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Silver nanoparticles due to their unique chemical, optical, catalytic, thermal. electrical
and antimicrobial properties, have become the subject of substantial interest in modern
nanoscience and nanotechnology. The unique features of silver nanoparticles make them
attractive for a wide range of applications in fields such as catalysis, optics, microelectronics,
textiles. biomedicine. and biotechnology. Many chemical, physical. and hiological synthesis
methods have been developed. Among the most popular methods include inert gas
condensation, physical vapour deposition (sputtering, electron beam evaporation, laser
ablation), electrospraying, hydrothermal synthesis, microemulsion techmque, polyol
synthesis. chemical vapour deposition, and biogenic synthesis using microorganisms, plant
extracts or biomolecules as the templates. However, the most common synthesis methods use
harmful soluble reducing agents (sodium borohydride, ammonia or formaldehyde) for silver
ions and stabilizing agents to prevent nanoparticles aggregation. The toxicity of reductants
and economical aspects are weaknesses of this approach. Furthermore, the use of
nanoparticles that are synthesized in such way can lead to environmental contamination.

— Therefore, new techniques of silver nanoparticles synthesis arc emerging to solve
these problems that take into account environmental friendliness and the application of
appropriate supporting matrices and nontoxic reducing agents or its lack arc developed. In this
regard, the fundamental idea of dissertation work of Bekisanova Zhanar was to develop
innovative substantiated methods for the synthesis of new nanocomposite materials
containing silver nanoparticles with antibacterial properties based on diatomite, kaolinite and
diatom biosilica as natural support. She successfully coped with the assigned task. For the

first time, antibacterial nanocomposites based on the diatomite of the Mugojar deposil



(Aktobe region), kaolinite of the Alekseevsky deposit (Kokshetau region), as well as a hvbrid
nanocomposite based on diatom biosilica were synthesized. The antibacterial activity of the
obtained nanocomposites (hybrid nanocomposites (Ag.AgCl)NPs/diatomite, (Ag
AgClNPs/diatom biosilica and AgNPs/kaolinite nanocomposite) against gram-negative
pathogens Staphylococcus aureus and gram-negative Klebsiellu pneumoniae, Escherichia coli
was investigated. Minecral matrices were used as a support and stabilizer for silver
nanoparticles. Hydrogen peroxide was used as an environmentally friendly reducing agent.
Antibacterial activity studies were performed using bacterial strains from the American Type
Culture Collection and clinical isolates (diabetic foot infection and wound isolates). The
physicochemical properties of the synthesized composites were characterized using a complex
of instrumental physicochemical methods: energy dispersive X-ray spectroscopy (EDX),
diffractometry (XRD), IR spectroscopy. scanning electron microscopy (SEM), transmission
electron microscopy (TEM) and thermogravimetric analysis (TG).

The main results of Bekisanova Zhanar dissertation work were published in in peer-reviewed
scientific journals with impact factor included in the Scopus and Web of Science (“Synthesis
and antibacterial activity ol (AgCl. Ag)NPs/diatomite hybrid composite” in Marerials,
Percentile 63% (Q2). (IF=3.748), and “Synthesis, characterization of silver/kaolinite
nanocomposite and studying its antibacterial activity™ in Colloids and Surfaces B:
Biointerfaces, (Q1, Percentile 91, [F=5.999), The work “Diatomaceous biosilica doped with

heteroepitaxially growing Ag/AgC1/CeQ- composite nanoparticles: synthesis, characterisation

and antibacterial application™ is ready for publication.

During the period of execution and writing of the dissertation, Bekisanova Zhanar
demonstrated his erudition, inquisitiveness and diligence, Good organization and diligence of
Bekissanova Zhanar enabled to cope with the achievement of goals of the planed studies.

In summary, the doctoral thesis of Bekissanova Zhanar is an original solution of the
scientific issues and brings some interesting novel results that have in terms of cognitive and
economic. The main objectives of this work have been fulfilled, The contributions are well
founded on solid the theoretical grounds and the thesis satisfies the conditions of a creative
scientific work.

Taking into account the good achieved results, high quality and impact of the research
performed, I recommend award of Ph.D. degree to Bekissanova Zhanar in the specialty
"6D072000 - Chemical Technology of Inorganic Substances”.
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3apyHeIKHOI0 HAYIHOTO PYKOBOTATENS! AOKTOPA XUMUUECKHX HAYK, npoeccopa Mupocnana
CrprHCLKOrO Ha auccepranimio bexucaropof Janap bonatosHEl Ha TEMY! "CuHTES,
XApaKTEPHCTHKA 1 HecleloBaHne anTHOaKTePHANIbHON aKTHBHOCTH KOMIIO3ATOR HA OCHOBC
MPAPOAHEIX A1copGenTOB # HAHOYACTHIL cepedpa’, NPeICTaRISHHYIO Ha COMCKARNE yueHoH
cTemeny jgokropa dunocodun (PhD) no cnenmansroctn “6D072000 - XuMHUCCKds TEXHOIOIMA
HEOPraHH4eCKUX BRIECTB”

