REVIEW
on the dissertation work of Ainur Battalova on the topic ""Development of
hydrogel materials based on cellulose obtained from agricultural waste"
submitted for the degree of Doctor of Philosophy (PhD) in the specialty
"8D05302 - Chemistry"

Recently, global warming caused by climate change has led to water shortage
becoming a serious problem for agriculture worldwide. T here is also a risk of land
degradation due to droughts caused by various factors, including anthropogenic
impacts and climate change. In this regard, the development of efficient methods for
processing renewable bioresources and extracting valuable materials from them,
through a renewable source of raw materials based on the principles of "green
chemistry" is in line with the goals of sustainable development.

In this context, the processing of cheap and annually renewable plant raw
materials, including agricultural waste, as a source of fibrous components for the
production of new materials is of particular interest. Agricultural waste is rich in
lignocellulosic substances such as cellulose, hemicellulose and lignin. The unique
properties of cellulose — such as high mechanical strength, gelation ability, water-
retaining and sorption properties, thermal conductivity, low toxicity and high
specific surface area — significantly expand the possibilities of its use for the
production of various biocomposite materials. In particular, the synthesis of
hydrogel materials based on cellulose and its derivatives, which have high water
absorption capacity, biodegradability, the ability to sorb heavy metal ions, and are
also promising for use in agriculture, medicine and pharmaceuticals, is of great
importance. In this regard, the relevance and practical significance of the doctoral
student's research topic seem to be very high.

The aim of the dissertation is to develop hydrogel materials based on cellulose
obtained from agricultural waste, study their physical and chemical properties and
determine possible areas of application. To achieve this goal, the doctoral student
set the following tasks:

1. Obtaining microcrystalline cellulose (MCC) from sunflower seed husks
(Helianthus annuus L.) and rice husks (Oryza) grown in the Republic of
Kazakhstan using organosolvent oxidation; studying its physicochemical
properties and determining the yield.

2. Synthesis of hydrogels (MCCHydrogel) based on MCC and water-
soluble polymer (AAm), study of their physicochemical and kinetic
properties.

3. Study of the soil moisture retention capacity and biodegradability of
MCCHydrogel.

4. Obtaining cellulose nanofibers (CNF) and nanocrystals (CNC) from
cellulose raw materials and studying their physicochemical properties.

5. Study of sorption properties of hydrogels based on CNF, CNC and water-
soluble polymer (AAm) in relation to Cu®" ions.

The main results of the dissertation work are to establish the yield, optimal
hydromodul and quality characteristics of microcrystalline cellulose (MCC)



:

obtained from sunflower seed husks (SFH) and rice husks (RH), depending on the
varietal characteristics of the SFH and RH raw materials, as well as the geographical
conditions of the growing region relative to rice husks. In addition, the optimum
concentration of acetic acid was established to optimize the yield and quality
characteristics of MCC obtained by organosolvent oxidation. In particular, a
decrease in the concentration of acetic acid from 52% to 44% led to the
establishment of an effective ratio of raw materials and delignifying agent, which
was 1:12 g / ml for SFH and 1:10 g / ml for RH, respectively, which significantly
reduces the consumption of delignifying agent. As a result, the yield of MCC was
50.69% and 52.58%, obtained from SFH and RH, respectively. The doctoral student
synthesized hydrogels based on MCC and found that when using a cross-linking
agent in an amount of 10 mg, a sorbent with a relatively high sorption capacity and
mechanical strength is formed. The swelling kinetics of hydrogels under various
conditions was revealed, in particular, the effect of pH of the medium, organic
solvent, the same electrolytes were established and the physicochemical properties
were determined. Under laboratory conditions, it was found that the optimal
hydrogel sorbent decomposes in the soil within 77 days. The doctoral student
obtained nanocrystalline cellulose and cellulose nanofibers from microcrystalline
cellulose (MCC) by hydrolysis with sulfuric and formic acids, respectively. The
optimal hydrolysis mode, yield, size characteristics, crystallinity and charge of
cellulose nanofibers were determined using formic acid. The sorption capacity of
hydrogels synthesized using nanocrystalline and AAm cellulose nanofibers for
extracting copper ions from a model solution was studied. It was found that
hydrogels from nanocrystalline and cellulose nanofibers sorb 51.5% and 48.4% of
copper ions from a copper solution.

