10 November, 2024

To whom it may apply

Subject: Reference letter for Mr Meirbek Yessirkegenov M UrdOCh
University

Dear Madam or Sir,

| write this letter in my capacity as an international scientific consultant in reference to the doctoral
“igsertation of Mr Yessirkegenov Meirbek Ibragimovich on the topic “Processing of copper heap
wwaching solutions with reduced crud formation during solvent extraction at Aktogai Mining and
>rocessing Plant”. The dissertation has been submitted for the degree of Doctor of Philosophy 90 South Street, Murdoch
'PhD) in “8D07204 - Metallurgical Engineering”. oyl

Harry Butler Institute
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As a brief intro, his research has addressed the importance of producing copper using advanced

processing technology. This topic matters because producing energy from renewable sources murdoch.edu.au
today requires much more copper to conduct this energy than traditional energy sources. For
— ““ample, an offshore wind fqrm _might need five tir_nes tt_le amOL_mt of copper qompared toa c_oal- BRICOS Provider Bode D026
ed powered plant. Copper is vital for manufacturing wind turbine cables, which connect various ABN 51 616 369 313

ymponents of the complex installations, especially its use in deep-sea cables, and to transmit
ower to shore. Therefore, the rising demand for renewable energy, which requires large amounts
f copper, is driving the development of new technologies and the continuous optimsation and
nprovement of existing copper extraction techniques. In 2023, KAZ Minerals Group achieved a
zcord copper production of 403 kt, a 6% increase from 2022, due to higher output at Aktogay,
dilowing the launch of its second world-class sulfide concentrator in 2022. The continuous focus
ly management on the operational improvements has led to all ore processing plants currently
yperating above their design capacities throughout the year.

Consequently, the present research study reported in Mr Yessirkegenov's PhD dissertation
addresses a modern-day issue, namely the processing of challenging copper ores and the
reduction of crud formation during solvent extraction to improve the present technology. The
3xtraction method is a contemporary approach for extracting, concentrating, and separating

“=metals. It has wide industrial applications for extracting metals like nickel, cobalt, copper, uranium,
rhenium, and indium, as well as rare earth elements from complex solutions.

The copper solvent extraction process is often affected by the formation of intermediate phases,
known as cruds. These interfacial formations occur at the interface between the aqueous and
organic phases, or within the organic phase, when two partially soluble liquids are mixed. The
process leads to the dispersion of heavier liquid droplets into lighter ones. Typically, these
interfacial formations are persistent gelatinous suspensions containing an extractant and an
aqueous solution.

In his research study, Mr Meirbek Yessirkegenov has investigated this phenomenon and
developed new original insights which can be summarised as follows:

-+ Conducted critical analysis and established justification for developing improved

technology for processing copper-heap-leaching solutions with reduced crud formation e W& % @
... during the solvent extraction.
.-+ Studied the composition of copper product liquors from heap leaching systems resulting e o o o ® @
from various deposits and industries, and also studied the morphology and structure of
the third phase (crud). e e o o o o
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«  Conducted detailed examination of the thermochemistry of the systems under specific
extraction conditions.

«  Completed a determination of extraction kinetics under specific extraction conditions.

»  Developed new knowledge beneficial to the optimisation of technology for copper heap
leaching and processing of solutions with reduced crud formation during the solvent
extraction.

«  Developed a mathematical model of the extraction process.

_«  Conducted an evaluation of the technical and economic factors accecting the efficiency
of the developed crud suppression technology for application in the field of copper
production.

Each of these tasks is clearly interrelated and aimed at achieving the main goal of the research
project, which was to develop methods for intensifying the liquid-liquid extraction process of
copper. The methodology developed and applied by Mr Yessirkegenov has followed modern
research principles and equipment, resulting in new data which can be considered a reliable and
comprehensive reflection of the processes involved, and effective for solving the assigned tasks.
In-my opinion, the main findings from Mr Yessirkegenov's research align well with the aim and
objectives set for his research study at the time of its commencement and the learnings
significantly contribute to the advancement of applied science in hydrometallurgy. This will
certainly help others working of research topics related to this area.

