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To Whom it May Concern

Currently, there is a stable demand for non-ferrous metals. As a raw material source for the extraction
of copper, gold and silver, electronic scrap and technogenic waste deserve great attention. Spent
electronic printed circuit boards and technogenic waste contain significant amounts of non-ferrous
metals.

The purpose of the dissertation work is to study the form of non-ferrous metals in technogenic raw
materials and ‘e-waste’ to increase the recovery of copper, gold and silver by intensification of
hydrometallurgical processing using modern methods and hardware - technological design of processes

In his thesis, Mr Shoshay conducted all the experiments necessary for successful scientific work using a
wide range of physical and chemical research methods on technogenic and e-waste raw materials. As a
result of research, the author has received new data on the thermodynamics and kinetics of leaching
processes with ultrasonic and without activation.

Based on the obtained kinetic data for the first time:

- The mechanism of the process of sulphuric acid leaching of copper from aged slags of the
Balkhash copper smelter with the influence of ultra-high-frequency radiation was determined.
The influence of super high-frequency radiation on the increase of copper extraction rate at
temperatures from 25 °C to 85 °C due to a decrease of activation energy from 19,108 kJ/mol
(without a microwave) to 15,517 kJ/mol that testifies to a decrease of the threshold of diffusion
limitation of leaching process rate has been substantiated;

- The mechanism of reaction flow of gold leaching by aqueous solution of thiourea from tailings of
flotation enrichment MZF-1 with pretreatment of raw materials with ultra-high frequency
radiation was established. Increase in gold recovery by increasing pyrite stripping from 94.7
(without microwave) to 97.35 (microwave) containing gold inclusions by direct heating of metal
inclusions with ultra-high frequency radiation, which leads to a decrease in the activation energy
of the process due to a reduction in the layer of waste rock and a decrease in diffusion limitation,
has been substantiated.

- The influence of intensifying ultrasonic radiation on the extraction of gold and silver from e-
waste, in an aqueous solution of thiourea, at temperatures from 25 °C to 60°C has been
substantiatd, which is expressed in the reduction of the activation energy of the process of gold
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and silver extraction from 31, 087 kJ/mol (with ultrasound treatment) to 14,941 kJ/mol and from
26,618 ki/mol (without ultrasound treatment) to 13,098 kJ/mol, respectively, which indicates a
lowering of the threshold of diffusion limitation of the leaching process rate.

- A five-factor mathematical model of the process of gold extraction by leaching in aqueous
thiourea solution with intensification of the process by ultrasound from mixed technogenic waste
and ‘e-waste’ was obtained.

/

The thesis by Mr Shoshay is presented logically and is well-structured, with competent argumentation
and consistent presentation of the material. The conclusions are properly substantiated. The main
provisions of the work are presented in 6 papers, 5 of which are published in Scopus journals and 1 paper
in a journal recommended by the Committee for Quality Assurance of Science and Higher Education of
the Ministry of Science and Higher Education of the Republic of Kazakhstan, as well as obtained a patent
for utility model RK Ne 8276 from 21.07.2023 ‘Method of gold extraction from refractory ores, secondary
and technogenic raw materials’.

Overall, the presented thesis is delivered at a high scientific level, and its author is worthy of awarding
the degree of Doctor of PhD in the Educational Programme 8D07201 (6D070900) - Metallurgy.