In addition, the doctoral student completed a fruitful two-month research
internship at the International and Inter-University Centre for Nanoscience and
Nanotechnology, Mahatma Gandhi University (Kottayam, Kerala, India) from
10.04. - 09.06.2023. During the internship, she established herself as a researcher
with a clear scientific approach, capable of making independent decisions when
research problems arise, as well as carrying out work systematically and
systematically.

Based on the results of the dissertation work, 7 scientific papers were
published. Including: 2 articles in scientific journals recommended by the
Committee for Quality Assurance in Science and Higher Education of the Ministry
of Science and Higher Education of the Republic of Kazakhstan; 2 articles in peer-
reviewed journals indexed by Scopus and Web of Science databases, including
Journal of Polymer Science: CiteScore — 6.3; percentile — 73%; Q2; IF = 3.9; and 3
shstracts of reports were published in the materials of international conferences. This
ndicates the high accuracy and reliability of the obtained research results.

Taking into account the above, I believe that the relevance, novelty, practical
wgnificance and results of the dissertation work of Battalova Ainur Kumarbekovna
meet all the requirements for dissertations by the Committee for Control in the



Sphere of Science and Higher Education of the Ministry of Science and Higher
Education of the Republic of Kazakhstan. The doctoral student fully deserves to be
awarded the academic degree of Doctor of Philosophy (PhD) in the specialty
"8D05302 - Chemistry".
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Prof.Dr. Sabu Thomas

Director, School of Nanoscience
and Nanotechnology of Mahatma
Gandhi University, Professor




OT3bIB
Ha JMccepTalMoHHYI0 paboTy Aiinyp barTanoBoi Ha Temy «Pa3paborTka
rUporeJieBbIX MaTEPHaJIOB HA OCHOBE LeJIIII0/103b], NOJIy4YeHHOH H3
CeIbCKOX035IHCTBEHHBIX 0TX010B» MpeACTaBJIEeHHYI0 HA COHCKaHHEe CTENECHH
noktopa ¢puaocopun (PhD) no cnennajibHOCTH «8D05302 - Xumus»

B rnocnemHee Bpemsi [I00albHOE MOTEIVIEHHE, BbI3BAHHOC HM3MEHEHHEM
KJIMMAaTa, TPUBENO K TOMY, YTO NE(UIMT BOABI CTAN cepb&3HOU MpobIIEMOH /s
celBbCKOro xo3giicTBa mo Bcemy wmupy. CylllecTBYeT TakXkKe pHCK Jcrpajaliu
3eMellb BCIIEJCTBHE 3aCyX, OOYCIOBIEHHBIX Pa3fMYHbIMU (haKTOpaMH, BKIKOHasd
AHTPOTIOTeHHBIE BO3JEHCTBUS U KIMMAaTHYECKHEC HM3MCHCHHS. B cBsA3U C 3TUM
pa3paboTka 3 (YEeKTUBHBIX METOJOB nepepaboTKH BO30GHOBIAEMBIX OHOPECYpPCOB
M W3BIICYEHHs W3 HUX IIEHHBIX MATepHalloB, IIyTeM BO30OHOBIAEMOro HCTOYHHKA
Cblpbi Ha OCHOBE IPHHIIMIOB «3€1€HOH XHUMHHM» COOTBETCTBYCT LeJsM
YCTOWYUBOIO PA3BUTHS.

