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REPORT

of the foreign scientific consultant, professor Juozas V. GraZuleviiius on the PhD thesis of
Dyussembayeva Gulnur Toktargazinovna on the topic: "Development of methods for the parallel

separation of cationic and anionic components from hydrometallurgical process solutions",
submitted for the degree of Doctor of Philosophy (PhD) in the educational program 8D05301 -

"Chemistry."

Hydrometallurgy is a metalh.rrgical process of separatiion of metals from ores, concentrates,

and various industrial wastes by dissolving them in water with the help of chemical reagents.

Methods for the separatiion and purification of metals in hydrometallurgical processes are based not

only on chemical reactions. They are also affected by thermodynamic, kinetic, sorption, and

electrochemical fgctors. In multicomponent solutions, the action of one metal the chemical reaction

or precipitation d'one metal is hindered by th€ presence of other ions. For instance, if a solution
contains both gold and iron, extracting one of them becomes complicated due to the presence of the

other. Therefore, selectivity, the stability of complex formation, and diffusion coefficients play a key
role.

Hydrometallurgical methods have their own advantages over pyrometallurgical technologies,
as these methods allow to reach high metal recovery. In addition, they are reproducible, easily
controlled, and produce products of high purity.

The PhD thesis of Gulnur Dyussembayeva aimed at studying the effect of long-range

interactions of interpolymer systems based on industrial ion exchange resins on their affinity for gold

and iron ions. The research work was canied out using the following modem methods:

conductometry, plasma inductively coupled atomic emission spectrometry, IR spectroscopy,

thermogravimetry, and differential scanning calorimetry. The influence of the initial state of
polymers on the activation process of the interpolymer systems KU-2-8 (H*):AB-17-8 (OH-),

KU-2-8 (H*):P4VP, gPMAA-gP4VP and their sorption properties towards gold and iron ions are

studied in the PhD thesis. The results of the study of the electrochemical properties of interpolymer
systems with different molar ratios showed that changing the initial state of one component changes

the electrochemical behavior of ion exchangers and interpolymer systems. Also, significantly
increased sorption of nretal ions compared to the individual ion exchanger is found to be high.
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Gulnur Dyussembayeva conducted her research during her stay at the laboratories of the

Departrnent of Polymer Chemistry and Technology, Faculty of Chemical Technology, Kaunas

University of Technology. The PhD student showed that she is a hardworking researcher who

constantly improves her professional skills while performing the work and can solve complex

problems of basic and applied polymer science.

The results of G. Dyussembaeva's research work are presented in l0 scientific publications

in domestic and foreign joumals. Specifically, she has 2 publication indexed in the intemational

Web of Science (Ql and Q2) and Scopus databases (percentiles 87o/o and' 89%o), 7 publications in
joumals approved by the Committee for Quality Assurance in Science and Higher Education of the

Republic ofKazakhstan, and additional work published in the proceedings of intemational scientific

and practical conference held in the Republic of Kazakhstan.

The dissertation research work of Dyussembayeva Gulnur Toktargazinovna on the

topic "Development of methods for the parallel separation of cationic and anionic components

from hydrometallurgical process solutions", submitted for the degree of Doctor of Philosophy
(PhD) in the educational program "8D0530l -Chemistry," fully meets all requirements regarding its

scientific and practical basis and level ofcompletion. I believ€ that the iandidate is worthy ofbeing
awarded the degree ofDoctor ofPhilosophy (PhD).

Foreien scientifi c advisor:

fi\

$rel$7,"trocwt"

Doctor habilitatus in
Professor Juozas V. GraZulevidius

Juozas vidas Grazulevidius, tel.+3?069940964, e-mail juozas.grazulevicius@ktu.lt
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TIIKIPI

.{rocenr6aera ry;rrryp ToxT apraunoBnaHbrrr <gD05301-xnrrauo 6inirra 6epy6ar4apnarraacu 6ofirnru,a Qanocosu.a AoKropbr @hD) aepexecin arry ymin
YCLTHBUTFaH (faApoMerarrypn4nrrL[{ rexHoJrorarJrbra epirinaiaepinen xar"ongrrxene aullonlBr rorranouenrrepAi napannensgi 6eoy eaiciepin esipney>
ra4uprr6rnr4a$,r PhD AlrcceprarlnrJrbr( xqMBrCBIIra ruerengix f'IJrbrMr.r nerlecmi,
npoSeccop IOosac B. Ipaxylrruvroc

fa^pon'remruryprura 
- 6y-n MeraJrrapABr Ken qepAe', KoHrle'rparrapA&r xe'eeprypni enepreciurix I(aJIABI(TapAaH xxMrirJrbr( pearenmep4iq r<overiruea cynrr