Petar Sabev Varbanov

Professor Dr Habil
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Re: OT3bIB

3apy6e)xHoro Hay4yHoOro KOHCy/ibTaHTa Ha AUCCepPTaLMOHHYI0 pa6oTy AokTopaHTa LUowaii XXaHcepuk «E — waste» aHe
TeXHOreHAiK WukisaTTbl 6ipnecripe eHaeyaAiH rmapoMeTannyprussibiKk CXxeMacbiH 3epTTey xoHe 33ipney («NccneposaHue n
pa3paboTka ruapoMeTas/lypruuecko CxeMbl COBMECTHOWM nepepaboTkn TEXHOreHHOro Cbipbsl U «E-waste»)
npeacTaB/IeHHYH Ha COMCKaHMe cTteneHu aoktopa ¢pwnocodpumn PhD no cneymnanbHoctn 8D07201 (6D070900)-
«MeTtannyprus>»

B HacToAwee BpemMmAa unmeeTca CTabunbHbIN CNpoC Ha UBETHble MeTanbl. B KauecTtBe CblpbeEBOIo
MCTOYHUKaA ANnAa n3saevyeHmna megn, 30101a U cepe6pa 601bLWOro BHUMAHMSA 3aCNyXKHUBaKOT 3J'IeKTp0HHbe;1
IOM U TeXHOreHHble OoTxXoabl. B OTpa60TaHHbIX SNNIEKTPOHHDbIX NEYATHbLIX N1aTaX U TEXHOINEHHbIX OTXOA4aX
COAEPHKUNTCA 3HAUYNTENNbHOE KONNTMYECTBO UBETHbBIX META/ZINIOB.

Llenblo guccepTauMoHHON paboTbl ABnseTcA u3ydeHue GopMbl HAXOMKAEHWUA LBETHbIX METaN/oB B
TEXHOTEHHOM Cblpbe W «e-waste» Ana MOBblWeHWUA W3BNeYeHWe meaMm, 30/10Ta U cepebpa nytem
MHTEHCUOUKALLMM TMAPOMETANNYPrMYECcKOn NepepaboTKM C UCNOIb30BAHNEM COBPEMEHHbIX METOL,0B U
annapaTypHo — TEXHOOTMYeCcKoro ohopMaEHNA NPOLLECCOB

B cBoen pgucceptayMoHHon pabote Lowan MaHcepuK npoBen Bce Heobxoammble AN YCELWHOWM
Hay4YHOW pPaboTbl SKCMEPUMEHTbI C MPUMEHEHNEM BONbLIOFO CNEKTPa PUINKO-XMMUYECKUX METOL0B
nccnenoBaHUA TEXHOrEHHOro M e-Waste cbipba. B pe3ynbTate uccneoBaHnii aBTOPOM NOyY€eHbl HOBble
AaHHble NO TEPMOAMHAMMKE U KNHETUKE NPOLLECCOB BbILWENAYMBaAHMA C akTUBaunein Y3B un bes.

Ha ocHoBe NONYYEHHbIX KNHETUYECKUX OaHHbIX BMepBble:

- onpeAeneH MexaHM3M NPOTEKAHMA Npouecca CEPHOKUCAOTHOrO BbIWENAYMBAHMA Mean U3
NexanblXx Wnakos banxawckoro mepennaBUNAbHOTO 3aBOAa C  BO3AENCTBMEM  CBEpPX
BbICKOYACTOTHOrO M3nyyeHuns. O6OCHOBAHO B/IMAHME CBEPX BbICOKOYACTOTHOrO M3/y4eHUs Ha
NoBbILEHME CKOPOCTU U3BAEYEHNA Mean Npu TemnepaTypax oT 25°C go 85°C 3a cyeT CHUKEHUA
3Hepruu aktmeaumm ¢ 19,108 kxk/monb (6e3 CBY) ao 15,517 kx/M0oNb, YTO CBUAETENLCTBYET O
NOHWMXKeHUM nopora andPy3MoOHHOrO TMMUTUPOBAHMA CKOPOCTM NPOLLECCa BbILLENAYNBAHMUSA;