B 5ToM KOHTEKCTe 0cobbIi HHTEpeC MpeCTaBIieT nepepaboTka JemeEBOro u
eKEeroMHO  BO30OHOBIAEMOTO  pAcTHTENBHOTO  CBIpbA, B TOM  duCie
celbCKOXO3SCTBEHHBIX ~OTXOJOB, B KadecTBe HCTOYHHMKA  BOJIOKHHMCTBIX
KOMIIOHEHTOB Ul TIIOJy4eHHMs HOBBIX MAaTE€pHAJIOB. CenbCKOX03CTBEHHBIE
OTXOIbI 6OraThl JHTHOLEJLTIONO3HBIMHE BELIECTBAMH, TaKMMH Kak LEJIIH0N03a,
reMULETON03a ¥ JUTHHH. YHHKalbHBIE CBOMCTBA LEIUIIONO3BI — TakMe Kak
BRICOKas MeXaHWdeckas MPOYHOCTh, CIOCOOHOCTE K rejieo0pa3oBaHHUIo,
BIIArOy/epKUBAIOIMe ¥ COPOIMOHHBIE CBOWCTBA, TEIIOMPOBOAHOCTE, HHU3Kas
TOKCHYHOCTh ¥ BBICOKas Y/elbHas MOBEPXHOCTh — CYMIECTBEHHO DPaCIIHPAOT
BO3MOKHOCTH €& MCIIOJIB30BaHMs I IMOJIy4YEHHs pa3iMdHbIX OHOKOMITIO3UTHBIX
maTepuanoB. B uacTHOCTH, GonblIOe 3HAYEHHE HMEET CHHTE3 TMIPOTeNIEBhIX
MaTepHajoB Ha OCHOBE IIEJUIIOJIO3bI U €€ MPOU3BOJHBIX, 006J1a1ar0IIMX BBICOKOH
BOJIOTIOMJIOMIAIONIEH  COCOGHOCTBIO,  OHOpa3NaraeMocTelo, CIIOCOOHOCTBIO
copOUpOBaTh MOHBI ~TDKEIBIX METAoB, @ TakKe MEePCIeKTUBHBIX  JUIA
IPUMEHEHHs B CETbCKOM XO3iHCTBE, MEIUIIHHE U ¢apmaueBTHKE. B CBS3H € 3THM
aKTyaJbHOCTh M TpaKTHYeCKas 3HAYUMOCTh TEMBI HCCIe0BaHUs JOKTOpaHTa
MpEeICTABISAIOTCA BECbMa BRICOKUMA.

[{enbi0 JMCCEPTALMOHHON pabOThI ABIAETCH pa3paboTKa TMIPOreeBbIX
MaTepUajoB Ha OCHOBE IEJUIIOJIO3EL, [OJTy4eHHON W3 CeJbCKOXO3HCTBEHHBIX
OTXOJMIOB, M3y4eHHEe UX (PU3UKO-XUMHUYECKUX CBOWMCTB U OmpefeleHHe BO3MOKHBIX
o6sactelt npuMeHeHus. [l JOCTHKEHHS [TOCTaBJIEHHOM LeNH JOKTOPAHTOM ObLIH
[IOCTaBJIEHBI CIIeIyOIIHe 3a1a4H.

1. IlomyyeHue MHKPOKPHCTAILTHYECKOH 1IEIUTIONO03B] (MCC) u3 j1y3rd ceMsH
nonconHeunuka (Helianthus annuus L) ¥ pHUCOBOH ILCIYXH (Oryza),
BBIDAIlEHHBIX ~HAa  TEPPHTOPHH Pecriy6nuku  KasaxcraH, METOJOM
OpraHOCONIbBEHTHOTO ~ OKMCIIEHHMS;,  H3yHCHHE eé  (U3MKO-XUMUYECKHX
CBOMCTB U ONpe/e/IeHHe BBIXOa.

2. CuHTe3 ruporeneu (MCCHydrogel) Ha ocHOBE MCC u BOJOpPacTBOPMMOTO
nomumepa (AAm), HCCIIEI0BaHHE HX hH3MKO-XUMHYECKAX U KHHETUIECKUX

CBOMCTB.



3. Hsyuenue cnoco6Hocty MCCHydrogel ynepxuBaTh Biary B IOYBE M €ro

OuopasnaraeMocTy.

4. Ilomy4enue uenmono3usx HaHoBosokoH (CNF) u Hanokpucramios (CNC)

U3 [EJUTIOJI03HOTO CBIPhS U UCCIIEIOBAHUE UX (U3HKO-XHMHUYECKUX CBOUCTB.

5. HM3y4yenue cOpOLHOHHBIX CBOMCTB ruaporeneii Ha ocHoBe CNF, CNC u

BOZIOPaCTBOPUMOro rnonumepa (AAm) mo oTHomeHUo k “oHam Cu?*.