gpirinainepae eplTy ap(burbr 6enin arryAbrrl MerarrD/prtr.srbr( rpoqeci.
froAporueraro'ypru'J'r( qporlecrepAe MeraJrrapAbr 6erry Nene ra:apry e4icrepi rerxriMarJrrrr( pea&urJrapfa rana nerisgeaueren. Onapra con4ari_a4
TepMoAr{HaMrrrKaJrbr(, KrlrHer[ranrr4, cop6qzanBl( XeHe SJreKTpoxr.rrraruUrrr4 QitKTOpJrapecep ere4i' Kenrolrauonenrri epiriu4inep4e 6ip rraerangbrrl xriMr.rrJrbr( pearrlrirra
rycyiue HeMece 6eniniu rrrbr.ybr'a 6ac(a nonrap reAepri xacariArr. Mrrcarrr,
epitingiAe ]Ty" Fq reruip 4e 6onc4 onap4url Oipeyir 6enin a_rry exinruiciniq
(arblcyblHa 6arinanrrcDr x1p4enexe4i. Conrrr(ran 6yn xep4e cenercraarinix, KerreE
rysfryiaiq rrpa(r'UrBrrbr Nene 4r.r(fQyszx roeQ$raqr'exrreii nerirri porr ar(apaAbr.

fuaporr'reraruryp*-f,Jrbr( e4icrepaiq rr't poMera'rJpr-nrJT'r( rexHono*rrrapMe'
caJrbrcrbrpfarrAa 03 aprLr(rrrhrJrbr4mpu 6ap, eftrreni 6gn eAicrep MeraJrrbrr{ xorapbr
Aepe)Ke,4e 6enin anrnryrnra (urrrrnrartra) 4or xerrisyre rr,ryNaxingiK 6epegi. Conuruen
(arap' oJlap 4aira xaqrrrprburarbrH, or1afi 6ac4aprurarbrH cr.firar(a r.re )KeHe xoraDbr
Ta3aJrbrKrarbr eniru4ep arryAbr (aMTaMacrrs ereri.

ryarrryp Arocerra6aeraxrnl pbD Ar{cceprarlrirJT'K x+MBrchr eneprecinrix r'ou
aJrMacrhrpfbrrrr ura"Erplap neriringe KwbrJrfaH aHTeprroJrr.t Mepni xyienep.qiq osapa
\4rrrbtr(raH epeKerrecy ecepin, aJrrbrH xeHe rcnrip zougapbrHa c+T)brrrrhrJrbrfhrH
3eprreyre 6a$rrranran. 3epmey xg\,rbrcrap'r reneci oavanayr.r eaiciipai (oJrra'a
or.rpbrn xlprisinren: Kor{4rKToMerpr{rr, rrJra3M€rMeH r4HAyKTr4Bri 6ainarruc4an
aroMAbr-gMrrccr{oHr6r cneKTpoM€Tp}rr, tr{I( cnerrpocrou}rr, TepMorpaBr.rMerpa, xeEe
ryQ^Q9q9yaau6r cKaHeprreyui raropurr,rerp ua. [ucceprwlurglu ky_z_a in1,an_l7-8 (oH)' Ky-2-8 (H*):fI4BfI, rrIMAr(-rfI4BfI uniepnorunaepni Nyftenepiniq
aKTaBrerry 4poqecire noazrraepnepAiq 6acraurrr r<yftiniq ecepi xene anrrmr,.rer ieuip
lroErapbrHa (arBrcrBr cop6qr.ranrr4 4acr.rerrepi 60fiunnra 3eprrey ryurrcraprr phD



/ryccepmrycchrH,qa 3eprrerreH. MorrprbK KarbrHacrapbr eprypni r.rHTepnoJrr.rMepJri
xyEelepatu 3reKTpoxr'IMlrtJnr( 4acr.rerrepine xyprisilren 3eprrey neraNenepi 6ip
xonuonemrirl 6acran4n rrfiixiq errepyi r4oH iurMacrLrprbrrrrrap MeH
EHr€prIoirI'rMepJIi xyEenepAiU sJrerTpoxrrMr.rrJrbr4 epererin esreprerixi 6enrini 6orUu.
commen (arap, MeraJrJr rro'Aapbr'LtrI cop6quxcrr (esiue ciqipyi) 6acrau4u r.ron
arMacrbrprb[meH ciurblcrblpranga afirapnrqrafi xoraprr ereni ar6r4rangrr.