Finally, it canbe said that throughout his dissertation, Mr Yessirkegenov has demonstrated sound
research capabilities and established himselfas a professional researcher. This is best evidenced
by the several international research articles which have been published based on his research
results, of which he was the main authoir, and which are publicaly available for access through
the publishing sources and listed in the Scopus database. One of his articles is published in a top
journal ranked in Q1. In addition to the public domain international publications, Mr Yessirkegenov
has filed a patent application for the developed novel technology, published one monograph, and
submitted an application for a follow up research project grant funding.

As_,‘an international scientific consultant, | have no doubt that the dissertation "Processing of
copper heap leaching solutions with reduced crud formation during solvent extraction at Aktogay
Mining and Processing Plant" is a well executed scientific document resulting from the study, and
that its author Mr Yessirkegenov Meirbek Ibragimovich has demonstrated appropriate quality to
satisfy the requirements for award of the degree Doctor of Philosophy (PhD) in “8D07204 -
Metallurgical Engineering”.

Yours Sincerely,

-

Professor Aleks Nikoloski

College of Science, Health, Engineering and Education
Murdoch University

South St, Murdoch WA 6150

Tel. +61 89360 2835 | Email: A.Nikoloski@murdoch.edu.au
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Yuupepcurer Mépaoka

10 Hostopst 2024 roxa

Jist npeocTaBIeHHs 10 MecTy TpeGoBaHus

Tema: PexomennaresnsHoe mucsxMo juist rocnoguaa MenpGexa Ecupxerenona

VYBaxxaemeie JaMEI H rocriona,

A munry 9T0 MECHMO B KA9ECTBE MENKITYHAPOHOTO HAYIHOTO KOHCYIIETAHTA B CBSI3H C JIOKTOPCKOMH
auccepranuei rociojmaa Menp6exa Ecupkerenora, KOTOPEIH MpeIcTaBHII CBOKO paboTy Ha TeMy
«IlepepaboTka pacTBOPOB Ky4YHOIO BBIIENAYMBAHHS MEIU CO CHIEIKEHHEM Kpanoobpa3zoBaHus
IPH KH/IKOCTHOH SKCTpakiuu B ycnousax Axroraiickoro 'OKay. Jluccepramms mojana Ha

crenedb Jloktopa ¢unocoduu (PhD) mo crmemmamsuoctd «8D07204 - Merautyprudeckas
HH)KEHEPHUS,

