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Review

of the foreign scientific consultant, PhD, associated-professor Florence

Vacandio for the thesis of Mr. Avchukir Khaisa titled “Modernization of
electrochemical refining of indium with application of computational

methods” submitted for the degree of Doctor of Philosophy (PhD) in the
specialty — 6D07200 “Chemical technology of inorganic substances”

Avchukir Khaisa’'s doctoral dissertation was devoted to design of
electrochemical cell for electrorefining of indium by using computational
methods. His PhD work was aimed on the improvement of the technology of
electrochemical refining of rough indium. The results were achieved by
combining modeling skills with the study of kinetics of electrode reaction. A
simulation model of the electrochemical cell was created in COMSOL
Multiphysics software using Electrodeposition module. The developing and
further improving of electrorefining cell were carried out firstly by studying of
kinetics of electrode reaction, then kinetic parameters calculated from
measured data had been used for creating of simulation model. Furthermore,
in framework of dissertation electrochemical nucleation stage of indium
electrodeposition and influence of different conditions on its kinetics were
comprehensively investigated. A new technology to produce high purity
indium with mark of 5N5 was developed as a result.

He did internship in my laboratory two times. In his first visit in May of 2017
he had Investigated the influence of tetrabutylammonium chloride on
electrodeposition of indium from aqueous chloride electrolyte. The results
were published in Journal of Electroanalytical Chemistry.

The aim of his second internship ( June of 2018) was to study the
electrodeposition of indium from protonated betainium  bis-
(trifluoromethylsulfonyl)imide ionic liquid. In this work we established
possibility of indium electrodeposition from [Hbet][Tf2N] ionic liquid and got
dense indium deposits.



>

In his work, he developed a technology of producing high purity indium with
mark of 5SN5 from rough indium (3N5) and designed an electrochemical cell
for its purification. The result has been reached by comprehensively study
the influence of the nature of cathode material, the electrolyte composition,
the surface active additives and hydrodynamic condition on kinetics of
electrode reactions (anodic and cathodic) using electrochemical methods
such as cyclic voltammetry, chrono amperometry, electrochemical
impedance spectroscopy, rotating disc electrode method. Using above
mentioned methods gave opportunity to find kinetic parameters of electrode
processes such as exchange current density, transfer coefficient, rate
constants, diffusion coefficient and mass transfer coefficient and its further
use in process simulation made possible optimizing and designing of
electrochemical cell for indium electrorefining. The simulation of
electrochemical refining of indium has been done in commercial COMSOL
Multiphysics software, especially using secondary and tertiary current
distribution interface of Electrodeposition module.

The quantity and quality of the results obtained during Mr. Avchukir's PhD
works make me strongly recommend the defense of his work.
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3apy0eKHOro Hay4HOro KOHCYJIbTaHTa, aCCOLMHPOBAHHOTO Tpodeccopa, PhD,
®ropenc Bakanauno, Ha quccepTaiMoHHyI0 paGoTy AB4yKkup Xaichl Ha TeMy
«MoziepHu3aLMs SIEKTPOXUMUYECKOr0 pabUHUPOBAHKS HH/IHS C IPUMEHEHHEM
pacueTHBIX METO/IOBY, PE/CTABIEHHON Ha CONCKAHHE CTENIEHH JJOKTOpa
¢unocoduu (PhD) no cneuuansroctr - 6D07200 « Xumudeckas TeXHOIOTHS
HEOPraHMYECKUX BEIeCTBY.

Jokropekast aucceprauusi ABduykup Xaifckl ObUla IMOCBsIEHa pa3paGoTke
DJIEKTPOXHMUYECKOW  SYEWKH  JUId  DJIeKTpOpadUHMPOBAaHMA  MHAUS  C
HCIIONTb30BAHUEM BBIYHCIIUTENBHBIX MeTO0B. Ero PhD paGora Gbuia Hanpasnena
Ha COBEPHICHCTBOBAHHE TEXHOJIOIWHM 3JIEKTPOXHMMHYECKOTO padHMHUPOBAHUS
YEpHOBOTrO WHIHS. Pe3ynbraThl ObUIM JOCTUTHYTHI IIyTEM COBMEINEHHS HABBIKOB
MOJIeIMPOBaHUsl C U3yUYEHHEM KHHETHUKH SJIEKTPOIHOM peakiuu. MMuTanmoHHas
MOJIE/]Ib SNIEKTPOXMMHUYECKON sueiiku Oblia co3maHa B mporpamme COMSOL
Multiphysics ¢ ucnonssosanuem moxyns Electrodeposition. PaspaGotka u
Jla/lbHeHIIIee COBEPIICHCTBOBAHUE SUEHKH 3JIeKTpOpadMHUPOBAHUS IPOBOMIOCH
BHa4aJle IyTeM U3YYCHHS] KHHETHKH 3JIEKTPOAHON peakiliH, 3aTeM KMHETHUYECKHE
NnapaMeTpbl, PacCCYUTAHHBIE I10 M3MEPEHHBIM JIAHHBIM, HCIIOIB30BAIUCH JUIS
CO3MIaHWsl MMHUTAllMOHHOH Mozxend. Kpome TOro, B pamkax amccepraiuu
BCECTOPOHHE HCCIIEZIOBaHA CTAUs 3JIEKTPOXUMHUYECKOTO 3apo/bIlie06pa3oBaHusl
JIEKTPOOCAXK/ICHUS MH/IMSL U BIMSHUE Pa3IMYHBIX YCIOBUI Ha €ro KMHETHKY. B
pesyibrarte Obula pa3paboTaHa HOBas TEXHOJIOTHs IOJYyYEHHsS WHIUS BBICOKOI
YHCTOTBI Mapku SNS.

