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Report on thesis work of Saule Kokhmetova

The thesis reports results from detailed studies on new cathode materials for sodium ion batteries,
which has resulted in two high quality publications. Specifically, the successful synthesis and
characterisation of cathode materials with the eldfellite structure was performed, investigating doping
HPO4%, Se04*, POsF in place of SOs% . The electrochemical performances of these new cathode
materials were evaluated, illustrating the challenges with utilising such systems, due to their low ionic
and electronic conductivities. Of the systems studied, undoped NaFe(SO.); was shown to give the
best battery performance, and so this system was studied further in an attempt to overcome the
conductivity issues. This second published work investigated the effect of the MoS2 surface layer on
the kinetics of intercalation processes. The work illustrated that this addition could increase the
electrical conductivity of a cathode mixture based on NaFe(SO.), by creating a planar contact with
particles of mixed conductivity, leading to improved electrode performance at an optimum coating
thickness

Overall, the published work is of high quality, illustrating both the synthesis of new materials, as well

as a strategy to overcome conductivity limitations in lithium transition metal sulfate materials.
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Jlata 3/3/2022
OT3bIB HA IUCCEPTANNOHHYIO paGory Cayne KoxmeToBoil

B @ccepTalldi IPSICTABICHEI pe3ysIbTaThl JICTAIbHbIX JiCCIICIOBAHMH HOBBIX KaTOMBIX
MaTepuanoB LA HATPUH-MOHHBIX aKKyMYJIITOPOB, pe3y/bTaTOM ~KOTOPBIX crand JiBE
BBICOKOKaYEeCTBEHHBIC ny6mmkamwa. B qaCcTHOCTH, OBUI BBIIOIHEH yCTEIIHbIA CHHTES 1
XapaKTepPUCTUKa KATOHBIX MaTepuajos Co CTPYKTYpO# snpAdenuTa myTeM pcCIeIoBaHus
JErupOBAHHA HPO4*, Se04>, POsF* BMmecTO SO4%. bpuin OLEHCHBI 3TEKTPOXUMHUICCKIC
XapaKTepPUCTHKH  ITHX HOBBIX KATOJHBIX MaTephaJioB, YTO WIUTIOCTPUPYET npobnembl  C
JCIIONB30BAHIEM TAKHX CHCTEM BBU/LY UX HU3KOH HOHHOH 1 SIEKTPOHHOH TIPOBOIMMOCTH. beuio
nokazaHo, 4ro U3 JcCIeNOBaHHBIX CHCTEM HeIernpOBaHHbIH NaFe(SO4)2 00ecmeunBact
HAWJTYHIIHe XapaKTeprCTHKH Gartapeu, IOITOMY 3Ta cricTeMa ObIa JTOTIONHUTEIBHO nu3ydeHa B
[OTMBITKE PEIHUTh npoOiemMel  © IPOBOAUMOCTBIO. Bo BTOpO# ony6Jn/1K0BaHH0171 pabote
HccIeNOBaHO  BIMSHHC [IOBEPXHOCTHOTO  CIIOA MoS,; Ha KHHETUKY HHTEPKAIAAOHHBIX
riporieccos. B paboTe TIOKa3aHo, *TO 5Ta [0OABKA MOJKET YBENMIATH 3JIEKTPOITPOBOHOCTD
KaTOJHOM CMecH Ha OCHOBC NaFe(SOs)23a cdeT CO3aHuA [UIOCKOr0 KOHTAaKTa C qacTHIIAMU
CMeIaHHOll TIPOBOUMOCTHL, 1O IPHBOAHUT K YIyHIICHIIO XapaKTepPUCTHK SIeKTpoia Mph
ONITUMAJIHHOH TOJIIIMHE TTOKPBITHSL.

B nenom, omyOjuKOBaHHAL pabora 00nanacT BBICOKMM Ka4geCTBEM, ALIFoCTpUpyomas  Kak
CcHHTe3 HOBBIX MaTepuayos, TaK H CTpATETHIO MPEONOTICHITA OrpaHHICHHH IPOBOJAUMOCTH B
MaTepuaiax Ha OCHOBE cynb(aTa MepexoIHoro MeTaa.

C yBaKEeHUEM,
TIpodeccop TnTep CmatiTep
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Jl, Kemxeraesa [uana CepuxbonoBna, VUVH 890416450513, (ymoctosepenue
magHocTH Ne 037494459, seimano MBJ] PK or 02.02.2015 r. peiictBurensro mo 01.02.2025
percTuTenbHO 10 01.02.2025 T.), HACTOAIMM HOATBEPXKAAI0, YTO JAHHBIA [EPEBOJ ABJIAECTCS
TOYHBIM IIEPEBOIOM JAHHOTO JOKYMEHTA H COOTBETCTBYET CONEPIKAHUIO OPUTHHAIA JOKYMEHTA.
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«IIBaJlaTh [EepBOEY HOSOPS JiBe THICAYM JBAALATH BTOPOTO roxa s, Mycaraea Alrepum
MakcaroBna, HoTapHyc roposma AIMaThl, ASHCTBYIOIUN HA OCHOBAHMY JiHIeH3nH Ne21015147,
BoimaHHOM MunncrepctBoM [Octumum  Pecny6muku  Kasaxcram ot 15.04.2021 rona,
CBUICTEJILCTBYIO MOIMHHOCTE moanucH nepesoqunka Kenxeraepoii Inanbr Cepux6o10BHbI.
JImaHOCTH IEpeBOMUMKA yCTAHOBIIEHA, IEECIIOCOOHOCTE ¥ IIOJIHOMOYHS IPOBEPEHEL.
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