Kparkoe BBelneHHe: ero HccienoBaHHE MOCBSINEHO BAKHOCTH IPOM3BOJICTBA MEIH C
HCIIOJIb30BaHHEM COBPEMEHHBIX TEXHOIOTH epepaboTKu. DTa TeMa aKTyallbHa, TOCKOIBKY s
TPOM3BOJICTBA SHEPIHH U3 BO30OHOBIAEMBIX MCTOYHHKOB CErOMHs TpeGyeTcs ropaso Gobie
MCM, HeM JUId TPAJUIMOHHBIX MCTOYHHKOB sHeprud. Hampumep, odmmopmas Berpsmas
SIIEKTPOCTAHLMS MOKET NOTPEOOBATE B IISITH Pa3 GOJbINE ME/H, YeM YTOJIbHAS JIEKTPOCTAHIIHSL.
Menp Heobxomuma st mpoM3BOACTBA Kabemelf BeTPSIHBIX TYpOHH, KOTOpBIE COEHMHSIOT
PA3IMIHEBIC KOMIIOHCHTBI CJIOKHBIX YCTaHOBOK, 0COOEHHO JIIS HCIIOIB30BAHMS B ITy6OKOBOIHBIX
KabemsX, IEepeNalolMX 3JICKTPOIHEPTHIO HA  Oeper. [TosToMy pacrymmii cmpoc Ha
BO300HOBISIEMYIO SHEPTHIO, JUI KOTOPOH TpeGyeTcs MHOrO Menw, CTHMYIIHPYET pa3paboTky
HOBBIX TEXHOJIOI'HH U HETIPEPHIBHYIO ONTHMH3AIMIO CYIIECTBYIOIHX METOIOB OKCTPAKIUH ME]IH.
B 2023 roxy rpynma KAZ Minerals nocruria peKopAa 1o Mpou3BOACTBY Meau — 403 Thic. TOHH,
uT0 Ha 6% Gonbie, gem B 2022 roxy, Graromaps yBelTHUSHHIO IIPOM3BOJICTBA Ha AKTOTaiCKOM
l'opro-oGoraruTensHoM KoMOHHATE MOCHE 3amycka BTOPOTO MHPOBOI'0 KJlacca CyIb(HIHOIO
KOHICHTpATHOrO 3aBoja B 2022 rony. IlocTostHHOE BHMMaHHWE PYKOBOICTBA K YIY4IIEeHHIO
OICpalMi NIPUBENIO K TOMY, YTO BCE TOPHO-00OraTHTENBHEIE (abpuku ceituac paboTaror BbIIIe
CBOMX IMPOEKTHBIX MOITHOCTEH B TEYEHHE BCETO TOJIA.

CilenoBarenbHo, JaHHOE WCCIEHOBAHME, IIPEJCTABIECHHOE B JUCCEPTAllMH  TOCIIOJUHA
Ecupkerenosa, 3aTparuBaer akTyaibHyrO IpoGieMy, a HMEHHO 1EepePadOTKY CIIOIKHBIX MEHBIX
PyX ¥ CHWXKEHHE O00Opas’oBaHMs Kpala TNpH SKHAKOCTHOM OKCTPAKIHMH JUIS  YIIy9IIeHWS
CYIIECTBYIOIEH TeXHOIOrHH. METON IKCTPAKIMM SBISETCS COBPEMEHHBIM TOIXONOM JUIS
M3BJICICHUA, KOHICHTPAMK M pas[elncHus MeTauIoB. OH HAXOMUT IMPOKOE MPOMBIIIICHHOE
TIPUMCHCHHE JUIsl U3BJICUEHH S TAKHX MECTAILIOB, KaK HUKEITh, KOOAIBT, ME/lb, ypaH, PeHUH 1 HHIHI,
a TaKKe Pe/IKO3EMEIIBHBIX 3JIEMEHTOB H3 CIIOJKHBIX PACTBOPOB.

IIponece axeTpakimu Me/TH 9acTo 3aTpyAHseTCs 06PA3OBAHHEM IPOMEIKY TOUHBIX (a3, H3BECTHEIX
Kak Kpamel. OTH Mex(ashble 00pa3’oBaHMs NPOMCXOJAT HA TPAHHIE MEXKAY BOJHOH H
OpraHu4eckoil (asamu uim BHYTPH Opranudeckoi (a3l KOrIa jBa YaCTHIHO PacTBOPHMBIX
KH/IKOCTH CMEIIMBAIOTCS. DTOT NPOLECC MPHBOAMT K JUCHEPCHH 00Jee THKENbIX KAaTeib
KHAKOCTH B Gomee sierkume. OOBrHO 3TH MesxdasHble o6pasoBanHus IIPEJCTABIIIOT OO0
YCTOHYHBBIC JKENATHHU3HPOBAHHEIE CYCICH3HH, COJIEPIKAIINE SKCTPATEHT U BOJHBII pacTBop.