- YCTAHOBJIEH MEXaHW3M MNPOTEKAHMA pPeaKuuu BbllLLeNAYMBAHUA 30/10Ta BOAHbIM PACTBOPOM
TMOKapbamuabl M3 xBocToB (OTaUMOHHOrO oboraweHmna M3®P-1 ¢ npeaBapuTenbHOM
06a60TKOIM Cbipbsi CBEPX BbICOKO YaCTOTHbIM M3nydyeHnem. O60CHOBAHO yBe/UYeHUe
M3B/fieYeHMs 30010Ta 3a CYET MOBbIEHUS BCKPbITUSA nuputa ¢ 94,7 (6e3 CBY) ao 97,35 (CBY)
coAepKallero BKpanieHma 3010Ta HENOCPEeACTBEHHbIM HAarpeBOM META/IIMYECKUX BKAKOUEHUN
CBEPX BbICOKO YACTOTHbIM U3NYyYEHMEM, KOTOPOE MPUBOAUT K CHUMKEHMUIO SHEPIUM aKTUBALUM
npoLiecca 3a c4eT YMeHbLUEHUA CNoA NYCTOM NOPOAbl U CHUKEHUA ANPDY3MOHHOTO OrPaHNYEHUA
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060CHOBAHO BAMAHME WMHTEHCUPUUMPYIOLLErO BO34ENCTBMA YAbTPA3BYKOBOrO WM3/y4eHMA Ha
nsBneyeHme 30n0Ta M cepebpa n3 e-waste, B BOAHOM pacTBOpe TWOKapbamuabl, npwu
Temnepatypax oT 25°C go 60°C BblparKeEHHOE B CHWMMKEHUWM 3HEPruM aKTMBaLMKU Mpouecca
n3BaeYeHUA 3010Ta K cepebpa c 31,087 kx/monb (6e3 Y3B) ao 14,941 kx/monb u ¢ 26,618
KO/monb (6e3 Y3B) ao 13,098 K[ K/MONb COOTBETCTBEHHO, YTO CBUAETENIbCTBYET O MOHUMKEHUM
nopora anpedysMoHHOro AMMUTUPOBAHNA CKOPOCTU NPOLLECCA BbILLLENAUMBAHUA.

- nonyyeHa nATM QaKTOpHas mMaTemaTUyeckaa MOAENb MpPoLEecca W3BAEYEHMA 30/10Ta NyTEM
BbllLLENAYMBAaHNS B BOAHOM PacTBOpe TWOKapbammabl C WHTEeHCUdUKauumeln npouecca
YAbTPA3BYKOM M3 CMeLUAHHbIX TEXHOTeHHbIX OTXO40B M «e-waste».

OnccepTauma LWowan HKaHcepuk npeacTaBAAeTCcA KaK NOTMYECKM BbICTPOEHHaA paboTa ¢ rpaMoTHOM
aprymeHTauuen n nocnenoBaTeNibHbIM U3N0XKeHWemM matepuana. BoiBoabl 060cHOBaHbl. OCHOBHbIE
nonoxeHusa paboTbl M3noKeHbl B 6 paboTax, 5 M3 KoTopbix onybankoBaHbl B *KypHanax Scopus u 1
paboTa B }KypHane pekomeHAoBaHHOro Komutet no obecneyeHnto KayecTsa B chepe HayKu 1 BbiCLLIETO
06pa3oBaHMA MUHUCTEPCTBA HayKuM 1 Bbicwero obpasoBaHua Pecnybankm KasaxcraH, a TakKe noayyeH
naTeHT Ha nosnesHyto mogenb PK Ne8276 ot 21.07.2023 «Cnocob n3BnedYeHUs 3010Ta U3 YNOPHbIX PYA,
BTOPUYHOTO M TEXHOTEHHOTO CbIPbA».

B uenom, npeacraBieHHan guccepTaLma BbINOJHEHA Ha BBICOKOM Hay4YHOM YPOBHE, a ee aBTOp, A0CTOUH
NPUCYKAEHNA y4eHon cTeneHn gokTopa PhD no obpasosaTtenbHom nporpamme 8007201 (6D070900) —
MeTannyprua

Metbp Cb6eB BbrpbaHoB

Professor Dr Habil
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