OcCHOBHBIE ~ pe3yNbTaThl JWUCCEPTALMOHHOM pabOThl 3aKIIOYAlOTCS B
YCTaHOBJICHUM  BBIXOZAQ, ONTUMAJBHOIO TMIOPOMOAYJIS M  KauyeCTBEHHOM
XapaKTEePUCTUKH MHKPOKPHUCTAIIIHYECKOH wLestono3sl (MCC), monydyeHHOM u3
ny3ru ceMsiH noxaconHeynuka (SFH) u pucoBoit wenyxu (RH), B 3aBUCHMOCTH OT
copToBbix ocobenHocTel chipbs SFH u RH, a takxke reorpaguueckux ycnoBuii
pervoHa BbIpalllMBaHWs OTHOCUTEJIBHO pHCOBOM mmienyxu. Kpome Toro,
YCTaHOBJIEHO ONTHMAaJIbHasl KOHLUEHTPALMS YKCYCHOM KMCIIOTBI, JJI ONTUMHU3ALUH
BbIXOJla M KayeCTBeHHbIX XapakTepucTUK MCC, mnosydyeHHBIX METOA0M
OpraHOCOJIbBEHTHOTO OKHCJIEHHS. B 4YacTHOCTM yMeHbIlIeHHe KOHIEHTPaLUH
YKCYCHOM KHUCIIOTBI ¢ 52 % no 44 %, npuBeno K ycTaHOBJIEHHIO 3()(EKTUBHOTO
COOTHOLICHHUS CBIPbS M JEITUTHU(PHULUPYIOIETro areHTa, KOTOPOe COCTaBuio 1:12
r/Mmn mns SFH u 1:10 r/mMn gna RH, cooTBeTCTBEHHO, YTO B pa3bl yMEHbILIAeT
notpebnenne JenerHudULUUpyollero areHta. B pesynsrate Bbixog MCC
coctaBun 50,69% u 52,58 %, momydennsix w3 SFH u RH cooTBeTcTBEHHO.
IloxtopanToM Ha ocHoBe MCC 6bUIM CHHTE3UPOBAHBI TUAPOTeNN U YCTAHOBIEHbI,
4TO IPH HCIIOJB30BaHMHU CIIMBAIOIIEro areHTa B KomudectBe 10 Mr obpasyercs
COpOEHT C OTHOCHUTENBHO BBICOKOM COPOLIMOHHOM €MKOCTBIO M MEXaHW4eCKOi
MPOYHOCTEIO. BhIgBIE€Ha KkuMHeTHKa HaOyXaHHsl TUApOresied IpH pa3THUHBIX
YCIOBUSIX, B YacCTHOCTH YCTAaHOBJIEHBI BiIusiHUEe pH cpenbl, OpraHUYECKOro
PAaCTBOPHTEISA, OJHOMMEHHBIX 3JIEKTPOJIUTOB U ONpeJesieHbl PHU3NKO-XUMHUYECKHE
cBoiictBa. B 1abopaTOpHBIX YCIOBHUSAX YCTAHOBIEHO, YTO ONTHMAaJbHBIMA
THJIpOreJieBbIM COPOEHT pasnaraeTcs B IOYBe B TedeHHe 77 cyTok. JIOKTOpaHTOM
H3 MUKPOKPUCTATUTUHYECKOM LIEJIJTI0JIO3BI (MCC) Opta  moJTyyeHa
HaHOKPHUCTAJIIMYECKas LIeJUTI0I03a U HAHOBOJIOKHA LIEJUTIONIO3BI, MMyTEM THAPOJIH3a
CEpPHOM UM MYpPaBbUHOM KHUCIOTAaMH COOTBETCTBEHHO. Y CTAHOBJIEHBI ONTUMAJIbHBIN
DEXMM THUAPOJIN3a, BBIXOJN, pa3MepHble XapaKTePUCTHUKH, KPHUCTAULIUYHOCTH H
3aps/l HAHOBOJIOKOH LIEJUIIOJIO3BI TPU HMCIOJIB30BaHMM MYPaBBUHOM KHUCIIOTHI.
MsyueHa copOUMOHHAs CHOCOOHOCTH THApPOTeNield, CHHTE3UMPOBAaHHBIX C
#CIIOJIb30BAaHUEM HAHOKPHCTANIMYECKOM M HAHOBOJIOKOH LIE/UII0NI03bl AAm 1o
#3BJIEYEHUIO MOHOB M€ U3 MOJIETILHOTO pacTBOpa. Y CTAHOBIIEHO, YTO FUAPOresIn
#3 HAHOKPUCTAJNIMYECKONW U HAHOBOJIOKOH 11eJUTI0J103bI copbupyet 51,5% u 48,4%
#OHOB MM U3 pacTBOpa MEH.