HanogacTuue cepefpa Oaarofaps CBOMM YHHKRIBHBIM XHMHYSCKUM, ONTHHECKHM,
KATATHTHYECKHUM, TEILIOBEIM, JTEKTPHUECKUM H AHTHMHKPOOHBIM CBOHCTBAM CTAIM [PCAMETOM
CYLIECTRCIHONO HHTEpeca B COBPEMCHHBIX HAHOHAYKAX H HAHOTEXHONOMHAX. VY HUKAIBILIE
OCOBEHHOCTH HaHO4acTHu cepebpa IenaldT HX TMPHBIEKaTeNLHLIME JT14 LIHPOKOTO CICKTPA
npuMeHeHHit B Takux 00MacTAX, KaK KaTauus, ONTHKA, MUKPOJICKTPOHMKA, TEKCTHTIE,
GuoMennna 1 omorexuoaorad. PaspaboraHo MHOrO MeTOOOB XHMHYECKOTO, (hu3nuTecKoro H
Guonoraueckoro cuHTesa, K unciy HambGonee MOMYIAPHBIX METONOB OTHOCATCH KOHICHCALMA
HHEpTHOIO ra’a. (usu¥eckoe oOcaieHWe W3 MapoBoH (asel (HalbUIEHHE, HCTApEHHe
ATEKTPONHBIME JTVHAMH, JIa3epHAA abAALMs), SMeKTPOCHapuBanie, THAPOTEPMATRHbIH CHHTES,
MIKPOIMYIIBCHS, CHATES [OIHONOB, XHMHUECKOE OCAMIEHNE W3 IapoBOH tdazel 1 GHOreHHBIN
CHHTE3 ¢ MCHO/B3OBANHCM MHKDOOPranH3MOB, PACTHTEAbHBIX IKCTPAKTOBR M GHOMOJEKYI B
kauecrse marpui. OmHako Hau(olee pPAcHpOCTPancHHblE CMOCODEL CHHTE3A HCTIONB3YIOT
RPEIHBIE PACTBOPHMBIE BOCCTAHOBHTENH (OOPriuipHl HATPHS, AMMHAK HIH dopmambIeru) Wi
HONOB cepedpa ¥ CTAOM/IMZHPYIOMHE AICHTHl Al UPeJIOTBPALICHNAS Arperanti HaHOHacTHLL
ToKeHUHOCTE BOCCTAHOBUTEICH M 3KOHOMWHYECKHE ACTCKThbl SBIAIOTCH HENOCTATKAMH 3TOIO
noaxoqa. KpoMe Toro, MCHOTB3OBAHHE CHHTEIHPYEMBIX TAakMM 00pajoM HAHOHACTHI! MOKET
[IPHEECTH K 3arPA3HEHHIO OKPYKAOMeH cpelbl.

- Taxuy 06pazoM, MOABISIOTC HOBLIE METOB CHHTEA HAOUACTHLL cepelpa 11 peLlieHuA
s1ux mpoOneM, KOTOPHIC YUHTHIBAIOT 3KONOCHYHOCTE M NPHMEHEHHE COOTBETCTBYIOLUIIX
NOEPAKIBAIONIMX MATPHIL 7 HETOKCHIHEIX BOCCTAHOBUTENEH UM WX OTCYTCTBHE. B crazu ¢
ytuM  (yHIAMEHTAILHOM waeeil aucceptaronHoll paforsl  bekncaHoBOH Hanap Owua
paspaforka HHHOBAUMOHHBIX OGOCHOBAHHEIX METOLOB CHHTE3d HOBBIX HAHOKOMIIOSHTHBIX
MATEPUATON, COUEpPAAIINX HAHOUACTHIR cepebpa ¢ aHTHOAKTEPUAIBHBIMH CBOMCTRAMM HA
OCHOBE [HATOMMTA, KAOJHHHUTA W JAMATOMOBOH OHOCHIHKH B KAUECTBE CCTECTBCHHOIO HOCHTEIA,
Ona ycHelHo CHPABMIACE € MOCTABICHNOH 3ajauch., Bneppeic ObULM  CHHTE3UPORAIILL
anTHOAKTEPHATLHEIC HAHOKOMIIO3WTHL HA OCHOBE [IHAaTOMMTA MCCTOPOMICHHS Myrosp
(AxTiofuncKas 001aCTD), KAOIHHIT ATCKCEEBCKOTO MECTOPOKICHHA (Kokmerayckas 0014cTh),
n Taxoke THOpHAHBIEE  HAHOKOMIOSHT Ha OcHOBE OHOCHMIMKH  HATOM. Mcenenopana
AHTHOAKTePHATBHAS AKTMBHOCTS MOMYUYCHHBIX HANOKOMIOIHTOB (THOPHANLIX HAHOKOMIIOZHTOR
(Ag.AgCl) NPs/aumatomur, (Ag, AgCl) NPs/mmatovossrii OHOKpeMHE3eM U HAHOKOMIIOIHTA
AgNPs/KaOIHHET) B OTHOWEHHH TPaMOTPHLIATEIBHLIX MaTOTCHOB Staphylococcus aureus #
rpamorprmatensrex  Klebsiella pneumoniae. Escherichia coli. MuHepathHble MaTpuLEL