B cBoem nccnenosanmnn rociomn Meup6ex EcupkereHos U3Y9HII 5TOT EHOMEH H pa3paboTai
HOBBIC OPUTMHAIIBHBIE HIIEH, KOTOPEIE MOXKHO KPAaTKO M3II0XKHTH CICAYIONHM 06pa3oM:



o TlpoBesmen KpuTHuecKuii aHanus ¥ 06ocHOBaHUE PaspabOTKH YIY4IIEHHOM TEXHOJIOIHH
nepepaboTKK PACTBOPOB MEJH € Ky9HOTO BBIIICIAYMBAHMS C CHHXKCHHCM o0pazoBaHHsl
Kpaja IIpH SKCTPAKIHH C HCIIOIb30BAHMEM PACTBOPUTEIICH.

o M3yueHsl COCTaBbl MEIHBIX SKCTPAKIMOHHBIX PACTBOPOB M3 KyYHOTO BBIIICIATHBAHM
PA3THYHBIX MECTOPOXKIEHHH M OTpaciIeif, a TaKKe HeCye/IoBaHa MOpP(OJIOTUs U CTPYKTYPa
TpeTheit (asbl (kpana).

o TIpoBeeHO JETAIBHOE HCCIIEJOBAHME TEPMOXUMHY CHCTEM ITPH OMPE/IETICHHBIX YCIOBHAX
OKCTPaKLIHH.

e 3aBepIIeHo ONpe/ecHAe KUHETHKH SKCTPAKIMY IIPH KOHKPETHBIX YCIOBHSX IKCTPaKIHH,

e PaspaGoranbl HOBBIC 3HAHHUSA, IOJIC3HBIC JUI ONTHMH3AIMHM TEXHOJIOTHH nepepaboTKH
MEIM C KYyYHOIO BBIIENAYHBAHAS H IepepadOTKH PAacTBOPOB €  YMCHBIICHHEM
o0pa3oBaHmst KpaJia IIPH SKCTPAKIIUH C PacTBOPHTEIISAMH.

o PaspaGorana MareMaTHUYECKast MOJICIIb IIPOLECCA IKCTPAKIIHH.

o TIlpoBeseHAa ONEHKA TEXHMYECKAX H JKOHOMHYCCKHX ()aKTOPOB, BIMAIOMMX HE
5} )eKTHBHOCTE TEXHOJIOTHH IIONABIICHHS KPajia JUTsl NPUMCHEHHS B 00JIACTH ME/IH.

Kamas U3 5THX 3474 TECHO B3aHMOCBS3aHA M HAIpPaBJeHa HA JOCTH)KCHHE OCHOBHOH IE/H
JICCIIEIOBAHHS, KOTOPOil GBUI0 Pa3paboTaTh METOB MHTEHCH(HKAIMH MPOLecca JKHIKOCTHOTL
SKCTpAKIUK Meu. MeToIomIorHs, pa3paboTanHas i IPUMEHEHHAs FOCIIOTHHOM EcHpKereHOBBIM
OCHOBBIBAJIACH HA COBPEMCHHBIX HAYYHBIX HPHHIMIAX M O0OpYZOBAHWM, 4YTO IPHBEIO I
TIOJIy4EHHIO HOBBIX JAHHBIX, KOTOPBIE MOXHO CYMTATh HA/IEKHBIM M BCECTOPOHHHM OTPAKCHHEN
TIPOIIECCOB, BOBJICUCHHBIX B 9TH 3a1a4t, U 3P CKTHBHEIMU JUIA HX PEIICHH.

Ha Moii B3MUISIT, OCHOBHEIE PE3YJIbTaThl paboThI rocoiMHa EcupkereHoBa COOTBETCTBYIOT IIEJLIM
W 3ajauaM, IIOCTAaBJEHHBIM B Hayajle WCCIENOBaHMs, W 3HAYATCIHLHO CIOCOOCTBYIOT
IIPOJIBIDKEHHIO TIPHKIIAIHOM HAYKH B 0GJIACTH THAPOMETAILLYPriH. JTO, 0e3yCIIOBHO, TIOMOXKE]
JIPYTHM HCCIIETOBATENSAM, PA0OTAIOIIHAM B CMEXKHBIX 00J1aCTAX.