ryarrryp Arocerra6aeaa e3 seprreynepin Kaynac rexHoJrorurJrLrK
yxvnepcareriniq XI.rMLrtrb,I4 rexHoJroruf, (faxynrreri, flonnuepaep xraMr.rcbr xe6e
TexrIoJIorEjIcbI ra{e4pacrmurl 3eprx€uraJraphruAa raFbrJrbrMAaMaAarl oTry (uenrece
6orry) 6apucun4a xyprit4i. PhD 4ortopantr xF\'Brc 6aprrcunga esinirl reci6ra
AaTALIJIapBIH YHeui xetingipiu orrrparunr eq6eKKop 3eprreyui ererin xene ipreni epi
KorAaH6aJBI TIoJILIMep rhtnlrMblnbtr{ rclpAeni uecenenepin rreure aJrarbrxrur ropcerri.

f . ,{rocena6aeaanrq 3eprrey xqMbrchrHbrrl ueruxenepi oraHArrK )KeHe
ureren4ir 6acrrarnra4ap4a xaplr{JlaHFan 10 rrrnrrur.r Ma(aJraAa ycbrnruran. Onrrrl
ininqe xarrbr(ap€rnbr( web of Science (Ql xene e2) xene Scopus ueriuerrep
6asacrrHa eHrisimeH rbrJrbrMr,r )KypHanAapAa 2 ua4ara (npoqenrunr 87%o xene
89%), KP Frrlrru xeHe xoFapbl 6inina canacrrHAarbr ca[arrbr (aMTaMacbr3 ery
xorvrareri 6erirxen xypHanAapAa 7 xapuxraHbrMbr, congafi-a4 Ie
Firrugacrrrprrnran x€urbrKapaJrgr( FErJr6rMr4 -[paKTaKaJrLr( rcon$epenqur
MaTepI4aJIAapbIHAa )KapIrrf,JIaHFaH XIMBICTapMeH paCTaJraABI.

Arocelr,r6aesa fymnyp Torrapra-:unoBHaHbrr{ <8D05301-xuuzo 6inirra 6epy
6ar4apnanracrr 6ofirnrrua $anocoQnx AoKropbr (PhD) aepexecin arry yurin
YcLrHbrJIraH <Fr,ryponrerarrryprutHblr{ TexHoJrorurrJrbrx epirin4inepinen xaruougrr
x(eHe aHEorrIEr xorr,rnonenrrepAi naparmenr4i 6ery e4icrepin esipnelo>
rarlrrprr6rrngaur Al4cceprarllrulbl( xqvbrcbr rrrrrnaz-rexipt,r6enix nerisi xege
opb[rAarry Aer{refii 6ofirrnua A}rccepraur.rrJrb4 >rqMbrc(a (oirrnarrrn 6aplr4
rurarrrapFa ceftrcec renegi. Is.qeryrri $ranoco(fux AoKropbr (PhD) .qepeNecix anyra
nafi rrr(,uen ecenrefi rrain.
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tl Illereruir rburbrMr.r xeHecrni:

Xulans rbrJrbrMAapbrrBrr{
xa6r,rrurarlu,rnanran
Aorcropbr, npoQeccop IOosac B. fpaxyn rnnvroc

JIrlrBa Pecrry6rmac;r,
Kaynac rexnonorr.r.urt( yrfBepc[reri,

Xnr.rrrmnq rexnorornr Qanymreri

Juozas Vidas GraZulevidius, tel. +37069940964, e-mail: juozas.grazulevicius@ktu.lt
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OT3bIB

3apy6exHoro Ha)rr'oro Korrcyn'TaHTa, [pooeccopa rroocac B. rpaxy.nruqx)c ,,ogoxropcroi Ar'cceprarl[u (PhD) .{ncenr6aenoft fy;rrryp TorraprarunoB'br Ha
TEUY: <COS4ATTAE MCTOAOB NAP€UTEJIIIIOTO PA3AEJIEHI,I'I KATI,IOHH'IX I{ €IHI,IOHHrIX
KoM[oHeHToB I{3 TexHonoruIqecK[x pacrBopoB u4ApoMeraJlrryprur]D, flpeAcraBnennoft
Ha coacKarr,ne crerre'u AoKTOpa $znocosuz (phD) no o6pa:oaarenrnofi nporparurrae
8D05301 - <Xrurr>.

