiiiiieeeceeeeeeee e 118

A.A.YT1ebaeB, )K.H.Kypranoexon, P.C.Myxamenaon
BUOTECTUPOBAHMUE TSKEJIBIX METAJIJIOB B OBOILIIHbBIX
KVYTIBTYPAX ...ttt et ettt ettt et et et e eneeenee e ennean 126

KA. Caiinay, H.7K. Aamacos, K. Tomraii, A.A. AJITOHrapoB

TEOPETUYECKOE MCCIEAOBAHUE AJICOPBLIMN ITIMLIEPUHA
13 BUOTOIIMBA YEPE3 KATAJIMTUYECKYIO ITOBEPXHOCTH TiO,......... 136

148



Volume 4, Number 453 (2022)

CONTENTS

K. Bissembayeva, A. Khadiyeva, E. Mamalov, G. Sabyrbayeva, B. Nuranbayeva
RESEARCH OF THE PROCESS OF OIL DISPLACEMENT BY POLYMER
SOLUTION IN COMPLICATED GEOLOGICAL CONDITIONS.........ccceoiiieirnene 5

B. Zhakyp, B. Askapova, A. Bakyt, K. Musabekov
DEVELOPMENT OF PHYSIOLOGICALLY ACTIVE BIONANOCOMPOSITES
BASED ON KAZAKHSTAN MONTMORILLONITE.........ccccoceeiieiiininieieieneeenen 14

M. Zhumabek, S.A. Tungatarova, G.N. Kaumenova, A. Manabayeva, S.0. Kotov
Ni-Co-Zr COMPOSITE CATALYSTS FOR PARTIAL OXIDATION
OF NATURAL GAS ...ttt e e e e e 26

Sh.S. Islam, Kh.S. Rafikova, S.B. Ryspaeva, A.Zh. Kerimkulova,

ML.A. Kozhaisakova

EXTRACTION OF SULFUR COMPOUNDS FROM MOTOR FUEL WITH

DEEP EUTECTIC SOLVENTS ... 37

G.N. Kalmatayeva, G.F. Sagitova, S.A. Sakibayeva, D.D. Asylbekova,

Zh.K. Shukhanova

THE USE OF RELATED PRODUCTS OF THE FAT AND OIL INDUSTRY

IN THE PRODUCTION OF TIRE REGENERATE.........c..ccceevviiiiiiniecieeieerene 46

Zh. Kassenova, S. Kozhabekov, A. Zhubanov, A. Galymzhan
SYNTHESIS AND CHARACTERIZATION OF COMB-LIKE ALKYL
FUMARATE — OCTADECEN-1 COPOLYMERS.........ooooiiiiieeeeeee e 58

R. Kudaibergenova, N. Murzakassymova, S. Kantarbaeva, D. Altynbekova,
G. Sugurbekova
RAMAN SPECTROSCOPY OF GRAPHENE, GO, RGO.........cccceeeveiiriereene 69

A. Kadirbayeva, D. Urazkeldiyeva, R. Tanirbergenov, G. Shaimerdenova
PURIFICATION OF TECHNICAL SODIUM CHLORIDE FROM THE TASTY
TUZ DEPOSIT OF THE REPUBLIC OF KAZAKHSTAN.....cociiiiiiieeeeee 80

ZH.N. Kurganbekov, A.A. Utebaev, R.S. Muhamedov
ACCUMULATION AND DISTRIBUTION OF HEAVY METALS IN THE
SOIL-PLANT SYSTEM. ...ttt ettt et 88

K.M. Makhanbetova, E.K. Assembayeva, D.E. Nurmukhanbetova,

E.Zh. Gabdullina, M. Iliyaskyzy
GOAT'S MILK — WHOLE BIOLOGICAL RAW MATERIAL........ccoccoveiiinininnns 96

149



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

B. Muldabekova, A. Toktarova, R. Iztelieva, M. Atykhanova, A. Seidimkhanova
QUALITY AND SAFETY CONTROL OF COMPOSITE FLOUR.........cccocvvene... 107

N.S. Murzakassymova, M.A. Gavrilenko, N.A. Bektenov, R.M.Kudaibergenova,
G.A. Seitbekova'

INVESTIGATION OF THE SORPTION OF HEAVY METALS

ON MODIFIED COAL.....oooitiieeeee ettt e 118

A.A. Utebaev, Zh.N. Kurganbekov, R.S. Muhamedov
BIOTESTING OF HEAVY METALS IN VEGETABLE CROPS.........ccccccevvernnnen. 126

Zh.A. Sailau, N.Zh. Almas, K. Toshtay, A.A. Aldongarov

THEORETICAL STUDY OF THE GLYCEROL ADSORPTION FROM
THE BIOFUEL OVER TiO, CATALYTIC SURFACE..........cccooiiiiiiiiiiine, 136

150



Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see http://
www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan
implies that the described work has not been published previously (except in the form of an abstract or
as part of a published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.
com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication
is approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or in
any other language, including electronically without the written consent of the copyright-holder. In
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent
data, incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences
of the Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics
(COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://
publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked by
the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be
chosen in such a way that there is no conflict of interests with respect to the research, the authors and/
or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will
only accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic
of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will
monitor and safeguard publishing ethics.

HpaBHna Od)OpMJTeHI/ISI CTaTbu JJIsd l'[y6J'lPIKaI_[I/II/I B XYpHaJIC CMOTPETH Ha caifrax:

www:nauka-nanrk.kz
http://chemistry-technology.kz/index.php/en/arhiv
ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

Jupexrop otaena nu3ganus HayuHbIx xkypHasoB HAH PK 4. bomanxwvize
3aMecTuTeNb AUPEKTOP OTAENA U3aHus Hay4dHbIX )KypHaioB HAH PK P, JKoauxuiser
Penaxropsr: M.C. Axmemosa, /].C. Anenos
Bepctka Ha kommwrotepe /] JKaovipanosoti

ITonnucano B meuats 05.12.2022.
®opmar 60x88'/,. Bymara odcernas. Ileuars — pusorpag.
9,0 m.a. Tupax 300. 3aka3 4.

Hayuonanvnas axaoemus nayx PK
050010, Anmameot, yn. Lllesuenxo, 28, m. 272-13-19