B 3aKIOueHMe, MOKHO CKa3aTh, 4TO B CBOeil JuccepTalid TOCHONMH ECHPKETEHOE
IIPOICMOHCTPHPOBAN OTIMYHBIC HCCIENOBATENLCKUE CIIOCOOHOCTH | 3apEKOMEHI0BA cebst Kak
1IpohECCHOHANBHBINA HCCIEN0BATENb, DTO HANITYYIIHM 00pa3oM MOATBEPIKAACTCS HECKOIBKIME
MEXIYHAPOJHBIMH CTATBAMH, OIyOJIHMKOBAHHBIMH IO Pe3yJbTaTaM €ro UCCIICIOBAHUMH, IJIE€ OF
OBUI TJIABHBIM ABTOPOM, M KOTOpBIE IOCTYIHBI B OTKPHITOM MOCTYNE HCpe3 H3JaTElIbCKH
WCTOYHMKM M 3aHecenbl B 0a3y AaHHBIX Scopus. Oxma m3 ero crareil Gbuia omyOiIMKoBaHa I
JKypHasIe, KOTOpbIil 3aHMMaeT mepsoe MecTo B peiitutre Q1. Kpome TOr0, mOMHMO myOmuKanms
B MEXIYHAPOJHBIX H3JaHUsX, rocnogun EcupkereHoB rofan 3adBKy Ha IATCHT H
pa3paGOTaHHYIO HOBYIO TEXHOJOTHIO, OMyOIMKOBAI MOHOTPA(hHIO H MO 3a5BKY Ha IPAHTOBOS
(uHaHCHpOBAHKE JUIS JATEHEHITHX UCCIIEI0BAHUH.

Kak MEXIYHApOJIHBEIA HAydyHBIf KOHCYNLTaHT, s HE COMHEBAlOCh, 9ro JIMCCCPTallH:
«ITepepaboTka pacTBOPOB KyYHOIO BBIIENIAYHBAHMA MEIH CO CHHIKCHHEM Kpamoobpa3oBamus
i
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IlepeBon nmoxymenrta ¢ aHIVIMICKOrO S3BIKA HA PYCCKUM S3BIK BBIIIOJIHEH
nepesonguukomM KenbeumoBoii Aiiganoii AjligaposHoii, 25.08.1995 roga poXKJIeHHS,
MECTO poxieHust 0bnacts XKeticy, HMTH:950825401275.

Pecnmy6sinka Kaszaxcran, ropoa AJimarel.
ISITH o&\MapTa ABe THICAYH ABALUATH NATOrO roja.
7 ,/;/5@4///@5{? @2@9 % b0 628

Pecny6inka Kasaxeran, ropox Aiimars..
ISITHA/IaToe MapTa IBe ThICSYH ABAAUATH NSTOrO rojia.

A, Paxeivkanynel Pycnan, HOTapuyc ropoja AJmatel, XelcTByIommii Ha
OCHOBaHHH I'OCYAapCTBEHHOH Jumen3uu Nol17019458 ot 15 HosA6pst 2017 rona, BermaHHOM
Munucrepcreom  FOctumuu Pecny6muku Kazaxcras, CBHIETEJIbCTBYIO IMOIJIHHHOCTD
IIO/IMHCH, CTTAaHHOM NnepeBoqYuKoM KerscuMoBOili Alinanoii ANapOBHOM, B IIOCIIEIHEM
MTOMIHCTOK, NPHUITUCOK, 3aY€PKHYTHIX CIIOB M MHBIX HCOTOBOPEHHLIX WCHPABIICHUN HITH
KaKHX-TH00 0coOeHHOCTeH HeT.

JIm9HOCTB, MoANHUCaBIIEro JOKyMEHT YCTaHOBJICHA, JIEECIIOCOOHOCTE U ITOTHOMOYHSI
€ro IPOBEPEHEI.
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