fugporraerannyprnr 
- 9To Mer€rJrJrypr*recr<'fi npoqecc r,r3BJreqeHr.r, MeraJrJroB

rr3 py4. KoHrIeHTparoB Ir pa3JII'I1IH6rx 4poMbIIruIeHH6D( orxoAoB rryreM rD( pacrBopeHrirr
B BOAHbrx cpeAu c noMorrF.ro xlrMlrqecKnx peare'ToB. Meto4rr pa3AeJreHU' t4
O.II{CTKI,I MET IJIOB B TIAPOMETAJLITJPIIiqECKI'X IPOqECCAX OCHOBAHbI HE TOJIbKO HA
xHMIlrqecKIIX peaKrII4rD(. Ha urx raxrfte BJTLUIIoT repMoAtlHaMr{rrecKr{e, Kl,rger[qecKr.re,
copoqr,ronnrre r.r sJreKrpoxnMr.rqecKlre lfarcroprr. B rrroaonor.roHeHTHbrx pacrBopax
IIPOTEKAHIIC XIAMZ'ICCTOE PEAKIII,IA AJII{ OCAXNCHAC OAHOTO METETJIJIA 3ATPYAIUIETC.
npllcyrcrBr'reM Apynfi uonor. Hauprauep, ecJrz pacrBop coAep)Krir oArroBpeMeHHO
3oJloro I'I xeJre3o' z3BJIeqeHI'Ie o,qHoro u3 HLrx ycJloxHterct z3-3a IruII{rII4r rpyroro. BcBr3lr c 3TlrM J lcmo'reayro poJrB zrparor ceJreKTr4BHOCTb, cra6anrnocrl
rcounnercoo6pa:loBaar,rrr n xoe(p(lrequenrrr 4r.r(p(pyszr.r.

Iugporr,reranryp*rrec.r.re MeroAbr [Meror cBor.r ,,per{rv!,,,,ecrBa flepeA
rll{poMer€uuryprFlecKlrM}l rexHonoMrlMa, TaK KaK oHr4 rro3BoJurror .IlocrrlrarB
shrcoKof crelleHu r'BBneqeEr.ur MeraJUroB. Kponre roro, oHr,r xaparcrepr{3yrorc,
Boclporl3BoAl'IMocrbro' JrerKocrblo B )mpaBJIeHI4I4 r,I rlo3BoJUtror rroJrJAar6 [poAyKrlrxo
arrcoroi rmcrorBl.

[oxtopcra"r A]rcceprarlbr (phD) fynrnyp Aocenr6aesoi 6r'ra nanparnena na
lr3J^er ie eQQexra 4a.nrno4eicrar,.a zHTeprroJrr.rMepHhrx cricreM Ha oc'oBe
lpoMr-nruleHHrx r,ronoo6ueHHbx cMoJr Ir rx cpeAcrBa K I,IOHaM SoJrOTa Il )KeJIe3a.
I4ccae4orarermcraa pa6ora 4poBoAr.r,Jrac' c r4cloJr63oBa'r{eM cJreAyroulD(
coBpeMeHHbD( MeroAoB: KoH.q[00Merp]ru, aroMHo-gMraccraortrofi cleKTDoMerDr.M c
IrH4rKTr.rBHo-cessaHHofi nrasr4oft, IlK-cneKrpocrconuu, r"prorp*"r"rp", A
4u0Qepexqr'rarnnoi cranupyorqei xaaopzrraerpaa. B 4lrccepru.tr" 

".y""rro 
*""rr""

I,ICXOAIIOTO COCTO'HI4' NOJI}IMEPOB HA IIPOqECC AKTI,IBAUru I,IHTEPIIOJII,IMEPHbIX C}ICTEM
Ky-2-8 (H+): AB-17-8 (OH), Ky-2-8 (H+): II4BII, TIIMAK_rII4BI, a rarxe rx
cop6qnorrGre csoftcrBa IIo orHorrreHzrc K r.roHaM 3oJrOTa xeJre3a. pegynrraGr
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HccneaoBar4tr 3reIQpOXr4MIiriecKI{X cBoficTB
pa3r'rrH'rMu MorrpHbiMu coorrrorreHrrrr!{r ro*a3ff;ep.;fffi:#;" ;t:H..:COCTO-ffI .Lf, OAHOTO KOMIOHCHTA MEH.,IET 3IEKTPOXI,IMI{IIECKOE IIOBEAEIIUEaonoo6rue'nuK.B ri r{HTepnorrzMep'B* clrcreM B rIeJroM. Kporr,re roro, o6napyNeno3HAIMTEJI'HOC IIOB'trUEHI{E COP6qZU ,'OHOB METAJIJIOB [O CPABHCH}IIO C I4CXO,.H'IMIloHaTOM.