Kpome Toro, ZOKTOpaHT mpoluia MIOAOTBOPHYIO ABYXMECIYHYK Hay4YHYHO
STZAUPOBKY B MeXIyHapOOHOM M MEXYHHBEPCUTETCKOM LIEHTPE HAHOHAyKH U
szzoTexHosorud Maxatmel ['anaun YuauBepcutera (Korrasim, Kepana, Muaus) c

1 14.-09.06.2023 r. B xome craXMpOBKM OHa 3apeKOMeHIoBala cebs Kak
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ACCIeNoBaTelb ¢ YETKMM HAyYHBIM ITOAXOIOM, CHOCOOHAs CaMOCTOSTEIbHO
IPUHUMATEL PEIIeHHs TPH BO3HUKHOBEHWH MCCIEIOBATEIbCKUX 3alad, a TakKxKe
MPOBOJUTE pabOTy IJIAHOMEPHO U CUCTEMAaTHYECKH.

[To pe3yibTaTaM BBINIOJHEHHUS AUCCEPTALIMOHHON padoThl ONyOIHKOBaHO 7
HAYYHBEIX paboT. B ToM 4yucine: 2 cTaThd B HAy4YHBIX U3JAHUAX, PEKOMEHI0BaHHBIX
KomureroM 1o obecredyeHnio KadecTBa B cepe HayKH M BBICLIErO 00OpasoBaHis
MuHHCTEpCTBa HAyKH U BhIcLIero obpasoBanus Pecnyonuku Kaszaxcras: 2 craten
B PELIEH3UPYEMBIX JKypHalaX, HHASKCUPYEeMBbIX o Oa3zaMm aaHHBIX Scopus # Web
of Science B T.4. Journal of Polymer Science: CiteScore — 6,3; npouesTHIs — 73%:
Q2; IF = 3,9; a Ttaxke onyOiIMKOBaHBl 3 Te3Wca JOKJIAL0B, B MaTepHalax
MEXXIYHApPOTHBIX KOH(EpeHLMH. JTO CBUIETEIBCTBYET O BBICOKOH TOYHOCTH H
HaJIE)KHOCTHU TTOJYYCHHBIX PE3YJIBTaATOB UCCIEIOBaHHUS.

VYUTBIBAs BBIIEU3IOKEHHOE, CYMTAK0, YTO aKTyaJlbHOCTh, HOBH3HZ,
[MpaKTHYeCKash 3HAUUMOCTh U PE3YJIbTAaThl JUCCEPTALMOHHON padoThl baTrTanosos
Aitnyp KyMapOeKkoBHEI COOTBETCTBYIOT BCEM TpPeOOBaHHAM, IPEABABISEMBIM K
nuccepraiusiM KoMATETOM IO KOHTPOJIIO B c(pepe HayKH U BBICIIEr0 00pa3oBaHis
MuMHHCTEpCTBA HAyKM M Bbicmero oOpasoBanusi PecnyOnukn Kasaxcran.
JIOKTOpaHT ITOJTHOCTBIO ' 3aCIy>XHBaeT MNPHUCYXIACHHUS YUYEHOH CTENEeHH MIOKTOpPa
dunocoduu (PhD) mo cnenmansrOoCcTH «8D05302 — Xumus».

JIMpeKTOp IIKOJIbl HAHOHAYKH H
HAHOTEXHJIOTHH Y HUBEpPCUTETA
Maxatmel I'anau, npogeccop Cady Tomac
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Pecriybnnka Kasaxcran. Bocrouno-Kasaxcranckas obnacte. I'opox  Yerb-
Kamenoropek. IllecTHannaroro mas [Be TBHICSYM JBaJUATh ISATOro rozxa. fl,
CmamnoBa Mumupa EpkuHroxaeBHa, HOTapHyC HOTapHAIbHOIO  OKpyra
Bocrouno-Kazaxcranckoii ob6nactu PK, mummensus Ne 14014877 Beinana
KOMHTETOM pErucTPAl[MOHHOM CIy’KObI M OKa3aHMs [PaBOBOH IOMOILIH
MumnncteperBa IOctunuu Pecmy6nuk KasaxctaH ot 06 oxts0pss 2014 roxaa,
CBUIETEIBCTBYIO TIOMIMHHOCTh MOAMUCH TNepeBomunka HurmanoBa Jlamsl
KyMapKpI3bl, KOTOpas CejlaHa B MOEM MPHUCYTCTBHHU. JIAYHOCTB, MEPEeBOIYHKA
yCTaHOBJICHA, 1€€CTIOCOOHOCTE ¥ MTOJTHOMOYHS IIPOBEPEHBI.

3aperucTpupoBaHo B peectpe 3a Ne 2162

Bspickano cornacHo ctathbe 30, crathe 30-1 3akona PK
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