OH zBaXK/Ibl MPOXOIMJ CTaXHPOBKY B Moeil jraGopartopun. Bo Bpemst cBoero
nepsoro Busuta B Mae 2017 roma oOH HcchHenoBall BIMAHHE XJIOPHZIA
TeTpadyTHIAMMOHHUS Ha 3JIEKTPOOCAXKJCHHE WHIMS U3 BOJHBIX XJIOPHIHBIX
31EKTPONUTOB. Pesynbratel Obuti omyGmukoBansl B Journal of Electroanalytical
Chemistry.

Heaeio ero Bropodl craxupoku (mioHb 2018 r.) 6BUIO  HM3ydeHHE
SASKTPOOCAKICHUS HMHIUS W3 HMOHHOH JKMAKOCTH TNPOTOHHPOBAHHOIO OHcC-
(TpudropmeTmicynbpoHMT) MMUIa OerauHus. B nanuo# paGore ycraHOoBieHa
SO3MOMKHOCTD 2JIEKTPOOCAXICHUS MHIIMSA U3 HOHHOM xuakoctu [Hbet] [Tf2N] u
HOJYVYEHbI IUIOTHBIE OCAJIKH HH]IHSL.

8 csoeii pabote OH pa3zpaboTall TEXHOJIOTHIO TIOMYUYEHUS! HH/HS BBICOKOM YHUCTOTHI
wapss SNS U3 yepHOBOro MHAMA (3N5) M CKOHCTPYHMPOBAI 3J1EKTPOXHMHYECKYIO
SSCHKY JUIA ero OYHMCTKH. Pesynbrar OblI JOCTHTHYT IyTeM BCECTOPOHHErO



W scmEMs BIMSHHMS TIPHPOJIBI  KATOJHOTO MaTepHala, COCTaBa SJIEKTPOIIHTa,
SUEepXHOCTHO-aKTHBHBIX J100aBOK M I'HPOJMHAMUYECKOrO yCJIOBHSA Ha KHHETHKY
SReXTPOJHBIX peaKluid (aHOMHBIX M KATOIHBIX) C MCIONB30BAHHEM TaKHX
SSeKTPOXMMMYECKMX ~ METOJOB, KaK  IHMKIMYECKas  BOJIBTaMIEpOMETpHI,
LPOHOAMIIEPOMETPHS, NEKTPOXMMHUYECKas HMIICJAHCHAs CIIEKTPOCKOMNHS, METO/
SpaIAloNIErocs AMCKOBOTO 371eKTpo/a. Vicnonb30BaHue BhIlICyKa3aHHBIX METOJIOB
1270 BO3MOYKHOCTH OINpPENESNIUTh KHHETHYECKHE IapaMeTpbl 3JIEKTPOIAHBIX
[pOLIECCOB, TaKHE KaK IUIOTHOCTh OOMEHHOTO TOKa, KOO(hGOHIMEHT MEepeHoca,
KOHCTAHTBI CKOPOCTH, Kodhduuuent auddys3nn 1 Ko3buieHT Macconepenoca,
a uX jajbHeillee HCHOJb30BaHWE TPH MOJEIMPOBAaHHM IIpolecca CHenano
BO3MOYKHBIM ONTHMH3ALMIO H NPOEKTHPOBAHUE NEKTPOXUMHUYECKON SAYCHKH JULA
ynexTpopaguHUpoBaHHs ~ MHAMA.  MoJenMpoBaHHE  2JIEKTPOXHMHUYCCKOTO
paMHUPOBaHUsT HHIHA OBUIO BBINOJHEHO B KOMMEpPYECKOM MPOrpaMMHOM
obecrieuennn  COMSOL  Multiphysics, B 4YaCTHOCTH C HCHOJIb30BaHHEM
unTepdeiica BTOPHYHOrO M  TPETHYHOTO PACHpe/IeieHHs TOKa  MOAYIA
Electrodeposition.

KONMYeCTBO M KaueCTBO Pe3yIbTATOB, MOJyYeHHBIX BO BPEMsl JIOKTOPCKON paboTHI
r-ua ABYYKMpa, 3aCTaBISIIOT MEHs HACTOATENBHO PEKOMEHJ0BATh 3aIUTHTH €ro
padory.
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