HOHMONMB30BAMMCH B KAUECTRE HOCHTIEN U CTa0HIH3aTOpA HAHOHACTHL cepedpa. [lepexucs
BOJIOPOA HCTIOIB30BANM B KAYECTBE SKOJNOTHHCCKH HCTOTO soceragosuTens. Mecrnenosans
AHTHOAKTEpPHAITBHOM AKTHBHOCTH TIPOBOIITH € ACIOIB30BAHHEM GaKTepHATBHBIX TITAMMOB 13
AMEPHKAHCKOH KONIEKIUE THIOBRIX KYITBRTYD W KITHHUYECKHX M30naToB  (auaberHaecxas
nudekuus CTOMBl A H30IATEL par). DW3HKO-XHMHUYECKHE CBOHCTBA CHATE3NPOBAHHBIX
KOMIIO3UTOR OBLTH OXapakTepU30BAHEI ¢ TIOMONIRID KOMILIEKCA MHCTPYMEHTATEHBIX (DHIHIKO-
NHMHYECKUY  METOJIOB!  IHEPTOAUCIEPCHONHOM PEHITEHOBCKOH  CHEKTPOCKOTHH (EDX).
mdpaxromerpun (XRD), MK -CrexTpocKonii., CKaHHpYIoe ANEKTPOHNIOR MHKPOCKOITHH
(SEM), npocreunBaoLeH 3IEKTPOHHON MHKPOCKOTHH (TEM) 1 TepMOrpaBAMETPHHECKOTO
anaznza (TG).

(OCHOBHEIE Pe3Y ILTATH JUCCCPTALHOHHOH paboTel bexncanosoit JKaHap onmyOTHKOBAHEL
B PCLEH3HPYEMBIX Hay HBIX JKypHATAX C AMOAKT-GAKTOPOM, BKIIOUCHHBIX B «Scopus and Web
of Science» (“Cunres u aHTubDaKTepUaTbuai aKTHBHOCTE THOPHIHOTO KOMTIOZHTE {(AgCl,
Ag)NPs/amatoMuT” B MarépHanax, npomeHTHns  63% (Q2), (IF=3,748) wu “CHuTes,
XapAKTEPHCTHKA HAHOKOMITO3UTA cepelpo/KaOTMHAT W H3YUEHWE ero AHTHOAKTEPHAIBHOM
qcriBHocTA” B KOJUIOMTAaX M TmosepxmHocTax B GuomETepdeiicel, (Q1, UPOUESHTANE 25
IF=5,099), Pabora “duaTomoBBIil OHOKpEMHE3EM, IeTHPOBAHHEIH  TETePO3THTAKCHATEHO
pACTYLUIAMH  KOMIO3HTHBIMA HAHOHACTHIIAMH Apg/AgCl/Ce02: cuHTE3, XapaxkTepUCTHRA 1
AH THOAKTEPHATLIOE IPAMEHeNne” TOTORA K my CIHKALAH.

B mepmosi BHMONHGHWS M HAMMCAHMA  JHCCEPTALMH Bekucanosa  Janap
NPOACMOHCTPHPORATA  CBOIO  DPYIHIIHIO, TioGosnarenbiocTs W Tpyfomotue.  Xopoulas
Opratn3oBanocTs  H Tpynomobue  bexucanoBoH Wamap nO3BOAMTM  CHOPABMTRCH €
JOCTHIKENHEN TIehel 3anIaHipoOBAHNLIX Hec/eJ0BaHUI,

[loABOJs MTOT, MOMKHO CKa3aTh, UTO JAOKTOpCKAf AHCCCpTArms Bexucanosoit Aamap
SETACTCS OPHIHHANBHBIM peIICHHeM Hay4HBIX npo6aeM W MPHHOCHT HECKOIBKO HHTCPECHBIX
HOBLIX pC3YJIBTATOB, KOTOPBIE HMEKOT KaK KOFHHTHEHELL, Tak H 3KOHOMHYECKHH XapakTep.
OcHoOBHBIe LienH 5Tofl paboTel OBUTH BBIIOIHEHBL Marepuatsl Xopomo ©000CHOBAHEI HA
[POUHEIX TEOPETHYECKHX OCHOBAHMAX, @ AWCCEPTAaiii YJIOBIETBOPACT YCIOBHAM TROpYECKO
HaygHoH padoThL

[IpuHmMas BO BHAMAHHE XOPOUIME NOCTHTHYTHIE PE3YILTATE], BEICOKOE KA9ecTBO M
PE3VILTATHRHOCTE TIPOBEIEHHEIX JecTe/lOBani, A PEKOMEHIYI0 TIPHCBOMTS BexucanoBof
Aasap cTenelb noxropa QUIOCOQHH NO CHCIMATEHOCTH "6DO72000 - XuMuuecKkast TCXHOTOTH
HEOPIrAHHYECKHX BELLECTR",

Hayunslil pyKOBOANTE1b:

JIOKTOp TEXHUYECKHX HAYK

[lpodeccop YHUBEPCHTETA
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