, fynuryp ,{roceu6aeaa npoBo.{rrJra cBor4 r4cc.,,raa6oparopa."x';;d;;'."rr{ar.rrexHorro.""norfflffi ;:fffJtrJ*X";trffi ;TexHoJIorI4a Kaynaccroro rexnoJlorkrlecKoro lrroKa3arrace6srpyaorro6;;;;;;;;;;;";,#l"TtrT#;"#:::"ffil"J#
pa6orrr IlocroflIHo coBeplueHcrByer cBor{ npoSecczonanb''re rraBLrK' n cnoco6uapemarb cJrox'bre 3aAarra oJnaaueurarrsnofi r.r npzrcaa4nofi nayxr.r o'on^"f*.Pesymrarur rayrriofi pa6orrr f. {roceu6aeroi npelcraer"n", 

" i0 iuyr"uony6naxaqllrx B orerlecrB(

yg*"Ti,,,*..";;;ff ;;"";TJm"T#J?n"^;ffi .#;Jff 
::n":(Ql u Q2) n Scopus (nepqenranu g7%o u ggo/q, 7 rry6nzr<aqzfi B )rcypgarrax,

)'TBep)qqeHHBrX Kouarerolr no o6ecneqeHr{ro KaqecrBa B HayKe H BbrcrrreMo6pa:oaauara Pecrry6nzxu Kasaxcran, a raKxe Aorrorr'ETeJrbH're pa60rrr,ouy6mlxoraunrre B

ronQepenqar.r, roo-"o*"#ffi::ffffi"^.uexnyuapoauoi *uyttto-ttp*t"qecrofi

,{zccepraqr'roH'oe EccJreAoBarrrae ,{rocerra6aeaof ry,rrnlp Toxrapraaznoa'rr
Ha reMy: <Paspa6orra MeroAoB rrapaJrJleJrlnoro pa3AeneHpr Karlro'Hbrx u a'no'Hbrx
KOMIIOHEIITOB I43 TEXHOJIOTEqCCKITX PACTBOPOB rI,[qPOMETAffT?rUA)> IIPETCTTIBNEHHOC
Ha coucKa'r're crereHr'r aorcropa $anocoQr.rz (phD) no oop*b"ur.n"rro;- np.purr"
"8D0530tr 

- x,nM,,qr" rIoJrHOCTbrO coorBercrByer ncerra 
'pe60aarurrM 

B OTHOlreHr4lrHafr'o-rlpaKTl4'recrofi 6asrr u ypoBHr 3aBeprrleHHocru. Cvzraro, qro coltc^areJrb
3acJry)Kr{Baer rrpacyxregr{r crerreHu AoKropa $unoco0r.rz (phD).

i,
3apy6qXnrui rayrurrft KoHcyJrbraur:

Xa6rn.nrzrapoaartnrfi gorrop xrzMlrqecr<afi EayK.
npo(!eccop IOo:ac B. fpaxylxnnvroc

llnroBcKar pecrry6nHr€,
KayHaccI(Infi TexHo,'rorl-IsecI(xX yHr.lBepcIlrer,
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Iopoa Aluaru. Pecny6.nurca KasaxcraH.
flgrnaArraroe uloHq ABe rbrcflqu aBalrlarb rxecroro roAa.
Tercr-nepeaoA ,{oKyMeHTa c asuprficxoro r3brKa Ha Ka3axcKr4fr rz pvccKafr

r3brK Bbr[oJrHeH nepeBoAr{Hxorra Ea4ur4u:u Auelei.

flognzcr

fopo4 Alnrarrr. Pecny6nzra Kagaxcras.
lfatraAqaroe krrou{ ABe rbrc.srrr4 .qBaArIarE rrrecrofo ro.ua.
-fl, A6.qpaManora fyll:zpa Afirnexonna, Horapr4yc ropo4 Aluaru,

4eftcreylourzi Ha ocHoBa'r4r rocy.rlapcrBeHnofi lurlengzu ]\! 1 70071 65 or 2 I
arpens 2017 rora,, nugaunoft MunzcrepcrnoM iocrr4r]ali pecny6rizxiz Kagaxcrau,
cBr4AereJrbcrByro rroAJrr4HHocrb noAnr4cx rlepeBoAqr.iKa Ba4rrr6rr:rr Aueru.
JIIzqHocrr fiepeBorrrr4Ka ycraHoBJ'IeHa, reecnoco6ri<-rorb I,I IIoJIHoMo.lllfl flpoBeDeHbI.

3aperacrpupoBaHo B peecrpe ga J\b 1 9l 0
Brrrcrcauo: 2292 resre.
Horapuyc

Horapt4Yc
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